SYNTHESIS OF PYRROLO[2,1-a]ISOQUINOLINES

V. S. Shklyaev, B. B. Aleksandrov, UDC 547.833.3'745'75
A. G. Mikhailovskii, and M. I. Vakhrin

Enamine derivatives of 3,4-dihydroisoquinoline obtained by the Ritter reaction
form 2,3-dioxo-5,5-RR*-1-R?*-2,3,5,6~tetrahydropyrrolo{2,l-a}isoquinolines with
oxalyl chloride.

Tricyclic derivatives of isoquinoline are biologically active compounds [1]. Among them
pyrrolo[2,l-alisoquinolines have up to the present time been difficult to obtain and compara-
tively little studied. Individual methods for synthesizing these compounds, as described in
[2, 3], are protracted and give low yields.

The aim of the present work is the development of a simple general method for the syn-
thesis of derivatives of pyrrolo[2,l-a]isoquinoline. For this purpose we investigated the
reaction of enamines with oxalyl chloride [4] in relation to 3,4-dihydroisoquinoline deriva-
tives. The initial compounds — 3,4-dihydroisoquinoline derivatives (Ia-d) — were synthesized
according to the Ritter reaction by interaction of dialkylbenzylcarbinol with appropriate
nitriles in a heterophase benzene—sulfuric acid medium [5].

The PMR and IR spectra of compounds Ia~d correspond to the azomethine form, which is in
agreement with previously obtained data [5, 6]. However, when reacting with electrophilic
reagents compounds Ia-d behave as enamines with reaction taking place on the B-carbon atom
of the enamine group. When 3,4-dihydroisoquinoline derivatives Ia-d react with oxalyl chlor-
ide in dioxane at 20°C in the presence of triethylamine, 2,3-dioxo-5,5-RR}-1-R%-2,3,5,6~
tetrahydropyrrolo[2,1-a]isoquinolines (IIa-d) are formed.
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The structure of compounds IIa-d obtained is proved by the data of PMR and IR spectros-
copy. In the IR spectra of pyrrolediones IIa-d there are absorption bands from stretching
vibrations of lactam carbonyl in the region 1700-1705 cm™!, ketone carbonyl conjugated with a
double bond (1735-1742 cm™*), and also an absorption band in the region 1610-1630 cm™' due
to the presence of a C=C bond conjugated with CO. The PMR spectra presented in Table 1 also
lend positive support to the proposed structures.

When the dicarbonyl derivative IIa is reacted with hydrazine hydrate and semicarbazide,
compounds IIla, b are obtained. In their IR spectra there are absorpticn bands due to bonded
CO (1630 cm™*) and NH (3120-3130 cm™!) groups, which indicates the presence of an intra-
molecular bond.
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TABLE 1. PMR Spectra of Compounds IIa-d and IIIa, b

Chemical shifs, ppm
Com~ iH 2H
¢ R 4H 2H Solvent
pound| (Cp SCZ (Cg) (Ar) (NHe)
(s) (s) m (s)
ITa 5,76 147, s, 6H 2,84 748 — CDCl,
11b 5,68 1,23, s, 3H; 1,03, ¢, 2,84 7,45 — CDCl;
3H; 1,36, 0, 4H
Ilc 5,72 1,50, s, 10H 2,87 7,44 — CDCl;
11d — 1,47, s, 6H 2,85 7.17 (8H) 3,90 CDCl;
111a 6,37 1,34, 8, 6H 2,80 7,12 3,90; CDCls
11,3
111b* 6,50 1,37, s, 6H 2,80 7,15 6,80 DMSO-dg

*For compound IIIb chemical shift at 10.3 ppm [1H (NH), s].

TABLE 2. Properties of Compoundsrsynthesized

Com~ e Found, % Empirical Calculaed, % | yyory
pound P w |\ | formula c i o lxen| P
1d| 208209 | 756 | 7.0 | 47 CisH 1 oCIN 756 | 7,1 49 87
(12,3) {(12,4)
1al 127128 | 738 | 57 6.3 C1HisNO, 740 | 58 | 62 81
Itb | 196—197 | 746 | 62 59 CisHsNO; 747 | 63 5.8 67
Iic | 165—166 | 76,2 | 6,3 5,2 CH;;NO; 764 | 64 5.2 92
11d | 223—224 | 790 | 55 | 45 CaoH7NO; 79,19] 57 | 4,6 9l
Ma | 243—245 | 695 | 6,2 | 17,5 CisHisN;0 697 | 63 | 17,4 48
1Ib | 200—202 | 63,1 | 56 | 199 CsHiaN.O; 634 | 57 | 197 52

*Compounds Id4 (hydrochloride), IIa, b, and IIIb were crystal-

lized from isopropanol; IIc from heptane; IId from acetone;
IITa from acetonitrile,

In the IR spectra of these compounds absorption bands occur in the regions 1620 (C=N) and
1605 cm™* (C=C). There are also bands from NH groups — in compound IIIa at 3390 and 3295 cm™?}
(free NHz), in compound IIIb at 3420 and 3345 cm™! as well as an adsorption band from semi-
carbazone CO (1685 cm~'). The presence of an intramolecular hydrogen bond is confirmed by
the fact that the signals from the protons of the NH groups occur at low field -~ 11,3 and 10.3
ppm (Table 1).

