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[57] ABSTRACT

Novel compounds of the following general formula are
useful pharmacologic agents:

O
I

R;.;—CH=CH--?H-—[A]—C—R3
NHR

R s [selected from] hydrogen[, alkylcarbonyl
wherein the alkyl moiety contains from 1 to 4 carbon
atoms, alkoxycarbonyl wherein the alkoxy moiety con-

tains from 1 to 4 carbon atoms and may be stratght or
branched, and

|
—C—(I‘,‘H"—R;g

NH-

wherein Rg 1s selected from hydrogen, a straight or
branched lower alkyl group of from 1 to 4 carbon
atoms, benzyl and p-hydroxybenzyl}; R> is [selected
from] hydroxy[[, a straight or branched alkoxy group
of from 1 to 8 carbon atoms, a lower alkylamino group
wherein the alkyl moiety contains from 1 to 4 carbon
atoms, and

—NH—CH=-—COOH

|
R4

wherein R4 1s selected from hydrogen, a straight or
branched lower alkyl group of from 1 to 4 carbon
atoms, benzyl, and p-hydroxybenzyl]}; R3is [selected
from]} hydrogen[, chlorine, bromine, and iodine’]; [A]
is [selected from]

l;'il
(—CH=—),

f and —CH—CH—] wherein R; is [selected from]
hydrogen[[, lower alkyl of from 1 to 4 carbon atoms,
phenyl and substituted phenyl wherein the substituents
on the substituted phenyl may be attached at the ortho,
meta or para positions of the phenyl ring and are se-
lected from halogen, lower alkoxy of from 1 to 4 carbon
atoms, and lower alkyl of from 1 to 4 carbon atoms; n 1s
an integer of from 1 to 5; and the lactams of said com-
pounds wherein [A] represents

R,

I
(—CH—)»,

R and R represent hydrogen]} and n is the integer 2
[or 3] and pharmaceutically acceptable salts and indi-
vidual optical isomers thereof.

8 Claims, No Drawings
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OLEFINIC DERIVATIVES OF AMINO ACIDS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica- 3
tion; matter printed in italics indicates the additions made

by reissue,

BACKGROUND OF THE INVENTION

Several previous studies have shown that -y-
aminobutyric acid 1s a major inhibitory transmitter of
the central nervous system as reported, for example, by
Y. Godin et al.,, Journal Neurochemistry, 16, 869 {1969)
and that disturbance of the excitation and mmhibition s
interplay can lead to diseased states such as
Huntingion's chorea, (The Lancet, Nov. 9, 1974, pp.
1122-1123), Parkinsonism, schizophrenia, epilepsy, de-
pression, hyperkinests and manic depression disorders
[Biochem. Pharmacol. 23, 2637-1649 (1974)]. Certain 20
compounds known to e¢levate brain levels of -
aminobutyric acid, for example, n-dipropylacetate
[Simler et al., Biochem. Pharm. 22, 1701 (1973)] by
competitively inhibiting y-aminobutyric acid transami-
nase result in a reversible effect which lasts for only 25
about 2 hours. Also, 4-aminotetrolic acid {P. M. Beart et
al., J. Neurochem. 19, 1849 (1972)] is known to be a
competitive reversible inhibitor of y-aminobutyric acid
transaminase. We have now made the unexpected find-
ing that compounds of our invention are able to irre- 30
versibly inhibit y-aminobutyric acid transaminase and
increase significantly the brain level of y-aminobutyric
acid i animals rendering them useful in the treatment of
the aforementioned diseased states. Furthermore, this
mcrease is long lasting (over 24 hours) and therefore, 35
compounds of the present invention are not only struc-
turally novel but are quite different in their properties
from known compounds which elevate brain levels of
y-aminobutyric acid only for a short period of time.

SUMMARY OF THE INVENTION

The compounds of the present invention may be
represented by the following general Formula I:

10

40

45
ﬁ) Formuia |

R JCH=CH-(|:H—[A]—C—R2
NHR

wherein R 1s [selected from]} hydrogen[[, alkylcarbo- 70
nyl wherein the alkyl moiety contains from 1 to 4 car-
bon atoms, alkoxycarbonyl wherein the alkoxy moiety
contains from 1 to 4 carbon atoms and may be straight

or branched, and 55

O
1

"C"'(l:H_R]{}
NH> 60

wherein Rjg 1s selected from hydrogen, a straight or
branched lower alkyl group of from 1 to 4 carbon
atoms, benzyl and p-hydroxybenzyl]}; Rj 1s [selected
from] hydroxy[, a straight or branched alkoxy group 65
of from 1 to 8 carbon atoms, a lower alkylamino group
wherein the alkyl moiety contains from 1 to 4 carbon
atoms and |

