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The reaction of arylhydrazones of 4-arylthiosemicarbazides of aryl- 
sulfonylglyoxylic acid with w-bromoacetophenone has given aryl- 
hydrazones of N-(3-aryl-4-phenyl-2-thiazolinylidene)hydrazides of 
arylsulfonylglyoxylic acids. The reaction of ethyl p-toluenesulfonate 
with o-aminothiophenol and o-phenylenediamine in polyphosphorie 
acid has given 2-(p-tolylsulfonyl)methylbenzothiazole and 2-(p-tolyt- 
sulfonyl)methylbenzi.midazole. From 2-(p-tolylsulfonyl)methylbenzo- 
thiazole, a styryl and the corresponding carbocyanine with a substituted 
indoline have been obtained. The considerable hypsoehromic shift 
of the absorption maxima of the latter is explained by the influence 
of the voluminous electronegative group SO2R in the position a to 
the heterocyclic nuclei. 

In p r eced ing  pape r s  [1,2] we have desc r ibed  the 
syn thes i s  and p r o p e r t i e s  of va r ious  de r iva t ives  of 
a r y l h y d r a z o n e s  of ethyl a ry l su l fony lg lyoxy la tes  (I) 
and a r y l h y d r a z o n e s  of a ry l su l fony lg lyoxy l ie  hydraz ide  
(II) and i ts  de r iva t ives .  The r eac t ion  of II with a ry l  
i so th ioeyana tes  has given a ry lhyd razones  of 4 - a r y l -  
t h i o s e m i e a r b a z i d e s  of a ry lsu l fonylg lyoxyI ie  acids  (III). 

It was of i n t e r e s t  to syn thes ize  a s e r i e s  of he t e r o -  
cycl ic  compounds con ta in ing  the a ry l su l fony l  group. 
F o r  this purpose  we have s tudied the compounds III 
syn thes ized  p r e v i o u s l y  [21 , and also ethyl a ry l su l f ony l -  
ace ta tes .  

When III we re  boi led with w-bromoaee tophenone  in 
e thanol ,  a r y l h y d r a z o n e s  of N - ( 3 - a r y l - 4 - p h e n y l - 2 - t h i -  
azo l iny l idene )hydraz ides  of a ry l su l fonylg lyoxyl ie  acids 
(IV) were  obtained.  

Ar SO~CCON HNHCSNHAr" BrCH2COC6H 5 S - - E l l  
-~ - -  I II 

- - ~  ArSO~CCONH--N= C . . C - - C ~ H  s 
N - - N H A r  - ! i  N , 

III N--NHAr' ] 
I v At" 

Compounds HI and IV are  given in Tab les  1 and 2. 
They fo rm yellow c r y s t a l l i n e  subs t ances  r ead i ly  so l -  
uble in the m a j o r i t y  of o rganic  so lvents  and s l ight ly  
soluble  in e ther  and ca rbon  t e t r ach lo r ide .  They a re  
c rys t a l i zed  f rom ethanol .  

When equ imo la r  amounts  of ethyl p - to luenesu l fona te  
and o -amino th iopheno l  were  heated in polyphosphor ic  

acid,  2 - (p - to ly l su l fony l )me thy lbenzo th iazo le  (V) was 
obta ined,  and when the s a m e  e s t e r  was heated with 
o -pheny lened i amine ,  2 - (p- to ly l su l fonyl )  m e t h y l b e n z i m i -  
dazole  [3] was produced.  

P'CHaC6H4SO2CH2COOC2H s 

/S N 
p-CHaC6H,SO~CH --C ~ P-CHaC6fl~SO2CH~--~\ " ~ 

V 

It is  known that  the mobi l i ty  of the hydrogen atoms 
of the methy l  group in n i t r ogen  he t e rocyc le s  leads to 
the s i tua t ion  that  such he t e rocyc le s  condense  with 
a ldehydes  and ke tones  and undergo azo coupling and 
o ther  condensa t ions  leading to cyanine  dyes.  The 
me thy l  group exhibi ts  act ivi ty  when it i s  in the a or 
T posi t ion  of the nuc l eus  of the n i t r ogen  he t e rocyc l e ,  
i . e .  when it is in a-~ conjugat ion with the --N==C group. 
The mob i l i t y  of the hydrogen a toms of the methyl  
group r i s e s  c o n s i d e r a b l y  on pa s s i ng  f rom the base  
to a q u a t e r n a r y  sal t .  The fo rma t ion  of the ca t ionic  
charge  i n c r e a s e s  the e l ec t roph i l i c i ty  of the n i t r ogen  
atom and the reby  favors  the d rawing  off of e l e c t r o n s  
f rom the methyl  group. 

