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The condensal~on of o-aminolhJ_ophenol with te~ahydroacerophenone, 
2-eflwlidenecyclohexanone, and 2-benzylideneeyelohexanone and 
aim the condensation of N-methyl-o-aminothi~plmnol with 2-ben- 
zylideneeyelohexanone has given the ba~es of dexivafives of benzo= 
[b)eyelohex~o[f]- and -[e]-l,4-thiazepines. ~Srom the hytkoehlo- 
rides, pereMorates, and q~aternary sa/:ts of these bases, eyanine dyes 
have been synthesized. The dyes--nomyanines--exhaT0it solvato- 
cbmmi.~m, which is exphined by the existence of a hydrogen bond 
between the molecules of the dye and an alcohol. 

The condensa t i on  of  o - a m i n o t h i o p h e n o l  o r  i t s  N -  
me thy l  d e r i v a t i v e  wi th  ~ , ~ - u n s a t u r a t e d  c y c l i c  ke tones  
has  g iven  s e v e n - m e m b e r e d  h e t e r o c y c l i c  b a s e s  f o r m -  
ing  d e r i v a t i v e s  of benzo[b ]cyc lohexano[ f ] -  and - [ e ] - l ,  
4 -Lh iazep ines  (I, H, HI, and IV) .  
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The condensa t i on  r e a c t i o n  t a k e s  p l a c e  r e a d i l y  on 
hea t ing .  If the  p r o d u c t s  ob ta ined  d i r e c t l y  f r o m  the r e -  
ac t ion  c o n s i s t e d  of v i s c o u s  o i l s  (I, H, HI),  they  w e r e  
c o n v e r t e d  into the  c h l o r i d e s  (Ia) o r  the  p e r e h l o r a t e s  
(Ha, ]Ha), which  c r y s t a l l i z e d  w e l l  f r o m  a l coho l s .  The 
f r e e  b a s e s  w e r e  ob ta ined  in  the  f o r m  of c r y s t a l l i n e  
p r o d u c t s  f r o m  the p u r i f i e d  s a l t s  by  t r e a t m e n t  wi th  
aqueous  a m m o n i a .  

When the p e r c h l o r a t e  H a  w a s  t r e a t e d  wi th  aqueous  
a m m o n i a ,  the  ~ bond underwent  c l e a v a g e ,  adding  
w a t e r ,  and i n s t e a d  of the  e x p e c t e d  6 - m e t h y l - 6 , 6 a -  
d i hyd robenzo  [b leyc lohexano  [el - 1 , 4 - t h i a z e p i n e  (U) a n a l -  
ogous  in s t r u c t u r e  to III ,  o - a m i n o p h e n y l  ~ - ( c y c l o -  
h e x a n o n - 2 - y l ) e t h y l  su l f ide  (Hb) was  f o r m e d .  The IR  
s p e c t r a  of I Ia ,  Hb, and HI c o n f i r m e d  th i s .  In  the  IR 
s p e c t r a  of I lb  t h e r e  i s  a s t r o n g  a b s o r p t i o n  band at  
1705 c m  -1 c o r r e s p o n d i n g  to  the  s t r e t c h i n g  v i b r a t i o n s  
of the  CO group  [1], and a l s o  two bands  a t  3345 c m  -1 

*For  p a r t  IV,  s e e  [3]. 

and 3450  cm-1  c o r r e s p o n d i n g  to  the  Nil  s t r e t c h i n g  
v i b r a t i o n s ,  whi l e  in  the l i t  s p e c t r u m  of the  i n i t i a l  
p e r c h l o r a t e  H a  t h e s e  bands  a r e  a b s e n t  and t h e r e  i s  an 
a b s o r p t i o n  band a t  1650 c m  -1 which  can  be  a s c r i b e d  to 
the  s t r e t c h i n g  v i b r a t i o n s  of the  C ~ N  bend.  The HI 
s p e c t r u m  of I11 a l s o  l a c k s  a b s o r p t i o n  bands  c o r r e -  
spond ing  to  the  s t r e t c h i n g  v i b r a t i o n s  of the  CO and NH 
g roups .  

