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Using the MO LCAO method in Hiickel's approximation, the 1r-elec- 
tronic charges and the bond orders of porphyrins containing ethoxy- 
carbonyl and methyl substiments in the B-positions have been calcu- 
lated. A correlation has been observed between the frequencies of 
stretching vibrations of the C=O groups in the IR spectra and the 
orders of their bonds. Changes in the chemical shifts of the protons of 
the methyl groups with the introduction of ethoxycarbonyl substituents 
agree with the changes in the It-electron charges. 

Continuing earlier investigations on the influence of 
eleetronegative substituents on the physieochemieal 
properties of the porphyrins [i, 2], in the present 
paper using the MO LCAO method in Huckel's approxi- 
mation, we have calculated the ~-electron charges 
and the bond orders for the following porphyrins: i, 4, 
5, 8-tetramethylporphyrin (I), 2-ethoxycarbonyl- i, 4, 5, 
8-tetramethylporphyrin (II), 2, 3-diethoxycarbonyl- 
I, 4, 5, 8-tetramethylporphyrin (IIla), 2, 6-diethoxy- 
earbonyl-l, 4, 5, 8-tetramethylporphyrin (IIlb), 2,7- 
diethoxyearbonyl- I, 4, 5, 8-tetramethylporphyrin (IIIc), 
2,3, 6-triethoxycarbonyl-1,4, 5, 8-tetramethylporphyrin 
(IV), and 2, 3, 6, 7-tetraethoxycarbonyl-l, 4, 5, 8, tetra- 
methylporphyrin (V). The results of the calculations 
are used to discuss the IR frequencies of the vibrations 
of the CY==O groups and also the NMR spectra. 

METHOD OF CALCULATION 

In the MO LCAO method in H~ckel ' s  approx imat ion ,  
the 7r-electron charge  on an atom r is given by the 
exp re s s ion :  q,= Z c~,hz~, where  Cir a r e  the coeff ic ients  

i 

of the m o l e c u l a r  o r b i t a l s ,  n i is the n u m b e r  of e l ec t rons  
in  the i - t h  m o l e c u l a r  o rb i t a l ;  and the bond o r d e r  p,~= 

~. Ch.Cij2 i. 
i 

As in  the p reced ing  pape r s  [1, 2], we used a set  of 
s e m i e m p i r i c a l  p a r a m e t e r s  [3]. The r e s o n a n c e  in t eg ra l  
for the bond between the e thoxyearbonyl  group and the 
po rphyr in  r i ng  was chosen  in such a way as to e n s u r e  
a l i n e a r  r e l a t i onsh ip  between the expe r imen ta l  and the 
ca lcu la ted  e n e r g i e s  of the ~---Tr t r a n s i t i o n s  [1, 2]. 

The r e s u l t s  of the ca l cu la t ions  of the e l ec t ron  den-  
s i t i es  a re  given in Tab les  1 - 4 .  The s y s t e m  of n u m -  
b e r i n g  the a toms  is  given in the fol lowing scheme:  

~s 25 
CH 3 C H  3 

~ I7 19 ; 
,0o 

- o  ,?---~ ~ - - - %  o,0 
14 S ~0o '~,~-~ ~,~ ~ o~ 

INFRARED SPECTRA 

Coulson and Longuet -Higgins  [4] have es tab l i shed  
that the f requency of the s t r e t ch ing  v ib ra t ions  of the 
bond r s  is  d e t e r m i n e d  by the force  cons tan t  

K~ = ~p,..~ + o, 
i~(s-d) ]2 ~, .... 

