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New merocyan ine  dyes - de r iva t ives  of 1-unsubst i tuted,  1 -me thy l - ,  and 1 -pheny l -3 ,4 -  
py r ro l ine -2 ,5 -d iones  - were  synthes ized by the reac t ion  of qua te rna ry  sal ts  of 2 -me thy l -  
subst i tuted he te rocyc l ic  n i t rogen b a s e s  with the appropr ia t e  3 ,4-dihalopyrrol inedione and 
sodium benzenesul f ina te  or  with 3 -pheny lamino-4-pheny l su l fony lpyr ro l ine -2 ,5 -d iones .  
The effect  of subst i tuents  at tached to the ni t rogen a tom of 3 ,4 -d iha lo -3 ,4 -py r ro l ine -2 ,5 -  
diones on the na ture  of the products  fo rmed  by reac t ion  with aniline and sodium benzene -  
sulf inate was inves t iga ted .  

It  was recen t Iy  es tab l i shed  [i,2] that 3 ,4-d iha lo-3 ,4-d ihydrofuran  (or 3 ,4 -pyr ro l ine ) -2 ,5 -d iones  read i ly  
r eac t  with a mix tu re  of sodium benzenesulf inate  and a t e r t i a r y  a roma t i c  amine in d ime thy l fo rmamide .  The 
3 - (p -d i a lky laminoa ry l ) -4 -a ry l su l fony l  de r iva t ives  of the indicated d ihydrofuran-  or pyrro l inediones  that 
a r e  f o rmed  a re  a new c l a s s  of dyes for  synthetic  f ibe r s .  

The reac t ion  of 3 ,4 -d iha lo-3 ,4-d ihydrofuran-2 ,5-d ione ,  sodium p- toluenesulf inate ,  and 1 ,3 ,3 - t r i -  
me thy l -2 -methy lene indo l ine  under  s i m i l a r  conditions yielded a mix tu re  of blue 3 - (1 , 3 , 3 - t r ime thy l -2 -  
me thy l -6 - indo l iny l ) -4 -  (p- to ly lsu l fonyl ) -3 ,4-d ihydrofuran-2 ,5-d ione  and red  3- (1 ,3 ,3- t r imethyl -2- indol inol -  
idenemethy l ) -4 - (p - to ly l su l fony l ) -3 ,4 -d ihydrofuran-2 ,5 -d ione  [1]. The la t te r  can be ass igned to the broad 
c l a s s  of merocyan ine  dyes and is dis t inguished by the fact  that a port ion of its polymethine chromophore ,  
which contains an e lec t ronega t ive  subst i tuent ,  is included in the dihydrofurandione r ing.  Since such m e r o -  
cyanines were  he re to fo re  unknown, it s e em ed  of in t e re s t  to us to synthes ize  a number  of such dyes and in-  
ves t iga te  t h e m  by spec t roscopy .  Fo r  this ,  we p r e p a r e d  3 ,4 -pyr ro l ine -2 ,5 -d iones  of genera l  s t r u c t u r e s  
VII - IX.  Dyes with 3-n-butylbenzothiazole  and 1-e thyl -3 ,3-d imethyl indolenine  res idues  (Z) we re  obtained 
by the react ion  of a mix tu re  of the appropr ia t e  3 ,4 -d ib romo (or d ich ioro)pyr ro l ine-2 ,5-d iones  (Ia,b and IIc) 
and the n-bu ty l  iodide of 2-methylbenzothiazole  or  1 -e thy l -3 ,3 -d imethy l -2 -methy lene indo len ine  and sodium 
benzenesulf inate  in d ime thy l fo rmamide  (method B, see  [1]). 
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O//k~-).%o,. a R=H:b R=CH3;C R=Ph: I. IV X=Br; |I.V X=CI; 
H VII Z = 3-n-butyl -2-benzothiazol inyl idene ; VIII Z = 

Vl 1-ethyl-3,3-dimethyl-2-indolinylidene ; IX Z = 1- 
ethyl-I, 2- dihydro- 2-pyridylidene 

