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The mechanism of the reactions of 1-t-butyl-2-carbomethoxyazelidine and 1-benzyl-2-carbo-
methoxyazetidine with hydrazine hydrate was investigated. Treatment of 1-alkyl-2-carbometh-
oxyazelidine with hydrazine hydrate in cold ethanol yielded l-alkylazetidine-2-carbohydrazide.
Depending on the steric bulkiness of the alkyl group of the amino functionality, reactions of
I-alkylazetidine-2-carbohydrazides in methanol gave the appropriate aminoester. or the appro-
priate pyrrolidone, or a mixture of both. The intermediacy of the diimide in these transforma-
tions was confirmed by the concurrent reduction of azobenzene to hydrazobenzene.

1. Heterocyelic Chem., 13, 247 (1976).

Deyrup and Clough (4) have reported that 1-t-butyl-2-
carbomethoxyaziridine underwent ring opening when
treated with hydrazine hydrate at reflux or at room tem-
perature Lo give 3 as the only isolable product. Interme-
diale 2 was observed by pmr spectroscopy as the first

product.  For the N-benzyl analog, intermediate 2 was
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isolated. When 1-benzylaziridine-2-carbohydrazide (2) was
refluxed in methanol in the presence of azobenzene, methyl
v-henzylaminopropionate (3) and hydrazobenzene were
observed to form. These observations were interpreted in
terms of the mechanism in Scheme L. It was undecided as
to whether the reaction proceeded through path 1 or 2.
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Cromwell and Rodenbaugh (5) have reported the re-
action of N-t-butyl-. and N-benzyl-2-carbomethoxyazeti-
dine with excess hydrazine hydrate at reflux temperature.
The open chain carbohydrazide 4 and pyrrolidone 6 were
isolated, respectively.

Scheme 1
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The mechanism of these reactions was postulated as pro-
ceeding by way of an azetidinecarbohydrazide which de-
composes via a ketene intermediate as shown in Scheme I11L
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In the case of N-t-butyl-2-carbomethoxyazetidine, the ke-
tene intermediate is attacked by another mole of hydra-
zine to give the open chain carbohydrazide 4, and in the
case of the N-benzylanalog, the ketene intermediate reacts
intramolecularly Lo give the pyrrolidone 5. This was ex-
plained by the small steric requirement of the benzyl group,
allowing intramolecular attack, whereas the sterically large
t-butyl group favored an intermolecular reaction.

The postulated mechanism was further supported by
the fact that T-t-butylazetidine-2-carboxamide was recov-
cred unchanged after refluxing for several hours in meth-
anolic hydrazine hydrate (5). This implies that azetidine
ring cleavage by hydrazine does not involve a simple re-
ductive cleavage.

Treatment of the 1-alkyl-2-carbomethoxyazetidines
with 90% hydrazine hydrate in ethanol at room tempera-
ture gave l-alkylazetidine-2-carbohydrazides in good yield.
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Refluxing 7 respectively in waler, methanol, and 90%
hydrazine hydrate yielded N-benzyl-2-pyrrolidone (5). Re-
Nuxing of 6 in 90% hydrazine hydrate yielded y-t-butyl-
aminobutyrohydrazide, quantitatively. Similar treatment
of 6 in water or methanol yielded, respectively, y-t-butyl-
aminobutanoic acid and methyl y-t-butylaminobutyrate.
These results strongly suggest that 1-alkylazetidine-2-car-
bohydrazide is the first intermediate formed in the re-
actions between hydrazine and different 1-alkyl-2-carbo-
methoxyazetidines.

