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Copper and zinc complexes of porphyrim containing ethoxycarbonyl 
substituents have been synthesized and their absorption spectra in the 

visible region have been studied. A connection has been shown be- 
tween the c~/~ ratio of the absorption bands and the order of sub- 
stitu~ion of electronegative groups in the porphyrins. 

The e l ec t ron ic  spec t r a  of the me ta l loporphyr ins  
are c losely  connected with the i r  t he rmodynamic  s t a -  
b i l i ty  and depend on the na tu re  of the meta l ,  the p r o -  
p e r t i e s  of the po rphyr in  i tself ,  and the solvent  used  
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c~/j3 Ratio as  a funct ion of the n u m b e r  of e thoxy-  
carbonyl  groups  (n) in the spec t r a  of the me ta l  
complexes  of the porphyr ins :  -for 
spec t r a  in ch lo roform;  . . . . . . . .  for spec t r a  in 

py r id ine :  

[1,2].  The study of the capaci ty of the me ta l loporphy-  
r i n s  for f o rming  complexes  with addit ional  l igands 
and the inves t iga t ion  of the i r  photooxidat ion-photo-  
reduc t ion  r eac t i ons  and other ques t ions  of the chemical  
and phys ica l  na tu re  of the po rphy r in s  r e q u i r e  a de -  
ta i led  cons ide ra t ion  of the i r  spec t ra .  In the p r e s e n t  
work,  we studied the spec t r a  in the v i s ib le  r eg ion  of 
the copper and zinc complexes  of po rphyr ins  con-  
ta in ing  a r egu l a r l y  changing n u m b e r  of e l e c t r o n e g a -  
tive subs t i tuen t s  (ethoxyearbonyl  groups) .  

As we have shown p rev ious ly ,  the in t roduct ion  of 
an e thoxycarbonyl  group into the po rphyr in  molecule  
causes  a ba thochromic  shift  of each of the four p o r -  
phyr in  bands  by 6-8 nm [3] and of the Soret  band by 
450 cm -~ [4]. Regula r  changes of the pos i t ion  of the 
absorp t ion  m a x i m a  as a funct ion of the number  of 
e thoxycarbonyl  groups are also found in the spec t r a  
of the i r  meta l  complexes  (see table) .  

The inf luence of the pos i t ion  of the e thoxyearbonyl  
groups in a po rphyr in  on Xmax of the i r  complexes  is 
leve led  out in c o m p a r i s o n  with the in i t ia l  po rphyr ins  
but,  n e v e r t h e l e s s ,  the c~-band (the longes t -wave  peak) 
is more  sens i t ive  to a change in the chemica l  s t ruc tu re  
of a po rphyr in  than the f l -band.  

F u r t h e r m o r e ,  a ba thochromic  shift,  also of about 
8-12 nm,  is observed  for  one and the same complex 
when ch lo ro fo rm is r ep laced  by pyr id ine  in the case 
of both the zinc and the copper  complexes ,  which is 

apparent ly  due to addit ional  coordina t ion  of the meta l  
with the solvent .  

One of the c h a r a c t e r i s t i c  f ea tu res  of the meta l  
complexes  is the dependence of the in tens i ty  of the 
long-wave peaks on the na ture  of the m e t a l .  Thus,  
for example ,  it  is known that if the c~//? r a t io  is g r e a t e r  
than 1 the copper  complex of a given porphyr in  is 
more  s table .  Where the zinc complexes  are more  
s table ,  a lmos t  always a/fi < 1. 

It has been  observed  that in a n u m b e r  of ca rboxy-  
lated po rphyr ins  it is a lso poss ib le  to obtain an idea 
of the in te rna l  s t r uc t u r e  of the po rphy r in s  i . e .  an 
idea  of the mutual  a r r a n g e m e n t  of the e thoxycarbonyl  
groups,  f rom the ra t io  of the in t ens i t i e s  of the a -  and 
f i -peaks,  and, consequent ly ,  to deduce c o r r e c t l y  the 
type of s p e c t r u m  of the po rphyr in  i t se l f  and also to 
p red ic t  beforehand the type of s p e c t r u m  of the meta l  
complex when one solvent  is r ep laced  by another .  

F r o m  the f igures  given it can be seen  that the 
metal  complexes  of po rphyr ins  having one e thoxy-  
earbonyl  group or two a r r anged  in opposite p y r r o l e  
r ings  have an a/l? r a t io  cons ide rab ly  g r e a t e r  than 
uni ty  in ch lo roform for the copper complexes  and 
also a/fl > 1 when the ch lo roform is r ep laced  by p y r i -  
dine~ Even in the co r r e spond ing  zinc complexes ,  the 
ra t io  a/fi > 1 in ch loroform.  

