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In an effort to develop a more concise route to differentially substituted pyrroles (such as that found in the lamellarins), a completely regioselective

one-pot double Suzuki coupling has been discovered. The key feature is the use of a ligand-free palladium catalyst under optimized conditions,
which results only in coupling of the C5 bromide. At this point, addition of a second boronic acid and a phosphine ligand enables coupling

at the remaining C4 bromide.

As part of our ongoing interest in the synthesis of the  The idea of regioselective couplings of polyhaloheteroaro-
lamellarin family of natural products, we were interested in matics has been attracting greater attention in recent years,
methods that could reduce the overall length of our first so although it had not been studied in the context of pyrroles,
generation synthesidn examining this synthesis, it became it appeared promisingHowever, the concept of conducting
apparent that the most promising way to reduce the numbermore than one coupling in the same reaction vessel is quite
of steps was to focus on the coupling and halogenation stepsrare. Indeed, within the area of heteroaromatic systems, there
Because each one of the three aryl subunits is installed viaare only two existing examplés.
a Suzuki coupling, this required three separate halogenations To explore the potential of this regioselective polycoupling
and three separate couplings. As such, just the installationapproach, we began our efforts with pyrrole aldehyd€his
of the aryl subunits accounted for over half of the total length substrate was selected for several reasons. First, for successful
of the synthesis (6 out of 11 steps). regioselectivity in the coupling of polyhaloheteroaromatics,

In contemplating ways to reduce the number of halogena- there is a clear requirement for some degree of electronic
tion/coupling steps, we found that one potential solution difference between the different halogenated certt&iw:
would be to explore the option of regioselective couplings the pyrrole ring system, this can be most readily achieved
on polyhalopyrroles and to conduct more than one coupling by substitution with an electron-withdrawing group. Further,
in the same pot (one-pot polycouplings). Taking this ap- because previous studies had indicated that the pyrrole
proach to its extreme, we could reduce the six steps for thenitrogen would need to be protected to avoid extensive
installation of the aryl subunits to two stepsone triple reductive dehalogenation at C4 and to simplify product
halogenation followed by one triple coupling. As a result, analysis by avoiding deprotection under the reaction condi-
our lamellarin synthesis would be reduced from 11 steps to
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tions, anN-alkyl group was selectédUItimately, pyrrole both the 4- and 5-positions, this was selected as the second

aldehydel was prepared via a slight modification of the catalyst. Thus, after TLC indicated complete consumption

literature procedur®. of starting material, a second boronic acid was added, along
Treatment of aldehyd#& with p-methoxyphenyl boronic  with tetrakis(triphenylphosphine) palladium(0). Much to our

acid under standard Suzuki conditions did afford a separabledelight, this did lead to the formation of the desired double-

mixture of products from which monocoupled prod@and coupled product in 45% yield (Scheme 1).

dicoupled producB could be isolated in 32 and 29% yield,

respectively (Table 1, entry 1). Armed with this encouraging _
Scheme 1. First Regioselective Double Couplings

" 1. pMSOPBIOH),

Table 1. Regioselective Monocoupling Studies & O g&?;,gg)iz)}(2003 Bt O
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Et Br \N/ /" DMF,100°C, 14 h pMeoph\S_/?//
-MeOPh
P (rene 2. p-FPhB(OH), p-FPH