According Lo the postulated mechanism, diimide, a very
strong reducing agent, is formed during the decomposition
of the initially formed carbohydrazide. Confirmatory evi-
dence for the intermediacy of the diimide was obtained
by the observation of concurrent reduction of azobenzene
to hydrazobenzene in the conversion of, respectively, 6
and 7 to 10, and 5. The same result was observed when
this latler reaction was carried oul in an oxygen free con-

Qo
NHNH2 MeOH ;l)
PN AP+ N T‘* TRaNTICT ) O, +  PRNHNIPH

~
By + N\,

6
0
NHNH,
LTI E')k SN FTANTINTICS
N A

Vol. 13

dition. The existence of the hydrazobenzene was demon-
strated by the disappearance of an absorption peak (440
nm) in the visible region, which was characteristic for
azobenzene, and the reappearance of that absorption peak
when the reaction mixture was subjected to air oxidation.
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There are at least three ways that the decomposition of
the initially formed 1-alkylazetidine-2-carbohydrazide can
occur: see Scheme V. We can consider in pathways 3
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(intramolecular) and 4 (intermolecular), that the decom-
position is base induced, while in pathway 5, the decom-
Pathways 3 and 4 were elimi-
nated by the fact that when refluxed in aprotic solvents

position is acid induced.

like benzene, toluene, and acetonitrile, 6 was recovered
unchanged after several hours. Thus we consider pathway
5, which involves a prior protonation at the basic center
(azetidine ring nitrogen) of the compound, followed by
the elimination of diimide molecule, to be the best de-
scription of the reaction. Kinetic studies of these reactions
appear necessary to establish this point.

Treatment of 1-alkylazetidine-2-carbohydrazide with
acetone gave quantitatively the carboxylic hydrazone de-
rivative of acetone 12, which was found to be stable in
refluxing methanol. This piece of evidence also supports
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our argument for the most probable reaction pathway.

As mentioned earlier, refluxing 6 or 7 in methanol gave
respectively 10 or 5 as the exclusive products.  However,
when similar treatment was applied to 8 and 9, coexistence
of both the cyclized and open-chain products was observed.
The open-chain products were observed to change very
slowly to the cyclized products.
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In order o study the cyclization reaction, the open
chain aminoesters were synthesized by an independent
route (5) (Scheme V). Treatment of the methyl y-bromo-
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crolonate with an amine yielded the appropriate methyl
y-aminocrolonale. The compound was isolated as its hy-
drochloride salt. Hydrogenation of the hydrochloride salt
of the methyl y-aminocrotonate in the presence of Adam’s
catalyst yiclded the appropriate amine salt of the amino-
butyrale.

Both 17 and 18 gave pyrrolidone on prolonged standing
in refluxing methanol, hydrazine hydrate, and benzene.
This seems to suggest that, in the original reaction of
hydrazine hydrate with 1-benzylazetidine-2-carbohydra-
zide, N-benzyl-2-pyrrolidone could also be formed by inter-
molecular attack of the methanol al the ketenc interme-
diate, forming an open-chain ester, followed by the cycli-
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zation of the y-aminoester, see Scheme V1.

However, judging from the fact that the cyclization of
the ester is a relatively slow reaction, and that not a trace
of the open chain ester has ever been observed by inter-
rupting the reaction of 1-benzylazetidine-2- carbohydra-
zide, we believe that intramolecular reaction of the ketene
intermediate, giving directly the 1-benzyl-2-pyrrolidone (5)
is the major pathway responsible for the formation of the
final product.

EXPERIMENTAL

Melting points were determined from a Mel-Temp. apparatus
and are uncorrected. The infrared spectra were recorded on Perkin-
Elmer Models 237, and 621 spectrometers. The visible spectra
were oblained from a Cary 14 recording spectrophotometer. The
pmr spectra were determined by Varian Model A-60 Spectrometer
utilizing tetramethylsilane as an internal standard. The mass spectra
were determined on a Hitachi RMU-60 Spectrometer at 70 ev.
Flementary analyses were performed by Micro-Tech Laboratories,
Slokie, 1l1.

The preparative details for the 1-alkyl-2-carbomethoxyazelidine
have been reported previously (5.6,7).

General Procedure of Preparing 1-Alkylazetidine-2-carbohydrazide.

