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E L E C T R O N I C  S P E C T R A  A N D  S T R U C T U R E  OF C O N J U G A T E  

A C I D S  OF C A R B O N Y L  D E R I V A T I V E S  OF P Y R R O L E  

M.  I .  S t r u c h k o v a ,  A. N.  G u s a r o v ,  
G .  G .  D v o r y a n t s e v a ,  R .  P .  E v s t i g n e e v a ,  
N. V.  I o s t o v i c h ,  A.  S. K a b a n k i n ,  
M.  M.  K a g a n s k i i ,  a n d  M. A. L a n d a u  

UDC 547.745.746 : 543.422.6 

The nature  of the 7r - - r r*  t rans i t ions  in the spec t r a  of neutra l  molecules  of a -  and f l - fo rmyl - ,  
- a c e t y l - ,  and - c a r b o m e t h o x y p y r r o l e s  above 210 nm was examined on the bas i s  of an exper i -  
menta l  study and calcula t ion by the P a r i s e r - P a r r - P o p l e  (PPP) configurat ion interact ion (CI) 
method.  The effect  of protonat ion on the posi t ion and intensity of the monotypic t rans i t ions  
was studied. The e lec t ronic  s t r u c t u r e s  and the energ ies  of the neutra l  and all of the theo- 
re t ica l ly  poss ib le  protonated  f o r m s  of a -  and f l - f o r m y l p y r r o l e s  we re  calcula ted within the 
f r a m e w o r k  of the CNDO/2 (complete neglect  of different ia l  overlap)  method. The r e su l t s  of 
the ca lcula t ions  a re  in a g r e e m e n t  with the exper imen ta l  data and a re  in conformity  with the 
g r e a t e s t  energe t i c  advantageousness  o fp ro tona t ionof  these compounds at the oxygen a tom of 
the carbonyl  group.  

A study of the protonat ion of carbonyl  de r iva t ives  of p y r r o l e  [1, 2] has shown the expediency of the appl i -  
cat ion of UV spec t roscopy  to the study of the s t r u c t u r e s  of the conjugate acids of compounds of this type. 

In o r d e r  to examine  the na ture  of the rr -*rr* t rans i t ions  in the neutral  molecules  of a -  and f l - fo rmyl - ,  
- a c e t y l - ,  and - c a r b o m e t h o x y p y r r o l e s  we m e a s u r e d  the spec t r a  of compounds 1-18 (Table 1) above 210 nm in 
n-heptane  and 96% ethanol.  We ca lcula ted  model s y s t e m s  I and II (a, b, and c) and f i - ace ty lpyr ro le s  with dif- 
f e r en t  deg rees  of subst i tut ion of the p y r r o l e  r ing with methyl  groups  by the P a r i s e r - P a r r - P o p l e  (PPP) meth-  
od with the M a t a g a - - N i s h i m o t o -  F o r s t e r  p a r a m e t r i z a t i o n  [3, 4] and with allowance for  interact ion of all  of the 
singly exci ted conf igurat ions .  The effect ive he te roa tom model  [5] was used in the calcula t ion of the methyl  de-  
r iva t ives  fo r  the CH a group (see following page).  

The p r e s e n c e  of two absorp t ion  bands,  the posi t ion and re la t ive  intensity of which depend on the o r i en ta -  
tion of the carbonyl  group re la t ive  to the p y r r o l e  ni t rogen atom, is c h a r a c t e r i s t i c  for  the spec t r a  of all of the 
examined compounds o v e r  the inves t igated range.  In the spec t r a  of the f l -carbonyl  der iva t ives  (Table 1, corn- 

M, V. Lomonosov Moscow Insti tute of Fine Chemical  Technology, Moscow 119435. Insti tute fo r  the Bio-  
logical  Testing of Chemical  Compounds, Kupavna 142450. Trans la ted  f r o m  Khimiya  Getero ts ik l icheskikh  
Soedinenii, No. 9, pp. 1221-1228, September ,  1977. Original  a r t i c l e  submit ted  October  11, 1976. 
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T A B L E  1. UV S p e c t r a  o f  C a r b o n y l  D e r i v a t i v e s  of  P y r r o l e ~  

No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Py~oles 
~.rnax,llm (e - I0 ~) 

96% ethanol n-heptane 

3-Methyt-4-acetyl- 260 (3,10) 233 (9,45) 
2,4-Dimethyl-3-formyl- 275 (6,65) 243 (13.6) 
2,4-Dimethyl-3-acetyl- 268 (4,25) 237 (7,30) 
2,4-Dimethyl-3-ear]Jomethoxy- 252 (1,10) 221 {2,00) 
1-Ethyl-2,5-dimethyl-8-fo'rmu 281 (6,20) 250 {10,6) 
1 2 4-Trimethvl-3-carbomethoxy- �9 , . 1 
2,4,5 -Trlm~thyl-3 -acetvl - I 2805 238 
2,4,5-Trimeth~l-8-earbomethoxy-262 (3,66) 224 (8,45) 
2,4-Dimethyl-~-formyl- " 296 (19,6) 255 (4,30) 
24-Dirnethyl-5-aect~1- 292 (18,0) 255 (4,00) 
2,4-Dimethyl-5-carbornethoxy- 1269 (18,3) 245 (4.30) 
3 4-Dim~th~l-4-for~l-  " 292 (13,9) 265 (8,50) 
3,4-Dimeth~l-5-earbomerhoxv- 1266 (10,2) 246 (7,50) 
1,2,4 - Trim~hyl-b'=~arbom ethoxy - 
23 4-Trimethyl-5-formy.1- " 304 (18.1) 265 (6,42) 
2',3:4-Trimethyl-5-aeetyl- 1298 (15,0) 260 (4,90) 
2,3,4-Trimethyl-5-carbomethoxy- 281 (14,5) 246 (5,20) 
1,2,3,4-Tetram~thyl-5- - ~278 (18,0) 254 (8.25) 