In  the  s a l t s  ob t a ined  f r o m  the b a s e  I ,  the  m e t h y l  
g roup  in p o s i t i o n  11 i s  ac t i ve ,  and in  the  s a l t s  of the  
o t h e r  b a s e s  the  m e t h y l e n e  g roup  in p o s i t i o n  10 i s  a c -  
t ive ;  c o n s e q u e n t l y  they  a l l  p r o v e d  to  be  c a pa b l e  of c o n -  
d e n s a t i o n  r e a c t i o n s  l e a d i n g  to  the  f o r m a t i o n  of cyan ine  
d y e s .  I t  was  i m p o s s i b l e  to ob t a in  the  s y m m e t r i c a l  
m o n o m e t h i n e c y a n i n e  f r o m  the  p e r c h l o r a t e  1Va. The 
c o n d e n s a t i o n  of the  b a s e  IV with  o r t h o f o r m i c  e s t e r  in 
the  p r e s e n c e  of a c e t i c  a n h y d r i d e  wi th  s u b s e q u e n i  t r e a t -  
m e a t  of the  p r o d u c t  ob ta ined  wi th  p e r c h l o r i c  a c id  l e d  
to b i s ( 3 - m e t h y l b e n z o t h i a z o l e - 2 ) t r i m e t h i n e c y a n i n e  p e r -  
c h l o r a t e .  The f o r m a t i o n  of  t h i s  dye  can  be  e x p l a i n e d  
by  the  c l e a v a g e  of the  t h i a z e p i n e  r i n g  u n d e r  the  i n -  
f l uence  of the  a c e t i c  a n h y d r i d e  and the a p p e a r a n c e  of 
a new t h i a z o l i n e  r i n g .  The  q u a t e r n a r y  s a l t  of 2 - m e t h y I -  
b e n z o t h i a z o l e  f o r m e d  r e a c t s  wi th  the  o r t h o f o r m i e  e s t e r  
to f o r m  a c a r b o c y a n i n e ,  which  w a s  i s o l a t e d  and i d e n t i -  
f i e d  in  the  f o r m  of the  p e r c h l o r a t e .  The c l e a v a g e  of 
the  t h i a z e p i n e  and the  f o r m a t i o n  of a t h i a z o l i ne  r i n g  
w e r e  c o n f i r m e d  in  the  fo l lowing  way :  the  b a s e  IV was  
h e a t e d  wi th  ace t i c  a n h y d r i d e  f o r  30 ra in ,  the anhydr ide  
w a s  d r i v e n  off in  v a c u u m ,  and the  r e s i d u e ,  d i s s o l v e d  
in  e thano l ,  w a s  t r e a t e d  with  p e r c h l o r i c  ac id .  The c r y s -  
t a l l i n e  p r o d u c t  ob ta ined  gave  no d e p r e s s i o n  of the  
m e l t i n g  po in t  wi th  2 , 3 - d i m e t h y l b e n z o t h i a z o l i n e  p e r -  
c h l o r a t e .  

The  g e n e r a l  f o r m u l a s  of the  d y e s  V I I I - X X I I  s y n -  
t h e s i z e d  a r e  g iven  below.  
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Compound 
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Absorption Maxima of the Cyanine Dyes 
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N o t e :  In compounds XIX, XXI, and XXIt, R : H; in 

CHCI~ 

535 566 
496 504 
544 559 
523 
435 428 
546 
5~ 5~8 
433 
578 
558 574 
560 570 
537 551 
500 490 
528 547 
420 

XX, R = CH3; in X and 

B C~H6 

567 
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548 

55O 

622 

550 
478 
538 

XI, n = 1;in XII, n = O. 

The  t a b l e  g i v e s  t he  a b s o r p t i o n  m a x i m a  of  t he  d y e s  

s y n t h e s i z e d  in  m e t h a n o l ,  c h l o r o f o r m ,  and  b e n z e n e .  

W h e n  a 2 , 2 - d i m e t h y l b e n z o [ b ] t h i a z e p i n e  h e t e r o e y c l e  

[2] in  c y a n i n e  d y e s  i s  r e p l a c e d  by  an l l - m e t h y l b e a z o  

[ b ] - c y e l o h e x a n o [ f ] t h i a z e p i n e  r e s i d u e ,  t h e r e  i s  a d e e p -  

e n i n g  of  the  c o l o r  f o r  t h e  s y m m e t r i c a l  t r i m e t h i n e c y -  

a n i n e  by  13 a m  and  w h e n  i t  i s  r e p l a c e d  by  a 6 - p h e n y l -  

b e a z o [ b ] c y c l o h e x a n o [ e ] t h i a z e p i n e  r e s i d u e  a d e e p e n i n g  

by  68 a m .  