I -Alkyl - 2-carbomethoxyazetidine was stirred with 3 molar
equivalents of 98% hydrazine hydrate in 100 ml. of absolute etha-
nol for 2 days. The solvent and excess hydrazine were evaporated
at room temperature either under reduced pressure or by blowing
nitrogen through it. The crude product obtained was purified by
recrystallization.

Preparation of 1--Butylazetidine-2-carbohydrazide (6).

From 11.3 g (0.0414 mole) of 1-t-butyl-2-carbomethoxyazeti-
dine, 11.2 g. (quantitalive) of solid was obtained. Recrystallization
from cther yielded 1-t-butylazetidine-2-carbohydrazide as white
platelets, m.p. 83-85°; ir (sodium chloride), v max (carbon tetra-
chloride): 1665, 1622 cm™!; pmr, 8 TMS (deuteriochloroform):
3.92 (1H, triplet, JHH, 8.4 Hz, -CHCO-), 3.15 (2H, multiplet,
-CH,N), 2.10, (2H, multiplet, remaining methylene protons), 0.98
(9H, singlet, t-butyl), 8.5, 3.88 (3H, exchangeable with deuterium
oxide, hydrazine protons); Mass Spectrum: MY 17L.
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Anal. Caled. for CgHy7N30: C, 56.11; H, 10.01; N, 24.54.
Found: C, 56.10; H, 10.00; N, 24.70.

Preparation of 1-Benzhydrylazetidine-2- carbohydrazide (8).

From 9.7 g (0.035 mole) of 1-benzhydryl-2-carbomethoxy-
azelidine, a light yellow oil was obtained after evaporation of the
solvent and excess hydrazine. The oil was dissolved in benzene
and a small amount of anhydrous ether was added. Scratching the
saturated solution with a glass rod resulted in crystallization. The
solid was removed by filtration and the filtrate evaporated to dry-
ness. Ether was added again and the scratching technique repeated.
After repeating this technique three times, 7 g. (72%) of product
was obtained. Recrystallization from ether yielded 1-benzhydryl-
azetidine-2-carbohydrazide as-a white crystalline solid, m.p. 150-
152°; ir (sodium chloride) v max (carbon tetrachloride): 1665,
1622 em™; pmr, 5 TMS (deuteriochloroform): 7.31 (12H, mul-
liplet, aromatic protons), 4.50 (1H, singlet, -CH-Ph,), 3.82 (1H,
triplet, JyH 9 Hz, CH-CO-), 2.91 (2H, multiplet, -CH,N), 2.25
(2H, multiplet, remaining methylene protons), 7.78, 3.48 (3H,
deuterium oxide exchangeable, hydrazine protons); Mass Spectrum:
M* 281.

Anal. Caled. for Cy7H gN3O: C, 72.57; H, 6.81; N, 14.93;
Found: C, 72.39; H, 6.93; N, 14.83.

Preparation of 1-cyclohexylazetidine-2-carbohydrazide (9).

From 3 g. (0.015 mole) of I-cyclohexyl-2-carbomethoxyazeti-
dine, 3.0 g. (quantitative) of white solid was obtained after evapo-
ration of the solvent and excess hydrazine. An ethereal solution of
the crude product was dried over anhydrous magnesium sulfate.
Recrystallization from ether gave 1-cyclohexylazetidine-2-carbo-
hydrazide as white platelets, m.p. 88°; ir (sodium chloride) v max
(nujol): 3310, 1670 cm™'; pmr, & TMS (deuteriochloroform):
3.63 (1H, triplet, Jyjy 8 Hz, -CH-CO-), 2.50-3.45 (3H, multiplet,
-CHy-N, and C; cyclohexyl proton), 1.85-2.50 (2H, multiplet, re-
maining methylene protons in the azetidine ring), 0.90-1.80 (10H,
broad multiplet, cyclohexyl protons), 3.88, 8.32 (3H, exchangeable
with deuterium oxide, hydrazine protons).

