STUDIES IN THE ISOQUINOLINE SERIES.
Parr XIII. ATTEMPTS TO CLOSE UP STYRYLURETHANES TO THE ISOQUINOLINE RING SYSTEM.
By B. B. DY and R. PARIRSHIT, Presidency College, Madras.

(Received September 18, 1944.)

The isoquinoline ring system has great importance in view of its presence in many alkaloids
and in some physiologically active substances finding use in medicine. The numerous attempts
made in the past by many workers to synthesise this ring system by different procedures
have been elaborated in a previous communication (Dey and Govindachari, 1937). In general,
it appears that the cyclisation of a C¢Hy.C.N.C.C type of compound is not easy of achievement.
The best method appears to consist in the condensation of bases of the phenyl ethyl amine
type with either aliphatic aldehydes in the presence of hydrochloric acid or with esters or acid
chlorides or acid anhydrides followed by the condensation of the amide so obtained to the
dihydro isoquinoline by the Bischler-Napicralsky (1893) reaction. Even by this method the
synthesis proceeds smoothly only when activating groups like hydroxy, methoxy or methylene-
dioxy are present.

However, the preparation of substituted phenyl ethyl amines is a tiresome and difficult
process. Any method which involves a lesser number of steps from the starting material to
the final isoquinoline would therefore be welcome.

Weerman and Jongkees (1906) tried to cyclise the urethane CgH,.CH : CH.NH.COOCH,
and its dihydro derivative, CgH;.CH,.CH,. NH.COOCH; to the isocarbostyril and the hydro
iso-carbo-styril respectively, but without success. i

This failure might have been due to the lack of an activating group in the benzene nucleus.
Hence it was proposed to attempt a similar synthesis, with a methylene dioxy group in the

benzene nucleus as in the following scheme:
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The methylenedioxy cinnamic acid urethane was formed in good yields but attempts to
cyclise it to the isoquinoline derivative were unsuccessful. The urethane was recovered
unreacted when either molecular sodium or sodamide was used as the cyclising agent. With
phospborus oxychloride or phosphorus pentoxide in toluene, a stable crystalline product (X), con-
taining no nitrogen and melting at 200° was obtained. The same product resulted on treating
the urethane with hydrolysing agents like aqueous or alcoholic hydrochloric acid or sulphuric
acid. The compound was neutral, inert and contained no aldehydic, ketonic or hydroxyl
groups. There was no decolourisation of bromine in. carbon tetrachloride or of permanganate.
On analysis, the values of carbon and hydrogen corresponded to the formula CyH;0,
(mol. wt. 147) or to the formula C4H;00g (mol. wt. 226). The molecular weight of the
substance as determined by Rast’s method was 193, but a suitable constitution accounting
for the presence of the methylenedioxy group (as revealed by the phloroglucin test) and for
all the carbon, hydrogen and oxygen atoms of either formulae could not be devised. But a
molecular formula derived by doubling the empirical formula CgH,0,, viz., C;gH1404, could
be equated with Bis- 3, 4-methylenedioxy phenyl butadiene (IV). This has so far not been
described in literature and was synthesised according to the following scheme:
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The synthetic product was a colourless crystalline compound melting at 217° and bore a
curiously strong resemblance to the compound obtained from the urethane. It was sparingly
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soluble in the common solvents and did not react either with bromine in carbon tetrachloride
or with permanganate solution. However, the mixed melting point with the product from the
urethane was 180° and the expectation that the product from the urethane was the butadiene
was not borne out. The identity of the compound remains undecided.,

The methylenedioxy cinnamic acid urethane could not therefore be cyclised to the iso-
quinoline derivative and the behaviour stood in sharp contrast with the ease with which
cyclisations proceed with acyl or aroyl derivatives of B-phenyl ethyl amine. The hindrance
to the cyclisation seemed to arise from the unsaturation in the side chain. The methylenedioxy
cinnamic acid urethane was reduced to the dihydro derivative by catalytic hydrogenation,
leading to a product which was identical with that obtained from homopiperonyl amine and
methyl chlorocarbonate.
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On treatment with phosphorus oxychloride in toluene, 6, 7-methylenedioxy isocarbostyril
(VI) was formed, albeit in poor yields (cf. Perkin, 1890; Dey and Govindachari, 1939).

