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solution of maleic anhydride was added to one flask. After 
15 min. the contents of both flasks were diluted to the mark 
and the rotations observed. The levopimaric acid content of 
the oleoresin, L, was calculated as a percent of resin acids 
using equation 4: 

in which CYM and 010 are the observed rotations with and with- 
out maleic anhydride, V is the volume in milliliters, W is the 
weight in grams of resin acids in sample as calculated from 

the titer, ([U]D)L and ([o]D)A are the specific rotations of 
levopimaric acid and adduct, and M A  and ML are the mo- 
lecular weights of levopimaric acid and its adduct. 
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3-Chloro-2-cyariornaleimides react with tertiary arylamines by attacking the aromatic ring to give 4-(2-cyano-3-nialcin1 i- 
clyl)arylamines, a new class of colored compounds. The same compounds can be obtained by the condensation of a dihslo- 
insleimide and a metal cyanide in the prcscnce of a tertiary arylamine. Dihalomaleic anhydrides and mucohalic acids can be 
substituted for the dihalomalcimides, and metal sulfinates can be used in place of metal cyanides to give analogous com- 
pounds. 

Tetracyanoethylene reacts with primary and 
secondary aliphatic amines and with most primary 
and some secondary aromatic amines to give N- 
tricyanovinylamines. However, the reaction of 
tctracyanoethylcne and tertiary aromatic amines 
and certain sccoiidary aromatic amines results in 
attack on the ring to give 4-tricyanovi~ylaryl- 
amines. Triryanoviiiyl chloride behaves much 
like tetracyanocthylene toward amines.2 A recent 
publication3 reported the reaction of 3-chloro-2- 
cyanomaleimide (I) with primary aromatic amines 
and a rccoridary aliphatic amine to give derivatives 
i n  which a hydrogel1 atom on the amine group 
had becn replaced by a 2-cyano-3-maleirnidyl 
rcsidw. It ha? now becn found that, like tctra- 
cayunocl hyleiic aiid tricyanovinyl chloride, 3- 
chloro-2-cyu1ion1aleimide (I) readily attacks the 

C1- C=C-CN 

o=c, ,c=o 
NH 
I 

j I + C:RH.JY(CHj)2 

-- - 

(1) B. C. McIiusick, R. E. Heckert, T .  L. Cairns, D. L). 
Coffman, and H. F. Mower, J. Am. Cheiii. SOL, 80, 2806 
( 1958). 

( 2 )  C. L. Dickinson, D. W. IVilcy, :md B. C. McKusick, 
J .  d m  Chem Soc., 82, ti132 ( l 9 G O ) .  

(3) R. H. Wiley arid S. C. Slaymaker, J .  . I / I L .  Cheiir. SOL, 
80,1385(1958). 

ring of tertiary atomatic amines to give 4-(2- 
cyano-3-maleimidyl)arylamiiies, a new class of 
colored compounds. For example, N,N-dimethyl- 
aniline and 3-chloro-2-cyanomaleimide (I) gave 
4 - ( 2  - cyano - 3 - maleiniidyl) - N,N - dimethyl- 
aniline (11), a bright red substance. N-Substituted 
3-chloro-2-cya1iomaleimides behave similarly. 

Compound I1 is identical with the product ob- 
tained by the acid hydrolysis4 of 4-(tricyanovinyl)- 
N,N-dimet,hylaniliiie (111), a dye whose structure 
was established by an unequivocal synthesis.’ 
4-(2-Cyano-3-maleimidyl)arylamines can be pre- 

pared also by the reaction of a dihalomnleimide, 
a tertiary aromatic amine, and sodium cyanide in  
a suitable solvent as illustrated in the preparation 
of 4- ( N -  phenyl- 2- cyano- 3- maleimidy1)- N,N- di- 
methylaniline (IV). Compouiids of the formula VI 
are obtained conveniently by the addition of a 

Cl-c=c-Cl 
I + NaCN +C,HsN(CHd,--t 

O A \  ,c=o 
i?l 

salt of a sulfiiiic acid to  a bolution of a tcrtiary 
aromatic amine and a dibromo- or dichloro- 
maleimidc (V) in a suitable reaction medium. 
In these examples, the first stcp in the reaction 
(4) G. N. Sausen, V. A. Engelhardt, and Itr. J. hIiddl(x- 

ton, J .  Am. Chenz. Soc., 80, 2815 (1958). 
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x-c= c -x 
RzN-CBH, + I I + R”SOZNa-+ 

R’ 
o=c, ,c=o V N 

X = C1, Br 
m 

R , N ~ = ~ - s o , H ’  x-C=C -Y 
I o=c, ,c=o o=c\ ,L=o 

” N 
R’ R 

V I  VI1  
Y = CN, SOzR” 
X = C1, Br 

is probably the replacement of one of the halogen 
atoms by a cyano or sulfonyl group, followed by 
condensation of the resulting halogen-substituted 
maleimide derivative (VII) with the tertiary aro- 
matic amine. Secondary aromatic amines, dichloro- 
maleimides, and sulfinates gave N-substitution 
reaction products. 