Al

980
2

—NH—CH-COQOH

|
Ra

wherein Ry 15 selected from hydrogen, a straight or
branched lower alkyl group of from 1 to 4 carbon
atoms, benzyl, and p-hydroxybenzyl;J Riis [selected
from] hydrogen[, chlorine, bromine and iodine}; [A]
1s [selected from7)

1;11
(—CH=),

[and —CH—CH—] wherein R is [selected from]
hydrogen, [lower alkyl of from 1 to 4 carbon atoms,
phenyl and substituted pheny! wherein the substituents
on the substituted phenyl may be attached at the ortho,
meta or para positions of the phenyl ring and are se-
lected from halogen, lower alkoxy of from 1 to 4 carbon
atoms, and iower alkyl of from 1 to 4 carbon atoms: n is
an integer of from 1 to 5; and the lactams of said com-
pounds wherein [A] represents

liil
(=~ CH—),

R and Rj represent hydrogen] and n is the integer 2
Lor 3}; and pharmaceutically acceptable salts and
individual optical isomers thereof.

The compounds of general Formula 1 are useful as
sedatives[. The compounds of general Formula I
wherein [A] represents —CH—CH-— and

Tl‘il
(—CH—),

wherein Ry1s hydrogen, and n is an integer of from 1 to
5, that 1s, compounds of the following general Formula
I1 and the lactams of the compounds of Formula II
wherein [A'] represents (—CHjy—), and n is the integer
2 or 3, are represented by the following Formula II1, are
useful} and as inhibitors of y-aminobutyric acid trans-
aminase resulting in an increase in brain levels of +y-
aminobutyric acid rendering the compounds useful in
the treatment of disorders of the central nervous system
function consisting of involuntary movement associated
with Huntington’s chorea, Parkinsonism, extrapyrami-
dal effects of drugs, for example, neuroleptics, seizure
disorders associated with epilepsy, alcohol withdrawal,
barbiturate withdrawal, psychoses associated with
schizophrenia, depression, manic depression, and hy-
perkinesis. Compounds of this invention are also useful
as hypothermic agents, myorelaxants, cholinergic
agents, antibactenal agents, anticonvulsant agents, anal-
gesics, anorexigenic agents, antiobesity agents, tranguil-
lizers, sedatives and central nervous system stimulants.

Formula I1

L O
|

[RsCH=CH-CH-[A]-C—R.,
|
NHR

In the above general Formula 11, the substituent groups
R, R; and R3; have the meanings defined in general
Formula I and [A'] 1s selected from —CH—CH—
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(—CH»>—)» wherein n is an integer of from | to 5; and
pharmaceutically acceptable salts and individual optical
ISOTNETS

Formula [1]

RyCH=CH—CH—(CH3)> C=0

HaN

In the above Formula I1I n’ i1s the integer 2 or 3; Ri has
the meaning defined in Formula I, and pharmaceuti-
cally acceptable salts and individual optical isomers
thereof. }

DETAILED DESCRIPTION OF INVENTION

[ As used herein, the term lower alkylcarbonyl means
the substituent groups

(lower) alkyl.
As used herein, the term alkoxycarbonyl means the

substituent group

Q
|

(lowen)alkyl wherein the lower alkyl moiety may be
straight or branched.

Ilustrative examples of straight chain lower alkyl
groups of from 1 to 4 carbon atoms referred to herein
are methyl, ethyl, n-propyl and n-butyl, and of
branched chain lower alkyl groups of from 1 to 4 car-
bon atoms are isopropyl, 1sobutyl and tert-butyl.

[llustrative examples of straight chain lower alkoxy
groups of from 1 to 4 carbon atoms as used herein are
methoxy, ethoxy, n-propoxy and n-butoxy, and of
branched chain lower alkoxy groups of from 1 to 4
carbon atoms are I(SOpropoxy, isobutoxy, and tert-
butoxy.

