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V.* FORMATION AND P R O P E R T I E S  OF S T A B I L I Z E D  CARBONIUM 

IONS O F  META LLOPORPHYRINS 

G. V. Ponomarev UDC 547.749:541 .49  

The electronic spectra of solutions of copper complexes of a number of meso-substituted deriva- 
tives of etioporphyrin I in dichloroethane and carbon tetrachloride in the presence of trifluoro- 
acetic acid and antimony pentachloride were investigated. It is shown that the development of 
broad intense bands at 450 and 1010-1020 nm is associated with the formation of stabilized carbo- 
nium ions of the metalloporphyrins. Copper complexes of meso-methoxymethyl- and mes0-ethoxy- 
methyletioporphyrin I were synthesized by reaction of the copper complexes of meso-hydroxy- 
methyletioporphyrin and meso-dimethylaminomethyletioporphyrin with alcohols in the presence of 
acid catalysts or methyl iodide. 

The i n t roduc t i on  of s u b s t i t u e n t s  in the  m e s o  p o s i t i o n  of o c t a a l k y l p o r p h y r i n s  in m o s t  c a s e s  a p p r e c i a b l y  
changes  the  g e n e r a l  a p p e a r a n c e  of the  e l e c t r o n i c  s p e c t r u m  both wi th  r e s p e c t  to the  f o r m  and in t ens i ty  of the  
bands  in the v i s i b l e  r e g i o n  and with r e s p e c t  to the  b a t h o c h r o m i c  sh i f t  as  c o m p a r e d  with  the  m e s o - u n s u b s t i t u t e d  
p o r p h y r i n s .  At  the  s a m e  t i m e ,  the  s p e c t r a  of  c o m p l e x e s  of such  p o r p h y r i n s  wi th  d iva l en t  m e t a l s  u s u a l l y  have a 
c l a s s i c a l  f o r m  c o n s i s t i n g  of two bands  in the v i s i b l e  r e g i o n  of the s p e c t r u m  and an i n t e nse  S o r e t  band at 400-420 
nm [2]. S tab le  (with r e s p e c t  to o rgan i c  ac ids )  c o p p e r  c o m p l e x e s  of  p o r p h y r i n s  do not change  t h e i r  s p e c t r a l  
c h a r a c t e r i s t i c s  when so lu t ions  of t hem a r e  a c id i f i e d .  

The  a i m  of the  p r e s e n t  r e s e a r c h  was to exp la in  the  a p p e a r a n c e  of the  unusua l  e l e c t r o n i c  s p e c t r a  in the  
c a s e  of a n u m b e r  of c o p p e r  c o m p l e x e s  of m e s o - s u b s t i t u t e d  d e r i v a t i v e s  of e t i o p o r p h y r i n  I in the  p r e s e n c e  of 
s t r o n g  p r o t o n  a c i d s  and Lewis  a c i d s .  

As p r e v i o u s l y  o b s e r v e d  [3], the s p e c t r a l  c h a n g e s  tha t  o c c u r  when even m i n i m a l  amoun t s  of a c i d s  (HC1, 
HCOOH, CF3COOH , AcOH, etc.)  a r e  added  to a so lu t i on  of the c o p p e r  c o m p l e x  of m e s o - a l d i m i n o e t i o p o r p h y r i n  I 
(I, 1~ = H) a r e  i m p o s s i b l e  to exp la in  only  by p r o t o n a t i o n  of the  n i t r o g e n  a tom of the  m e s o  subs t i t ue n t .  The p r a c -  
t i c a l l y  c o m p l e t e  d i s a p p e a r a n c e  of the  Q and fl bands ,  the  v e r y  s t r o n g  b a t h o c h r o m i c  shi f t  of  the  S o r e t  band (~50  
rim), and the d e v e l o p m e n t  of a new in t ense  b r o a d  band at 720 nm (Fig .  1) c ons t i t u t e  ev idence  for  a c o n s i d e r a b l e  
change  in the  e l e c t r o n i c  s t r u c t u r e  of the  p o r p h y r i n  r i ng .  In our  opin ion ,  t h e s e  changes  in the  s p e c t r u m  can  be 
exp la ined  by a s s u m i n g  p a r t i a l  c h a r g e  t r a n s f e r  f r o m  the n i t r o g e n  a tom of the  m e s o  s u b s t i t u e n t  to the  ~ s y s t e m  of 
the p o r p h y r i n  r i n g  with the  f o r m a t i o n  of  a s t a b i l i z e d  ca t ion  (II), for  which the r e p r e s e n t a t i o n  of 19 r e s o n a n c e  
s t r u c t u r e s  is  f o r m a l l y  p o s s i b l e  under  the  cond i t ion  of r e t e n t i o n  of two p y r r o l e  and two p y r r o l e n e  n i t r o g e n  a t o m s .  

