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Abstract—Palladium-catalyzed cross-coupling reactions of various heteropentalene derivatives were systematically studied. A gen-
eral three-step synthesis of 2,5-diarylheteropentalenes involving two Suzuki or Negishi couplings and a regiospecific bromination
was developed. Nonsymmetrical 2,5-diaryl-furans, thiophenes, pyrroles, 1,3-thiazoles, 1,3-oxazoles, 1,3,4-thiadiazoles, and 1,3,4-
oxadiazoles were prepared in 31–67% isolated yield (three steps).
� 2004 Elsevier Ltd. All rights reserved.
2,5-Diarylheteropentalenes (Fig. 1) represent a common
pharmacophore in medicinal chemistry. Numerous
examples of these have been reported as inhibitors of
selectin,1a PDE4,1b COX-2,1c p38 kinase,1d–f platelet
aggregation,1g–i and 5-lipoxygenase,1j estrogen receptor
a-selective antagonists,1k as well as displaying anti-
fungal,1l–o cardiovascular effecting,1p antiviral,1q–s hypo-
glycemia regulating,1t cytotoxic,1u insecticidal,1v and
CNS depressant1w,x activities. Laboratory-scale synthe-
ses of 2,5-diarylheteropenalenes traditionally rely on
cyclizations of the corresponding acyclic precursors.2

Furan, thiophene, and pyrrole analogs are typically pre-
pared from 1,4-diaryl-1,4-butanediones, 1,3,4-oxa- and
thiadiazoles from N,N 0-diarylhydrazides, and 1,3-oxa-
and thiazoles from/via analogous precursors (Fig. 1,
Ret. A). Although the synthesis of heteropentalenes
via 1,4-butanediones represents a relatively efficient
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Figure 1. Retrosynthetic disconnections implemented to prepare 2,5-

diarylheteropentalenes; Ret. A represents a traditional approach; Ret.

B is investigated in this report.
solution for symmetrical derivatives (Ar1 = Ar2), it pro-
vides less than optimal access to unsymmetrical hetero-
pentalenes (Ar1 6¼ Ar2) due to a lengthy synthesis of
their precursors. Both symmetrical and unsymmetrical
N,N 0-diarylhydrazides are typically prepared in a
straight forward manner, however their cyclization to
the relevant heteropentalenes proceeds with a high de-
gree of yield variability.3 Consequently, when 2,5-diaryl-
heteropentalenes are the subject of a structure–activity
relationship (SAR) study, preparation of each com-
pound typically requires a discrete linear multi-step syn-
thetic effort. We present here an alternative general
strategy that employs palladium-catalyzed cross-cou-
pling reactions as the key steps and provides access to
a wide range of 2,5-diarylheteropentalenes via a uniform
route.

Palladium-catalyzed cross-coupling reactions of various
heteropentalene derivatives have been well docu-
mented.4 However, the application of cross-coupling
reactions to the synthesis of highly desirable 2,5-diaryl-
heteropentalenes remains largely unexplored5 and conse-
quently the generality of the substrate scope in question.
We propose that once the scope of these reactions is
established, it should provide a convergent synthetic
route to a variety of heteropentalene derivatives.

We selected thiophene as our model heterocycle and first
investigated the formation of 2-arylthiophenes from
commercially available starting materials. Optimized
Suzuki4,6 (Table 1, Method A), Stille4,7 (Method B),
and Negishi4,8 (Method C) couplings of iodobenzene
with the corresponding 2-thiophene organometallic rea-
gent provided 2-phenylthiophene in comparable yields
of 77%, 84%, and 89%, respectively (Table 1, entries
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Table 2. Preparation of 5-bromo-2-arylheteropentalenes via a regio-

selective bromination

Y

XAr
Br2, AcONa, AcOH

r.t.; < 2h

Y

XAr Br

Entry Heterocycle Ar Isolated yield (%)

X Y

1 S CH Ph 83

2 O CH Ph 77

3 NMe CH Ph 58

4 S N Ph 67

5 S N 4-MeOC6H4 79

6 S CH 4-Br-2-MeC6H3 83

ArCOCl
NN

XAr NH2

NN

XAr Br
a, b

a: H2NC(X)NHNH3
+, NaHCO3, AcONa, H2O; b: H2SO4, r.t. (X = S),

POCl3, toluene, 140°C (X = O); c: iPentONO2, CuBr2, MeCN, r.t.

c

X = S: 56%
X = O: 73% X = O, S: > 90%

(Ar = Ph)

Scheme 1. Preparation of 5-bromo-2-aryl-1,3,4-oxa- and thiadiazoles.