carbomethoxy- | 

276 (4,37) 248 (12,5) 
290 (4,80) 257 (12,7) 
285 (4.54) 253 (9,70) 
261 (5,24) 233 {9,30} 
295 {7,55) 264 (11,7) 
270 (4,50) 243 (9,18) 
300 (4,10) 254 (10,2) 
272 (4,35) 233 (8,60) 
309 (21,4) 270 (4,80) 
306 (9,15) 260 (4,95) 
279 (20.0) 243 (4.60) 
304 (t5,0) 275 (9,65) 
274 (15,4) 248 (8,10) 
280 (18,2) 250 (5,40) 
319 (19,5) 275 (6,30) 
316 (19,6) 275 (5,80) 
287 (16,6) 250 (4,00) 
289 (16,9) 250 (6,20) 

T h e  s p e c t r a  o f  s o l u t i o n s  o f  the  c o m p o u n d s  [{2-5) �9 10 -5 m o l e /  

l i t e r ]  in q u a r t z  c u v e t t e s  w i t h  a l a y e r  t h i c k n e s s  of  1 c m  w e r e  

m e a s u r e d  w i t h  an  EPS--3 T s p e c t r o p h o t o m e t e r .  
S T h e  e v a l u e  w a s  no t  d e t e r m i n e d  b e c a u s e  of  t he  low s o l u b i l i t y  of  

t h e  c o m p o u n d .  

T A B L E  2.  T h e o r e t i c a l  and  E x p e r i m e n t a l  S p e c t r a  of  M e t h y l - S u b "  

s t i t u t e d  f l - A c e t y l p y r r o l e s  

Compound 

8-Methyl,-4- . 
acetyrpyrrole 

2.8-Dimethyl-4- 
acetylpyrrole$ 

2,4-Dimethyl-8- 
aeetylpyrrole 

2,4,5-Trimethyl- 
8-acetylpyrrole 

1 
2 
3 

1 
2 
3 

I 
2 
3 

1 
2 
3 

Calculated1" 

~.,,,, ~.1 f P ~  
nm I eonfi~:uratiom 

259 0,089 
24I 0,197 
207 0,469 

263 0,073 
242 0.032 
228 0,88 

271 0,223 
247 0,197 
212 0.510 

280 0,230 
252 0,045 
237 0,890 

Exptl. (n-heptane) 

1]'in ~ I~Ill.i- I 
~'m-  I ~ ~ m + l  

('~--t -+ ~1" m +2 

~m--, "~ ~l'r~ +, 
tl'm ~ al'm+a 

X['m "-~ ~'m+l 
~1" m -  ~ - +  'I'm +,  

~'m ~ ~l'm+2 
q ' , n -  z " ~  ~ ' m + S  

II" m-I ~/I'm "-1 
a]'m --*- ~'m+2 

~m-l "-*" ~]'n~ +2 

Tc z 

0,88 
0,76 
0,33 
0,23 
0,90 
0,62 
0,69 
0,26 
0,94 
0,87 
0,81 
0,14 
0,94 
0,50 
0,49 
0,40 

;~'m '* x' 
n ~  

250 
233 

268 
237 

280 

238 

3.10 
9.-t5 

4.25 
7,30 

~ S y m b o l s :  f i s  t he  o s c i l l a t o r  f o r c e ,  and  T c ar~e the  e i g e n v e c t o r s  

of  the  c o n f i g u r a t i o n  i n t e r a c t i o n  m a t r i x .  
S T h e  s p e c t r a  w e r e  n o t  s t u d i e d  e x p e r i m e n t a l l y .  

~ r  ,,\/ 
4 3 7 ~ . ~ C  6 

6z 0 
%N2~-C'(R 5'%, N;  ~ 

' H  'H  

I |1 

a R=}I ;  b R=CH3; C R OCH3 

p o u n d s  1 -8)  a b s o r p t i o n  m a x i m a  a r e  o b s e r v e d  a t  2 5 0 - 2 8 0  n m  (e 3000-7000)  and  2 2 0 - 2 5 0  n m  ~ 7 0 0 0 - 1 3 , 0 0 0 ) .  In 
t h e  s p e c t r a  of  t he  ~ - f o r m y l - ,  - a c e t y l - ,  and  - e a r b 0 m e t h o x y p y r r o l e s  (9-18} b o t h  t r a n s i t i o n s  a r e  s h i f t e d  to  t he  long  

w a v e  r e g i o n  w i t h  a c h a n g e  in  the  r e l a t i v e  i n t e n s i t y :  k m a  x 2 7 0 - 3 0 4  n m  (e 10 ,000 -20 ,000 )  and  2 4 0 - 2 6 6  n m  (e 
4 0 0 0 - 8 5 0 0 ) .  In b o t h  s e r i e s  o f  c o m p o u n d s  the  i n c r e a s e  in t he  d e g r e e  of  s u b s t i t u t i o n  of  the  p y r r o l e  r i n g  by CH3 
g r o u p s  is  a c c o m p a n i e d  by a s u c c e s s i v e  b a t h o c h r o m i c  s h i f t  of  the  l o n g - w a v e  band  of,  on  the  a v e r a g e ,  10 n m .  
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T A B L E  3. T h e o r e t i c a l  S p e c t r a  of P y r r o l e  and I ts  Monosub-  

s t i t u t e d  D e r i v a t i v e s  

~-~ ~* transitions 
l 2 

pyrroles nm predominant ~ ~ rc~ x,,,a ~ . n m  
,..,, ~, ~. [ con.~gura.-.om rc~ 

Pyrrole 

2-Methyl- 

2-Form7t- (Ia) 
2-A cet]h- (Ib) 
2- Carbometh- 
�9 o x y  - gc) 