S i m i l a r  s p e c t r a l  c h a n g e s  w e r e  a l so  o b s e r v e d  when v a r i o u s  Schiff  b a s e s  of the  c o p p e r  c o m p l e x  of m e s o -  
f o r m y l e t i o p o r p h y r i n  with a l i pha t i c  a m i n e s  (% R = alkyl)  [1] w e r e  p r o t o n a t e d .  The  r e a c t i o n  of the a l d i m i n e  and 
the Schiff  b a s e s  wi th  p ro ton  a c i d s  t a k e s  p l a c e  so r a p i d l y  and the  change  in the c o l o r  of the  so lu t ions  f r o m  b r i g h t -  
r e d  to g r e e n  is so a p p r e c i a b l e  that  t h e s e  compounds  may  s e r v e  as  i n d i c a t o r s  f o r  the p r e s e n c e  of f r e e  p r o t o n s  in 
o r g a n i c  s o l v e n t s .  

A f t e r  we had c o m p l e t e d  th i s  r e s e a r c h  t h e s e  a p p e a r e d  a b r i e f  c o m m u n i c a t i o n  [4] in which the d e v e l o p m e n t  
of a band at  720 nm was a l so  noted  for  the Schiff  b a s e  of the c o p p e r  c o m p l e x  of m e s o - f o r m y l o c t a e t h y l p o r p h y r i n  

* See [1] for communication IV. 
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F ig .  1. S p e c t r u m  of c o m p l e x  I in d i -  
e h l o r o e t h a n e  (1.) and when t r i f l u o r o a c e t i c  
ac id  is  added (2). H e r e  and subse que n t l y ,  
the  s p e c t r a  in the  r e g i o n  of the  S o r e t  
band (350-450 nm) w e r e  r e c o r d e d  at the  
s a m e  c o n c e n t r a t i o n s  but in a cuve t t e  
wi th  a l a y e r  t h i c k n e s s  of 0.5 ram.  

wi th  f i - a l a n i n e  when the so lu t ion  was ac id i f i ed .  Wi t te  and Fuh rhop  [4] i n t e r p r e t  the  s p e c t r u m  as be ing  the  con-  
s e q u e n c e  of  the  f o r m a t i o n  of a " f l uo reno id"  s t r u c t u r e  (III) wi th  f ixa t ion  of the  c h a r g e  on the n i t r o g e n  a t o m s  of 
the  p y r r o l e  r i n g s .  

H 
H=, '4 R . . . .  c u -  E P - C H = , ~ H R  

[Cu--Ep];cH--SHR 
II 

cu- EP 
l 

As s e e n  f r o m  s t r u c t u r e  III, th i s  r e p r e s e n t a t i o n  does  not  su f f i c i en t ly  c l e a r l y  r e f l e c t  the  s u r p r i s i n g  s t a -  
b i l i t y  of  the  m e t a l  c o m p l e x  in ac id i c  m e d i a .  

NH COOCH a 

I l l  

It i s  m o s t  l i ke ly  tha t  a s t r u c t u r e  with d i s t r i b u t i o n  of  the  p o s i t i v e  c h a r g e  o v e r  the e n t i r e  m o l e c u l e  of the  
p o r p h y r i n  r i n g ,  for  which  II and III a r e  p o s s i b l e  b o u n d a r y  s t a t e s ,  a c t u a l l y  e x i s t s .  