EXPERIMENTAL.

Piperonyl acrylic acid was prepared from piperonal by the method of Perkin, Haworth
and Rankin (1924).

Piperonyl acrylic acid amide (Thoms and Thumen, 1911). The above acid (15 g.) was
converted to the amide through the acid chloride. Yield: 12-7 g.; m.p. 180°. ‘

Methyl Ester of 3, 4-methylenedioxy styryl carbamic actd. The sodium hypochlorite solution
required in this reaction was prepared according to Weerman’s method (1906).

The Urethane (I). 'The above amide (12-7 g.) was dissolved in methanol just sufficient to
dissolve it, at room temperature (so that on cooling it does not crystallise out) and treated
with the hypochlorite solution (84-8 c.c.) when there was evolution of heat with change in colour
from yellow to light orange. The reaction was instantaneous. The mixture was shaken well
under the tap (if necessary) till a drop of solution gave no blue colour with KT and starch solution
(i.e. when no free hypochlorite is present). The urethane came down as beautiful yellow crystals
immediately. This was left in refrigerator (overnight) and the solid coming down was filtered.
The urethane was quite pure and melted at 142°-143°. Yield: 9-1 g.

A small portion was recrystallised from benzene for analysis. Thin needles. M.P. 143°.

Found: N, 6°46. C;;H;,0,4N requires N, 6-:33%,.

(1) Cyelisation with phosphorus oxychloride.

The urethane (1 g.) was dissolved in dry toluene (6 c.c.) and heated with Phosphorus
oxychloride (3 c.c.) at 125°-135° for two hours. At the end of the period, the mixture was
poured into crushed ice, when a brown solid separated. This was filtered and dried. The
crude product (X) weighed 0-4 g. It was very sparingly soluble in methanol, and was purified
by boiling with methanol to remove all impurities. The undissolved portion weighed 0-25 g.,
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was pure and melted at 200°-201°. The filtrate on concentration gave 0-02 g. of same product.
The original filtrate was extracted with ether to remove the toluene. The ether and the toluene
were removed completely from the extract when a small amount of a solid (0-01 g.) was obtained
(m.p. 188°-190°). This was impure and is perhaps identical with the substance (X). It con-
tained no nitrogen and a discussion about this substance is given later,

The aqueous solution on basifying and extracting with ether gave no basic substance.

(2) Cyclisation with phosphorus pentoxide.

The same product was obtained as in (1).

(3) Cyclisation with sodium or sodamide.

The urethane was obtained unreacted in both cases.

Hydrolysis of the Urethane (I).

The urethane {2 g.) was dissolved in alcohol (40 c.c.) and hydrogen chloride gas was passed
through it. A solid separated first which was perhaps the urethane itself, but this went into
solution on passing more HCl. When the alcohol was saturated with HCI gas a solid was again
thrown down. This was cooled and filtered.

Yield: 0-92 g.; m.p. 198°-199°. Mixed melting point with the product obtained by cyclisa-
tion of (1) with phosphorus oxychloride 199°.

Alecoholic sulphuric acid and boiling concentrated hydrochloric acid gave the same
product (X).

Molecular weight of substance (X) by Rast’s method: Average of two values 193.

Analysis: The substance was too refractory and the combustion has therefore to be done
after mixing with copper powder.

0-1629 g. of substance gave 04445 g. of carbon dioxide and 0-0666 g. of water.

Oxygen
Carbon. Hydrogen. (by difference).
Found 74-54 4-44 21-02
oun - " U 7442 4-54 21-04
Mean value. . .. .. 7448 4-49 21-03
Dividing by the atomic weights .. 6-206 4-49 1-314
Atomic ratio - .. 4-723 3417 1-0

Doubling and correcting to the nearest integers the formula of the substance will be
CQH702 (mol. wt. 147).

