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SYNTHESIS OF OCTASUBSTITUTED METAL NAPHTHALOCYANINES 

KlYOSllI KI'l'AlIARA, TOYOFUMI ASANO, SUSUMU KAYAMA, SUM10 TOKITA, 
a n d  HISAO NISMl 
D e p a r t m e n t  o f  A p p l i e d  C h e m i s t r y ,  S a i t a m a  U n i v e r s i t y ,  Urawa 338, 
J a p a n  

A b s t r a c t  N e p l i t t i e l o c y a n i n e  metal c o m p l e x e s  a t t a c h e d  t o  c h a l c o g e n  
atoms be tween  t h e  n a p h t h a l . o c y a n i n e  r i n g  a n d  p h e n y l  o r  a l k y l  
g r o u p s  were s y n t h e s i z e d .  

INTRODUCTION 

We h a v e  

( P c s ) l  v 2  

i n v e s t i g a t e d  t h e  S y n t h e s i s  a n d  p r o p e r t i e s  of p h t h a l o c y a n i n e s  

and  n a p h t h a l o c y a n i n e s .  Some P c s  were a p p l i e d  t o  Langmuir-  

B l o d g e t t  f i l m s . 4  2 , 3 - N a p h t h a l o c y a n i n e s  (Ncs), w h i c h  h a v e  l a r g e r  

aromatic a-system t h a n  P c ,  a r e  much a t t e n t i o n  as  near i n f r a r e d  d y e s ,  

s e m i c o n d u c t o r ,  a g e n t  f o r  p h o t o d y n a m i c  t h e r a p y  and so  on. E s p e c i a l l y ,  

t h e i r  e l e c t r i c a l  p r o p e r t y  h a s  b e e n  i n t e r e s t e d  b e c a u s e  o f  t h e  forma- 

t i o n  o f  o n e  d i n i e n t i o n a l  s t r u c t u r e  i n  s t a c k e d  a r r a n g e m e n t .  On t h e  o t h e r  

h a n d ,  t e t r a t h i a f u l v a l e n e s  (TTF) are w e l l  known as  a n  e l e c t r o n  d o n o r  i n  

t h e  f i e l d  o f  s y n t h e t i c  metals. l n t r o d u c t i o n  of c h a l c o g e n  atoms t o  t h e  

o u t e r  s i d e  c h a i n s  o f  TTF b r o u g h t  a b o u t  i n t e r m o l e c u l a r  i n t e r a c t i o n  

be tween  t h e s e  atoms.5 I n  t h i s  p a p e r ,  we r e p o r t  t h e  s y n t h e s i s  of Ncs 

a t t a c h e d  t o  c h a l c o g e n  atoms (S ,  Se or  T e )  b e t w e e n  t h e  Nc r i n g  a n d  

p h e n y l  or  a l k y l  g r o u p s .  

RESULTS AND DISCUSSlON 

O c t a s u b s t i t u t e d  metal Ncs (1) were s y n t h e s i z e d  a c c o r d i n g  t.o Scheme. 

I n t e r m e d i a t e ,  6,7-dibromonaphthalene-2,3-dicarbonitrile (z), was 

p r e p a r e d  f r o m  o - x y l e n e  i n  t h r e e  s t e p s . 6  R e a c t i o n  o f  2 w i t h  c h a l c o g e -  

l a t e  i o n  g a v e  t h e  p r e c u r s o r  (2). 5 was o b t a i n e d  

i n d o l i n e  d e r i v a t i v e  (6) f r o m  2 i n  t h e  p r e s e n c e  o f  c o p p e r ( 1 )  c h l o r i d e .  

S y n t h e t i c  r e s u l t s  o f  2 
s p a r i n g l y  s o l u b l e  i n  o r g a n i c  s o l v e n t s  and  n o t  s u b l i m e d  u n d e r  r e d u c e d  

b e n z o [ f ] i s o -  

l i s t e d  i n  T a b l e  I .  S i n c e  compound 5 was 
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R 

-[ :mNi, NH 

(4) 

( 3 )  

1- 
R R 

a : R=SPh 
b : R = S e P h  
c : R=TePh  

( 1) R=H, M=Cu 
( 5 ) M=Cu 
( 6 )  R=SC1,H,, , M=Pb 

Scheme 

p r e s s u r e ,  5 was washed w i t h  s e v e r a l  o r g a n i c  s o l v e n t s .  A b s o r p t i o n  

s p e c t r u m  o f  2 was shown i n  F i g u r e  1. 5a,b r e v e a l  s t r o n g  s i n g l e  Q-band 

i n  t h e  n e a r  i n f r a r e d  r e g i o n  and  h a v e  b a t h o c h r o m i c  s h i f t  o f  Q-band 

a b o u t  20nm compared  w i t h  u n s u b s t i t u t e d  Nc (IJ. T e l l u r i u m  d e r i v a t i v e  

was o b t a i n e d  a s  brown powder  and  e x h i b i t e d  b r o a d  a b s o r p t i o n  p a t t e r n .  