It has also been found that the addition of a salt 
of a sulfinic acid to a solution of dibromo-, dichloro-, 
or difluoromaleic anhydride and a tertiary aromatic 
amine results in the formation of highly colored 
compounds of the general formula VIII. The struc- 
ture of the maleic anhydride reaction product VI11 
(R = CH3, R” = p-CHZC6H4) was established by 
conversion t,o the maleimitie derivative (VI) :R = 

RzN \ / C=C-S02R”R,N \ / C=C-SO,R” 0, 
CHO ‘LOOH 

0, 1 o=c, ,c=o 
0 

VIiI IX  

CH,, R’ = CeH6, R” = p-CH3CsH4) by reaction 
with aniline. The reaction has also been extended 
successfully to the mucobromic and mucochloric 
acids to give colored compounds assigned the struc- 
ture IX. This assignment is based mainly on the 
recent study of the reaction of sodium nitrite and 
mucochloric acid.5 

The colored compounds of formulas 11, VI, VIII, 
and IX give brilliant dyeings, ranging from orange 
to magenta, on fibers of materials such as cellulose 
wrtate, polycthyleix terephthalate, and poly- 
:icrylonit,rile. The dyeirigs from corripou:ids 11, 
VI, and IX have good wash-fastness and subli- 
mation-fastness and fair light-fsstness, and they 
can be applied from a moderately acidic bath 
(pH 5-6)  without serious decomposition. The 
anhydrides (VIII) hydrolyze rapidly in aqueous dye 
baths and must bc applied from inert, media such 
as methylene chloride. 

A number of compounds other than tertiary aro- 
matic amines were condensed with 3-chloro-2- 
cyanomaleimide and dichloro-N-phenylmaleimides 
in order to obtain dyes of other shades. Phenols, 
hydrazones, and active-methylene compounds gave 
derivatives ranging in color from yellow to blue. 
Dichloromaleic anhydride and sodium p-toluene- 

(5) P. E. Fanta, R. A. Stein, and R. hl .  W. Rickett, J .  
Am. Chem. SOC., 80,4577 (1958). 

-.__ -. 

sulfinate reacted with l,l-bis(4-dimethylarnino- 
pheny1)ethylene to give a blue compound (XI, 
but reacted with 1,3,3-trimethyl-2-methyleneindo- 
line to give two compounds, one blue and the other 

(p-(HsC)ZNCgH,)2--==H-C-- zCsH4CHa-p 
I TSO o=c, ,c=o 

0 ., 
A 

red. The blue product was assigned the structure 
X I  and the red material was assigned the structure 
XI1 on the basis of spectral properties. 

CH, xi c> C H - - ~ : = ~ - S ~ ~ - C , H I - C H ~ - ~  

o=c\ ,c=o 
I 0 
CH, 

XI1 

Thc &cyano- and 2-arenesulfonyl-3-malcinlicleP 
absorb a t  somewhat longer wave lcngths !hart 
corresponding 4-tr.icyanovinylarylamines. However, 
the tricyanovinylarylamines have molecular es- 
tinction coefficients nearly twice those of thc 
maleimides. The arenesulfonyl-substituted maleic 
anhydrides have visible spectra very similar to 
the corresponding maleimides, especially when the 
maleimide structure is substituted on the nitrogen 
atom. 

