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monium chloride in liquid ammonia produced
no rearrangement of allylbenzene after three days.
All later runs with the modified procedure pro-
duced some allylbenzene. This was not the re-
sult of incomplete conversion of the original
allylbenzene, since an excess of sodamide and
longer reaction times had no appreciable effect on
the composition of the reaction mixture.

It is significant that a predominance of pro-
penylbenzene is produced at all times. Since
these results represent a complete reversal of the
results from the hydrolysis of cinnamylmagne-
sium chloride,* using permanganate oxidation for
analysis, the hydrolysis of the Grignard reagent
was repeated, using precision fractional distilla-
tion for analysis of the hydrocarbon mixture.
However, the results were in agreement with the
previous analysis (759, allylbenzene and 259
propenylbenzene).

The observation that all three of the proton
donors used give the same mixture of hydrocar-
bons with the sodium derivatives of allyl- and
propenylbenzene is of considerable interest. With
butenylmagnesium chloride, phenylacetylene gives
virtually 1009, 1-butene,!® while hydroxylic sub-
stances give about 509, l-butene and 509, 2-
butene. This would not be surprising if the in-
itial step in the reaction of the Grignard reagent
with phenylacetylene involves a codrdination of
the magnesium atom with the triple bond of
phenylacetylene and this codrdination compound
then decomposes through the only cyclic process
available to give nearly pure I-butene

(10) Young and Roberts, THIS JOURNAL, 68, 1472 (1946).
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Apparently the complex formed from cobr-
dination of hydroxylic substances with the mag-
nesium may donate a proton at either the first or
the third carbon atom.

This mechanism is substantiated by the obser-
vation that sodium allylbenzene, which would
not be expected to form coérdination complexes,
since it is ionic, gives the same mixture of hy-
drocarbons with both hydroxylic substances and
phenylacetylene, as well as with ammonium ion.

Summary

1. The sodium salts of allyl- and propenyl-
benzene have been prepared and decomposed with
methanol, ammonium chloride and phenylacetyl-
ene.

2. Addition of a proton to these sodium salts
has been shown to give predominantly propenyl-
benzene.

3. Cinnamylmagnesium chloride, the Grignard
reagent analogous to the above salts has been pre-
pared and hydrolyzed. The analysis of the hydro-
carbon fraction agrees with valuesin the literature.

4. A mechanism for the reaction of phenyl-
acetylene with allylic Grignard reagents has been
postulated.
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The Synthesis of Pyrrolizidines!

By NELsSON J. LEONARD, LiLLiAN RutH HRUDA? AND FRANK W. LoNG?

One method for the synthesis of pyrrolizidine
(V) would appear to be a reductive ring-closure of
dimethyl y-aminopimelate (II), which should be
readily available from the y-nitro compound (I).
At the outset, the following compounds were re
garded as probable intermediates in the course of
the reaction: dimethyl +v-aminopimelate (II),
5-B-carbomethoxyethyl-2-pyrrolidone (III), and
3,5-diketopyrrolizidine (IV).

Experiment has shown that the method is not
only feasible but also very practical, since pyrroli-
zidine can be made by a two-step catalytic hydro-
genation of dimethyl y-nitropimelate (I), without
necessity for the isolation of intermediates. The

(1) Presented before the Division of Organic Chemistry at the
110th meeting of the American Chemical Society, Chicago, Illinois,
September 12, 19453,

(2) Present address:
Illinois,

(3) Present address:
Iows, lowa City, Iowa.
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Dapactmwent of Chemintry, Uaiversity of

CH, CH—?HZ
?Hz N02 ?Hz
COOCH; COOCH;
I
CH,—CH~—CH,
—_r‘-ICHZ
?Hz NH, CH, —> | NH (g
COOCH, COOCH, | OOCH;
II 111
] | '__> |
N N
Y'Y b
0O 0
v A



March, 1947

over-all vield of pyrrolizidine from I was sixty per

cent. .8-Methylpyrrolizidine (VIIIa) and 8-ethyl-
pyrrolizidine (VIIIb) have been synthesized in an

lll R
?Hz-—?—c}{z ?Hz ]
CI:HZ NO, ?Hz CH, NH, (IEHz
COOC-Hs COOCH;s COOC:H; COOC.H;

VI VII
a (R = CH;), b (R = Csz)

analogous manner from the homologous nitro-
pimelic esters (VlIa, VIb) The synthesis of the
8-alkylpyrrolizidines is the first example of the
preparation of a pyrrolizidine subst1tuted with
an angular alkyl group.

