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Abstract—The cis,cis,cis-1,2,3,4-tetrakis(diphenylphosphinomethyl)cyclopentane/[PdCI(C;Hs)], system catalyses the Suzuki cross-
coupling of heteroaryl bromides with arylboronic acids with a very high substrate/catalyst ratio in good yields. Substrates such
as pyridines, quinolines, thiophenes, an indole, a pyrimidine or a furane have been used successfully. © 2001 Elsevier Science Ltd.

All rights reserved.

Heterobiaryls have important biological properties.!
The palladium-catalysed cross-coupling reaction
between heteroaryl halides and arylboronic acids pro-
vides a very efficient method for the preparation of
heterobiaryl derivatives.>*> However, this procedure suf-
fers generally from high catalyst loading. In recent
years some very efficient catalysts have been described
for the Suzuki reaction.* For example, bulky phosphites
such as P(O-2,4-tBu,CcH;); or P(O-iPr); have been
successfully used.* A carbene ligand also leads to the
formation of palladium catalysts that are more efficient
than those of triphenylphosphine for this reaction.*® A
very efficient catalyst for this reaction has been pre-
pared with the bulky ligand (o-biphenyl)P(z-Bu),.¢
However, most of the results described using these
ligands were obtained for the coupling of simple aryl
halides. Few results have been reported using hetero-
aromatic substrates.!”> In this paper, we wish to report
our results for the coupling of heteroaromatic sub-
strates using a tetraphosphine/palladium catalyst.

The nature of the phosphine ligand in complexes has an
important influence on the stability of the catalysts and
on the rate of catalysed reactions. In order to find more
stable and more efficient palladium catalysts, we have
prepared the new tetrapodal® phosphine ligand,
cis,cis,cis-1,2,3,4-tetrakis(diphenylphosphinomethyl)-
cyclopentane or Tedicyp 1 (Fig. 1)” in which the four
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diphenylphosphinoalkyl groups are stereospecifically
bound to the same face of the cyclopentane ring.

We have reported recently that the complex formed by
association of 1 with [PdCI(C;Hjs)], is an extremely
efficient catalyst” for the Suzuki cross-coupling of aryl-
bromides with arylboronic acids.® Some preliminary
results using 3-bromothiophene 11 and 3-bromopy-
ridine 3 had also been described.® Now, we wish to
describe the results obtained with several heteroaryl
bromides and arylboronic acids using 1 as the ligand.

First, we studied the influence of position of the bromo
substituent on pyridines on the rate of the coupling
with benzeneboronic acid 13. Due to the electronegativ-
ity of the nitrogen atom, the o- and y-positions of
halopyridines should be the most susceptible to the
oxidative addition to Pd(0).! In fact, we observed
higher TONSs for the coupling with - and y-substituted
bromopyridines 3 and 4 (2 500 000 and 810 000, respec-
tively) than with a-substituted bromopyridine 2 (62 000)
(Scheme 1, Table 1). A similar effect was observed with
bromothiophenes. 3-Bromothiophene 11 led to the cou-
pling product 30 with a very high TON of 80 000 000.
On the other hand, the highest TON obtained for the
reaction with 2-bromothiophene 10 was 580 000. These
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Figure 1.
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ArBr + o B(OH), @Ar
R/ K,CO3 R
2-12 13-16 17-34
ArBr: 13:R=H
2: 2-bromopyridine 8: 4-bromoisoquinoline 14: R =4-F
3: 3-bromopyridine 9: 5-bromoindole 15: R = 4-MeO
4: 4-bromopyridine 10: 2-bromothiophene 16: R = 3-CF3
5: 5-bromopyridine-3-carboxamide 11: 3-bromothiophene
6: 5-bromopyrimidine 12: 5-bromo-2-furaldehyde
7: 3-bromoquinoline
Scheme 1.

Table 1. Palladium-catalysed Suzuki cross-coupling with heteroaryl bromides®

Aryl bromide Boronic acid Ligand Product Ratio substrate/catalyst Yield (%)*
2 13 1 17 10 000 100°
2 13 1 17 100 000 62

3 13 1 18 1 000 000 98
3 13 1 18 10 000 000 25°
3 13 dppe 18 100 000 82

3 14 1 19 100 000 96
3 15 1 20 100 000 82

3 15 1 20 1 000 000 12°
3 16 1 21 1 000 000 71

4 13 1 22 10 000 1005f
4 13 1 22 1 000 000 81f
4 14 1 23 100 000 85"
5 13 1 24 10 000 93

