Synthesis of Pyrrolidine-2-'“C
By JOHN M. WALTS*, WAYNE V. KESSLER, and JOHN E. CHRISTIAN

The preparation of pyrrolidine-2-14C picrate in satisfactory yields from potassium
cyanide-*C and from barium carbonate-14C is reported. Reaction of pyrrolidine
picrate with lithium hydroxide followed by distillation separated the free base.

THE syNTHESIS of 1#C-labeled pyrrolidine was of
interest since pyrrolidine is often found in a
variety of biologically active compounds. The
routes of synthesis were evaluated, and two were
selected. The criteria used in selecting these
routes were that relatively inexpensive starting
materials were available, special equipment such as
hydrogenators and autoclaves were not needed,
vapors and gases were easily controlled, and an
excessive number of reactions were not required.
Pyrrolidine was labeled with “C at position 2 by
both routes. It was isolated as its picrate salt for
ease in handling and for convenience in purification
and radioactivity determinations.

In method A (Scheme I), potassium cyanide-14C
and 3-methoxy-l-iodopropane (I) were refluxed in
methyl alcohol to give 4-methoxybutyronitrile-1-1¢C
(II) (1). The latter compound was reduced with
lithinm aluminum hydride in ether to form the
corresponding amine, 4-methoxybutylamine-1-14C
(ITX) (2). Heating this amine with hydrobromic
acid produced 4-bromobutylamine-1-1#C hydro-
bromide (IV). Neutralization of IV with aqueous
alkali followed by fractionation yielded pyrrolidine-
2-14C (V) (3). Addition of an ethereal solution of
picric acid precipitated pyrrolidine-2-4C picrate
(VI) (3).

In method B (Scheme 1), carbonation of the Grig-
nard reagent of 3-methoxy-1-chloropropane (VII) in
ether with carbon dioxide-!*C gave 4-methoxybu-
tanoic-1-14C acid (VIII) (4). Reduction of this acid
with lithium aluminum hydride in ether produced the
corresponding alcohol, 4-methoxy-1-butanol-1-1¢C
(IX) (2). Heating this alcohol with hydrobromic
acid and acetic acid formed 1, 4-dibromobutane-1-1¢C
(X) (5). Reaction of the latter compound with p-
toluenesulfonamide in ethyl alcohol and aqueous
alkali yielded N-p-toluenesulfonylpyrrolidine-2-14C
(XI)(6). Acid hydrolysis of this amide, followed by
neutralization and distillation, gave pyrrolidine-
2-14C (V) (6) in aqueous solution. Extraction with
a solution of ether and petrolenm ether followed by
addition of an ether—petroleum ether solution of
picric acid to the extractions precipitated pyrroli-
dine-2-1C picrate.

The synthetic procedures reported in the literature
were modified for preparing the labeled compounds.
These modifications were necessary for ease in
handling the small amounts of labeled materials
and for obtaining maximum yields. Intermediate
products were not isolated in certain reaction steps.

Pyrrolidine picrate was cleaved by aqueous
lithium hydroxide (7). Distillation gave the free
base in an ether—petroleum ether solution. The
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cleavage was proved by addition of an ethe
solution of picric acid to the ether—petroleum et
solution to obtain the starting material.
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boiling between 35-65° Fractional distillations
were performed with a vacuum jacketed Vigreaux
column,

Method A4

Pyrrolidine-2-1*C picrate was prepared starting
with potassium cyanide-'*C and I. The latter
compound was prepared from the corresponding
chloride (VII) in 62.79, yield (8). The chloride in
turn was synthesized from 3-methoxy-1-propanol in
83.99, yield (9), and the alcohol was prepared from
1,3-propanediol in 64.8%, yield (10).

4 - Methoxybutyronitrile - 1 - “C (ID—A
solution containing 16.2 mg. (0.25 mmole, 0.123
mCi./mg.) of potassium cyanide-*C (New England
Nuclear Cotp., Boston, Mass.), 1.61 Gm. (24.8
mmoles) of unlabeled potassium cyanide,, and 4.75
Gm. (23.8 mmoles) of freshly distilled I in 50 ml. of
methyl alcohol was refluxed for 30 hr. and cooled.
The solvent was removed under reduced pressure,
and the residue was washed portionwise with 100
ml. of ether, The washings were filtered by suction,
combined, allowed to stand over anhydrous sodium
thiosulfate for 12 hr., and decanted. The solvent
was removed under reduced pressure, and the residue
was distilled yielding 1.42 Gm. (57.49% based on
potassium cyanide) of a colorless liquid boiling at
63-64° (10 mm.), n% 1.4083; reported (11) b.p.
172-175° (Atm.).