By this convenient method of ring-closure,
pytrolizidines, which occur in a number of plant
alkaloids, have been made available in a yield ex-
ceeding that obtained by any other method for
the synthesis of pyrrolizidines. The present
method bears little resemblance to the four types
of ring-closure which have been applied previ-
ously. One such type was the treatment of 2-
s-butylpyrrolidine and 2-i-butylpyrrolidine with
sodium hypobromite followed by concentrated
sulfuric acid, which led to the formation of 1-
methylpyrrolizidine and 2-methylpyrrolizidine,
respectively.®2f The difficulty of obtaining the
initial substituted pyrrolidines and the low yield
in the ring closure combine to make this a very
limited method for the synthesis of pyrrolizidines.
The Dieckmann ring-closure has been used for the
preparation of a number of substituted pyrrolizi-
dines. 3,5-Dimethylpyrrolizidine was obtained
from 2-rnethylpyrrole in an over-all yield of 2.8
per cent.’s; 2-methylpyrrolizidine was made by
a synthes1s involving seven steps and providing an
over-all yield of 1.19%4; 1l.methyl-7-ketopyr-
rolizidine was obtained from 4-methylpiperidine in
an eight-step synthesis.*i Intramolecular dialkyl-
ation of a primary amino group was utilized by
Prelog and his co-workers for the synthesis of pyr-
rolizidine, through a substituted malonic ester
intermediate, in an over-all yield of 349,% and of
1-methylpyrrolizidine, through a Grlgnard inter-
mediate, in an over-all yield of 339,.% Pyrrolizi-
dine was also prepared by a ring-closure involving
internal amide formation followed by electrolytic
reduction of this amide.%*d The over-all yield
from pyrrole was 4.6%, by this method.

The efficient two-step catalytic hydrogenation
of dimethyl y-nitropimelate (I), first with plati-
num oxide at low pressure and then with copper
chromite at high temperature and pressure to

(4) (a) Men’shikov, Ber., 69, 1802 (1936); (b) Prelog and Heim-
bach, ibid., 72, 1101 (1939); (c) Galinovsky and Reichard, $bid., 77,
138 (1944); (d) Galinovsky and Stern, ibid., 77, 132 (1944); (e)
Men’shikov, Bull. ccad. sci. U. S. S. R., 5, 1035 (1937); (f) Prelog
and Zalan, Helv. Chim. Acts, 27, 531 (1944); (g) Clemo and Met-
calfe, J. Chem, Soc., 606 (1936); (h) Clemo and Melrose, tbid., 424
(1842); (i) Clemo, Morgan and Raper, ibid., 1299 (1936); (i) Adams
and Leonard, Tuie JournaL, 86, 267 (1044).
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produce pyrrolizidine (V), has the advantage that
it requires only compounds which are readily
available. The ester I and its homologs VIa and
VIb can be prepared conveniently
by the method of Bruson® through
the condensation of acrylic acid
esters with nitromethane, nitro-
ethane, and 1l-nitropropane in the
presence of benzyltrimethyl am-
monium hydroxide, From VIa
and VIb, 8-methylpyrrolizidine
and 8-ethylpyrrolizidine were syn-
thesized by the same two-step catalytic re-
duction method employed for the parent sub-
stance. In the case of 8-methylpyrrolizidine, the
process was further simplified by omitting the low
pressure hydrogenation over platinum oxide.
Diethyl +-methyl-y-nitropimelate was hydro-
genated directly at high pressure and 275° over
copper chromite catalyst, with the production of
8-methylpyrrolizidine in a yield (579,) compar-
able with that obtained from the stepwise hydro-
genation (619).

Pyrrolizidine was identified by the analysis of
its picrate and by the satisfactory agreement of the
physical properties of the base and its picrate
with those described for pyrrolizidine and pyr-
rolizidine picrate.*>*  The structures of 8-
methylpyrrolizidine and 8-ethylpyrrolizidine were
assigned on the basis of analogy to the method of
synthesis of pyrrolizidine. The physical proper-
ties of the free bases are in accord with the as-
signed structural formulas, and the analyses of
the free bases, their picrates, and picrolonates are
in agreement with the molecular formulas CsHys-
N (VIIIa) and CgHyyN (VIIIb) required for these
structures,

