
Chemisto' of lfeterocyclic Compounds, Vol 31. No. 11. 1995 

DIPYRROLO[ 1,2-a; 2', 1 '-c] PYRAZINES. 

1. QUANTUM-CHEMICAL STUDY OF DIPYRROLO[1,2-a; 2',I'- 

c]PYRAZINES IN ELECTROPHILIC SUBSTITL~ION 

REACTIONS 

V. I. Terenin,  K. V. Karapetyan, E. L. Ruchkina, 

V. M. M[arnaev, and Yu. G. Bundel' 

The seuuempirtcal quantum-chemmal method PM3 has been used in a study c~ the electronic and spatial 

structure o f  dipyrrolo[1, 2-a; 2 ', I '-c]pyrazines and 5, 6-dihydrodi,~vrrolo[ l, 2-a; 2 ', 1 '-c]pyrazines arut also their 

reactivities in electrophilic std)~titution reactions (protonation, acylation). 

The pyrrole fragment enters into the composition of many natural compounds and biologically active substances that 

have become the objects of  intensive theoretical investigation. One heterocyclic system that has received little attention is the 

dipyrrolo[l ,2-a;  2 ' , l ' - c ]pyraz ine  system, which contair:s pyrrole rings with excess rr-electrons and a pyrazine ring with a 

deficiency of re-electrons [ 1]. No previous quantum-chemical studies have been performed on dipyrrolo[1,2-a; 2 ' ,  1 '-c]pyrazines, 

At the same time, quantum-chen:ical investigation of substitution reactions in derivatives of dipyrrolo[1,2-a; 2 ' ,  l ' -c]pyrazines 

(I) and 5,6~ihydrodipyrrolo[1,2-a;  2 ' ,  l ' -c]pyrazines (II) are of definite interest in the overall plan of con:paring calculated and 

experimental data characterizing the reactivities of different positions of 14-electron and 12-electron (hydrogenated) systems. 

Theoretical analysis of the relationships that are found is an important step in explaining the selectivity of electrophilic attack 

in heterocyclic compounds of this type. 
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Here we are reporting on a quantum-chemical study of the electronic structure and reactivity of dipyrrolo[ 1,2-a; 2 ' ,  1 '- 

c]pyrazines in electrophilic substitution reactions. As a means of investigating the electronic structure and reactivity of these 

compounds, we used the semiempirical PM3 methcKl. Calculations performed by this meth~xt on a large number of compounds 

have shown that of all the existing semiempirical methcKls, this one gives results that are closest to those obtained by ab initio 

methcKls [2, 31. Our initial calculations for unsubstimted dipyrrolo[l ,2-a;  2 ' ,  l ' -c lpyrazines showed that the molecule of Ia is 

practically planar. For the molecule of lla, the C(5)-Cu, / bond deviates from the plane of the two pyrroles by 1 5  

\ --d-_ - )----------': \ 

M V. l .omonosov Moscow State University, Moscow 119899. Translated from Khimiya Geterotsiklicheskikh 

Soedinenii, N o  11, pp. 155%1565, November,  1995 Original article submitted September 13, 1995. 

(RX)9-3122/95/31 I 1 1353512 50 ¢q996 Plenum Publishing Corporation 1353 



o 

c~ 

N 

? 

© 

0 

L 
P~ 

C~ 

0 

c~ 

E 
© 

U~ 

c~ 

© 

© 
C~ 

0 
C~2 

m 
< 

"7 T 

~ , ~ , - 4 ~ , ~ , ~  ~ 7 ~ ; ' - ,  ~ ~ ~ ~, . . . . . . . . . . .  

A ~ ~ ~ , . ~ ~ ~  

. . . . . . . . . . . .  C:  --" --" --" .Z _Z ~ : .-- Z Z Z 

.Z." ~ __: _2 _2 _5 _- C .2 ~: . -  d .Z .Z __: .Z 2 _2 £ ~ _2 _2 

c - -  o o o o o o c ;  o o P ~ - -  r - ~  - -  r . . . . .  r - - -  r ~ ~ r ~  

1354 



i t--q ¢ 4  t',¢ ~'- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 2  

. . . . . . . . . . . . .  r :  . . . . . . . . . .  

0 - -  0 -- ~ . . . . . . . .  

o - -  : D  - -  = . . . . . . . . .  

. . . . . . . . . . . . . .  o _2 d -2 ,~ ,~ . . . .  

: ;  g ;~' g ~, ~# ~ . . . .  ~ ~ ,% ~ g ;'4 ~ ~ ~ ~, g ~; ;~ ;4 . . . . .  . . . . . . . . . . .  , s * 3  . . . . . . . . . . . . . . .  

L . . . . . . . . . . . . . . . .  

