W

STUDIES IN THE ISOQUINOLINE SERIES
Part II. Oxidation of 1-Benzyl-3 : 4-Diaydroisoquinolines

By T. R. GOvINDACHARI, F.A.Sc. AND K. NAGARAJAN
(Chemistry Department, Presidency College, Madras)

Received October 3, 1955

THE remarkable ease of oxidation of 1-benzyl-3: 4-dihydroisoquinolines was
first observed by Buck, Haworth and Perkin! who found that exposure
to air of alcoholic solutions of 3:4-dihydro-6: 7-dimethoxy-1-(3: 4-di-
methoxybenzyl)- and 3:4-dihydro-6: 7-dimethoxy-1-(3 : 4-methylenedioxy-
benzyl)-isoquinolines caused their conversion to the corresponding 1-benzoyl-
3: 4-dihydroisoquinolines, the latter also being obtained by oxidation of the
1-benzyl-3 : 4-dihydro bases with iodine. Similar auto-oxidations of 1-benzyl-
3: 4-dihydroisoquinolines have been reported by other authors, the auto-
oxidations proceeding with such facility that the 1-benzoyl-3: 4-dihydroiso-
quinolines are the only products obtained in the Bischler-Napieralsky
reaction.® 3 ‘

Gulland and Haworth* observed however that 3:4-dihydro-1-(2-nitro-
benzyl)-isoquinolines are remarkably stable to auto-oxidation. 'We have also
found  that 3:4-dihydro-6: 7-dimethoxy-1-(3-methoxy-2-nitrobenzyl)-iso-
quinoline was recovered unchanged after prolonged exposure of the alcoholic
solution to air or after treatment with iodine. Apparently, substituents in
the benzyl portion of the molecule control the ease of oxidation and in
this paper we present a systematic study of the oxidation of various
I-benzyl-3 : 4-dihydroisoquinolines, which were synthesised for this purpose

and whose properties were recorded in an earlier paper.®

Exposure to air of alcoholic solutions of these bases resulted in
auto-oxidation to the corresponding 1-benzoyl-3: 4-dihydroisoquinolines
(Table I) with one exception. The products gave a green colour with
hot acetic anhydride, a test specific for 1-benzoyl-3: 4-dihydroisoquinolines.*
That these were not 1-benzoylisoquinolines was shown by the oxidation of
3: 4-dihydro-6 : 7-dimethoxy-1-(4-methoxybenzyl)-isoquinoline with alcoholic
potassium hydroxide to 6: 7-dimethoxy-1-(4-methoxybenzoyl)-isoquinoline
which was shown to be different from the product of auto-oxidation. Only
3 : 4-dihydro-6 : 7-dimethoxy-1-(2-nitrobenzyl)-isoquinoline ~ was recovered
unchanged after prolonged exposure of its alcoholic solution to air. The
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Studies in the Isoquinoline Series—II 263

corres?pondmg 4-nitrobenzyl compound under the same conditions yielded
a resin from which no pure product could be isolated. '

| ‘Air oxidations must necessarily proceed by a free radical mechanism.
It is not surprising therefore that these auto-oxidations proceed in all

‘cases irrespective of the electrical nature of the substituents in the benzyl

portion of the molecule, though it is not clear why 3 : 4-dihydro-6 : 7-di-
methoxy-1-(2-nitrobenzyl)-isoquinoline alone should resist air oxidation.

It is of interest that oxidation with iodine yields the same product
as in the auto-oxidation, although they must proceed by different mechanisms.
[n order to obtain a semi-quantitative idea of the relative ease of oxidation
of the various 1-benzyl-3: 4-dihydroisoquinolines, equimolecular quantities

-were treated with a known excess of a standard solution of iodine for the

same period and the excess iodine then determined. The results of the

study.are presented in Table I It is seen that 3: 4-dihydro-6: 7-dimethoxy-

isoquinoline is unaffected by iodine, showing that iodine does not bring
' TaBLE 11

Reaction between Alcoholic Iodine and 3 : 4-Dihydroisoquinolines

Thiosulphate

6+ 7-Dimethoxy-3 : 4~ Wt. of (0-07658 N) Todine
dibydroisoquinoline with hydrochloride equivalent of uptake
substituent at [-position in gm, iodine uptake %
c.C.
Nil .. - 0-1572 0 0
Benzyl . . 0-1989 4-60 14-1
2-Bromobenzyl .. . 02479 0 0
3-Bromobenzyl .. . 0-2449 4-75° 14-7
4-Bromobenzyl o . 0-2476 4-70 14-1
2-Methylbenzyl .. . 0-2098 6-60 20-0
3-Methylbenzy! 0-2282 5-80 16-0
4-Methylbenzyl 0-2051 14-35 44-0
2-Methoxybenzyl 0-2158 ©16-50 50-9
3-Methoxybenzyl 0-2127 6-55 20-5
4-Methoxybenzyl 0-2158 23-50 725
2-Nitrobenzyl 0-2395 1-70 4-9
3-Nitrobenzyl 0-2380 4-50 13-7
4-Nitrobenzyl 0-2334. 3-85 11-5
4-Cyanobenzyl 0-2146 3-50 10-7

A4
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about dehydrogenation. The iodine taken up by various 1-benzyl-3:4-
dihydroisoquinolines must be solely utilised for oxidation of the methylene
group. In four cases where there was considerable uptake of iodine, the
1-benzoyl-3: 4-dihydro bases were isolated in pure condition. In three
cases where iodine uptake was negligible, the original compounds were
recovered. In two cases where the iodine uptake was about 209%, only
impure compounds could be isolated.

