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We showed e a r l i e r  [1] that in the s e r i e s  of phthalocyanins (Pc), t e t r a -2 ,3 -py r id inoporphyraz ine  (Py- 
2,3), tetra-~2, 3 -pyraz inoporphyraz ine  (Pz), a hypsochromic  shift of the long-wave absorpt ion m a x i m u m  in 
organic  solvents  is obse rved  
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At the same t ime,  in the s e r i e s  of t e t r a a z a - P c ,  the long-wave absorpt ion max imum depends substan-  
t ial ly on the position of the ni trogen a toms with r e spec t  to the m a c r o c y c l e  as well: the e lec t ronic  spec t rum 
of t e t ra -3 ,  4 -pyr id inoporphyraz ine  (Py-3,  4), in con t ras t  to Py-2,  3, is identical  in the vis ible  spec t ru m 
with the spec t rum  of the cor responding  Pc [2]. In this communicat ion  we compared  the e lect ronic  absorp -  
tion spec t r a  of analogs of Pc and their  t e r t -bu ty l  de r iva t ives  with the spec t r a  of the cor responding  Pc in a 
broad spec t ra l  in terval  (Table 1) and p re sen t  a theore t ica l  explanation of the influence of azasubst i tut ion.  

We synthesized t e r t -bu ty l - subs t i tu t ed  azaanalogs  possess ing ,  like the cor responding  t e r t - b u t y l - s u b -  
stituted Pc [3], high solubil i ty in organic solvents ,  which made it poss ib le  to invest igate  the prev ious ly  un- 
studied UV portion of thei r  e lect ronic  spec t rum.  Thus, the interact ion of the polyamide of 6 - t e r t - b u t y l -  
c inchomeronic  acid [4] with the co r respond ing  chlor ides  in the p re sence  of urea  yielded vanadyl (I) and co-  
bal t  (II) complexes  of t e t r a -3 ,  4 - (6 - te r t -bu ty lpyr id ino)porphyraz ine .  Analogously to PcH 2 [5], the in t e rac -  
tion of 5 - t e r t - bu ty l -2 ,  3 -d icyanopyraz ine  (III) with l i thium amyla te  in amyl alcohol yielded nonmeta l - con-  
taining t e t r a -2 ,  3 - (5 - t e r t -bu ty lpy raz ino )porphyraz ine  (IV); we descr ibed  the synthes is  of metal l ic  c o m -  
plexes f r o ~  the cor responding  acids e a r l i e r  [6]. The dini t r i le  (III) was synthesized by condensation of 
t e r t -buWl-g lyoxa l  [7] with d iaminomaleodin i t r i le  (a t e t r a m e r  of hydrogen cyanide) [8] 
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TABLE 1. 
logs  

Compound 

Vanadyl Pc 
Vanadyl 6-tert-butyl- 

Py-3,4 
Vanadyl PV-2,3 [1] 
Vanadyl Pz [1] 
Vanadyl 5-tert-butyl- 

Pz [ 6] 
Cobalt Pc 
Cobalt 6-tert-butyl- 

Py-3,4 
Tetra-4-tert-butyl- 
Pc [31 

5-tert- Butyl-Pz 

A b s o r p t i o n  M a x i m a  of P h t h a l o c y a n i n s  and T h e i r  A z a a n a -  

Solvent 

685 
680 
700 (5,61) 
645 
635 
634 
645 (5, t4) 
663 
660 
672 
705, 67i 

653 (5,08) 
617 (4,95) 

;~max (lg e) ,nm * 

2 3 

6t8,5 346,5 
6t6 345 
630 (4,98) 342 (5,t8) 
585 340 
580 345 
578 343 
586 (4,42) 343 (4,90) 
597 329 
595 327 
605 325 
645,605 342 

570 (4,34) 340 (5,02) 

DMSO 
DMSO 
Benzene 
DMSO 
DMSO 
DMSO 
CHCI~ 
DMSO 
DMSO 
CHCI 3 
CHC13 

CHC13 

290 sh 

29O-- 
292 
292 (4,71) 

*The numbers denote absorption bands: 1) k V 2) its vibrational satellite; 3) k2 (Soret 
band); 4) ),3. 

