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A New Approach to the Preparation of 1,3,4-Triarylpyrroles
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Abstract: A classof 1,3,4-triaryl-2,5-dihydropyrroles were synthe-
sized using the McMurry coupling reaction as the key step. The
non-catalytic photoconversion of 1,3,4-triaryl-2,5-dihydropyrroles
furnished 1,3,4-triarylpyrroles in good yields (63-89%). It was
found that the photoconversion was facile and very reliable; the
solvent was found to play an important role.
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Synthesis of 1,3,4-trisubstituted pyrroles is an attractive
area in heterocyclic chemistry due to the fact that many
pyrroles are subunits of natural products,* pharmaceutical
drugs,?2 and agrochemicals.® In particular, 3,4-disubstitut-
ed pyrroles have generated considerable interest owing to
their remarkable diversity of biological activity.* A num-
ber of these compounds have been shown to possess
antidiabetic, fungicidal, herbicidal, or antibacterial prop-
erties. However, it is also noteworthy that the 3,4-disub-
stituted pyrrole system is probably the most difficult to
obtain: selective substitutions at one or more of the p-po-
sitions are a challenge because of the tendency of this pyr-
role system to undergo aromatic substitution reactions at
the more electronically favorable a-position of the hetero-
cyclic ring. There are many methodologies for the prepa-
ration of 3,4-disubstituted pyrroles: 1) coupling of imines
and nitroalkanes;® 2) Friedel-Crafts acylation with an
electron-withdrawing group on the pyrrole nitrogen;® 3)
from 3,4-silylated precursors;’ 4) from Michael acceptors
with tosylmethyl isocyanide (TOSMIC);® 5) by palladi-
um-catalyzed cyclization of amino allenes;® 6) by reduc-
tion of 3-and 4-pyrrolin-2-ones with 9-BBN;X 7) by
multicomponent coupling reactions;'* and 8) many other
methods.'? In this communication, we present a new
approach to the preparation of 1,3,4-triarylpyrroles by
simple non-catalytic photoconversion of 1,3,4-triaryl-2,5-
dihydropyrroles (Scheme 1). It was found that the photo-
conversion was facile and very reliable.
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1,3,4-Triaryl-2,5-dihydropyrroles 1a—f** were prepared
according to the synthetic route shown in Scheme 2 by
employing the McMurry coupling reaction as the key

step.
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When both substituents R? and R? were same, the first two
steps could be combined in one reaction just by changing
the ratio of 2-bromoacetophenone or other 2-bromoace-
tone derivatives and aniline derivatives from 1:1 to 2:1.
Thelast coupling reaction offered excellent yield whether
the substituents were the same or not (Table 1).

Tablel 1,34-Triaryl-2,5-dihydropyrroles la—f
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1,3,4-Triarylpyrroles 2a—f'* were produced by simple
non-catalytic photoconversion of 1,3,4-triaryl-2,5-dihy-
dropyrroles 1a—f in solution. Irradiating asolution of 1ain
acetonitrile with UV light (high-pressure Hg lamp, 500
W) produced 2ain an excellent yield of 84%. The chemi-
cal structure of 2a wasidentified by *H NMR spectrosco-
py and MS analysis. It was found that the typical signal at
4.57 ppm arising from the 2,5-dihydropyrrole bridging
unit of la disappeared and a new signal at low field
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appeared in the *H NMR spectrum of 2a, which corre-
sponded to protons on the pyrrole ring. Furthermore, the
mass spectra of 1a and 2a showed the relative abundance
of both molecular ion peaks (1la m/z= 297, 2a m/z= 295)
was 100%. In addition to the above evidence, the absorp-
tion maximum band of 2a (A4 = 270 nm, MeCN) was
red shifted by as much as 28 nm compared to that of la
(Amax = 242nm, MeCN). Similar results were obtained
when other compounds 1b—f were irradiated with UV
light in acetonitrile, and 1,3,4-triarylpyrroles 2b—f were
obtained in good yields (Tables 2, 63ndash;89%), indicat-
ing that the photoconversion was facile and very reliable.

Table2 1,34-Triarylpyrroles2a—f

Compd R! R? R3 Yield (%)
2a H C H _@H 84
2b OMe 89
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The solvent was found to play an important role in the
photoconversion although the mechanism is not clear.
Solvents such as CHCI;, CH,CI,, and CH;CN were excel-
lent for the photoconversion. While the photoconversion
could also be accomplished in THF and toluene, longer
irradiation times were required. When hexane or cyclo-
hexane was employed as solvent, the photoconversion
was unsuccessful.

Oxygen also played a role in the photoconversion of
1,3/4-triaryl-2,5-dihydropyrroles to 1,3,4-triarylpyrroles
in solution. It was found that oxygen increased, on the one
hand, the velocity of the photoconversion, resulting in a
shorter reaction time, but on the other hand the yield de-
creased. Take for example 2c, in acetonitrile (1 x 10* M)
the reaction took five minutes in the presence of oxygen,
eight minutes in the presence of air, and 12 minutesin the
presence of nitrogen with yields of 51%, 63%, and 70%,
respectively. Other compounds showed similar results.
This suggests that the yield from the photoconversion
could be increased by irradiating in an atmosphere of
nitrogen gas.

