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6 - F - ,  6 -CFa-  , 6-CFaS- , and 6-CFaSO 2 de r iva t ives  of lepidine, the i r  e thotosyla tes ,  and a num- 
be r  of ca rbocyan ines ,  merocyan ines ,  and s t y ry l  dyes were  synthes ized .  The effect  of the in-  
dicated subst i tuents  on the bas ic i ty  of the he te rocyc l i c  r ing and on the posi t ion of the abso rp -  
t ion m a x i m a  of the cyanine dyes was a sce r t a ined .  

Cyanine dyes f r o m  lepidine de r iva t ives  with f luorine a toms or f luor ine-containing groupings as sub-  
st i tuents  were  p rev ious ly  unknown. It was of in te res t  to obtain dyes of this so r t  and c o m p a r e  the i r  p r o p e r -  
t ies  with analogous dyes - benzothiazole and benzimidazole  de r iva t ives .  It should be noted that the l a t t e r  
find p rac t i ca l  applicat ion as pho tosens i t i ze r s .  Lepidine der iva t ives  containing a fluorine a tom and C Fa, 
CFaS , and CFaSO 2 groups  in the 6 posi t ion that are n e c e s s a r y  for  the synthes is  of cyanine dyes have not 
been desc r ibed .  They  were  obtained f r o m  the cor responding  subst i tuted aniline by condensation with a c e -  
tone and formaldehyde  v ia  a modif icat ion of the method in [1]. 

R - . ~  CHaCOCI| 3 R H~ 
\NH 2 CH20 

R=F, CF,p CF,~S, CFaSO 2 

The compounds obtained are  c rys ta l l ine  subs tances  that  are  quite soluble in organic solvents  and are  
weake r  bases  than lepidine.  With r e s p e c t  to bas ic i ty ,  they are  a r ranged  in the o rde r  H > F > CFaS > CF 3 > 
CFaSO 2. The pK a values  in 50% alcohol,  de te rmined  by po ten t iomet r ic  t i t ra t ion,  a re ,  r e spec t ive ly ,  4.38, 
3.61, 3.19, 3.08, and 2.32. The bases  were  conver ted  to qua te rna ry  sa l t s  by heating with ethyl  p - to luene -  
sulfonate .  Carbocyanine ,  merocyan ine ,  and s ty ry l  dyes were  synthes ized  f r o m  the e tho tosy la tes .  

TABLE 1. Shift in the Absorp t ion  
Maxima of Dyes on Int roduct ion of 
Substi tuents 

R- - /> ' [ . .~u  Y />- -R 

I x -  I 
%H5 C2H5 

S 
NC2Hs 
Lepidine 

A~.maz, n m  

F CFa CFaS 

o 33 lO 
7 6 19 

CFaSO2 

17 
21 
34 

The introduct ion of f luorine a toms and CF3, CF3S, and CF3SO 2 
groups  into the 6,6' posi t ions of lepidine causes  a cons iderab ly  
g r e a t e r  shift  in the absorp t ion  m a x i m u m  of the dyes  to the long-wave 
side as c o m p a r e d  with the shift  in the analogous dyes,  benzothiazole 
and benzimidazole  de r iva t ives  [2] (Table 1). Fluorine a toms and 
f luor ine-conta ining subst i tuents  in the 6 posi t ion of the lepidine ring 
cause  a ba thochromic  shift  of the absorpt ion  m a x i m u m  of 3 -e thy l -  
rhodanine de r iva t ives  (merocyanine,  Table 2). The dyes display 
posi t ive  so lva toch romism,  and this a t tes ts  to predominance  of the 
nonpolar merocyanine  s t ruc tu re  (Table 3). The effect  of the indi- 
cated subst i tuents  is exe r t ed  pa r t i cu l a r l y  marked ly  on the posi t ion 
of the absorp t ion  m a x i m a  of the s ty ry l  dyes (Table 2). The g r e a t e r  
the e l e c t r o n - a c c e p t e r  p rope r t i e s  of a subst i tuent ,  the g r e a t e r  the 
shift  in X max:  in the case  of the CF3SO 2 group, the shift  amounts to 
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T A B L E  2, C y a n i n e  D y e s  f r o  m F l u o r i n e - C o n t a i n i n g  L e p i d i n e s  