A s  f o r  the  n o r c y a n i n e s  d e s c r i b e d  p r e v i o u s l y  [ 2 - 4 ]  

the  c o m p o u n d s  r e p o r t e d  in  the  p r e s e n t  p a p e r  VIII, X,  

XIII ,  XV,  XVII ,  and XXI  ( see  t ab l e )  g ive  s o l u t i o n s  

w i th  d i f f e r e n t  c o l o r s  a c c o r d i n g  to  t he  s o l v e n t .  In b e n -  

z e n e  and  c h l o r o f o r m  t h e y  a r e  a l l  c o l o r e d  m o r e  d e e p l y  

than  in  m e t h a n o l - - a  s o l v e n t  c a p a b l e  of  f o r m i n g  h y d r o -  

g e n  b o n d s  w i t h  the  dye  m o l e c u l e .  C o n s e q u e n t l y ,  a t  the  

t r u e  a b s o r p t i o n  m a x i m u m  of  the  n o r c y a n i n e s  we  m u s t  

t ake  the  m a x i m u m  of the  a b s o r p t i o n  c u r v e  of a b e n -  

z e n e  o r  c h l o r o f o r m  s o l u t i o n .  F o r  t h e  s y m m e t r i c a l  

n o r c y a n i n e s ,  t he  h y p s o c h r o m i c  s h i f t  on  p a s s i n g  f r o m  

b e n z e n e  to m e t h a n o l  s o l u t i o n  i s  f a i r l y  c o n s i d e r a b l e :  

32 a m  f o r  VIII and 44 a m  f o r  XVI.  F o r  t he  u n s y m -  

m e t r i c a l  n o r c y a n i n e s ,  the  h y p s o c h r o m i c  s h i f t  i s  c o n -  

s i d e r a b l y  l e s s :  13 n m  f o r  X and  16 n m  f o r  XVII .  F o r  

r e a s o n s  t h a t  a r e  not  c l e a r  to  u s ,  the  m o n o m e t h i n e c y -  

a n i n e  XII  d o e s  not  o b e y  t h i s  r u I e .  The  r e p l a c e m e n t  of 

the  h y d r o g e n  a t o m  a t t a c h e d  to  n i t r o g e n  in  the  n o r -  

e y a n i n e  VIII by  a m e t h y l  g~'oup (dye IX) l e a d s  to a 

h y p s o c h r o m i c  s h i f t  o f  62 nm~ in  a n a l o g y  wi th  t he  r e -  

s u l t s  o b t a i n e d  p r e v i o u s l y .  

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

ll-Methyl-.4a, 10, llaH-benzo[blcyclohexano[FJ-1,4-thiazepiaium 
ehIoride (Ia). When 64.2 g (0.52 mole)of o-aminothiophenol and 64.6 
g (0.52 mole) of tetrahydroacetophenoue were heated in a sealed tube 
in the water bath for 5 hr, a condensation product was obtained in the 
form of a colorless vitreous mass. An ethereal solution of this product 
was washed with 5% ammonia solution and dried with magnesium suI- 
fate, mad a current of dry hydrogen chloride was passed into it. A 
small amount of dark resin and a crystalline product were formed. 
When the first crystals appeared, the ethereal solution was separated 
from the resin by decantation and the passage of hydrogen chloride 
was continued to saturation. The chloride obtained was dried in a 
vacuum desiccator over sulfuric acid. Colorless prisms, nap 194-- 
195 ~ C (from ethanol, decomp. ). Yield 88 g (64%). Found, %: C1 

13.12, 13.44; S 11.74. I2.01. Calculated for C~4H17NS " HC1, %0: 
Ct 13.24; S 11.98. 

l l-Methyl- 4a, l l a -  dihydrobenzo[b]cyclohexano[f]- 1, 4- thiazepine 
(I). A suspension of 2.42 g (0.009 mole) of la in 10%o aqueous am- 
monia was saturated with ether until the base formed had dissolved 
completely in the ether. The etheral solution was dried with sodium 
sulfate and evaporated in the air or in vacuum. Colorless rhombs, 
rap 94.5-96.5 ~ C (from ethanol). Yield 1.1 g(54%) Found, %: S 13.67, 
13.77. Calculated for C14HI~NS, %0: S t3.86. 