Pyrrolidine-2-14C  Picrate (VI)—To 1.36 Gm.
(35.9 mmoles) of lithium aluminum hydride in 50
ml. of anhydrous ether at 0-10° was added with
stirring a solution containing 1.42 Gm. (14.3
mmoles) of II in 5 ml. of anhydrous ether. When
the addition was complete (about 30 min.), two 2-
ml. portions of anhydrous ether were added and
stirring was continued for 2 hr. at 0-10°. To the
mixture at 0-10° were added slowly with rapid
stirring 30 drops of water, 23 drops of 209, sodium
hydroxide, 5.0 ml. of water, and 20 ml. of ether.
Stirring was continued for 30 min., the granular pre-
cipitate was filtered by suction, and washed portion-
wise with 100 ml. of ether, and the washings were
combined with the filtrate.

The combined ethereal solution was saturated with
hydrogen bromide and extracted with five 10-ml.
portions of 109, hydrobromic acid. The extractions
were combined and placed in a flask fitted with a
fractionating column and adapter set for distillation.
The solution was distilled under reduced pressure
until about 30 ml. of liguid was removed. To the
remaining volume was added 30 ml. of hydro-
bromic acid (d. 1.49), and the solution was distilled
at atmospheric pressure until about 20 ml. of liquid
was removed. This procedure was repeated using
four 10-ml. portions of hydrobromic acid. The
residual solution was then refluxed gently for 15 hr.,
and 20 ml. of liquid was removed by distillation
under reduced pressure. The remaining volume was
cooled to 0-10° and 15 ml. of 509, sodium hydroxide
was added dropwise with stirring. When the addi-
tion was complete, the solution was heated slowly,
and the fraction distilling below 95° was collected
in a 25-ml. flask immersed in an acetone-dry ice
bath and containing 1 Gm. of anhydrous sodium
carbonate and 10 ml. of an ether—petroleum ether
solution (4:1).

This solution was filtered by suction into a 500-ml.
flask. The drying agent was washed portionwise
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with 100 ml. of an ether—petroleum ether solution
(4:1), and the washings were combined with the
filtrate. To the combined solution was added,
through a filter and with stirring, a solution con-
taining 3.20 Gm. (14.4 mmoles) of picric acid (N.F.
grade) in 250 ml. of anhydrous ether. When the
addition was complete, the mixture was stirred for
15 min., and the precipitate was filtered by suction.
Recrystallization of the pale yellow colored, light
solid two times with ethyl propionate (b.p. 98-100°)
and #n-heptane (b.p. 97-98°) yielded 141 Gm.
(18.89, based on potassium cyanide) of fine, yellow
colored needles melting at 113-114°, [Reported (6)
m.p. 113°.]) The melting point did not change
upon further recrystallization of a small sample.

Method B

Pyrrolidine-2-14C picrate was prepared starting
with barium carbonate-*C and the Grignard reagent
of VII.

4 - Methoxy - 1 - butanol - 1 - 14C  (IX)—The
procedure of Dauben ef gl. (4) for preparing car-
boxylic acids was followed for preparing 4-methoxy-
butanoic-1-14C acid (VIIL).

Carbonation of 25.8 mmoles of the Grignard
reagent of VII, prepared from 4.13 Gm. (0.17 mole)
of magnesium and 16.3 Gm. (0.15 mole) of VII,
was effected using 123.0 mg. (0.62 mmole, 0.129
mCi./mg.) of barium carbonate-1*C (Oak Ridge
National Laboratories, Oak Ridge, Tenn.) and 4.50
Gm. (22.8 mmoles) of unlabeled barium carbonate.
The reaction mixture was worked up in the usual
way; however, the product was not purified.

The crude material was dissolved in 20 ml. of
anhydrous ether and added with stirring to 1.03
Gm. (27.1 mmoles) of pulverized lithium aluminum
hydride in 40 ml. of anhydrous ether. When the
addition was complete (about 15 min.), two 5-ml.
portions of anhydrous ether were added, and stirring
was continued for 4 hr. at room temperature.
The mixture was cooled to 0-10° and decomposed
by adding, slowly with stirring, 23 drops of water,
18 drops of 209, sodium hydroxide, and 3.8 ml. of
water. Stirring was continued for 15 min., and the
granular precipitate was filtered and washed portion-
wise with 100 ml. of ether. The washings and
filtrate were combined, dried over anhydrous potas-
sium carbonate, and decanted. The solvent was
removed under reduced pressure, and the residue
was fractionated giving 2.04 Gm. (83.79, based on
barium carbonate) of a colorless liquid boiling at
77-79° (10 mm.). [Reported (12) b.p. 63-64°
(7 mm.).]

1,4-Dibromobutane-1-14C (X)—Hydrogen bro-
mide was bubbled through a solution consisting
of 2.04 Gm. {(19.6 mmoles) of IX, 7.5 ml. of glacial
acetic acid, and 7.5 ml. of water while the tempera-
ture was increased slowly to 95°. When the
solution was saturated (about 1-1.5 hr.), it was
heated for 15 hr. between 90-100°, cooled, and
poured into 20 ml. of water. The organic layer
was separated and the aqueous layer was extracted
exhaustively with petroleum ether. The extrac-
tions and organic layer were combined and washed
with 5 ml. of 209, sodium hydroxide foilowed by
10 ml. of water. The aqueous washings were
extracted with two 10-ml. portions of petroleum
ether. The extractions and organic solutions were
combined, dried over anhydrous sodium suifate, and
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decanted. The solvent was removed under reduced
pressure, and the residue was distilled. There was
obtained 3.47 Gm. (68.6%, based on barium car-
bonate) of a colorless liquid boiling at 83-85°
(14 mm.). [Reported (5) b.p. 85° (15 mm.).}