Trebling, the formula will be C;,H;,0; (mol. wt. 226).

The nearest possible formulae for the compound are: CoH;0; and Cy,H;403

Synihesis of Methylenediozy phenyl Butadiene (1)

(1) Piperonyl acrolein (III) was prepared by (i) the method of Ladenburg and tho}tz
(1894). Piperonal (25 g.) was suspended in a large amount of water (2,250 c.c.), ?ooled in ice
and treated with freshly distilled acetaldehyde (37-5 g.) and 109, caustic soda solution (25 c.c.).
The mixture was shaken well immediately and then at intervals at room temperature (30°).
A turbidity appeared first and the solution then became coloured yellow. The mixture was
left overnight. The solution became orange in colour and a brown oil appeared at the bottom
of the flask. The reaction was allowed to proceed for 48 hours. The whole solution was then
extracted with ether (600-700 c.c.) and the extract dried over calcium chloride. The ether
was removed and the residue then distilled under reduced pressure. The first fraction came
off from 80°-135° at 6 mm. and was yellowish green liquid (2 c.c.).



B. B. DEY & R. PARIKSHIT : STUDIES IN THE ISOQUINOLINE SERIES, 41

A second fraction came off at 131°-150° at about 4 mm. and was identified with piperonal.
1645 g.

The piperonyl acrolein came over at 160°-210°/4 mm. and solidified on cooling. Yield
2:66 g.; m.p. 70°-71°.

The yield did not improve on keeping the solution for a week.

(i1) By the method of Kinkelein (1885).—Acetaldehyde (8-75 g.) was added to a mixture of
piperonal (25 g.), alecohol (500 c.c.), water (1-1it.) and 109, sodium hydroxide (17-5 g.) and shaken
well. The product was worked up as in (i).

Yield of acrolein 2-4 g.; m.p. 73°~75°,

(iii) A condensation of piperonal and acetaldehyde was therefore tried in presence of
hydrogen chloride. A mixture of piperonal (10 g.) and acetaldehyde (10 g.) was saturated
with hydrogen chloride gas and left in a refrigerator for 12 hours and then at room temperature
for the same time. 1t was diluted and worked up as usual. The piperonal was obtained
unreacted.

(2) Methylenedioxy phenyl acetic acid.

(a) The azlactest. from piperonal was prepared according to Kropp and Decker (1909).

Piperonal (15 g7), hippuric acid (18 g.), fused sodium acetate (7-5 g.) and acetic anhydride
(30 c.c.) were heated together on a water-bath for 75 minutes. This was treated with water
(300 c.c.) and warmed over a water-bath to destroy the acetic anhydride. It was then cooled,
filtered and washed successively with small amounts of methanol and ether.

Yield 21-9 g.; m.p. 191°.

The azlactone on crystallising from benzene melted at 190°-192°.

(b) 3, 4-methylenedioxy phenyl pyruvic acid.

The above azlactone (21-5 g.) was heated for 5 hours with 109, sodium hydroxide solution
(10 c.c.) cooled and saturated with sulphur dioxide. The pyruvic acid went into solution
forming a bisulphite compound and the benzoic acid got precipitated. This was filtered and
the filtrate extracted once with ether and then acidified with hydrochloric acid until there was
no more evolution of sulphur dioxide. The acid solution on cooling vielded the pyruvie acid.

(Kropp and Decker, 1909.) Yield 11-5 g.; m.p. 212°-214°.

(¢} 3, 4-methylenedioxy phenyl acetic acid.

The pyruvic acid (5-8 g.) was dissolved in 109, caustic soda solution (50 c.c.) cooled well
in ice and treated with hydrogen peroxide added in small amounts. The solution was shaken
_vigorously after each addition and left at room temperature. The solution was cooled well
and acidified with excess of hydrochloric acid when the phenyl acetic acid came down as a
crystalline solid.

Yield 4 g.; m.p. 125°-126°.