It appeared  of i n t e r e s t  to study the r e a c t i o n  of the 
me thy lene  group in compound V, where  it  is in the 
pos i t ion  c~ to the benzoth iazole  nuc leus  and is ad jacent  
to the sulfonyl  group. 

The r e a c t i o n s  of a q u a t e r n a r y  sa l t  of V with p - d i -  
me thy laminobenza ldehyde  {giving the c o r r e s p o n d i n g  
s ty ry l  VII), with 2 - f o r m y l m e t h y l e n e - 1 , 3 , 3 - t r i m e t h y l -  
indolene  (giving the ca rbocyan ine  IX) and with a r y l -  
d iazonium ch lo r ides  were  studied.  

It i s  known that  on pa s s i ng  f rom a s ty ry l  dye u n s u b -  
s t i tu ted  in the side chain to its u - m e t h y l  de r iva t i ve ,  
the long-wave  abso rp t ion  band is  ma rked ly  d i sp laced  

Table  1 

A r y l h y d r a z o n e s  of 4 - A r y l t h i o s e m i c a r b a z i d e s  of A r y l s u l f o -  
nylglyoxyl ic  Acids 

R'C6H4SO2CCON H N HCSN HCsH4R" 
IJ 
N--NHC6H4R" 

No. R R" R 

1 ~ I p-Cl p-CH~ 
2 p-C1 p-OC2Hs 
3 i p-Cl -C1 
4 i -cH  i H fi 

. N, e'e I 
Mp, �9 C Empir ical  fo rmula  found  calcu- 

I i I la ted 

i i 14.18 193 C~2HtoCINsOaS2 I 14.08; 13.95 
184 C2aH~2CINsO4S2 S 12.09; 12.13j 12.04 
192 C21HITCINsO~S2 13.39; 13,55 13.41 

i78--179 C22H2~NsO4S,., 15s 15.71 15.51 
J t 

Yield, 
% 

92 
77 
89 
96 
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Table  2 

Ary lhyd razones  of N - ( 3 - A r y l - 4 - p h e n y l - 2 - t h i a z o l i n y l i d e n e ) h y d r a z i d e s  
of Ary lsu l fonylg lyoxyl ic  Acids 

R'C6H4SO2CCON H--N = C~N.C--C6H 5 

N--N HC~H41~" I 

No. 

H 

R" 

p-C1 
p-CI 
p -C l  

p-CHa 
p-Br 
p-CHs 
p-Cl 
p-OC~H~ 

Mp, * C 

195--196 
189--190 
2231~25 
228--229 

Empirical formula 

C3oH2sNsO3S2 
C29H2sBr'NsOaS2 
C~H24CINsO3S~ 
C29H~ICI2NsOaS2 
CslH26CINsO4S~ 

N, % Yield, 
calcul--] % 

found  I la ted ! 

12.39; 12.51 12,34 68 
10.76; 10.991 11.07 87 
11.25; 11.42[ 11.63 57 
11.34; 11.45 11.25 85 
10.96; 11.07 11.08 94 

in the d i rec t ion  of the viole t  pa r t  of the spec t rum.  As 
A. I. K ip r i anova  and F. A. Mikhailenko [4] have 
shown, 

~  \ J-'% 
c 6,. 

.,>,~'/ § ~ * 
~ /  RC.H4N~_NCI- ~ .  
/ ~ - . ~  (CI13) 2 

SO~C6H-CII3"P SO C H CH -a I 

I I I 
CN 3 x- Vll CH 3 x- ix c ~  3 

~.rnax392 nm ~rna.z 502 nm 
S\  

C ::CSO~C6H4CH3_P 

j N::NC6H4R a R = p-CH 3 
CH 3 b R = p-CI 
VIII C R = p- NO 2 

the hypsochromic  shift  i s  connected with a d i s t u r ba nc e  
of the cop lanar i ty  of the molecule .  The benzoth iazole  
group ro ta t e s  about the s ingle  (p redominan t ly  single)  
bond and consequent ly  the conjugat ion and the color  
a re  weakened.  

