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Electrophilic substitutions on β-position of 2,5-dimethyl pyrrole have been investigated theoretically. The elec-
tron donating methyl groups enrich electron densities on C-3, C-4 positions and π* interactions with methyl
groups substituted on C-2 and C-5 positions pushed up the HOMO level of the pyrroles consequently induce
rapid substitutions on C-3, C-4 sites. Substitution of phenylsulfonyl group on nitrogen stabilized LUMO levels
through weak π bonding interactions. Unexpected deoxidation reaction underwent on the sulfonyl group sub-
stituted at C-3 position. The structures were solved by X-ray crystallography. Meanwhile, gas phase HF/6-
31G* and density functional method (B3LYP/6-31G*) calculations gave favorable energies for 1-phenylsulfi-
nyl pyrrole (6) over 3-phenylsulfinyl pyrrole (5) by 3.6-4.7 kcal/mol which is contrary to the experimental
result. However the methods involve the effects of molecular polarizability and solvent, molecular dynamics
(MD) and ab-initio self consistent reaction field (SCRF) calculations showed same trend as experiments. Ac-
cording to MD calculations, compound 5 is more stable than compound 6 by 4.15 kcal/mol and the SCRF, HF/
6-31G* calculations gave more stable energy value for structure 5 than 6 by 0.03 kcal/mol. 

Introduction

Pyrroles are component of many natural products which
show interesting biological activities. In the reaction of pyr-
role ring systems, the nucleophiles substitute preferentially
at the 1- or 2- position and direct introduction of the substitu-
ent at C-3 position is mostly difficult as it contains π-exces-
sive heteroatom.1-3 Some photoinduced aroylation of five
membered ring systems has been described by Oda et al. 4

Therefore, new synthetic methods leading to 3-substituted
pyrroles have been required and the investigation of efficient
methods for preparing C-3 substituted pyrroles is one of the
important goals in pyrrole chemistry because of their fre-
quent uses for obtaining various biological active com-
pounds such as porphyrins. For the substitution on C-3
position, Friedel-Crafts acylation or alkylation on pyrrole
bearing electron-withdrawing substituent at C-25-9 or
N-110,11 has been widely investigated.

Friedel-Crafts acylations on N-phenylsulfonylpyrrole,
masked acyl group12 at C-3 position in order to obtain
2,4-diacylpyrroles also have been studied extensively, but
arylsulfonylation on 2,5-disubstituted pyrrole has not been
reported yet. We have been investigated to prepare new
pyrroles having symmetric and asymmetric substituents
on 3,4-position by manipulating 2,5-dimethylpyrrole with
phenylsulfonyl chloride, but 1,3-diphenylsulfonyl-pyrrole
was obtained unexpectedly.13 The electronic structures of
some pyrrole derivatives (Scheme 1) and the reasons
behind formation of 1,3-diphenylsulfonyl-2,5-dimethyl
pyrrole as well as rare deoxidation reaction of 1,3-bis
(phenylsulfonyl)-2,5-(dimethyl)pyrrole are studied theoret-
ically. 

Methods of Calculations

Calculations were performed using Gaussian 9414 and
Cerius215 programs on both Cray-C90 and O2 Silico
Graphics computer systems. These programs search fo
optimum geometries using the criteria of minimum energ
All the structures were studied by molecular mechan
(MM, MD),16 PM317 and HF/6-31G*14,18 level calculations.
The input data consists of a set of bond distances, b
angles and dihedral angles arranged in Z-matrix. The effe
of electron correlation on the relative energies of the mo
cules were taken into account by performing Becke’s gra
ent corrected exchange functional19 combined with Lee,
Yang and Parr’s gradient corrected correlation functiona20

The RHF/6-31G* polarization basis set is used to fu
geometry optimization of the molecules.

