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In an investigation directed toward the synthesis of aromatic heterocycles of
unusual structure, we had need of 5,6-benzopyrrocoline as an intermediate. The
most general method of preparing pyrrocolines is the Chichibabin reation in which
an a-picoline derivative is treated with an o-haloketone under conditions de-
signed to effect cyclization (1). However, as has been noted previously by
Borrows, Holland, and Kenyon (2), the reaction of quinaldine with either a-
chloroacetone or phenacyl bromide gives merely the corresponding quinaldine
hydrohalide. It was necessary, therefore, to devise a new approach for the syn-
thesis of 5,6-benzopyrrocoline and the successful scheme that has been developed
in this work may possibly be of general usefulness.

As reported by Wislicenus and Kleisinger (3), quinaldine undergoes condensa-
tion readily with ethyl oxalate to give ethyl 2-quinolylpyruvate (I) in good
vield. When ethy] 2-quinolylpyruvate was treated with sodium borohydride in
methanol, it gave the unexpected, but desired, product, 1-(2-quinolyl)-2,3-
propanediol (II), in 52 % yield. Treatment of this diol with hydrobromic acid
followed by steam-distillation from alkali gave 5,6-benzopyrrocoline (IV) di-
rectly in 85 % yield. Presumably the dibromo derivative (I1I) is an intermediate
in this conversion.
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5,6-Benzopyrrocoline was obtained as white crystals, m.p. 108-109°, which,
as would be expected for a pyrrocoline derivative, showed a light blue fluores-
cence and gave a deep blue color in the Ehrlich test. That ring closure had oc-
curred in the transition from III to IV was further established through hydro-
genation experiments. Reduction of IV using Adams’ catalyst in the presence of

1 Supported by the Office of Ordnance Research, Contract No. D.A.-30-115-0.R.D.-421.
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acid led to complete saturation of the molecule and gave a dodecahydro deriva-
tive (V). Since the infrared spectrum of this dodecahydro derivative does not
show abosrption in the region (2.5-3.4u) normally assigned to the nitrogen-
hydrogen stretching frequency, both IV and V must be tertiary amines.

H
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The behavior of ethyl 2-quinolylpyruvate toward metallic hydrides appears
to be somewhat unusual. As previously indicated, the use of sodium borohydride,
which normally does not attack esters, led to complete reduction to give 1-(2-
quinolyl)2,3-propanediol (II). On the other hand the use of lithium aluminum
hydride, which might be expected to give II, yielded an unstable amphoteric
compound whose composition corresponds to the empirical formula C,H,NO.
Although the structure of this material has not been established, it would appear
likely that it is a result of a base-catalyzed cyclization reaction followed by loss
of water in which either a 2- or 3-hydroxy-5,6-benzopyrrocoline (VI) has been
produced. The unstable and amphoteric nature of the product, its spectral
properties and positive behavior in the ferrie chloride test for enols, as well as
the preparation of a series of derivatives are consistent with this hypothesis.

The relatively short and straight-forward manner in which 5,6-benzopyrroco-
line is afforded by the present scheme suggests that this approach might be useful
for preparing pyrrocolines in other instances as well. In contrast to most pyrroco-
line syntheses the present one does not require substituent groups in the five-
membered ring.

In the preliminary investigations directed toward 5,6-benzopyrrocoline, a
number of alternate routes were explored as well. In one attempt 2,5-dimethyl-
1-(2-carbomethoxyphenyl)pyrrole (VII) was prepared and was treated with
strong base. It was hoped that a cyclization might be effected to yield 3-methyl-
7-hydroxy-5,6-benzopyrrocoline (VIII) but this was not realized.
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EXPERIMENTAL?

1-(2-Quinolyl)-2,3-propanediol (II). A solution of 3.0 g. of sodium borohydride in 150
mi. of methanol was added dropwise with stirring to a solution of 20.0 g. of the potassium
enolate of ethyl 2-quinolylpyruvate (3) in 50 ml. of methanol. Although the yellow color
of the solution quickly disappeared, the solution was boiled under reflux for three hours
to ensure complete reduction. The solvent then was removed under reduced pressure and
the residue was treated with 50 ml. of water followed by 25 ml. of a 40% sodium hydroxide
solution. The resulting solution was extracted with chloroform, and the chloroform extract
was dried and concentrated to give 7.5 g. (52%) of crystals, m.p. 109-112°. Recrystalliza-
tion of this material from benzene gave white crystals, m.p. 115-116°. The infrared spec-
trum of these crystals showed no absorption in the carbonyl region.

Anal. Calc’d for CmHuNOz: C, 7091, H, 6.45.

Found: C, 70.77; H, 6.73.

The picrate of II formed readily in ethanol and was obtained as yellow needles, m.p.
162-163°,

Anal. Cale’d for C;3H1eNOy: C, 50.00; H, 3.73.