&10" 

to 
\ , \  

GJ 

400 300 ~00 & nm 

Fig .  1. Absorp t ion  cu rves  of e thanol ic  
so lu t ions  in UV, e 5 " 10 -~ m o l e / l :  
1) phenylhydrazones  of the N - ( p - b r o m o  
phenylamidoearbothio} hydr  azide of 
phenylsu l fonylg lyoxyl ic  acid;  2) phenyl -  
hydrazone  of the N - [ 3 ' - ( p - b r o m o p h e n y ! ) -  
4 ' - p h e n y l - 2 - t h i a z o l i n y l i d e n e ] h y d r a z i d e  

of phenylsul fonylglyoxyl ie  acid.  

In the s ty ry l  VII, the re  is an SO2R group in the ce 
pos i t ion  which has a g r e a t e r  vo lume than the CH 3 group 
and causes  a g r e a t e r  d i s tu rbance  to the cop lanar i ty  
and a cons ide rab l e  d i sp l acemen t  of the m a x i m u m  to 
the sho r t -wave  reg ion  (by 133 nm) while giving a lower  
ex t inc t ion  than that  of the s ty ry l  dye unsubs t i tu ted  in 
the chain.  In th is  case ,  in addit ion to what has been 
d i s c u s s e d  above,  the e l ec t ronega t ive  n a t u r e  of the 
a ry l su l fony l  group has a s t rong  inf luence  on the hypso-  
c h r omi c  shift.  

On c o n s i d e r i n g  the absorp t ion  m a x i m u m  of the 
ca rbocyan ine  IX, it  can be seen  that the la rge  hypso-  
c h r omi c  shift  is connected  with the p r e s e n c e  in the 

pos i t ion  of the benzoth iazole  nuc leus  of the vo lumi -  
nous  and e l ec t ronega t ive  RSO 2 group. 

Kipr i anov  and P i lyugin  [5] in 1937, and Brooker  
l a t e r  [6], e s t ab l i shed  that a d i s tu rbance  of the s y m -  
m e t r y  and equ iva lence  of the s t r u c t u r e s  in cyanine  
dyes led to a weakening  of the color .  The c a rbocya -  
n ine  IX that  we have syn thes ized  has an absorp t ion  
m a x i m u m  at 502 n m  (the c o r r e s p o n d i n g  unsubs t i tu ted ,  
u n s y m m e t r i c a l  ca rbocyan ine  has ~max --- 542 nm) [7]. 
Th i s  pronounced  hypsoehromic  shift  is caused  not only 
by a d i s t u r ba nc e  in the s y m m e t r y  and equiva lence  of 
the s t r u c t u r e s  but a lso by the p r e s e n c e  in the ~ pos i -  
t ion of the benzoth iazole  nuc leus  of the e l ec t ronega t ive  
RSO 2 group. 

The r eac t i on  of the q u a t e r n a r y  sa l t  VI with a ry ld i -  
azon ium ch lo r ides  has given a ry lazo  de r iva t i ve s  o f  
2 - (p -  t o ly l su l fony lme thy lene ) -N-me thy lbenzo th i azo l e  
(vn I ) .  

The abso rp t ion  cu rves  of the compounds obtained 
a re  given in F igs .  1 and 2. 

As can be seen  f rom Fig .  2, compound VIIIc is m o r e  
deeply co lored  than compound VIIIa. This  is in a g r e e -  
men t  with l i t e r a t u r e  data, s ince  the n i t ro  group is an 
auxochrome  capable  of g iving r i s e  to ionic charges  [8]. 