[ltustrative examples of straight or branched alkoxy
groups of from 1 to 8 carbon atoms as used herein are
methoxy, ethoxy, n-propoxy, 1sopropoxy, n-butoxy,
tert-butoxy, neopentoxy, pentoxy, octyloxy, heptyloxy
and hexyloxy.

llustrative examples of lower alkylamino groups
which R>; may represent are methylamino, ethylamino,
n-propylamino, and n-butylamino. ]

[llustrative examples of pharmaceutically acceptable
salts of the compounds of this invention include non-
toxic acid addition salts formed with inorganic acids,
such as, hydrochloric, hydrobromic, sulfuric and phos-
phoric acid, and organic acids such as methane sultonic,
salicylic, maleic, malonic, tartaric, citric, and ascorbic
acids; and non-toxic salts formed with inorganic or
organic bases such as those of alkali metals, for example,
sodium, potassium and lithium, alkaline earth metals, for
example, calcium and magnesium, light metals of Group
[II A for example, aluminum; organic amines such as
primary, secondary or tertiary amines, for example,
cyclohexylamine, ethylamine, pyridine, methylaminoe-
thanol, ethanolamine and piperazine. The salts can be
prepared by conventional means.
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The compounds of this invention wherein [A] repre-
sents the group

!ill
(=—CH—),

can be represented by the following Formula I'V:

R; ﬁl Formula IV

|
R3CH=CH-—CH—(CH),—C—R:

|
NHR

wherein the substituents R, Rj, R3, Ry and n have the
meanings defined in generar Formula 1.

[ The compounds of this invention wherein [A] rep-
resents —CH=—CH— can be represented by the follow-
ing Formula V:

’ICI)I Formula V

R3CH=CH—(IIH—CH=CH“—C-R2
NHR

wherein the substituents R, R; and R3; have the mean-
ings defined 1in general Formula L

The lactams which are included within the scope of
this invention are represented by the compounds of
general Formula III described heremabove.

Illustrative examples of compounds of this invention
are the following:

3-amino-4-ene-pentanoic acid,

4-amino-5-ene-hexanoic acid,

7-amino-8-ene-nonanoic acid,
6-amino-3-ethyi-7-ene-octanolic acid,
4-amino-2-{p-anisyl)-5-ene-hexanoic acid,
5-amino-3-(p-anisyl)-6-ene-heptanoic acid,

N-methyl-(2-amino-3-ene-butan- 1-yl)carboxamide,

4-amino-6-chloro-5-ene-hexanoic acid, 4-amino-3-
phenyl-5-ene-hexanoic acid,

4-amino-S-ene-1-0x0-hexan-l-ylaminoacetic acid,

S-methoxycarbonylamino-6-ene-heptanoic acid,

4-acetylamino-5-ene-hexanoic acid,

3-amino-4-ene-pentanoic acid methyl ester, and 4-
amino-2-ene-5-ene-hexanoic acid.

Preferred compounds of this invention are those of
general Formula 1I. More preferred compounds of this
invention are those of general Formula II wherein the
substituent group Rz is hydroxy or alkoxy. Still more
preferred compounds of this invention are those of
general Formula IT wherein the substituent group R 1s
hydroxy, and n is the integer 1 or 2. An even more
preferred group of compounds of this invention are
those of general Formula II wherein the substituent
group R: is hydroxy, n is an integer of 1 or 2 and each
of R and Rs is hydrogen. Of the preferred compounds
of this invention, the (+) isomers are the most pre-

ferred compounds. ]
The compounds of this invention have a variety of

pharmacological utilities. The compounds of this inven-
tion are useful as sedatives. [ The compounds of general
Formulas II and IIT are useful as inhibitors of -
aminobutyric acid transaminase resulfing in an increase
in bramn levels of y-aminobutyric acid rendering the
compounds useful in the treatment of disorders of the
central nervous system function consisting of involun-
tary movement assoclated with Huntington's chorea.
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Parkinsonism, extrapyramidal effects of drugs, for ex-
ample, neuroleptics, seizure disorders associated with
epilepsy, alcohol withdrawal, and barbiturate with-
drawal, psychoses associated with schizophrenia, de-
presston and manic depression and hyperkineses. Com-
pounds of this invention are also used as hypothermic
agents, myorelaxants, cholinergic agents, antibacterial
agents, anticonvulsant agents, analgesics, anorexigenic
agents, antiobesity agents, tranquilizers, sedatives, and
central nervous system stimulants.}

The sedative properties of the compounds of this
invention were determined by measuring spontaneous
motor activity in rodents by the procedure described by
P. Dews, Brit. J. Pharmacol. 8, 46 (1953).

