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A New Synthesis of 1-Pyrroline Derivatives
and a Synthesis of 1,2-Dialkyl-3-diphenyl-
methylenepyrrolidine Alkyl Halide,
an Anti-acetylcholine Substance.

(Tokyo College of Pharmacy*?)

(A) Synthesis of 3-Diphenylmethylene-1-pyrrolines

Some time ago, l-pyrroline derivatives (I and II) were synthesized by Sugasawa
and others® by the Bischler-Napieralski reaction and also by the application of Ritter’s
N-alkylamide synthesis.”? One of the present writers (F.H.) reported recently the
syntheses of 3-diphenylmethylene-1-pyrroline (lla) and its 2-phenyl derivative (llb) from
the acyl derivative (V) of 4,4-diphenyl-3-butenylamine by Sugasawa’s method.®
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These synthetic reactions are valuable since various kinds of pyrrolidine deriva-
tives and other compounds can be derived from compounds of the types I, I, and
I.%*% 2-Alkyl-3-diphenylmethylene-1-pyrroline (Il) can also -afford 1,2-dialkyl-3-diphenyl-
methylenepyrrolidine alkyl halide, which showed a comparatively strong anti-acetyl-
choline activity, as will be described later.

For these reasons, it seemed necessary to find a new synthetic route to these
three types of compounds, especially a new and simple method for preparing the
I-type compounds.

Lora-Tamayo and others® had reported the synthesis of 3,4-dihydroisoquinolines
by the reaction of 2-chloroethylbenzene and nitrile-stannic chloride complex, and had
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@) Ref. (5). b) m.p:s are uncorrected.

NII-Electronic Library Service



No. 2 = . 189

stated that the reaction probably proceeded via the nitrilium salt. Since the mecha-
nism of this reaction seems to be very similar to that of the Bischler-Napieralski
reaction, this reaction was applied to the synthesis of II.

Treatment of 4-bromo-1,1-diphenyl-1-butene® (V) with benzonitrile-stannic chloride
complex, b was obtained in a fair yield and its structure was proved by direct com-
parison with b prepared previously. The same compound (Ilb) was also obtained
by the reaction of benzonitrile-stannic chloride complex with 2,2-diphenyltetrahydro-
furan®® (V) or with 1,1-diphenyl-1,4-butanediol®® (M), both are precursors of V.» The
nitrilium salt () may be the common intermediate in these reactions, as shown in
Chart 2.

The compound most easy to obtain, VI, was reacted with stannic chloride complex
of acetonitrile, propionitrile, butyronitrile, and valeronitrile to afford the corresponding
1-pyrrolines in a comparatively good yield (Table I).  In this reaction, addition of phos-
phoryl chloride generally improved the yield and made isolation of the product easier,
Since the starting materials, V, VI, and VI, prepared from butyrolactone and Grignard
reagent,>® can be obtained much more readily than ¥ and the yield of these reaction
is fairly good, the present method seems to be a convenient and advantageous method
for the synthesis of II.

In this reaction, the nitrile-stannic chloride complex seemed to have reacted with
the primary alcoholic group in VI to form the nitrilium salt (MI). This fact contrasts
with the Ritter reaction® (equation 2 in Chart 1) in which the reaction most easily
takes place with the tertiary alcoholic group. Therefore, secondary alcohol (KX) and
tertiary alcohol (X) were prepared and their reaction with acetonitrile-stannic chloride
complex was compared with the reaction of primary alcohol (V).

The secondary alcohol (KX) was prepared by the Grignard reaction of f-methyl-
butyrolactone, obtained by the reduction of methyl levulate with sodium borohydride,
and phenylmagnesium bromide. The tertiary alcohol (X) was also prepared by the
Grignard reaction of 7,v-dimethylbutyrolactone, obtained from methyl levulate and
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6) J.F. Vozza: J. Org. Chem., 24,1720 (1959).
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methylmagnesium iodide, and phenylmagnesium bromide.