Formation of 1-sulfonyl-3-sulfinyl pyrrole. Direct
Friedel-Crafts acylation on 2,5-dimethylpyrrole also giv
3,4-symmetric acyl compounds, but normally the yield 
very low (<5%) when no electron withdrawing groups a
on the substituted pyrroles.13 Therefore we introduced phe
nylsulfonyl group on N1-position using phenylsulfony
chloride as usual. Expecting 1-phenylsulfonyl-2,5-dimet
ylpyrrole, 2,5-dimethylpyrrole 2 reacted with phenylsulfonyl
chloride, tetrabutylammonium hydrogensulfate as a ph

Scheme 1
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transfer catalyst, and 50% sodium hydroxide solution in
dichloromethane as described in the literature.11 However,
1,3-disubstituted product 5 was obtained unexpectedly
instead of N1-phenylsulfonyl pyrrole 3 (Scheme 2). The
product, however was confirmed to lack one oxygen by
Mass spectrum, that can not tell which sulfur loses one oxy-
gen. Another possible compound 6 could be obtained, but
the structure was confirmed as 1-phenylsulfonyl-3-phenyl-
sulfinyl-2,5-dimethylpyrrole,21 5 by X-ray crystallography
(Figure 1). The structures optimized by ab-initio RHF/6-
31G* calculations compared with experimentals in Table 1
and 2.

In order to confirm disubstituted pyrrole, the compound 5
was further oxidized with OXONE and tetrabutylammo-
nium hydrogensulfate in dichloromethane at room tempera-
ture for overnight to give 1,3-diphenylsulfonyl-2,5-di-
methylpyrrole, 7 quantitatively22 (Scheme 3), which showed
very stable in standing at normal condition. The crystal
structure of this product also can be determined by X-ray
crystallography (Figure 1b). These sulfo-compounds can be
used as important intermediates for preparation of symmet-
ric and asymmetric pyrroles as well as for the synthesis of
substituted peripheral porphyrins. 

Electronic Structure of 2,5-Dimethyl Pyrrole Deriv-
atives. The electronic structure and reactivity of pyrrole

Scheme 2. (a) n-Bu4NHSO4 50% NaOH, CH2Cl2, 0 oC to 40 oC,
20h.

Figure 1. (a) X-ray structure of 1-phenylsulfonyl-3-phenylsulfinyl-
2,5-dimethylpyrrole (5) and (b) X-ray structure of 1,3-diphenyl-
sulfonyl-2,5-dimethylpyrrole (7).

Table 1. Comparison of structural parameters obtained by X-r
crystallography and calculations (RHF/6-31G*) for 1-pheny
sulfonyl-3-phenylsulfinyl-2,5-dimethyl pyrrole (5)

Parameters

1-phenylsulfonyl-3-phenylsulfinyl
-2,5-dimethyl pyrrole(5)

Experiment Calculation

Bond length (Å)
S(1)-O(1)
S(1)-N(1)
S(1)-C(7)
S(2)-C(2)
S(2)-C(13)
N(1)-C(4)
C(4)-C(6)
C(7)-C(12)
C(13)-C(14)

1.42
1.68
1.75
1.76
1.80
1.43
1.49
1.37
1.37

1.42
1.67
1.77
1.77
1.80
1.41
1.50
1.38
1.38

Bond angle (deg)
O(1)-S(1)-O(2)
C(1)-N(1)-C(4)
C(4)-N(1)-S(1)
S(2)-C(2)-C(3)
O(3)-S(2)-C(2)
C(2)-S(2)-C(13)
S(1)-C(7)-C(8)

119.6
108.7
121.7
126.4
107.3
97.9

119.2

120.3
109.1
123.9
125.3
107.5
99.1

119.9

Table 2. Comparison of structural parameters obtained by X-r
crystallography and calculations (RHF/6-31G*) for 1,3-dipheny
sulfonyl-2,5-dimethyl pyrrole (7)

Parameters
1,3-diphenylsulfonyl-2,5-dimethyl pyrrole (7)

Experiment Calculation

Bond length (Å)
S(1)-O(12)
S(1)-N(30)
S(1)-C(11)
S(2)-C(32)
S(2)-C(21)

N(30)-C(31)
C(31)-C(35)
C(11)-C(16)
C(21)-C(26)

1.43
1.69
1.75
1.75
1.44
1.41
1.49
1.36
1.38

1.42
1.68
1.77
1.76
1.44
1.40
1.50
1.39
1.39

Bond angle (deg)
O(12)-S(1)-O(11)