The ability of the compounds [of general Formulas
I1 and 111} to inhibit y-aminobutyric acid transaminase
15 determined in vitro and in vivo by measuring 7y-
aminobutyric  acid  transaminase  activity.  y-
Aminobutyric acid levels are markedly increased in
mice and rat brains after treatment [ with compounds of
general Formula 11} at doses between 25-200 mg/kg
by parenteral and oral routes. This ability i1s further
shown by the protective effect of this treatment on
audiogenic seizures 1n mice of the DBA strain measured
by the general method described by Simler et al., Bio-
chem. Pharmacol. 22, 1701 (1973), which is currently
used to evidence anti-epileptic activity.

The ability of the compounds of this invention, at
doses ranging from 50 to 200 mg/kg, to alleviate reser-
pine ptosis has been shown by the classical test of B.
Rubmn et al., J. Pharmacol. 120, 125 (1957), which 1s
currently used to determine anti-depressant activity.,

The ability of the compounds of this invention to
promote loss of body weight in rats has been demon-
strated by weighing animals which were given daily
doses ranging from 10-15 mg/kg of these compounds.

The compounds of this invention can be administered
orally or parenterally to animals, particularly warm
blooded animals and mammals and humans either alone
or in the form of pharmaceutical preparations contain-
Ing as the active ingredient compounds of this invention
to achieve the desired effect. Pharmaceutical prepara-
tions containing compounds of this invention and con-
ventional pharamaceutical carriers can be employed in
unit dosage forms such as solids, for example, tablets,
pills and capsules or liquid solutions, suspensions or
elixirs for oral administration or liquid solutions, suspen-
sions and emulsions for parenteral use. The quantity of
compounds administered can vary over a wide range to
provide from about 0.1 mg/kg to about 300 mg/kg of
body weight of the patient per day. Unit doses of these
compounds can contain, for example, from about 50 mg
to 2000 mg of the compounds and may be administered,
for example, from 1 to 4 times daily. Following are
tllustrative examples of pharmaceutical preparations
contaming the compounds of this invention:

[ Per tablet
[ (a) 3-amino-4-ene-pentanoic acid 100.0 mg
(b) wheat starch 13.0 mg
(c) lactose 335 mg
(d) magnesium stearate 1.5 mg

A portion of the wheat starch is used to make a granu-
lated starch paste which together with the remainder of

the wheat starch and the lactose is granulated, screened
and mixed with the active ingredient (a) and the magne-
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sium stearate. The mixture is compressed into tablets
weighing 150 mg each.]

An illustrative composition for a parenteral injection
1s the following wherein the gquantities are on a weight
to volume basis:

A mount
(a) (+ M-amino-5-ene-hexanoic acid 100.C mg
(b} sodium chlonde q.s.
(c) water for injection 1o make 20 mi

The composition is prepared by dissolving the active
ingredient (a) and sufficient sodium chloride in water
for injection to render the solution isotonic. The com-
position may be dispensed in a single ampule containing
100 mg of the active ingredient for multiple dosage or in
20 ampules for single dosage.

[An illustrative composition for hard gelatin cap-

sules 15 as follows:
Amount
{2} 3-amino-4-ene-pentanoic acid 200.0 mg
{b) talc 35.0 mg

The composition 1s prepared by passing the dry pow-
ders of (a) and (b) through a fine mesh screen and mix-
ing them well. The powder is then filled into No. 0 hard
gelatin capsules at a net fill of 235 mg per capsule.]

The compounds of general Formula I [ wherein R is
other than

~— NH=—-CH—COOH,

|
R4

and R i1s hydrogen] are prepared by catalytic or or-
ganic semi-hydrogenation of the corresponding acety-
lene derivative which may be represented by the fol-
lowing Formula VI:

ﬁl Formula VI

HC= c-—-—cI:—[B]—c—z
NHX

wherein X 1s alkylcarbonyl wherein the alkyl moiety
contains from 1 to 4 carbon atoms; Z is selected from
hydroxy or a straight or branched alkoxy group of from
1 to 8 carbon atoms; and [B] i1s [ selected from —CH—

CH— and]}

i
—{CH)p""

wherein Q 1s [selected from]} hydrogen[, lower alkyl
of from 1 to 4 carbon atoms, phenyl, and substituted
phenyl wherein the substituents on the substituted
phenyl may be attached at the ortho, meta or para posi-
tions of the phenyl ring and are selected from halogen,
lower alkoxy of from 1 to 4 carbon atoms, and lower
alkyl of from 1 to 4 carbon atoms; ] and pis [an integer
of from 1 to 5. the integer 2.

