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Abstract

2,2’-Pyridyl- and 2,2’-thienylpyrroles containing substituents at the 1- and 3-positions of the pyrrole ring have
been prepared from the reaction of heteroarylchlorocarbenes with 1-azabuta-1,3-dienes. Laser flash photolysis of
heteroarylchlorocarbene in isooctane in the presence of 1-azabuta-1,3-diene yields an azomethine ylide (A=550
nm) as an intermediate. The kinetic parameters for the ylide formation and further 1,5-intramolecular cyclization
to the pyrrole ring have been determined. © 1999 Elsevier Science Ltd. All rights reserved.
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Pyrroles represent an important class of heterocycles which have found many applications in medicine
and technology. They have been extensively discussed in numerous monographs and reviews.! 2-Aryl-
and 2-heteroarylsubstituted pyrroles are of great interest for the pharmaceutical industry,! for instance,
as precursors in the synthesis of chemotherapeutics.? Some of them, especially thienylpyrroles, have
served as prospective monomers for nonlinear optics materials!->* and organic conductive polymers.*
The latter combine high electroconductivity, as well as thermal and environmental stability.® The
synthesis of thienylpyrroles containing substituents at the 3-position of the heterocycles and/or at the
nitrogen atom, attracts considerable attention because it makes it possible to modify the properties of
polymers,>* including the synthesis of chiral conducting polymeric materials.*” Earlier® we reported
a facile synthesis of 1,2,3-trisubstituted pyrroles by the reaction of arylchlorocarbenes with 1-azabuta-
1,3-dienes under photolytic or thermal conditions. We applied this approach to the synthesis of 2,2’-
heteroarylpyrroles.

Here we report the preparation of 2,2'-pyridylpyrroles and 2,2’-thienylpyrroles, containing
substituents at the 1- and 3-positions of the pyrrole ring, from the reactions of 2-pyridyl- and 2-
thienylchlorocarbenes with 1-azabuta-1,3-dienes under photolysis. We also conducted kinetics studies of
the reactions of the carbenes with azabutadienes using laser flash photolytic (LFP) techniques in order to
prove that the reactions involve azomethine ylides as intermediates, as we proposed earlier.? It is worth
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mentioning that the kinetics of thiophen-2-ylchlorocarbene under photolytic conditions have not been
studied to date.

We prepared the heteroarylchlorodiazirines 1 by Graham oxidation of amidines,” and we generated
the heteroarylchlorocarbenes 2 from heteroarylchlorodiazirines 1'%!! by photolysis (Scheme 1). We
prepared 1-azabuta-1,3-dienes 3a,b (R'=Me, Bz; R?=Me, Ph) from the reactions of cinnamaldehyde or
crotonic aldehyde and methyl or benzyl amines. The yields and 'H NMR data of the obtained products are
presented in Table 1. NMR data compare well to those described in the literature-1? for thienylpyrroles.
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Scheme 1.

We carried out photolyses by irradiation (350 nm) of solutions of chlorodiazirines 1 (1 mmol) and
1-azabuta-1,3-dienes 3 (2.5 mmol) in hexane (50 ml) at 25°C for 24 h. After the workup, we purified the
products 6a—c by column chromatography on alumina with hexane:Et;O (9:1) as eluent.

LFP irradiation'® at 351 nm of a solution of 2-pyridylchlorodiazirine 1a in isooctane at 25°C produces
a transient absorption at 310 nm due to the formation of the 2-pyridylchlorocarbene 2a, whose decay rate
constant is 1.72+0.05x10% s~!. In the presence of 1-azabuta-1,3-diene 3a, a new transient, attributed
to the azomethine ylide 4a, grows in at 550 nm at a rate equal to that of the decay of the carbene
measured at 310 nm. The plot of the observed pseudo-first-order rate constants against the concentration
of azabutadiene 3a is linear; the rate constant for the reaction of 2-pyridylchlorocarbene with 1-azabuta-
1,3-diene 3a is kyj(49)=4.27+0.02X 10° M~!s7!, and the intercept of the straight line (1.98+0.1x10° s7!)
is the carbene 2a decay rate constant in absence of 3a, which is similar to that detected at 310 nm
(1.72+0.05x10° s~1). The ylide 4a (at 550 nm) decays with a lifetime equal to 23.5 psec at 25°C,
independent of the concentration of 3a. Therefore, the rate constant for the 1,5-dipolar cyclization of
4a to Sa is 4.25+0.02x10* s~!. HCI elimination from 5a to yield pyrrole 6a is likely to be fast since