Thus, we can state with ce r t a in ty  that if a me ta l  
complex,  copper or zinc, of a po rphyr in  has a ra t io  
a/fi > 1 in ch loroform,  the po rphyr in  mus t  have the 
"rhodo" type of s p e c t r u m  in the v i s ib le  reg ion .  The 
only except ion to this  ru le  is t r i e t h o x y e a r b o n y l p o r -  
phyr in ,  which has the "etio" type of s p e c t r u m  because  
of the except ional  s y m m e t r y  of the three  carboxy 
groups.  If even one of them is r ep laced  by another ,  
r e la ted ,  group, for example  a fo rmyl  group, the spec -  
t r u m  becomes  of the "rhodo" type [5]. 

In cons ide r ing  the complexes  of Lhe porphyr ins  
having two e thoxycarbonyl  groups in adjacent  py r ro l e  
r ings ,  a g rea t e r  s i m i l a r i t y  of the in tens i ty  of the 
bands is found in complexes  III and IX, d i e thoxyca r -  
bony lporphyr ins ,  and in VI and XII, t e t r a e t h o x y c a r -  
bony lporphyr ins ,  which have the e thoxycarbonyl  groups  
d i rec ted  toward one another ,  than in complexes  of 
the two d ie thoxycarbony lporphyr ins  (III, IX and IV, 
X), d i f fer ing in the locat ion of the e thoxycarbonyl  
groups.  

As can be seen  f rom the f igure ,  an i n t e r e s t i n g  
fea ture  of the meta l  complexes  is  the r e g u l a r  change 
in the a/fi ra t io  by a definite amount  when one so lvent  
is r ep laced  by another ,  this  be ing  0 . 3 - 0 . 5  for the 
copper complexes  and 0 . 2 - 0 . 4  for the zinc complexes  
when ch lo roform is r ep laced  by pyr id ine .  
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C h a r a c t e r i s t i c s  of the Metal Complexes  of the P o r phy r i n  Ser ies  Synthesized 

Com-  
pound 

I 

II 

II1 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XII1 

XIV 

R I R ~  

H a C ~  cHa 

HaC C H a  

R~ R a 

R,  = R = = R a = R 4 = H *  

R~=CO=CaHs 

Mp ~ R~ 

>300 0.22"'I 

0 . 0 8  *~  

>300 0,19 

~ 'max  (8 �9 10 a) 

in pyridine in chloroform 

I (~) II (~) I (~) 

582; 570 544 ]57l;560' 
(497) (13,68) (8,10) 

(6.33) I (9.05) 
594 I 553 584 

(12.91) II (14.9) (15.2) 

603 560 596 
(10.3) (16.5) (9.[0) 

594 

Me=Zn 

Rs!= Ra = R* = H 
Me=Zn 

R~ = R= = CO~C~H~ 
Ra=R~=H 

Me=Zn 

Rt = R4 =CO~C2H~ 
R2=Ra=H 

Me=Zn 

R ~ = R~= i% = CO~C2H~ 
R~ = H  

Me--Zn 

R] = Rz = Ra= R4 = CO2C=Hs 
Me=Zn 

R~=Ra=Ra=R4=H 
Me=Cu 

>300 [ 0.19 

>300 [ 0.07 
i 

[ 

560 
(16.1) 

II ([$) 

533 
(10.5) 

543 
(12,2) 

553 
(12.3) 

602 
(6.94) 

614 
(I2.7) 

>300 620 
i ~ (8,03) 

>300 :0.63"*i 563 
~(10.10) 

567 
(15,85) 

573 
(13.2) 

529 554; 563 
(10,10) (13,32) 

(12.2) 

553 
(10.0) (12.7) 

608 562 
(12.5) (11,7) 

523 
(10.20) 

Empkical  
formula 

Cv,'H20N4Z n 

C2zH24N~OzZn 

C30H~sN404Zn 

C~oH~sN~O4Zn 

C3aHa~N,O6Zn 

Ca6H36N4OsZn 

C~H20N4Cu 

Found, % 

C II 

67,28 4,86 

64.52 5.11 

62.72 4.9O 
r 

62,84 I 4.45 

61.70 4.61 
i 

60.10 5.08 

66-8414.69 
I 

157--159 : 0,29"* 58l 
04,0) 

54O 
(10,6) 

578 
(17.9) 

534 
(10.7) 