Catalytic hydrogenation can be carried out in the
presence of a base, for example, pyridine or triethylam-
ine using inorganic catalysts as described by E. N. Mar-
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vell and T. Li, Synthesis, No. 8, August, 1973 pp.
457-468, for example, palladium-on-barium sulfate or
the Lindlar catalyst, that is, lead-poisoned palladium-
on-calcium carbonate. The hydrogenation process is
continued until there is a reduction in the uptake of
hydrogen.

The organic hydrogenation is achieved by reacting
equimolar amounts of a compound of Formula [1] 77
and catecholborane under a nitrogen atmosphere at
about 70° C. for about 2 hours by the general proce-
dures described by H. C. Brown and 5. K. Gupta, J.
Am. Chem. Soc. 94, 4370-4371 (1972), H. C. Brown et
al, J. Am. Chem. Soc. 95, 5786-5788 and 6456-6457
(1973). The specific examples below are illustrative of
the preparation of the compounds of this invention.

The compounds of general Formula VI wherein X 1s
hydrogen are prepared by reacting a suitably protected
propargylamine derivative as represented by compound
I below with an alkylating reagent in the presence of a
base and subsequently unmasking the protecting groups
by treatment with acid or base as represented by the
following reaction:

(Rs)3—Si—C=C-—CH; compound |

I
N=?—R@

BASE K7

V

(R5)3—Si—C=C—(IZH{“) -|
N=C—R4y

b

l. alkylating reagent
. acid or base

[ Formuia VI]

V

O
I

Hc=C—(I:H"“[B]'—C—Z
NH>

In the above reaction sequence, [B] and Z have the
meanings defined in general Formula VI; Rs 15 selected
from a lower alkyl group having from | to 4 carbon
atoms such as methyl, ethyl and n-propyl; Re1s selected
from hydrogen or phenyl; and Ry 1s selected {rom
phenyl or trialkylmethyl.

In the above reaction, the protected propargylamine
derivative compound 1, is treated with a strong base to
form the carbanion intermediate. Suitable strong bases
are those which will abstract a proton from the carbon
adjacent to the acetylene moiety, such as, alkyl lithium,
for example, butyl lithium, or phenyl lithium, lithium
di-alkylamide, for example, lithium dusopropylamide,
lithium amide, tertiary potassium butylate, sodium
amide and sodium hydroxide.

Following addition of the base the alkylating reagent
is added. The alkylating reagents employed in the above
reaction are selected from derivatives having the struc-

tures:
FA. When [B] is

—{CH]F—

and p is equal to 2,]
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(CH=C)y—W

[ B. When [B] is

Q

|

and p is equal to 1 or 3 to 5,

Q
I

halo=—(CH)}y,—W

or halo—(CH),,—halo and

C. when [B] is —~CH—CH—, haloCH—=CHCOR_, or
HC=C—CORs]
wherein Q has the meaning defined in general Formula
VI: W is selected from cyano or

@]
|
-—C—Rg

wherein Rs is a straight or branched alkoxy group of
from 1 to 8 carbon atoms[; m is the integer 1 or 3 to 5;
and halo is iodine, bromine or chlorine]).

When [the alkylating reagent employed is the di-
haloalkyl derivative as set forth in (B), subsequent to the
alkylation reaction the w-halogen is displaced with cya-
nide, and as when]} Z is cyano the reaction mixture 1s
treated with an acid or base to hydrolyze the nitrile to
the corresponding acid or amide derivative as repre-
sented by Formula VI by procedures well known 1n the
art. Similarly, the protecting groups that is, the acety-
lene and the amino protecting groups and the ester or
amide functions if desired can be removed with aqueous
acid, for example, hydrochloric or toluene sulfuonic
acid or aqueous base, for example, sodium hydroxtde or
potassium hydroxide. The amino protecting groups can
also be removed by using hydrazine or phenylhydra-
Zine.

The alkylation reaction is carried out in an aprotic
solvent for example, benzene, toluene, ethers, tetrahy-
drofuran, dimethylsulfoxide, dimethyl formamide, di-
methyl acetamide, hexamethyl phosphoramide and hex-
amethyl phosphortriamide. The reaction temperature
varies from — [20° C. to room temperature, and a pre-
ferred reaction temperature 1s about — 70" C. The reac-
tion time varies from 3 hour to 24 hours. The protected
propargylamine derivatives, compound 1, are prepared
by the addition of protecting groups on the acetylene
function and the nitrogen function of propargylamine.
Protection of nitrogen function of propargyiamine 1s
accomplished by forming in a known manner, a Schiff's
base with a non-enolizable carbonyl bearing compound,
such as benzaldehyde, benzophenone, or trialk-
ylacetaldehyde. Protection of the acetylenic function is
accomplished by reacting the above described Schiff's
base with trimethylsilyichloride, triethylsilylchloride or
higher trialkylsilylchloride forming in a known manner
(E. J. Corey and H. A. Kirst, Tetrahedron Letters,
1968, 5041) the corresponding trialkyisilyl derivatives.
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The alkylating reagents employed in the above reac-
tion are known in the art or can be prepared by proce-
dures well-known in the art.