In conclusion, afacile and reliable synthetic approach to
the preparation of 1,3,4-triarylpyrroles from 1,3,4-triaryl-
2,5-dihydropyrroles has been developed. The simple pro-
cedure, good yield, and absence of catalyst are advantages
of this reaction.
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chromatography. For 1f 2-bromoacetonephenone was
treated with p-anisidine first, followed by reaction with 3-
(2,5-dimethy!)-1’-bromoacetylthiophene. 1a: *H NMR: & =
7.30-7.19 (m, 12 H), 6.66 (d, 3H,J= 7.6 Hz), 4.57 (s, 4 H).
MS(El): mz=297 (M*, 100). HRM S: m/zcalcd for C,,H,gN
[M*]: 297.3991; found: 297.4056. 1b: 'H NMR: & = 7.30—
7.27 (m,10H), 6.88(d, 2H, J= 8.8 Hz), 6.63-6.60 (d, 2 H,
J=89Hz),4.54 (s 4H),3.69 (s, 3H). MS(EIl): mz=327
(M*, 100). HRMS: m/z calcd for Cp5H,NO [M™*]: 327.4259;
found: 327.6128. 1c: 'TH NMR: § =7.30-7.27 (m, 10H), 7.22
(d,2H,J=8.2Hz), 6.67 (d, 2H, J=8.8 Hz), 4.57 (s, 4 H).
MS (El): m'z=330 (M* -1, 99), 138 (100). HRMS: m/z
calcd for C,H,5CIN [M*]: 331.8542; found: 332.0014. 1d:
IHNMR: §=6.92(d,2H, J=9.0Hz),6.57(d, 2H,J=6.0
Hz), 5.87 (s, 2 H), 4.35(s, 4 H), 3.79 (s, 3H), 2.24 (s, 6 H),
2.06 (s, 6 H). MS (El): mz=363 (M*, 100). HRMS: m/z
calcd for C,3H,sNO; [M*]: 363.5225; found: 363.5249. 1€
IHNMR: §=7.93(d,4H,J=9.0Hz),7.28(d,4H,J=9.0
Hz),6.93(d,2H,J=9.0Hz),6.68 (d, 2H, J=9.0Hz), 4.64
(s,4H),3.79 (s, 3H), 241 (s, 6 H), 2.06 (s, 6 H). MS (EI):
m/z =517 (M*, 52), 119 (100). HRMS: myz calcd for
CyH3N;05 [M*]: 517.6259; found: 517.6164. 1f: *H NMR:
8=7.30-7.25(m,5H),6.88(d, 2H,J=9.0Hz),6.68 (s, 1
H), 6.62 (d,2H, J=9.0Hz),4.59 (t,2H, J=45Hz), 436
(t,2H,J=4.5Hz),3.71(s,3H), 2.41(s,3H),1.95(s, 3H).
MS (El): m/'z=361 (M*, 100). HRMS: m/z calcd for
C,3HsNOS [M*]: 361.5067; found: 361.5095.
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(14) 2a—f; General Procedure A solution of 1,3,4-trisubstituted

2,5-dihydropyrroles (0.5 mmol) in CH,Cl, (100 mL) was
irradiated with UV light (high-pressure Hg lamp, 500 W)
until the starting material was no longer detected by TLC.
After the solvent was evaporated the crude product were
purified by column chromatography (EtOAc-PE). 2a: *H
NMR:8=7.71(d,2H,J=7.7Hz),7.53(d,2H,J = 7.4H2),
7.48 (s, 2 H), 7.34-7.21 (m, 11 H). MS (El): m/z=295 (M*,
100). HRMS: myzcalcd for C,,H, ;N [M*]: 295.3833; found:
295.4122. 2b: *H NMR: § =7.57 (d, 2H, J= 9.0 Hz), 7.32—
7.17 (m, 12 H), 7.05 (d, 2H, J= 8.8 Hz), 3.81 (s, 3H). MS
(El): mz=325 (M*, 100). HRMS: m/z calcd for C,3H,sNO
[M*]: 325.4101; found: 325.4708. 2c: *H NMR: § = 7.72 (d,
2H,J=88Hz),752(d, 2H, J=8.7Hz), 7.46 (s, 2 H),
7.31-7.20 (m, 8 H). MS (El): mz=329 (M*, 100). HRMS:
m/z calcd for C,,H,cCIN [M*]: 329.8384; found: 329.9123.
2d: 'THNMR: 6 =7.36 (d, 2H, J= 8.8 Hz),6.98 (d, 2 H,
J=9.0Hz),6.94(s,2H),5.86(s, 2H),3.85(s, 3H), 2.25 (s,
6 H), 2.18 (s, 3H). MS(El): m/z= 361 (M*, 100). HRMS:
m/z caled for C,gH,3NO; [M*]: 361.4387; found: 361.4401.
2 'HNMR: § =7.96 (d, 4H, J=9.0Hz), 7.45 (d, 2 H,
J=9.0Hz),7.32(s,2H),7.27 (d, 4 H, J= 8.9 Hz), 7.00 (d,
2H,J=8.9Hz),3.85(s, 3H), 241 (s, 6 H), 2.12 (s, 6 H).
MS (El): mz=515(M*, 65), 119 (100). HRMSm/zcalcd for
CaHsN;05 [M*]: 515.6106; found: 515.6164. 2f: *H NMR:
8 =7.43-7.30 (m, 6 H), 7.25-7.23 (m, 2 H), 7.02-7.00 (m, 3
H), 6.57 (s, 1 H), 3.87 (s, 3H), 2.45 (s, 3H), 2.22 (s, 3 H).
MS (El): m/z= 359 (M*, 100). HRMS: m/z calcd for
C,3H,,NOS [M*]: 359.4909; found: 359.4972.
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