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We describe a one-pot, simultaneous Suzuki—Miyaura cross-coupling of two different aryl boronic acids with symmetrical dibromo aryl and
heterocyclic substrates to give as major products the unsymmetrical disubstituted tri(hetero)aryl derivatives. Yields of unsymmetrical dicoupled
products were generally in the 52—75% range. This methodology is particularly suited to the generation of chemical libraries, as well as to

the synthesis of biologically active or natural product analogs.

Poly- and heteropolyaromatic systems are found in a wide
range of compounds useful as drugs' or materials.”> They
also form important classes of natural compounds, such as
the p-terphenyl derivatives.® Although a large variety of
methods has been described for the preparation of such
species,* one of the most useful and versatile strategies is
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that of palladium-catalyzed cross-coupling reactions, notably
the Suzuki—Miyaura coupling reaction.® Whereas the | atter
allows straightforward introduction of two identical aryl
substituents starting from a dihaloaryl precursor,® the intro-
duction of two different aromatic units onto the central aryl
core presents a considerably more difficult synthetic chal-
lenge that to date has been taken up only by application of
stepwise procedures (Scheme 1).” These rely on the applica-
tion of sequential couplings the selectivity of which is
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generaly controlled by the introduction of differentially
reactive halogen atoms on the central aromatic ring (e.g., Cl
and Br/I)® or by the use, as starting materials, of dibromo or
-iodo substrates with each halogen being discriminated by
its electronic and/or steric environment.’® The case of
symmetrical dihalo compounds is even more delicate, and
the question of selective introduction of two different
aromatic substituents via controlled sequential monoaryla-
tions has been only rarely addressed.’® It is therefore in this
context that we wish to describe the direct synthesis of
tri(hetero)aryl products of type Ari-Ar,-Ars by application
of simultaneous double Suzuki—Miyaura couplings to sym-
metrical dibromoaryl substrates.

We initially envisaged the synthesis of diarylpyrroles
starting from symmetrical dibromopyrroles via palladium-
catalyzed coupling reactions. This has received considerable
attention recently'®** for the preparation of both natural
products'? and biologically active compounds™®*® and was
accomplished by application of the aforementioned sequential
couplings'® or by prior monobromine—lithium exchange.™
We have thus recently shown that the 2,5-dibromopyrrole 1
reacts with 1 equiv of N-Boc-indole-2-boronic acid (2) under
palladium catalysis to give the product of monocoupling 3,
a second coupling with phenylboronic acid 4 then affording
the 2,5-unsymmetrically substituted pyrrole 5 (Scheme 2).%°

Scheme 2. From a Stepwise to a One-Pot Procedure
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An important observation made during the course of this
study was that the coupling order could not be reversed, very
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little dicoupled product being obtained when boronic acid 4
was used in the first coupling reaction. This difference in
reactivity prompted us to attempt an unprecedented simul-
taneous one-pot Pd-catalyzed preparation of 5 from 2,5-
dibromopyrrole 1 and the two boronic acids 2 and 4. We
reasoned that, provided the indoleboronic acid 2 coupled
more rapidly than the phenyl counterpart, the monocoupled
2-indole-5-pyrrole derivative 3 would first be formed pref-
erentially and could then react with the arylboronic acid
present in the reaction mixture to give the desired 2,5-
substituted pyrrole 5.

Despite the statistical bias against appreciable formation
of the desired 2-indole-5-arylpyrrole 5,'° an initial three-
component palladium-catalyzed coupling was performed
using the following procedure. Thus, N-Boc-2,5-dibromopyr-
role and 1.5 equiv of each boronic acid in a 4:1 mixture of
toluene/ethanol were treated with 10 mol % Pd(PPhs), and
NaCOs for 3 h at 100 °C. While unsurprisingly many side
products were obtained, 18% of the expected disubstituted
pyrrole derivative 5 could indeed be isolated from the
reaction mixture by chromatography (Table 1, entry 1).

Table 1. Optimization of the One-Pot Strategy

Br/ﬂ\ar

2 (n equiv), 4 {n equiv) / \

N Pd(PPha)s (10 mol %) __ NN, O
Boc Na,CO; 2M (8.0 equiv), salt Q NBoc Boc
1 Toluene/E1OH (4/1), 100 °C, 3 h 5
entry 2 (equiv) 4 (equiv) salt (equiv) yield (%)*

1 1.5 1.5 none 18

2 1.0 1.0 none 37

3 1.0 1.0 LiCl (1.0) 50

4 1.0 1.0 LiCl (3.0) 67

5 1.0 1.0 LiBr (3.0) 59

6 1.0 1.0 KCl (3.0) 69

7 1.0 1.0 KCI (5.0) 55

Isolated yields after flash chromatography.