3 - Methyl- 

3[-Formyl- (lla) 
3-A cetyl- (lib) 

3 -Carbometh- 
oxy- (IIc) 

200 t 
'21'2 

256  I 
232 1 
242 [ 

218,5 

240 
220 

226 

0.02 ~1,,, [ ~  r 
1im --* ll'm i 2 

0,29 "4"n, "-~ ~',,,~1 

0,57 ~[';n --~ '~'., ! 1 
(1,57 ~1",,, --~ ~1",,, ~ 
0,57 ~',,~ -~ ~1",,,+ ~ 

0,19 ~1",. "-* ~',,, H 

0.14 t r ~',.t~ 

I]'lU-- l ~ II'Ii I 1-! 
0.08 q',,, --~ ~1,,,+~ 

0,60 
0,40 
0,76 

0,95 
0,94 
0,94 

0,73 

0.9 I 
0,58 
0,22 
0,74 

197 

224 
2t3 
217 

I92 

217 
205 

211 

0,I 

0 ,  I 
0.(i 
O,f 

0,1 

0.'-; 
0.3 

0,3 

predominant 
configurations 

1I 'm- I  ~ I~'ln+l 
~ l ' m -  I - - ~  ~['m-l-I 
~ m - -  I --~ llbn + l  

I ] :n l - I  ~ ~ I n  I1 

~',,, I "-)" $ m 4 1  

0,50 
0,29 
0,86 
0,74 
0,79 

0,60 
0,21 
0.89 
0,55 
0,29 
0,57 
0,26 

T A B L E  4. C o n t r i b u t i o n s  of the AO and MO of P y r r o l e  and I ts  
C a r b o n y l  D e r i v a t i v e s  

Pyrroles 

P yrrole 
2-Formyl- (Ia) 
2-Carbdmethoxv- (Ic) 
3- Formyl- (I/a)" 
3oCarbomethoxy- (IIc) 

~lhn 1 

AO (r Ci: 

1.3,1 0,98 
1,3,4 0.97 
1.3,4 0,97 
1,3,4,6 0,78 
1,3,4,6 0,75 

%. 
-"() (~Pi) 

2,5 
2.5 
2,5 
2,5 

~ln F 1 

Ci~ AO ( r  

1,2,5 
0.67 3,5,6,7 
0.67 3.5,6,7 
0161 2,3,6,7 
0,56 2,3,6,7 

Ci~ 

0,8,t 
0,85 
0,72 
0,71 
0,57 

The t h e o r e t i c a l  and e x p e r i m e n t a l  s p e c t r a  of m e t h y l - s u b s t i t u t e d  f l - a c e t y l p y r r o l e s  a r e  c o m p a r e d  in Tab le  
2. C a l c u l a t i o n  f o r  t h e s e  c o m p o u n d s  l e a d s  to the  p r e s e n c e  of two to t h r e e  ~r ~ ~*  t r a n s i t i o n s  above  200 nm. 
The c a l c u l a t e d  k m a x  v a l u e s  f o r  bo th  l o w - e n e r g y  t r a n s i t i o n s  a r e  in a g r e e m e n t  wi th  the  e x p e r i m e n t a l  v a l u e s .  
The r e s u l t s  of the c a l c u l a t i o n  s a t i s f a c t o r i l y  r e f l e c t  the e f f ec t  of the  d e g r e e  of subs t i t u t i on  of the p y r r o l e  r i ng  
by  m e t h y l  g r o u p s  on the p o s i t i o n  of t h e s e  t r a n s i t i o n s .  In add i t ion ,  n e i t h e r  the n u m b e r  of m e t h y l  g r o u p s  n o r  
t h e i r  p o s i t i o n  in the r i ng  has  a s u b s t a n t i a l  e f f ec t  on the  c h a r a c t e r  of the  c o n f i g u r a t i o n  i n t e r a c t i o n .  Th i s  m a k e s  
i t  p o s s i b l e  to e x a m i n e  the n a t u r e  of  the  e l e c t r o n i c  t r a n s i t i o n s  in the s e r i e s  of m e t h y l - s u b s t i t u t e d  a -  and f l -  
f o r m y l - ,  - a c e t y l - ,  and - c a r b o m e t h o x y p y r r o l e s  on the b a s i s  of c a l c u l a t i o n  of the  s p e c t r a  of the c o r r e s p o n d i n g  
m o d e l  c o m p o u n d s  I and II (a, b, and c),  which  do not  c on t a in  a l k y l  s u b s t i t u e n t s  in the p y r r o l e  r i ng .  The r e s u l t s  
of  the c a l c u l a t i o n  of the s p e c t r a  of t h e s e  m o d e l s  and of u n s u b s t i t u t e d  p y r r o l e  and i t s  2 -  and 3 - m e t h y l  d e r i v a -  
t i v e s  a r e  p r e s e n t e d  in T a b l e s  3 ,~md 4. 