C27H24N40r 

Calculated. % 

N C ; It N 

: i 

12.89 ! 67,o3 ! 4.69 1323 
i 
1 
l 

11.99 64,6014.83 11.18 
r 

9.77 62.771 4,91 9.76 

l 
10.00 62.77~ 4.91 9.76 

I 
I 

8.70 61.35! 5.001 8,67 

7.90 60.21 

13.28 67.35 

J 
64.80 ~ 5.20 11.36 i 64,86 

P 

5.04 7.78 

4,71 , 13.09 

I 
4.84 i 11.20 R] = CO2C~Hs 

Rz=Ra=R4=H 
Me=Gu 

R, = Rz = C'O2C2Hs 
Ra=R4=H 

Me=Cu 

RI = R4 = CO2C2H5 
Rz=R~=H 

Me=Ca 

R~ = R2 = Ra = CO2C2tts 
R4=H 

Me=Cu 

R~ = R2 = Ra = R4 =CO2CsHs 
Me--Cu 

R~ =CO2C~HsR:~= CHO 
R2 = R4='H 

Me=Cu 

R1 = CO~C2H5; R3 = CH = NOH 
R;~ = R4 =rH 

Me=Cu 

XV R~ =R2=COd2~tts 

XVI R3=CHO; 1G= H Me=Cu 

R~ = R2 =,COsC,2Hs 
Ra=CH = NOH 
R4 =,H 

I Me=Cu 

XVlI ] RI=R2=Ra=R4=COzC~H~ 
meso-'OHO, 

Me=Cu 

XVIII RI=-Re=Rs= R4=CO~G2H5 
meso-CH=,NOH, 

.M,e=Cu 

>300 0.61 

>300 0,61 

.i 
>300 0,17 

> 300 0,08 

>300 0.35 

>300 0125 

I 

>300 0.05 

590 550 
(11.0) (t2.61) 

588 549 
(lO.08) (14,7) 

604 558 
(14.2) (13.3) 

609 565 
(11.45) (13,1) 

601 555 
(13.3) (8.9) 

590 488 
(13.O) (10,7) 

597 555 
(tl.62) (11.12) 

593 552 
(12,45) (13.85) 

I 
650; 612 567 
(6.13) ] (9,68) 
(12.5) [  

( iGi 565 (12.65: 
I 

585 
(14.9) 

582 
(14.5) 

595 
(14,2) 

598 
(9.18) 

594 
(13.3) 

590 
(11.62) 

650; 608 
! (4.72) 

9,19 

542 
(ll.5) 

541 
(12,3) 

550 
(8.8o) 

559 
(7.45) 

547 
(7.39) 

545 
(8,37) 

565 
(5.9) 

Ca0H2~NaO4Cu 

Ca0H2sN404Cu 

CaaI-I32N406Cu 

Ca6Ha6N4OsCu 

C28H24N4OaCu 

C2aH2sNsOaCu 

CaH2sN~OsCu 

CaxH2~N~O~Cu 

C37Ha6N4OgCu 

C37Ha7NsOgCu 

63.I5 

62.96 

61,74 

60.58 

63.48 

62.17 

59.86 

4.71 

5.24 

4.95 

5.00 7.79 

4.67 I0.30 

4.93 9.5.t 

5.27 7,8t 

r 
i 

9.83 ~ 62,98, 4,93 L 
i i 

i 
i 

9.75i 62.98 4.93 

I 

8.85 61.53 5.01 

60,39 5,05 

63,59 4.58 

62.05 4 70, 

I 

59,70 4.88 

9.79 

9.79 

8,70 

7.82 

10.60 

9.33 

7,52 

*In the complexes of tetramethylporphyrin (I, VII), splitting of the a -band  is found. 
**In kerosine. 
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E X P E R I M E N T A L  

The metal complexes of the porphyrins were obtained by boiling 
the corresponding porphyrins with an excess of copper or zinc acetate 
in chloruform until the spectrum of the initial porphyrin could no 
longer be detected in a sample. Then the solvent was distiIled off 
and the residue was washed with water and methanol to eliminate 
unchanged copper or zinc acetate and was reerystallized from chloro- 
form or a mixture of chloroform and petroleum ether, depending on 
the solubility of the complex obtained. The spectra in the visible 
region were recorded on an SF- t0 or SF-2M spectrophotometer. Ascend- 
ing paper chromatography on Whatman No. 1 was carried out in the 
following systems: a) kerosine; b) 1:2 mixture of chloroform and 
petroleum ether. The oximes of the corresponding formylporphyrins 
were obtained by heating them with hydroxylamine hydrochloride 
in pyridine at 100~ for 5 min. The results of analysis and the 
spectral data are given in the table. 
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