Encouraged by this result, we set out to optimize the reaction
conditions. Interestingly, decreasing the proportion of both
boronic acids to only 1 equiv led to a doubling of the yield
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of 5 (entry 2, 37%). We then investigated the effect of adding
inorganic salts to the reaction mixture.*” Thus, the presence
of 1 equiv of LiCl led to a net increase to 50% in the isolated
yield of 5 (entry 3), which rose to 67% when 3 equiv of
LiCl was employed (entry 4). While replacement of LiCl
by LiBr led to a minor decrease in yield of 5 (59%, entry
5), use of KCI led to a slight increase in yield (69%, entry
6). Increasing the amount of KCI to 5 equiv, however, had
a detrimental effect on the yield of 5 (55%, entry 7). Thus,
the optimal yield of 5 using this one-pot, three-component
procedure (69%) compares favorably with previously de-
scribed stepwise protocols.® 10

To better appreciate the sequence and time-scale of the
two different successive couplings, the course of the reaction
was investigated by 'H NMR spectroscopy.*®

As shown in Figure 1, in the first 5 min of the reaction,
the monocoupled indolylpyrrole product 3 is by far prepon-
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Figure 1. '"H NMR study of the product mixture as a function of
time.

derant (70%) with just traces of the expected product 5 being
observed (<5%). After 15 min of reaction, the percentage
of each compound is identical (38%), and after 45 min, the
percentage of 5 reaches a plateau of 70% with practically
no monocoupled intermediate 3 being observed. The rapid
formation of 3 and then 5 therefore limits that of the two
major side products observed in this reaction, the diin-
dolylpyrrole 7 and indole homocoupled derivative 9 (in the
10—15% range), while the slower coupling of phenylboronic
acid 4 is demonstrated by the observation of only traces of
the monocoupled derivative 6.

With the aim of extending the scope of this singular resuilt,
we then decided to apply this procedure to two different

(17) (a) Fagnou, K.; Lautens, M. Angew. Chem.,, Int. Ed. 2002, 41, 26—
47. (b) Vogl, E. M.; Groger, H.; Shibasaki, M. Angew. Chem., Int. Ed.
1999, 38, 1570-1577.
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order to serve as controls for identification of the principal products in the
reaction mixture.
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phenylboronic acids. Using the optimal reaction conditions
developed for the preparation of 5 (Table 1, entry 6), it was
observed that the combination of 2,5-dibromo-N-Boc-pyrrole
1 with 4-nitrophenylboronic acid 11 and 3,4,5-(trimethoxy)-
phenylboronic acid 12 afforded the unsymmetrically disub-
stituted 2,5-diarylpyrrole 13 in 52% yield (Table 2, entry

Table 2. One-Pot Coupling with Dibromo Heterocycles

Br 4-NO,CgH4-B(OH): 11 (1.0 equiv) 4-NOzCgH4
/'-I}’ n  3.45(Me0);CqH,-B(OH); 12 (1.0 equiv) xFI}) n
X -
&l Pd(PPhs)s (10 mol %), KCI, Na,CO5 2M ‘§-|
Br Toluene/EtOH (4/1), 100 °C, 3 h CgH23,4,5-(OMe)
entry substrate product yield (%)"
BrﬂB
T
I Boc 1 13 52
Br. Br
bat
2 E10,C™ ™y~ ~COzE 15 43
Boc 14
aAd e
3 s 17 54°
Br- = Br
|
4 N 18 19 54
| =
5 B N7 “Brao 21a 65

2 |solated yields after flash chromatography. ® *H NMR spectroscopic
yield with traces of homocoupling products.

1). Using these two boronic acids but this time with pyrrole
14 as substrate, 43% yield of the unsymmetrically substituted
product 15 was obtained (entry 2). This represents the first
example of a differentially substituted 3,4-diaryl analogue
of the naturally occurring lamellarin family of com-
pounds.24-13

We then proceeded to investigate the use of other
symmetrically substituted dibromoheterocycles in this reac-
tion. Thus, the one-pot coupling reaction of arylboronic acids
11 and 12 with 2,5-dibromothiophene 16 gave coupling
product 17 in 54% yield (entry 3).'° Diarylpyridines also
represent an interesting family of biologically active com-
pounds that have only been prepared by application of
sequential couplings.®®?° We thus observed that application
of our one-pot three-component procedure to 3,5-dibromopy-
ridine 18 led to formation of the expected unsymmetrical
diphenylpyridine derivative 19 with a yield of 54% (entry
4). An even higher yield (65%) of the analogous product
21a was obtained from the symmetrical 2,6-dibromopyridine
20 (entry 5).