Anal. Caled. for CioHy9N30: C, 60.91; H, 9.6; N, 21.32.
Found: C, 60.53; H,9.82; N, 21.37.

Preparation of 1-Benzylazetidine-2-carbohydrazide (7).

From 3.73 g. (0.0182 mole) of 1-benzyl-2-carbomethoxyazeti-
dine, 4 g. of a yellow oil was obtained, which was identified to be
1-benzylazetidine-2-carbohydrazide, ir (sodium chloride) v max:
3300, 1670 cm™!; pmr, § TMS (deuteriochloroform): 7.30 (5H,
singlet, aromatic), 3.50 (1H, triplet, Jyy 7 Hz, -CH-CO-), 3.62
(2H, doublet, nonequivalent benzyl protons), 2.50-3.50 (2H, mul-
tiplet, -CH,-N), 1.85-2.50 (2H, multiplet, remaining methylene
protons in the azetidine ring). An analytically pure sample could
not be isolated, and the compound was analyzed as its hydrazone
derivative of acetone.

Reaction of 1-t-Butylazetidine-2-carbohydrazide with Hydrazine
Hydrate.

A 1.05 g. (0.0062 mole) sample of 1-t-butylazetidine-2-carbo-
hydrazide was refluxed for three hours in excess hydrazine hydrate
(98%, 10 mL). The reaction mixture was evaporated, taken up in
benzene and dried with anhydrous magnesium sulfate. Evaporation
of benzene yielded an oily product (1.03 g., 96%) which was
spectrally identical to an authentic sample of y-t-butylaminobutyro-
hydrazide.

Reaction of 1-t-Butylazetidine-2-carbohydrazide with Water.

A 1.10 g. (0.00645 mole) sample of 1-t-butylazetidine-2-carbo-
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hydrazide was refluxed for six hours in 10 ml. of water. After
cooling, the water was evaporated under reduced pressure to give
a white solid (0.98 g.). Recrystallization from methanol-ether
gave 0.91 g. (88.6%) of a white crystalline solid, m.p. 253-255°,
that was proved to be spectrally identical to an authentic sample
of y-t-butylaminobutyric acid.

Reaction of 1-t-Butylazetidine-2-carbohydrazide with Methanol.

A 1.38 g. (0.0103 mole) sample of 1-t-butylazetidine-2-carbo-
hydrazide was refluxed for 5 hours in excess methanol (15 ml.).
Evaporation of the solvent gave 1.79 g. (quantitative) of methyl
y-t-butylaminobutyrate as a colorless oil. Hydrogen chloride gas
was passed through an ether solution of the crude ester, resulting
in the precipitation of the methyl y-¢-butylaminobutyrate hydro-
chloride, m.p. 165-167°. The product was proved tc bespectrally
identical with an authentic sample.

Inertness of 1-t-Butylazetidine-2-carbohydrazide.

A 100 mg. sample of 1-t-butylazetidine-2-carbohydrazide was
refluxed in 30 ml. of benzene for 10 hours. Evaporation of the
solvent yielded a solid, which was spectrally identical to the starting
material.

Inertness of 1-t-Butylazetidine-2-carbohydrazide in Acetonitrile.

A 100 mg. sample of 1-t-butylazetidine-2-carbohydrazide was
refluxed in 30 ml. of acetonitrile for 12 hours. Evaporation of the
solvent yielded a solid which was spectrally identical to the starting
malerial.

Reaction of 1-t-Butylazetidine-2-carbohydrazide with Acetone.