?--./z 

F i g .  1. N u m e r a t i o n  of the 
a t o m s  of the m o d e l  of p h t h a l -  
ocyan in  (X, Y, Z = CH) and i ts  
a z a d e r i v a t i v e s  (X = N; X, Y 
=N;  Z = N ) .  

(CHa)a C N CN 
(CHa)~C--C=O H~N--C---CN \ ~ / \ /  

' + I, -, . ,o" < )  CHO H~N--C--CN \ 
N CN 

(In) 

F r o m  the da t a  of T a b l e  1, c o n s i d e r i n g  the a b s e n c e  of an inf luence  
of the t e r t - b u t y l  g r o u p s  on the n a t u r e  of the s p e c t r u m ,  the fo l lowing  
conc lu s i on  can be  d r awn :  in c o n t r a s t  to the  l o n g - w a v e  band  ~ and i t s  
v i b r a t i o n a l  s a t e l l i t e ,  the b a n d s  in the UV r e g i o n  in the  c a s e  of a z a s u b -  
s t i tu t ion  in the Pc  m o l e c u l e  e x p e r i e n c e  p r a c t i c a l l y  no shi f t .  

The  e l e c t r o n i c  s t r u c t u r e  of Pc and i t s  m e t a l l i c  c o m p l e x e s  has  
been  c a l c u l a t e d  r e p e a t e d l y  by  v a r i o u s  m e t h o d s  (see ,  f o r  e x a m p l e ,  [9, 
10]). The  p u r p o s e  of th i s  i nves t i ga t i on  was  to exp la in  the b e h a v i o r  of 
the t o n g - w a v e  a b s o r p t i o n  m a x i m u m  (kl) d e s c r i b e d  above,  c o r r e s p o n d i n g  
to the t r a n s i t i o n  alu(au)  ~ eg(E1) , and the Sore t  band (k2) , c o r r e s p o n d -  
ing to the t r a n s i t i o n  a2u(au) ~ eg(e2) , in the  s p e c t r a  of m e t a l l i c  c o m -  
p l e x e s  of ph tha locyan in  and i t s  a z a d e r i v a t i v e s .  

F o r  th i s  p u r p o s e ,  the vanady l  c o m p l e x e s  of Pc ,  Pz ,  P y - 2 ,  3, and P y - 3 ,  4 w e r e  c a l c u l a t e d  by  the Hi ic-  
keI  me thod  wi thin  the f r a m e w o r k  of the 7r -e lec t ron ic  a p p r o x i m a t i o n s . *  T h e s e  i s o e l e c t r o n i c  s y s t e m s  each  
have  42 r - e l e c t r o n s  (36 in the m a c r o r i n g  of ph tha locyan in  and in the o u t e r  s i x - m e m b e r e d  r i n g s ,  a s  we l t  as  
6 7 r - e l ec t rons  of the fou r  i nne r  n i t r o g e n  a toms ) .  I t  was  s u g g e s t e d  that  Pz  and Pc have  the s y m m e t r y  D4h , 
wh i t e  P y - 2 ,  3 and P y - 3 ,  4 have  the s y m m e t r y  C4h (Fig .  1). Our  v a r i a t i o n  of the  s y s t e m  of p a r a m e t e r s  
showed that  q u a l i t a t i v e l y  the r e s u l t s  of the c a l c u l a t i o n  do not  depend  on the s e l e c t i o n  of the p a r a m e t e r s ,  
wi th in  r a t h e r  b r o a d  l i m i t s .  In th i s  c o m m u n i c a t i o n  we d i s c u s s e d  the r e s u l t s  ob ta ined  with  the p a r a m e t e r s  
of [11]. F o r  the fou r  i nne r  n i t r o g e n  a t o m s ,  we took the p a r a m e t e r s  of p y r r o l e  (c~ N = c~ + fi, flCN = 0.9 fl), 
and fo r  the fou r  r e m a i n i n g  n i t r o g e n  a t o m s  those  of p y r i d i n e  (a N = a + 0.4 /3, fiCN = fi). The  r e s o n a n c e  
i n t e g r a l  fi was  d e t e r m i n e d  a c c o r d i n g  to the e n e r g i e s  of the f i r s t  t r a n s i t i o n s  gl b y  the method  of l e a s t  
s q u a r e  s. 