We ob ta ined  i n t e r e s t i n g  and unexpec t ed  e l e c t r o n i c  s p e c t r a  in the  c a s e  of p ro tona t ion  of the  c o p p e r  c o m p l e x  
of m e s o - h y d r o x y m e t h y l e t i o p o r p h y r i n  I (IV) [5] with t r i f l u o r o a c e t i c  ac id  (TFA) in s p e c i a l l y  p u r i f i e d  d r y  d i c h l o r o -  
e thane ,  in which  d e c o m p o s i t i o n  of  c o m p l e x  IV to the  c o p p e r  c o m p l e x  of e t i o p o r p h y r i n  I (V) did not  occu r .  An 
a p p r e c i a b l e  change  in the  c o l o r  of the  so lu t i on  f r o m  r e d  to b r i g h t - y e l l o w  was  o b s e r v e d  when T F A  was added .  
The o~, fl, and S o r e t  bands  v a n i s h e d  in the  e l e c t r o n i c  s p e c t r u m ,  and in t ense  bands  with hmax  380 and 452 nm and 
a b r o a d  band at  1015 nm a p p e a r e d  (Fig .  2). 

The  a p p e a r a n c e  of a s p e c t r u m  of th i s  s o r t  cannot  be exp la ined  e x c l u s i v e l y  by the f o r m a t i o n  of an oxonium 
ion (VI). When the s p e c t r a  of  I and IV in ac id i c  m e d i a  a r e  c o m p a r e d  , one may  note  one i m p o r t a n t  g e n e r a l  
f e a t u r e  - the  p r e s e n c e  of  b r o a d  l o n g - w a v e  bands ,  which,  in our  opinion,  a r e  of i d e n t i c a l  n a t u r e  and c o r r e s p o n d  
to the e x c i t e d  s t a t e  o f ' t he  m e t a l l o p o r p h y r i n ,  in which  a de f in i t e  f r a c t i o n  of the p o s i t i v e  c h a r g e  is d i s t r i b u t e d  
o v e r  the  7r s y s t e m  of the  p o r p h y r i n  r i n g .  Th i s  s t a t e  can  a r i s e  only  as  a r e s u l t  of s p l i t t i n g  out of a w a t e r  m o l e c u l e  
f r o m  oxon iom ion VI and s t a b i l i z a t i o n  of the  r e s u l t i n g  c a r b o n i u m  ion (VII) v ia  the  fo l lowing  s c h e m e :  
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~+ + + 
Cu--EP--CH2OH Cu-- Ep--CH2--OH 2 [CB--Ep--cH2 + �9 ~ [ c o - E p ] = c . ~ ]  

a b 
IV Vl Vll  

w h e r e  f o r m  VIIb can  a l s o  be d e p i c t e d  by m e a n s  of 19 p o s s i b l e  r e s o n a n c e  s t r u c t u r e s ,  such  a s ,  fo r  e x a m p l e :  

One might  have e x p e c t e d  tha t  changes  of t h i s  s o r t  in the  e l e c t r o n i c  s p e c t r a  would a l so  be o b s e r v e d  in the 
c a s e  of p r o t o n a t i o n  of c o p p e r  c o m p l e x e s  of m e s o - d i m e t h y l a m i n o m e t h y l e t i o p o r p h y r i n  I (VIII) [5] and m e s o -  
m e t h o x y m e t h y l e t i o p o r p h y r i n  I (IX). In the  l a t t e r  c a s e ,  the  e l e c t r o n i c  s p e c t r u m  of the  T F A - a c i d i f i e d  so lu t i ons  
would be p r a c t i c a l l y  c o m p l e t e l y  i d e n t i c a l  to the  s p e c t r u m  of c o m p l e x  IV in ac id i c  med ia .  

Us ing  d r y  d i s t i l l e d  c a r b o n  t e t r a c h l o r i d e  as  the  so lven t ,  we o b s e r v e d  tha t  the  e l e c t r o n i c  s p e c t r u m  of VIII  
changed  i m m e d i a t e l y  in the  s a m e  m a n n e r  as  t h o s e  of c o m p l e x e s  IV o r  IX when T F A  was added  (Fig .  2). How- 
e v e r ,  in the  l a t t e r  c a s e  we a l so  o b s e r v e d  a p p r e c i a b l e  sp l i t t i ng  out of the  meso  s u b s t i t u e n t s  and f o r m a t i o n  of 
c o m p l e x  V. Consequen t l y ,  the p roduc t  of p r o t o n a t i o n  of c o m p l e x  VIII  had a s t r u c t u r e  c l o s e  to the  s t r u c t u r e  of 
c a r b o n i u m  ion VII. 