H,CO— / \/ \‘
H,CO— ” N
A VAV 4 N/ |
: | +85=8 O~ [ 55 - (U+, 217)
cim PY=] > I«I?f\» 1 T o S 2
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A study of the results presented in Table L reveals that the oxidation
of 1-benzyl-3: 4-dihydroisoquinolines by iodine is influenced both by steric
and polar effects. Thus the uptake of iodine by 3:4-dihydro-1-(2-methyl-
benzyl)-isoquinoline is considerably less than that of 3:4-dihydro-1-(4-
methylbenzyl)-isoquinoline. The presence of a nitro group in any position
of the benzyl group inhibits oxidation by iodine, the effect being maximum
when , ortho- to the methylene group. A bromine atom ortho- to the
methylene group completely inhibits oxidation, whereas when present in
other positions, the iodine consumption is of the same order as for the
unsubstituted compound, A plausible mechanism for the oxidation of
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I-benzyl-3: 4-dihydroisoquinolines may be postulated as below involving

the direct approach of a polarised iodine molecule or a I+ ion to the
methylene group.

It is unlikely that a hypoiodite ion is involved since in blank experi-

ments with alcoholic iodine and potassium acetate, very little iodine
was consumed. N

EXPERIMENTAL PROCEDURE

Determination of the relative ease of oxidation of 3: 4-dihydro-6: T-dimethoxy-
isoquinolines with iodine

The base hydrochloride (ca. 0-0006 mole) was weighed accurately and
dissolved in alcohol (10c.c.). An aqueous solution of potassium acetate
(3c.c., 1-82N) and an alcoholic solution of iodine (20 c.c., 0-22 N) were
pipetted into the solution of the hydrochloride and the mixture was kept
for 1 hr. with occasional shaking. Unreacted iodine was then estimated
against standard sodium thiosulphate solution with starch indicator. The
difference between this and a blank gave the thiosulphate equivalent of the
jodine consumed by the dihydroisoquinoline. The ratio of iodine uptake
to the quantity of iodine required for complete oxidation of the benzyl-
dihydroisoquinoline to benzoyldihydroisoquinoline, i.e., 3 moles of iodine
per 1 mole of the compound, was computed. The results are presented
in Table II.

1-Benzoyl-3 : 4-dihydro-6: T-dimethoxyisoquinolines

(a) By oxidation of the benzyl bases with iodine.—A solution of the base
hydrochloride (0-2g.) in alcohol (5c.c.) containing sodium acetate (1 g.)
was treated with iodine (0-3 g.) in alcohol (10 c.c.). After 1 hr. excess iodine
was discharged by addition of the requisite quantity of sodium thiosulphate.
Addition of a solution of picric acid (0-5g.) in water precipitated the
picrate, which was collected and recrystallised from alcohol.

1-(4-Methoxybenzoyl)-, 1-(2-methoxybenzoyl)-, 1-(4-methylbenzoyl)-, and
1-(2-methylbenzoyl)-3 : 4-dihydro-6: 7-dimethoxyisoquinolines were obtained
by this precedure in yields of 78, 63, 59 and 439 respectively. Almost
quantitative recovery of the starting material was obtained in the cases of
3 : 4-dihydro-6 : 7-dimethoxyisoquinoline, and 1-(2-bromobenzyl)- and 1-(2-
nitrobenzyl)-3 : 4-dihydro-6 : 7-dimethoxyisoquinolines. Impure products
were obtained in the cases of 1-(3-bromobenzyl)- and 1-(4-bromobenzyl)-
3 : 4-dihydro-6 : 7-dimethoxyisoquinolines. These are probably mixtures of
the original and the oxidised bases.
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(b) By air oxidation.—A solution of the benzyldihydro base (1 g) in
alcohol was kept exposed to air for several days. The sticky solid so
obtained gave the benzoyldihydro derivative on repeated crystallisation
from alcohol. 3 :4-Dihydro-6 : 7-dimethoxy-1- (2—111trobenzyl)-1soqumohne
was recovered completely unchanged by this method, while the corresponding

(4-nitrobenzyl)—base gave a resin which could not be crystallised or made
to yield suitable derivatives.

. T. R. GoviINDACHARI AND K. NAGARAJAN
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The benzoyldlhydro bases are hsted in Table 1.

6 : 7-Dimethoxy-1-(4-methoxybenzoyl)-isoquinoline

A solution of 3: 4-dihydro-6: 7-dimethoxy-1-(4-methoxybenzyl)—isoquino-' ‘
line (0-7g) was digested on a water-bath with methanolic potassium
hydroxide (10%, 10 c.c.) for 4 hr. with addition of methanol at intervals.

The sticky mass was washed with water and crystallised from alcohol
to yield the benzoyl base as colourless needles (0-2g), m.p. 145-46°
(Found: C, 70-2; H, 5-5; C;gH;70,N requires C, 70-6; H, 5-2%).

The oxidation of several 1-benyzl-3: 4-dihydroisoquinolines in alcoholic
solution by air and by iodine has been studied. A mechanism is proposed
for the action of iodine on these bases.

We are thankful to the Government of India for the award of a Junior
Research Scholarship to one of us (K.N.).
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