6-Methyl-6,6a,llH-benzo[b ]eyclohexano[e]- l,4-thiazepi~lum 
pc/chlorate (IIa). A mixture of 27.7 g (0.22 mole) of 2-ethylidenecy- 
elohexanone and 28 g (0.22 mole) of o-aminophenol was left in a 
sealed tube at room temperature for a day. The reaction was exo- 
thermic. The purification of the viscous yellow off formed and the 
preparation of the hydroch/oride were similar to the case of Ia. 
Yield 44 g (74%). tt was impossible to purify the hydrochluride, The 
perch/orate crystallized readily from ethanol. Prisms, nap 200--201 ~ C 
(deeomp.). Found, %: C1 10.54, 10.68; S 9.75, 9.97. Calculated for 
CI4H/TNS �9 HC104, %: C1 10.69; S 9.67. When the perchlorate lIa was 
treated with aqueous ammonia, it was impossible to isolate the base. 
Hydrolysis took place with the formation of o-aminophenyl a-(eyclo- 
hexanon-2-yI)ethyl sulfide (IIb) with a yield of 56%. Colorless prisms, 
mp 125--126 ~ C (from ethanol). Found, %0: S 12.89, 12.90. Calculamd 
for C~H~gNOS, %: S 12.85. 

6 -  Phenyl- 6, 6a, 11 H- benzo[b]cyelohexano[e]- i, 4- thiazepinium 
perahlorate (IIIa). A mixture of 25.3 g (0.14 mole) of 2-benzylidene- 
eyelohexanone and 17 g (0.14 mole) of o-aminophenol was heated in 
a sealed tube in the water bath for 5 hr. The condensation product 
was extracted with ether. The ethereal solution was washed with 5% 
aqueous ammonia and dried with sodium sulfate, The residue after 
the elimination of the solvent, a viscous yellow oil, 34 g, could not 
be crystallized. Consequently the base was converted into the per- 
chlorate, and this was purified by boiling the finely ground salt with 
ether and subsequent crystallization from ethanol. Colorless prisms, 
mp 203.5--204 ~ C. Yield 18 g (40%). Found, %: S 8.09, 8.12. Cal- 
culated for CmH~NS - HC104, %: S 8.14. The unpurified hydroch/o- 
ride was used to synthesize several eyanine dyes. The free base ~I 
was obtained in the pure form from 1.52 g (0.004 mole) of the per- 
chlorate//In in the same way as I Colorless ptisms, mp 130-131 ~ C 
(from methanol). Yield 1.02 g (69%). The base contained methanol 
of crystallization. Found, %: S 9.82, 10.00. Calculated for 
C19HIgN$ " C H 4 0 ,  %: S 9 .85 .  After vacuum sublimation and drying 
in a Fischer pistol, the melting point remained unchanged. Found, 
%0: N 4.74, 4.78; S 10.95, 11.02. Calculated for ClsHIgNS, %: N 4.77; 
S 10.92. 

l l-Methyl-6 -phenyl-6H-benzo[b]eyelohe~eno[1,2-e]-l,4-thia - 
zepine (IV). A mixture of 9.9 g (0.07 mole) of N-methyl-o-amino- 
thiophenot and I2.6 g (0.07 mole) of 2-benzytidenecyclohexanone was 
left in an atmosphere of nitrogen at room temperature for 2 days. The 
reaction mixture crystallized. To complete the reaction, it was heated 
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for another 2 hr 30 min  in the  water bath.  After cooling i t  formed a 
uniform crystalline product sparingly soluble in ether and e t h a n o l  For 
purification, the finely ground base was boiled with ether and was 
crystallized from n-propanol,  mp 134--134.6 ~ C. Yield 18.3 g (88%). 
Found. %: S 10.30, 10.41. Calculated for C20HzllqS , %: S 10.42. 
From 2.2 g (0.00~ mole)  of  IV and 4 ~  of pereblorie acid in n-pro-  
panol,  the perch!orate I r a  was obtained. Colacless prisms, mp  2043,5-- 
206 ~ C (from propanol)~ Yield,  1.8 g (6W]~). Found, %: C1 8.71, 8.81. 
Calculated for C~oH~zCINO~S , %: S 8.69. 