 EXPERIMENTAL^ 
Preparation of 4-( 2-cyano-3-nialeimidy1)arylatnines and 

related colored compounds. (Table I.). A. Condemation of S- 
chloro-2-cyanomaleimide and color-former. A solution of 0.01 
mole of 3-chloro-2-cyanomaleimide3 and 0.01 mole of color- 
former in 25 ml. of a solvent was stirred a t  25-40’ for 1-3 hr. 
Suitable solvents included ethyl acetate, acetonitrile, di- 
rriethylformamide, and dimethylsulfoxide. If the maleimide 
dye crystallized, i t  was recovered by filtration and recrys- 
tallized. Otherwise, the reaction mixture was diluted with 
ice water, the precipitate was collected by filtration, washed 
with water, 2nd crystallized. Spccific cxamples are shown 
below. 
U. Corkdensalton of a dihalomaleimide or dihalomaleic an- 

hydride with a color-former and a metal cyanide or suljinate. 
Finely powdered sodium cyanide or sulfinatc (0.01 mole) 
was added to  a mechanically stirred suspension or solution 
of 0.01 mole of dihalomaleimide or dihalomaleic anhydride 
and 0.01 niole of color-former in 15-20 ml. of dimethyl 
formamidc. The addition required about 5-10 min. and the 
stirring was continued ai 15-35’ for an additional 10-30 
min. To isolate the reaction product, the reaction mixture 
was diluted with about 10 volumes of ice and water. When 
the product separated as a solid from the aqueous mixture, 
i t  was collected by filtration and washed with water. If a 
gummy nialeimida reaction product separated, i t  often could 

(6) Melting points are not corrected. 
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TABLE I 
PltuI~lGRTIES OF 4-(2-CYANO-3-MALEIMIDYL)ARYLAMINES A N D  RELATED COLORED COMPOUNDS O F  FOEMULA 

X Y 
Prepn. Yield, 

z Method" % M.P. 

4-(NCCHzCH2)2NC&- NH CN A 61 296-298 

" CN A 45 226-228 

NH 

NH 

N-C~HS 
N-CaHs 
N-CsHs 
N-CsHs 
N-CsKC1-4 
N-CcH4COOEt4 
N-C&-SOzNHp-4 
N-NHO&CaH&Hr4 
N-C,HsC1-2-COOMe-5 

N-CrHa 

CN A 

A 

B 
B 
B 
B 
B 
B 
B 
B 
13 

13 

47 

91 

11 
10 
7 

21 
16 
20 
29 
37 
15 

37 

263 

222-224 
193-195 
183-185 
195-196 
198-200 
128-130 
209-21 1 
205-207 
128-130 

167-169 

( 4 h l e ~ N C ~ € I , )  &=CH- N-CbH, SOzCrHi B 62 105-197 

C6HsNMc N-CsHa SOzCsH4CHr4 B 79 207-209 
4-MezNCsH4- 0 S0;CHr C 71 165-166 
4-hh3zNc&-- 0 SOtCIHs C 49 153-155 
4-hIezXCaH4- 0 SOzC4Ho-n C 57 139-141 
&hfe*Nc&-- 0 SOzCHzCsIIs C 16 173-1 74 
4-hl~ZNC~€€d-- 0 SO&sH4Cl-4 C 27 183-185 

'~-?dczxc6H4-- 0 SO&sH&N-2 C 17 232-23;1 
~ - > I C ~ J C ~ H ~ -  0 SOzCsH4NHAc-4 C 41 206-207 
LhTeZNC8H4- 0 SO*Cr,H4NOy4 C 10 213-211 

C&N Me- N-CaHr SO;CHa B 73 188-189 

(4-hi cJJC~H~)&=CH- 0 SOzCsHdC1-4 C 28 200-2 10 

A, condensation of 3-chloro-2-cyanomaleimide and color-former; B, Condensation of dichloromaleimide, color-forrner, arid 
Cont:iins 1 milfinate salt; C, Condensation of dichlorornaleic anhydride, color-former and sulfinate salt. b In acetone. 

CII,COOH of crystallization. Contxins I .5 CHIOH of crystallization. 

bc induced to crystallize by trituration with rncthanol. How- 
cwr  this technique could not be used with the maleic anhy- 
dride drrivatives as they were rapidly converted to the light 
yellow methyl hydrogen maleate derivatives. In either 
cnsc, the moist filter cake was dissolved in methylene chlo- 
ride and the solution was dried with anhydrous magnesium 
sulfate. The filtrate was concentrated and ether or methanol 
wts added to induce crystallization. Specific examples are 
given below. 

Q-(d-Cyano-3-maleimidyl)-N,N-dimethylaniline (11). A. 
From 3-chloro-6cyanomaleimide. A solution of 1.56 g. of 3- 
chloro-2-cyanomalcirnide' and 1.24 g. of N,N-dimethyl- 
aniline in 25 ml. of ethyl acetate was stirred for 2 hr. and 
the red crystalline product was collected. The yield was 
1.82 g. (74%). Crystallization from glacial acetic acid gave 
1.8 g. (74'3,) of purple crystals, m.p. .308-310°; A::?' 518 
mp ( e  27,300). 

