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A multicomponent synthesis of highly substituted pyrroles catalyzed by thiazolium salts has been disclosed. The reaction employs an acyl
anion conjugate addition reaction of acylsilanes (sila-Stetter) and unsaturated ketones to generate 1,4-dicarbonyl compounds in situ. The
subsequent addition of various amines promotes a Paal—Knorr reaction, affording the desired pyrrole nucleus in an efficient one-pot process.

The pyrrole heterocycle is an important structural attribute
in many bioactive natural productsherapeutic compounds,
and new organic materiatsConsequently, the efficient
assembly of this class of molecule is a significant objective
in synthetic chemistry. The construction of the pyrrole ring
system typically involves a multistep approach from pre-
formed intermediates, such as the classic PKalbrr cy-
clization reaction of 1,4-dicarbonyl compounds and amfnes.

an alternate and more direct strategy is the combination of
multiple reactants in a single flask to afford the pyrrole core.
Herein, we report the realization of a one-pot, multicompo-
nent assembly of highly substituted pyrrol&} ¢tilizing a
sila-Stetter/PaatKnorr sequence between acylsilands, (
unsaturated carbonyl compound, (and amines catalyzed
by thiazolium sal4 (Scheme 1, eq 1).

More contemporary transition-metal-based strategies includ_

the addition of chromium carbenes to dipolarophifethe
copper(l)-catalyzed cycloisomerization of alkynyl imirfés,
and rhodium-catalyzed reactions, either N insertion° or
the combination of isonitriles and 1,3-diketoriéslowever,
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Scheme 1. General Multicomponent Pyrrole Synthesis
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Multicomponent reactions (MCRSs) are becoming increas-
ingly prevalent due to their improved efficiency, reduced
waste, and rapid access of structural diversity this vein,
transition-metal-catalyzed MCRs have been developed for
the synthesis of pyrroles.However, as an alternative
organocatalyticMCR approach,we envisioned harnessing
the thiazolium-catalyzed sila-Stetter reactiom synthesize
1,4-dicarbonyl compounds in situ that can then be directly
converted to pyrroles simply upon the addition of an amine.
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Notably, this single flask approach avoids transition-metal ||| | N NINENRNENEGEGEGEEEEEEEEEEEEE

catalysts that can contaminate final compounds, employs
readily available materials, and has the potential to directly
install a number of elements of diversity around the pyrrole
nucleus.

Our exploration of the feasibility of this one-pot reaction
sequence relied on our development of the sila-Stetter
reaction? As a component of our comprehensive program
investigating acylsilanes as efficient acyl anion precursors,
we hypothesized that the Pad{norr cyclization conditions
could be directly linked with our sila-Stetter process. The
combination of an amine base (DBU, 1,8-diazabicyclo[5.4.0]-
undec-7-ene) and commercially available thiazolium 4alt
produces the necessary nucleophilic zwitterionic catalyst in
situ which promotes the acyl anion conjugate addition of
acylsilanela'® to o,3-unsaturated ketoneg)( To optimize
the conversion of the resulting intermediate 1,4-dicarbonyl
compound into the desired pyrrole structure, various reaction
conditions were investigated (Table 1, eq 2).

Initially, a limited range of Brgnsted acids was added
directly to the reaction after consumption of the conjugate
acceptor %) followed by aniline ad 4 A molecular sieves
(entries 1-4). Gratifyingly, after heating the reaction for an
additional 8 h, the substituted pyrroles were isolated in
moderate to good yields. The overall process is only mildly
dependent on acid composition, with the best yield (70%,

Table 1. Optimization of Sila-Stetter/PaaKnorr Reaction
Conditiong

Ph
20 mol% 4, |

DBU, -PrOH,THF; Ph_-N<__pn
T \S\_z/ @)

R R'

PhNH,,
acid, 4A sieves

6,7
ntry R Rt acid 4 (mol %) vyield® (%) pyrrole
1 4Me-Ph H TFAP 30 52 6
2 4Me-Ph H H»S04° 30 54 6
3 4Me-Ph H HCI¢ 30 63 6
4  4Me-Ph H TsOHd 30 62 6
5 4Me-Ph H TsOHd 20 70 6
6 4Me-Ph H TsOHd 10 48 6
7 Ph COPh TsOHd 20 35 7

aReaction conditions: 20 mol % of and 30 mol % of DBU (1,8-
diazabicyclo[5.4.0]undec-7-ene), 4 equivid?PrOH; 0.8 M at 70°C for 8
h. Amine, acid, ad 4 A sieves then added for an additional 8 h. See the
Supporting Information for detail$.1 equiv.¢ Catalytic acid.92 equiv.
¢|solated yield after purification.