C a l c u l a t i o n  f o r  the c a r b o n y l  d e r i v a t i v e s  of p y r r o l e  l e a d s ,  in c o n f o r m i t y  wi th  the e x p e r i m e n t a l  r e s u l t s ,  to 
the p r e s e n c e  of two v ~ n* t r a n s i t i o n s  above  200 nm (Table  3). The k m a  x v a l u e s  o b s e r v e d  in the s p e c t r a  of 
the i n v e s t i g a t e d  c o m p o u n d s  1 -18  in n - h e p t a n e  a r e  sh i f t ed  30 -40  nm to the l o n g - w a v e  r eg ion  r e l a t i v e  to the t h e o -  
r e t i c a l  v a l u e s  found f o r  the  c o r r e s p o n d i n g  m o d e l  s y s t e m s ;  th is  is  ev iden t l y  e x p l a i n e d  by the e f fec t  of  the  m e t h y l  
g r o u p s .  In add i t ion ,  the h y p s o c h r o m i c  sh i f t  of the  a b s o r p t i o n  m a x i m a  on p a s s i n g  f r o m  a - f o r m y l - ,  a - a c e t y l - ,  
and ~ - c a r b o m e t h o x y p y r r o l e s  to the c o r r e s p o n d i n g  fl d e r i v a t i v e s  is  in q u a l i t a t i v e  a g r e e m e n t  wi th  the e x p e r i -  
m e n t a l  da ta .  The t r e n d  of the  c a l c u l a t e d  o s c i l l a t o r  f o r c e s  is  the s a m e  as  the t r e n d  of the o b s e r v e d  r a t i o s  of 
the i n t e n s i t i e s  of the t r a n s i t i o n s .  It f o l l ows  f r o m  the c o n f i g u r a t i o n  da t a  that  we ob t a ined  tha t  the l o n g - w a v e  a b -  
s o r p t i o n  band  in the s p e c t r a  of a l l  of the c a r b o n y l  d e r i v a t i v e s  of p y r r o l e  is  due m a i n l y  to a o n e - e l e c t r o n  t r a n s i -  
t ion f r o m  the u p p e r  o c c u p i e d  (in the  g r o u n d  s t a t e )  MO (r to the l o w e r  v a c a n t  MO (~bm+l). In the s e r i e s  of o~- 
c a r b o n y l  d e r i v a t i v e s  ( Ia-c)  the c o n t r i b u t i o n  of the  Cm ~ Cm+l c on f igu ra t i on  to the f i r s t  e x c i t e d  s t a t e  is  94-95%, 
as  c o m p a r e d  wi th  58-91% in the c o r r e s p o n d i n g  f l - s u b s t i t u t e d  d e r i v a t i v e s  ( I Ia-c) .  The f i r s t  e x c i t e d  s t a t e  of un-  
s u b s t i t u t e d  p y r r o l e  d i s p l a y s  a m o r e  c o m p l e x  c o n f i g u r a t i o n  i n t e r a c t i o n :  two c o n f i g u r a t i o n s  - Cm- t  ~ ~bm+l 
(~ 60%7 and Cm ~ r (~40%) - m a k e  c o m p a r a b l e  c o n t r i b u t i o n s  to the f o r m a t i o n  of th is  band .  The Cm-1 -'* 
Cm+l c o n f i g u r a t i o n  is  p r e d o m i n a n t  in the s e c o n d  e x c i t e d  s t a t e  of the c a r b o n y l  d e r i v a t i v e s  of p y r r o l e .  Wi th  r e -  
s p e c t  to th is  c h a r a c t e r i s t i c  and the p o s i t i o n  in the  s p e c t r u m  a c a l c  205-224  nm) this  t r a n s i t i o n  i s  f o r m a l l y  v. m a x  
s i m i l a r  to the f i r s t  t r a n s i t i o n  in the s p e c t r u m  of u n s u b s t i t u t e d  p y r r o l e .  A n a l y s i s  of the c o e f f i c i e n t s  of e x -  
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N V, V, 
- 0,083 -- 0,040 +0,069 - 0,148 +0,128 + 01234 

' "." / o~ \'-I -Y~ \\.7 -O + _'N_'_ "<~\ -N- -,% -N- -;  
+ o,~3o ~'o . +omo ~b + o,53o ~'o 

}*,lP 1~,9/-+ D -0,401 ~ll.= 8,79D - 0  53/. ix l( = 7,76D _ 0,558 

- 0,082 - 0~026 + 0,,033 - 0,I04 + 0,I 06 * 0,196 
-o,/.65 ~ -o,5~5 ~ -o,5,-6 

I c /~ '~ '~ -~'-~\ ~ 0 
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Fig. 1. Molecular d iagrams  of the ground (N) and f i r s t  two 
excited (V 1 and V2) states of 2-  and 3- formyl  (Ia, IIa) and 
2-  and 3-carbometho~d derivatives (Ic, IIc) of pyr ro le  
(PPP-CD. 