The  e n e r g y  l e v e l s  of the s y s t e m s  under  c o n s i d e r a t i o n  ob ta ined  f r o m  the c a l c u l a t i o n  a r e  c i t ed  in Tab le  
2. Tab le  3 p r e s e n t s  the v a l u e s  of the e n e r g i e s  of the t r a n s i t i o n s  gi and ~2, a s  we l l  as  the w a v e l e n g t h s  k 1 
and X 2 c o r r e s p o n d i n g  to them.  It  is  ev iden t  that  both  the h y p s o c h r o m i c  sh i f t s  of the band h I in the s e r i e s  
Pc ,  P y - 2 ,  3, and Pz ,  as  we l l  a s  i t s  i n s e n s i t i v i t y  to a z a s u b s t i t u t i o n  in the 3 , 4 - p o s i t i o n ,  a r e  in quan t i t a t i ve  
a g r e e m e n t  with the r e s u l t s  of the c a l c u l a t i o n .  The  band of the second  t r a n s i t i o n  A 2 in a l l  the compounds  
is  v e r y  b road ;  m o r e o v e r ,  i t  o v e r l a p s  wi th  the m o r e  s h o r t - w a v e  band X3; t h e r e f o r e ,  i t  is  d i f f icu l t  to judge  

*The o r b i t a l s  of the m e t a l  w e r e  not inc luded "in the c a l c u l a t i o n .  The  induc t ive  inf luence  of the  m e t a l  on the 
inner  n i t r o g e n  a t o m s  was  c o n s i d e r e d  p a r a m e t r i c a l l y  by  i n c r e a s i n g  the c o u l o m b i c  i n t e g r a l .  
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T A B L E  E n e r g y  L e v e l s  in uni t s  o[ fi) 

Symmetry 
of MO* Scheme of levelsr �9 pz py-3,~ 

b2u (bu) 
eg 

,eg 

PC Pu 

--0,603 --0,586 
--0,i77 --0,i58 

0,295 0,339 

0,673 0,674 

0,900 0,994 

--0,538 
--0,14i 

0,372 

0,675 

1,000 

--0,553 
--0, i54 

0,320 

0,680 

0,9i5 

�9 Tile notations in parentheses correspond to the symmetry C4h of pyddine analogs, 
tThe remainingWacant and occupied levels are not cited. 

T A B L E  3. E n e r g i e s  of T r a n s i t i o n s  e I and 
e 2 (in un i t s  of fi) and W a v e l e n g t h s  X 1 and X 2 
C o r r e s p o n d i n g  to T h e m  (in nm) 

"~ Calculation 
O 

k) 

Pc 
Py-2,3 

Pz 
Py-3,4 

0&72 
0,497 
0,5t3 
0,~74 

683 0,850 
65i 0,832 
632 0,8t6 
680 0,834 

":xperiment 

~z ~ ~.~ 

39t 685 346 
399 645 340 
407 635 345 
398 680 345 

the e x a c t  p o s i t i o n  of the m a x i m u m .  It  can  on ly  be  a s -  
s e r t e d  that  it  is  l i t t l e  sh i f ted  f r o m  the a z a s u b s t i t u t i o n .  
Th i s  is  a l s o  in good a g r e e m e n t  wi th  the c a l c u l a t i o n  
(see  T a b l e  3). 