The  s p e c t r u m  of the  c a r b o n i u m  ion f r o m  c o m p l e x  VIII  cannot  be ob ta ined  in d i c h l o r o e t h a n e  and c h l o r o f o r m  
so lu t ion ,  s i n c e  v e r y  r a p i d  d e c o m p o s i t i o n  of  the  c o m p l e x  and f o r m a t i o n  of  c o m p l e x  V o c c u r  when even s m a l l  
amoun t s  of T F A  a r e  added.  

The fac t  of the  c o n s i d e r a b l e  change  in the  e l e c t r o n i c  s p e c t r u m  of c o m p l e x  VIII  on p a s s i n g  f r o m  c a r b o n  
t e t r a c h l o r i d e  to c h l o r o f o r m  o r  d i c h l o r o e t h a n e  was s u r p r i s i n g .  It is  a p p a r e n t  f rom F ig .  3 tha t  in d i c h l o r o e t h a n e  
the  a and fi bands  of c o m p l e x  VIII  have  an u n u s u a l l y  b r o a d  f o r m  as  c o m p a r e d  with the  s p e c t r u m  in CC14 (Fig .  2). 
A f t e r  the  add i t i on  of T F A ,  the s p e c t r u m  c h a n g e s  r a p i d l y  and b e c o m e s  s i m i l a r  to the  s p e c t r u m  of the  c o p p e r  
c o m p l e x  of m e s o - d i m e t h y l a m i n o m e t h y l b o r a n o e t i o p o r p h y r i n  I (X) [6]. Th is  change  in the  s p e c t r u m  when TFA is 
added can be e x p l a i n e d  by p r o t o n a t i o n  of  the  d i m e t h y l a m i n o m e t h y l  g roup .  The  p r o t o n a t e d  c o m p l e x  then u n d e r -  
goes  g r a d u a l  d e c o m p o s i t i o n ,  and bands  c h a r a c t e r i s t i c  for  the  s p e c t r u m  of c o m p l e x  V a p p e a r  in the s p e c t r u m  of 
the r e a c t i o n  m i x t u r e ,  but an i n c r e a s e  in the  r e g i o n  of the So re t  band at  396 nm (the Sorer  band of V) is  not  ob -  
s e r v e d ,  and a new b r o a d  band with a s h o u l d e r  at  460 nm a p p e a r s  at 380 rim. The  add i t ion  of t r a c e s  of m o i s t u r e  
o r  a l coho l  r a p i d l y  l e a d s  to d i s a p p e a r a n c e  of the band at  380 nm,  and the s p e c t r u m  of the  so lu t ion  c o i n c i d e s  c o m -  
p l e t e ly  with the  s p e c t r u m  of  c o m p l e x  V. 

Consequen t l y ,  p r o t o n a t e d  c o m p l e x  V a r i s e s  as  a r e s u l t  of s p l i t t i n g  out  of t r i m e t h y l a m i n e  f r o m  c o m p l e x  
VIII.  The s p e c t r u m  of a so lu t ion  of c o m p l e x  V in d i c h l o r o e t h a n e  con ta in ing  a l a r g e  amoun t  of T F A  s e r v e s  a s  
p r o o f  for  th is  a s s u m p t i o n .  

It s e e m e d  of i n t e r e s t  to c o m p a r e  the  a b i l i t y  to f o r m  a c a r b o n i u m  ion in the c a s e  of c o m p l e x e s  V I ~  and X, 
s i n c e  the  l a t t e r  has i n c r e a s e d  r e s i s t a n c e  to the  ac t ion  of T F A  b e c a u s e  of the p r e s e n c e  of a v e r y  s t r o n g  bond 
be tween  n i t r o g e n  and bo ron  [6]. 

