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A series of cyanines has been obtained by the reaction of 3-methyl- 
2-methylthioanthrapyridinium methosulfate (V) with compounds 
containing active methylene groups. Compound V was synthesized 
from N-methylanthrapyrid?ne by the action of phosphorus oxychlo- 
ride, treatment of the resulting 2-diehlorophosphonyloxy-3-methyl- 
anthrapyridinium chloride with thiourea, and the reaction of the N- 
methyIanthrapyridine-2-thione with dimethyl sulfate. 

In the f i r s t  communica t ion ,  we d e s c r i b e d  the r e -  
ac t ion  of N - m e t h y l a n t h r a p y r i d o n e  (I) with phosphorus  
pen tach lor ide ,  leading to the fo rma t ion  of 2 - t e t r a e h l o -  
r o p h o s p h o r a n y l o x y - N - m e t h y l a n t h r a p y r i d i n i u m  ch lo r ide  

(II) and noted its high r eac t iv i ty ,  e spec i a l l y  with r e -  
spec t  to amines  [1]. 

It  has been  found that, l ike phosphorus  pentaehlo-  
r ide ,  phosphorus  oxych lor ide  r e a c t s  with N - m e t h y l -  
an th rapyr idone  (I) at 90 -100  ~ C f o r m i n g  an addit ion 
product  for  which, on the bas i s  of its p r o p e r t i e s ,  we 
a s s u m e  the s t r u c t u r e  of 2 -d i eh lo rophosphony loxy-3 -  

m e t h y l a n t h r a p y r i d i n i u m  ch lo r ide  (III). A s i m i l a r  c o m -  
pound has r e c e n t l y  been d e s c r i b e d  in the quinol ine 
s e r i e s  [2]. Compound III, l ike  II, r e ad i l y  f o r m s  the 
c o r r e s p o n d i n g  an th rapyr idone  2 - i m i n e s  on r e a c t i o n  
with p r i m a r y  a m i n e s .  The  ch lo r ide  III r e ad i l y  r e a c t s  
with th iourea  in aqueous solution,  fo rming  the thio 
anaIog of N - m e t h y l a n t h r a p y r i d o n e  (IV), which, on 

t r e a t m e n t  with d imethyl  sulfate ,  g ives  N - m e t h y l - 2 -  
me thy l th ioan th rapy r id in ium methosu l fa te  (V). 

0 OPOCI 2 

II ~ C H 3 C I _  ,2"2" 
II II 
O O 
1 111 

g SCH -- 
7 + ( ~ - ~ H  CH3 SO4 

r 
h II 
O O 
IV v 

It is known that q u a t e r n a r y  sa l t s  of n i t r o g e n - c o n -  
taining h e t e r o c y c l i c  bases  with groups  capable  of 
being spl i t  off in the f o r m  of an anion (chlor ine ,  me th -  
ylthio, e t c . )  in the or tho and pa ra  posi t ions  r e a c t  with 
compounds conta ining ac t ive  methy lene  groups  to f o r m  
cyanine dyes [3 -5 ] .  The  an th rapyr id in ium compounds 

*On the n o m e n c l a t u r e  used  in this paper ,  see  the 
note to the p r e c e d i n g  pape r  [ T r a n s l a t o r ' s  note]. 
* * F o r  par t  IV, see  [6]. 

II, III, and V that  we have syn thes ized  a lso  r e a c t  with 

m e thy l ene -con t a in ing  compounds .  The p r o c e s s  takes 
p lace  m o s t  smooth ly  with the methyl th io  compound V: 
the methyl  m e r e a p t a n  l i b e r a t e d  v o l a t i l i z e s  off, and 

the methy l  hydrogen sulfa te  is bound by the addit ion 
of t r i e t h y l a m i n e .  
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Via R=COCHa;  VIb  R=COCsHs;  VIe R=COOC2Hr,; 

Vld R = C N ;  V l l a  A = o - p h e n y l e n e ;  l i b  A = l , 2 - n a p h t h y l e n e  

To synthesize the cyanines we used the ethyl esters 
of acetoacetic, benzoylacetic, cyanoacetic, and 
malonie acids and also 3-hydr oxythi onaphthene and 
4,5-benzo-3-hydroxythionaphthene. The substances 
obtained are colored compounds, red to green accord- 
ing to the nature of the methylene component. In the 
visible region of the spectrum, they each exhibit a 
broad absorption band which is probably due to the 
complex i ty  of the c h r o m o p h o r i c  s y s t e m  and the pos s i -  
b i l i ty  of c i s - t r a n s  i s o m e r i s m  r e l a t i v e  to the double 

bond. In the f inal  dyes,  a shif t  of the main absorp t ion  
band in the long-wave  d i r ec t i on  on pass ing  f r o m  one 
meth ion ine  component  to another  is found in the s e -  
quence ma lon ie  e s t e r  < cyanoace t i e  e s t e r  < benzoyl -  
ace t ic  e s t e r  < a e e t o a c e t i c  e s t e r  < hydroxythionaph-  
thene < benzohydroxyth ionaphthene .  

EXPERIMENTAL (L. D. Zil'berg took part in the work). 