Anal. Calcd. for Cl8Hll?u'sOZ: C, 64.72; 11, 4.60; N, 17.42. 
Found: C, 64.76; €I, 4.62; N, 17.53. 

B. From 4-(Lric~anovin~l)-N,N-dintelhylaniline. A solution 
of 4.0 g. of ' 4-( tricyanoviny1)-N,N-dimethylanilinel i n  35 
ml. of concd. hydrochloric acid was stirred a t  room tempera- 
ture for 1 day. The reaction mixture was poured over ice 
and I1 waa collected, washed with water, and crystallized 
from acetic acid. The compound melted a t  308-310", alonc 
or in admixture with a sample of the compound obtained 
from 3-chlor~2-cyanomaleimide and N,N-dimcthylaniline; 

Anal. Calcd. for Cl3HllK3O2: C, 64.72; 11, 4.60; N, 17.42. 
Found: C, 65.17; H, 4.68; N, 17.48. 

4-( &Cyano-N-phenyl-3-ma&imidyl)-N,N-diniefhylanilzne 
(IV). A mechanically stirred solution of 7.26 g. of dichloro- 
N-phcnylmaleimide in 55 ml. of dimcthylformamide and 7 
g. of N,N-dimethylauiline was heated on a steam bath and 

Arthsnol 518 rnp ( e  28,600). 



JUNE 1961 4-(2-CYANO-3-&lALEI?IDYL).~I~YL.4~~IXES 

TABLE I (Conlinued) 

HOAc 408b 105 Ci,HioN& 

HOAC 562b 248 CiaHioN,O* 

CHIClt-ether 
CH&l*ther 
CHzClrMeOH 
CHZClrMeOH 
CH&lZ-ether 
CHzCIz-et her 
CH&lt-ether 
CHtClZ-MeOH 
CHICh-MeOH 

538 235 
537 225 
545 233 
548 244 
545 240 
548 248 
552 226 
557 256 
515 225 

CH&I,-ether 
CHZClz-ether 
CH&-MeOH 
CH2Cl2-ether 
CH&!ether 
CHICIS-ether 
CHdX-ether 
CH2Clz-ether 
CH,Clz-ether 
CH2CIz-ether 
CH,Cl+ther 
CHpClz-ethcr 

597 
395 
400 
546 
547 
546 
553 
555 
636 
536 
552 
565 

264 
59 
65 

295 
292 
295 
290 
318 
475 
338 
308 
336 

63.95 64 81 4.08 4 00 N 21.94 21.53 

61.23 61.59 3.40 3.15 

59.15 58.93 4.12 4.09 N 19.18 18.57 

62.75 62.87 3 .27  3.64 N 18.30 17.71 

61.59 
62.46 
67.22 
G1.71 
62.41 
64.84 
57.10 
57.87 
GO. 24 

61.36 
62.65 
67.12 
61.23 
62.46 
64.91 
57.21 
58.29 
60.57 

4.90 4.96 N 
5.25 5 .38  N 
4 .97  5 .00  s 
4.10 4.18 C1 
4.39 4.40 s 
5.06 5.31 S 
4.41 4.75 s 
4.67 4.04 S 
4.17 4.42 CI 

7 . 5 i  
7 29 
7.19 
7.GO 
6.G7 
6.10 

12.21 
11.88 
6.14 

7 . i O  
7 .2s  
6.95 
7 .22  
6.73 
6.  11 

12.05 
11.75 
5 . N  

62.49 62.41 4.97 4 .85  8 5.86 5.9.1 

68.01 
60.64 
66.63 
52.85 
54.33 
56.93 
61.43 
55.15 
62.60 
59.65 
57.94 
53.70 

67.86 
60.63 
66.81 
52.97 
53.92 
57.23 
61.05 
55.44 
62.62 
59.73 
57.78 
53.88 

