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Several series of novel compounds have been prepared containing dicyanomethylidene groups including
1-alkyl-3-dicyanomethylideneindol-2-ones and 6,6-dicyanofulvenes. Their visible absorption properties are

recorded and discussed.
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Malononitrile is a versatile compound of exceptional re-
activity and its chemistry is of theoretical and synthetic in-
terest. It has been used extensively as a reagent, particu-
larly in condensation reactions to give a variety of addi-
tion products, which are often used as intermediates for
the preparation of heterocycles [1]. This unique reactivity
makes malononitrile an important chemical both in basic
research and in applied medicinal and industrial chemis-
try. Polycyano compounds and especially the dicyano-
methylidene derivatives are of particular interest [2,3). For
example, 7,7,8,8-tetracyanoquinodimethane (TCNQ), one
of the few stable quinodimethanes, has received extensive
study [4,5] because of its unusual stability and electrical
properties. This compound and its analogs are particularly
suited for the development of charge-transfer systems, of
organic conductors, and of semiconductors, since tetra-
cyanoquinodimethanes are efficient electron acceptors
due to the two electron-withdrawing dicyanomethylidene
groups [6,7].

Our recent studies in dyestuff chemistry, especially in
mero-stabilized dyes [8], aroused our interest in dicyano-
methylidene derivatives because the strong electron ac-
ceptor property of the dicyanomethylidene group confers
chromophoric or highly efficent auxochromic character.
Compounds containing a dicyano-methylidene group
which is conjugated with another chromophore should be
deeply colored. Although some colored dicyano- and tetra-
cyanoquinodimethane derivatives have been reported
[6,9], we believe that less attention than deserved has pre-
viously been given to this field.

In the present paper, we report the detailed synthesis,
characterization, and visible absorption properties of sev-
eral series of novel compounds containing dicyanomethyli-
dene groups derived from malononitrile.

1-Alkyl-3-dicyanomethylideneindol-2-ones.

A few dicyanomethylideneindoles are recorded. For ex-
ample, the natural product Tryptarthrin was converted in-
to its dicyanomethylidene derivative 1 by reaction with
malononitrile [10], and 3-dicyanomethylideneindol-2-one
Sa itself is known [11]. However, 2-arylindolenin-3-ones 2
were stated [12] not to react with malononitrile to form di-
cyanomethylidene compounds. We now report the synthe-

sis of a series of 1-alkyl-3-dicyanomethylideneindol-2-ones,
and an examination of their visible absorption spectra.
Block I

Reaction of isatin 3 and the appropriate alkyl halide in
dimethylformide, with sodium hydride as a base, gave a
variety of N-alkylisatins 4 in the form of orange crystals.
These N-alkylisatins were readily converted into the corre-
sponding 1-alkyl-3-dicyanomethylideneindol-2-ones 5, in
good yield, on stirring with malononitrile in dimethyl sul-
foxide (Scheme 1). The products 3 were fully characterized
analytically (Table I), and by their ir, 'H (Table II) and °C
nmr spectra (Table III). The 3-dicyanomethylideneindol-2-
one derivatives showed two absorption bands in their ir
spectra at around 2200 cm™, characteristic of two non-
equivalent cyano groups. Surprisingly, the amide carbonyl
groups in the 3-dicyanomethylideneindol-2-ones absorb at
above 1700 em™!, instead of around 1650 cm™ as normal.
The 'H and *C nmr spectra are readily assigned (Tables
IT and III), and agree well with the assigned structures. In
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the *C nmr spectra, the two cyano groups invariably show

two different signals as expected.

The visible absorptions of the 1-alkyl-3-dicyanomethyli-
deneindol-2-ones 5, and of the corresponding 1-alkylisa-
tins, were recorded in ethanol. As shown in Table I, the ex-

No.
5a
4b
5b
4c
Sc
4d
5d
4e
Se
4f
5f
4g
5g
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tinction coefficients, both of compound 4 and of 3, are rel-
atively small. However, introducing a dicyanomethylidene
group into a l-alkylisatin induces a dramatic bathochro-
mic shift (80-100 nm red shift from 4 to 3), together with a
small hyperchromic effect.