Reaction of VI, X, ane X with acetonitrile-stannic chloride complex under the same
condition afforded the corresponding 1-pyrrolines (llc, X, and XI) in 62, 48, and 29%
yield.*®* This result indicates that reaction becomes more difficult in the order of pri-
mary, secondary, and tertiary alcohols. The fact that the only nitrogen-containing
product from the reaction of 4-methyl-1,4-pentanediol (XII) with acetonitrile-stannic
chloride complex was 2-methyl-3-isopropylidene-1-pyrroline (XIV) shows that the reac-
tion preferentially takes place with aliphatic primary alcohol over tertiary alcohol in
the same molecule, and more clearly represents the above relationship.

From the result of these reactions, it is considered that the formation of a nitri-
lium salt from nitrile-stannic chloride complex follows the Sy2 reaction and the for-
mation of a nitrilium salt by the Ritter reaction follows the Syl reaction.

The structure of XIV was confirmed from elemental analytical values of its picrate,
from its ultraviolet absorption maximum (in ethanol) at 246 mp, and similarity of its
infrared absorptions at 1658 (v...) and 1590 (v..y) cm™ with those of II.» The com-
pound (XIV) was also obtained by the same reaction of 2,2-dimethyltetrahydrofuran (XV).

Infrared and ultraviolet spectra, and analytical data of the compounds obtained
by these reactions are summarized in Table I. The stretching vibration of C=N in
2-alkyl-1-pyrrolines (llc~g, X, and XI) was observed in higher frequency region than
that of 2-unsubstituted compounds. This may be due to the steric effect of the sub-
stituent in 2-position on the coplanarity between the double bond of diphenylmethylene
group and the pyrroline ring, and this effect partially destroyed the conjugation
between C=C and C=N, as was described by Meyers” in the case of 2-substituted 3-iso-
propylidene-1-pyrrolines. This effect was also observed in the ultraviolet spectra of
these compounds. In the case of Mla, in which the coplanarity of C=C and C=N is not

affected by the substituent in 2-position, absorption maximum was observed in a
~ longer wave-length region than that of 2-substituted compounds. A substituent in
5-position (X and XI) showed little effect on ultraviolet spectra.

In the case of 2-phenyl derivative (llb), the stretching vibration of C=N was obser-
ved in a lower frequency region than that of 2-alkyl derivatives, and ultraviolet
absorption maximum was in a longer wave-length region by the increase of a cross
conjugation of the phenyl group.

(B) Synthesis of 1-Methyl-2-alkyl-3-diphenylmethylene-pyrrolidine Methiodide and its
Pharmacological Activity

The methiodies of lla to llg were reduced by sodium borohydride to the corres-
ponding 1-methyl-2-alkyl-3-diphenylmethylenepyrrolidines (XVIa~g) (Table II).

CSH5\ CeHs

C AN
Ma~g L cu,” Z \ NaBH, _ cu,©
RN R
o ¥
CH, CH,
“ XVI a~g
Chart 4.

*3 Treatment of VI, X and X by the Ritter reaction conditions (reaction with the nitrile in conc. sulfuric
acid at room temperature) failed to afford 1-pyrrolines, either recovering the starting material or
giving non-nitrogenous product of unknown structure.

7y A.L. Meyers : J. Org. Chem., 24, 1233 (1959).
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The free base and methiodide of XVI was examined for anti-acetylcholine, anti-
histamine, and anti-barium activities by the Magnus method, using smooth muscle of
an excised intestine from mice and guinea pigs.** The strongest anti-acetylcholine
activity was found in the methiodide of XVIc, which showed about one-quarter the
activity of atropine sulfate. Anti-histamine action was found in the methiodide of
XVId, which was about 1/1.5 of diphenhydramine hydrochloride. The compound (XVIe)
had an anti-barium action about 19 times stronger than that of papaverine hydro-
chloride. Details of these pharmacological activities will be reported elsewhere.
Further examinations are also being made on the pharmacological activity of various
derivatives of this series of compounds.