Found: C, 50.11; H, 4.01.

§,6-Benzopyrrocoline (IV). A solution of 250 mg. of 1-(2-quinolyl)-2,3-propanediol (II)
in 5 ml. of a 479, hydrobromic acid solution was boiled under reflux for 7 hours. At the
end of this time the solution was cooled and solid sodium carbonate was added slowly with
cooling to neutralize the acid. When the solution was alkaline, it was subjected to steam-
distillation, the 5,8-benzopyrrocoline separating from the steam-distillate as fluorescent
white crystals. These were removed by extraction with ether and the crystalline residue,
after concentration of the ethereal solution, was recrystallized from an ethanol-water
mixture to give 175 mg. (85%) of white crystals, m.p. 108-108.5°. 5,6-Benzopyrrocoline
gives a dark blue color with p-dimethylaminobenzaldehyde in the Ehrlich test. It is weakly
basic and will dissolve in 109, hydrochloric acid from which it ¢an be recovered unchanged
on neutralization. The ultraviolet absorption spectrum of 5,6-benzopyrrocoline shows
maxima at 227 (log ¢, 4.51) 243 (log ¢, 430), 250 (log €, 4.36), 264 (log ¢, 3.98), 276 (log ¢, 3.90),
325-365 mu (broad peak, log ¢, 3.74) with corresponding minima at 238 (log ¢, 4.25), 246 (log e,
4.27), 260 (log e, 3.96), 272 (log ¢, 3.84), and 291 mu (log ¢, 2.95).

Anal. Cale’d for Ci.HyN: C, 86.20; H, 5.42.

Found: C, 85.97; H, 5.68.

Dodecahydro-§,6-benzopyrrocoline (V). A solution of 1.0 g. of 5,6-benzopyrrocoline and
50 mg. of prereduced Adams’ eatalyst in 100 ml. of ethanol was subjected to hydrogenation
at atmospheric pressure and room temperature. One mole of hydrogen was absorbed very
rapidly and then hydrogen uptake ceased. Addition of 10 drops of 6 N hydrochloric effected
a resumption of hydrogen absorption and the reduction proceeded to completion. The
catalyst and solvent were removed, and the residue was dissolved in water, made basic,
and extracted with ether. After the ethereal solution had been dried, it was concentrated
and the residual oil was distilled using a short path still. The distillate was collected in
four fractions over a temperature range for the heating bath from 45 to 70° at 1 mm. The
analytical sample was taken from the third fraction and its infrared spectrum lacked ab-
sorption peaks in the 2.5-3.4 u region, indicating the absence of an —N—H group.

Anal. Cale’d for C,,HxN: C, 80.38; H, 11.80.

Found: C, 80.76; H, 11.93.

It would be expected that, if hydrogenation occurred in a stepwise but ¢is faghion, two
diastereoisomers of VI would result depending on whether the hydrogen atom at 8a is on
the same side or opposite to the bridgehead hydrogens at positions 5 and 6. When the oil
obtained above was converted to the corresponding picrate derivative, two different com-
pounds resulted as would be expected for the two diastereoisomeric picrates. From the
first fractions of the distillate a picrate was obtained which, although a mixture, was puri-

2 Analyses by Miss V. Williams and Miss A. Smith.
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fied by repeated crystallization from ethanol to give homogeneous yellow crystals, m.p.
146-147°,

Anal. Cale’d for CisHaN(O;: C, 52.93; H, 5.92.

Found: C, 53.24; H, 5.43.

From the last fraction a picrate was obtained which again after repeated crystallization
from ethanol gave homogeneous yellow crystals, m.p. 169-170°.

Anal. Cale’d for CiHoNO7: C, 52.93; H, 5.92.

Found: C, 52.45; H, 6.22.

Lithium aluminum hydride reduction of ethyl 2-quinolylpyruvate. To a solution of 12.5 g.
of ethyl 2-quinolylpyruvate (3) in 200 ml. of purified tetrahydrofuran there was added a
solution of 2.2 g. of lithium aluminum hydride in 50 ml. of tetrahydrofuran. After the mix-
ture had boiled under reflux for two hours, it was decomposed by the addition of moist
ether. This was followed by the addition of 200 ml. of 10%, hydrochloric acid. The mixture
was extracted with ether to remove any non-basic material and then was made neutral by
the addition of Rochelle salts and alkali. Extraction of the neutral solution followed by
concentration of the ether extracts gave 3.2 g. (34%) of a brown solid. This, after crystal-
lization from an ethanol-water mixture, yielded yellow needles, m.p. 66-68°. This product
(presumably 2- or 3-hydroxy-5,6-benzopyrrocoline, VI) appeared to contain water of crys-
tallization since on prolonged drying #n vacuo over phosphorus pentoxide it lost water and
was converted to a brown solid, m.p. 95-97°. Recrystallization of this brown solid from an
ethanol-water mixture regenerated the original yellow needles, m.p. 66-68°.

