
X-Arylsulfonylchlorophenoxazines  (Via-d, Table  1). A 5-mmole  sample  of sodium methoxide and 5 
m m o l e  of III were  dissolved in 30 ml  of methanol,  a f te r  which the solvent was r emoved  by vacuum distil lation, 
50 ml  of DMF was added to the residue,  and the mix tu re  was ref luxed for  7 h. It  was then cooled and poured  
into water .  The resul t ing prec ip i ta te  (where neces sa ry ,  NaC1 was added for  coagulation) was removed  by fi l-  
t rat ion,  dried, washed with benzene,  and c rys ta l l i zed  f r o m  ni t romethane.  

10-Arylsulfonylphenoxazines (VIIa-c, Table 1). A solution of 0.01 mole  of phenoxazine and 0.015 mole  of 
arenesulfonyl  chloride in 2 ml  of pyr id ine  was allowed to stand for  4 h, a f t e r  which the resul t ing p rec ip i t a te  
was washed with isopropyl  alcohol, r emoved  by fi l tration, dried, and c rys ta l l i zed  f r o m  isopropyl  alcohol. 

X-Arylsulfonylphenoxazines  {IXa-e. Table  1). A solution of 0.01 mole  of VII in DMF was ref luxed for  20 h, 
a f te r  which it was cooled and poured into 2% NaC1. The resul t ing  p rec ip i t a te  was r emoved  by fi l tration, dried, 
washed with benzene, and c rys ta l l i zed  f r o m  ni t romethane.  An additional amount of the reac t ion  product  was 
i so la ted  by evaporat ion of the benzene washes .  
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P O L Y M E T H I N E  D Y E S - F U R O [ 3 , 2 - e ] I N D O L E N I N E  D E R I V A T I V E S  

P .  I .  A b r a m e n k o  a n d  V.  G.  Z h i r y a k o v  UDC 668.8 : 547.722'754 

7 ,8 ,8 ' -Tr imethyt furo[3 ,2-e] indolenine  and polymethine dyes of var ious  types that a re  der iva t ives  
of this base  were  synthesized.  It is shown that incorpora t ion  of a furo[3,2] group in the 4 and 5 pos i -  
t ions of the indolenine res idue  in the cyanines leads  to a s m a l l e r  ba thochromic  shift  of the ab-  
sorpt ion m a x i m a  than does the introduction of thieno and benzo groups in the s ame  posit ion.  

On pass ing  f r o m  dyes with a 3,3-dimethylindolenine res idue  to  the cor responding  4, 5-thieno[3,2]deriva-  
t ives  (I) one obse rves  a s m a l l e r  ba thochromic  shift of the absorpt ion m a x i m u m  than on pass ing  to 4, 5-benzo- 
indolenine der iva t ives  (If). The bas ic i ty  of the thieno [3, 2- e] indolenine res idue  is  apprec iab ly  higher than that 
of the 3,3-dimethylindolenine res idue  [1]. 

~'.,~,,/~./'-CH 3 . 

I II 

We have synthes ized a new analogous he terocycl ic  b a s e -  7 ,8 ,8 ' - t r imethyl furo[3 ,2-  e]indolenine GII) - f r o m  

HNO2, O ~  /Ella 

HCI ll2SO,i ~ ~N:/ ~GH 3 

IV u I I I  

5-arninobenzofuran (IV) (see [2]): 
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T A B L E  1. 

Corn 
poun~ 

IX 

X 
XI 

A b s o r p t i o n  M a x i m a  of the  C a r b o c y a n i n e s  

tn formula VI )'max' 

B n m  

548 s 
5876 
5781 
564 
564 
-556 
576 

H 
Benzo [3, 2] 
Thieno [3, 2] 
~uro [3, 2] 
Thieno [3, 2] 
?uro 
? uro 

X B' 

C(CHa)g H 
C (CHa)2 Benzo ~ . ' 
C(CHa)2 TMeno [3, 2] 
C(CH3)2 Furo [3, 2] 
S 
S 
CH=CH 

log e 

5,13 
5,06 
5,16 
5,02 
5,21 

Hypsochro- 
mic Shift, * 
nm 

4,0 
5,0 
9,5 

* T h e s e  a r e  the  h y p s o e h r o m i c  de v i a t i ons  of  3.ma x f r o m  the  a r i t h -  
m e t i c  m e a n  va lue s  c a l c u l a t e d  f r o m  the Xma x v a l u e s  of t he  c o r r e -  
spond ing  s y m m e t r i c a l  dyes  (see  [7]). 