A 500 mg. (0.0029 mole) sample of 1-t-butylazetidine-2-carbo-
hydrazide was refluxed in 30 ml. of acetone for 18 hours. Removal
of the solvent yielded 0.61 g. (quantitative) of yellow oil, which
solidified on standing. Recrystallization from ether gave a white
erystalline solid, which was shown to be the 2".isopropylidene-1-t-
butylazetidine-2-carbohydrazide, m.p. 45-47°; ir (sodium chloride)
v max: 3500-3250 (broad), 1680, 1640 cm™!; pmr 8 TMS (deu-
teriochloroform): 3.95 (1H, triplet, JHy 8.5 Hz, -CI1-CO-), 3.10-
3.40 (2H, multiplet, -CH;-N-), 1.80-2.50 (2H, multiplet, remaining
methylene protons), 1.98 (3H, singlet, N=C-CH3), 2.12 (3H, sin-
glet, the other methyl group), 1.00 (9H, singlet, t-butyl protons).

Anal. Caled. for Cy{Hy (N3O: C, 62.55: H, 9.95; N, 19.90.
Found: C,62.55; H, 10.37; N, 19.87.

Inertness of 2'-Isopropylidene-1-t-butylazetidine-2-carbohydrazide
in Methanol.

A 100 mg. sample of the above described hydrazone derivative
of acetone was refluxed in methanol for 12 hours. Evaporation of
the solvent yielded a yellow oil, which was found to be spectrally
identical to the starting material.

Reaction of 1-Benzylazetidine-2-carbohydrazide with Acetone.

A 2.77 g. (0.014 mole) sample of 1-benzylazetidine-2-carbo-
hydrazide was refluxed in 200 ml of acetone for 24 hours. Re-
moval of the solvent yielded 3.40 g. (quantitative) of white solid.
Recrystallization from ether gave a white crystalline solid, identi-
fied 1o be 2'-isopropylidene-1-benzylazetidine-2-carbohydrazide,
m.p. 82°; ir (sodium chloride) v max (nujol): 3290, 1685, 1635
em~!; pmr 8 TMS (deuteriochloroform): 7.30 (5H, singlet, aro-
matic), 3.87 (1H, triplet, Jyy, 9 Hz, -CH-CO.), 3.65 (2H, doublet,
nonequivalent benzyl protons), 3.50-2.70 (2H, multiplet, -CH,-N-),
3.50-2.10 (2H, multiplet, the remaining methylene protons), 2.05
(3H, singlet, -N=C-CH3), 1.75 (3H, singlet, protons of the other
methyl group).
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Anal. Caled. for CraH oN30: €, 68.57; H, 7.76; N, 17.14.
Found: C,68.58; H,7.83; N, 17.38.

Inertness of 2" lsopropylidene-1-benzylazelidine-2-carbohydrazide
in Methanol.

A 100 mg. sample of the above described hydrazone derivative
of acetone was refluxed in methanol for 10% hours. Evaporation
of the solvent yielded a white solid, which was found to be spec-
trally identical to the starting material.

Reaction of 1-t-Butylazetidine-2-carbohydrazide with Methanol in
the Presence of Azobenzene.

A 0.5941 g. (0.00347 mole) sample of 1-t-butylazetidine-2-car-
bohydrazide was dissolved in 40 ml. of mecthanol together with
0.0569 g. (0.00031 mole) of azobenzene. The solution was orange-
red in color. The visible spectrum of the mixture showed an
absorption peak at 440 nm. The solution was then refluxed for 12
hours. ‘The solution became decolorized during the reaction, and at
the end of that period, the absorption peak at 440 nm was found
to be absent. Refluxing an equimolar solution of azobenzene alone
in methanol did not effect such a change. Pmr spectrum of the
reaclion mixture showed that methyl y-t-butylaminobutyrate was
the only detectable product. The reaction mixture was then left
in open air for 2 days. The orange-red coloration of azobenzene
developed again, and the absorption peak at 440 nm reappeared
in the visible spectrum.

Reaction of Crude 1-Benzylazetidine-2-carbohydrazide with Hydra-
zine Hydrate.