~ - P i c o l i n e  ethiodide does not undergo this reac t ion ;  the p y r i d o - 2 - m e r o c y a n i n e s  (IXa,c) we re  t h e r e -  
fore  obtained by heating the indicated qua te rna ry  sal t  with 3 -pheny lamino-4 -pheny l su l fony l -3 ,4 -py r ro l ine -  
2,5-dione (IIIa) and i ts  1-phenyl  der iva t ive  (iIIc) {method A, usual ly  employed for  the synthes is  of poly-  
methine  dyes) .  
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The s ta r t ing  dihalopyrrol inediones  were  obtained by 
known methods:  3 , 4 -d ib romo-3 , 4 -py r ro l i ne -2 , 5 -d ion e  
(Ia) was obtained by brominat ion  of succinimide at 160 ~ 
[3]; the 1 -methy l  der iva t ive  (Ib) [4] was isola ted by hea t -  
ing in acetone solution of Ia  with dimethyl  sulfate  in the 
p r e sence  of Potass ium carbona te .  

1 -Pheny l -3 ,4 -d ib romopyr ro l i ne -2 ,5 -d ione  (IIc) was 
obtained by heating d ich loromale ic  anhydride with aniline 
in acet ic  acid [5]; the format ion  of a m o r e  soluble side 
p r o d u c t -  1 - p h e n y l - 3 - p h e n y l a m i n o - 4 - c h l o r o - 3 , 4 - p y r r o l -  
ine-2 ,5-dione  (Vc), the s t ruc tu re  of which was conf i rmed  
by a l te rna t ive  synthes is  f rom IIc and aniline - was ob-  
s e rved  in the p r o c e s s .  

The 3 -pheny lamino-4 -pheny l su l fony l -3 ,4 -pyr ro l ine -  
2,5-dione ([Ha) n e c e s s a r y  for  the synthes is  of m e r o c y a n -  
ines by  method A was obtained by heating a mix tu re  of d i -  
b r o m o p y r r o l i n e - 2 , 5 - d i o n e  (Ia) sodium benzenesulf inate ,  
and anil ine in methanol  (75% yield} and, judging f rom the 
absorpt ion  s p e c t r u m  and e l e m e n t a r y  ana lys i s ,  was a pure  
subs tance  (kmax 370 nm).  At the s ame  t ime,  the f o r m a -  
tion of significant  amounts  of the. cor responding  3-phenyl -  
amino -4 -ha lo  de r iva t ives  (IVb and Vc), the s t r u c t u r e s  of 
which were  conf i rmed  by a l te rna t ive  synthes is  and c o m -  
par i son  of the mel t ing  points and absorpt ion spec t r a ,  was 
obse rved  in the p repara t ion  of 1 -methy l  and 1-phenyl 
de r iva t ives  GIIb and IIIc) .  The yie lds  of IIIb and IIIc we re  

only 17.5% (Area x 380 nm) .  

In o rde r  to i nc r ea se  the yields of in te rmedia tes  
II[b and IIIc,  this reac t ion  was inves t igated in g r e a t e r  de-  
ta i l .  I t  was found that  r e p l a c e m e n t  of the second halogen 
a tom in IVb and Vc by a phenylsulfonyl group or an ani l -  
ine res idue  does not occur ,  which is in ag reemen t  with 
the r e su l t s  in [1,3]. This  is poss ib ly  explained by the de -  
act ivat ing effect  of a phenylamino group in the 3 posit ion.  
In addition, 3 ,4 -d ibromopyrro l ined ione  read i ly  en te r s  in-  
to the reac t ion  on heating with sodium benzenesulf inate  
in methanol .  The subs tance  obtained (according to e l e -  
m e n t a r y  analysis)  was the sodium sa l t  of s t ruc tu re  VI. 
The introduction of a phenylsulfonyl group probably  
ac t iva tes  the adjacent  halogen a tom to such an extent that 
i t  is hydro lyzed  (see [6]). 

