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Of the various synthetic and naturally occurring heterocyclic Scheme 1. Potential Mechanism for a Catalytic Pyrrole Synthesis
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relevance in materials science as conjugated polyieéfisile this o OW/RS Q 89 co
broad utility has made pyrroles important synthetic targets, be +“F;;2)Ck i s CXL
traditional routes to their preparation are multistep reactions, as g R Mg ° HR R
illustrated by the PaalKnorr cyclization of amines with pre-formed Ny g R °°>FZ,L E%Rﬁ
1,4-diketoned. This has stimulated interest in the design of HNE.ipr;C.-’k N N\H1 Do’ g0
alternative metal-based routes to pyrrdlésxamples include the NEtPr, 10\{5 R
isomerization of unsaturated imingssonitrile/ketone coupling; mechanistic studies on this process, with the goal of designing a
and alkyne additions to chromium carbefisnany of which  metal catalyst that could mediate this synthesis in a selective fashion.
provide structures not easily generated by classical routes. While there are several stages in this cycle wherein the reaction

Despite these advances, a common feature of most pyrrole syn-mjght be inhibited, a useful observation came from mechanistic
theses is their requisite use of pre-assembled precursor(s) for cy-studies on the Machnone synthesis itself, which show that the
clization!45 This not only imposes further steps on the overall xidative addition of iminium sal to Pd(0) (step B) is rate
synthesis but also can complicate structural diversification. In prin- determining. This is evidenced by kinetic studies (the formation of
ciple, a more ideal way to construct complex molecules would in- 1 s first order in7) and consistent with in situ NMR data (the
volve their preparation in one step, directly from simple, readily catalyst resting state is n8t-10).1° Considering that cataly#!
available and easily varied substrates, in a fashion similar to the fgrms an unligated 14-eintermediate8 (—L) for carbonylation
Pausor-Khand reaction for carbocycle synthésigd other multi-  (steps G-E), a slow oxidative addition is not surprising and suggests
component reactionsWe report below our design of such a direct  that the inhibition of pyrrole formation may potentially arise from
synthesis of pyrroles. This has been done by assembling the pyrrolethe alkyne, further slowing this step in the catalytic cycle. Consistent
core via metal catalysis from the basic building blocks shown in eq 1. \ith this postulate, examination of the products of eq 2 reveals

significant quantities o7 after catalysis.
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R s cl\R>E—N'R ] " Ch?g:‘i’d;; * R‘;\ imine A method to accelerate iminium salt oxidative addition (step B)
| . Sji | e R, T Q) would be to add donor ligands (L) to stabiliseHowever, simple
R¥H R 7Cl™ qam co, EtNPr, R* R®>—alkyne phosphines were found to completely inhibit Minnone formation,

even without alkynes (Table 1, entry-2), presumably due to tight
Our approach to this synthesis is based upon the ability of alkynes coordination to8 blocking subsequent CO binding (step CA

to undergo 1,3-dipolar addition to 1,3-oxazolium-5-oxides (iefu more favorable scenario would be a ligand that could stabflize
nones,1) to form pyrrolest While Miinchnones are typically pre-  as well as be sufficiently labile to allow the subsequent catalysis
pared in situ from amino acid derivatives, we have recently reported steps. As has been noted in other systéhtisese features can be
their generation by the palladium-catalyzed coupling of imines, acid optained by the use of sterically encumbered phosphines. In the
chlorides, and carbon monoxif&his suggested a potential path-  case of Pg-tolyl)s, this generates a catalyst that is several times
way to construct pyrroles, outlined in Scheme 1. By performing more reactive for Machnone formation (entry 8). More impor-
these steps simultaneously, this would provide overall a method to tantly, this catalyst is also capable of mediating these steps in the
convert imines, alkynes, and acid chlorides directly into a pyrrole. presence of alkyne (Scheme 1). Thus, the addition of 15 mol %
However, examination of this reaction under the conditions reported P(o-tolyl); to the 6a-catalyzed reaction of imine, acid chloride,
to generatd® formed only a trace of pyrrol2a (5%, eq 2). Indeed,  alkyne @a—5a), 4 atm of CO, and Et¥®r, results in the disap-