Table I

Preperation and Visible Spectra of 1-Substituted Isatins 5 and Corresponding Dicyanomethylidene Derivatives 6

n-hexyl

"

PhCH,

PhCHCH,

"

BICH, [b]

Calcd.

H N

(lit [11] mp 235°)

(tit {11] mp 135°)

332 20.29
572 1741
4.64 11.72
7.36  6.06

6.09 15.05

(lit [14] mp 130-131°)

[a] 1it [15] mp 233°. [b] Bt = benzotriazol-1-yl.

No.

4b

5b

5S¢
4d
5d

e

af
5f
4g

5g

CH,

n-Pr

n-hexyl

PhCH,

"

PhCHCH,
BCH,

BCH,

yield crystal UV/Vis mp
% form A (e) °C) c
92 red 492 (3400) 235-238
70 orange 422 (1200) 132-134°
85 violet 500 (2420) 220-223 68.90
54 orange 424 (1300) 62-63 69.84
73 violet 504 (2300) 143-145 70.89
60 yellow 408 (1210) 39-40 72.73
76 red 496 (2510) 113-115 73.02
56 orange 418 (1100) 129-131
66 red 497 (2480) 190-192 75.79
46 orange 416 (1050) 118-120 75.49
84 violed 500 (2150) 155-157 76.25
49 yellow 400 (950) 177-180 64.65
46 brown 475 (1800) 213-215 66.26

Table II

3.86 14.74
5.18 5.58
435 1495
3.60 20.14
3.07 25.77

formula

C2HiN;0

CiiHiNG,
Ci14H11N;0
C4H7NO,

Cy7H9N30

CigH11N;0
Ci6H13NO;

CisN13N;0

CysH oN4O,
CigH;oN4O;

Proton NMR and IR Spectral Data of 1-Substituted Isatins 4 and Dicyanomethylidene Analogs 5

"H NMR (5)
7.0-7.4 (m), 7.6-8.1 (m), 11.5 (s, NH)
7.70-7.95 (s, 2H) 7.00 (s, 2H), 3.40 (s, 3H, CHx)
7.10-8.15 (m, 4H), 3.35 (s, 3H, CHy)
7.60-8.00 (m), 7.10-7.45 (m), 3.82 (1), 1.85 (m), 1.10 (1)
7.10-8.10 (m, 4H), 3.65 (¢, 2H), 1.68 (m, 2H), 1.10 (t, 3H)
7.15-8.10 (m, 4H), 3.60 (t, 2H), 1.60 (m, 8H), 0.90 (t, 3H)
7.15-8.10 (m, 4H), 3.70 (¢, 2H), 1.35 (m, 8H), 0.95 (t, 3H)
6.85-7.85 (m, 9H), 5.08 (s, 2H, CHp)
8.20 (d, 1H), 7.10-7.85 (m, 8H), 5.12 (s, 2H, CH,)
6.55-7.50 (m, 9H), 5.65 (q, 1H, CH), 1.90 (d, 3H, CH,)
8.15 (d, 1H), 7.00-7.70 (m, 8H), 5.72 (q, 1H), 1.85 (d, 3H)
7.20-8.20 (m, 8H), 6.70 (s, 2H, CH)

7.20-8.20 (m, 8H), 6.80 (s, 2H, CHy)

vC=0

vCON

1630
1715
1610
1715
1610
1715
1630
1710
1620
1710
1610

1720

vCN

2220

2210

2200

2210

2205

2210

C

68.54
69.92
70.56
72.58
72.60

75.42
76.21
76.04
64.26

66.35

Found

H

3.01

5.84

4.45

7.27

6.19

3.51

5.32

4.28

332
2.77

vCN

2210

2200

2180

2200

2200

2210

N

20.06
727
17.54
5.15

14.89

14.51

5.29

14.27

20.34
25.46

vC=C

1610

1610

1610

1580
1610
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6,6-Dicyanofulvene Derivatives.