The c a u s e s  of the p e c u l i a r i t i e s  of the b e h a v i o r  
of the s p e c t r a  of m e t a l l i c  c o m p l e x e s  of Pc in the c a s e  
of a z a s u b s t i t u t i o n  b e c o m e  u n d e r s t a n d a b l e  in a c o n s i d -  
e r a t i o n  of the shape  of the m o l e c u l a r  o r b i t a l s ,  among  
which  t h e r e  a r e  t r a n s i t i o n s  e 1 and e2 (Table  4; the  nu-  
m e r a t i o n  of the a tomic  7 r -o rb i t a l s  is  g iven  in F i g .  1). 
The  n a t u r e  of t h e s e  o r b i t a l s  is  p r a c t i c a l l y  unchanged  
by  a z a s u b s t i t u t i o n .  The  m o l e c u l a r  o r b i t a l s  eg to which  

a ~r -e lec t ron  is  t r a n s f e r r e d  c o r r e s p o n d  to a double  d e g e n e r a t e  l eve l .  T h e s e  o r b i t a l s  e n c o m p a s s  a l l  the  
a t o m s  of the s y s t e m ,  p r i m a r i l y  the  a t o m s  of the i n n e r  1 6 - m e m b e r e d  r i n g  of Pc* (q~l, g~ r q~i0). N a t u r a l -  
ly,  a z a s u b s t i t u t i o n  in the b e n z e n e  r i n g s  only s l i g h t l y  l o w e r s  i ts  e n e r g y .  The  m o l e c u l a r  o r b i t a l  a iu(au) ,  
f r o m  which  the t r a n s i t i o n  e i o c c u r s ,  i s  c o n s t r u c t e d  p r i m a r i l y  f r o m  the o r b t t a l s  of e igh t  c a r b o n  a t o m s  of 
the i nne r  r a g  of Pc (~2, ~9)- The  o r b i t a l s  of the n i t r o g e n  a t o m s  of the i n n e r  r i n g  (el, ~10) do not  e n t e r  into 
th is  m o l e c u l a r  o r b i t a l .  The  p a r t i c i p a t i o n  of the a tomic  o r b i t a l s  g'4 and q~7 of the s i x - m e m b e r e d  r i n g s  is  
r a t h e r  a p p r e c i a b l e .  T h e r e f o r e ,  the e n e r g y  of the o r b i t a l  a l u  (au) d e c r e a s e s  to a f a r  g r e a t e r  d e g r e e  than 
the e n e r g y  of the o r b i t a l  eg as  the  c a r b o n  a t o m s  4 and 7 a r e  r e p l a c e d  by  n i t r o g e n s .  F r o m  the r a t i o  of the  
coe f f i c i en t~  of the a tomic  o r b i t a i s  ~4 and ~7, on the one hand,  and ~5 and ~6, on the o the r ,  it  i s  a l so  u n d e r -  
s t a n d a b l e  why the band k i i s  r e l a t i v e l y  i n s e n s i t i v e  to a z a s u b s t i t u t i o n  of the c a r b o n  a t o m s  5 and 6. 

T h u s  the p e c u l i a r i t i e s  of the h y p s o c h r o m i c  sh i f t s  of the band h 1 in the c a s e  of a z a s u b s t i t u t i o n  a r e  
e n t i r e l y  exp la ined  by  the n a t u r e  of the  m o l e c u l a r  o r b i t a l s  b e t w e e n  which th is  t r a n s i t i o n  o c c u r s .  