In an attempt to isolate the intermediate II in
the synthesis of pyrrolizidine, the reduction of di-
methyl +-nitropimelate was interrupted after
the first stage, 7.e., low pressure catalytic hydro-
genation over platinum oxide. When the theoreti-
cal volume of hydrogen had been absorbed, the
product which was isolated by distillation was
shown by analysis to be the y-lactam, 5-8-carbo-
methoxyethyl-2-pyrrolidone (III). This finding
is consistent with the behavior of y-aminoesters
on heating. In one experiment when III was sub-
jected to treatment with hydrogen at 300 atmos-
pheres and 250° over copper chromite catalyst,
no absorption of hydrogen was observed and an
intermediate was obtained which was evidently
the result of a thermal reaction. The analysis of
the compound isolated was in excellent agreement
with the empirical formula of 3,5-diketopyrrolizi-
dine (IV). The analytical figures do not corre-
spond to the other possible intermediates, namely,
5-(y-hydroxypropyl)-2-pyrrolidone,  3-ketopyr-
rolizidine, methyl B-2-pyrrolidylpropionate, and
3-(2-pyrrolidyl)-1-propanol. Compound IV was
neutral, which fact also eliminates the latter two

(6) Bruson, U. S. Patent 2,342,119,

VIII
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possibilities and is consistent with the substituted
imide configuration assigned.

Isolation of the intermediates in the other re-
ductive ring-closures was not attempted. Since
8-methylpyrrolizidine was obtained in as favor-
able a yield by a one-step reduction as by a two-
step reduction of diethyl vy-methyl-y-nitropimel-
ate, the most efficient method of synthesizing
pyrrolizidine and alkylpyrrolizidines would appear
to be the ore-step hydrogenation of vy-nitropim-
elic esters at high temperature and pressure.
Studies on this type of reductive ring-closure are
continuing.

Experimental®

~-Nitropimelic Acid Esters.—Dimethyl vy-nitropimelate
(I), diethyl y-methyl-y-nitropimelate (VIa), and diethyl
v-ethyl-y-nitropimelate (VIb) were prepared from their
respective acrylic acid esters and primary nitroalkanes by
the method of Bruson.b

5-3-Carbomethoxyethyl-2-pyrrolidone (III).—A solu-
tion of 20 g. (0.086 mole) of dimethyl y-nitropimelate in
150 ml. of methanol was hydrogenated at 2-3 atm. and
25° over 0.2 g. of platinum oxide catalyst. During five
hours, 0.25 mole of hydrogen was absorbed. After re-
moval of the catalyst, the methanol solution was evapo-
rated under diminished pressure, and the residue (17 g.)
was distilled in high vacuum. The fraction which boiled
at 150~160° (0.5 mm.) was collected; yield, 9.6 g. (55%).
The neutral licquid solidified and was recrystallized from
methanol as colorless prisms, m. p. 52-53°.

Anal. Caled. for CsH;3NO;: C, 56.12;
Found: C, 55.51; H, 7.76.

3,5:Diketopyrrolizidine (IV).—A solution of 0.16 mole
of 5-B-carbomethoxyethyl-2-pyrrolidone in 150 ml. of
methanol to which 8 g. of copper chromite catalyst had
been added was heated at 250 ° under 300 atm. of hydrogen
for thirty hours. In the single experiment, no absorption
of hydrogen was observed. From the filtered solution re-
maining after this treatment, the methanol was removed
at reduced pressure and the dark green residual oil was
distilled with fractionation in high vacuum. The neutral
fraction boiling at 192° (0.5 mm.) solidified on standing
and was recrystallized from ethanol as colorless elongated
prisms, m. p. 176-177°,

Anal. Caled. for C;H,NO,: C, 60.42; H, 6.52; N,
10.07. Found: C, 60.68; H, 6.80; N, 10.04.

Pyrrolizidine (V).—A solution of 20 g. (0.086 mole) of
dimethyl y-nitropimelate in 150 ml. of methanol was hy-
drogenated at 2-3 atm. and 25° over 0.2 g. of platinum
oxide catalyst. The spent catalyst was removed and 10
g. of copper chromite was added. The material was then
subjected to hydrogenation at 250° and 340-410 atm. for
eleven hours. After filtration and removal of the methanol
from the filtrate, the residual oil was fractionated at at-
mospheric pressure. The fraction boiling at 142-145°
(740 mm.) weighed 5.7 g. (609,) and formed a picrate
which crystallized as yellow elongated prisms from ethanol.
The picrate melted with decomposition at 245° and had the
correct analysis for pyrrolizidine picrate.”

Anal. Caled. for CuHeNO7: C, 45.86; H, 4.74; N,
16.46. Found: C, 46.14; H, 4.69; N, 16.40.