The 6,6-dicyanofulvene derivatives 6 may be regarded
as the dicyanomethylene analogues of the well-known te-
trasubstituted cyclopentadienones 7. Tetraaryl cyclopen-
tadienones 7 are well known to be deeply colored [16]. We
reasoned that the replacement of the carbonyl group of cy-
clopentadienone 7 by a dicyanomethylidene group should
result in a significant bathochromic shift, and compounds

6 should be highly colored. Indeed, 2,3,4,5-tetraphenyl-
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6,6-dicyanofulvene (6, R = Ph) has been reported to form
green crystals [17], but the only known preparation (in
16% yield) was by the reaction of the organic molybdenum
complex (NC),C=C(C)Mo(CO);CcHs with diphenyl-
acetylene in boiling benzene. The **C nmr spectrum of 6
(R = Ph) has been studied [18]. In contrast with the dif-
ficult preparation published for the 6,6-dicyanofulvene 6,
the corresponding dicyanchepta- and dicyanotriafulvenes
were reported to be rather easily synthesized from malono-
nitrile with tropylium or with cyclopropenium systems, re-
spectively [19,20]. Fluorenones substituted with a nitro
group were also reported to condensed with malononitrile
to give the expected dicyanomethylidene derivatives [21].
Unsubstituted 9-fluorenylidenemalononitrile was pre-
pared by the reaction of its tetrachlorocatechol ketal with
malononitrile [22].

Our attempts to convert 2,3,4,5-tetraarylcyclopentadien-

Table III

Carbon NMR Spectral Data of 1-Substituted Isatins 4 and Dicyanomethylidene Analogs §

(A): ethanol, (B): acetone; * containing one mole of crystallization water.

No. C2 c3 C4 C5 C6 (og) Cc8 C9 Clo CN CN R

5a 163.6 1464 1504 137.8 111.6 1257 1229 1185 1229 1129 1067

4b 158.1 183.2 1513 1384 1099 1250 1237 1172 26.0

5b 1629 147.0 147.1 137.6 1105 1254 1233 1179 1323 1129 1067 26.2

4c 157.7 183.1 1506 1384 1099 1247 1232 1170 413 201 10.9

5c 1623 146.5 1495 137.7 1106 1256 1233 1180 130.6 1113 1067 40.1 207 11.3

4d 1575 183.0 1504 138.0 109.8 1244 1229 11638 39.5 307 266 259 219 134

5d 162.4 146.6 149.6 137.8 1107 1257 1234 1181 1129 1084 398 309 257 259 22.0 139

4e 158.1 183.1 150.6 1383 1109 1252 1237 1175 1274 1344 1323 1280 111.8 439

Se 162.5 146.0 1495 137.4 1109 1256 1235 1182 1129 1114 1346 1312 1285 1266 442

4f 158.0 183.2 149.5 137.6 1120 1245 1229 126.7 133.9 1285 1274 1266 49.6

5f 1624 1454 149.6 1372 111.8 1257 1232 1184 1129 106.7 1’_1333 1286 1275 1263 494

4g 159.1 1875 147.6 1373 1105 1245 1234 1185 1283 1111;711 131.1  127.8 1245 1193

5g 162.8 145.1 148.1 137.6 1105 1245 1243 118.0 111.6 1109 1233 lggg 128.1 1245 119.1

110.2 505
Table IV
Preparation of Dicyanofulvene Derivatives
heating yield crystals mp Calcd. Found

