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ABSTRACT

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 an alternate and more direct strategy is the combination of
in many bioactive natural productsherapeutic compounds,  multiple reactants in a single flask to afford the pyrrole core.
and new organic materialsConsequently, the efficient Herein, we report the realization of a one-pot, multicompo-
assembly of this class of molecule is a significant objective nent assembly of highly substituted pyrrol&} (tilizing a

in synthetic chemistry. The construction of the pyrrole ring sila-Stetter/PaatKnorr sequence between acylsilands, (
system typically involves a multistep approach from pre- unsaturated carbonyl compounds (2), and amines catalyzed
formed intermediates, such as the classic PKalbrr cy- by thiazolium sal4d (Scheme 1, eq 1).

clization reaction of 1,4-dicarbonyl compounds and amfnes.

More contemporary transition-metal-based strategies includ_

the addition of chromium carbenes to dipolarophifethe Scheme 1. General Multicomponent Pyrrole Synthesis
copper(l).—catalyzed cycI0|sor'ner|zafuon of f':llkynyl imirfés, o o %OBU?lTOﬁ '4_};, Es )H\ 5O
and rhodium-catalyzed reactions, eitherN insertion° or A+ W R s P g
the combination of isonitriles and 1,3-diketoriéslowever, RO 8% RESTORY RONH, W L=
1 R? acid R2 3 LR CH,
2 3 ! 4:R = (CHy),0H

(1) (@) O’'Hagan, DNat. Prod. Rep2000,17, 435—446 and references
therein. (b) Hoffmann, H.; Lindel, TSynthesis2003, 1753—1783. (c)
Firstner, AAngew. Chem., Int. EQ003,42, 3582—3603. (d) Lindquist, . . . .
N.; Fenical, W.; Van Duyne, G. D.; Clardy, J. Org. Chem.1988, 53, . Multicomponent reacnonfs (MCRS) are b_epommg Increas-
457%—4574- (ec)hBogeg D.ng.;gBozyce, C.gg/.; Labroli, M. A;; Sehon, C. A.; ingly prevalent due to their improved efficiency, reduced
Jin, Q.J. Am. Chem. S0d.999,121, 54-62. ; : ; :

(2) (a) Colotta, V.; Cecchi, L.; Melani, F.; Filacchioni, G.; Martini, C.; WaSt(_e'. and rap|d access of structural d|ver§ity.th|s vein,
Giannaccini, G.; Lucacchini, Al. Med. Chem1990,33, 2646—-2651. (b)  transition-metal-catalyzed MCRs have been developed for
Cozzi, P.; Mongelli, NCurr. Pharm. Des1998§ 4, 181-201. (c) Huffman, the synthesis of pyrrole75.However, as an alternative

J. W. Curr. Med. Chem1999,6, 705—720. . = :

(3) (a) Curran, D.; Grimshaw, J.; Perera, S.@hem. Soc. Red991, organocatalyticMCR approaclf,we envisioned harnessing
58,9 43%11@84'2%)3 DerinZIee '?:.;. l\\(/loutetl,_ JM(-:UJ' ToTp.YE.Ichtrocthé ~ the thiazolium-catalyzed sila-Stetter reacti¢m synthesize
Teeng, J. C.: Luh O e ang L T ovs cogs> =7 1,4-dicarbonyl compounds in situ that can then be directly

references therein. converted to pyrroles simply upon the addition of an amine.
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Notably, this single flask approach avoids transition-metal ||| | N NINENRNENEGEGEGEEEEEEEEEEEEE
catallysts that can Conltamlnate final compoutjds, employs-rame 1. Optimization of Sila-Stetter/Paal—Knorr Reaction
readily available materials, and has the potential to directly congitiong

install a number of elements of diversity around the pyrrole on

nucleus. Q i DBSOig?gﬁ“T’HF- _ Ph
Our exploration of the feasibility of this one-pot reaction . R/\)J\Ph ik V ©)
sequence relied on our development of the sila-Stetter ™ S Al _PhNHy, &
reaction? As a component of our comprehensive program 1 5 acid, 4 seves 67
investigating acylsilanes as efficient acyl anion precursors, - -
we hypothesized that the Paa{norr cyclization conditions ~ 7Y R RT__ acid 4(mol%) yield (%) pyrrole
could be directly linked with our sila-Stetter process. The 1 4Me-Ph H TFA® 30 52 6
combination of an amine base (DBU, 1,8-diazabicyclo[5.4.0]- 2 4Me-Ph H HzSO,~ 30 54 6
undec-7-ene) and commercially available thiazolium 4alt 3 A4Me-Ph H HCr 30 63 6
. o .4  4MePh H TsOH¢ 30 62 6
produces the necessary nucleophilic zwitterionic catalystin . - o |, TsOHd 20 70 6
situ which promotes the acyl anion conjugate addition of ¢  smepn H TsOHd 10 48 6
acylsilanelal® to a,-unsaturated ketones (2). To optimize 7  ph COPh TsOH¢ 20 35 7