Compounds of Formula VI wherein X is alkylcarbo-
nyl are prepared from the corresponding derivative
wherein X 1s hydrogen using an appropriate acid anhy-
dride, or halide or acetic, propionic, butyric or valeric
acids.

[ Compounds of this invention where R 1s alkylcar-
bonyl are prepared from the corresponding acid
wherein R represents hydrogen using the appropriate
acid anhydride or halide of acetic acid, propionic acid,
butyric acid or valeric acid. The amide derivatives of
this tnvention can be isolated as the acid or a derivative
thereof, for example, the ester by converting the acid to
the acid halide, for example, by treating with thionyl
chloride followed by alcoholysis, to get the appropriate
ester by procedure generally known in the art.

Compounds of general Formula I wherein R is alk-
oxycarbony] are prepared from the corresponding acid
wherein R represents hydrogen using an appropriate
alkyl chloroformate for example, methyl chlorofor-
mate, ethyl chloroformate, n-propyl chloroformate,
n-butyl chloroformate, isobutyl chloroformate or tert-
butyl chloroformate in the presence of a base by proce-
dures well known in the art.

Compounds of general Formula I wherein R 1s

O
{
"'C“‘(’:H-‘Rm
NH>

5

10

5

20

30

are prepared by treating an ester of a compound of 33

Formula 1 wherein R 1s hydrogen with a protected acid
of the formula HOOC—CH(NH>)—R 0 wherein the
amino function 1s protected with a suitable blocking
group, such as, benzyloxycarbonyl or tert-butoxvcarbo-
nyl. Either the free acid or a reactive derivative thereof,
for example, an acid anhydride may be employed.
When the free acid 1s used, a dehydrating agent such as
N,N’-dicyclohexylcarbodiimide 1s used. The substituent
R0 has the meaning defined in general Formula L.
Compounds of this invention wherein R; represents

—NH—CliH—CGOH
R4

are prepared from the corresponding acid derivative
wherein the amino function is protected with a suitable
blocking group, such as, benzyloxycarbonyl or tert-
butoxycarbonyl. The amino protected derivatives ei-
ther as the free acid, in which case a dehydrating agent
such as N,N’'-dicyclohexylcarbodiimide 1s used, or a
reactive derivative of the acid, such as, an acid anhy-
dride, i1s reacted with a compound of the structure

NH>—CH—COOR

|
R4

wherein R4 has the meaning defined in general Formula
I, and Rjj1s a lower alkyl group, for example, methyi or
ethyl, followed by base hydrolysis to remove the pro-
tecting group by procedures well known in the art.
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The lactams of this invention as described by general
Formula IIl are prepared from the corresponding
amino acid, that is, a compound of the formula:

Ri{CH=CH—CH—(CH3},~COQOH

|
H-N

or ester thereof wherein n' i1s the integer 2 or 3, and Rz
is hydrogen, chlorine, bromine or iodine, by procedures
generally known in the art, for example, by treating the
amino acid with a dehydrating agent such as dicvyclo-
hexylcarbodiimide or by heating the appropriate ester
derivative. ]

‘The optical isomers of the compound of this inven-
tion may be separated by using a (+ ) or {(—) binaphthyl-
phosphoric acid derivative or a salt of said derrvative
and an optically active base by the method described by
R. Viterbo, et al., in Tetrahedron Letters, 48, 4617-4620
(1971) and in U.S. Pat. No. 3,848,030. Of the preferred
compounds of this invention, the (+) isomers are the most

preferred compounds.

EXAMPLE 1
4-Amino-5-ene-hexanoic acid

A. To a solution of 183 mg (1 mm) of 4-acetamido-3-
vne-hexanoic acid methyl ester in 10 ml of chioroform
was added 20 mg of Lindlar catalyst (5% PD/CaCQO3/-
PbQO3). The suspension was stirred under hydrogen and
the hydrogen absorption recorded. After 12 hours, the
hydrogen absorption equaled 22 ml and the reaction
was stopped by nitrogen flushing. After filtration of the
catalyst the solution 1s concentrated and 4-acetamido-
S-ene-hexanoic acid methyl ester 1s separated by dry
column chromatography on silica gel using ethyl ace-
tate as the eluant. The oil product thus obtained 1s hy-
drolized in hot 6N HCI (20 ml, 12 hours reflux). The
agueous solution is evaporated under vacuum after
ether extraction, and the syrup taken up i 2 ml of wa-
ter. The product 1s i1solated by ion exchange chromatog-
raphy on an acid resin.