With the optimal acyl anion addition/pyrrole formation
conditions identified, the scope of this reaction sequence was
examined (Table 2, eq 3). To this end, assorted acylsilanes

entry 5) obtained wittp-toluenesulfonic acid (TsOH) and || N

only 20 mol % of thiazolium precatalygt. The observed
one-pot, optimal yield for this sequential process indicates
that the sila-Stetter and Pad{norr reactions are each80%
efficient on average. In addition, a tetrasubstituted pyrrole
(C1-C4) can be accessed utilizing anf-disubstituted
unsaturated ketone (entry 7).
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Table 2. Scope of the Sila-Stetter/Pagfnorr Reaction

o o 20 mog/o 4, Fl’h
DBU, i-PrOH,THF; N
+ /\)l\ R RZ (3
|R)J\x RENT R PhNH,, \ /) ®
1 8 TsOH, 4A sieves RT 6,017
yield®
entry R X Rt R2 (%) pyrrole
1 Ph SiMes Ph Ph 66 9
2 4-Me-Ph  SiMes Ph Ph 71 10
3 4-CI-Ph SiMes Ph Ph 61 11
4  cyclohexyl SiPhMe; Ph Ph 69 12
5 CHs SiPhMe; Ph Ph 71 13
6 Ph SiMes 4-Me-Ph  Ph 70 6
7 Ph SiMes 3-Me-Ph  Ph 62 14
8 Ph SiMe; 4-CI-Ph  Ph 58 15
9 4-ClI-Ph SiMes; 4-OMe-Ph Ph 69 16
10 Ph SiMes Ph 4-CI-Ph 80 17

a8 Reaction conditions: 20 mol % @f and 30 mol % of DBU, 4 equiv
of i-PrOH; 0.8 M at 70°C for 8 h. Amine, TsOH, amh 4 A sieves then
added for an additional 8 K.Isolated yield after purlflcat|on

and a,p-unsaturated ketones were employed with aniline
added as the amine component. The process is tolerant of
aryl acylsilanes (entries-13) as well as alkyl acylsilanes
(entries 4 and 5). Additionally, the substituents on the silyl
group can be either trialkyl (SiMgor aryldialkyl (SiPhMe)
without affecting conversion or yield. With regard to the
electrophilic component, various aryl substituents can be
incorporated onto the unsaturated ketone scaffold to afford
good vyields of the polyaromatic pyrroles (entries1®).
Currently,o,S-unsaturated ketones possessing acidic protons

Org. Lett., Vol. 6, No. 14, 2004
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s For example, substituted anilines are good nucleophiles for

Table 3. Survey of Amines for Pyrrole Synthesis this reaction whether they are electron-rich or electron-
deficient (entries +3). The direct addition of ammonium

0 /\)CL DBS?i—rS?IOQ/I:?ILHF; E acetate to the reaction affords a good yield (62%) of thé-N
Ph)J\SiMeg LU Amine @ pyrrole (entry 4). Unbranched primary amines such as meth-
1a 8a TSOH, 4A sieves  pi/ 1828 ylamine (70% yield, entry 5) and benzylamine (65% vyield,

entry 7) along with branched primary amines (cyclohex-
entry Amine pyrrole yield (%)° ylamine, entry 8, 63%) can be efficiently incorporated into

the pyrrole framework. Additionally, optically active primary
= amines can be utilized for this reaction. Related chiral pyrrole
@‘ /O/N 7 ~pn 18 57 compounds have been used in the synthesis of indolizidine
° Ph alkaloids!* and they have been identified as highly selective
o _ potential treatments for diabet&sThe addition of §-o-
> Br@NHQ QQ% 19 71 methylbenzylamine of)-sechutylamine affords the chiral
Br N pyrroles in moderate yield (entries 9 and 10). Interestingly,
Ph the controlled addition (1.5 equiv) of a diamine, such as 1,4-
D QP“ 20 61 phenylenediamine, affords the monopyrrole in good vyield
HO/O/ (entry 11, 70%). This process has the potential to access
P unsymmetrical aryl-bridged bis-pyrroles, a class of com-
pounds that show promise as new magnetic matéefials.