pearance of these reagents over 16 h and the formation of pyrrole

N 0 5% 2a as essentially the only significant reaction product (81% yield,

TOIJ;H *To.){;m + FaC—QTcozEt L Table 2)13 Oyerall, this optimized protocol prpvndes a straightfor-
(An = p-CgH4OCH, Tol = p-CgHaCHa) 4atm CO EtNPr, 55°C EtO,C 2a p-CeHaCFs ward catalytic method to construct a pyrrole in one step from three

separate and readily available building blocks.
while mechanistically plausible, this process involves four separate  In addition to its simplicity, a useful feature of this synthesis is
reagents, base, and a catalyst, all proceeding selectively throughthe nature of the substrates employed, each of which can be easily
over eight separate steps. Considering the reactivity of the inter- varied. As shown in Table 2, catalysis is tolerant to a range of
mediates formed in this cycld,(7—11), this suggests the potential ~ functionalities (e.g., esters, indoles, halides, thioethers). Aryl, hete-
for numerous other reactions. Thus, we have undertaken a series ofoaryl, and alkyl substituents can be incorporated into the pyrrole
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Table 1. Ligand Influence on Minchnone Formation?
_Bn o 5mol% 6 O, o
N 15 mol% L ;T
To K Toa 3.5h, EtNPrp, 65°C  Tol If{)\ Ph
Bn
entry ligand yield (%)° entry ligand yield (%)°
1 c 33 5 PBus 29
2 PCy 0 6 PBu(2-biphenyl) 31
3 PPh 0 7 P(1-naphthyh 51
4 dppe 0 8 P(o-toly} 78

aSee Supporting Information for detaiENMR yield. ¢ One equivalent
of BusNBr.

Table 2. Palladium-Catalyzed Pyrrole Synthesis (Eq 1)2%
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almine (0.7 equiv), acid chloride, alkyne (1.4 equiv), ERN, CO (4
atm), 5% 6, and 15% Pg-tolyl)s in CH3CN/THF, 16 h, 65°C.
b Pabdba CHCz or [Pd(allyl)Cl], are viable catalysts at ca. 10% lower yield.
¢ Alkyne added to preformed. 9 75 °C, 1 equiv of LiOTf in CHCN, 6f
catalyst.¢ Major isomer (5:1 ratio).

from the acid chloride or imine nitrogen, as can a variety of bis-,
mono-, and unsubstituted alkynes. While unsymmetrical alkynes
can lead to mixtures, steric and electronic effects provide a rea-
sonable degree of selectivity (5:1 ratio2n).8° Even electron-rich
alkynes, typically less potent Mig¢hnone trapping reagerf&form
pyrroles in reasonable yiel@f,g). Considering the nature of the

substrates and number of bonds generated in one pot, these all(13)

represent effective synthesesas#—n.

Interestingly, the phosphine-based catalyst system can also form

pyrroles of Minchnones not previously accessible by catalysis, as
shown by the synthesis of pyrroles of both C-aromatic and C-alkyl
imines @c, i). The latter represents a significant expansion in scope

of the Minchnone synthesis, which without dplyl)s is inert
toward these imine$in general, while there are some limitations
brought on by the complex series of reactions occurring during
catalysist* this process provides a method to construct pyrroles
wherein each of the five substituents'(AR%) can be independently
controlled and varied by modulation of the three substrates. A
method to accomplish the latter in a single step reaction is, to our
knowledge, previously unknown.

NEt PhCOCI Et
o L, 5% Pdy(dba); N__pn
%
HHIN 1) DIAD, PPhg @(5/\ 15‘:o ;::?gl)a Wak:)
( I on CHs  2) EtNH, -H,0 13 SCH, Netpr, 65°C 73% 0~ 45,

As illustrated in eq 3, this process can also be useful in the
incorporation of further levels of product complexit2 into the
pyrrole product with minimal steps. The members of this class of
multicyclic pyrroles are of utility as potential therapeutics and
retinoic acid regulator®’in this case generated in three steps from
an aldehyde, alkyne, amine, and acid chloride.

In conclusion, these studies have shown that pyrroles can be
considered as the product of three basic building blocks coupled
via palladium catalysis, providing a modular method to construct
these heterocycles with facile diversity and high atom economy.
Experiments directed toward understanding of the role oftél{l);
in this catalysis, as well as the application of this approach to other
heterocyclic targets, are underway.
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