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Abstract—The atom-efficient cross-coupling of triarylbismuths with aryl iodides or aryl triflates using catalytic Pd(OAc),/PPh; and
K5PO, as base in DMF at 90 °C to afford the corresponding functionalized biaryls in high yields is reported.

© 2007 Elsevier Ltd. All rights reserved.

The cross-coupling reactions of organometallic reagents
with electrophilic reagents is an important route for car-
bon-carbon bond formation. The versatility of these
methods have been well exploited in organic synthesis.
The cross-coupling of aryl halides and aryl triflates with
aryl organometallic reagents is a useful methodology for
the synthesis of various functionalized biaryls. Biaryls
are important due to their presence in a variety of natu-
ral products, pharmaceuticals and in liquid crystalline
materials applications. The Suzuki coupling involving
organoboron reagents, the Stille coupling using orga-
anotin and the Negishi coupling with organozinc
reagents are popular methods for biaryl synthesis.!-?

The development of atom-efficient organometallic re-
agents is important as many of these reagents are used
in industrial scale synthesis.” Atom-efficient reagents
which can react with more than 1 equivalent of electro-
philic reagents such as triarylindiums® and triarylbis-
muths would lower the stoichiometric loading of
organometallic reagents. Reactions of triarylbismuths
with electrophilic reagents under metal catalyzed condi-
tions are of present interest.*> Hence, we report a new
palladium catalyzed protocol for the cross-coupling of
triarylbismuths with aryl iodides or aryl triflates for
the synthesis of various functionalized biaryls.

To date, a generalized palladium catalyzed protocol
for the cross-coupling of triarylbismuths with aryl
bromides, aryl iodides and aryl triflates is not available.
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Currently, different activators in the form of a base or a
fluoride reagent in different solvents are required.*®
Thus, in our efforts to establish the cross-coupling reac-
tivity of triarylbismuths with aryl iodides, an initial
screening was performed using Pd(OAc), as catalyst.*
The cross-coupling reaction of p-iodoacetophenone

Table 1. Screening conditions™®

3 Ac—@| + BiPh, Pd(OA%): 4 Ac
90°C, 1 h

Entry Solvent Base Conv.© (%)
1 DMF NaOAc 57
2 DMF Ba(OH), 43
3 DMF DABCO 65
4 THF K5PO, 0
5 CH;CN K5PO, 0
6 Toluene K;PO, 0
7 Dioxane K;3POy4 7
8 DME K5PO, 22
9 NMP K5PO, 88

10 DMF K5PO, 94

11 DMF K;PO, 04

12 DMF K5PO, 53¢

13 DMF None 30

14 DMF K;PO, 87"

#Conditions: equiv ratios are based on BiArs: BiAr; (1 equiv), Ar-I
(3.5 equiv), Pd(OAc), (0.1 equiv)/PPh;z (0.4 equiv), base (6 equiv),
solvent (3 mL), 90 °C.

®Homo-coupled biphenyls resulted from triarylbismuths when no
cross-coupling occurred.

“Based on GC analysis.

4 Control reaction without Pd(OAc)s.

¢ Control reaction without PPh;.

"With 4 equiv of K5POy,.


mailto:maddali@ iitk.ac.in
mailto:maddali@ iitk.ac.in

M. L. N. Rao et al. | Tetrahedron Letters 48 (2007) 6644—6647 6645

(3.5 equiv) was examined with triphenylbismuth under
various conditions, Table 1.

From the initial screening, it was found that bases such
as sodium acetate, barium hydroxide and DABCO gave
moderate conversion to the cross-coupled product,
4-acetylbiphenyl in DMF (entries 1-3). Further screen-
ing with K3PO, as base afforded different extents of
conversion in various solvents. In solvents such as tetra-
hydrofuran, acetonitrile, toluene, dioxane, 1,2-dimeth-
oxyethane, poor or no conversion to a cross-coupled
product occurred (entries 4-8). Solvents such as NMP
(entry 9) and DMF (entry 10) resulted in high conver-
sion to 4-acetylbiphenyl with K3POy4 as base. A control
experiment carried out in the absence of Pd(OAc), did
not afford any cross-coupled product (entry 11). The
absence of PPhj; as ligand gave only a 53% conversion to
4-acetylbiphenyl (entry 12). Further, we have carried
out reactions involving varied amounts of base equiva-
lents. It was found that in the absence of K5POy, only