the conversion of the resulting intermediate 1,4-dicarbonyl ) L
. . . . Reaction conditions: 20 mol % of and 30 mol % of DBU (1,8-
compound into the desired pyrrole structure, various reaction giazabicyclo[5.4.0Jundec-7-ene), 4 equivig?rOH; 0.8 M at 70°C for 8
conditions were investigated (Table 1, eq 2). h. Amine, acid, and 4 A sieves tréen added for an additiongll 8 h. See the
o e ; S ting Information for detail$.1 equiv.¢ Catalytic acidd2 equiv.
Initially, a limited range of Brensted acids was added e,‘;F(’J‘I’geg'gie’fdogf‘;:r'gﬂrif?éaﬁgﬁ' equiv.© Catalytic acid. 2 equiv
directly to the reaction after consumption of the conjugate
acceptor (5) followed by aniline and 4 A molecular sieves
(entries 1—4). Gratifyingly, after heating the reaction foran ~ With the optimal acyl anion addition/pyrrole formation
additional 8 h, the substituted pyrroles were isolated in conditions identified, the scope of this reaction sequence was
moderate to good yields. The overall process is only mildly examined (Table 2, eq 3). To this end, assorted acylsilanes
dependent on acid composition, with the best yield (70%,
entry 5) obtained withp-toluenesulfonic acid (TsOH) and || N
only 20 mo'_% of .th'azc’“um precataly_st. The obs.erv.ed Table 2. Scope of the Sila-Stetter/Pagfnorr Reaction
one-pot, optimal yield for this sequential process indicates

. . % Ph
that the sila-Stetter and Pag{norr reactions are each80% o /\i DBO AP HF i
efficient on average. In addition, a tetrasubstituted pyrrole +ORTRT OR T RNe, R w )
(C1—-C4) can be accessed utilizing anS-disubstituted 1 8 TSOH, 4Asieves o/ oo
unsaturated ketone (entry 7). :

4) (a) Ch 88 635—1642. (b) I, ©h yield?

4) (a) Knorr, L.Chem. Ber1884,17, 1635—1642. Paal, em. 1 2 0

Ber.1885,18, 367—371. (c) Amarnath, V.; Anthony, D. C.; Amarnath, K.; entry R X R R (%) _pyrrole
Valentine, W. M.; Wetterau, L. A.; Graham, D. G. Org. Chem1991, 1 Ph SiMes Ph Ph 66 9
56, 6924—6931. (dpPyrroles, Part It Jones, R. A., Ed; Wiley: New York, .
1992. (e) Gribble, G. W. IrComprehensie Heterocyclic Chemistry ;lI 2 4-Me-Ph S!Me3 Ph Ph n 10
Katrizky, A. R., Rees, C. W., Scriven, E. F., Eds.; Pergamon Press: Oxford, 3 4-CI-Ph  SiMes  Ph Ph 61 11
1996; Vol. 2, p 207. For a solid-phase approach to the synthesis of pyrroles 4  cyclohexyl SiPhMe; Ph Ph 69 12
from 1,4-dicarbonyl compounds, see: Raghavan, S.; Anuradh@yiett 5 CHs SiPhMe, Ph Ph 71 13
2003, 711-713. .

(5) (a) Merlic, C. A.; Baur, A.; Aldrich, C. CJ. Am. Chem. So2000, 6 Ph S!Me3 4-Me-Ph  Ph 70 6
122, 7398—7399. (b) Kel'in, A. V.; Sromek, A. W.; Gevorgyan, J.Am. 7 Ph SiMes  3-Me-Ph  Ph 62 14
Chem. Soc2001,123, 2074—2075. (c) Wang, Y. L.; Zhu, S. @rg. Lett. 8 Ph SiMes 4-CI-Ph  Ph 58 15
2003,5, 745—748. (d) Takaya, H.; Kojima, S.; Murahashi, SOtg. Lett. 9 4-Cl-Ph SiMes 4-OMe-Ph Ph 69 16
2001,3, 421—424. .

10 Ph SiMes  Ph 4-Cl-Ph 80 17

(6) (a) Marko, I. E.; Mekhalfia, A.; Murphy, F.; Bayston, D. J.; Bailey,
M.; Janousek, Z.; Dolan, $ure Appl. Cheml997,69, 565-570. (b) Orr, a Reaction conditions: 20 mol % efand 30 mol % of DBU, 4 equiv

R.V.; de Greef, MSynthesi2003, 1471—-1499. For a recent example of ¢ i brOH: 0.8 M at 70°C for 8 h. Amine. TSOH. and 4 A sieves then

a multicomponent organocatalytic process, see: Frantz, D. E.; Morency, P ; it
L. Soheil, A: Murry, J. A.: Grabowski, E. J. J.: Tillyer, R. Drg. Lett. added for an additional 8 R.Isolated yield after purification.