In c o n t r a s t  to u n s t a b l e  c o m p l e x  VIII ,  the  s p e c t r u m  of the  c a r b o n i u m  ion a lways  d e v e l o p s  when a c o n s i d e r -  
ab l e  amoun t  of T F A  is  added  to a so lu t i on  of X in c h l o r o f o r m ,  d i c h l o r o e t h a n e ,  o r  c a r b o n  t e t r a c h l o r i d e .  When 
s m a l l  amoun t s  of T F A  in c a r b o n  t e t r a c h l o r i d e  a r e  added ,  it  a lways  r e a c t s  wi th  b o r a n e ,  and the l i b e r a t e d  h y d r o -  
gen p a r t i a l l y  r e d u c e s  the  p o r p h y r i n  r i ng ;  t h i s  shows up in the  a p p e a r a n c e  of a band at  725 nm (F ig .  4). The 
r e d u c e d  p r o d u c t  (with f l u o r e n e  c h a r a c t e r )  is  r e a d i l y  o x i d i z e d  by a i r  oxygen ,  as  the  so lven t  is  e v a p o r a t e d ,  to  the  
c o r r e s p o n d i n g  t r i f l u o r o a c e t o x y  d e r i v a t i v e  (XI) v i a  the  s c h e m e  

~ H2N(CH~)2. BH 3 

X 

CF3COOH R.H2 B ' " ~ c / C F 3  

R.BH2OCOCF 3 + H~ 
0 2 

RH2"BH2OCOCF3--~ XI 
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Fig.  2. Spec t r a  of complex  IV in d ich loroe thane  (1) and in T F A - a c i d i f i e d  d i c h l o r o -  
ethane (2) and of c om p l e x  VIII  in CC14 (3) and in T F A - a c i d i f i e d  CCI~ (4). 

Fig.  3. Spec t rum of complex  VIII  in d ich loroe thane  (1), immed ia t e ly  a f te r  the addit ion 
of TFA (2), and at 3-4  min in te rva l s  t h e r e a f t e r  (3-6); s p e c t r u m  (7) of complex  V in 
d i c h l o r o e t h a n e - T F A  (1 : 1). 
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Fig.  4. a) Spec t rum of complex  X in CCI~ (1) and 
af te r  the addit ion of TFA (2); b) decompos i t ion  of 
the c a r b o n i u m  ion (1-7) r e c o r d e d  eve ry  5 min. 

A ye l low p roduc t  with Xma x 1020 nm,  which is conver ted  to the s t a r t i ng  complex  when alcohol  is added 
rap id ly ,  is f o r m e d  i m m e d i a t e l y  when TFA is added to a solut ion of X in c h l o r o f o r m  or  d ich loroe thane .  This 
fact  indica tes  that  the c a r b o n i u m  ion is ini t ial ly an "unsepa ra t ed"  ion pair .  However ,  this s ta te  las ts  a few 
seconds ,  a f t e r w h i c h  at l eas t  four  s imul taneous  r eac t i ons  begin to take p lace :  1') r eac t ion  of TFA with borane ;  
2) decompos i t i on  of the i n t e rmed ia t e  to c om p l ex  V; 3) hydrogena t ion  to f luorene  p roduc t s ;  4) oxidat ion to c o m -  
plex XI. 

Since the s tab i l i t i es  of the ca rbon ium ions obtained in ident ical  so lvents  f r o m  complexes  IV, VIII, and X 
a r e  e x t r e m e l y  di f ferent ,  it can be a s s u m e d  that  an "unsepa ra t ed"  ion pa i r ,  the s tabi l i ty  of which depends both 
on the molecu le  (water  o r  d ie thylamine)  depar t ing  dur ing anionoid de tachment  and on the na ture  of the solvent ,  
is ac tua l ly  p r e s e n t  for  a s h o r t  t ime  in solut ion.  