N - p - Toluenesulfonylpyrrolidine - 2 - “C (XI)—
A mixture consisting of 3.47 Gm. (16.1 mmoles)
of X, 275 Gm. (16.1 mmoles) of p-toluenesulfon-
amide, and 9 ml. of ethyl alcohol was heated with
stirring until a clear solution resulted. A solution
containing 3.3 ml. of 587, potassium hydroxide in
6.8 ml. of ethyl alcohol (959,) was then added
portionwise with stirring over a 9-10-hr. period.
When the addition was complete, the mixture was
refluxed for 20 hr. and cooled. The alcohol was
removed by distillation at atmospheric pressure,
and 10 ml. of water was added to the residue.
The mixture was poured while still hot into a 250-ml.
flask, cooled, and extracted exhaustively with ether.
The extractions were combined, and the solvent
was allowed to evaporate. The residue was warmed
for 20 min. with 15 ml. of 169, sodium hydroxide,
filtered by suction, and washed with water. This
process was repeated using 10 ml. of 15%, sodium
hydroxide. The residue was then allowed to dry,
washed with 25 ml. of ice-cold ligroin (b.p. 100-
115°), allowed to dry, and sublimed under reduced
pressure (0.4 mm.). There was obtained 2.78
Gm. (52.79, based on barium carbonate) of a white
crystalline powder melting at 120-121°. [Reported
(6)m.p. 123°.]

Pyrrolidine-2-1*C Picrate (VI)—A mixture con-
sisting of 2.78 Gm. (12.4 mmoles) of XI and 15 ml.
of hydrochloric acid (d. 1.19) was heated in a
Pyrex bomb tube (19 X 25 X 400 mm.) for 15 hr.
between 170-180°. The mixture was then cooled
slowly and frozen in an acetone—dry ice bath.
The tube was opened, the contents were allowed
to liquefy, and 10 ml. of water was added. The
organic layer was separated, and the aqueous layer
was extracted with three 10-ml. portions of petro-
leum ether. The extractions and organic layer
were combined and washed with two 5-ml. portions
of water, and the washings were added to the
aqueous layer. Approximately 15-20 ml. of the
combined aqueous solution was removed by distilla-
tion at atmospheric pressure. The remaining vol-
ume was cooled to 0-10° and 10 ml. of 409, sodium
hydroxide was added with stirring. The mixture
was distilled at atmospheric pressure until crystals
began to form in the distilling flask. The distillate
was then collected in a 100-ml. flask immersed in an
acetone—dry ice bath and containing 5§ Gm. of potas-
sium hydroxide and 5 Gm. of sodium chloride.
The distillate was allowed to liquefy and was ex-
tracted exhaustively with an ether—petrolenm ether
solution (4:1). The extractions were combined,
dried over anhydrous potassium carbonate, and
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filtered by suction into a 500-ml. flask containing
a magnetic stirring bar. The drying agent was
washed portionwise with 100 ml. of an ether-
petroleum ether solution (4:1). The washings were
combined with the filtrate.

To the ether—petroleum ether extractions was
added, through a filter and with stirring, a solution
containing 3.27 Gm. (14.3 mmoles) of picric acid in
230 ml. of an ether—petroleum ether solution (9:1).
When the addition was complete the mixture was
stirred for 15 min., and the precipitate was filtered
by suction. Recrystallization of the pale yellow-
colored, light solid once with ethyl propionate and
n-heptane yielded 2.69 Gm. (38.3Y, based on barium
carbonate) of fine, yellow colored needles melting
at 113-114°. [Reported (6) m.p. 113°.] The
melting point did not change upon further re-
crystallization of a small sample.

Cleavage of Pyrrolidine Picrate—Pyrrolidine
picrate, 1.50 Gm. (5.0 mmoles), was cleaved by the
method of Burger (7). The free base was re-
covered in 68.7%, yield as the picrate salt by the
procedure described above for preparing the picrate
salt.

Radioactivity Determinations—The specific ac-
tivity of pyrrolidine-2-14C picrate obtained by
methods 4 and B was determined using a Tri-Carb
liquid scintillation spectrometer. The XDC liguid
scintillator (13) was used. Counting efficiency was
determined using a benzoic-14C acid standard.
The specific activities of the products from methods
A and B were 0.203 uCi./mg. and 1.75 xCi./mg.,
respectively. These specific activities did not
change upon further recrystallization.

SUMMARY

Pyrrolidine-2-14C was prepared by two different
methods for the purpose of evaluating a suitable
isotopic synthesis. Both methods were satis-
factory. Method B is better than method 4 with
respect to chemical yield (38.39, versus 18.89,).
In addition, method B is more economical. Method
A, however, is less time consuming.
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