2004,5, 843—846.
(7) (@) Braun, R. U; Zeitler, K.; Mdller, T. J. @rg. Lett 2001, 3, 3297

3300. () Dhawan, R.; Amdtsen, B. Al Am. Chem. So@004, 126, and o, f-unsaturated ketones were employed with aniline
(8) For recent reviews on organocatalysis, see: (a) Dalko, P. I.; Moisan, added as_the amine _Component. The process is tplerant of
LéAnge\gégh(erTélﬂt. EQ001,4&3726S—3748. é%)ogsg,z B'stérget%%OL aryl acylsilanes (entries-13) as well as alkyl acylsilanes
1675—-1 . (c) Schreiner, P. em. Soc. Re ,32, - . ; . : :
(9) Mattson, A, E.. Bharadwaj, A. R.; Scheidt, K. & Am. ChemSoc. (entries 4 and 5). Adqmonally, the subsptuents on the silyl
2004,126, 2314—2315. group can be either trialkyl (SiMgor aryldialkyl (SiPhMeg)

(10) For reviews on acylsilanes in organic chemistry, see: (a) Bonini, ;i i i i i
B F.. Comonbranehic M Fachi o Mt S e Ao without affecting conversion or yield. With regard to the

Organomet. Chem1998, 567, 181—189. (b) Cirillo, P. F.. Panek, J. 5.  €lectrophilic component, various aryl substituents can be

%g-nggprégégcezddéT1392,24, 55?rt582- (C)I M0fser, \1V._IH.Tetrahed|r0n § incorporated onto the unsaturated ketone scaffold to afford
,of, - . FOr a recent example or acyisilanes employed as . : . _
acyl anions in the benzoin reaction, see: Xin, L. H.; Potnick, J. R.; Johnson, gOOd ylelds of the polyaromatlc pyrroles (entrles 6 10)'

J. S.J. Am. Chem. So@004,126, 3070—3071. Currently,o,f-unsaturated ketones possessing acidic protons
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Table 3. Survey of Amines for Pyrrole Synthesis

o o 20 mol% 4, Ii(
DBU, +PrOH,THF;
)J\ oo+ Ph/\)J\Ph P N e 4)
Ph SiMeg Amine N/
1a 8a TsOH, 4A sieves  py 1g-28
entry Amine pyrrole yield (%)°
Ph
1 m@wz '\@\ph 18 57
o Ph
Ph
2 Br@NHZ 'Q\Ph 19 71
Br Ph
Ph
3 HOONHZ Qph 20 61
HO Ph
4 H4N*O,CCHg H-N s 21 62
Ph
Ph
5 CHaNH, Hoe~ N A ~pn 22 70
Ph
Ph
6 CHs(CH);NH, ”PF/Q\% 23 82
Ph
Ph
7 PhCH,NH, N2 24 65
Ph
Ph
8 —
QNHZ O/ ’Q\Ph 2% 63
Ph
Ph
CHg =
s M
NHp Ph
Ph
Ph
NH, _
CH Me,
10 HeC 3 YN yZ 27 56
B e
Ph
HoN bh

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,and 4 A sieves then
added for an additional 8 H.Isolated yield after purification.

(e.g., (E)-1-phenylbut-2-en-1-one or (E)-4-phenylbut-3-en-

For example, substituted anilines are good nucleophiles for
this reaction whether they are electron-rich or electron-
deficient (entries +3). The direct addition of ammonium
acetate to the reaction affords a good yield (62%) of the-N
pyrrole (entry 4). Unbranched primary amines such as meth-
ylamine (70% yield, entry 5) and benzylamine (65% vyield,
entry 7) along with branched primary amines (cyclohex-
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
compounds have been used in the synthesis of indolizidine
alkaloids!* and they have been identified as highly selective
potential treatments for diabet&sThe addition of (S)-a-
methylbenzylamine o)-sechutylamine affords the chiral
pyrroles in moderate yield (entries 9 and 10). Interestingly,
the controlled addition (1.5 equiv) of a diamine, such as 1,4-
phenylenediamine, affords the monopyrrole in good yield
(entry 11, 70%). This process has the potential to access
unsymmetrical aryl-bridged bis-pyrroles, a class of com-
pounds that show promise as new magnetic matedals.