By c o m p a r i n g  the abi l i t ies  of the invest igated compounds  to f o r m  c a r b o n i u m  ions in the p r e s e n c e  of TFA 
we m e a s u r e d  the equ i l ib r ium cons tan ts  (Keq) for  them in ca rbon  t e t r ach lo r ide  and d ich loroe thane  f r o m  the 
fol lowing equat ions  : 

Eu--EP--CH2--R + CFzCOOH ~ Cu--EPiCH2--R,....-.CF3COOH 

i 
I ~.- EP-c.: l 
1 cr3coo- J * RH 

It is known that  the "unsepa ra t ed"  ion pa i r ,  which exis t s  for  a sho r t  t ime ,  d i f fe rs  l i t t le  s p e c t r a l l y  f r o m  a 
s e p a r a t e d  ion p a i r  [7]. We t h e r e f o r e  used t h e  band at 1020 nm for  the de t e rmina t ion  of  the ca rbon ium ion c o n -  
cen t ra t ion .  
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T A B L E  I. E l e c t r o n i c  Spec tra  and Keq V a l u e s  of Copper  C o m -  
p l e x e s  of P o r p h y r i n s  

Compound (solvent) 

Cu--EP --CH2--NMe2 
(VIII) 

(dichloroethane) 
lOCI0 

Cu- EP --CH2--NSi%BH3 
(x) 

(diehtoroethane) 

{CC14) 

Cu--EP--CH2031_e (IX) 
(CC14) 

(dichloroethane) 

Cu--EP --CH2OH (IV) 
(dichloroethane) 

Keq 

3,3.10 -4 

1,21 �9 i0 '-4 

8,5. I0-'; 

5,6.10 -4 

6,9.10 -3 

Lrnax, nm (S* I0 a) 

Without TFA with TFA 

410 (200) 
542 (9,45) 
584 (10,9) 
408 (240) 
538 (0,96) 
582 (15,5) 

411 (207) 
546 (7,97) 
592 (13,1) 

412 (220) 
548 (8~5) 
578 sa 
593 (14,3) 

408 (212) 
540 (10,I) 
580 (14,9) 

405 (198) 
535 (9,65) 
575 (t2,8) 

410 
548 (8,5) 
593 (14,t) 
380 (36,6) 
398 (6t,0) 
448 (19,5) 

1020 (10,9) 

355 (25,2) 
374 (28,4) 
454 (25,2) 

;020 (7,o) 

1020 (6,45) 

380 (42) 
396 (61,5) 
450 (17,9) 

1020 (10,1) 
I620 (10.8) 

378 (50) 
396 (66) 
448 (t8,4) 

1020 (t0,4) 

!D 

[ ', / "  " -< .  \ 

6S0 750 850 950 1050 niTt  

Fig. 5. Spectra of IX (I) and 
V (2) in dichloroethane with 
added SbCI 5. 

Under the condi t ions  of equal [ C u - E P - C H 2  +] and [RH] c o n c e n t r a t i o n s ,  

[Cu--EP --CH2+] 2 
Keq = [Cu-- tP--CH=--R][CFaCOOH]" 

It is  s e e n  f r o m  Table  1 that .a  c a r b o n i u m  ion is  m o s t  e a s i l y  f o r m e d  f r o m  e s t e r  IX. T r a n s i t i o n  f r o m  c a r -  
bon t e t r a c h t o r i d e  to d i ch loroe thane ,  i . e . ,  an i n c r e a s e  in the po lar i ty  of the s o l v e n t ,  a l s o  f a c i l i t a t e s  the f o r m a t i o n  
of a c a r b o n i u m  ion. 

Spec tra l  ch anges  c h a r a c t e r i s t i c  for  the c a r b o n i u m  ions  a r e  a l so  o b s e r v e d  when a w e a k e r  acid - t r i c h l o r o -  
a c e t i c  acid - is  used .  H o w e v e r ,  in this  c a s e  a c o n s i d e r a b l e  amount  of acid is r e q u i r e d ,  and the s tab i l i ty  of the 
carbon ium ion d e c r e a s e s  sharp ly .  