The  m o l e c u l a r  o r b i t a l  a2u (au) fo r  a l l  f ou r  m o l e c u l e s  i s  c o n s t r u c t e d  p r i m a r i l y  f r o m  the v - o r b i t a l s  q~l 
and ~Plo of the e igh t  n i t r o g e n  a t o m s  of the  i n n e r  r i n g  of Pc .  T h e r e f o r e ,  i t s  e n e r g y  d e p e n d s  s u b s t a n t i a l l y  on 
the s e l e c t i o n  of the p a r a m e t e r s  of the i n n e r  n i t r o g e n  a t o m s .  As can  be seen  f r o m  T a b l e  3, the p a r a m e t e r s  
of p y r r o l e  (;hat we took f o r  t he se  n i t r o g e n s  [11] i n s u f f i c i e n t l y  r e f l e c t  the induc t ive  in f luence  of the  m e t a l .  
E v i d e n t l y  the use  of the c o u l o m b i c  i n t e g r a l  ~ N  = c~ + 1.2 fl ( a c c o r d i n g  to [9]) l e a d s  to b e t t e r  a g r e e m e n t  wi th  
the e x p e r i m e n t .  Since a l l  the r e m a i n i n g  a tomic  o r b i t a l s  p a r t i c i p a t e  l i t t l e  in a2u(au) , the i n s e n s i t i v i t y  of the 
e n e r g y  of th is  m o l e c u l a r  o r b i t a l  to the i n t roduc t i on  of n i t r o g e n  into the b e n z e n e  r i n g s  is  u n d e r s t a n d a b l e  
(see  T a b l e  2). Since  the o r b i t a l  eg i s  a l so  r e l a t i v e l y  i n s e n s i t i v e  to a z a s u b s t i t u t i o n ,  the weak  s e n s i t i v i t y  of 
the  band 7~ 2 to the i n t roduc t i on  of s u p p l e m e n t a r y  n i t r o g e n s  i s  u n d e r s t a n d a b l e .  

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

Vanady l  C o m p l e x  of T e t r a - 3 ,  4 - ( 6 - t e r t - b u t y l p y r i d i n o ) p o r p h y r a z i n e  (I). A m i x t u r e  of 0.2 g of the h e -  
m i a m i d e  of 6 - t e r t - b u t y l c i n c h o m e r o n i c  ac id  [7] wi th  mp 184 ~ 1 g u r e a ,  0.1 g VCla, and the c a t a l y t i c  amount  
of a m m o n i u m  v a n a d a t e  was  s l owly  hea t ed  to 240 ~ e x p o s e d  at  th is  t e m p e r a t u r e  fo r  15 min,  coo led ,  w a s h e d  

*Here  and h e n c e f o r t h ,  the a t o m i c  o r b i t a l s  a r e  i n d i c a t e d  fo r  one f r a g m e n t .  
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TAB LE 4. 
e 2 Occur* 

MO 

Pc ~ (%u) 
d~ (alu) 

* %) 

Pz ~ ( a.~u ) 
d~ (azu) 
r (Q) 

P~'-2,3 ~b (an) 
( a u) 

0 (e~) 

P'y-3,~ r (a u) 

Molecular Orbitals between Which the Transit ions e 1 and 

(%) 

(e g) 