E{t Br ] (1.2 equiv) 4
BF\S_/?/CHO p-MeOPhB(OH), B, fgéi}gpg“ﬁ DMF overall yield = 45%
Pd catalyst, Et yield via stepwise coupling/
Br Base, N halogenation/coupling =39%
1 Solvent, p-MeOFh CHO
100 °C V
p-MeOPh
3 Although the yield may seem modest, it is an improvement
entry  catalyst base solvent % yield (2/3) over the three-step synthes_ls startlng from 4-brpmo-1-ethyl-
pyrrole-2-carbaldehyde, which affordsn a 39% yield over-
L Pd(PhsP),  Na,CO3  DMF 32/29 all. Using this stepwise approach (coupling, halogenation,
2 Pd(PhsP)s  KsCOs3 DMF 42/5 ; , :
3 PA(OAc), NayCOs DMF 45/18 coupling) also enabled us to confirm the suspected regio-
4  Pd(OAc, KsCO;  DMF 56/<5 chemical outcome of the first coupling with dibromide
5 Pd(OAc),  KyCOs DMF 28/7 The next question was whether the addition of two
6 Pd(OAc); Cs:CO;  DMF 31/5 different catalysts was necessary. On the surface, it appeared
7 Pd(OAc);  Ba(OH); DMF complex mix that there might be a different approach to go from a ligand-
8  Pd(OAc)p  Ky,CO;  dioxane 48/8 free system to a phosphine-ligated systersimple addition
9 Pd(OAc), KoCO3 HsO/acetone  complex mix

of a phosphine. As a result, the first stage of the coupling
was performed as before, but now, along with the second
. . . boronic acid, two equivalents of triphenylphosphine (relative
result, several modifications with respect to the palladium to palladium acetate) were added. Gratifyingly, this resulted
catalyst, activator, and solvent were studied. Very rapidly, in an improved 48% yield of double-coupletyj produtt

it was noted that a ligand-free palladium catalyst dramatically (Table 2, entry 2). Indeed, an even better result was obtained
reduced the amount of dicoupled product that was observed. ' '

In conjunction with this catalyst, potassium carbonate
afforded the best selectivity, although a number of other base_

were effective but afforded lower conversions or simply Table 2. Additional Regioselective Double Couplings

lower isolated yields (Table 1, entries 3 and 5—7). Finally, RPhB(OH),
shifting to an ethereal solvent proved to slightly increase the Pro Pﬂi%g?z Pro
amount of double coupling when using potassium carbonate BFWCHO DMF, 100 °C, 3-6 h RWCHO
as the base (Table 1, entry 8), and an acetone/water mix R'B(OH), .
afforded a very complex mixture of products (Table 1, entry Br Additive R
9). 1?0@82,?%
The end result of these optimizations was a catalyst system
(palladium acetate, potassium carbonate, DMF) that com- entry  Pro R R additive % yield
pletely avoided any coupling at the 4-position. Indeed, 1 Et p-MeOPh  p-FPh Pd(Ph;P)4 44
coupled product2 could be resubjected to the coupling Et p-MeOPh  p-FPh Ph,P 48

Et p-MeOPh  p-FPh tBusP/HBF4 58
Et p-FPh p-MeOPh  ¢BusP/HBF, 51
Et p-MeOPh  stryenyl tBusP/HBF4 56
MEM p-MeOPh p-FPh tBusP/HBF, 54

conditions, and no trace of dicoupled product was observed
even after 24 h at 108C. Thus, high regioselectivity could
be achieved. At the same time, the question remained as to
how to now accomplish the second coupling.

The first solution was to add a more active catalyst with
the second boronic acid. Because tetrakis(triphenylphosphine
palladium(0) had already been shown to affect coupling at

O W N

)oy employing the stabilized phosphonium salt form of tri-
tert-butylphosphine popularized by FWNow the isolated
yield was 58% (Table 2, entry 3).
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These same reaction conditions were equally effective with great benefit in the rapid and convergent synthesis of substi-
other boronic acids, including alkenyl boronic acids (Table tuted pyrroles. The extension of this method to pyrroles with
2, entry 5). The alkyl group on the pyrrole nitrogen could other substitution patterns and even to other heteroaromatic
be modified as well to other potentially more readily systems is underway and will be reported in due course.

removable groups such as the MEM group (Table 2, entry _
6).2 This observation now opens the door for numerous Acknowledgment. We thank the Research Foundation
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In conclusion, we have reported the ability to regioselec-
tively couple 4,5-dibromopyrrole aldehydes and to carry out
two couplings in the same reaction pot by simply adding a
phosphine ligand to generate a more active catalyst for the
second coupling. This approach has the potential to be of 0L0530981
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