The good yield obtained with the dibromopyridine 20 then
encouraged us to study the scope of the three-component

(19) Dang, T. T.; Rasool, N.; Dang, T. T.; Reinke, H.; Langer, P.
Tetrahedron Lett. 2007, 48, 845-847.
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reaction with regard to the variety of arylboronic acids that
could be used to ensure unsymmetrical coupling. Thus,
reaction of 20 with boronic acid 12 and, instead of 4-nitro-
phenylboronic acid 11, its 4-methyl analogue 22, led to an
even higher yield (75% vs 65%) of the expected product
21b (Table 3, entry 2 vsentry 1), whereas coupling with 12

e
Table 3. Scope of Boronic Acids Used for Coupling with 20

Ary-B(OH); (1.0 equiv)
R4CsHa-B(OH): (1.0 equiv)
—_— -

Table 4. Double Coupling with 1,n-Dihalobenzene

Ary-B(OH), (1.0 equiv)
/@ R,CoHy-B(OH), (1.0 equiv) /@
— -
X Conditions of Table 2 Ary -

1 Xz 1 CaHsR2

entry 1,n-dihalo Ary Ry product yield”
1 1,3-diBr 3,4,5-(Me0);C¢Hy 11: 4-NOy,  25a 47
1,3-diBr 4-MeOCgH, 4: 4-H 25b 40
1,3-diBr 4-NO,CgH, 4: 4-H 25c¢ 43
1,3-dil 3,4,5-(Me0);C¢H; 11: 4-NO, 25a 54

1,2-diBr 3,4,5-(MeO)sC¢H, 11: 4-NO,  25d 37
1,4-diBr 3,4,5-(MeO)sC¢H, 11: 4-NO,  25e 44

# |solated yields after flash chromatography.

S O W N

¥ o Conditions of Table 2 it Sy
entry Ary R, product  yield®
1 12: 3,4,5-(Me0);C¢Hy  11: 4-NO, 21a 65
2 12: 3,4,5-(Me0);CsH,  22: 4-CHj 21b 75
3 12: 3,4,5-(Me0);Cs¢Hy  4: 4-H 21c 59
4 23: 4-MeOCsH, 4: 4-H 21d 62
5 11: 4-NO,CeHy 4: 4-H 21e 53
6 24: C¢H5;-CH=CH 4: 4-H 21f 48

Isolated yields after flash chromatography.

and unsubstituted phenylboronic acid 4 provided product 21c
with ayield of 59% (entry 3). Replacement of the trimethoxy-
phenylboronic acid 12 by the less electron-donating 4-meth-
oxy derivative 23 or even the highly electron-withdrawing
4-nitro derivative 11 still led to good yields of the pyridine
derivatives 21d (62%) and 21e (53%), respectively (entries
4 and 5) starting from 20. Finaly, coupling of 20 with (E)-
styrylboronic acid 24 and 4 afforded 2-phenyl-6-(E)-
styrylpyridine 21f in 48% vyield (entry 6).

We finaly investigated the more difficult case of dibro-
mobenzenes. Application of a sequential coupling procedure
to such substrates generally leads to symmetrical terphenyl
derivatives after the first coupling,®® a nonstatistical phe-
nomenon that has recently been overcome by applying
chemosalective coupling to bromochlorobenzenes.® We were
thus very pleased to observe that 1,3-dibromobenzene leads
under our three-component cross-coupling reaction with 11
and 12 to 47% of the unsymmetrically coupled product 25a
(Table 4, entry 1), a similar result being obtained using the
4-methoxy- or 4-nitrophenylboronic acids (23 or 11) in
combination with phenylboronic acid 4 (entries 2 and 3).
While these yields are somewhat lower than those obtained

(20) (@) Jacquemard, U.; Dias, N.; Lansiaux, A.; Bailly, C.; Logg, C,;
Robert, J-M.; Lozach, O.; Meijer, L.; Mérour, J-Y.; Routier, S. Bioorg.
Med. Chem. Lett. 2008, 16, 4932-4953. (b) Sutherland, A.; Gallagher, T.
J. Org. Chem. 2003, 68, 3352—-3355.
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using 2,6-dibromopyridine (Table 3, entries 1, 4, and 5), use
instead of 1,3-diiodobenzene as substrate now provided the
dicoupled compound 25a in a more satisfactory 54% yield
(entry 4).?* Findly and interestingly, 1,2-dibromobenzene
did afford the expected dicoupled product despite consider-
able steric impediment, albeit in modest yield (37%, entry
5), and 1,4-dibromobenzene gave the p-terphenyl derivative
25e in 44% yield (entry 6).

In conclusion, we have shown that starting from a
symmetrical dibromo heterocycle (pyrrole, thiophene, pyri-
dine) or benzene, it is possible to obtain high yields of the
unsymmetrically substituted diaryl products using a double
Suzuki—Miyaura cross-coupling reaction in which both
arylboronic acids are simultaneously present in the reaction
mixture. Whereas previous strategies to obtain such com-
pounds have relied on tedious stepwise protocals, the success
of the present procedure resides in the difference in reac-
tivities, even minor, of each boronic acid. Such a one-pot
double cross-coupling strategy should allow the efficient
preparation of chemical libraries of potentially bioactive
compounds or of natural product analogues.
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