4 H4N-0,CCHg H-N A ~ph 21 62 Although this multihour process affords good yields of
Ph pyrroles, we felt that a more efficient means of heating could
Ph reduce the time required and thus improve the overall
5 CHaNH, HSc/@\Ph 2 70 process. Gratifyingly, the use of microwave heating drasti-
cally reduces the reaction timé.
o The first heating cycle for 15 min at 16@ combinesla
b\ anda,S-unsaturated ketor9 in the presence of 20 mol %
6 CHy(CH),NH, N2 23 82 . .
4, 30 mol % DBU, and 4 equiv of 2-propanol. This sequence
on Ph is followed by the addition of aniline and TsOH and a second
— 15 min heating cycle at 160C and smoothly affords the
7 PhGH,NH; BN A~p, 24 65 desired pyrrole®) in 55% yield in only 30 min (Scheme 2).
Ph This streamlined approach generates the target heterocycle
Ph in 3% of the time required using conventional heating (30
8 <}NH2 @\Ph 25 63 min vs 16 h).
Ph
CH, " — Scheme 2. Microwave-Assisted Sila-Stetter/Pad{norr
9 @_\ Me,,rQ\Ph 2% 54 Reaction
NH Ph 20 mol% 4,

o .
TR
Ar Ph

Ph- NH2,TsOH

Ph 4A sieves
one pot 30 min
- uW (300 W)
H2|\14<i>71\m2 /O/N P~p 28 70 15 min, 160 °C
HaN Ph

aReaction Conditions: 20 mol % @f and 30 mol % of DBU, 4 equiv
of i-PrOH; 0.8 M at 70°C for 8 h. Amine, TsOH,ath 4 A sieves then
added for an additional 8 K.Isolated yield after purification.

Ph DBU i-PrOH,THF
NHp P S'Mes uW (300 W)
- 15 min, 160 °C

CH, Me
10 HiG 5 YN/ on 27 56
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Our proposed working catalytic cycle (Scheme 3) involves attenuated reactivity of the acylsilane, nucleophilée

the addition of a neutral carbene/zwitterionic speciks (
generated in situ from the exposure of thiazolium sath
DBU) to an acylsilané® This nucleophilic addition initiates

Scheme 3. Proposed Catalytic Cycle
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generating the “Breslow intermediatéll .17 Due to the

(15) For mechanistic discussions of the related thiazolium-catalyzed

benzoin reaction, see: (a) Breslow, R.; Schmuc

37, 8241-8242. (b) Chen, Y. T.; Barletta, G. L.; Haghjoo, K.; Cheng, J.
T.; Jordan, Feniniteimaain1994 59, 7714-7722. (c) White, M. J.; Leeper,

F. J. ininifianiiagin 2001 66, 5124-5131.
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undergoes preferential addition to the more electrophiit
unsaturated ketone. The resulting intermediatereforms

the acyl anion carbonyl which liberates the heterocyclic
catalyst () and subsequently produces the 1,4-dicarbonyl
compoundV. Once the starting,f-unsaturated ketone is
consumed, the direct addition of a primary amine, acid, and
dehydrating agent (4 A molecular sieves) to reaction followed
by heating generates the desired pyrroles via the standard
Paal-Knorr reaction manifold @—28).

In conclusion, the process described herein is an efficient
one-pot catalytic assembly of pyrroles via the thiazolium-
catalyzed acyl anion conjugate addition of acylsilanes. This
approach utilizes a neutral organic molecule as a catalyst, is
multicomponent in nature, and can rapidly install substitution
at multiple positions of the pyrrole nucleus. Further exten-
sions of this sila-Stetter/heterocycle formation strategy and
applications of these methodologies are underway and will
be reported in future publications.
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