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The synthesis of new monomethinecyanines from 2.3-trimethylene- and 2-phenyl-5, 6,7,8- 
tetrahydrothiochromylium. 2-phenyl-5.6-trimethylenethiopyrylinm, sym-octahydrothioxan- 
thylium and sym-octahydroxanthylium perchlorates and aromatic aldehydes is described. 

Monomethinecyanines are  of interest  as potential photosensitizers and dyes [1, 2]. In the present 
communication we describe the synthesis of the new monomethinecyanines (VI-XXII) (Table 1) from sym- 
octahydrothioxanthylium {I), sym-octahydroxanthylium (lI), 2, 3-trimethylene- 5, 6. 7, 8-tetrahydrothiochrom- 
ylium (III), 2-phenyl-5.6,7.8-tetrahydrothiochromylium (IV), and 2-phenyl-5,6-trimethylenethiapyrylium (V) 
perchlorates and aromatic aldehydes: 
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VI X=S,  n=3,  RI--R2-(CH2)4, R3=R4=I{, RS=N(CHa)~; VII X=S,  n - 3 ,  RI--R 2~ 
--I[:H2)~, R3=OH. R~=RS=H; VIII X='S, n=3, RI--I~2=(CH~)4, R~=R4='rI, R~=OCll~; 
iX X=S.  n=3, R 1 R~-=(CH2)4, R3=H, R4=Rs=OCHa; X X - O ,  n=3, R1--R-~-(CH2)4, 
R'~=R4=H, RS=N(CH3)2; Xl X=O, n=3, R1=R~= (CH~)4, R3-OH,  R4=RS=H; Xtl X - O ,  
n - 3 .  RT--R~-(CH_~)4, R3=R4=H, Rs=OCHz; XIII X=O, n=3, RI--R~=(CH2)4, R3=H, 
R4-Rs=OCH3; XIV X=O, n=3, R1--R2=(CH2)4, Ra=R4=H, Rs=NO~; XV X=S,  n-2,  
R1--R2=(CH2)4, R~=R4-H, RS=N(CH3)2; XVI X=S,  n=2, RI~R~-(CH2)4, R~=OH, 
R~=RS=H; XVII X=S n=2, R~--R 2-(CH~)4, R~=R~=H, Rs-OCH~; XVIII X=S,  n=2, 
R 1 R~=(CH~)~, R~=H. R~--R~=OCH3; XIX X=S,  n=3,  R~=CsH~, R-~=R~=R~=H, R ~= 
=N(CHa):; XX X=S, n=3,  R'-C~H~, R:='R~-H, R4=R~=OCHz; XXI X=S,  n=2, R ' =  
=CsH~, RZ=RZ-R~=H, Rs=N(CH3)~; XXII X=S,  n - 2 ,  RI=C~H~, R~=RZ=H, R~-R~= 
:=OCH~ 

The reactivity of sym-octahydrothioxanthylium perchlorate (I) is lower than that of the oxygen analog 
{II). Thus. the condensation of the perchlorate (iI) with aromatic aldehydes takes place in 30 rain at ~ 100~ 
and the yield of the end-products is 60-88%, while in the case of the sulfur analog, (I), the reaction mixture 
must be boiled (~130~ for an hour. and the yield of products does not exceed 39% [with the exception of 
(VI)] (Table 1). 2,3- Trimethylene- 5, 6,7.8-tetrahydrothiochromylium perchlorate (III), obtained for the first  
time, is less stable than its analog (I). which explains the lower.yields of condensation products (XV-XVIII) 
(Table 1). Of the aromatic aldehydes, p-dimethylaminobenzaldehyde reacts most readily. In all cases, 
condensation takes place at the a-methylene group and does not affect the heterocyclic ring, as is shown 
by the IR spectra of (VI-XXII) (Table 2). 

