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SUMMARY

Two possible mechanisms for the transformation of 
a 1,4-dihydropyrrolo[3,2-b]pyrrole derivative into a 
tetrasubstituted pyrrole have been studied theoreti-
cally and one of them has been found in reasonable 
accord with the experimental data. This mechanism 
is part of the very rare example of rearrangement of 
dihydropyrimidines into pyrroles.
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RESUMEN

Se han estudiado teóricamente dos posibles meca-
nismos para la transformación de un derivado del 
1,4-dihidropirrolo [3,2-b]pirrol en un pirrol tetrasus-
tituido; uno de ellos está en acuerdo razonable con los 
datos experimentales. Este mecanismo es una parte 
de uno más completo de transposición de dihidropiri-
midinas en pirroles, del cual hay muy pocos ejemplos.

Palabras clave: Pirimidinas; pirroles; ciclorever-
sión; extrusión de CO; cálculos DFT.

RESUM

S’han estudiat teòricament dos possible mecanismes 
per a la transformació d’un derivat de 1,4-dihidropir-
rolo[3,2-b]pirrol en un pirrol tetrasustituit; un d’ells 
està en accord raonable amb les dades experimentals. 
Aquest mecanism és part d’un mes complet de trans-
posició de dihidropirimidinas a pirrols, del qual hi ha 
molt pocs exemples.

Paraulas clau: Pirimidinas; pirrols; cicloreversió; 
exttrusió de CO; DFT calculs.
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INTRODUCTION

The field of heterocyclic rearrangements owes much 
to van der Plas and, particularly, to his two volumes 
on “Ring Transformations of Heterocycles” 1 where so 
many reactions are reported. If a search for transfor-
mation of pyrimidines into pyrroles is made, there is 
an entry in volume 2 sending to page 116, where there 
is nothing on this subject. However, in page 125 of 
the same volume, there is the following sentence “It 
has further been reported that arylpyrimidines by 
use of zinc and aqueous acetic acid are converted into 
pyrroles (ref. 453a). In the mechanism of this ring in-
terconversion the site of the initial reduction attack by 
zinc is believed to be at the 1,6- rather than the 2,3-
bond”2,3. One of the proposed mechanisms by Lon-
gridge and Thompson3 is represented in Scheme 1. It 
may be observed that the mechanism involves a 2-sub-
stituted-1,6-dihydropyrimidine, although it was not 
isolated. The authors suggest that to prove the mech-
anism a dihydropyrimidine has to be synthesized and 
rearranged, they wrote: “Scheme 1 could be verified by 
synthesis of a dihydro compound and demonstrating 
that it will react to form a pyrrole under the required 
conditions. However compounds of this type have not 
been reported, possibly owing to their instability”.

Scheme 1. The Longridge-Thompson mechanism of 
ring-contraction 

of pyrimidines into pyrroles.

This work has been cited in several reviews4,5,6,7 be-
cause it is related to the transformation of pyrimi-
din-2-ones to pyrroles8,9,10,11. The reaction has been 
successfully applied to the preparation of 4-cyano-
pyrroles12.

In 1989 we reported (Scheme 2) the transformation of 
an isolated 1,2-dihydropyrimidine 1 into a pyrrole 613.

Scheme 2. The 1989 ring transformation.

To explain the experimental results, we proposed 
the mechanism represented in Scheme 3.

Scheme 3. The proposed mechanism.

Since this ring contraction remains the only unam-
biguous reported example of a transformation of a di-
hydropyrimidine into pyrrole and since pyrimidine is 
one of the most important ring systems in medicinal 
chemistry14, we decided to explore theoretically one 
part of the mechanism of Fig. 1, i.e. the transforma-
tion of the 3a,6a-dihydropyrrolo[3,2-b]pyrrole deriva-
tive 5 into the pyrrole derivative 6. 