F o r  an independent  c o n f i r m a t i o n  of our c o n c l u s i o n s  that the band at 1020 nm c o r r e s p o n d s  to the f o r m a t i o n  
of a c a r b o n i u m  ion, w e  inves t iga ted  the e f fec t  of the addition of ant imony pentach lor ide  to copper  c o m p l e x e s  of 
m e s o - a l k o x y m e t h y l e t i o p o r p h y r i n  I, s i n c e  r e a c t i o n  with s t rong  L e w i s  ac ids  i s  a c h a r a c t e r i s t i c  f ea ture  of e t h e r s  
[8]. When SbCI 5 w a s  added, the s p e c t r a  of  the c o m p l e x e s  changed in the s a m e  way as  when  TFA w a s  added (Fig.  
5),  and this  c o n s t i t u t e s  e v i d e n c e  in favor  of  the format ion  of an i n t e r m e d i a t e  c a r b o n i u m  ion. The s a m e  changes  
are  o b s e r v e d  in the s p e c t r a  when stannic  c h l o r i d e  and t i tanium t e t r a c h l o r i d e  are  added.  

As  s e e n  f r o m  al l  of  the f i g u r e s  p r e s e n t e d ,  the band at 1020 nm has a shoulder  at 930 nm.  We a l s o  ob-  
s e r v e d  a band at 930 nm (Fig.  5) in the s p e c t r u m  of unsubst i tuted c o m p l e x  V r e c o r d e d  in the p r e s e n c e  of SbC15; 
this  band apparent ly  has the  s a m e  nature  as  the shou lder  at 930 nm in the s p e c t r a  of  c a r b o n i u m  ions of m e s o -  
subs t i tu ted  prophyr in  and is  a c h a r g e  t r a n s f e r  band. 
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The react ion of ions of this sor t  with various nucleophiles may serve  as synthetic proof for the existence 
of stabilized carbonium ions. 

We investigated the react ion of complex VIII in the presence  of TFA in CC14 solution containing methanol. 

When excess methanol (or other lower aliphatic alcohol} is added to a yellow solution of the carbonium 
ion, the color  of the solution rapidly changes to br ight - red .  A new complex, which, according to the resul ts  of 
e lementary  analysis and the IR and mass  spectra ,  was identified as the copper complex of meso-methoxymethyl -  
et ioporphyrin I (IX), was isolated after  chromatographic  separat ion of the react ion products.  Its electronic 
spect rum was prac t ica l ly  identical to that of complex IV. An intense band at 1150 cm -1, which is charac te r i s t i c  
for  vibrations of the C - O  group of ethers  [9], was observed in the IR spectrum.  The most  intense peak, c o r -  
responding to the [M - OCH3] + fragment ,  is observed in the mass  spect rum along with the molecular  ion peak. 
Ether  IX may be s imi lar ly  obtained by addition of methanol to the carbonium ion ar is ing during the protonation 
of complex IV. 

A substantial  disadvantage of this method for the preparat ion of copper complexes of alkoxymethylporphy- 
t ins  is par t ia l  destruction of the earbontum ion to complex V. Charge delocalization in the carbonium ion is 
evidently the reason  for the ambiguous nucleophilic addition and the formation of complex V. This disadvantage 
is eliminated by another var iant  of the method for the preparat ion of the ethers ,  which consis ts  in the addition 
of acid only as a cata lyst  to solutions of complex 1V or VIII in a mg-cture of chloroform and a lower aHphatic 
alcohol. In this case  the react ion proceeds through an activated complex ra ther  than through a stabilized 
carbonium ion. 

[cu--Zp,=cn~] + .,, c ~ - E P  

~ . . ~  +c.3t ~ v 
' cu-EP --CH2--O--R' Cu -'EP --Cfl2--R R.'O Ii 

IV, Viii IX, Xll 

IV R=OH; Ylll R=N(EHz}~; IX R'=CIt3; XII R'=C21t 5 

The react ion of complex IV with ethanol, present  as a s tabil izer  in the chloroform,  during the chromatog-  
raphy of the complex on si l ica gel may serve  as a surpr is ing  example of the easy formation of ethers .  Thus the 
copper complex of meso-ethoxymethylet ioporphyrin  I (XII) was isolated in quantitative yield when IV was passed 
through a column filled with si l ica gel in ethanol-stabil ized chloroform. 