10,11 -Dimethy1-4a ,lla -dihydrobenzc~b]c.,yelohexano[f]-1,4-thin - 
zepintmn mesosulfate (V) was obtained from 0.35 g (0.002 mole)of 1 
and 0.6 g (0.005 mole )  of  dimethyI sulfate by heat ing in 25 ml  of 
ether. The oil isolated crystallized on standing. Yield 0.4 g (70~).  
The product was not analyzed but was converted into the perch]orate. 
The perohlorate (VI) was obtained from 0.4 g (0.001 m o l e ) o f  V and 
0.12 g (0.001 m o l e ) o f  sodium perehlorate.  Colorless prisms. Yield 
0.27 g (71%), mp 190--191 ~ C (from ethanol). Found, %: C1 10.01, 
10.18; S 9.17, 9.20, Calculated for C~H~0CINO~, ~o: C1 10.24; S 9.27. 
The iodide (VII) was obtained by heating I with methyl iodide in 
absolute benzene hi the water bath.  It liberates iodine in alcoholic 
and flioxane solutions, particularly in the l ight  and on beat ing.  

Bis(4a ,10 a ,11 nit -benzo[b]eyelohexano[f]- 1 ,4- thiazepin~-5 ]~i-  
methinecyanine  chloride (VBI). A mixture of  0.6 g (0.002 mole)  of 
Ia and 3 ml  (0.018 mote )  of orthoformic ester was heated in the  water 
bath in 2 m l  of ethanol for 15 rain. Red needles,  m p  182--183 ~ C 
(decomp. from ethanol). Yield 0.24 g (18~0). Found, %: C1 6.93, 6.94; 
S 12.36, 12.39. Calculated for C~�Hs~N2S~ - HC1, %: C1 6.96; S 12.59. 

Bis(10-methyl-4a , i  1 -dihydrohenzo[b]cyclohexanc(f]- l ,4- thia-  
zepine-5)- t~imethineeyanine iodide (IX). h mixture of  0.83 g (0.002 
mole)  of VII, 2 m l  (0.012 mole)  of  orthoformic ester, and 1 ml  of 
acetic anhydride was left  in a dark place at room temperature for two 
weeks. The dye, precipitated and washed with ether, was dissolved in 
a small  amount  of chloroform and, after the eIirnination of the sol- 
vent, washed with methanol;  mp  255--257* C (deeomp.) .  Yield 0.73 
g (5'2%). Found, %: 1 20.19, 20.26; S 10.14. 10.26. Calculated for 
Cs~H371N2Sz, %: I ~0.18; S 10.20. 

(4a ,I 0,11aH -benzo [b]eyclohexano[f]-1,4-thiazepine-5 )-(3-ethyl- 
benzo~iazole-2)trimethinecyanine chloride (X). A mixture of 1.96 g 
(0.00~ mole) of !a, 1.6 g (0.013 mole) of 3-ethyl-2-formylmethylene- 
benzothiazoline,  and 15 ml  of acetic anhydride was heated in the 
water bath for 1 hr .  The dye was precipitated and washed with ether.  
mp  215--216" C (decomp. ,  from ethanol).  Yield 1A6 g (44%). Found, 
%: C1 7.59, 7.61; S 13.88, 14.06. CalcuLated for Oz~H~6N~S z - HC1, %: 
C1 7.79; S 14.09. The  base of the  carbocyanine was obtained by passing 
gaseous ammonia  into a saturated hot  ethanolic solution of 0.88 g 
(0.0002 mole)  of X until  the reaction was alkaline. The dye base 
separated on cooling. Red needles,  mp 198--199 ~ C (deeomp.) .  Yield 
0.75 g (9~o). Lmax: in methanol  465 nm,  in benzene 4,53 urn. Found, 
%: S 15.15, 15.89. Calculated for CvsHu~NzSz, %: S 15.32. 