5.90 
4.52 
4.66 
4.44 
4.89 
5.68 
4.62 
3.59 
4.70 
3.69 
4.38 
3.51 

6.29 N 
4.76 8 
4.74 s 
4.44 s 
5.00 s 
5 .55  s 
4.70 s 
3.68  C1 
4.75 c 1  
3.67 N 
4.31 N 
3.72 N 

7.94 
9.00 
7.43 

10.86 
10.37 
9.51 
8.G3 
9.05 
6.61 
7.33 
6.76 
6 .07  

7.  G!) 
8 .91  
7.30 

10.86 
10.31 
9.52 
8.45 
9.05 
6.92 
7.59 
6.77 
6 46 

1.0 g. of findy powdered sodium cyanide was added during 
the course of 5 min. The reaction mixture was stirrcd and 
heated for an additional 35 min. The reaction mixture wils 
dilutcd with ice and pctrolcum cthcr (b.p. 30-60") and thc 
precipitate was collcctcd and wnshcd with water and pc- 
troleum ether. The filter cake was dissolvcd in mcthylenc 
chloride, the solution was dried with anhydrous magnesium 
sulfatc, the filtrate was concentrated to a small volumc, arid 
anhydrous cther was added. The crystalline matcrial was 
collected and recrystallized two additional times as prc- 
viouslv described from methvlcne chloride-ether. The vield 
of purple powder, m.p. 223-225', was 0.5 g. (16%); e;"' 
545 mp ( e  29,000). 

Anal. Calcd. for C10H16N302: C, 71.80; H, 4.77; N, 13.25. 
Found: C, 72.28; H,  5.09; N, 13.72. 

4-(2-( ~-Toluenes~tlfon~/l  )-N-pheni~l-3-maleimid~~l)-N,~- 
dirnelh ylaniline. .4. From dichloro-12'-phenylinaleii/lide. Finclj 

powdered anhydrous sotliuin p-tolumcsulfinntc (1.8 g.) \vas 
added in small portions to a stirrcd suspcnsiorl of 2.4 g. of 
dichloro-i~-~~ht~rt?.]lnnleiniitlc i n  15 ml. of t l i i ~ ~ c ~ t l i ~ l f o r r n o i n i ~ ~ r  
and 2.4 g. of ,2',N-dimcthq.laiiilinc,. Aftcr stirring :it 25- 
35" for 10 min., thc rcaction mixture m:~s diluted with 
pctrolcum ethcr arid icc watcr nntl the gummy prccipitatc 
wm collcctcvl. Thc gummy rrnctioii product, was stirrcd 
with a smdl  itniount of mcthanol wlicrcripon n cr).st;illinc: 
matcrial w:ts ohtaincd. Crj~stnllization from mc~tliylcilc~ 
chloride-ether gave 3.2 g. ( i l  74,) of glistc'iiing cn~riisl i-  
black platcis, m.p. 198--200°; X ~ , ~ J " ' '  5-11 nlp ( C  23.G00). 

Anal. Calctl. for CSJT&,O,S: C, 67.23; 11, 4 . 5 ;  S, 6.28. 
Found: C, 67.20; H, 5.17; N, 6.513. 

R. From dibronic-N-phenylmaleimide. The condciisation 
of 0.33 g. of dibromo-N-phenylmaleimidc, 1 g. of N,iL'-di- 
mcthylanilinc, and 0.2 p. of sodiiim p-tolucnc!siilfinntc i n  5 
rnl. of diinclhylforiiiaiiii~c \vas carricd out csscntially as 
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described in the above preparation. The yield of glistening, 
greenish-black plates, m.p. 198-200', alone or in admixture 
with the above sample, w&s 0.25 g. (56%); A ~ ~ c ' z  541 mp 
(C 23,600). 

C. F r o m  2-(4-dimethylaminophenyl)-S-(4-toluenesulfonyl)- 
maleic anhydride. Five grams of aniline was added to 0.19 g. 
of 2- (4 dimethylaminopheny1)- 3- (4toluenesulfonyl)maleic 
anhydride and the resulting mixture was stirred a t  room 
temperature for 5 min. The color of the reaction mixture 
changed from deep purple to liglit brown during this period, 
probably as a result of the formation of the maleanilic acid. 
The excess aniline was distilled from the reaction mixture 
a t  1 mm. with a bath temperature of 75'. The resulting deep 
purple solid was dissolved in 20 ml. of glacial acetic acid and 
the resulting deep magenta solution was refluxed for 5 min. 
The acetic acid waa removed by distillation under reduced 
pressure from a bath at 60' and the crystalline residue was 
stirred with cold water. Crystallization from methylene 
chloride-ether gave 0.2 g. (90%) of 4-(2-(4-toluenesulfonyl)- 
N-phenyl-3-maleirnidyl)-N,N-dimethylaniline as glistening 
greenish-black crystals, m.p. 198-200°, alone or in admixture 
with a sample of the compound obtained from dich1oro-N- 
phenylmaleimide, N,N-dimethylaniline, and sodium p -  
toluenesulfinate; A~:~cl' 541 mp (C 23,300). 