0,282 -0,051 
0 --0,271 
0,t32 0,t27 
0,t71 --0,277 

0,28& -0,05t i 
0 --0,288 
O,OOi 0,267 
0,27~0 ] --0,14h 

0,282 ] - 0 , ~  
0,001 ]--0,280 
0,048 0,232 
0,2i7 --0,i90 

0,~% --0,063 
O,OOi --0,272 

�9 0.056 0,217 
--0,21i 0,211 

(Pa ~4 

0,086 0,023 
--0,080 O, 168 

0,t7t --0,05t 
--0,065 0,140 

0,082 0,0~ 
--0,107 O,IM 

0,t8~ --0,t09 
0,036 0,i05 

0,089 [ 0.025 
--O,08t 0 I ~  

0,176 I--0,076 
0,022 ), 0-,112 

0,066 I 0,027 
--0,i02 ] 0,i08 

0,199 I--0,i0i 
0,017 [--0,it2 

~5 

-4),070 
0,i30 

--0.t62 
0,0h0 

-0,075 
0,t03 

- 0 ,  t25 
-0,093 

-0.072 

i 0,t29 -0, ifZ~ 
-0,039 

-0,0&7 
0,155 

--0,18/t 
0 

--0.0701 
--0.t301 

0.0801 
--0. lb,7l 

--0.0751 
--0,103 I 

0.1261 
--0,0921 

--0.0731 
--0.i00l 

O, I021 
--0. IU~ I 

--0.0591 
--U.11~t 

O, 120 
0, it2 

(P* r % 
(Pl~ 

--0,37& 
0 
0,0~ 

--0,3ta 

--0,372 
0 
0,223 

--0.220 

--0,373 
--0,013 

0, t87 
--0,258 

--0,373 
0,0t5 
0,t/~0 
0,283 

*The values of the coefficients are cited for the atomic orbital~of atoms of one fragment 
(atoms 1-10). The values of the coefficients for atomic orbitals corresponding to the 
remaining fragments are obtained from considerations of symmetry. 

with boiling water, the complex extracted with boiling benzene, chromatographed on A1203 (activity V), the 
blue band Muted with chloroform, and the eluate evaporated. Yield of the complex (I) 0.02 g (18%). 

The cobalt complex of tetra-3,4-(6-tert-butylpyridino)porphyrazine (II) was produced analogously 
from the hemiamide of cinchomeronic acid, cobalt chloride, and ammonium molybdate (as a catalyst) in a 
urea melt. Yield of (II) 20%. 

5 - ter t -Buty l -2 ,  3-dicyanopyrazine (III). To a solution of 0.3 g diaminomaleodinitrile [8] with mp 179- 
181 ~ and 0.6 g tert-butylglyoxal [7] in 10 ml of alcohol we added 1 ml glacial CH3COOH , boiled for 1.5 h, 
then evaporated to dryness  under vacuum. The residue was treated with boiling benzene, the benzene ex-  
tract chromatographed on A1203, (III) washed with chloroform, and the eluate evaporated to dryness .  Yield 
of (III) 0.22 g (40%), mp 64-65 ~ (from alcohol). Found: N 29.88%. C10H10N 4. Calculated: N 30.09%. 

The peaks 186 (M+), 171 (M + - 15), 143 (M + - 43), as well  as the metastable peak 199.5 (1432/171), 
due to fragmentation with elimination of an ethylene molecule,  were detected in the mass  spectrum of (III). 

Tetra-2,  3-(5-tert-butylpyridino)porphyraztne (IV). To a solution of 1.5 mmoles  lithium amylate in 
5 ml alas. amyl alcohol we added 5 mmoles  (III) in small  portions with mixing. The mixture was boiled for 
1 h, and evaporated to dryness  under vacuum. The residue was reprecipitated from conc. H2SO4, chro-  
matographed on si l ica gel, Muting the blue-green fraction with chloroform, and the eluate evaporated to 
dryness .  (IV) was obtained in a yield of 15%. 

The authors would like to thank N. P. Gambaryan for his discussion of the results  of the calculation. 

C O N C L U S I O N S  

1. Some new tert-butyl-substituted azaanalogs,  posses s ing  increased solubility in organic solvents,  
were  synthesized for a study of the influence of azasubstitution on the electronic absorption spectra of 
phthalocyanin. 

2. Azasubstitution in the phthalocyanin molecules  does not change the position of the absorption bands 
in the near UV region, while the long-wave absorption bands undergo a substantial hypsochromic shift, the 
value of which depends on the number of supplementary nitrogen atoms and on their position. 

3. These peculiarit ies  of the spectra of phthalocyanins are explained by the nature of the molecular 
orbitals,  between which the corresponding v-e lectronic  transitions occur. 
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