Bis- 3, 4-methylenedioxy- phenyl butadiene (IV).

(Cf. Thiele and Schleusner (1900) for Diphenyl butadiene.)

Piperonyl acrolein (2:25 g.), the sodium salt of the methylenedioxy phenyl acetic acid (3 g.)
and acetic anhydride (4-5 g.) were heated together at 160° in an oil-bath for four hours. The
reaction product was cooled, boiled with water (50 c.c.) and filtered. The residual solid
was dissolved in excess of caustic soda solution by trituration and filtered. Filtrate A. The
residue was washed and crystallised from acetic acid. This is the butadiene.

It weighed 0-31 g. and melted at 215°-217°.

Melting point of (X) 199°-200°.

Mixed melting point with (X) 179°-180°,

Hence the two are different.

Filtrate A.

The filtrate was shaken twice with ether to remove all non-acidic matter. The basic
sulution was cooled and acidified. The acid was crystallised from alcohol.

Yield 1:16 g.; m.p. 211°-212°.

4
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Analysis of the butadiene—This was also refractory and needed strong heating for
combustion.

0-1093 g. gave 0-2929 g. of carbon dioxide and 0-0472 g. of water.

Found: C, 73-08; H, 4-80. C;3H;,04 requires C, 73-47; H, 4:76%,

Found for (X): C, 7442; H, 4-549%,.

A nalysis of the butadiene carboxylic acid (111):
Found C, 67-25; H, 410, C;gH40g requires C, 67-45; H, 4:14%,.

Reduction of the Urethane (1):

Adam’s Palladium catalyst (0-2 g.) was shaken up in alcohol (20 c.c.) till there was no more
adsorption of hydrogen. The urethane (7 g.) was dissolved in alcohol (200 c.c.) and added
to this catalyst and again shaken up till no more adsorption of hydrogen was observed. The
alcoholic solution was filtered from the catalyst and the residue washed with alcohol. The
filtrate was evaporated and the residue cooled when a pale brown solid separated. This was
crystallised from ligroin.

Yield of reduced urethane 54 g.; m.p. 64°-65°.

Found: N, 6-57. C;;H;304N requires N, 6:28%,.

The same urethane (V) was obtained by the condensation of homopiperonyl amine and
methyl chlorocarbonate thus. Homopiperonylamine (2 g.) and methyl chlorocarbonate (0-6 g.)
were shaken up in absolute alcohol (5 c.c.) cooled in a freezing mixture and was left for an hour.
The reaction product was diluted with water to dissolve out the amine hydrochloride and
extracted with ether. The ether extract was dried over anhydrous sodium sulphate, filtered
and the solvent removed. The urethane left behind was crystallised from ligroin.

Yield 0-5 g.; m.p. 64°.

1- Hydroxy- 6, T-methylenedioxy- 3, 4, dihydroisoquinoline.

The above urethane (2 g.) was gently refluxed with phosphorus oxychloride (6 c.c.) at 100°
for two hours (guarded from moisture). A dark red solution resulted. The mixture was then
poured into crushed ice to decompose the excess of phosphorus oxychloride. The acidic
solution was extracted with ether to remove any non-basic matter. The ether extract was
dried and the ether removed. The residue was a pale-yellow solid which on crystallising from
ligroin was found to be the unreacted urethane. Yield 0-35 g. The acid solution was cooled
in ice and basified with strong caustic soda solution. The base which came down as a white
emulsion was extracted with ether and worked up. Yield of the solid 0-72 g.; m.p. 170°-174°.
It was recrystallised from water. The yield of the isoquinoline now was 0-22 g. Further
crystallisation from benzene gave the base which melted at 182°.183° and was found to be
identical with hydroisocarbostyril (Perkin, 1890; Dey and Govindachari, 1939).

Acetyl derivative was prepared by heating with excess of acetic anhydride for four hours
under gentle reflux. The derivative was crystallised from hot water. Thin colourless needles.
M.P. 129°-130°, (Perkin—128°-130°.)
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