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SYNTHESIS OF 1,3-DIIMINOISOINDOLINES FROM 2-CYANOBENZALDEHYDE.
REACTION OF N-(2-CYANOBENZYLIDENE)ANILINES WITH ELEMENTAL
SULFUR IN LIQUID AMMONIA AND AMINES
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Various 1,3-diimonoisoindolines were obtained by treating
N-(2-cyanobenzylidene)anilines with elemental sulfur in liquid
ammonia and amines. A novel route to isoindoline from 2-cyano-

benzaldehyde was developed.

It is well known that isoindoline is an important intermediate for prepa-
ration of porphyrinesl) and phthalocyanines.z) There are, however, only a few
reports on the method for preparation of isoindolines, e.g., the reaction of
phthalonitrile with methanol-ammonia at high temperature,3) with sodium amide
in formamide4) and with sodium methoxide-ammonia in methanol.s) Recently, we
have reported the reaction of phthalonitrile with elemental sulfur in liquid
ammonia and amines affording 1,3-(N,N'-dialkyl)-1,3-diiminoisoindolines quanti-
tatively and revealed that this reaction is a new type of elemental sulfur cat-
alyzed reaction.6) On the other hand, we have successfully obtained 3-alkylami-
noisoindolenones by treating 2-cyanobenzaldehyde with primary and secondary al-
kylamines at room temperature in excellent yields.7) In this reaction, aromat-
ic amines such as aniline gave Schiff base, N-(2-cyanobenzylidene)aniline, in
preference to isoindolenone. In connection with the various reactivities of
elemental sulfur in liquid ammonia,e’s) the above two reactions stimulated us
to explore a new synthesis of isoindoline from 2-cyanobenzaldehyde via N-(2-
cyanobenzylidene)aniline with elemental sulfur in liquid ammonia and amines.

We wish to report on elemental sulfur induced cyclization of N-(2-cyano-

benzylidene)aniline(2) giving symmetrical(3) and unsymmetrical isoindolines
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Scheme 1.

Typical procedure is as follows. N-(2-Cyanobenzylidene)-4-mehtoxyaniline
(2)(0.5 mmol), which was readily prepared by the reaction of 2-cyanobenzalde-
hyde (1) with 4-methoxyaniline, and elemental sulfur(l mg atom) were taken into
a titanium autoclave. After evacuation, liquid ammonia(10 ml) was charged into
the autoclave and then the mixture was allowed to react at 60 °C for 3 h. De-
sired 1,3-diiminoisoindoline(3) and 1-[N-(4-methoxyphenyl)]-1,3-diiminoiso-
indoline(4) were obtained after usual work up and subsequent column chromato-
graphy on silica gel using chloroform as eluent. The obtained 1-[N-(4-methoxy-
phenyl)]-1,3-diiminoisoindoline was characterized as follows. Mp 170 °C
(dec.); 1H—NMR (CDCl3) §= 8.05-6.62(m, 12H) and 3.76(s, 3H); IR(KBr): 3000
(=NH) and 1650 cm-1 (C=N).9) The results are summarized in Table 1.

Various isoindolines were obtained in good total yields as shown in Table
1. When liquid ammonia was used, unsymmetrical isoindolines, 1-(N-aryl)-1,3-di-
iminoisoindoline(4), were preferentially obtained(runs 1,2,7,8, and 9). Espe-
cially, in the reaction of N-(2-cyanobenzylidene)-4-methoxyaniline, exclusive
formation of 1-[N-(4-methoxyphenyl)]-1,3-diiminoisoindoline was observed in the
ratio of 26:74(run 9). Introduction of electron-withdrawing groups such as 4-
chloro or 3-chloro into the aromatic ring decreased the unsymmetrical 4 and in-
creased the symmetrical isoindoline 3 (runs 10 and 11). It is noted that the
reaction is not occurred in the absence of elemental sulfur even at 60 °C(run
5). This fact suggests that the elemental sulfur in liquid ammonia has played
an important role in this reaction. In order to extend a generality of this
method, alkylamines such as methyl-, propyl- and butylamines were employed. In
contrast to the result in liquid ammonia, use of alkylamine gave predominantly
symmetrical isoindoline, 1,3-(N,N'-dialkyl)-1,3-diiminoisoindoline(3)(runs 13-
16). It is, however, noteworthy that 1-[N-(4-methylphenyl)]-3-(N-methyl)-1,3-
diiminoisoindoline was the sole product when methylamine was used at O °C(run
17). Although secondary and tertiary amines can not give essentially any

isoindolines(3 or 4), we have obtained an interesting product containing sulfur
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Table 1. Synthesis of isoindolines from N-(2-cyanobenzylidene)anilines(2)

. 2 N-R? N-r1
CH=N-R SS/R NH2
@: NH * NH
CN
2 3 n-r? 4 N-R?
Run Substituent Amine React. Sg Yield of Ratio/3:4
Rl R2 Temp /°C Time/h mg atom §+ﬁ/%a)
1 4-CH3-CcH, H 60 3 1 57 25:75
2 " H 60 3 2 77 43:57
3 " H 60 6 1 59 46:54
4 " H 60 1 1 28 50:50
5 " H 60 3 0 no reaction
6 " H 40 3 1 34 65:35
7 " H 80 3 1 47 26:74
8 CeHs H 80 3 1 67 41:59
9 4-CH30-CcH, H 60 4 1 74 26:74
10 4-Cl-CcH, H 40 3 1 83 50:50
11 2-Cl-C6H4 H 40 3 1 61 56:44
12 1-Naphthyl H 60 3 1 62 40:60
13 4-CH3-CcH, CHy 60 3 1 70 100:0
14 - M CH3-CH2-CH2 20 1 1 93 100:0
15 " (CH3)2CH 20 1 1 63 100:0
16 " CH3-CH2—CH2-CH2 20 1 1 60 100:0
17 " CHg 0 1 1 26 0:100
a) Summation of isolated yields of 3 and 4

atom, 1-[N-(4-methylphenyl)]imino-3-thiophthalimide(5), in yield of 83% by the
reaction of N-(2-cyanobenzylidene)-4-methylaniline(2) with elemental sulfur in

10)

diethylamine. To confirm the intermediacy of monothiophthalimide(5) in the
present reaction, 5 was treated with liquid ammonia at 60 °C for 3 h affording
1,3-diiminoisoindoline(3) and 1-[N-(4-methylphenyl)]-1,3-diiminoisoindoline(4)
in yields of 24 and 38%, respectively. This fact implies that both 4-methoxy-
phenylimino and thiocarbonyl groups in 5 can convert to imino group.ll)

A plausible pathway of this reaction is consitent with the two important
steps, that is, the oxidation of methine carbon of Schiff base and the cycliza-

tion. The oxidation of methine carbon with elemental sulfur in liquid ammonia
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giving thioamide has been already shown.s) The cyclization seems to proceed by
nucleophilic attack of thiolate anion such as HZNSS_ toward the nitrile carbon
followed by substitution of the sulfur with ammonia as shown in the synthesis
of isoindoline from phthalonitrile with elemental sulfur in liquid ammonia
(Scheme 2).6) Further investigations on the mechanism and application of this

reaction are now in progress.
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