( 10 -Methyl -4a ,1 l a  -dihydrobenzo[b]~ryelohexano[f]- 1,4~thiazepine - 
5)-(3-methylbenzothiazole-2)lzimethineeyanine iodide (XI) was ob- 
tained from 0.3 g (0.0001 mole)  of  VII and 0.19 g (0,001 mole)  of 
3-methyl-2-formylmethytenebenzothiazol ine  in 4 ml  of acet ic  

anhydride under the same conditions as for carboeyanine IX. Mp 
224--226 ~ C (decomp.) .  Yield 0.22 g (50%). Found, %: S 11.82, 
11.98. Calculated for Ca~I~TIN~S e, %: S 11.73. 

(4~a ,10,1 laH-B emzo[b]cyeiohexano[f]- 1 ,4- th iazepine-5  ) - (3-methyl  - 
benzothiazole-2)monomethineeyanine pe.rehlorate (XII). A mixture of 
0.35 g (0.001 mole)  of  Ia, 0.4 g (0.001 mole)  of  3 -me t hy l -2 -me thy l -  
thiobenzonhiazolium mesosulfate ,  0.1 g anhydrous sodium acetate ,  
and 7 ml  of absolute etl-mnol was heated in the  water bath for 2 hr. A 

solLrtion of the dye in chloroform was c~comatographed on a lumina 
and the solvent was evaporated off. The base,  obtained in the  form 
of a reddish off, was converted into the  perchlorate.  The dye was 
sparingly soluble in ethanot and was purified by being boiled with 
ethanol.  Dark yellow powder, m p  268--269 ~ C (decomp. ) .  Yield 
0.05 g (8~) .  Found, %: S 13.20, 13.26. Calculated for C:2Hz~N~Sz " 

�9 HC104, %: S 18.39. 
l l - ( p - D i r a e t h y ~ l ) - 4 a , l O , l l a H ' b e m - z ~ 1 7 6 1 7 6  

1,4-thiazepinitma e h l ~ i d e  (XIII). A mixture of  5.07 g (0.02 mole )  
of Ia and 2.84 g (0.02 mole )  of  dimethylaminobenzaldehyde in 50 iid 

of  ethanol was left  overnight.  Blue-green needles with a meta l l ic  
luster separated out,  mp  148.fi--149~* C (deeomp. ,  from ethanol).  
Yield 7.5 g (64~ Found, q~: S 7.80, 7.86. Calculated for CzzHz6N2S- 
- HC1, %: S 8.0A. The perehlorate of the  styryl XIII formed b lue-  
violet  needles,  mp  195.5--196.5" C (deeomp. ,  from ethanol).  Found, 
%: S 6.95, 7.00. Calculated for C2e~dzd';2S - HC1Oa, %: S 6.98. The  
base of the dye XIII was obtained in a similar manner to the base of 
X from 0.2 g (0.001 mole)  of XIII and was washed on the filter with 
hot  ethanol saturated with ammonia .  YeBow crystalline product, mp 
193.5--194 ~ C (decomp.) .  Yield 0.15 (83%)~ hma  x, nm: in methanol  
400, in benzene 393. Found, %: S 8.72, 8.84. Calculated for 
c ~ 2 ~ s ,  %: s 8.85.  

I 1 -(p-  Dim ethylaminost!m]l )- 10 - rnethyl-4a  ,1 l a  -dihydrobenzo[b ] 
eyeftolmxano[fJ-l,4~-thiaze.pitdum iodide (XIV}. Ethauolic solutions of 
0.43 g (0.001 mole)  of  VII and of  0.17 g (0.001 mole )  of  p-dirnethyl-  
aminobenzaldehyde saturated in the cold were mixed  and left  in a 
dark place at room temperature for several days. The  red-violet  
prisms that  had deposited were mca-ystallized from ethanol, m p  182-  
183 ~ C (decomp.) .  -field 0.18 (28%). Found, %: S 6.46, 6.59. Calcu-  
lated for Cz~Iz�INzS, %: S 6.37. 

11 -(p-Hydxoxystyrl )-4a ,10 , l l aH  -benzo[b]cyelohexano[f]- 1,4- 
thiazepiniuln chloride (XV). A mLxture of 0.81 g (0.003 mole)  of ia 
and 0.36 g (0.003 mole)  of  p-hydroxybenzaldehyde was heated in the 
boiling wator bath in 5 m l  of ethanol for 30 rain.  Orange c_rystals, 
mp 200.5--201.5" C (decomp. ,  from ethanol).  Yield 0.78 g (70%). 
Found, %: C1 9.72, 9.85; S 8.87, 8.92. Calculated for CzIHzlNOS �9 
- HCI, %: C1 9.54, S 8.62. 