pans,on of the MO with r e spec t  to the AO showed, however, that the contribution of the AO of the carbonyl 
group (~6 and r to the Cm+i MO is 40--60% in the ser ies  of o~-carbonyl derivatives of pyr ro le  and 20-50% in 
the se r i e s  of f l-carbonyl derivat ives of pyrro le .  Since the predominant  configurations of the f i r s t  two t rans i -  
tions in all of the investigated compounds a re  associa ted with r m+l MO, these transit ions do not have direct  
analogs in the spec t ra  of py r ro le  and its alkyl derivatives.  In addition, within the limits of the entire ser ies  of 
examined carbonyl  derivatives,  both of these transi t ions,  respect ively,  are  s imi la r  both with respec t  to the 
cha rac t e r  of the configuration interaction and with respec t  to the contributions of the AO to the MO of the p re -  
dominant configurations.  It follows f rom the calculation of the molecular  diagrams of the ground and excited 
states (Fig. 1) that both transi t ions are  related to the t rans fe r  of ~r-electron charge f rom the pyr ro le  ring to 
the carbonyl group of the substituent and are  accompanied, as a rule, by a considerable increase  in the ~r com- 
ponent of the dipole moment (#~). This effect cor responds  to the experimentally observed bathochromic shift 
of both absorption bands as the polari ty of the solvent increases .  

The resul ts  of a study of the spec t ra  of the neutral  molecules make it possible to accurately  examine the 
effect of protonation on the position and intensity of the monotypic e lectron transit ions.  It may be assumed 
that protonation of the ~ -  and f l-carbonyl  derivat ives of pyr ro le  at the same centers  should lead to s imi la r  
changes in the spec t ra  above 200 nm. The experimental  data that we obtained (see Table 5) confirm this 
assumption. It has been established [1-3] that in aqueous H2SO 4 solutions 3 -earbomethoxypyr ro les  are  protonated 
exclusively at the c~-C~ atom. Depending on the position of the CH 3 group in the ring, the corresponding 5-sub-  
stituted derivat ives display a capacity for  the addition of a proton to both the a - c a r b o n  atom and the heteroring 
nitrogen atom. Protonation in these positions of the pyr ro le  ring is accompanied by a hypsochromic shift of 
both transit ions; a considerable decrease  in the intensity of the long-wave band is also charac te r i s t i c  for  5- 
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T A B L E  5. S p e c t r a  of Aqueous  Solu t ions  of the B a s e s  and Con ju -  
g a t e  A c i d s  of C a r b o n y l  D e r i v a t i v e s  of P y r r o l e ?  

Pyr- 
roles 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

;~.max,nm (e �9 10 ~) 

base conjugate 

280 (3,91) 248 (12,6) 
295 (4,65) 257 (12,7) 
290 (4,70) 253 (9,80) 
262 (5,08) 235 (8,96) 
295 (7,55) 263 (12,0) 
270 (5,50) 243 (10,2) 
300 (4,10) 254 (10,1) 
275 (3,59} 236 (6,30) 
309 (21,5) 260 (4,12) 
307 (20,2) 260 (4,18) 
279 (15,8) 245 (3,00) 
304 (15,I) 279 (8,60) 
275 (15,0) 250 (ll,0) 
280 (18,2) 250 (5,40) 
319 (t9,2) 275 (6,40) 
316 (18,6) 265 (4,65) 
287 (16,6) 250 (4,00) 
289 (16,9) 250 (6,20) 

acid 

330 (2,10) 276 (22,9) 
335 (2,30) 272 (19,6) 
335 (2,30) 276 (15,9) 
252 (5,23) 
335 (2,86) 280 (19,5) 
259 (4,10) 
360 (2,92) 277 (18,8) 
255 (4,80) 
298 (17,7) 
319 (22,0) 
253 (4,80) 
340 (5,67) 291 (18,0) 
277 (5,00) 
266 (5,34) 
330 (8,65) 293 05,7) 
330 (10,7) 302 (13,9) 
263 (5,40) 
278 (5,63) 

Protonation 
center 

(c) = o  
(c) = o  
(c) = o  

c(s) 
(c) = o  

c(5) 
(c) = o  
C(s) 

(c) = o  
(c) = o  

Nm 
(c) = o  

C(m 
C(5) 

(C) =0  
(C) =0  

N(I) 
C(s) 

SThe s p e c t r a  of the c o n j u g a t e  a c i d s  of the i n v e s t i g a t e d  compounds  
in aqueous  H2SO 4 s o l u t i o n s  w e r e  m e a s u r e d  by the me thod  d e -  
s c r i b e d  in [1, 2, 6]. 
SThe n u m b e r i n g  of the c o m p o u n d s  c o r r e s p o n d s  to the n u m b e r i n g  
in T a b l e  1. 

e a r b o m e t h o x y p y r r o l e s .  W h e r e a s  the  s p e c t r a  of the  n e u t r a l  a -  and / 7 - c a r b o m e t h o x y P y r r o l e  m o l e c u l e s  d i f f e r a p p r e -  
c i a b l y  both  wi th  r e s p e c t  to the  p o s i t i o n  and r e l a t i v e  i n t ens i t y  of the o b s e r v e d  bands ,  the s p e c t r a  of the con ju -  
g a t e  a c i d s  of bo th  s e r i e s  of c o m p o u n d s  a r e  e x t r e m e l y  s i m i l a r  and a r e  c h a r a c t e r i z e d  by the p r e s e n c e  of a s i n g l e  
band  of m e d i u m  i n t e n s i t y  a t  250-280  nm (~ 4000-5600) .  