A 560 mg. (0.0027 mole) sample of crude 1-benzylazetidine-2-
carbohydrazide was refluxed in 5 ml. of 95% hydrazine hydrate
for 11.5 hours. Ilydrazine was removed by blowing nitrogen
through it. The oily product remaining was dissolved in benzene
and dried over anhydrous magnesium sulfate. Removal of the sol-
vent yielded quantitatively a light yellow oil which was spectrally
equivalent to 1-benzyl-2-pyrrolidone.

Reaction of Crude 1-Benzylazetidine-2-carbohydrazide with Meth-
anol.

A 620 mg. (0.0030 mole) sample of crude 1-benzylazetidine-2-
carbohydrazide was refluxed in methanol for 14 hours. Removal
of the solvent by rotary evaporation yielded quantitatively a ycllow
oil. Vacuum distillation gave a colotless oil spectrally equivalent to
I-benzyl-2-pyrrolidone.

Reaction of Crude 1-Benzylazetidine-2-carbohydrazide with Water.

A 100 mg. sample of crude 1-benzylazetidine-2-carbohydrazide
was suspended in 10 ml. of water and the mixture heated under
reflux for 6 hours. The oily product was taken up by chloroform.
The chloroform solution was dried over anhydrous magnesium
sulfate. Removal of the solvent yielded a colorless oil spectrally
identical to 1-benzyl-2-pyrrolidone.

Reaction of Crude 1-Benzylazetidine-2-carbohydrazide with Meth-
anol in the Presence of Azobenzene.

A 4.36 g. (0.02]1 mole) sample of crude 1-benzylazetidine-2-
carbohydrazide and 0.45 g. (0.0025 mole) of azobenzene were
dissolved in methanol. The orange-red solution showed an absorp-
tion peak at 440 nm. The solution was then refluxed for 12 hours.
The solution decolorized during the reaction, and at the end of that
period, the absorption peak at 440 nm had totally disappeared.
Refluxing an equimolar solution of azobenzene in methanol did
not effect such a change. A pmr spectrum of the reaction product
showed that 1-benzyl-2-pyrrolidone was the only detectable com-
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pound. The reaction mixture was left in open air for a few days.
The orangered coloration of azobenzene reappeared again, and
the absorption at 440, nm reappeared in the visible spectrum.

Reaction of 1-Cyclohexylazetidine-2-carbohydrazide with Meth-
anol.

A 950 mg. (0.0048 mole) sample of 1-cyclohexylazelidine-2-
carbohydrazide was refluxed in 40 ml. of methanol. After 12
hours, an aliquot sample was removed. Pmr spectrum of the
sample was taken after evaporation of the solvent. The reaction
was by no means complete, and a sharp singlet was observed at
5 3.67, corresponding to the -OMe group in the methyl y-cyclo-
hexylaminobutyrate. Afier 48 hours, 1-cyclohexyl-2-pyrrolidone
was the only product isolated (quantitative): ir (sodium chloride)
y max: 1675 em~!; pmr, § TMS (deuteriochloroform): 3.35
(2H, triplet, JyH. 6.5 Hz, -CH,-CO-), 1.00-2.50 (15H, complex
multiplet, methylene protons); Mass Spectrum: MT 167.

Reaction of 1-Benzhydrylazetidine-2-carbohydrazide with Meth-
anol.

A 2 g (0.0071 mole) sample of 1-benzhydrylazetidine-2-carbo-
hydrazide was refluxed in 70 ml. of methanol. The reaction was
monitored by pmr spectroscopy. After 40 hours, the reaction
mixture was found to consist of 70% of the open-chain aminoester
13, and about 30% of the pyrrolidone 14. (‘The percentages
were eslimated from the intensity of the singlet at & 3.55, corre-
sponding to the -OCHj, and the intensity of the triplet at 3.08,
corresponding to -ClI;-CO-). Prolonged refluxing did not effect
complete conversion of 13 to 14 although significant changes of
the intensity of the two absorptions were observed. Compound 13
was observed to convert very slowly to 14 on refluxing in methanol.

General Procedure for Preparing Methyl v-Aminobutyrate Hydro-
chlorides.