Bi~6-phenyl-6 ,6a  ,11H-benzo[b]cyelohexano[e]-1,4-thiazepine - 
10)-monomethine~yanine chloride (XVI)o A mixture  of 0.36 g (0.002 
mole )  of  the  hydmehloride of III and 5 1111 (0.032 m o l e ) o f  oI*dlo- 
formic ester was heated in the water bath for 10 min .  This t ime  was 
inmfficient  for the reaction to take place  quauti tat ively,  but  longer 
heat ing of the reaction mLxtme leads to the  decomposition of the  dye 
formed. The  tmehanged hydrochloride was filtered off, washed with 
benzene (the cathocyanine is readily soluble in benzene),  and again 
heated with orthoformie ester. The operation of washing and pre-  
paring the  dye was repeated several t imes .  The dye was precipitated 
from the fil trate and washed with ether,  dissolved in eb2oroform, and 

ehromatographed on alumina0 afte~ which the  chloroform solution was 
saturated with dry hydrogen chloride. Dark green crystals from m e t h a -  

nol,  mp 132--133.5 ~ C. Yield 0.1 g (29%). Found, %: (:t 5.20, 5.36; 
S 10.07, 10.14. Calculated for CssHz6NzS~ - HC1, %: C1 5,60; S 10.13. 

(6 -Phenyt-  6,6a ,XlH-ben_~[b ]eyelohexano [ e ] - i  ,4- thiazepine - 10 )- 
(3-methylbenzothiazole-2)dimethineeyanine chloride (XVII). We 
heated 0.42 g (0.001 M) hydroehluride HI and 0.24 g (0.001 M) 3 -meth -  
y l -2-formyhnethylenebenzthiazol ine  in a water bath for 1 lx in 5 m l  

acet ic  anhydride. The dye was precipitated with ether: mp 207-208 ~ C 
(from dimethylformamtde).  Yield 0.23 g (35%). Found, %: 5.77, 

5.80; $12.43,  12.53%. Calculated for CzvHz6N2S2 HC1, %: N 5.57; 
s 12.75%. 

( 6  - Phenyl- 11 -me thy l -  6, 6a - dihydrobettzo[b] cyelohexanc{e] -1, 4-  
thiazepine - 1 0 ) - ( 3 - m e t h y l b ~ z o l e -  2) d imethyneeyaninep~ehlo  - 
ra te  (XVIII). We heated 0.47 g (0.001 m) IVa and 0.27 g (0.001 M) 

3-methyl -2- formylmethylenebeimthiaze l ine  in a water bath for 30 rain 
in 2 m l  acetic anhydride. When the reaction mixture was allowed to 

stand, the dye crystallized out, and i t  was dissolved in a smal l  amount  
of  chloroform. After the e l iminat ion of the  solvem, it formed dark red 

crystals with mp 249-250 ~ C (deeomp. ,  from ethanol). Yield 0.4 g 
(60%). Found, %: S 11.28, 11.32. Calculated for Cs0Hz~C1NzOaSz, %: 

S 11.06.  
10 -(p -Dimethylaminobenzyl idene)-  6-phenyl-6 ,6a  ,11H-benzo[b] 

eyelohexano[e] - l ,4- th iazepin inm perehlorate (XIX). A mixture  of 
0.87 g (0.008 mole )  of  Ilia and 0.33 (0.002 mole )  of  p -d imethy lamino-  
benzatdehyde in 5 m l  of acet ic  anhydride was heated in the  water 

bath for 20 rain.  Blun-blaek needles ,  m p  200.5--201.5 ~ C (decomp. ,  
from ethanol).  Yield 0.76 6 (60%). Found, %: 8 6.49, 6.53. Ca lcu -  
lated for CzsHzsNzS - HC1Oa, @: 8 6.75. The  base of the  dye XIX was 