8-Methylpyrrolizidine (VIIIa)

Two-Step Reduction.—A solution of 19.4 g. (0.0706
mole) of diethyl v-methyl-y-nitropimelate in 150 ml. of
ethanol was hydrogenated at 2-3 atm. and 25° over
platinum oxide. During a sixteen-hour period, 0.18 mole

H, 7.65.

(6) All melting points above 200° were determined on an alumi-
num block. The microanalyses were performed by Miss Theta
Spoor and one of the authors (Miss L. R, H.).

(7) The physical properties of the base and its picrate are identical
with those described for pyrrolizidine and pyrrolizidine picrate,iPs4o
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of hydrogen was absorbed. The platinum was removed
and 10 g. of copper chromite was added. Hydrogenation
at 200~340 atm. and 250° was allowed to proceed for
twenty hours. The ethanol was evaporated and the resid-
ual oil was distilled at atmospheric pressure. The frac-
tion boiling at 148-155° (740 mm.) was collected; yield
5.4 g. (61%); »¥p 1.4610. On redistillation, the com-
pound boiled at 152° (740 mm.).
Anal. Caled. for CgH;sN: N, 11.19. Found: 11.21.
One-Step Reduction.—A solution of 29 g. (0.105 mole)
of diethyl y-methyl-y-nitropimelate in 150 ml. of 959
ethanol was boiled under reflux for one and one-half hours
with 4 g. of Raney nickel catalyst. The nickel was re-
moved and 10 g. of copper chromite was added to the
solution, which was then hydrogenated at 250-350 atm.
and 275°. The theoretical quantity of hydrogen (0.735
mole) was absorbed after nine and one-half hours. The
solution was filtered and was distilled very slowly at at-
mospheric pressure. The fraction boiling at 145-152°
(740 mm.) was collected; yield, 7.5 g. (67%).
8-Methylpyrrolizidine Picrate.—Prepared from the
base obtained by either reduction method, the picrate
was recrystallized from ethanol as yellow plates which
melted, with decomposition, at 281°.
Anal. Caled. for C.H;sN.O;: C, 47.44; H, 5.12;
N, 15.81. Found: C, 47.19; H, 5.16; N, 15.79.
8-Methylpyrrolizidine Picrolonate.—Prepared from the
base obtained by either reduction method, the picrolonate
was recrystallized from ethanol as orange needles which
melted, with decomposition, at 198°.
Anal. Caled. for C13H23N505:
Found: C, 55.91; H, 6.09.
8-Ethylpyrrolizidine (VIIIb).—A solution of 21.4 g.
(0.074 mole) of diethyl ~-ethyl-y-nitropimelate in 150
ml. of ethanol was subjected to low pressure hydrogena-
tiod at 25° over 0.5 g. of platinum oxide, followed by high
pressure hydrogenation at 250° over 10 g. of copper chro-
mite. The product boiled at 170-172° (740 mm.); yield
5.2 g. (51%); »®p 1.4670.
Anal. Caled. for CiHzN:
9.67.

. 8-Ethylpyrrolizidine Picrate.—Prepared in and recrys-
tallized from absolute ethanol, the picrate formed yellow
plates which melted, with decomposition, at 238°.

Anal. Caled. for CisHyN(O;: C, 48.91; H, 5.47;
N, 15.21. Found: C, 49.07; H, 5.65; N, 15.25.

8-Ethylpyrrolizidine Picrolonate.—Prepared in ether
and recrystallized from ethanol, the picrolonate formed
orange needles which melted, with decomposition, at 222°,
Anal. Caled. for CisHy;N:O0s: C, 56.56; H, 6.25;
N, 17.36. Found: C, 56.62; H, 6.37; N, 17.45.
Summary

1. Pyrrolizidine has been prepared in sixty
per cent. over-all yield by a two-step catalytic
reduction of dimethyl y-nitropimelate.

2. 8-Methylpyrrolizidine and 8-ethylpyrrolizi-
dine have been synthesized in an analogous manner
and yield from diethyl y-methyl-y-nitropimelate
and diethyl vy-ethyl-y-nitropimelate, respectively.

3. The possibility of a general simplification of
the reduction method has been indicated in the
particular case of 8-methylpyrrolizidine, which
was synthesized in comparable yield by a one-
step hydrogenation over copper chromite at high
temperature and presstre.

4. 5-B-Carbomethoxyethyl-2-pyrrolidone and
3,5-diketopyrrolizidine have been isolated as in-
termediates in the catalytic reduction of dimethyl
y-nitropimelate.
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C, 55.92; H, 5.95.

N, 10.06. Found: N,
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