Experimental*>

2-Phenyl-3-diphenylmethylene-1-pyrroline (IIlb)——Method (a). From 1,1-diphenyl-1,4-butanediol
(I): To a mixture of VI (0.5g., 0.002 mole), and benzonitrile (0.2 g., 0.002 mole), SnCl,(0.52 g., 0.002
mole) was added and the mixture was heated at 135° for 3 hr. When cooled, the reaction mixture was
decomposed with 209 NaOH and extracted with ether. The ether extract was extracted with 209 HCI,
the acid layer was basified with NaOH, and the separated oil was extracted with ether. The ether
layer was dried over Na,SO; and evaporated. The residue was recrystallized from iso-Pr.O to afford
colorless needles, m.p. 156~157°. Yield, 0.38g.(62%). This compound was identified with an authentic
sample® obtained previously through admixture and comparison of their infrared and ultraviolet spectra.

*¢ Pharmacological action was examined by Mr. M. Hitomi, Osaka Laboratory of Fujisawa Pharma-
ceutical Ind., Ltd.
*5 All melting points are uncorrected.
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Method (b). From 2,2-diphenyltetrahydrofuran (VI): To a mixture of VI (0.5 g., 0.0023 mole) and ben-
zonitrile (0.24 g., 0.0023 mole), SnCl,(0.9 g., 0.0034 mole) was added and the mixture was heated at 130~
140° for 3 hr. The reaction mixture was treated as in method (a) and 0.33 g. (50%) of IIb, m.p. 156~157°,
was obtained. This compound showed on depression of m.p. on admixture with the sample obtained as
above. :
Method (¢). From 4-Bromo-1,1-diphenyl-1-butene (V) : A mixture of V (1.0 g., 0.004 mole), benzonitrile
(0.41 g., 0.004 mole), and SnCl (1.04 g., 0,004 mole) was treated as in method (a) and the same IIb was
obtained as colorless needles (0.6 g., 50%), identified with the authentic sample by admixture.
2-Alkyl-3-diphenylmethylene-1-pyrroline (Illc~g) (cf. Table I)——To a mixture of VI (0.1 mole) and
POCl; (30~50 g.), the nitrile (0.4 mole) and SnCl, (0.3 mole) were added and the mixture was heated at
130~140° for 3 hr. After removal of POCl; and unreacted nitrile % vacuo, the residue was treated as
in method (a).

1,1-Diphenyl-1,4-pentanediol (IX)——A solution of 11.8 g. (0.118 mole) of y-methylbutyrolactone in
dry ether was slowly added to the Grignard solution, prepared from 37 g.(0.236 mole) of bromobenzene
and 5.7 2.(0.236 g. .atom) of Mg in dry ether with stirring at 0°. The stirring was continued for 2 hr.
at 0° and for 30 min. at room temperature. The reaction mixture was allowed to stand overnight and
treated with 2.05M HCL.' The ethereal layer was separated and treated successively with H,0, 5%.
NaOH, and saturated NaCl solution. After being dried over NasS0s, the solvent was evaporated, the
crude solid product was washed with hexane, and recrystallized from acetone-iso-Pr,O mixture to colorless
crystals, m.p. 72~73°  Yield, 25.8¢.(85%). Amnal. Calcd. for Ci;Hy0,: C, 79.65; H, 7.9; Found: C,
79.5; H, 7.8. ' i

- 1L,1-Diphenyl-4-methyl-1,4-pentanediol (X)——By the same procedure as described above, starting
with 7,7-dimethylbutyrolactone, X was obtained as colorless crystals, m.p. 127~128° (from acetone-iso-
PréO). Yield, 12.495. Anal. Caled. for CisHz0:: C, 80.0; H, 8.2.. Found: C, 79.8; H, 8.1. )

. 2,5-Dimethyl-3-diphenylmethylene-1-pyrroline (XI) (Table I)—By the procedure described for the
synthesis of llc~g, X was obtained as colorless oil (48% yield) from the reaction of X and CH;CN-SnCl,
complex. . - :