P r o t o n a t i o n  of the f o r m y l -  and a c e t y l p y r r o l e s  l e a d s  to o p p o s i t e  changes  in the s p e c t r a :  bo th  t r a n s i t i o n s  
a r e  sh i f t ed  to the  l o n g - w a v e  r eg ion ,  and the i n t e n s i t y  of the f i r s t  t r a n s i t i o n  is r educed ,  w h e r e a s  the  i n t e n s i t y  of 
the  s e c o n d  i n c r e a s e s .  T h e s e  r e s u l t s  c o n s t i t u t e  e v i d e n c e  f o r  a change  in the p r o t o n a t i o n  c e n t e r  on p a s s i n g  f r o m  
c a r b o m e t h o x y p u r r o l e s  to  the c o r r e s p o n d i n g  f o r m y l -  and a c e t y l  d e r i v a t i v e s .  It fo l lows  f r o m  the d a t a  f r o m  the 
P M R  s p e c t r a  [2] and the i o n i z a t i o n  c o n s t a n t s  [6] tha t  the a -  and  f i - f o r m y l  and a -  and f l - a c e t y l p y r r o l e s  a r e  p r o -  
tona ted  a t  the oxygen  a t o m  of the s u b s t i t u e n t .  Add i t ion  of a p r o t o n  to th is  c e n t e r  should  l e ad  to an  i n c r e a s e  in 
the  e f f ec t  of d e l o c a l i z a t i o n  of  the ~r e l e c t r o n s  in the ion a s  c o m p a r e d  wi th  the n e u t r a l  m o l e c u l e .  The o b s e r v e d  
c h a n g e s  in the  UV s p e c t r a  on p a s s i n g  f r o m  the b a s e s  to the con juga te  a c i d s  a r e  in good  a g r e e m e n t  wi th  th is  
s t r u c t u r e .  In the s e r i e s  of  f l - s u b s t i t u t e d  d e r i v a t i v e s  the b a t h o c h r o m i c  sh i f t  of the l o n g - w a v e  band  i s  a p p r o x i -  
m a t e l y  twice  the sh i f t  of the s h o r t - w a v e  band (A~ 40 -60  and 15-30  rim, r e s p e c t i v e l y ) .  The sh i f t s  of both  bands  
in the s p e c t r a  of the a - s u b s t i t u t e d  d e r i v a t i v e s  a r e  c o m p a r a b l e ,  and the s h o r t - w a v e  band e x p e r i e n c e s  a l a r g e  
sh i f t  in s o m e  c a s e s .  This  m a y  l ead  to o v e r l a p p i n g  of the b a n d s  in the s p e c t r a  of the con juga t e  a c i d s ,  f o r  e x -  
a m p l e ,  in the c a s e  of 2 , 4 - d i m e t h y l - 5 - f o r m y l - ,  and 2 , 4 - d i m e t h y i - 5 - a c e t y l p y r r o l e s  (Table  5, c o m p o u n d s  9 and 
10). H o w e v e r ,  the s h a r p  i n c r e a s e  in the a b s o r p t i o n  i n t e n s i t y  a l so  m a k e s  i t  p o s s i b l e  in t h e s e  c a s e s  to su f f i -  
c i e n t l y  r e l i a b l y  iden t i fy  the f o r m  tha t  is  p r o t o n a t e d  a t  the oxygen  a t o m  of the c a r b o n y l  g roup .  

Thus the s tudy  of the e l e c t r o n i c  s p e c t r a  and the d a t a  o b t a i n e d  by o t h e r  m e t h o d s  [2, 6] have  shown that ,  
in c o n t r a s t  to u n s u b s t i t u t e d  p y r r o l e  and i t s  a l k y l  [7, 8], pheny l  [9], and c a r b o m e t h o x y  [1, 6] d e r i v a t i v e s ,  u -  and 
f l - f o r m y l  and a -  and f i - a c e t y l p y r r o l e s  a r e  p r o t o n a t e d  a t  the c a r b o n y l  g r o u p  r a t h e r  than in the p y r r o l e  r i ng .  It 
w a s  r e c e n t l y  e s t a b l i s h e d  [t0] tha t  3 - f o r m y l  and 3 - a c e t y l  d e r i v a t i v e s  of 6 -  and 7 - c a r b o m e t h o x u i n d o l i z i n e s  a r e  
p r o t o n a t e d  a t  the  s a m e  c e n t e r .  In th i s  connec t ion ,  i t  s e e m e d  of i n t e r e s t  to e x a m i n e  the f a c t o r s  tha t  d e t e r m i n e  
the d i r e c t i o n  of  p r o t o n a t i o n  in s i m i l a r  s y s t e m s .  With  th is  in mind ,  we  c a l c u l a t e d  the e l e c t r o n i c  s t r u c t u r e s  and 
e n e r g i e s  of the  n e u t r a l  and a l l  of the  t h e o r e t i c a l l y  p o s s i b l e  p r o t o n a t e d  f o r m s  of a -  and f l - f o r m y l p y r r o l e s  (Ia 
and IIa) by  the C N D O / 2  m e t h o d  wi th  the  P o p l e  p a r a m e t r i z a t i o n  [11]. In the c a l c u l a t i o n  we  u s e d  the da ta  on the 
g e o m e t r y  of the  p y r r o l e  r i n g  p r e s e n t e d  in [12] and  the s t a n d a r d  g e o m e t r i c a l  p a r a m e t e r s  of the f o r m y l  g r o u p  
[13]. Two p l a n a r  c o n f o r m a t i o n s  (A, B, C, and  D) w e r e  c a l c u l a t e d  f o r  the  n e u t r a l  f o r m s  of e a c h  i s o m e r :  

c/. .<o 
f f -~ IH i~-~ IO ~ , N ~  ~0 ~N'--N-~ tl 
q.~ N...J ~- C'~O r N/~--C~ i I , 