l,l-Bis(~-dimethylaminophenyl)-2-( 2-methanesulfonyl-N- 
phenyl-3-maleimidyljethylene. Sodium methanesulfinate (1.2 
g.) was added to a mechanically stirred solution of 1.2 g. of 
dichloro-N-phenylmaleimide and 1.3 g. of l,l-bis(4-di- 
methylaminopheny1)ethylene in 10 ml. of dimethylforma- 
mide. After stirring for 5 min. a t  25-30", the deep blue 
reaction mixture was diluted with water and ice. The crys- 
talline product was collected, washed, and dried. Two re- 
crvstallizations from methvlene chloride-ether gave 1.3 
g."(51%) of deep purple, felt-like needles, m.p. 66-198'; 
A%:'" 595 mp ( e  26,600). 

A n a l .  Calcd. for CzsHzsNaO,S: C, 67.53; H, 5.67; S, 6.22. 
Found: C, 67.78; H, 5.78: S, 6.04. 

2-( 4-Dimethylaminophenyl) 3-( 4-toluenesulfmyl) maleic 
anhydride. A. F r o m  dichloromaleic anhydride.? A solution 
of 5.0 g. of dichloromaleic anhydride in 30 ml. of dimethyl- 
formamide was cooled to 15' and 7.2 g. of N,N-dimethyl- 
aniline was added. Finely powdered anhydrous sodium p -  
toluenesulfinate (5:4 g.) was added in small portions with 
stirring a t  20-25' during the course of 2 min. Stirring was 
continued for an additional 5 min. during which time the 
reaction product separated in crystalline form. The reaction 
mixture was diluted with water and petroleum ether, and 
the crystals filtered off. The filter cake was washed with cold 
water and then petroleum ether. The crude product was 
dissolved in methylene chloride, the methylene chloride 
solution was dried with anhydrous magnesium sulfate, con- 
centrated to a small volume, and anhydrous ether added. 
The compound crystallized almost immediately in the form 
of black needles. After cooling, the needles were collected, 
washed with ether, and, after drying, Weighed 8 g. (72%), 
m.p. 182-184'; X::zC1'552mp (~30,800). 

A n a l ,  Calcd. for ClsHIlNOsS: C, 61.43; H, 4.62; N, 3.77. 
Found: C, 61.87; H, 4.80; N, 3.84. 

B. F r o m  dibromomaleic anhydride.' The condensation of 
2.56 g. of dibromomaleic anhydride, 2.4 g. of N,N-dimethyl- 
aniline, and 1.8 g. of sodium p-toluenesulfinate in 10 ml. of 
dimethylformamide essentially as described above gave 1.2 
g. (32%) of black needles, m.p. 182-184", alone or in ad- 
mixture with the above preparation. 

C. F r o m  difluoromaleic anhydride.8 The condensation of 
1.34 g. of difluoromaleic anhydride, 2.4 g. of N,N-dimethyl- 
aniline, and 1.8 g. of sodium p-toluenesulfinate essentially 
as described in the above preparation gave 0.2 g. (5%) of 
black needles, m.p. 182-184", alone or in admixture with a 

(7) A.,Salmony and H. Simonis, Bw., 38, 2583 (1905). 
(8) M. S. Raasch, R. E. Miegel, and J. E. Castle, J. Am. 

Chem. SOC., 81,2678 (1959). 

sample of the compound prepared from dichloromaleic 
anhydride. 

~,~-Bis(~-dimethylaminophenyl)-l-(~-toluen~ulfonyl)-l ,S- 
butadiene-1 ,d-dicarbozylic anhydride (X) , Sodium p-toluene- 
sulfinate (0.18 9.) was added in small portions to  a stirred 
solution of 0.27 g. of l,l-bis(4-dimethylaminophenyl)ethyl- 
ene and 0.17 g. of dichloromaleic anhydride in 10 ml. of di- 
methylformamide a t  25". After stirring for an additional 
period of 5 min., the reaction mixture was diluted with ice 
water, and the crude material was collected and crystallized 
twice from methylene chloride-ether. The yield of glistening, 
bronze crystals was 0.45 g. (87%), m.p. 208-210'; 
630 mp ( e  40,800). 

A n a l .  Calcd. for C29H28N20SS: C, 67.40; H, 5.47; N, 
5.43; S, 6.21. Found: C, 67.57; H, 5.79; N, 5.62; 8, 6.11. 