obtained from 0.03 g (0.0001 mole )  of XIX in a similar manner  to the 
base of X. Yellow needles ,  nap 19q--199 ~ C (decomp. ,  from ethanol).  
Yield 0.02 g (83%). Xmax, nm:  in methanol  381, in chloroform 379. 
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10-6 -Dimethy laminobenzyHdene) - l l -methy l -6 -pheny l -6 ,6a -d i -  
hyckobenzo[b]-cyelobexano[e]-l ,4-thiazepinitma pexehlorate (XX). A 
mixture of  0.51 g (0.001 mole)  of  IVa and 0.18 g (0.001 mole )  of  
p-dimethylaminobenzaldehyde in 5 m l  of  acetic anhydride was heated 
in flae water bath for 1 hr. The dye was precipitated and washed with 
ether and was dissolved in a small  amount  of chloroform (the perehlo-  
rate of IVa is sparingly soluble in chloroform), and then the  solvent 
was el iminated and the  product was crystallized from m e t h a n o l  Dark 
red crystals with a meta l l i c  luster, mp  192--194" C (deeomp.).  Yield 
0.45 g (65~).  Found, %: C1 6.34. 6.35. Calculated for C~H3,CIN204S, 
~,: C1 6.58. The  diperchlorate was obtained by the crystallization Of 
0.71 g (0.001 mole)  of  XX from a mixture of  acetone,  methanol ,  and 
perehlorie acid in a ratio o f l  : 1 : 1. Yellow powder, mp  204--205 ~ C 
(dccomp.).  Yield 0.67 (80%). Found, o~: CI 11.11, 11.26; S 5.21, 5.22. 
Calculated for C-mtl~tC1NzO~S " HC104, %: C1 11.09: S 5.01. 

6 -Methyl-  10 - (p-dimethylaminobenzyHdene ]benzo[b ]eyelohexano 
[e ] - l ,4 - th iazepin ium pemhlorate  (XXI). A mixt t~e of 1.9 g (0.006 
mole)  of  Ha, 0.85 (0.006 mole )p-d imethy laminobenza ldehyde ,  and 
0.5 ml  of  acet ic  anhydzide in 10 rul of ethanol was heated in the  
water bath for 90 rain.  Green crystals with a meta l l i c  luster, nap 
163--164 ~ C (dceomp. ,  from ethanol).  Yield 0.93 g (35%). Found, 
%: (71 7.57, 7.64. Calculated for CzzHz6N~S - HCIO4, %: Cl 7.66. The 
base of XXI was obtained from 0.31 g (0.00q mole)  of  XXI in a similar 
manner to the  base of X. To ini t iate crystall ization, a few drops of 
aqueous ammonia  was added to an ethanolie solution of  the  base of 
the dye samtated with gaseous ammonia .  MP 134.5--135.5" C (f~om 
ethanol). Yield 0.14 g (Sb~). ~max,  nm:  in methanol  375, in ben-  
zene 369. Found, %: S 8.99, 9.09. Calculated for CzsH2,N~S, 9 :  
S 8.85. 

10 N p-gydroxTbenzylide~e)- 6 -me thy l -  6,6&.IlH -bep.zo[b]oyr - 
hexano[e]-l ,4--flfiazepinium petehlorate (XXII)o A m i x t ~ e  of 2.09 g 
(0.006 m o l e ) o f  Ha and 0.08 g (0.006 m o l e ) o f  p-hydroxTbenzaldehyde 
~n 10 ml  of ethanol was heated in the boiling water bath for 1 hr .  The 

dye was l~ccipitatcd and washed with ether.  Orange needles,  mp 
214--215.5 ~ C (decomp. ,  from ethanol).  Yield 0.38 g (14%). Fo~md, 
%: S 7.88, 8.05. Calculated for CztHzlNOS " HC104, %: S 8.13. 

The 1R spectra were recorded on IK-10 double-beam speeteophoto- 
meters in the  400-3600 cm -1 region with KBr, NaCI, and LiF prisms. 
The  substances were compressed into tablets with KBr. The electronic 
spectra were recorded on an SF-10 spectropbotometer. The  densities 
of  the dye solutions varied considerably with the t ime ,  and this c i r -  
cumstance did not permit  us to determine the  molecular  extinctions 
of the dyes.  

The  solutions of the sparingly benzene-soluble  dyes were l~epared 
by a published procedure [6]. 
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