H I| II H 

A " ]3 C D 
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T A B L E  6. 
F o r m y l p y r r o l e s  (AE, k c a l / m o l e )  

Corn- I , protonat ion  c e n t e r  

pound[ N m %, [ %) %~ 

la 292,8 ] 303,3 301,6 
I 

IIa 294,0 3~,7 I --  300,4 

Change  in E n e r g y  dur ing  the P r o t o n a t i o n  of e~- and f l-  

C(s) (c )=o 

306,2 31 1,4 
304,6 314,5 

T A B L E  7. D i s t r i b u t i o n  of the o'- and ~ r -E lec t ron  D e n s i t i e s  in the  
B a s e s  and Con juga te  A c i d s  of a -  and f i - F o r m y l p y r r o l e s  

Com-  ] 
pound Form N{I ) C(2 ) C(3 ) C{4 ) C(5 ) C=(O) O=(c) 

Ia 

IIa 

Base. ff 

%ff 
Conjugate 

acid 
q eff 

B as~ ff 

qeff 
C o n j u g a t e  

acid n 
qeff 

3,435 
1,691 

-0,126 
3,431 
1,675 

-0;106 
3,441 
1,675 

-0,116 
3,482 
1,595 

-0,077 

2,867 
1,096 

+0,037 
2,815 
1,179 

+0,006 
2,886 
1,028 

+0,086 
2,945 
0,884 

+0,171 

2,986 
11025 

-.0,011 

3,046 
0,873 

+0,081 
2,963 
1,093 

i -0,056 
2,903 
1 163 

-0',066 

2,967 
1,086 

- 0,053 
2.959 
1,092 

-0,051 
2,971 
1,074 

-0,045 
2,956 
1,069 

- 0,025 

2,887 
1,039 

+ 0,074 
2,940 
0,900 

+0,160 
2,872 
1,071 

+ 0,057 
2,878 
1,037 

+ 0,085 

2.934 
0,842 

+0,224 
3,033 
0,622 

+0,345 
2,928 
0.835 

+0,237 
3,026 
0,597 

+0,377 

5,017 
1,22 I 

-- 0,238 
4,438 
] ,656 

- 0,094 
5,029 
1,225 

-0,254 
4,416 
t ,654 

--0,100 

The  c a l c u l a t i o n  showed  a s l i g h t  d i f f e r e n c e  in the to ta l  e n e r g i e s  of the c o n f o r m e r s :  AE = E B -  E A = 0.13 k c a l /  
m o l e ,  and  AE = E C -  E D = 0.35 k e a l / m o l e .  C a l c u l a t i o n  of  the p r o t o n a t e d  f o r m s  was  m a d e  f o r  the  A and D con -  
f o r m a t i o n s  wi th  a l o w e r  t o t a l  e n e r g y  and the use  of the s a m e  g e o m e t r i c a l  p a r a m e t e r s  a s  in the c a s e  of the neu-  

t r a l  m o l e c u l e s .  The \ C / H  and \ ~ / H  a n g l e s  in the CH and NH con juga te  a c i d s  w e r e  a s s u m e d  to be t e t r a -  
/ \H / \H 

h e d r a l  (109~ and the C - H  and N- -H d i s t a n c e s  w e r e  a s s u m e d  to be  e q u a l  to 1.09 and 1.01 ~ ,  r e s p e c t i v e l y .  
In the c a s e  of the  OH a c i d s  the c a l c u l a t i o n  was  m a d e  f o r  two c o n f o r m e r s  of e ach  i s o m e r :  

II "'0 
O..'H 

r- - C~II 

H H " H H I1 

A 1 A2 1:)1 D2 

T h e  d i f f e r e n c e  in  the to ta l  e n e r g i e s  of the  c o n f o r m e r s  does  not  e x c e e d  2 k c a l / m o l e ,  and the A 2 and D 2 c o n f o r -  
m a t i o n s  a r e  e n e r g e t i c a l l y  m o r e  f a v o r a b l e .  The r e s u l t s  of  the  c a l c u l a t i o n  of the e n e r g i e s  and e l e c t r o n i c  s t r u c -  
t u r e s  of the  OH a c i d s  found f o r  t h e s e  c o n f o r m a t i o n s  a r e  p r e s e n t e d  be low.  