A solution of methyl y-bromocrotonate and 2 molar equivalents
of the appropriate amine in pentane was stirred magnetically at
room temperature for five days while being shielded from light.
The reaction mixture was cooled 1o 0° and the precipitated by-
product, amine hydrobromide, was removed by filtration. The
cold filtrate was then exposed to a stream of dry hydrogen chloride
gas. The resulting white precipitate was collected and washed with
dry cthyl ether. Recrystallization from methanol-ether mixture
yielded the appropriate methyl y-aminocrotonate hydrochloride as
white needles.

To a solution of methyl y-aminocrotonate hydrochloride in
methanol was added a catalytic amount of Adam’s catalyst (0.064
g.). The mixture was hydrogenated in a Parr shaker at 40 psi for
12 hours. The catalyst was removed by filtration through celite.
The filtrate was concentrated to a small volume by evaporation
under reduced pressure. Dry ethyl ether was added to the solution
until a few crystals appeared. Cooling yielded the methyl y-amino-
butyrate hydrochloride as white crystals.

Preparation of Methyl v-Cyclohexylaminobutyrate Hydrochloride
Aan.

From 10 g (0.058 mole) of methyl y-bromocrotonate and
11.90 g. (0.11 mole) of cyclohexylamine, 6.28 g. (48.4%) of methyl
y-cyclohexylaminocrotonate hydrochloride was obtained, m.p.
238°; ir (sodium chloride) v max (nujol): 2700-2250 (broad),
1715, 1665 cm L.

Anal. Caled. for CyH;ClO,N: €, 56.53; H, 8.56: N, 5.99.
Found: C, 56.66; H,8.83; N, 5.89.

From 2.46 g. (0.010 mole) of methyl y-cyclohexylaminocro-
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tonate hydrochloride, 2.1 g. (89%) of methyl v-cyclohexylamino-
butyrate hydrochloride was isolated as white needles, m.p. 230°;
ir (sodium chloride) » max (nujol): 2400-2700 (broad), 1740,
1590; pmr, 6§ TMS (deuteriochloroform): 9.42 (broad singlet,
exchangeable with deuterium oxide, amine protons), 3.68 (3H,
singlet, -OCH3), 3.02 (2H, broad singlet, becoming a triplet on
addition of deuterium oxide, -N-CH,-CH,-), 1.00-2.70 (17H, com-
plicated multiplet, methylene protons).

Anal. Caled. for C;1H,,CIO,N: C, 56.05;
Found: C,55.98; H,9.62; N, 5.81.

Preparation of Methyl v-Benzylaminobutyrate Hydrochloride (18).

H, 9.34; N, 5.94.

From 5 g. (0.00279 mole) of methyl y-bromocrotonate and
5.89 g. (0.055 mole) of benzylamine, 2.2 g. (32.6%) of methyl
4-benzylaminocrotonate hydrochloride was obtained as white crys-
tals, m.p. 183°; ir (sodium chloride) » max (nujol): 2500-2700
(broad), 1720, 1670 cm™!,

Anal. Caled. for Cy,H,;6ClO,N: C, 59.63; H, 6.62; N, 5.80.
Found: C, 59.51; H, 6.69; N, 5.90.

From 1.9 g. (0.0078 mole) of methyl y-benzylaminocrotonate,
1.23 g. (64.7%) of methyl y-benzylaminobutyrate hydrochloride
was obtained, m.p. 144°; pmr 6 TMS (deuteriochloroform): 7.50
(5H, broad multiplet, aromatic protons), 4.16 (2H, singlet becoming
sharp after addition of deuterium oxide, benzyl protons), 3.61 (3H,
singlet, -OClI3), 2.95 (2H broad singlet, becoming a triplet after
addition of deuterium oxide), 2.10-2.70 (4H, complicated multi-
plet, remaining methylene protons), 9.50 (broad singlet, exchange-
able).