6 13 1 25 10 000 100°
6 13 1 25 100 000 78

6 13 1 25 1 000 000 gb
7 13 1 26 1 000 000 82

7 13 1 26 10 000 000 6°
7 13 dppe 26 100 000 83

8 13 1 27 10 000 68

9 13 1 28 10 000 100°
9 13 1 28 100 000 90
10 13 1 29 100 000 88
10 13 1 29 1 000 000 58°
11 13 1 30 10 000 000 74
11 13 1 30 500 000 000 16%#
12 13 1 31 1 000 000 96
12 13 1 31 10 000 000 67
12 13 1 31 100 000 000 23b
12 13 dppe 31 1 000 000 87
12 14 1 32 1 000 000 62
12 15 1 33 1 000 000 71
12 16 1 34 1 000 000 88

Conditions: catalyst [Pd(C;H;)Cl],/ligand 1/2 see Ref. 7, ArX (1 equiv.), ArB(OH), (2 equiv.), K,CO; (2 equiv.), xylene, 130 °C, 20 h.

4 Isolated yields.

® GC yield.

¢ ArX (1 equiv.), ArB(OH), (1.5 equiv.), K,CO; (2 equiv.).
4115 h.

€90 h.

'4-Bromopyridine hydrochloride was used directly with 3 equiv. of K,CO;.

£24 h.

results seem to indicate that with these o-substituted
heteroaryl bromides, a possible interaction between the
hetero element and the palladium complex has a decel-
erating effect on the rate of the reaction. With the
non-chelating 5-bromo-2-furaldehyde 12 this pheno-
menon was not observed and a very high TON was
obtained, i.e. 23000000. In the case of the reaction

with 3-bromoquinoline 7 a high TON of 820000 was
observed.® On the other hand, sterically hindered 4-bro-
moisoquinoline 8 led to 27 with a low TON of 6 800.
Reasonable TONs were obtained for the coupling with
S5-bromopyrimidine 6 and 5-bromoindole 9. In all cases,
only traces (<1%) of homocoupling products were
observed with this catalyst.
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1 mmol. 2 mmol. 2 mmol.

* ratio substrate/catalyst: 1 000 000

Scheme 2.

Pyridines and pyrimidines are m-clectron deficient hete-
rocycles. Thiophenes and furanes are m-electron exces-
sive.! Oxidative addition to palladium should be faster
with m-electron deficient heterocycles; however, we
observed generally higher reaction rates with m-electron
excessive heterocycles. This observation suggests that
the oxidative addition of the aryl bromide is not the
rate-limiting step with this catalyst.

Next, we tried to evaluate the influence of the sub-
stituents on the boronic acid on the rate of this reac-
tion; therefore, we investigated the coupling of
4-fluoro-, 4-methoxy- and 3-(trifluoromethyl)benzene
boronic acids 14-16 with heteroaryl bromides. Lower
reaction rates were observed with all these function-
alised arylboronic acids than with simple phenylboronic
acid 13. Coupling of 14-16 with 3-bromopyridine 3 led
to products 19-21 with TONs of 96000, 120 000 and
710000, respectively. Coupling with 12 led to adducts
32-34 with TONs of 620000, 710000, 880 000, respec-
tively. In order to have a more accurate idea of the
influence of the electronic factor on the rate of this
reaction we performed a competitive reaction using an
equimolar mixture of 14 and 15 in the presence of aryl
bromide 12 (Scheme 2). We observed the formation of
an almost equimolar mixture of coupling products 32
and 33. This result seems to indicate that the lower
reaction rates observed with functionalised arylboronic
acids more likely comes from partial poisoning of the
catalyst rather than from electronic factors.

Finally, in order to present a simple procedure using a
commercially available ligand, we performed a few
reactions with dppe. Palladium catalyst prepared with
dppe as ligand is less active than with 1 by a factor of
ten; however, dppe-Pd complex is much more stable
and efficient than the popular but unstable catalyst
Pd(PPh;),. With dppe TONs of 82000, 83000 and
870000 were obtained with substrates 3, 7 and 12,
respectively.

In conclusion, Tedicyp-palladium complex provides a
convenient catalyst for the cross-coupling of heteroaro-
matics with arylboronic acids. In the presence of this
catalyst heteroaromatics, such as pyridines, quinolines,
thiophenes, an indole or a furane, led to the coupling
products in good yields. The reaction can be performed
with as little as 0.00001% catalyst. This procedure
represents an environmentally friendly method for the
preparation of heterobiaryl compounds.
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32 33
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