2-( 4-Toluenesuljonyl)-S-( 1 ,S,S-trimethyl-2-methylenc-5- 
indoliny1)maleic anhydride (XI). Five grams of dichloro- 
maleic anhydride and 5.3 g. of sodium p-toluenesulfinate 
were added a t  approximately equivalent rates to a stirred 
solution of 5.2 g. of 2-methylene-1,3,3-trimethylindoline in 
80 ml. of dimethylformamide at 5". The resulting deep 
brown solution was stirred a t  5' for an additional period of 
15 min. and then diluted with ice and water. The resulting 
gummy precipitate was dissolved in methylene chloride, the 
solution was dried with anhydrous magnesium sulfate and 
was concentrated to a small volume. The addition of an- 
hydrous ether precipitated nearly black crystals whereas 
the mother liquor was deep red. The crystalline material was 
collected and washed with ether. Crystallization from 
methylene chloride-ether was repeated until the mother 
liquor was free of the red compound. The yield of blue com- 
pound, m.p. 104-106', was 2.7 g. (190jo); 650 mp 
( e  25,000). The infrared spectrum showed absorption a t  
3.3 p (=CH), 5.55, 5.65 p (anhydride carbonyls), 5.95 p 
(exocyclic =CH2), 7.2, 7.3 p (gem-dimethyl) and 7.7, 8.75 p 
(sulfone). 

A n a l .  Calcd. for CZSH~INO~S: C, 65.21; H, 5.00; N, 3.31; 
S, 7.58. Found: C, 64.46; H, 5.06; N, 3.39; S, 7.23. 

2-( 4-Toluenesuljonyl) 3- [ (1  ,S,S-trimeth yl-2-indolinyl) meth yl- 
enelmaleic anhydride (XII). The reddish-blue mother liquors 
from the above preparation were treated with decolorizing 
charcoal whereupon a bright red ethereal solution of the 
second compound was obtained. The ethereal solution was 
concentrated to a small volume and cooled in a solid carbon 
dioxide-acetone mixture whereupon bright red crystals 
were obtained. Two additional crystallizations from ether 
gave 0.8 g. (6%) of bright red crystals, m.p. 110-112"; 

absorption a t  the same values as listed above expect that 
there was no absorption in the exocyclic =CH, region around 
5.95 mp. 

A n a l .  Calcd. for C~XHZ~NOOS: C, 65.21; H, 5.00; N, 3.31; 
S, 7.58. Found: C, 65.59; H, 5.40; N, 3.35; S, 7.34. 

3-Formyl-%( 4-toluenesulfonyl) -5,5-bis( 4-dimethylamino- 
phenyl)-d,4-pentadienoic acid. The condensation of 2.66 g. 
of l,l-bis(4-dimethylaminophenyl)ethylene, 2.42 g. of muco- 
bromic acid, and 1.8 g. of sodium p-toluenesulfinate in 20 ml. 
of dimethylformamide a t  50' gave 2 g. (39%) of nearly 
black powder, m.p. 115-117", A:::''* 520 mp ( e  12,400), 
after crystallization from a mixture of methylene chloride- 
ether-methanol. 

Anal. Calcd. for C~S.H~N:OSS: C, 67.14; H, 5.83; N, 5.41; 
S, 6.19. Found: C, 67.56; H, 6.11; N, 5.87; S, 5.61. 

Preparation of .  N-substituted dibromo- and dichloromalc- 
imides (Table 11). The N-substituted dibromo- and di- 
chloromaleimides can be prepared by the condensation of 
the appropriate primary amine and the dihalomaleic anhy- 
dride in an inert solvent such as ether or methylene chloride 
to give the maleamic acid followed by treatment with thionyl 
chloride to effect ring closure. However, a more convenient 
method consists in the condensation of t,he halogenated 
maleic anhydride and the primary amine in glacial acetic 
acid solution, as disclosed in a recent publications without 

XCH'C12 m.l 505 mp ( e  31,000). The infrared spectrum showed 



T.-IBLE I1 
PREPARATION OF X-SUBSTITUTED DIBROMO- A N D  DICHLOROMALEIMIDES 

Yicld, % 
75 
87 
80 
70 
85 
93 
89 
74 
69 
91 
92 
91 

94 
80 
71 
84 
82 

r- 
i l  

M.P. 