N, N' - D ime th i  odid e. 

T A B L E  2. A b s o r p t i o n  M a x i m a  of  D i m e t h y l i d y n e m e r o c y a n i n e s  and 
S ty ry l  Dyes  

Compound B )'max' nm log ~ Hy.psochromic 
shift,* nm 

XII 

XIII 

In formula VII 
H 
Thieno [3, 2] L 
Furo [3, 2] 

In formula VIII 
H 
Thieno [3, 2] 
Furo [3, 2] 

5038 
520 
520 

545 T 9 
559 
548 

4,98 
5,10 

4,76 
4,83 

4~0 
~0,0 
33,0 

342 
35,0 
39,0 

* T h e s e  a r e  the  h y p s o c h r o m i c  d e v i a t i o n s  of  the  Xma  x va lue s  of the  
dyes  f r o m  the  a r i t h m e t i c  m e a n  v a l u e s  c a l c u l a t e d  f r o m  the  Xma  x 
v a l u e s  of the  c o r r e s p o n d i n g  s y m m e t r i c a l  dyes  (see  [7]). 
~Thi s  is  the  Xma x va lue  in m e t h a n o l .  

I t  was  found tha t  the  c o n d e n s a t i o n  of 5 - h y d r a z i n o b e n z o f u r a n  (V) wi th  m e t h y l  i s o p r o p y l  ke tone s  p r o c e e d s  
wi th  r i n g  c l o s i n g  in the  4 p o s i t i o n  (see [3]). Th is  is  c o n f i r m e d  by  the  PMR s p e c t r u m ,  which  has  two double t s  
of 4-H and 5-H p r o t o n s  (7.56 and 7.76 ppm,  J4,5 = 9.7 Hz). 

:c. 
C2H5 l- C2Hs 

VI 

/cH3 
~ C H  3 

"--N / ~CH=CH--C6H4 N(CH3)2. p 
I C2H5 l -  

Viii 

~ _~CH3 

C2H5 ~N/~S 
I 

v I I  C2H s 

B= furo[3,2], X=C(CHa)2, S or  CH=CH, B'=H or furo[3,2] 

A l k y l a t i o n  of b a s e  III  gave  the  e th iodide ,  f r o m  which  s y m m e t r i c a l  and u n s y m m e t r i c a l  c a r b o c y a n i n e s  (VI). 
a d i m e t h y l i d y n e m e r o c y a n i n e  (VII), and a p - d i m e t h y l a m i n o s t y r y l  dye  (VIII) w e r e  s y n t h e s i z e d  by  the u s u a l  m e t h -  
ods  [4]. 

The  p o s i t i o n s  of the  a b s o r p t i o n  m a x i m a  (in e thanol)  of the  s y n t h e s i z e d  dyes  and, f o r  c o m p a r i s o n ,  the  c o r -  
r e s p o n d i n g  benzo [e ] -  and t h i e n o [ 3 , 2 - e ] i n d o l e n i n e  d e r i v a t i v e s  a r e  p r e s e n t e d  in  T a b l e s  1 and 2. 

The  da ta  in  T a b l e  1 show tha t  t he  c a r b o c y a n i n e  tha t  i s  a f u r o [ 3 , 2 - e ] i n d o l e n i n e  d e r i v a t i v e  i s  c o n s i d e r a b l y  
m o r e  d e e p l y  c o l o r e d  than  the  i n d o c a r b o c y a n i n e .  However ,  the  i n t r o d u c t i o n  of a furo[3,2]  g roup  in the  4, 5 p o s i -  
t i ons  of the  3 , 3 - d i m e t h y l i n d o l e n i n e  r e s i d u e  in  the  cyan ines  l e a d s  to  a s m a l l e r  b a t h o c h r o m i c  ef fec t  than  when 
t h i eno  o r  b e n z o  g r o u p s  a r e  i n t r o d u c e d  in the  s a m e  p o s i t i o n s  of t he  d y e s .  
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TABLE 3. Cyanine Dyes 