- P ~ )  + L~),~+ G ( 1 -  p~.) 2 

where  ~ r s ; r s  is the s e l f - p o l a r i z a b i l i t y  and Prs  is  the 
o r de r  of the bond r s ,  ~ and ~ a r e  the force  cons tan t s  
of double and s ingle  bonds,  and d and s a r e  the lengths  
of these  bonds.  F o r  the C==O bond, the s e l f - p o l a r i z a -  
b i l i ty  is found to have a ve ry  sma l l  inf luence  [5] and 
the re fo re  we may take k r s  = ~Prs  + or(1 - Prs)-  

Since a good c o r r e l a t i o n  has been obse rved  by a 
n u m b e r  of i nves t iga to r s  [5-7]  between the f r equenc ies  
of the s t r e t ch ing  v ib ra t ions  of the earbonyl  groups of 
va r ious  unsa t u r a t e d  compounds and the o r d e r s  of the i r  
bonds,  it  was na tu ra l  to expect a s i m i l a r  co r r e l a t i on  
in the case  of the po r phy r i n s .  Table  5 gives a com-  
p a r i s o n  of the expe r imen ta l  f r equenc ies  of the s t r e t ch -  
ing v ib ra t ions  of the C=<) groups with the o r d e r s  of the 

bonds for compounds I I - V .  The IR spec t r a  were  
taken in KBr tab le t s  on a UR-10 s p e c t r o m e t e r .  

In a c ons i de r a t i on  of the IR f r equenc i e s  of the p o r -  
phyr ins  I I - V ,  they could have been  expected to change,  
both because  of the mutual  inf luence of the e thoxyca r -  
bonyl  subs t i tuen t s  through the conjugated porphyr in  
r ing ,  and also because  of s t e r i e  h ind rance ,  which we 
took into account  in the ca lcu la t ions  by means  of the 
e x p e r i m e n t a l  data on e l ec t ron i c  absorp t ion  s p e c t r a  
[1, 2]. Ca lcu la t ions  showed that the f i r s t  effect has 
a s l ight  inf luence on the o rder  of the bonds of the 
C==O groups .  Thus,  only two v ib ra t iona l  f r equenc ies  
a re  pred ic ted ,  a lower  one for the C==O groups of the 
ethoxycarbonyl  subs t i tuen t s  not sub jec t  to s t e r i c  hin-  
d rance  and a h igher  one for  the case  where  the re  is  
s t e r i c  h ind rance .  The va lues  of these  f requenc ies  a r e  
about 1695 and 1715 cm -1. Deviat ions  f rom these  
values  a re  eas i ly  expla ined by the expe r imen ta l  e r r o r .  
The b road  band at 1700-1709 cm - i  apparen t ly  a r i s e s  
as a consequence  of the superpos i t ion  of the two bands 
ment ioned .  Compound V f o r ms  an except ion;  this 
should have an absorp t ion  band at about 1715 em - i .  

CHEMICA[~ SHIFTS OF THE PROTONS OF THE 
METHYL GROUPS 

In experiments on nuclear magnetic resonance, a 
nucleus with a magnetic moment gives a signal corres- 
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Table  5 

Cor re l a t i on  B e t w e e n  the F requenc i e s  of the St re tching iVibrat ions of the (>=0 
Groups and the Bond O r d e r s  of~ the P o r p h y r i n s  

Compound 

II 
llla 
I l lb 
IIIr 
1V 
V 

v c = o ,  cm -1 

1697 
1715 
1694 
1695 

1700--1709 
1700--1710 

29--30 

0.849 
0.860 
0.849 
0,849 
0.860 
0,860 

PC=O (free bases) for the  bonds  

32--33 35--36 

0.860 
0,849 

0,860 0.849 
0.860 0,860 

38--39 

0,849 

0,860 

Table 6 

Chemica l  Shifts of the P ro tons  of the Methyl Groups 5 and Excess  7r-Electronic 
Charges  Aq 

8, ppm from TMS 
C o m p o u n d  (number  of  protons)  Aq on the methy l  groups (dications) 

I 
II 

I l i a  
l i l t  
IV 
V 

3.81 (12) 
3.79 (9) 4.06 (3) 
3.79 (6) 4.02 (6) 
3.75 (6) 4.02 (6) 
3.73 (3) 4,02 (9) 

3.98 (12) 