Table 1. Preparation of 2-arylheteropentalenes from aryl iodides and 2-organometallic heterocyclic derivatives via palladium-catalyzed cross-

coupling reactions

Y

XAr
Y

X
ArI+ Method

[M]

Entry Heterocycle [M] Ar Methoda Isolated yield (%)

X Y

1 S CH B(OH)2 Ph A 77

2 S CH SnBu3 Ph B 84

3 S CH ZnBr Ph C 89

4 O CH SnBu3 Ph B 91

5 NMe CH SnBu3 Ph B 82

6 S N ZnBr Ph Cb 79

7 S N SnBu3 Ph B 74

8 S N SnBu3 4-MeOC6H4 B 88

9 S CH B(OH)2 4-Br-2-MeC6H3 A 40c

10 S CH SnBu3 4-Br-2-MeC6H3 B <10c

11 S CH ZnBr 4-Br-2-MeC6H3 C 90d

aMethod A (Suzuki): 10mol% Pd(Ph3P)4, Na2CO3, H2O, DMF, 85�C, 2h; Method B (Stille): 5mol% Pd(Ph3P)2Cl2, THF, 85�C, 3h; Method C

(Negishi): 10mol% Pd(Ph3P)4, THF, rt 3h.
b Reaction temperature 70�C, reaction time 12h.
c Yields low due to poor selectivity of aryl iodide versus aryl bromide coupling.
d No biscoupled product was observed in the crude reaction.
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1–3). The freedom to use any of the coupling methods
allows for practical syntheses of these hetropentalenes,
for which only a limited number of 2-substituted organo-
metallic reagents is commercially available. Thus, 2-phen-
ylfuran (entry 4) and 2-phenyl-N-methylpyrrole (entry
5) were synthesized via Stille coupling, while two exam-
ples of 2-aryl-1,3-thiazole derivatives were prepared
under both Negishi and/or Stille coupling conditions
(entries 6–8). We demonstrated that Negishi conditions
provided the best selectivity of the coupling of an aryl
iodide in the presence of an aryl bromide (entry 11 vs en-
tries 9–10). Complete chemoselectivity of the Negishi
coupling, in spite of a significant steric hindrance of
the aryl iodide, implies that such selectivity should be
preserved for the synthesis of other substrates, defining
the method highly synthetically practical.9

The second step of our proposed synthetic sequence is
halogenation of the 5-position of 2-arylheteropental-
enes. While bromination and iodination using NBS
and NIS as halide sources at elevated temperatures pro-
vided a moderate yield for some heterocycles, the most
general method proved to be bromination using a solu-
tion of bromine in acetic acid buffered with sodium ace-
tate. These conditions were found to be universally
effective for the bromination of all investigated heterocy-
cles yet mild enough to be used for even the most sensi-
tive substrates.10 A variety of 5-bromo-2-arylhetero-
pentalenes were prepared under these conditions with
a high level of chemo- and regioselectivity in 58–83%
isolated yield (Table 2).11

As no organometallic reagents of 1,3,4-oxa- and thiadi-
azoles are currently commercially available, we present
here a practical alternative to the method described in
Tables 1 and 2.12 Condensation of an aroyl chloride
with semicarbazide (X = O) or thiosemicarbazide
(X = S), was followed by cyclization and conversion of
the amines to the desired 5-bromo-2-aryl-1,3,4-oxa- or
thiadiazoles in good overall yields (Scheme 1).13

The final step of the 2,5-diarylheteropentalene synthesis
is a palladium-catalyzed coupling reaction of 5-bromo-
2-arylheteropentalenes with the relevant arylorganomet-
als. A survey of Negishi, Suzuki, and Stille couplings for
several heterocycles revealed that all methods were effec-
tive for some substrates. The Suzuki protocol stood out
as the most general as it proved highly effective for the
entire investigated subset of heterocyclic examples.
Thiophene derivatives were selected to establish the
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generality of the substrate scope for the Suzuki coupling
(Table 3). Reaction of 5-bromo-2-arylthiophene with
electronically rich (entries 1–4, and 7), neutral (entry
9), as well as electronically deficient (entries 5, 6, and
8) boronic acids proceeded in 59–91% yield. Variation
of substitution pattern on the aromatic ring of the boro-
nic acids had no significant influence on the Suzuki cou-
pling; even a sterically hindered ortho-substituted aryl
bromide was a good substrate for the reaction (compare
entries 1–3). The Suzuki coupling was also effective for
substrates bearing basic functional groups, including a
heterocyclic derivative (entries 7 and 8). A selective Su-
zuki coupling of the heteroaromatic aryl bromide in the
presence of other aromatic aryl bromides was observed
(entries 6, 9; ratio of mono/biscoupled product before
CC was greater than 7/1 by 1H NMR analysis). Such
selectivity is very important as it allows for an immedi-
ate use of another palladium-catalyzed coupling reac-
tion for subsequent derivatization. Overall, the Suzuki
coupling provided an excellent generality of substrate
scope as well as functional group tolerance for thio-
phene derivatives.14