Although this multihour process affords good vyields of
pyrroles, we felt that a more efficient means of heating could
reduce the time required and thus improve the overall
process. Gratifyingly, the use of microwave heating drasti-
cally reduces the reaction timé.

The first heating cycle for 15 min at 16@ combinesla
anda,S-unsaturated ketor29 in the presence of 20 mol %
4, 30 mol % DBU, and 4 equiv of 2-propanol. This sequence
is followed by the addition of aniline and TsOH and a second
15 min heating cycle at 160C and smoothly affords the
desired pyrrole®) in 55% yield in only 30 min (Scheme 2).
This streamlined approach generates the target heterocycle
in 3% of the time required using conventional heating (30
min vs 16 h).

Knorr

Reaction
20 mol% 4, Ph. _O
/@/\)1\ DBU, -PrOH,THF m }
SI|V|63
Ar Ph
15 min, 160 °C
Ph-NH,, TsOH
4A sieves
one pot 30 min
/@I% W (300 W)
113, 3513—3518. (b) Sardina, F. J.; Rapoport,Gthem. Rev1996, 96,
1825-1872.
(12) Liu, K. G.; Lambert, M. H.; Ayscue, A. H.; Henke, B. R.; Leesnitzer,

Scheme 2. Microwave-Assisted Sila-Stetter/Paal—
uW (300 W)
15 min, 160 °C
(112) (a) Jefford, C. W.; Tang, Q.; Zaslona, A.Am. Chem. S0d 991,
L. M.; Oliver, W. R.; Plunket, K. D Xu, H. E; Stembach D. D Willson,

2-one) do not proceed to 100% conversion and have not beer - M. Bioorg. Med. Chem. Let2001,11, 3111-3113.

examined fully in the context of this reaction.

The modularity of this pyrrole-forming reaction sequence
is demonstrated by intercepting the 1,4-dicarbonyl com-
pounds formed in situ with various amines (Table 3, eq 4).

Org. Lett., Vol. 6, No. 14, 2004

(13) Domingo, V. M.; Aleman, C; Brillas, E.; Julid. J. Org. Chem.
2001,66, 4058—4061 and references therein.

(14) Minetto, G.; Raveglia, L. F.; Taddei, MDrg. Lett.2004,6, 389—
392. For a review on the use of microwave irradiation in organic synthesis,
see: Lidstrom, P.; Tierney, J.; Wathey, B.; Westmailelrahedror2001,

57, 9225—-9283.
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Our proposed working catalytic cycle (Scheme 3) involves
the addition of a neutral carbene/zwitterionic specigs (
generated in situ from the exposure of thiazolium sat
DBU) to an acylsilané® This nucleophilic addition initiates

Scheme 3. Proposed Catalytic Cycle
O

SIZ3 R‘ dosi
addition; esilylation
Brook ROSZ,
N@ DBU ) \ s
B—H = [ m R J
[% 1 o

/
R

eject

1,4-
catalyst v @
R‘Ko/loj\ 4 addition [DBU-H] ©
o}
Ry v X HO ~
RNH,/H* R Rz X
l 4A sieves S \ NP
Rg
1
XN R
0
628 g,

a 1,2-silyl group migration (Brook rearrangeméhtand
produces intermediate enolsilatie The alcohol additive
present in the reaction effectively desilylatds thereby
generating the “Breslow intermediatéll. 7 Due to the

(15) For mechanistic discussions of the related thiazolium-catalyzed
benzoin reaction, see: (a) Breslow, R.; SchmucK @rahedron Lett1996,
37, 8241—-8242. (b) Chen, Y. T.; Barletta, G. L.; Haghjoo, K.; Cheng, J.
T.; Jordan, FJ. Org. Chem1994 59, 7714-7722. (c) White, M. J.; Leeper,
F. J.J. Org. Chem2001,66, 5124—5131.

(16) (a) Brook, A. G.; LeGrow, G. E.; MacRae, D. Man. J. Chem.
1967,45, 239—253. (b) Brook, A. GAcc. Chem. Red.974,7, 77-84.
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attenuated reactivity of the acylsilane, nucleophilée
undergoes preferential addition to the more electrophifi:
unsaturated ketone. The resulting intermediatereforms

the acyl anion carbonyl which liberates the heterocyclic
catalyst () and subsequently produces the 1,4-dicarbonyl
compoundV. Once the startingr,5-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 (6—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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(17) (a) Breslow, R.J. Am. Chem. Socl958, 79, 3719—3726. (b)
Breslow, R.; Kim, R.Tetrahedron Lett1994,35, 699—702. The use of
3-octanol in the reaction affords 3-trimethylsilyloxyoctane (observed by
gas chromatography), thus implicating the alcohol as the ultimate silyl
acceptor.
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