Although the r ea sons  for  the format ion  of the side 
products  in the synthes is  of IHb and HIc, in con t r a s t  to 
IIIa,  a r e  s t i l l  not  suff icient ly c l e a r ,  it can neve r the l e s s  
be a s sumed  that the react ion  of 3 , 4 -d ib romopyr ro l i ne -  
dione with aniline and sodium benzenesulf inate  ini t ial ly 
gives  3 -b romo-4-pheny l su l fony l  de r iva t ive  (see [1]), the 
act ivated halogen a tom of which is then read i ly  rep laced  
by a phenylamino group to f o r m  IIIa .  At the s a m e  t ime,  
in the case  of 1-subs t i tu ted  pyr ro l inediones  (Ib and IIc),  
3 -pheny lamino -4 -ha lo -  and 3 -ha lo -4 -pheny l su l fony l -3 ,4 -  
py r ro l ine -2 ,5 -d iones  a r e  fo rmed  in the f i r s t  s tage of the 
reac t ion .  M o r e o v e r , b e c a u s e  of deact ivat ion of the halogen 
a tom,  as indicated above,  the f o r m e r  r e m a i n s  unchanged in 
the reac t ion  mix tu re ,  while the l a t t e r  is conver ted  to 3-phenyl -  
amino-4-phenylsulfonylpyrrolinediones aim and IIIc) .  
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EXPERIMENTAL 

l-Phenyl-3,4-dichloro-3,4-pyrroline-2,5-dione (IIc). A mixture of 1.67 g (0.01 mole) of dichloro- 
maleic anhydride, 0.93 g (0.01 mole) of aniline, and I0 ml of glacial acetic acid was heated for 15 rain on a 
boiling-water bath. The resulting yellow precipitate (2.25 g) was removed by filtration after 2 h, washed 
with water, and dried to give a product with mp 178-198 ~ . Washing with boiling alcohol (three 5-ml portions) 
and crystallization from benzene gave 1.8 g (75%) of shiny, colorless platelets of Tic with mp 205-207 ~ (208- 
210 ~ [5]). The solid that was isolated from the wash alcohol was removed by filtration and crystallized 
twice from alcohol to give 0.i g of Vc, which was identical to an authentic sample. 

1-Phenyl-3-phenylamino-4-chloro-3,4-pyrroline-2,5-dione (Vc, see [6,7]). Aniline [0.18 g (0.002 
mole)] was added to a boiling solution of 0.24 g (0.001 moie) of Ilc in 20 ml of methanol, and the mixture 
was ref!uxed for 20 rain and cooled. The resulting precipitate was removed by filtration, washed with al- 
cohol, and crystallized from alcohol to give 0.2 g (66%) of yellow needles with mp 189-191 ~ kmax 396 nm, 
and loga 4.32. Found: C1 11.9%. CI6HIICIN202. Calculated: CI 11.9%. 

l-Methyl-3-phenylamino-4-bromo-3,4-pyrroline-2,5-dione (IVb). This compound was similarly ob- 
tained from Ib in 78% yield as yellow needles from alcohol with mp 182-183 ~ kmax 396 nm and loge 4.36. 
Found: Br 28.6%. C11HgBrN202. Calculated: Br 28.4%. 

3-Phenylamino-4-phenylsulfonyl-3,4-pyrroline-2,5-dione (IIIa). Aniline [0.93 g (0.01 mole)] and 1.27 
g (0.005 mole) of 3,4-dibromo-3,4-pyrroline-2,5-dione [3] were added to a hot suspension of 0.8 g (0.005 
mole) of sodium benzenesulfinate in 7 ml of methanol, and the mixture was refluxed for 5 rain. The yellow 
needles that developed during heating were removed by filtration, washed with alcohol, and crystallized 
from alcohol to give 1.24 g (75%) of a product with mp 225-227 ~ k max 3 70 nm, and log e 4.44. Found: N 
8.5%. C18HI2N204S. Calculated: N 8.5%. 