No. time (h) % (solvent) (§(®)] C H N Formula C H N

9 6 61 violet (A) 118-120 66.82 278 6.50 C,4H;,N,0,Cl, 6645  3.11 6.60
10 7 55 red (A) 110-112 74.83  3.80 6.23 C,5H;sN,0C1 7462 4.14 6.39
11 24 57 green (B) 132-135 75.70 3.84 9.48 C,gH,5sN30, 7528  4.08 9.09
12 5 59 red (A) 98-101 76.87 3.88 8.96 Conlzdez 7649 373 9.12
13 5 40 red (B) 102-105 73.41 3.29 6.59 CyH 14N, Cl, 7341  3.59 6.90
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ones 7 into the corresponding 6,6-dicyanofulvene deriva-
tives 6, by condensation directly with malononitrile, failed
under various conditions. However, 2-dicyanomethyli-
dene-1,3-diphenylpropane 8 was found to be a good pre-
cursor for the synthesis of just such 6,6-dicyanofulvene de-
rivatives 6. Condensation of 1,3-diphenylacetone with mal-
ononitrile catalyzed by ammonium acetate and acetic acid
gave the required intermediate 8 in 65% yield. Reaction
of 2-dicyanomethylidene-1,3-diphenylpropane 8 with tetra-
chloro-1,4-benzoquinone in dimethylformamide, in the
presence of tributylamine as base, afforded the violet crys-
talline derivative 9 in 61 % yield. Similarly, the reaction of
8 with 2,3-dichloro-1,4-naphthoquinone gave the tetrasub-
stituted 6,6-dicyanofulvene derivative 10. The structure of
this product is similar to that from the model reaction of
2,3-dichloro-1,4-naphthoquinone with 1,3-diphenylacetone
(Scheme 2 compound 14). The reaction of 8 with 3,4-di-
chloromaleimide afforded compound 11.

The regiochemistry of the reactions of 8 to form 9-11
deserves comment. We believe that, in each case, the init-
ial reaction involves chloride displacement by the anion of
8: the ring is then closed to give 9 and 11 by the displace-
ment of a second chloride. However in the formation of 10,
the ring closes by attack at the carbonyl group, probably
because this gives the angular (rather than the linear) tri-
cyclic system. The '*C nmr spectra would have allowed
confirmation of these conclusions due to the symmetry of
9 and 11; unfortunately, none of these products was
sufficiently soluble to enable this.

Compound 8 also reacted with bis-acyl chlorides, thus
2,5-diphenyl-3,4-dihydroxyl-6,6-dicyanofulvene 12 was ob-
tained from the reaction with oxalyl chloride, and the hep-
tafulvene derivative with two chlorine atoms 13 was pro-
duced by condensation with phthaloyl chloride. The at-
tempted condensation of 8 with a-diketones was unsuc-
cessful. Structures were assigned on the basis of the analy-
tical data. A compound of type 12 with chlorine in place of
hydroxyl is a possible precursor to 12. These chlorine
atoms are expected to be more easily hydrolysed than
those in 13 which possess an aromatic seven-membered
ring.

Table V

Spectral Data of Dicyanofulvene Derivatives

No. visible A (¢) 'H NMR
(dimethyl sulfoxide-dg, TMS, 8)

vCN vC=C vC=C

A. R. Katritzky, W.-Q. Fan, D.-S. Liang and Q.-L. Li

9 536 (21900) 7.50-7.30 (m) 2180 1630 1590
10 522 (8800) 7.65-7.30 (m) 2190 1580
11 609 (9500) 7.20-7.50 (m) 2180 1630 1590
12 508 (4000) 7.30 (m, 10H), 3.70 (s, 2H) 2190 1650 1620
13 526 (6600) 8.00-7.50 (m, 14H), 2.70 (s,2H) 2200 1630 1590
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The properties and the elemental analyses of the new di-
cyanofulvene derivatives 9-13 are summarized in Table
IV, and characteristic features of their spectra are given in
Table 5. The presence of cyano groups in the products was
clearly indicated by the absorption at 2180-2200 cm™ in
their infrared spectra. The visible spectra of these di-
cyanofulvene derivatives 9-13 were measured in ethanol;
they form red solutions (absorbtion maxima around 520
nm), except for 11 which absorbs at 609 nm. However, the
extinction coefficients are not very intense.