Table 1
Isolated yields and '"H NMR spectra of 2,2"-heteroarylpyrroles 6a—c
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[ Froduct Yield, % H.NMR (3, CDCL)

6a 14 375(H,s Me), 631 (1N, d,7=3,4H,..0,6.75 (10,4, 7=3, 50,0, 7173 (30, m,
3-H, oo “-Hopr S-Hoyranes 7:4-7.6 (SH, m, Ph), 8.69 (1H, d, J = 7, 6-H, an0)

6b 15 359 (3H,s, Me), 644 (1H, d, /=3, 4-H, ), 681 (1H, d, /=3, 5-H, ), 7.0-7.1 (1, m,
3-Haiopene)> 7.1-7.3 (6H, m, Ph, 4-Hyp)s 7.4-7.5 (1H, 11, 5-Higopnn)

6 14 217(3H,s,Me),5.08 2H, s, CH,), 6.15 (1H, d, /=3, 4-H, ), 6.71 (1H, d, /=3, 5
H,, ), 6.8-6.9 (1H, m, 3-Hyipends 6.9-7.4 (TH, m, Ph, 4-Hoyo e 5-Hosopnend)
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no trace of 5a can be detected. The aromatization of the system provides a strong driving force for
this elimination. The temperature dependence (0-50°C) of the ylide 4a yielded the following Arrhenius
parameters: E,=10.67+0.07 kcal mol™! and A=2.76+0.05x10!2 s™! for cyclization to 5a.

LFP of the solution of 2-thienylchlorodiazirine 1b in isooctane at 25°C, produces a transient ab-
sorption at 310 nm due to the formation of the 2-thienylchlorocarbene 2b, whose decay rate constant
is 4.25+0.08x10* s~!. In the presence of 1-azabuta-1,3-diene 3a, a new transient, attributed to the
azomethine ylide 4b (A=550 nm), grows at a rate equal to that of the decay of the carbene measured at 310
nm. The plot of the observed pseudo-first-order rate constants for the growth of the absorption at 550 nm
versus the concentration of 3a is linear; the rate constant for the reaction of 2-thienylchlorocarbene 2b and
3a at 25°C is kyj4p)=1.79+0.03% 108 M~'s™!, and the intercept of the straight line (4.03+0.07x10* s7!)
is the carbene 2b decay rate constant in the absence of 3a. The ylide 4b (at 550 nm) decays with a lifetime
equal to 153 psec at 25.4°C, independent of the concentration of 3a. Therefore, the rate constant for the
1,5-dipolar cyclization of 4b to 5b is 6.54+0.02x10° s™!. The temperature dependence (0-60°C) of the
ylide 4b yielded the following Arthenius parameters: E,=8.95+0.06 kcal mol™! and A=2.69+0.04x10'°
s~! for the cyclization to 5b.

2,2’ -Pyridyl- and 2,2 -thienylpyrroles containing substituents at the 1- and 3-positions of the pyrrole
ring have been prepared from the reactions of heteroarylchlorocarbenes with 1-azabuta-1,3-dienes. The
present experiments also demonstrated the existence of azomethine ylides as intermediates in these
reactions. The kinetics of the 1,5-dipolar cyclizations to yield the 2,2’-heteroarylpyrroles are reminiscent
of the cyclization of 2-vinylpyridinium ylide.!4
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