0,0534 0,0534 0.0534 0.0534 
0.0587 0.0537 0.0534 0.0534 
0.0581 0,0581 0.0534 0,0534 
0.0587 0.0537 0,0537 0,0587 
0.0581 0.0581 0.0586 0.0537 
0.0580 0.0580 0.0580 0.0580 
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ponding to the value of the magnet ic  field at the nucleus 

H = (1 -~)H0, where H0 is the applied field and a is  the 
sc reen ing  constant .  Where the molecule  contains po la r  
groups,  the proton H at tached to an atom X will  have 
an addit ional  chemical  shift [8]: A6 = - a E z  - bE 2, where 
E z is  the component of the e l ec t r i c  field E c rea ted  by 
the polar  groups in the X--H direct ion.  In this e xp r e s -  
sion, the main m e m b e r  is  that which depends l inear ly  
on the f ield s t rength.  A l inea r  re la t ionship  between the 
chemical  shift of a proton and the excess  of ~ -e l ec t ron -  
ic charge  on the carbon atom to which the proton is  
a t tached has been obse rved  for many unsatura ted  com- 
pounds [9-11]. We have es tab l i shed  a s i m i l a r  c o r r e l a -  
tion for the porphyr ins  I - V .  

The proton resonance  spec t r a  of these  compounds 
in the fo rm of dications were  taken on an INM-C-60 
spec t rome te r .  Tr i f luoroace t i e  acid was used as the so l -  
vent and the concentra t ion of solute was about 15mg/ml .  
Te t r ame thy l s i l ane  was used as in ternal  s tandard .  

In the spec t r a  obtained for all  the compounds, the 
protons of the methyl groups gave not more  than two 
s ignals .  One of them cor re sponds  to methyl groups 
attached to pyrrole rings with a free E-position and 
the other signal appears when an exthoxycarbonyl sub- 

stituent is present in the E-position. Since, in the cal- 
culation of these electron densities, the model of a 
heteroatom was used for the metl~yl groups, the charges 
on the methyl groups are compared with the experi- 
mental data. 

It can be seen that (with an accuracy of 5 • 10 -4) 

calculat ion gives two values of the charges  on the CH 3 
groups.  The methyl groups with a g r e a t e r  posi t ive  
charge  (adjacent to ethoxycarbonyl  groups) have a 
lower sc reen ing  constant  and, accordingly ,  give a s ig -  
nal at a s m a l l e r  value of the field~ 

In this work, the influence of ~ -e lec t ron  cur ren t s  
on the chemical  shifts is  not d i scussed .  A quantum 
mechanical  calculat ion has shown that for the s e r i e s  
of porphyr ins  I - V  the contr ibution of the ~ -e lec t ron  
cur ren t s  to the chemical  shifts  of the methyl protons 
is constant within the l imi t s  of exper imenta l  accuracy  
and does not change the quanti tat ive p ic ture  of the 
proton resonance  spec t r a .  

The compar i son  of the ca lcula ted  and exper imenta l  
values for  the IR spec t r a  and the PMR spec t ra  that 

has been c a r r i e d  out shows that the s imple  H~]ckel 
method co r r ec t l y  p red ic t s  the qual i tat ive change in the 
e lec t ronic  s t ruc tu re  of the porphyr ins  on the in t ro-  
duction of different  numbers  of s i m i l a r  e lec t ronega-  
t i r e  substi tuents. .  In conclusion, we may mention that, 
according to calculat ion,  the int roduct ionof  an ethoxy- 
carbonyl substi tuent into the ~-posi t ion  of 1 , 4 , 5 , 8 -  
t e t r amethy lporphyr in  has a r e l a t ive ly  weak influence 
on the n -e l ec t ron  charges  and the indices of the f ree  
valence of the unsubsti tuted B-posi t ions.  A cons iderable  
change in the e lec t ron  densi t ies  takes place  in the 
meso posi t ions .  Thus, for  all the f ree  f l-posi t ions the 
difference in reac t iv i ty  de te rmined  by e lect ron den- 
s i t i es  is  far  l e ss  than for  the meso positions~ 
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