1 3 5 5  



%~ 

T 
8 

S 
< 

0 

2 
o 

< 

Z 

2 
< 

- o  
E a 
o 
o &  

-I d 6  d d d  d d d d  6 ~ d d d d  d d d  d d d  

21 ~ d  d d d d d d  d d d d d d d  d ~ d  ~ d  

d d d d d d d ,6 d d d d d d d d o" d d d d 

6 6 6 6 6  £ 6 6 6 6 6 6 6 6  £ ,o 6 6 6 6 6  

o d d d d d d d d d d d d d  d d s ; d d d d  

d d d d s; d d 6 o d d d d d c: c; d d d d d 

d d d d d d d d d d d d d d d c" d o£ d d d 

o o o : o o o o o d o o 6 6 6 c' 6 6 d 6 c~ 

~ d  d d  d d d d d d d d d  ~ d c ~ d  o d d  

o o c; ~ d d d ,5 d d ~ c.; d d c£ ~, ~ d d d 

C ~ 0 C O C C C 2< G C 2,  

; ~' " i  c ~' ~' ~ 6 ~ r., 4, c £ :c F 2 _  :2 ° 4 £ 

I356 



I i 

k 

~ d ~ d ~ d d d d ~ d d ~ d d d d ~  

d d d d d d  d d  d d d d d d d d d  d d d d  

d d  d d d d  d d  d d d  d d  d d d d  d d d d 

d o ' d d d d  d d d d d d d d d d d d d d  d 

d d d d d d d d d d d d d d d d d d d d d  

d d d a? d d d d d d d c:; c; d d c; d d d d d 

d d  d d d  d d d  d d d d d  d d d d  d d d d 

d d d d d d d d d d d d d d d d d c; d d c: 

o c; o : s c o o c ~ o o o ,~ 

1357 



These calculations indicate that in file molecules of I and II, the c~-pyrrole positions have the greatest 7r-electron access 

in the HOMO. For compounds Ia and Ila, initial attack must take place at position 3 or 8. Calculations of  the heat of  cation 

formation in the protonation of  compounds la and IIa at positions 1, 2, and 3 show that the addition of  a proton at position 3 

results in the most stable 3It-cation. Compounds lc and llc have only one free o~-pyrrole position having a high ~--electron 

density; this should lead to preferential electrophilic attack at this position. 

In compounds Ib and lib, both o:-positions of the pyrrole rings are free for electrophilic attack, and die a--orbital 

densities in the HOMO of positions 3 and 8 are practically identical, t towever,  a comparison of  the calculated heats of 

formation of the cations in protonation of compounds Ib and lib suggests that die cations formed by electrophilic attack at 

position 3 are more stable than those formed by attack at position 8. For example, the heat of formation of the cation III is 

216.5 kcal/mole, whereas that of  cation IV is 218.0 kcal/mole. Thus, for compounds lb and lib we should expect preferential 

electrophilic attack at position 3. 

/ . M < :  I I * 

_ _  ' l l  

I I I  

I1 + 
l b  a. -  

11 
I I \ x - - ~  / 

IV  

Mc  

Calculations of the bond orders of the cations formed by, electrophilic attack show that the positive charge is delocalized 

over both pyrrole rings. This is indicated by the set of resonance structures shown below, corresponding to the calculated bond 

orders, for example for cation III: 
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Thus, we have established that the initial electrophilic attack in dipyrroh)[l,2-a; 2 ' , l ' - c ]pyraz ines  must take place at 

one of the c,-pyrrole positi()ns. Itence we can assume that as a result of acetylation or trifluoroacetylation of compounds Ib,c 

and llb,c, the principal pr(~ucts \~ill be the monoacyl derivatives Va-d and V l a d  with the acyl substituent in position 3. 

I t '  \ / { { )V ' I,t ,, / i I }l,t 
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d I.~ 1 - p2  - C113, [.~3 - CI :3  

Under appropriate conditions, the acylation may lead to diacyl derivatives. In order to establish tile positions that are 

active for electrophilic attack on the derivatives V and VI, we calculated ~r-electron partial densities in the HOMO. These 

calculations established that for the monoacyl derivatives Va-c and Via-c, the greatest ~-orbital density is that of the free cx 

position of tile second pyrrole ring (position 8); this should lead to preferential formation of 3,8-diacyl derivatives 

1358, 



The free positions of the pyrrole rings (positions 1,9, 10) of the 5,6-dihydro-2,8-dimethyl-3-acyldipyrrolo[1,2-a; 2', l '-  

c]pyrazines VIb-d have practically identical ~-orbital densities in the HOMO; this may lead to a mixture of 1,3-, 3,9-, and 

3,10-diacyl derivatives. In the case of the 2,8-dimethyl-3-acyldipyrrolo[l,2-a; 2',l '-c]pyrazines Vb-d, the greatest ~r-orbital 

density in the HOMO is concentrated on the C(I0) atom; and we may expect the formation of the diacyl derivative of the 3,10- 

isomer as the principal product. 

This work was performed with financial support from ISF (Grant NBD300) and the State Committee of the Russian 

Federation for VO, NTP "Fine Organic Synthesis" (Grant FT-28). 
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