Anal. Caled. for Cy,H;gClO,N: H, 7.39; N, 5.75. Found:
H, 7.22: N, 5.96.

Reaction of Methyl y-Cyclohexylaminobutyrate with Methanol.

To an aqueous solution of 500 mg. (0.002]1 mole) methyl
y-cyclohexylaminobutyrate hydrochloride was added saturated
sodium bicarbonate solution until the solution was alkaline. The
aqueous solution was extracted several times with diethyl ether.
The combined ethereal extract was dried over anhydrous magnesium
sulfate. Removal of the solvent gave methyl y-cyclohexylamino-
butyrate as a yellow oil; ir (sodium chloride) v max: 1740 em™!;
pmr & TMS (deuteriochloroform): 3.67 (3H, singlet, -OCI3),
1.0-2.9 (6H, complex multiplet, methylene protons), 1.06 (1H,
singlet, exchangeable with deuterium oxide, amine proton).

A 40 ml. amount of methanol was added to the yellow oil, and
the solution refluxed for 48 hours. Ninety percent of the ester
has changed to 1-cyclohexyl-2-pyrrolidone, which was spectrally
identical to the product obtained by refluxing 1-cyclohexyl-2-
hydrazidoazetidine.

Reaction of Methyl v-cyclohexylaminobutyrate in Hydrazine Hy-
drate.

To an aqueous solution of 0.61 g. (0.0026 mole) of methyl
y-cyclohexylaminobutyrate hydrochloride was added saturated
sodium bicarbonate solution. The aqueous solution was extracted
several times with ether. Evaporation of the solvent yielded a
yellow oil, which was spectrally identical to methyl y-cyclohexyl-
aminobutyrate. A 1.0 ml sample of 95% hydrazine hydrate was
added to the ester. The solution was kept at refluxing temperature
for 3 hours. Removal of the hydrazine by blowing nitrogen through
it yielded a yellow oil. Diethyl ether was added and a solid, which
was assumed to be some derivative of hydrazine, precipitated and
was removed by filtration. After being dried over anhydrous mag-
nesium sulfate, the solution was subjected to rotary evaporation.
The residue, a yellow 0il was found to be spectrally identical to
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I-cyclohexyl-2-pyrrolidone.
Reaction of Methyl Cyclohexylaminobutyrate in Benzene.

Methyl vy-cyelohexylaminobutyrate was prepared from its hy-
drochloride salt as described in the previous section. To the yellow
oil was added 40 ml. of benzene, and the solution refluxed for 50
hours. Removal of the solvent yielded a light yellow oil which was
spectrally identical with 1-cyclohexyl-2-pyrrolidone. High reso-
lution mass spectrum: M* =167-1313 (8) Molecular weight caled.
for CioH; 70N = 167.1310.

Reaction of Methyl 7-Benzylzmlinobutyrate with Methanol.

To an aqueous solution of 500 ml. (0.0020 mole) of methyl
v-benzylaminobutyrate hydrochloride was added saturated sodium
bicarbonate solution until the solution was alkaline. The aqueous
solution was extracted several times with diethyl ether. The com-
bined ethereal extract was dried over anhydrous magnesium sulfate.
Removal of the solvent yielded methylbenzylaminobutyrate as a
slightly yellow oil; ir (sodium chloride) v max: 1735 em~!; pmr

5 TMS (deuteriochloroform): 7.27 (5H, singlet, aromatic pro-
tons), 3.72 (2H, singlet, benzyl protons), 3.60 (3H, singlet, -OCH3),
1.4-2.8 (1H, exchangeable wilh deuterium oxide, amine proton).

A 40 ml. amount of methanol was added to the yellow oil, and
the solution refluxed. In seven hours, 80% of the open-chained
amine ester had changed Lo the cyclic product. After one day,
evaporation of the solvent yielded a yellow oil, which was spec-
trally equivalent to an authentic sample of 1-benzyl-2-pyrrolidone.
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