We chose one example of an electron rich (4-MeOC6H4-
B(OH)2) and one example of an electron deficient (4-
CF3C6H4B(OH)2) boronic acid to illustrate the scope
of our Suzuki methodology for a variety of heterocycles.
Examples of 2,5-diaryl-furans (Table 3, entries 10 and
11), N-methylpyrroles (entries 12 and 13), 1,3-thiazoles
Table 3. Preparation of 2,5-diarylheteropentalenes via a general Suzuki cou

ZY

XAr1
Ar2B(OH)2+

Pd(P
Na2

Br 85

Entry Heterocycle Ar1

X Y Z

1 S CH CH Ph

2 S CH CH Ph

3 S CH CH Ph

4 S CH CH Ph

5 S CH CH Ph

6 S CH CH Ph

7 S CH CH Ph

8 S CH CH Ph

9 S CH CH 4-Br

10 O CH CH Ph

11 O CH CH Ph

12 NMe CH CH Ph

13 NMe CH CH Ph

14 S N CH Ph

15b S N CH Ph

16b S N CH 4-Me

17c O N CH Ph

18c O N CH Ph

19 S N N Ph

20 S N N Ph

21 O N N Ph

22 O N N Ph

a Selectivity of the Suzuki coupling was determined as > 7/1 by NMR ana

biscoupled products.
b Products in entries 15 and 16 represent opposite regioisomers of the centra
c 2-Bromo-5-phenyl-1,3-oxazole was prepared according to Kashima, C.; Ar
(entries 14–16), 1,3-oxazoles (entries 17 and 18), 1,3,4-
thiadiazoles (entries 19 and 20), and 1,3,4-oxadiazoles
(entries 21 and 22) were prepared in 63–93% isolated
yields following the same Suzuki protocol that was used
for thiophene derivatives (entries 1–9). The practicality
of our methodology can be highlighted by a pair of
2,5-diaryl-1,3-thiazoles shown in entries 15 and 16,
which represent opposite regioisomers of the central
heterocycle (compare 5-(4-methoxyphenyl)-2-phenyl-
1,3-thiazole, entry 15 vs 2-(4-methoxyphenyl)-5-phenyl-
1,3-thiazole, entry 16). Either regioisomer can be
synthesized using the same methodology, and even via
the same sequence of steps by an a priori choice of
aryl iodide and aryl boronic acid. The efficiency of the
Suzuki coupling for widely diverse heterocycles and
derivatives implies that substrate scope of our methodol-
ogy as well as functional group tolerance should extend
significantly beyond the examples investigated in this
report.

In conclusion, we have presented here a general versatile
approach to the synthesis of 2,5-diaryl-thiophenes, fur-
ans, pyrroles, 1,3-oxa and thiazoles, 1,3,4-oxa and thiadi-
azoles. Our methodology consists of three steps: (1) a
palladium-catalyzed cross-coupling reaction (Table 1),
(2) a regio- and chemoselective bromination (Table 2
or Scheme 1), and (3) a Suzuki coupling. More than
twenty examples of 2,5-diarylheteropentalenes were
prepared in 31–68% overall yield from commercially
pling approach

h3P)4, DMF
CO3, H2O ZY

XAr1 Ar2
°C, 3h

Ar2 Isolated yield (%)

4-MeC6H4 59

3-MeC6H4 63

2-MeC6H4 79

4-MeOC6H4 66

4-CF3C6H4 71

4-BrC6H4 54

4-Me2NC6H4 83

3-Pyridyl 91

-2-MeC6H3 Ph 73a

4-MeOC6H4 93

4-CF3C6H4 85

4-MeOC6H4 81

4-CF3C6H4 74

4-CF3C6H4 71

4-MeOC6H4 67

OC6H4 Ph 74

4-MeOC6H4 81

4-CF3C6H4 79

4-MeOC6H4 91

4-CF3C6H4 89

4-MeOC6H4 85

4-CF3C6H4 93

lysis before column chromatography purification as a ratio of mono/

l 1,3-thiazole ring.

ao, H. Synthesis 1989, 873.
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available materials. We believe that our methodology
provides an effective entry to the synthesis of 2,5-diaryl-
heteropentalenes and will serve as a practical basis for
thorough SAR analyses as well as other synthetic appli-
cations of this class of compounds.
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