Alternatively, 4-amino-5-ene-hexanoic acid may be
prepared by the following procedures:

B. A mixture of 130 mg (1 mM) of 4-amino-5-yne-
hexanoic acid in 10 ml of water containing 1 ml of pyri-
dine and Lindlar catalyst was stirred under a hydrogen
atmosphere. Hydrogen uptake ceased at 24 ml. The
mixture was filtered, the solvents evaporated under
reduced pressure and the residue recrystallized from
ethanol-water to afford the product.

C. A mixture of 300 mg (2 mM) of 4-acetamido-3-
yne-hexanoic acid methyl ester and 240 mg (2 mM) of
catecholborane was stirred under nitrogen atmosphere at
70° C. for 2 hours. After being cooled to room tempera-
ture, 5 ml of acetic acid was added and the mixture was
heated at 70° C. for 4 hours after which 30 ml of 6N HCI
was added. The mixture was refluxed overnight, and on
cooling, the agueous solution was washed with methy-
lene chloride, adjusted to a pH of 8 and reextracted with
methylene chlonde. The aqueous base was adjusted to a
pH of 6. The product was isolated by ion exchange
chromatography on an acid resin followed by recrystal-
lization from ethanol.
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FEXAMPLE 2
4- Amino-6-i0do-5-ene-hexanoic acid

A mixture of 300 mg (2 mM) of 4-acetamido-5-yne-
hexanoic acid methyl ester and 240 mg (2 mM) of cate-
cholborane was stirred under a nitrogen atmosphere at
70° C. for 2 hours. Upon cooling to room temperature,
the mixture was stirred with 50 ml of water for 2 hours
at 25° C. On cooling to 0° C., a solid separated which
was filtered off, then dissolved in 30 ml of ether and
cooled to 0° C. Aqueous NaOH (5 ml, 3N), was added
followed by i1odine (2 mM) in 20 ml of ether. After
one-half hour, aqueous thiosulfate solution was added.
The agqueous layer was separated and concentrated. The
residue was treated with 6NN HCl1 (30 ml) at 100° C. for
6 hours and the product was isolated by ion exchange

chromatography.

EXAMPLE 3
4-A mino-6-bromo-5-ene-hexanoic actd

A mixture of 300 mg (2 mM) of 4-acetamido-3-ene-
hexanoic acid methyl ester and 240 mg (2 mM) of cate-
cholborane was stirred under a nitrogen atmosphere for
2 hours. Upon cooling to room temperature, the reac-
tion product was dissolved in 30 ml of methylene chlo-
nde and cooled to 0° C. after which 640 mg (4 mM) of
bromine was added. After another hour, water was
added and the organic phase separated, dried over mag-
nesium sulfate and evaporated. The residue was re-
fluxed overnight in 30 ml of 6N HCI and the product
i1solated by 1on exchange chromatography using an acid

resin.

EXAMPLE 4

Following the procedure of Example 1 (A), (B) or
(C) only substituting for 4-acetamido-5-yne-hexanoic
acid methyl ester an appropriate amount of 3-amino-4-
yne-pentanotc acid, S-amino-6-yne-heptanoic acid, 4-
amino-3-phenyl-5-yne-hexanoic acid, or 4-amino-5-yne-
2-ene-hexanoic acid, or an acetamido-ester derivative
thereof, obtained by conventional methods, the follow-
Ing respective products are obtained: 3-amino-4-ene-
pentanoic acid, >-amino-6-ene-heptanoic acid, 4-amino-
3-phenyl-5-ene-hexanoic acid, and 4-amino-2,5-diene-