COMPUTATIONAL DETAILS

The geometry of the molecules has been fully 
optimized with the hybrid HF/DFT15,16,17 computa-
tional method B3LYP and the 6-31G(d) basis set18. 
(posar el 18 en superindex). Frequency calculations 
have been carried out at the same computational 
level to verify that the structures obtained corre-
spond to energy minima (number of imaginary fre-
quencies = 0) or to transition states (TS, number 
of imaginary frequencies = 1). All the calculations 
have been carried out with the Gaussian-09 pack-
age19. 

RESULTS AND DISCUSSION

We have considered two possible mechanisms:

i. Retrocycloaddition.
The isomerization 5  6 is formally the reversed part 

of a 1,3-dipolar cycloaddition of the 1,3-dipole 7 [1-ox-
oethan-1-ylium)(phenyl)amide or (Z)-1-oxo-N-pheny-
lethan-1-yliumimidate] on the pyrrole 6 (Scheme 4).

Scheme 4. Compounds of general formula C8H5NO2.

Cycloaddition of dipoles on pyrroles are very un-
common and the main results were due to Ruccia, Vi-
vona and Cusmano20,21,22 (Scheme 5). Recently, it was 
reported the [3+2] dipolar cycloaddition reaction of 
nitrones and benzonitrile oxide with the electron-rich 
N-vinylpyrrole23,24,25.

Scheme 5. Addition of C-acetyl-N-phenylnitrilimine to 
pyrrole itself.

We have calculated the minimum energy structures 
of compounds 5 and 6 (Fig. 1 and Fig. 2). 
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Fig. 1 (compound 5) left;              Fig. 2 (compound 6) right.

However, when the 1,3-dipole 7 was optimized, it 
spontaneously decomposes into isocyanatobenzene 
(or phenyl isocyanate) and carbon(II) oxide (or carbon 
monoxide). We have considered the possibility that 
the dipole 7 was stabilized by forming 1-phenylaziri-
dine-2,3-dione (8) or (Z)-3-(phenylimino)oxiran-2-
one (9). Isomer 8 is much more stable than 9 (43.9 
kJ·mol–1) and it has been isolated and characterized26. 
However, the energy balance is unfavorable, 5 being 
more stable than the sum of 6 and 8 by 100.8 kJ·mol–1.

ii. CO extrusion.
Since compound 5 decomposes into three com-

pounds, 6 plus phenyl isocyanate, Fig. 3 (10) and car-
bon monoxide, Fig. 4 (11) (both in their minimum 
energy structures), the reaction can be considered to 
belong to the group of CO extrusion reactions27,28. An 
FVP experiment of extrusion of CO from a compound 

related to 5 (a pyrrole-2,3-dione) has been reported29. 
Fig. 5 is the structure of the TS.

The energy values are gathered in Table 1.

Table 1. Energy values (absolute in hartress, relative in 
kJ·mol–1) of the mechanism 5 → 6 + 10 + 11.

Comp. E Erel E+ZPE Erel+ZPE G ΔG

5 –1182.3727 0.0 –1182.0351 0.0 –1182.0896 0.0

TS –1182.3110 161.9 –1181.9785 148.6 –1182.0357 141.5

6 –669.3311
–1.0

–669.1117
–24.9

–669.1539
–127.9

10 –399.7325 –399.6284 –399.6608

11 –113.3095 –113.3044 –113.3236

The inclusion of the ZPE and even more the use of 
free energies strongly favors the fragments compared 
to the bicycle to the point that the transition state for 
the forward reaction is reduced to 13.6 kJ·mol–1: this 
justifies the spontaneous 5 → 6 exoergonic reaction.

CONCLUSIONS

Computational chemistry can shed light on complex 
mechanisms as two recent reviews report [30,31]. Our 
present contribution justifies the spontaneous forma-
tion of pyrrole 6 from the bicyclic derivative 5. Al-
though the whole mechanism depicted in Scheme 
3 still remains incomplete, at least, part of it is now 
firmly supported.
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