For  comparison, Table 2 also gives character is t ic  frequencies of the thiopyrylium cation in the initial 
perchlorates .  The possible overlapping of the absorption bands of the thiopyrylinm cation and of the 
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TABLE 1. The M o n o m e t h i n e c y a n i n e s  {VI-XXII) 

Meth-[ 
inecy-[ Mp, *C 
anine 

VI 164--167 
Vll 213--215 

VIII 180--181 
IX 183--185 
X 181--183 

XI 147--149 
XII I64--166 

XIII 169--171 
XIV 251--253 
XV 280(decomp, 

XVI 210--212 
XVII 200--201 

XVIII 202(decomp 
XIX 202--204 
XX 161--162 

XXI 206--208 
XXII 189--191 

Empirical 
formula 

C2~H~CINO4S 
C2oH21CIO5S 
C~IH23CIO5S 
C~,H~sCIOaS 
C~H~CINOs 
C2oH2tCIO6 
C2tH2aCI06 
C22H~sC1Oz 
C2oH~oCINOz 
C21H24C1NO~S 
CtgHIgC1OsS 
C2oH21CIO5S 
C2,H23CIO6S 
C24H~4CIN04S 
C24H.~CIO6S 
E'~H~CINO~S 
C.~H~CIO~S 

60,8] 
58,9 
59,5 
58,3 
62,9 
60,71 
61,9 1 
60,7 
57,21 
60, l 
57,61 
59,01 
57,81 

Found, % 

H Cl 

5,9 ! 
5,4 
5,7 
5,4 
6,4 
52 
5,7 
5,7 
4,7 
5,7 
5,0 
5,0 
5,4 

: !  
! 

S C 

60,E 
58,~ 
59,6 
58,3 
62,9 
61,~ 
61,7 
60,5 
56, s 
59,8 
57,~ 
58,~ 
57,~ 

Calculated, % 

: �9 H Cl S . . ~  

7,4 71 
7,8 28 
7,6 33 
7,1 39 

- -  71 
- -  8 7  

- -  8 8  

- -  6 t  

- -  37 
7,6 48 
8,1 20 
7,8 21 
7,3 23 
7,0 84 
6,8 44 
7,2 91 
6,9 43 

TABLE 2. 
and of the M o n o m e t h i n e c y a n i n e  Dyes 

A b s o r p t i o n  Spec t ra  of the In i t i a l  P e r c h l o r a t e s  {I, IV, and V) 
WI-IX and XV-XXII) 

Characteristic frequencies of the 
Corn- stretching vibrations of the thiapy- kmax , am (log a) 
pound rviium cation; v, cm "~ 

1402m, 1488m, 1550 w, 1608 w 
1390s, 1503m, 1588m, 1600m 

1392s, 1500s, 1551m, 1596m 
1390s, 1513m, 1555m, 1597m 
1385--1398s. 159C--1505m, i[55m, 

1590m 
1380s, 1497m, 1565m, 1592m 
1390s, 1500m. 1565m, 1596m 
1390s, 1500--1507w, 1560m, 1590m 
I393s. 1502m, 1568m, 1598m 
1410m. 1493--1497w, 1569m, 1597 w 
1398s, 1502m, 1568--1572m, 1602m 
1390 s, 1500--1505m, 1568m, 1590-- 

1595w 
1402m, 1495 w, 1562m, 1592 w 
13988, 1505m, 1568m, 1590rn 
14008, 1500--1505m, 1565m, 1598m 

! 

VI 

VII 
, VIII 

IX 

XV 
XVI 

XVII 
XVIII 

IV 
XIX 
XX 

V 
XXI 

XXII 

275(3,44), 327(3,98) 
260(4.10), 289(4,08), 391(4,11), 

680(4,53) 
260(3,72), 322(3,71), 490(3,81) 
278(4,06), 322(4,11), 515(4,28) 
258(4.31), 327(4,13), 525(4,30) 

279(4,13), 335(4,16), 545(4,54) 
253 (4,20), 326 (4,11), 558 (4,50) 
251 (4,27), 382(4,29) 
271 (4,54), 415(4,54), 700(4,99) 
265 (4,44), 371 (4,26), 560 (4,23) 

248(4.41), 382(4,38) 
274(4,39), 420(4,18), 730(4,87) 
270(4,59), 375(4,44), 590(4,62) 

*The  band  at  1590-1680 c m  -1 ove r l aps  the ba nds  of the  s t r e t c h i n g  v i -  
b r a t i o n s  of the a r o m a t i c  r i ng .  

a r o m a t i c  r i n g  c o m p l i c a t e  the i n t e r p r e t a t i o n  of the s p e c t r a  of compounds  (VI-IX and XV-XXII),  but  the  i n -  
t e n s e  a b s o r p t i o n  at 1380-1410 c m -  , t o g e t h e r  with the  a b s o r p t i o n  at 1560-1570 c m - i ,  c a n b e  u s e d  to iden t i fy  
the  t h i a p y r y l i u m  ca t ion  in  t he se  compounds  [3]. 