Corn-! 
pound mp, ~ 

IX >300 a 
X 198--199b 

XI 244--245 c 
XII 205--206d 

XIII  213~214 d 

Empirical formui~ 

C31H33[N~O2 
C~H~7INQOS 
C2sH29IN20 
C21H22NeO2S2 
C24H27IN~O 

Found, % 

C H I 

62,7 5,4 24,3 
57,5 4,9 23,3 
62,6 5,3 23,5 
-- 7,0 e 15,9f 

5,7e 26,0 

talc., % 

C H 

62,8 5,6 
57,6 5,0 
62,7 5,4 
- -  7 ,0  e 

5,7e 

24,45 
23,4 
23,7 
16,1f 
26,1 

29 
62 
53 
44 
41 

aGreen needles,  bDark-violet  p r i sms .  CGreen p r i sms ,  dViolet 
p r i sms ,  eThis is the percentage of nitrogen, fThis is the percen t -  
age of sulfur. 

A comparison of the hypsochromic shifts presented in Tables 1 and 2 shows that the basic i ty  of the furo-  
[3,2-e]indolenine residue is substantially higher than the basici ty not only of the indolenine residue but also of 
the thieno[3,2- e] indolenine residue.  

E X P E R I M E N T A L  

The absorption spec t ra  of solutions of the dyes in ethanol were obtained with an SF-2 spectrophotometer .  
The PMR spect rum of III in carbon te t rachlor ide  (on the 5 scale) was recorded  with a Varian T-60 spec t rometer .  

5-Aminobenzofuran (IV). This compound was obtained by decomposition of the double tin salt of the hydro-- 
chloride of IV [2]. Workup gave a color less  oil with bp 133-135 ~ (8 ram). Found %: C 72.0: H 5.1: N 10.3. 
CsH~NO. Calculated %: C 72.2: H 5.26: N 10.5. The hydrochloride was obtained as color less  p r i sms  {from 
anhydrous ethanol) with mp 237-238 ~ Found %: C 56.4: H 4.5:C1 20.7. CsHTNO- HC1. Calculated %: C 56.6; 
H 4.6:C1 20.9. 

5-Hydrazinobenzofuran (V); A 14.5-g (0.109 mole) sample of IV was diazotized at 0-2 ~ in 80 ml of water  
and 80 ml of concentrated hydrochloric  acid with a solution of 7.6 g (0.11 mole) of sodium nitri te in 35 ml of 
water .  The react ion mixture was filtered, and an ice -wate r -coo led  solution of 49 g (0.217 mole) of stannous 
chloride dthydrate in 49 ml of concentrated hydrochlor ic  acid was added to the fi l trate with vigorous s t i r r ing.  
The mixture was then s t i r red  for another 20 rain, after which the tin complex was removed by fi l tration and 
suspended in 200 ml of water.  A 40% solution of sodium hydroxide was added to the suspension with cooling and 
s t i r r ing  until it gave an alkaline reaction.  The mixture was then t reated with ether, and the extract  was dried 
with magnesium sulfate. The ether was evaporated to a small  volume, and a solution of hydrogen chloride in 
anhydrous ether was added. The precipi tated hydrochlor ide was removed by fi l tration and recrys ta l l ized  f rom 
ethanol to give color less  p r i sms  (from ethanol) with mp 194-195 ~ in 60% yield. Found %: C 52.0: H 4.7: Cl19.1. 
CsHgC1N20. Calculated %: C 52.0; H 4.9:C1 19.2. 

7 ,8,8 ' -Trimethylfuro[3,2-e] indolenine (II!). A 4.3-g (0.05 mole) sample of methyl isopropyl ketone was 
added dropwise with vigorous s t i r r ing  at 92-95 ~ to a solution of 9.25 g (0.05 mole) of V in a mixture of 60 ml 
of water and 60 g of concentrated sulfuric acid, after which the mixture was heated at 94-97 ~ for 2.5 h. It was 
then cooled and made alkaline with 10~ sodium hydroxide solution (with cooling). The result ing base was r e -  
moved by s team distillation and extracted with ether. The extract  was dried with p o t a s s i u ~  carbonate, the 
ether was removed by distillation, and the residue was vacuum distilled to give 2.99 g (30%) of a greenish oil 
with 155-158 ~ (7-8 ram). Found %: C 78.2: H 6.3. N 6.9. C13HI3NO. Calculated %: C 78.4: H 6.5: N 7.0. The 
picra te  was obtained as l ight-yellow needles {from anhydrous ethanol) with mp 174-175 ~ Found %: N 13.1. 
C19H16N4Os. Calculated %: N 13.07. The etModide was obtained as l ight-yellow p r i sms  (from ethanol) with 
mp 239-240 ~ Found %.. I 35.6. C15HIsINO. Calculated %: I 35.8. 