EXPERIMENTAL

PMR spectra were recorded om a PC-60 (60 MHz) instrument with HMDS as internal standard.
IR spectra of solutions (0.0l moles/liter) were recorded in CHCly on a UR-20 spectrophotometer.
Compounds Ia-c have been described previously [5]. The properties of compounds Id, IIa-d,
and IIIa, b are given in Table 2.

1-Benzyl-3,3-dimethyl-3,4-dihydroisoquinoline (Id). To 1.15 ml (10 mmole) of benzyl
cyanide in 20 ml of benzene at a temperature not exceeding 5°C was added dropwise 4 ml of con-
centrated H,80,. The cooling was removed and 1.50 ml (10 mmole) of dimethylbenzylcarbinol in
20 ml of benzene was rapidly introduced. The temperature was increased to 80°C, the mixture
was boiled for 2h and 30 minwith vigorous agitation and cooled, the reaction masswas poured on
to 30 g of ice, and the benzene layer was separated. The aqueous phase was neutralized with
a 257 solution of ammonia. The base that separated out was extracted with ether and dried
with NaOH. The extraction agent was distilled off, the residue was dissolved in ethyl acetate,
and after gaseous HCl was passed through the hydrochloride was obtained (Table 2). IR spectrum
of base (CCl,): 1620 cm™® (C=N). PMR spectrum of base (CCl,): 1.18 (6H, s, 2CHy—C(3)); 2.57
(28, s, CHa—C(4)); 3.83 (2H, s, CHz—C(1)); 7.10 ppm (4H, m, Ar).

2,3-Dioxo-5,5-RR!~1-R*-2,3,5,6-tetrahydropyrrolo[2,1l-alisoquinolines (IIa-d). To 0.86
ml (10 mmole) of oxalyl chloride in 20 ml of dioxane was added over the course of 30 min with
agitation a solution of 10 mmole of base Ia-d mixed with 2.76 ml (20 mmole) of triethylamine
in 30 ml of dioxane. The mixture was agitated for a further 1 h, diluted with 300 ml of water,
and the precipitate formed was filtered off, dried, and recrystallized,
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2~-Hydrazono-3-oxo-5,5-digethyl-2, 3,5, 6-tetrahydropyrrolo{2,l-alisoquinoline (IIIa). A
mixture of 2.27 g (10 mmole) of compound IIa and 0.68 ml (15 mmole) of hydrazine hydrate was
boiled in ethanol for 3 h. On cooling, hydrazone I1Ila formed a precipitate, which was fil-
tered off, dried, and recrystallized.

2-Semicarbazono-3-oxo0-5,5~-dimethyl-~2, 3,5, 6-tetrahydropyrrolo[2,1-a]lisoquinoline (IIIb).
A 2,27-g (10 mmole) portion of pyrroledione I1Ia was dissolved on heating in 30 ml of 70%
ethanol; 1.12 g (10 mmole) of semicarbazide hydrochloride was dissolved in 20 ml of water
and 1.5 g of sodium acetate and the aqueous alcoholic solution of compound IIa were added.
The mixture was agitated and boiled for 2 h. On cooling, substance IIIb precipitated out,
and it was filtered off, dried, and recrystallized.
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DIAZABICYCLOALKANES WITH NITROGEN ATOMS IN BRIDGEHEAD POSITIONS.

15.% REACTIONS OF BENZO[b]-1,4-DIAZABICYCLO([2.2.2]0CTENE
MONOQUATERNARY SALT DERIVATIVES WITH NUCLEOPHILIC REAGENTS

N. P. Luk'yanchuk, N. I, Sagalaeva, V. K. Soboleva, UDC 547.863.13'895:
and G, V, Shishkin 543.878:541.127

Monoquaternary salt derivatives of benzo[b]-1,4-diazabicyclo[2.2.2]octene react
with piperidine and sodium methoxide or 4~tert-butylthiophenoxide to give pri-
marily N,N-disubstituted tetrahydroquinoxalines. Rate constants have been mea-
sured for these bimolecular reactions. Based on their levels of reactivity,
these quaternary salts behave as typical alkylating agents.

Methyl iodide salts of cyclic amines can react via three pathways with sodium methoxide:
demethylation, ring opening via a Hofmann reaction, and ring opening via nucleophilic sub-
stitution [2, 3]. The third pathway predominates as the ring strain of the cyclic amine in-
creases [2]. Quaternary salt derivatives of benzo[b]-1,4-diazabicyclo[2.2.2]octene contain
strained bicyclic diamine fragments, and thus would be expected to react with nucleophilic
reagents primarily via the ring opening pathways. This is indicated indirectly by the earlier
observation [4] that an equilibrium mixture of 1-(2-bromoethyl)-1,2,3,4-tetrahydroquinoxaline .
and benzo[b]~1,4-diazabicyclo[2.2.2]octene (I) is formed when the latter is heated in concen-
trated hydrobromic acid. '

Our goal in the present paper was to determine the main reaction pathway and obtain a
quantitative estimate of the reactivities of quaternary salt derivatives of benzo[b]-1,4-
diazabicyclo[2.2.2]octene with nucleophilic reagents.

Methyl iodide, benzyl bromide and 4-nitrobenzyl bromide derivatives of benzo[bl-1,4~
diazabicyclo[2.2.2]joctene (compounds II, IV, and V) were prepared by treatment of compound

*For communication 14, see [1].
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