It  is known that  wi th  an  i n c r e a s e  in  the  s t r a i n  of the r i n g  the  f r e q u e n c y  of an exocye l i c  C = C  double  
bond r i s e s  [4]. In the  s p e c t r a  of compounds  (XXI) and  (XXII), un l ike  those  of {X'IX) and (XX). a b s o r p t i o n  
a p p e a r s  at 1610 c m  -1, which m u s t  a p p a r e n t l y  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 a double  bond at  a 
f i v e - m e m b e r e d  r ing .  S ince  i n  the r e a c t i o n  of the p e r c h l o r a t e  {III) with a r o m a t i c  a ldehydes  the f o r m a t i o n  
of i s o m e r s  is  p o s s i b l e  t h rough  the m e t h y l e n e  g roups  of the two d i f fe ren t  a l i cyc l i c  s y s t e m s ,  we c o m p a r e d  
the  s p e c t r a  of the m e t h i n e c y a n i n e s  (XV, XVI, and XVIII) and t h e i r  ana logs  (VI, VII, and IX). In a g r e e m e n t  
with the a b s o r p t i o n  at 1610 c m  -1 in  the  s p e c t r a  of compounds  (XV, XVI, and XVIII) m e n t i o n e d  above, th is  
p e r m i t s  us to c o n s i d e r  tha t  c o n d e n s a t i o n  takes  p l ace  th rough  the m e t h y l e n e  group of the f i v e - m e m b e r e d  
r i ng .  In the  c a s e  of compounds  (V-I-IX. XIX, and XX) the band  at  1610 cm -1 is  absen t .  

In  the IR s p e c t r a  of s y m - o c t a h y d r o x a n t h y l i u m  p e r c h l o r a t e  {II) and the  p r o d u c t s  of i t s  condensa t i on  
(X-XIV) a b s o r p t i o n  bands  of the p y r y l i u m  ca t ion  [5] a r e  o b s e r v e d  at  1405-1415,  1480-1500, 1580-1590. and 
1605-1615 c m  -1. Al l  the  compounds  i n v e s t i g a t e d  a r e  c h a r a c t e r i z e d  by s t r o n g  a b s o r p t i o n  at 620-625 and 
1085-1110 cm -I  (CIO4-). 
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E X P E R I M E N T A L  

The IR spec t r a  w e r e  taken on a UR-20 s p e c t r o m e t e r  in paraff in  oil and hexachlorobutadiene.  The 
e lec t ronic  spec t r a  we re  t aken  on a SF-4A s p e c t r o m e t e r  in methylene chlor ide at a concentra t ion of 10 .3 M. 

The p e r e h l o r a t e s  (I. II, IV. and V) w e r e  obtained as  descr ibed  p rev ious ly  [6-81. 

2,3- T r i m e t h y l e n e -  5, 6, 7 ,8 - t e t r ahydro th ioehromyl ium pe reh lo ra t e  (iII) was obtained by  a lmown method 
[6] f r o m  7.8 g (0.04 mole)  of 2-[(2-oxocyclopentyl)methyl]cyclohexanone,  hydrogen sulfide, and 70~ p e r -  
chlor ic  acid. Yield 6.8 g (58%). Mp 78-81~ (after reprec ip i ta t ion  f r o m  ch lo ro fo rm with a 6 :1  mix tu re  of 
e ther  and benzene).  It  was identified through i ts  t e t r ach lo ro fe r r a t e ,  into which it was conver ted  by the ac-  
t ion of a hydrochlor ic  acid solution of f e r r i c  chlor ide  [9]: mp 82-84~ f r o m  acet ic  acid. Found %: C1 36.4: 
S 8.2. C12H15C1FeS. Calcula ted %: C1 36.4: S 8.2. 

The monomethiuecyanines  (Table 1) we re  obtained by condensing equ imolar  amounts of the pe rch lo -  
r a t e s  ( I -V)wi th  a rom a t i c  aldehydes with heat ing to 100~ or  boiling in glacia l  acet ic  acid for  30 min-2  h. 

1. 
2. 
3. 

4o 
5. 
6. 

7p 
8. 

9. 
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