Copper complexes of meso-alkoxymethylporphyr ins  can also be synthesized by another method. We ob- 
served that heating complex VIII with ethanol, methanol, and other aliphatic alcohols in solution in carbon t e t ra -  
chloride,  ch loroform,  or  dichloroethane in the presence  of meShyl iodide leads to the corresponding copper com-  
plex of meso-alkoxymethylporphyrin .  The amount of side complex V decreases  appreciably in this case .  The 
formation of a quaternary  salt,  which is readily split out under the influence of the nucleophile, evidently occurs  
in the f i r s t  step. The lability of the quaternary salt  is explained by the development of considerable s ter ic  hin- 
drance during the addition of methyl iodide. The quaternary  salt  cannot be isolated or even detected chromato-  
graphically .in the absence of alcohols~ 

The use of ethyl iodide for activation of complex VIII leads to a considerable increase in the react ion t ime 
and a decrease  in the yields of f ina lp roduc t s ;  this indicates the paramount  importance of s ter ic  effects in the 

formation of the quaternary  salt. 

Thus the conclusion regarding the formation and expected proper t ies  of the stabilized carbonium ion drawn 
on the basis of a study of the electronic spec t ra  has been completely confirmed in the case  of the synthesis of 

alkoxymethylporphyr in complexes.  

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

The electronic spec t ra  were obtained with Shimadzu MPS-50L and Hitachi EPS-3T spect rophotometers .  
Fresh ly  distilled dry solvents were used for recording  of the spectra .  The equilibrium constants were de ter -  
mined for 0.5-1 �9 1 0  - 4  M concentrat ions for the copper complexes and 6 �9 10-8-1.5 �9 1 0  - I  M concentrat ions for 
TFA. The IR spec t ra  of KBr pellets of the compounds were recorded  with a UR-10 spec t rometer .  

Copper Complex, (IX) of meso-Methoxymethytet ioporphyrin L A 100-mg (0.187 mmole) sample of complex 
VIII was dissolved in 100 ml of carbon tetrachloride,  after Which 0.5 ml of TFA was added. After I min, 20 ml 
of methanol was added rapidly with s t i r r ing  to the yellow solution of the carbonium ion. After 5 rain, the solu- 
tion was poured into water ,  and the organic layer  was washed severa l  t imes with water and dried. The solvent 
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was removed  in vacuo,  and the res idue  was chromatographed  with a column filled with s i l ica  gel. Workup of 
the f i r s t  f rac t ion  yielded 20 mg of complex  V, and workup of the second fract ion yielded, af ter  c rys ta l l i za t ion  
f r o m  c h l o r o f o r m -  methanol ,  65 mg (66%) of b r igh t - r ed  needles of complex IX with mp>300 ~ UV spec t rum,  
kmax, nm (e .10-3): 405 (298), 540 (10.9), and 581 (15.7). IR spec t rum:  ~C-O 1150 cm -1. Found: C 70.0; 
H 7.3; N 9.3%. C34H40CuN40. Calculated:  C 70.0; H 6.9; N 9.6%. 

Complex IX was s imi l a r ly  obtained f rom complex IV in 50-60% yield. 

Copper  Complex (XII) of meso-Ethoxymethy le t ioporphyr in  I. A) A solution of 100 mg (0.187 mmole) of 
complex  VIII was ref luxed for 30 min in a mixture  of 1 ml of methyl  iodide, 1 ml of absolute alcohol, and 50 ml  
of dry ch lo roform.  The solution was evapora ted  to d ryness ,  and the res idue  was chromatographed  on s i l ica  gel 
in ch lo ro fo rm to give 74 mg (74%) of e ther  XII with mp> 300 ~ UV spec t rum,  Xmax, nm (e �9 10-3): 405 (290), 
540 (10.8), and 580 (15.8). Found: C 69.9; H 7.1; N 9.2%. C35H42CuN40. Calculated:  C 70.1; H 7.1; N 9.3%. 

B) A solution of 20 mg (0.0375 mmole)  of complex  IV was passed  through a column (4 • 40 cm) filled with 
s i l ica  gel with elution by c h l o r o f o r m - e t h a n o l  (98 : 2). Workup gave 20 mg (quantitative yield) of complex XII. 
According to the data f rom the e lect ronic  and IR s p e c t r a  and the chromatographic  mobi l i t ies ,  t h e p r o d u c t  was 
identical  to the complex obtained by method A. 
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