hexanoic acid.
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EXAMPLE 5

4-(2-Aminoproprionamido)-5-ene-hexanoic acid 4-
Amino-Jj-ene-hexanoic acid methyl ester is prepared by
refluxing a suspension of 1.27 g of 4-amino-5-ene-
hexanotc acid in 20 ml of methanol with continuous
anhydrous HCl] bubbling through the reaction mixture
tor 3 hours followed by evaporation of the solvent,
dissolution in water, neutralization with agueous
NaOH in the cold and ether extraction. The ether
solution is dried over magnesium sulfate, filtered, and
cooled to 0° C. Under moisture exclusion a solution of
10 mMoles of a-alanine, wherein the amino function is
protected with benzyloxycarbonyl and the acid func-
tion is activated with ethoxycarbonyl, prepared by the
method known in the art, in ether is added slowly with
stirring. When addition is complete the cooling bath is
removed and stirring continued overnight. The solu-
tion is evaporated leaving a syrupy residue which is
taken up in 2 ml of methanol and 10 ml of 2N aqueous
ammonia added. The suspension is stirred at 50° C. for
| day then extracted with ether. The product is isolated
by ion exchange chromatography of an acid resin.

EXAMPLE 6

N-(2-Propionic actd)-3-amino-4-ene-pentan-1-yl
carboxarmide

To a solution of 1.27 g of 4-amino-3-ene-hexanoic
acid (10 mM) in 10 m] of water was added 10.0 ml of 2N
NaOH. This solution was cooled 1n ice water and 1.87 g
(11 mM) of benzylchloroformate was added slowly
with stirring. When the addition was complete, stirring
1s continued for 1 hour. The solution is acidified to a pH
of 4 by addition of aqueous HCI and the oily precipitate
is extracted into ether. The ether solution 1s dried over
magnesium sulfate, filtered and cooled. After addition
of 700 mg of triethylamine, an ethereal solution of 11 g
of freshly distilled ethylchloroformate is added slowly
over | hour with stirring. The precipitate is filtered off
and to the ether solution a solution of alanine methyl
ester in ether 1s added at once. The solution 1s kept
overnight and then evaporated to dryness. The residue
is taken up in 2 ml of methanol and 20 ml of 2N aqueous
NaQOH s added. The suspension 1s stirred for 1 day at
50° C. then the solution is extracted with ether and
adjusted to a pH of 7. The product is 1solated by 10n
exchange chromatography on an acid resin.}

We claim:

1. A compound of the formula:

O
1

R3CH=CH—CH=[{A]—C—R>

l
NHR

wherein R is hydrogen, alkylcarbonyl wherein the alkyl
moiety contains from | to 4 carbon atoms, alkoxycar-
bonyl wherein the alkoxy motety contains from 1 to 4
carbon atoms and may be straight or branched or

)
[
—C—CH=—Rp
NEH>

wherein R g i1s hydrogen, a straight or branched lower
alkyl group of from | to 4 carbon atoms, benzyl or
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p-hydroxybenzyl; Rz is hydroxy, a straight or branched
alkoxy group of from 1 to & carbon atoms, a lower alky]
amino group wherein the alkyl moiety contains from |
to 4 carbon atoms or

— NH—CH—COOH

l
R4

wherein R41s hydrogen, or a straight or branched lower
alkyl group of from 1 to 4 carbon atoms, benzyl or
p-hydroxyphenyl with the proviso that when R; is a
lower alkylamino group, R i1s alkoxycarbonyl; Rj3 1s
hydrogen, chlorine, bromine and iodine; [A] 1s —CH=
CH— or

Ri

l
(—CH™),

wherein Ry 1s hydrogen, lower alkyl of from 1 to 4
carbon atoms, phenyl or substituted phenyl wherein the
substituents on the substituted phenyl may be attached
at the ortho, meta or para positions of the phenyl ring
and are halogen, lower alkoxy of from 1 to 4 carbon
atoms or lower alkyl of from 1 to 4 carbon atoms; n 1s an
integer of from 1 to 5; pharmaceutically acceptable salts
and individual optical isomers thereof.]}
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[2. A compound of claim 1 of the formula:

]r]
Ri:CH=CH—(CH),,—C—R:

|
NHR

O
|

wherein R, Ry, Rz, R3jand n have the meanings defined
in claim 1.7

[ 3. A compound of claim 2 wherein R>1s hydroxy or
alkoxy of from 1 to 8 carbon atoms.}

[4. A compound of claim 3 wherein n is the integer
1 or 2.7

[5. A compound of claim 4 wherein R 1s hydrogen.]

[6. A compound of claim 1 the formula:

O
I

Ry CH=CH—CH—CH=CH—C—R:>

|
NHR

wheremn R, R, and R3 have the meanings defined in
claim 1.7

/. The compound 4-amino-5-ene-hexanoic acid or a
pharmaceutically acceptable salt thereof.

8. A compound of claim 7 which is the (+) isomer or a

pharmaceutically acceptable salt thereof.
* * ¥ »*
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