l-Methyl-3-phenylamino-4-phenylsulfonyl-3,4-pyrroline-2,5-dione {IIIb). Sodium benzenesulfinate 
[0.18 g (0.001 mole)] and 0.18 g (0.002 mole) of aniline were added to a boiling solution of 0.27 g (0.001 
mole) of l-methyl-3,4-dibromo-3,4-pyrroline-2,5-dione in 4 ml of methanol, and the mixture was refluxed 
for 20 rain and cooled. It was then diluted with water, and the precipitate (0.15 g with mp 160-165 ~ was re- 
moved by filtration, washed with water, and dissolved in 20 ml of benzene. The benzene solution was fil- 
tered through a layer of aluminum oxide. A yellow side product was eluted with chloroform-benzene (1 : 4), 
and HIb was eluted with chloroform-alcohol (9 : I). Evaporation of the solution in vacuo and crystallization 
of the residue from alcohol gave 0.06 g (17.5%) of yellowish plates of IIIb with mp 190-191 ~ kmax 380 nm, 
and loge 4.56. Found: N 8.0%. C17HI4N204S. Calculated: N 8.2v/c. 

The solution of yellow side products was vacuum-evaporated, and the residue was crystallized from 
alcohol to give 0.05 g (18%) of IVb with mp 178-180 ~ which was identical to the sample described above. 

l_-Phenyl-3-phenylamino-4-phenylsulfonyl-3,4-pyrroline-2,5-dione (IIIc). A total of 0.3 g of a mix- 
ture of IIIc and Vc with mp 170-190 ~ was similarly obtained from 0.24 g of l-phenyl-3,4-dichloropyrroline- 
2,5-dione. Chromatography yielded 0.I g (33%) of Vc, which was identical to the sample described above, 
and 0.07 g (17.5%) of light-yellow plates of IIIc with rnp 208-209 ~ (from alcohol), ~max 380 nm, and log 
4.63. Found: S 7.8%. C2~HI~N204S. Calculated: S 7.9%. 

Sodium Salt of 3-Hydroxy-4-phenylsulfonyl-3,4-pyrroline-2,5-dione (VI). A mixture of 0.5 g (0.002 
mole) of 3,4-dibromo-3,4-pyrroline-2,5-dione, 0.54 g (0.003 mole) of sodium benzenesulfinate, and 5 ml of 
methanol was refluxed for 30 rain. The precipitate was removed by filtration, washed with water, and 
crystallized from 10% alcohol to give 0.25 g (45%) of colorless needles of VI with mp 305-310 ~ ~max 328 
nm, and log e 4.12. Found: C 43.5; H 2.3; N 5.1; S 11.9%. CIoH6NNaOsS. Calculated: C 43.6; H 2.2; N 5.1; 
S 11.6%. 

Synthesis  of Dyes (Table 1). A) A mix tu re  of equ imolecu la r  amounts  (0.5 mmole)  of 3 -phenylamino-  
4 -pheny l su l fony l -3 ,4 -pyr ro l ine -2 ,5 -d ione ,  the qua te rnary  sal t  of the 2 -me thy l - subs t i tu t ed  he te rocyc l ic  n i t r o -  
gen base ,  and 5 ml  of pyridine ( t r iethylamine and acet ic  anhydride were  added in some cases )  was ref luxed 
for  5 rain. The mix tu re  was diluted with 10 ml  of ice water ,  and the resul t ing prec ip i ta te  was r emo v ed  by 
f i l t ra t ion and pur i f ied by c rys ta l l i za t ion  f rom alcohol or benzene or  by ch roma tog raphy  on s i l ica  gel with 
subsequent  c rys ta l l i za t ion .  
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B) Sodium benzenesulfinate (1 mmole) was added to a mixture of equimolecular amounts (1 mmole 
each) of 3,4-dihalo-3,4-pyrroline-2,5-dione, the quaternary salt of the 2-methyl-substituted heterocyclic 
nitrogen base, and 10 ml of dimethylformamide heated to 50 ~ and the mixture was heated for another 30- 
60 rain. The dye was isolated and purified as indicated above. 

The absorption spectra  of alcohol solutions of all of the compounds were measured. 
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