100-1 0 1 
204-206 
166-1 68 
140-142 
191-194 
2 0 6 - 2 0 8 
192-194 

196-197 
237-239 
289-290 

206-207 

> 305 

> 300 
197-200 

173-1 75 
164-166 
156-157 
121-122 

Carbon, % 
Calcd. Found 
_____ Hydrogen, % 

Calcd. Found 
~~ 

34.29 34.22 
49.59 49.96 
36.25 36.47 
48.39 48.91 
43.41 43.55 
38.60 38.79 
51.5.7 51.29 
48.54 49.06 
32.14 32.39 
46.16 46.46 
46.16 46.12 
46.16 45.96 
49.68 49.52 
37.38 37.87 
46.69 46.68 
39.39 39.24 
43.05 43.45 
49.68 50.05 

2.40 2.51 
2.13 2 26 
1.52 1 .78  
4.47 4 53 
1.46 1.87 
0.97 1.13 
2.76 2.80 
2.59 2.73 
1 .35  1.56 
1.76 1.78 
1.76 1.87 
1.76 1.93 
2.89 2.83 
1.88 2.02 
2.35 2 32 
2.41 2.68 
1.81 1.93 
2.89 2.77 

Chlorine, % 
Calcd. Found 

33.78 33.86 
29.30 29.47 
48. 315 48. 62a 
28.60 28.46 
38.49 38.07 
45.62 45.82 
28.05 27.59 
26.07 25.95 
31.66 31.25 
24.80 24.07 
24.80 24.16 
24.80 24.35 
22.58 22.58 
22.09 21.91 
27.60 27.43 
21.16 21.02 
31.81 31.55 
22.58 22.54 

a Broniinr analysis. * Malcimide structure based on infrared spectrum with carbonyl absorptions at 5.55 p and 5.75 p .  
Dichloro-N-phcnylinaleiniidc had similar infrared spectrum. 

details. The procedure used to prcpare the N-substituted 
dihs1om:ileimides consisted in the addition of 0.1 mole of 
thc aniino compound in 25-30 ml. of glacial acetic acid to 
a solrition of 0.1 mole of the dihalomaleic anhydride in 50- 
76 ml. of glacial acetic acid a t  room temperature. The tem- 
pcrature was gradually increased to reflux and the refluxing 

(!I) Imperinl Chcmical Industrics Ltd., Australia. Applica- 
tion 33,896 ( 1958). 

was continued for 15-30 min. In  most cases the N-substi- 
tuted dihalomaleimide separated in crystalline form during 
the reflux period or on cooling. Sometimes it is necessary 
to dilute the cooled reaction mixture with water to obtain the 
maleimide. All of the maleimides in Table I1 were converted 
to colored maleimide derivatives, representative examples of 
which are listed in Table I. 
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A series of N-(ring)-fluorenylmaleamic acids and maleimides is reported and some sulfhydryl addition compounds with the 
latter. Substituents with differing electron withdrawing or donor properties, i t  is speculated, might lead to compounds with 
differing biological activities. N-2-(7-Fluorofluorenyl)isomaleimide was produced in equal quantity with the normal male- 
imide in a standard cyclization procedure. No other instance of isomaleimide formation was observed. Infrared and ultraviolet 
spectral data are included and discussed. Solutions of at least some of these substances are unstable in absolute ethanol. 

N-Fluorenylmalsimides and the corresponding 
maleamic acids have not been described in the 
literature. In  a program developing many series of 
fluorene derivatives which might have interesting 
hiological properties, we have prcparpd a numbcr 
of maleimides? and maleamic acids with electron 
doiior or withdrawii ig  groups i n  various positions 
on thc moleculc. It seemed likely that such changes 
would give a series of compounds with differences, 
for example, in ease of reaction with sulfhydryl 

(1) This work was aided in part by a research grant (C- 
1744) from the National Canccr Institute, National Insti- 
tutes of Hralth. 

(2) A series of ,~-(H-flrioreiiyl)mal~~iniidcs will he dc- 
scribed shortly i l l  a scyaratc communication. 

compounds. Alteration of biological activity might 
thus result.3 

In general, procedures were standard and yields 
excellent. Typical reactions are illustrated in the 
experimental section. Table I lists products and 
analyses. N-2-(7-Fluorofluorenyl)maleamic acid was 
cyclized in the usual way to yield approximately 
equal quantitics of normal maleimide and isomale- 

(3) Upon finding that injection of a small amount of N -  
ethplmaleimide, as suggested by its in vitro effect, suppresses 
gastric secretion in the Shay rat, we tried several other 
maleimides including N-2-fluorcnylmaleimide. The latter 
was fully as depressant on a mole basis a8 N-ethylmaleimide: 
T. L. Fletcher, H. L. Buchman, A. W. Dahl, J E. Jesscph, 
and H. N. Harkiiis, J .  &fed.  Pharm. C h e r ~ ,  1, 275 L1059). 