2-Dlchlorophosphonyloxy-3-methyl-7-oxo- 7H-dibenz[f, ij ]iso- 
quinolinium chloride (III). A mixture of 2G.I g (0.I mole) of II, 
40 m] (0 ,44 mole )  of phosphorl~s oxych lo r ide ,  and 260 ml  of dry 

to luene  was st irred at 9 0 - 1 0 0 "  C [or 3 hr, by which  t i m e  the  s amp le  

of the solid m a t e r i a l  t aken  f rom the  r e a c t i o n  m i x t u r e  was so luble  in 

water. After cooling, the solid matter was filtered off and was washed 
with dry petroleum ether to give 39.4 g (959) of III in the form of 
a yellow microcrystalline powder readily soluble in water and insolu- 
ble in benzene, chloroform, and ether, gound, %: C1 26.22, 26.01. 
Calculated for C17HI1ClaNO3P , %: C1 25.65. 

8-Methyl-q-oxo-qH-dibenz[f, ij]isoquinoline-2-thione (IV). At 
10-25 ~ C, ~5 g (0.036 mole) of III was dissolved in 500 ml of water. 
and a solution of 10 g (0.13 mole) of thiourea in 150 ml of water was 
added. A red precipitate immediately appeared. After 30 minutes' 
standing with periodic stirring, tile precipitate Was filtered off and was 
washed repeatedly with water and dried. Yield 9.8 g (98%). After 
reerystalIization from chlorobenzene, 6.6 g of IV was obtained in 
the form of red-orange plates, mp 264-265.5 ~ (2,)'max 295, 355, 
370 and 475 nm, log 6 4.45, 4.]7, 4.]7, and 4.08. Found. %: C 73.68; 
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Cyanines Obtained from 3-Methyl-2-methylthioanthrapyridinium Methosulfate 

Name 

2-(Acetylethoxy- 
carbonyl)methyl- 
ene-3-methyl- 
7H- dibenz[f, ij ]- 
isoquinolin- 7 -one 

2-(Benzoylethoxy- 
earbonyl)meth- 
ylene-3-methyl- 
7H-dibenz[f,ij]- 
isoquinolin-7- 
one 

2-Diethoxycar- 
bonylmethylene- 
3-methyl-qH- 
dibenz[f, ij]- 
isoquinolin- 
7 -one 

2-(Cyanoethoxy- 
carbonyl)rneth- 
ylene-3-methyl- 
7H-dibenz[f, ij]- 
isoquinolin-7- 
one 

2 - (3' Hydroxythio- 
naphthylidene)-3- 
methyl- 7 H- dibenz 
[f, ij ]isoquinolin- 
7-one 

2-(4' ,5'-Benzo- 
3'-hydroxythio- 
naphthylidene)- 
3-methyl-TH- 
dibenz[f, ij]iso- 
quinolin-7-one 

Mp, "C 

239.6-- 
241,0 

227.2-- 
228.4 

167.6-- 
168.4 

215.4-- 
216.6 

290.7-- 
292,0 

258.0-- 
259.0 

kmax, nm 
(log s) 

340 (4,19) 
540 (4.09) 

355 (4.26) 
515 (4.23) 

315 (4,27) 
355 (4.13) 
495 (4.14) 

310 (4.37) 
360(4.18) 
500 (4.25) 

380 (4.33) 
620 (4.22) 

335 (4.10) 
405 (4.30) 
645 (4.23) 

Empirical 
formula Yield, % 

C~t-I19NO4 76,4 

C28H21NO4 52.5 

C24H21N05 70 

C22Hj6N,20 

C25HI~NO2Sa 

C29H17NO2Sb 

90 

96,5 

66 

aFound, %: S 7.92, 7.99. Calculated, %: S 8.15%. 
bFound, %: S 7.02, 6.98. Calculated, %: S 7.23. 
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73.96; H3.98; 3.99; S 10.71, 11.01%. Calculated for ClvHIINOS, %o: 
C 73.62; H 4.00; 8 11.56%. 

3-Methyl-2-methylthio-q-oxo- 7H-dibenz[f, ij ]isoquinolinium 
methosulfate (V). A mixture of 6.92 g (0.025 mole) of IV and 3.4 g 
(0.027 mole) of dimethyl sulfate was boiled in 200 ml of dry toluene 
for 1 hr to 1 hr 30 rain, After cooling, the bright yellow precipitate was 

filtered off, washed three times in toluene (50 ml), and dried. The 
yield of V was 9.47 g (94%), mp above 200 ~ C (decomp.), readily 
soluble in water, insoluble in benzene and ether. Found, %: N 3.52, 
3.61; S 16.05, 16.32%. Calculated for C19HtTNOsS2, 9: N 3.47; 
S 15.89%. 

2-( Cy anoethoxycarbonyl ~-nethylene- 3-methyl -%oxo- 7H - dibenz - 
[f, ij]is~lulnollne (VId), A mixture of 0.4 g (~0.001 mole) of V, 
0.~ ml (0.0055 mole)of cyanoaeetie ester, and 0.1 g (0.001 mole)of 
triethylamine was heated to 50 ~ C in 30 rain and was stirred at this 
temperature for 15 rain. The precipitate was filtered off and washed 
with 30 ml of methanol to give 0.32 g of Vld (90%), mp 215.4-216.6 ~ C 
(from chlorobenzene). The spectral and analytical data are given in 
the table. 

The cyanines VI and VII, the properties of which are given in the 
table, were obtained similarly. 
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