C(34)-N(30)-C(31)
C(31)-N(30)-S(1)
C(31)-C(32)-S(2)
O(21)-S(2)-C(32)
C(32)-S(2)-C(21)
C(12)-C(11)-S(1)

119.5
109.7
123.3
127.1
106.2
105.3
119.2

120.4
109.6
126.8
128.9
105.8
105.6
118.8

Scheme 3
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derivatives has been calculated using ab-initio, RHF/6-31G*
calculations. The site preference of pyrrole ring was ana-
lyzed by comparison of physical constants, such as atomic
charges, polarities, HOMO-LUMO energies and orbital
interactions. The electronic structures of four different pyr-
role derivatives are shown in Figure 2 and Figure 3. The
structures were optimized by RHF/6-31G* and then the
orbital interaction analyzed with simple EHT method for the
convenience of analysis. The HOMO-LUMO gap is
decreased with substitution of phenylsulfonyl group at nitro-
gen atom. The LUMO level is stabilized by bonding interac-
tion between sulfur and nitrogen atom.

On the other hand, the HOMO level of 2,5-dimethyl pyr-
role was destabilized by 0.33 eV owing to π* interaction
between methyl p and 1a2 orbital (Figure 3). Again, HOMO-
LUMO gap decreases down to 3.59 eV. The charges on C-2
and C-5 of pyrrole increased along with the substitution of
methyl group and negative charge on nitrogen increases to
−0.91 by introduction of sulfonyl group (Figure 4). Accord-
ing to the calculations, 2,5-dimethyl pyrrol is expected to
have lower ionization potential (I.P) than pyrrole. The elec-
tron density decreased in the order of 3 < 1 < 4 < 2. 

Structure of 1-phenylsulfonyl-3-phenylsulfinyl-2,5-
dimethyl pyrrole . As mentioned previously, base cata
lytic reaction converts N-phenylsulfonyl-2,5-dimethyl py
role to 1,3-diphenylsulfonyl-2,5-dimethyl pyrrole followed
by rapid deoxidation giving 1-phenylsulfonyl-3-phenylsulf
nyl-2,5-dimethyl pyrrole. Resonance effect between pyrr
and phenyl rings is not likely occur since the geome
around sulfur atom is tetrahedral. The increases of nega
charge on nitrogen atom thus resulted from electron tran
from a symmetry matching bonding orbital of phenylsulf
nyl group toward an antibonding orbital of pyrrole moiety.

The stabilities of two different deoxydation products (5, 6)
examined with ab-initio RHF/6-31G* and density function
calculations (B3LYP/6-31G*). Both semiempirical (PM3
and ab-initio quantum mechanical calculations show tha6
is more stable by 3.6-4.7 kcal/mol than 5 which is contrast to
experimental observations. Nonetheless, molecular dyna
(MD) calculations performed for 700 ps, showed 5 is more
favorable over 6 by 4.15 kcal/mol which is same as exper
mental result. Calculated total (potential + kinetic) energ
for isomer 5 and 6 were 60.21 (23.58 + 36.63) kcal/mol an
64.36 (36.78 + 27.58) kcal/mol respectively. Meantime, s
vent effects have been considered by ab-initio, self con
tent reaction field (SCRF) method. The calculated solv
effects on the conformational equilibrium of some organ
molecules were studied by Wiberg et al. and were found to
agree well with experiment. The simple self SCRF meth
which consider a spherical cavity and single center multip
expansion of the solute charge density23 has been proved to
be useful in predicting the effect of solvation on number
properties such as tautomeric equilibria24,25 and barriers for
rotation.26 The calculations in water as a solvent showed t
the structure 5 is more stable than 6 by 0.03 kcal/mol.

Discussions

1,3-disulfonylation of 2,5-dimethylpyrrole. The α-
position of pyrrole has positive charge according to the M

Figure 2. Electronic structures of pyrrole (1) and N-phenylsulfonyl
pyrrole (3).