The yellow needles gave a brown color with ferric chloride solution and a positive Tol-
lens test. Although the establishment of the empirical formula of this compound was com-
plicated by its strong tendency to crystallize with molecules of solvent, the formation of
a monoacetate derivative as well as anhydrous picrate and perchloride salts is in agree-
ment with the provisional structure VI.

Anal. Cale’d for C.H,NO+2H:0: C, 65.74; H, 5.98.

Found (yellow needles, m.p. 66-68°): C, 66.00; H, 6.15.

Anal. Cale’d for C:H;NO-H,O: C, 71.62; H, 5.51.

Found (brown solid, m.p. 95-97°): C, 72.05; H, 5.80.

The picrate of VI, prepared from either the yellow needles, m.p. 66-68° or the brown
solid, m.p. 95-97°, was obtained after recrystallization from ethanol as orange crystals,
m.p. 141-142°,

Anal. Cale’d for CuHquOg: C, 52.43; H, 2.93.

Found: C, 52.03; H, 3.67.

The perchlorate of VI was obtained after recrystallization from ethanol as red needles,
m.p. 145-146°. Treatment of the perchlorate derivative with base regenerated the yellow
needles, m.p. 66-68°.

Anal. Cale’d for CoH;oCINOs: C, 47.77; H, 4.01; N, 4.64.

Found: C, 47.81; H, 3.93; N, 5.05.

A monoacetate of VI was prepared by heating 500 mg. of the yellow needles, m.p. 66-68°,
with 10 ml. of acetic anhydride. After removal of the excess acetic anhydride under re-
duced pressure, the residue was recrystallized from ethanol to give 608 mg. (95%) of white
crystals, m.p. 110-111°,

Anal. Cale’d for C,(H(NO;: C, 69.12; H, 5.39.

Found: C, 69.22; H, 5.72.

2,6-Dimethyl-1-(2-carbomethozyphenyl) pyrrole (VII). A solution of 5.0 g. of acetonyl-
acetone, 6.6 g. of methyl anthranilate, and 5 ml. of acetic acid in 20 ml. of benzene was
boiled under reflux for 3 hours. At the end of this time the reaction mixture was distilled
and the forerun was discarded. There was obtained 7.0 g. (69%) of a light yellow oil; b.p.
116-120° at 5 mm., n® 1.5518. This product was insoluble in dilute acid and gave positive
pine splinter and Ehrlich tests for the pyrrole nucleus.

Anal. Cale’d for C HsNO:: C, 73.34; H, 6.60; N, 6.11.

Found: C, 73.67; H, 6.65; N, 6.02.
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When a 2.0 g. sample of VII was dissolved in ethanol and was subjected to hydrolysis by
heating it with a 10% ethanolic solution of potassium hydroxide, a solid crystallized out
upon cooling the solution. This proved to be the potassium salt of 2,5-dimethyl-1-(2-car-
boxyphenyl)pyrrole and was obtained after crystallization from a methanol-ethyl acetate
mixture as colorless erystals, m.p. 273-274°.

Anal. Cale’d for Ci1;H1sKNOs: C, 61.63; H, 4.77; K, 15.43.

Found: C, 61.75; H, 4.74; K, 14.74.

2,6-Dimethyl-1-(2-carbozamidophenyl)pyrrole. An attempt to effect the cyclization of
VII to give VIII was made by heating a solution of 25 ml. of toluene containing 8.0 g. of
2,5-dimethyl-1-(2-carbomethoxyphenyl)pyrrole (VII) and 4.0 g. of sodium amide (4) un-
der reflux for 3 hours. At the end of this time ice and hydrochlorie acid were added to de-
compose the excess sodium amide; the toluene layer was removed and concentrated. This
gave a dark residual oil which solidified on stirring with ether to give 5.2 g. of a yellow
solid, m.p. 106-110°, Repeated crystallization of this material from an ethanol-water mix-
ture gave 2.0 g. of colorless crystals, m.p. 129-130°. As indicated below the composition of
these erystals is in agreement with that expected for the corresponding amide.

An attempt to effect cyclization of VII to VIII using similar conditions but substi-
tuting sodium hydride for sodium amide was unsuccessful.

Anal. Cale’d for CtH  N2O: C, 72.90; H, 6.54; N, 13.08.

Found: C, 73.14; H, 6.78; N, 13.07.

SUMMARY

A synthesis of 5,6-benzopyrrocoline is deseribed. The method developed
differs from the usual pyrrocoline syntheses and may possibly have general
usefulness.

RocuesTeER 3, NEW York
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