[ mp, "~max ,am t tound, qo Calc,,% Yield ill CzH~OH [ Empirical 
] x "C (s~ .me w i t h -  I ~' ' Comp, 

out subsfit.)[ formula 1-777-1-7V;-I ~~ 

V! 
VII 

VIII 

R R 

H CH ~ C H C2Hs--N~'-//CHuG --" ~ -- 2 5 
X 

F II~OS - 275--276 [ 
- 254--255 

CF~ 2597:6~ SCF~ 
S02CF~ ~TOS-I 

658; 718 
(650; 711) 
557; 717 
666; 730 
676;745 

C~H~F~N~ 

CaH~aF~Nel 
C,~H~oF~OaNsS~ 
C~H~oF~N~07S~ 

/ / / t /-  544 --  531 --  62 

- t18,23/ - - / 1 8 , 4 9 !  22 
-- 115,64[ --/15,73~ 28 
- -  /14,39t - -  ]14,451 46 

IX F 

X CFa 
XI SCFa 

Xll SOzCFa 

=e H -- N / ' ~ C  H --C H ------r---..--S 

R 

266 

3OO 
279 
272 

581; 625 
(616) 
579; 621 
576; 618 
580; 618 

CIaH,7FN20S2 

C,gH,rF3N2OS~ 
CIgHLTFsN~OS~ 
C 19HIrFaN~O3Sa 

7,80 5,28[ 7,771 5,27 64 

16,91 13,93 6,82 13,88 52 
-- 12,82 - -  12,88 46 
- -  2,17 - -  12,01 62 

R 

\ t .n a 
X- 

XIII 
XIV 
XV 

XVI 

F 
CFa 
SCFa 
SO2CF3 

265 
237 
246 
223 

564 (546) 
58O 
584 
626 

C2~H~2FalN2 ]6,22 / 4,30 6,25 4,24 44 
C22H2=FalN2 t - -  111,451 --  11,44 72 
C22H22Fe, IN2S 5,38~10,80 5,29 10,751 70 
C22H22FaIN202S -- /10,20 -- 0,131 36 

T A B L E  3. UV A b s o r p t i o n  M a x i m a  of M e r o c y a n i n e s  

~ - ~  C2Hs 
R 

Zmo,,' nm 

CCh C~H~ C~H,~OH CHaOH 

F 
CFa 
SCFa 
SO~CFa 

565 602 
563 592 
555 590 
558 

575, 614 581, 625 
568, 606 579, 621 
568, 600 576, 618 
570, 608 580, 618 

T A B L E  4. F l u o r i n e - C o n t a i n i n g  L e p i d i n e s  
cH a 

Comp. 

I 
II 

llI 
IV 

rap, mp of 
~C picrates Ef2Pm:i:al found, % calc.,% 

F 
CFs 
CFaS 
CFaSO2 

45 
56 
78 

109 

231 
220 
202 
198 

Cz0HsFN 
CnHsFaN 
CnHsFsNS 
CnHsF~NO~S 

12,08 
27,01 
23,30 
20,77 

11,78 
26,99 
23,43 
20,71 

583 625 
585, 625 
580, 621 
582 620 

Yield, % 

25 
28 
25,6 
6,9 
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80 nm.  A s t ruc tu re  with a posi t ive charge  on the ni t rogen a tom of the he te rocyc l ic  r ing p redomina tes  
ma rked ly  in the synthes ized  s t y ry l  dyes .  