EXPERIMENTAL 

p-Chlorophenylhydrazone of the 4-(p-chlorophenyl)thiosemicar- 
bazide of phenylsulfonylglyoxylic acid (preparation 3, Table 1). A 
mixture of 0.18 g (0.0005 mole) of the p-chlorophenylhydrazone of 
phenylsulfonylglyoxylic hydrazide, 0.08 g (0.0005 mole) of p-chloro- 
phenylisothioeyanate, and 2 ml of benzene was boiled in the water 
bath under reflux for 30 rain. After cooling, the precipitate was fil- 
tered off, washed with benzene and dried in the air. Yield 0.23 g 
(89%). It was crystallized from ethanol. Mp 192" C. 
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The compounds given in Table 1 were obtained under similar 
conditions. 
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F i g .  2. A b s o r p t i o n  c u r v e s  of 
e t h a n o l i c  s o l u t i o n s  in the  UV 

and  v i s i b l e  r e g i o n ,  c 5 �9 10 "5 

m o l e / / :  1) 2 - ( p - t o b ~ l s u l f o n y l ) -  

m e t h y l b e n z o t h i a z o l e ;  2) 2 - [ p -  

d i m e t h y l a m i n o - f l  - ( p - t o l y l s u l -  

fonyl)  s t y r y l ]  b e n z o t h i a  z o l e  m e -  

t h i o d i d e ;  3) 2 - [ p - t o h : c  i e a z o ( p -  

t o l y l s u l f o n y l ) m e t h y l e  ~e] -N-  

m e t h y l b e n z o t h i a z o l e ;  4) 2 - [ p -  

n i t r o b e n  z e n e a z o ( p - t o l u e n e s u l -  

f o n y l ) m e t h y l e n e ] - N - m e t h y l b e n -  

z o t h i a z o l e ;  5) [ 3 - m e t h y l b e n z o -  

t h i a z o l y l - ( 2 ) ] - [  1 , 3 , 3 - t r i m e t h -  

y l i n d o l e n e - ( 2 ) ] - [ 8 - ( p - t o l y l s u l -  

fonyl)]  t r i m e t h i n e c y a n i n e  i o d i d e .  

p-Chlorophenylhydrazone of the N-[3-(p-chlorophenyl)- 
4-phenyl-2-thiazolinylidene]hydrazide of phenylsulfonylgly. 
oxylic acid (preparation 4, Table 2). To 0.1 g (0.00002 mole) of 
the p-chlorophenylhydrazone of the 4-(p-chlorophenyl)thiosemicar- 
bazide of phenylsulfonylglyoxylic acid were added 0.04 g of w-bromo- 
aeetophenone and 2 mt of ethanol, and the mixture was boiled under 
reflux for 1 hr. The slightly yellowish precipitate that deposited was 
crystallized from ethanol Yield 0.1 g (85%), mp 216" C. The com- 
pounds given in Table 2 were obtained under similar conditions. 

2-(p-Tolylsulfonyl)methylbenzothiazole (V). A mixture of 9.7 g 
(0.04 mole) of ethyl p-toldenesulfonylaeetate, 5 g (0.04 mole) of 
o-aminophenol, and the polyphosphoric acid obtained from 21 g of 
orthophosphoric acid and 20 g of phosphorus pentoxide was stirred in 
a current of nitrogen at 160~ ~ C for 2 1/2 hr and then at 210 ~ C 
for 1 1/2 hr. It gradually darkened. After the end of the heating, it 
was cooled to 90 ~ C and was then slowly poured into 500 ml of water 
with vigorous stirring. The solidifying oil was triturated, filtered 
off, washed, and suspended in 300 ml of 10% aqueous sodium car- 
bonate. The brown precipitate was filtered off, washed carefully 
with water, and dried in the air. Yield 10 g (84%). The product was 
crystallized from ethanol with the addition of carbon. Faintly grayish 
crystals. Yield 7.3 g (60%), mp 173 ~ C. Found, %: S 20.69; 20.96. 
Calculated for CIsHlsNO2Sz, %: S 21.14. 

2-(p-Tolylsulfonyl)methylbenzimidazole was obtained similarly. 
Mp 209~ ~ C. Found, %: N 10.31; 10.41; S 11.40; 11.42. Calcu- 
lated for C14HnNzOzS , %: N 10.29; S 11.77. 