2,5,5~Trimethyl-3~diphenylmethylene-1-pyrroline (XII) (Table I)—This compound (XI) was
obtained from X and CHsCN by the same method as above. Colorless crystals, m.p. 92~93°.  Yield,
29%. ' ' : .
2-Methyl-3-isopropylidene~1-pyrroline (XIV)——From 4-methyl-1,4-pentanediol® (XII) : To a mixture
of XII (1.0g.)and POCl;(3 ml.), CHsCN (1.4 g.) and SnCl, (3 ml.) were added and the mixture was heated
at 125~135° for 3 hr.  After removal of POCls;, the residue was treated as described in method (a).
Colorless oil (0.29 g., 28%), b.ps 59°. Picrate : yellow crystals, m.p. 154°(from EtOH). Anal. Calcd. for
CeHi3N-CeH30/N3 1+ C,; 47.8;: H, 4.6; N, 15.9. Found: C, 47.7; H, 5.0;:N, 15.1. UV AZ" mp (log &) :
246 (3.78). IR em™: wc.¢ 1658; weoy 1590, ‘ . »

A resinous substance, not containing N, was obtained as a by-product which was not extracted by
conc. HCI. ’ ‘ '

From 2,2-dimethyltetrahydrofuran® (XV): A mixture of XV (0.5g.), CH,CN (0.8g.), POCl; (1.7 ml.),
and SnCl, (1.7 ml) was heated at 125~135° for 3 hr. and treated in.the same way as above. The same
XIV was obtained in 0.14 g. yield (24%) as colorless oil and identified with the above sample through
infrared and ultraviolet spectra, and by admixture. of their picrates. ‘

1-Methyl-2-alkyl-3-diphenylmethylenepyrrolidine (XVI) (Table II)-—Excess of CH;l was added to
a solution of II dissolved in MeOH, the mixture was warmed on a water bath for 5 hr., and allowed to
stand overnight. - MeOH and excess of CH;l were evaporated under a reduced pressure and the residual
crude methiodide of Il was dissolved in MeOH. To this solution, ca. 4 equiv. of NaBH, was added in:
small portions under stirring and the mixture was stirred for 4 hr. at room temperature. The mixture
was acidified with 10% HCl, MeOH was evaporated under a reduced pressure, and the residue was
basified with 209 NaOH. The alkaline layer was salted out with K,CO; and extracted with ether.
The ether layer was dried over Na;SO, the solvent was evaporated, and distillation of the residue
afforded XVI. » : -
Methiodide (Table I) : XVI was dissolved in MeOH, excess CHsl was added, and the mixture was
warmed on a water bath for 1 hr. After leaving the mixture to stand overnight, the precipitated
crystals were collected and recrystallized from MeOH.

The authors express their gratitude to Prof. Emeritus S. Sugasawa of the University of Tokyo and
Prof. M. Terasaka of Tokyo. College of Pharmacy for their kind encouragement. The authors are.
indebted to Mrs. Y. Baba and Miss H. Gusokujima for elemental analyses.

8) W.F. Baitinger, ¢f al.: J. Org. Chem., 29, 989 (1964).
9) Cf. N.T. Shuikin, ef al.: Chem. Abst., 60, 11966 (1964).
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Summary

2-Subsituted 3-diphenylmethylene-1-pyrrolines (Il) were synthesized in one step by
the reaction of 1,1-diphenyl-1,4-butanediol (MI), 2,2-diphenyltetrahydrofuran (M), or
4-bromo-1,1-diphenyl-1-butene (V) with nitrile-stannic c¢hloride complex.  2,5-Dimethyl
(X) and 2,5,5-trimethyl-3-diphenylmethylene-1-pyrroline (XII) were obtained respectively
from 1,1-diphenyl-1,4-pentanediol (X) and 1,1-diphenyl-4-methyl-1,4-pentanediol (X).

The fact that 2-methyl-3-isopropylidene-1-pyrroline (XIV) was obtained from 2-
methyl-2,5-pentanediol (XII) and 2,2-dimethyltetrahydrofuran (XV) by the same reaction
was of interest in contrast with preparation of 1-pyrrolines (II) by the Ritter reaction.

Reduction of the methiodide of I with sodium borohydride gave 1-methyl-2-alkyl-
3-diphenylmethylenepyrrolidine. ‘The methiodide of the 2-methyl compound (XVIc),
was found to have a comparatively strong anti-acetylcholine activity.

" (Received October- 9, 1965)
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