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

p - T r i f l u o r o m e t h y l m e r c a p t o -  and p-Tr i f luoromethy lsu l fony lan i l ines .  These  compounds were  obtained 
by the method in [3]. 

6 -Tr i f luoromethy l lep id ine .  A mixture  of 27 g of f e r r i c  chlor ide ,  8 ml  of acetone,  2 ml of formal in ,  
4.5 ml  of concent ra ted  HC1, and 8 ml  of methanol  was heated at 100 ~ and 8.05 g (0.05 mole) of p - t r i f l u o r o -  
methylani l ine [4] was added with constant  s t i r r ing  af ter  1 h. The mix ture  was heated at 100 ~ for  another  
3 h and under  gentle ref lux for  1 h. The alcohol and excess  acetone were  r e m o v e d  by dist i l lat ion,  and the 
res idue  was made alkaline and s t e a m  dist i l led.  The res idue  was then ex t rac ted  with e ther ,  the e ther  was 
r e m o v e d  by dist i l la t ion,  and the res idue  was heated with acetic anhydride at 100 o for  45 min.  The mixture  
was neut ra l ized  with sodium carbonate  solution and s t e a m  dis t i l led.  The res idue  was ex t rac ted  with e ther ,  
and the ex t r ac t  was dr ied .  The e ther  was r emoved  by dist i l lat ion,  and the product  was c rys t a l l i zed  f rom 
pe t ro l eum e the r .  

6 - F l u o r o - ,  6 - t r i f l u o r o m e t h y l m e r c a p t o - ,  and 6- t r i f luoromethylsul fonyl lepid ines  (Table 4) were  
s i m i l a r l y  obtained. 

E tho tosy la t e s .  The ethyl tosy la tes  of the indicated bases  were  obtained by heating subst i tuted l ep i -  
d ineswi the thy lp - to luenesu l fona te  at 140 ~ for  4 h.  The qua te rna ry  sal t  was ex t rac ted  with w a r m  water ,  and 
the aqueous ex t r ac t  was purif ied by washing with toluene.  The water  was evapora ted  to a min imum volume,  
and the solution was allowed to stand overnight .  The next day the c r y s t a l s  of qua te rna ry  sal t  were  r emoved  
by f i l t ra t ion and dr ied .  In the case  of 6-f luorolepidine,  the water  was evapora ted  to d ryness ,  at the end of 
which the mix ture  was heated caut ious ly  to 140 ~ . 

T r ime thy l idynecyan ines .  A mix ture  of 1 mmole  of the e thotosyla te  of the base ,  an equal  amount by 
weight of ethyl o r thoformate ,  3 ml  of pyr id ine ,  and 5 drops  of t r i e thy lamine  was ref luxed gently for  1.5 h 
and allowed to stand overnight .  The dyes were  r emoved  by f i l t rat ion,  washed with a smal l  amount of a lco-  
hol and e the r ,  and c rys t a l l i zed  f r o m  methanol .  Carbocyanines  V and VI were  conver ted  to iodides by the 
action of aqueous po ta s s ium iodide solut ion.  They were  pur i f ied s imi l a r l y .  

Dimethy l idynemerocyan ines .  A mix tu re  of 1 mmole  of the e thotosyla te  of the base ,  1 mmole  of 3-  
e thy l -5-ace tan i l idomethy lenerhodanine ,  3 ml  of pyridine,  and 0.1 ml  of t r i e thy lamine  was ref luxed for 1.5 
h and allowed to s tand overnight .  The dyes were  r e m o v e d  by f i l t ra t ion,  washed with a sma l l  amount of a l -  
cohol, and c ry s t a l l i z ed  f r o m  methanol .  

S tyryl  Dyes .  A mixture  of 1 mmole  of the ethyl tosyla te  of the base ,  1.2 mmole  of p -d ime thy lamino-  
benzaldehyde,  and 3 ml  of pyridine, was ref luxed for  1 h. The dyes were  conver ted  to iodides.  

lm 
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