EXPERIMENTAL

Melting points of the products were measured by a Thomas
Hoover Capillary Melting Point Apparatus and are uncorrected.
The ir spectra were recorded on a Perkin-Elmer 283 B. The 'H
nmr spectra were obtained with a Varian EM 360 L using tetra-
methylsilane as an internal standard, and "*C nmr with JEOL
JNM FX 100 spectrometer. Visible spectra were measured on a
Perkin-Elmer 330 spectrophotometer. Elemental analyses were
carried out under the supervision of Dr. R. King of this Depart-
ment. 1{Chloromethyl)benzotriazole is prepared by the literature
method [23], mp 134-136° (lit [23] mp 136°).

1-Alkylisatins, General Procedure.

Sodium hydride (25 mmoles) was added to isatin (20 mmoles) in
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dimethylformamide with stirring, the solution turned dark violet
and the stirring was continued for 30 minutes. Then the appro-
priate alkyl halide (20 mmoles) was added and the reaction mix-
tue was stirred at 25° for 10-20 hours until the color changed to
orange. The whole was poured into cool water and extracted with
chloroform (in a few cases, separated by filtration), and the ex-
tract was dried with magnesium sulfate. Evaporation of solvent
gave the crude product, which was recrystallized from ethanol to
give orange l-alkylisatins (for details see Table I).

1-Alkyl-3-dicyanomethyleneindol-2-ones, General Procedure.

The l-alkylisatin (10 mmoles) was dissolved in 20 ml of
dimethyl sulfoxide and malononitrile (0.66 g, 10 mmoles) was
added with stirring. The reaction mixture was stirred at 60° for 2
to 10 hours. After cooling, the reaction solution was poured into
ice-water, the resulting solid was collected by filtration and
recrystallized from ethanol to give the red or purple products (for
details see Table I).

2-Dicyanomethylidene-1,3-diphenylpropane 8.

A mixture of 1,3-diphenylacetone (5.25 g, 25 mmoles), malono-
nitrile (2.00 g, 30 mmoles), glacial acetic acid (30 ml) and am-
monium acetate (5 g) in benzene (200 ml) was refluxed for 2 days,
the water formed during the reaction was removed azeotropically
by means of a Dean-Stark trap. Then the mixture was washed
with water, extracted with ether. Evaporation of the solvent gave
the crude product which was purified by column chromatography
(silica gel/chloroform-cyclohexane 2:3) (65%), mp 49-51°; 'H nmr
(deuteriated chloroform): 7.0-7.5 (m, 10H, Ph-H), and 3.80 (s, 4H,
CH,); **C nmr: 180.6, 134.2, 128.9, 128.0, 112.0, 86.6, and 40.3; ir
(bromoform): 2210 (CN), and 1590 (C=C) cm™.

Anal. Caled. for CH, )N,: C, 83.71; H, 5.43; N, 10.85. Found:
C, 83.31; H, 5.44; N, 10.61.

6,6-Dicyanofulvene Derivatives, General Procedure.

The reaction mixture of 5 mmoles of 8, 5 mmoles (2.5 mmoles
for tetrachlorobenzoquinone) of corresponding subtrates with ac-
tive chlorine and 10 mmoles of tributylamine in dimethylformide
(20 ml) was stirred at 50° for 4-10 hours. Addition of ether and
filtration afforded a deep colored solid which on recrystallization
from ethanol gave the 6,6-dicyanofulvenes (for details see Table
v).

2H-1,3-Diphenyl-4-chloro-5-hydroxy-6,7-benzoinden-2-one 14.
Prepared as above, mp 175-177°; 'H nmr (dimethyl sulfoxide-
de): 7.60-7.25 (m); ir (bromoform): 1680 (CO), 1630 (C=C) cm™.
Anal. Caled. for C,H, ;C10,: C, 78.43; H, 3.93. Found: C, 78.32;
H, 4.30.
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