Figure 3. Electronic structures of 2,5-dimethyl pyrrole (2) and N-
phenylsulfonyl-2,5-dimeth pyrrole (4).

Figure 4. Charges on carbon atoms in pyrrole derivatives.



Reactions of 2,5-dimethyl Pyrrole  Bull. Korean Chem. Soc. 1999, Vol. 20, No. 8     951

p
le-
n

ful
th
of
as

up-
ch-
N-
for
ce
ro-
n-

nd
oor-
es).
 to

s:

-

rd,

.;

n,

tti,

B.;
n,
.;
.;
B.
.;
calculations thus, electrophillic substitutions would occur at
β-position under presence of acidic catalyst such as
AlCl3.10,11 The β-positions of pyrrole ring are known as not
active for the sulfonylation in basic conditions. However, the
electron densities on C-3 and C-4 positions increased along
with substitution of two methyl groups on C-2, C-5 positions
(see Figure 4). The values of negative charges increased
with methylation from −0.27 to −0.29 on C-3, C-4 of pyr-
roles and from −0.26 to −0.28 on N-sulfonylated pyrroles,
respectively. At the same time, the HOMO levels of 2,5-
dimethyl substituted pyrroles are substancially higher than
the non-substituted pyrroles: the HOMO level of 2,5-dime-
thyl pyrrole pushed up 0.33 eV whereas that of N-sulfonyl-
2,5-dimethyl pyrrole pushed up 0.26 eV (Figure 2, 3) from
the HOMO levels of corresponding pyrroles. The elevation
of HOMO level means the activation of C-3, C-4 sites for
electrophillic substitution and thus, the 2,5-dimethyl pyrrole
undergoes di-sulfonylation on these positions. Tri-sulfony-
lated product, 1,3,4-trisulfonylpyrrole was not formed due to
severe steric hinderence around the substitutional site.

Deoxidation Products. Two types of deoxidation prod-
ucts, 3-phenylsulfinyl pyrrole (5) and 1-phenylsulfinyl pyr-
role (6) were compared. Gas phase RHF/6-31G* and density
functional method (B3LYP/6-31G*) calculations yielded
favorable energies for 6 over 5 by 3.6-4.7 kcal/mol however
empirically parameterized molecular dynamics (MD)
calculations16 showed opposite trend which is same as
experiment. It is attributed to the facts that the molecular
dynamic program involves the calculations for the polariz-
ability of the molecule. The results of ab-initio calculations,
self consistent reaction field (SCRF) method support this
result since it includes the polarizability of the molecule and
dipole moment of solvent during the calculations. The
SCRF, HF/6-31G* calculations showed that the structure 5
is 0.03 kcal/mol more stable than 6 in water. Although, such
a small energy difference does not give a realistic informa-
tion, it may implicate that the existence of high energy bar-
rier for the deoxidation process on phenylsulfonyl group
substituted at nitrogen. More sophisticated studies including
transition state structure are necessary to find out the mecha-
nisms of deoxidations.

Conclusions

Experimentally, formation of disubstituted pyrrole, from
the reaction between 2,5-dimethyl pyrrole and phenylsulfo-
nyl chloride can not be avoided in any reaction conditions.
Calculations show that the electron donating methyl groups
enrich electron densities on C-3, C-4 positions. The eleva-
tion of HOMO levels activated the C-3 and C-4 sites for the
electrophyllic substitutions. These two factors are consid-
ered to be the main reasons for 1,3-disulfonylation on 2,5-
dimethylpyrrole. Further investigation is on going to find out
the reasons behind deoxidation of sulfonyl group at C-3
position.

Because the mono-sulfonated compound 3, 1-phenylsulfo-
nyl-2,5-dimethylpyrrole, can not be obtained in this reaction

condition, it is not clear whether the phenylsulfonyl grou
on C1-position migrates to C3-position or the second mo
cule of phenylsulfonyl chloride attacks the C3-positio
directly. However, the result of MO calculations was help
for understanding the reaction of 2,5-dimethyl pyrrole wi
sulfonyl chloride qualitatively by comparing the change 
charges and HOMO, LUMO levels, orbital coefficients 
well as energetics of optimized structures.
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