2-(p-Tolyhulfonyl)methylbenzothiazole methyl methosulfate (VI). 
2.5 g of dimethyl sulfate was added to 5.7 g (0.02 mole) of 2-(p-to- 
luenesulfonyl)methylbenzothiazole. The reaction mixture was heated 
in the oil bath. The mixture melted and darkened slighily at 130 ~ C. 
It was heated at this temperature for 30 rain. After cooling, the mix- 
ture solidified. The solid product was triturated with ether, filtered, 
and washed with benzene and then with ether. It was dried in the air. 
Yield 8.4 g. It was crystallized from ethanol Yield 5.9 g (73%). 

Light gray crystals. Mp 188"-189 ~ C (decomp.). Found, %: S 22.22. 
22.32. Calculated for ClzHIgNO68 s, %: S 22.39. 

2-[p-Dimethylamlno-B-(p-toluenesulfoayl)sty~]l]benzothlazole 
methlodlde (VII). A mixture of 0.2 g (0.0005 mole) of 2-(p-toluene- 
sulfonyl)methylbenzothiazole methyl methosulfate and 0.07 g (0.0005 
mole) of p-dimethylaminobenzaldehyde in 2 ml of acetic anhydride 
was heated in the boiling water bath for 1 hr. After cooling, the 
methyl methosulfate of 2-[p-dimethylamino-•-(p-toluenesulfonyl)- 
styryl]benzothiazole was precipitated with ether. Yield 0.21 g(81%). 

The methyl methosulfate of 2-[p-dimethylamino-/3-(p-toluene- 
sulfonyl)styryl]benzothiazole was dissolved in ethanol and converted 
by the addition of potassium iodide into the corresponding methiodide. 
It was crystallized from ethanol Mp 152~ ~ C (deeomp.). Found, 
%o: S 11.10; 11.16. Calculated for C~sHzsiNzO2S2, %o: S 11.12. 

2-[p- T ol ylazo(p-tolytsul fonyl )methylene]- N-methytbenzothiazole 
(VIIIa). A solution of 0.2 g (0.0005 mole) of the methyl methosulfate 
of 2-(p-tolylsulfonyl)methylbenzothiazole in 20 ml of ethanol was 
treated with 5 ml of saturated aqueous sodium acetate, and then, 
with constant stirring, a solution of p-toluenediazonium chloride ob- 
tained from 0.06 g of p-toluidine, 0.035 g of sodium nitrite, and 2 
ml of 15% hydrochloric acid was slowly added at 0"-2" C. The mac- 
don mixture was kept in ice-water for 2 Izr, and the yellow precipi- 
tam that had deposited was filtered off, washed with water, and dried in the 
a~. Yield 0.2 g (95~). It was crystallized from a mixture of ethanol 
and nitromethane (2:1). Yellow elongated needles. Mp 198"-200" C. 
Found, %: 814.81; 14.88. Calculated for CmHztNsOzSz, %: S 14.72. 

Compounds VIIIb and VIIIc were obtained under similar conditions. 
The yields of the products were quantitative. The melting point of 
YlIIb was 214"-215" C. Found, %: S 13.97; 14.03. Calculated for 
C2zHIsC1NsO2S2, %: S 14.06. 

The melting point of VIIIe was 233*-234* C. Found, %o: S 13.60; 
13.60. Calculated for C~2HlsN404S2, %: S 13.75. 

[3-Methylbenzothlazolyl-(2)]-[l, 3, 3-trlmethyllndolenln-(2)]- 
[8-(p-tolylsulfonyl)]trlmethlnecyanlne iodide (IX). A mixture of 
0.43 g (0.001 mole) of the methyl methosulfate of 2-(p-tolylsulfonyl) 
methylbenzothiazole, 0.2 g (0.001 mole) of 2-formylmethylene-l, 3, 
3-trimethylindoline, and 4.5 ml of acetic anhydride was heated in 
the oil bath at 150" C for 20 min. After cooling, about half the acetic 
anhydride was distilled off in vacuum and the methosulfate was preci- 
pitated with ether. An oil deposited which solidified on trituration 
in ether. The resulting powdery product was dissolved in 10 ml of 
ethanol and a hot solution of 0.7 g of KI in 10 ml of aqueous ethanol 
was added. Red crystals deposited. Yield 0.58 g (92%). The substance 
was crystallized from ethanol. Mp 183" C (decomp.). Found, %: 
S 10.11; 10.17. Calculated for C~gH2oINzO2S2, %: S 10.20. 
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