F u r t h e r m o r e ,  s o l u b l e  o c t a d o d e c y l t h i o - N c  l e a d (  11) complex  (6) e x p e c t e d  

l a r g e  b a t h o c h r o m i c  s h i f t  was p r e p a r e d  f r o m  d i d o d e c y l t h i o  d e r i v a t i v e  of 

- 3 ( T a b l e  I ) .  Compound 6 was s o l u b l e  i n  h a l o a l k a n e s ,  a ry l  h a l i d e s  a n d  

TABLE I S y n t h e t i c  r e s u l t s  of n a p h t h a l o c y a n i r i e s  5 and 6. 

b) Compd S u b s t i t u e n t  Y i e l d  Uecomptl p o i n t a )  (>-band 

No. a t  R (2)  ("C) ( n m )  

5a PhS 16 387 802 

5b PhSe  51 3 50 803 

5c PhTe 35 336 848 

68 234 85 1 
6 1 2"2 5' 

a )  Measured  by TG-DTA u n d e r  a t m o s p h e r e .  

b )  In 1 - c h l o r o n a p h t h a l e n e ,  
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FIGURE 1 Absorption spectrum o f  3 i n  1-chlororiaph 
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halene. 

aromatic hydrocarbons. Itt the thermal analysi .s ,  a phase t ra i is i t ioi i  

point was observed a t  78°C. 

EXPERIMENTAL 

6,7-Diphenylseler1onaplithaleiie-G, 7-dicarboni t r i le  3. 
The benzeneselenolate ion was generated from diphenyl d i se len ide  (2m 

riiol) w i t h  sod ium borohydride (2.3mmol) i n  dry DMF (2nil) under a 

nitrogen atmosphere. After the so lu t ion  was heated 7 0 " ,  2 (1 .Yioniol) i n  

dry IlMF (10ml) was added. The mixture was heated 100" for  6 hours. 'The 

product was extracted w i t h  methylene ch lor ide ,  the organic layer  was 

washed w i t h  water,  dried over magnesium s u l f a t e  and concentrated & 
vacuo. ?'lie res idue was chromatograplied on s i l i c a  g e l  u s i n g  niethylene 

chlor ide.  The f r a c t i o n  was r e c r y s t a l l i z e d  from carbon t e t r a c h l o r i d e  t o  

give pale yellow needles ( y i e l d  68%), m p  225226°C. 'll-iimr(acetone- 

d6) ; 7.27-7,76(m, arom, loti), 7.79( s, 5,8-arom, 211) ,8.37( s ,  1,4-aroni, 211), MS 

(m/z) ;490(Mt), UV(CH3C1)Xmax( l o g e )  ;316(4.76) ,288(4.46) ,242(4.72).  

Anal. Calcd , f o r  C241114N2Se2 : C ,  59.03 ; H ,  2.99;N, 5.74. 

Found :C,  58.95: 11, 2.99 ; N, 5.78. 

6 ,7-D i p he 11 y 1 t h i o n a p h  t ha 1 en e- 2 ,3-d i c a r bo 11 i t r i I. e 2. 
Recrystal l ized Erom carbon t e t r a c h l o r i d e  t o  give white needles. Yield 

20%, mp 256-257OC. lI1-nmr(acetone-tl ) ; 7.31-7.67(m,aroni, loll) ,7.71( s , 5 ,  

8-arorn, 211), 8.44( s ,  1,4-arorri, Z I I ) ,  MS(ni/z) ; 394(M+), U V (  C1I3Cl)hmax( l o g  c )  ; 

3 0 6 ( 4 . 6 2 ) , 2 8 4 ( 4 . 4 3 ) , 2 4 1 ( 4 . 4 5 ) , 2 3 1 ( 4 . 3 1 ) .  
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Anal. .Calcd. f o r  C241111,N2S2:C, 73 .OG;  I I ,  3 .58; N ,  7 .10.  

Found :C,72.96 ; I I ,  3.55;N, 7.03. 

6,7-Di plienyltel..l.uroiiaplithalene-2,3-dj.carboni tr1.e &. 
Recrystal . l ized from methanol t o  g j  v e  yellow needles .  Yield 59%, nip 

203-205°C. 'll-ntnr(Cl)Cl. ) : 7.1-8 .O(m ,arom, 14l,l), MS(m/z) : S9O(M+), IJV 

(C113C1)Xmax(l.og~):349(4.29) ,251(4 .89) .  

Anal..Calcd. f o r  C I 1  N 're :C,49 .23;11 ,2 .41;N,4 .78 .  

Found :C,49.12;11,2.55; N , 4 .58 .  

Octasubstituted-2,3-naplitlialocyaniiiato copper( I J . )  2. 
Anhydrous ammonj a g a s  was bul)l)l.ed through a s t i r r i - n g  m.i.xture of 2 
(0.43mmoI.), sod-i.rini nietIloxj.de (O.22mnioI.) and methyl.cell.osol ve ( ! i d )  f o r  

30 mix. W i t h  con t i  nuetl ammonia i .n t roduct ion ,  the mixture was heated 

65" f o r  3 hours.  The s o l u t i o n  was evaporated i n  vacuo. Copper(1) 

chlori.de (0.22nimol~) arid qttj.nol.:i.ne (5nil) were added t o  the r e s i d u e  and 

refluxetl  f o r  2 hours.  Metlianol was added arid t h e  p r e c j ~ p i t a t e  was 

f i l t e r e d  o f f ,  washed w i t h  a ce tone ,  methylene cli1ori.de and to luene .  

Octadodecylthio-2,3-~iaplittialocyari~1iato l ead (  11) 5. 
Prepared from ?(R=SC I I  ) ,  I.ead(I1) c h l o r i d e  antl 1 ,8-d iazabicyc lo[  5. 
4 .O]undec-7-ene i n  met l iy lce l~ loso lve  accord ing  t o  the previ.oris proce- 

Recrys ta l . l i zed  from c.liloroform arid ace tone  (1  : 1 )  t o  g ive  deep 

3 

2 4 1 4 2  2 

1 2  25 

green powder. 

A n a l  .Cal.cd . f o r  C1441121GN8S8Pb:C,68 .55 ; I I  ,8.63;N ,4.44. 

Found:C,68.52;11,8.G1 ;N,4.45. 
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