It f o l l ows  f r o m  the d a t a  in Tab le  6 tha t  the  r e l a t i v e  b a s i c i t i e s  of the  v a r i o u s  c e n t e r s  in 2 - f o r m y l p y r r o l e  
(Ia) d e c r e a s e  in the  o r d e r  ( C ) = O  > C(s ) > C(3 ) > C(4 ) > N(1), a s  c o m p a r e d  wi th  the o r d e r  ( C ) = O  > C(2 ) > C(5 ) > 
C (4) > N(i) f o r  3 - f o r m y l p y r r o l e .  Thus the  f o r m a t i o n  of f o r m s  tha t  a r e  p r o t o n a t e d  a t  the oxygen  a tom of the  c a r -  
bony l  g roup  i s  e n e r g e t i c a l l y  m o s t  f a v o r a b l e  f o r  bo th  compounds .  This  r e s u l t  is  in c o m p l e t e  a g r e e m e n t  wi th  the 
e x p e r i m e n t a l  da t a .  The  ~ -  and  ~ - e l e c t r o n  d e n s i t i e s  and the e f f ec t ive  c h a r g e s  (qeff) on the  v a r i o u s  a t o m s  of the 
n e u t r a l  ~ -  and f l - f o r m y l p y r r o l e  m o l e c u l e s  and the c o r r e s p o n d i n g  OH con juga te  a c i d s  a r e  p r e s e n t e d  in Tab le  7. 
The e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  c h a n g e s  s u b s t a n t i a l l y  dur ing  p r o t o n a t i o n  of Ia and Ha, and o p p o s i t e  sh i f t s  of 
the  d e n s i t i e s  of the  cr and  ~ e l e c t r o n s  a r e  c h a r a c t e r i s t i c  f o r  m o s t  of the a t o m s .  The p e r t u r b a t i o n  p r o d u c e d  by 
the p r o t o n  is  e x t e n d e d  to the r i n g  and r e a c h e s  the a t o m s  f o u r  bonds  r e m o v e d  f r o m  the oxygen  a tom.  An a l t e r -  
na t ion  e f f ec t  is  o b s e r v e d .  C o n s i d e r a b l e  e l e c t r o n  de ns i t y  is  d e l o c a l i z e d  on the added  p ro ton .  The to ta l  ~ - e l e c -  
t r o n  d e n s i t y  in the  p y r r o l e  r i n g  d e c r e a s e s  but  i n c r e a s e s  by a c o r r e s p o n d i n g  amoun t  on the c a r b o n y l  g roup .  
M o r e o v e r ,  t h e r e  i s  f u r t h e r  p o l a r i z a t i o n  of the c a r b o n y l  g roup .  The s u b s t a n t i a l  d e l o c a l i z a t i o n  of the ~ - e l e e t r o n  
d e n s i t y  f r o m  the oxygen  a t o m  to the p r o t o n ,  the a b s o l u t e  v a l u e  of which  e x c e e d s  the sh i f t  of the  ~ e l e c t r o n s ,  
l e a d s  to a d e c r e a s e  in the  to ta l  n e g a t i v e  c h a r g e  on the oxygen  a tom.  
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M O L E C U L A R  A N D  C R Y S T A L  S T R U C T U R E S  A N D  C H E M I C A L  

P R O P E R T I E S  O F  2 , 6 - D I M E T H Y L - 4 - P H E N Y L - 3 , 5 -  

D I E  T H O X Y  C A R B  ONY L -  1 , 4 -  D I H Y D R O P Y R I D I N E  

A.  F .  M i s h n e v ,  A. E .  S h v e t s ,  
Y a ,  Y a .  B l e i d e l i s ,  G .  Y a .  D u b u r ,  
A. E. Sausin', and V. K. Lusis 

UDC 548.737 +547.827 

The m o l e c u l a r  and c ry s t a l  s t r u c t u r e s  of 2 , 6 -d ime thy l -4 -pheny l -3 , 5 -d i e thoxyca rbony l - l , 4 -d i -  
hydropyr id ine  were  de te rmined  by x - r a y  dif f ract ion analys is .  The following c rys ta l lograph ic  
data we re  obtained: a = 9.754(2), b = 7.401(1), c = 24.384(5) /~, fl = 92.61(2) ~ Z = 4, dcalc = 
1.24 g - c m  -3, space  group P21/c .  The s t ruc tu re  was decoded f r o m  1531 ref lec t ions ,  the in- 
tensi t ies  of which were  m e a s u r e d  with a P21 automat ic  d i f f r ac tome te r  and refined by the 
method of l eas t  squa re s  within the total ma t r ix  anisot ropic  approximat ion  to R = 0.061. The 
dihydropyridine ring has a boat conformat ion.  Packing of the molecules  in the c ry s t a l  is 
r ea l i zed  at the van der  Waals d is tances  and is s tabi l ized by an N z -  H . . .  Oi~ hydrogen bond 

�9 

(2.98 A). F r o m  the data on the g e o m e t r y  of the molecule ,  the compound is c l o se r  to amino-  
v inylcarbonyl  compounds,  whe reas  according  to the data on the conformation,  it is c l o se r  to 
Me i senhe imer  compounds than to pyridine der iva t ives .  The C----O bond length co r re sponds  
to its ]ength in e s t e r s  and acid amides ,  despite  the exceptional ly low react iv i ty  of this group 
in 3 ,5 -d ica rbony l -  1 ,4-d ihydropyr id ines .  

To de te rmine  the geometrs~ and configurat ion of the 2 ,6 -d ime thy l -4 -pheny l -3 ,5 -d i e thoxyca rbony l - l , 4 -d i -  
hydropyr idine  (I) molecule  and to unders tand its reac t iv i ty  we subjected it to an x - r a y  diffract ion study. 

The intensi t ies  of the re f lec t ions  were  m e a s u r e d  with a P21 automat ic  f o u r - c i r c l e  d i f f r ac tomete r  using a 
0.25 by 0.2 by 0.1 m m  l ight-yel low single c rys t a l .  The following c rys ta l lograph ic  data on the unit cell  of a 
c r y s t a l  of the composi t ion  CisH23NO 4 were  obtained by the p rocedu re  of autoindexing and calculat ion of the 
or ienta t ion ma t r ix  by the method of l e a s t  squa res  (MLS): 
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