Dyes (Table 3). p-Dimethylaminostyryl  dye XIII was obtained by heating 0.001 mole of the ethiodide of III 
with 0.001 mole of p-dimethylaminobenzaldehyde in 2 ml of pyridine in the p resence  of piperidine at 100-110 ~ 
for  30 rain. Carbocyanine IX was obtained by condensation of 0.001 mole of the ethiodide of III with 0.002 mole 
of ethyl or thoformate in 3 ml of acetic anhydride at 125-130 ~ for 15 min. 

Unsymmetr ica l  carbocyanines X and XI were obtained by heating 0,001 mole of the ethiodide of III with 
0.001 mole of the ethiodide of 2-(fl-acetanil idovinyl)benzazole o r -qu ino l ine  in 3 ml of acet ic  anhydride at 120-  
130 ~ for 15 rain in the presence  of 0.001 mole of t r iethylamine.  
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The iodides of IX-XI and XIII we re  isolated by dilution of the cooled reac t ion  mix tu re  with ether,  d issolv-  
ing of the p rec ip i t a te  or  res inous  m a s s  in ethanol, and addition of an equal volume of 10~ potassiurn iodide so-  
lution to the alcohol solution. The dyes were  pur i f ied  by r ec rys t a l l i za t ion  f r o m  ethanol. 

Dimethyl idynemerocyanine  XII was synthes ized by  condensation of 0.001 mole  of the ethiodide of IH with 
0.001 mole  of 5-ace tan i l idomethylene-3-e thyl rhodanine  in 2 ml  of anhydrous ethanol in the p r e sence  of 0.002 
mole  of t r i e thy lamine  by  heatIng on a bo i l ing-water  bath for  30 rain. The mix tu re  was cooled, and the p rec ip i -  
ta ted dye was r emoved  by f i l t ra t ion and pur i f ied by r ec rys t a l l i za t ion  f r o m  ethanol. 
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P O L Y M E T H I N E  D Y E S - F U R O [ 2 , 3 - g ] B E N Z O T H I A Z O L E  D E R I V A T I V E S  

P .  I .  A b r a m e n k o ,  V.  G.  Z h i r y a k o v ,  UDC 541.651:547.728'789.6 
a n d  T .  K.  P o n o m a r e v a  

A new he te rocyc l ic  b a s e -  2 -methy l fu ro [2 ,3 -g ]benzo th iazo le -  and eyanine dyes with res idues  of 
this base  were  synthesized.  It is shown that  introduction of a furo[2.3] group in the 6,7 posi t ions  
of the benzothiazole  res idue  in the cyanines leads to a s m a l l e r  ba thochromic  effect  than the in- 
t roduct ion of a thieno[2,3] and, par t i cu la r ly ,  a benzo group in the s a m e  posi t ions .  

Polymethine  dyes that a r e  thieno[2,3-g]benzothiazole der iva t ives  have been p rev ious ly  descr ibed  [1]. It 
was shown that a cons iderable  ba thochromic  shift  of the absorpt ion max imum is obse rved  on pass ing  f rom dyes 
with a benzothiazole res idue  to the cor responding  thieno[2,3-g]benzothiazole der iva t ives .  

We have synthes ized a new he terocycl ic  b a s e -  2-methylfuro[2,3-g]benzothiazole  ( I ) -  f r o m  5-ni t robenzo-  
furan (II) [2] via the scheme 

| l  |11 

E2S s . KaFe(CN)~; S 

|V V I 

Reduction of II with stannous chloride in concentra ted hydrochlor ic  acid at 40-45~ gave 5-amInobenzo- 
furan hydrochlor ide  double tin sa l t  {III). which was conver ted to 5--acetamidobenzofuran (IV) by acetylat ion with 
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