Table 2. Synthesis of various functionalized biphenyls

30% conversion to the product occurred (entry 13).
Under similar conditions with K3PO, (4 equiv), an 87%
conversion to the cross-coupled product was obtained
(entry 14). As the solubility of the base was not good
in DMF, we found it was beneficial to use 6 equiv of
base to obtain a high cross-coupling conversion between
the aryl iodide (3.5equiv) and triphenylbismuth
(1 equiv) at 90 °Cin 1 h (entry 10). The present protocol
was found to be very efficient, as a high conversion to 4-
acetylbiphenyl was obtained in a very short reaction
time under relatively mild conditions.*®

Encouraged by this, further screening of the reactions of
various aryl iodides with triarylbismuths was carried out
to determine the generality of the present protocol (Ta-
ble 2).° As the rate of oxidative addition of aryl triflates
to Pd(0) falls in between aryl iodides and aryl bromides,
similar cross-coupling reactivity with aryl triflates'’ was
expected. Hence, we studied the cross-coupling reactiv-
ity of aryl triflates under the same conditions® and the

Pd(OAc), (0.1 equiv)

@ = PPhg (0.4 equiv) 7\ —
3 \ X + Bi \ >
| ) | 2 /3 K3POy4 (6 equiv) -|: \ |2/
R R DMF, 90°C, 1 h R R
Entry Ar-X BiAr; Product Yield™® (%)
HsC HsC
1 [ 4-H 91
o o]
HsC
2 4-OCH; oc:H3 90
o]
HsC
3 4-CH; CH3 77
o]
HsC
4 4-F F 91
o]
HsC
5 4-Cl CI 82
o)
O~
6 3-0CH; OM 95
OCHs
HsC HsC
7 oTf 4-H 68
0 o]
9 4-OCH, CIOCH3 90
10 4-CH; c;|c|-|3 90

(continued on next page)
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Table 2 (continued)
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Entry Ar-X BiAr; Product Yield*® (%)
11 m@ow 4-OCH; CIOCH3 79
12 4-CH; CICH3 73
13 OzN@l 4-H OzN 94
14 ozm@ow 4-H 02N 71
15 4-OCH, 02NOCH3 73
16 4-CH, OzNCHs 73
17 H?’CQI 4-H H3c 58
18 H3C—®OTf 4-OCH; H3COCH3 61
19 4H HaC 61
20 F@ow 4-OCH; FOCH3 82
21 Hsco@OTf 4H HsCO O O 44
2 NC—QOH 4-H NC 56
23 QI 4-H 85
NC NC
24 QOTf 4-OCH; OCH3 83
NG NC
25 NC—@I 4-H NC 81
26 H300—©—| 4-H H300 45
27 Fﬁ‘@*' 4-H FsC 83

# Conditions: equiv ratios are based on BiAr;: BiAr;z (1 equiv), Ar-X (3.5 equiv), Pd(OAc), (0.1 equiv)/PPh; (0.4 equiv), K3PO, (6 equiv), DMF
(3mL), 90 °C, 1 h.
®Isolated yields after purification by column chromatography. All the products were characterized by 'H, '>*C NMR and IR spectroscopy and by

comparison with the literature data.

results are given in Table 2. The cross-coupling reaction
of p-iodoacetophenone with triarylbismuths containing

p-methyl, p-fluoro, p-chloro, p-methoxy and m-methoxy
substituents produced the corresponding functionalized
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biphenyls in high yields (entries 1-6). The cross-coupling
reaction of p-acetylphenyl triflate with triphenylbismuth
afforded a moderate yield of the product (entry 7). In
contrast, p-chlorophenyl iodide and p-chlorophenyl tri-
flate reacted well giving good to high yields of the
cross-coupled products (entries 8-12). Electron-deficient
p-nitrophenyl iodide and p-nitrophenyl triflate produced
the corresponding cross-coupled biphenyls in good
yields (entries 13-16). The cross-coupling reactions with
electron rich p-tolyl iodide and p-tolyl triflate produced
moderate yields of the corresponding biphenyls (entries
17-19). Substituted phenyl triflates possessing a p-meth-
oXxy or p-cyano group gave 44% and 56% yields (entries
21 and 22), while that with a p-fluoro substituent gave
an 82% yield of the cross-coupled product (entry 20).
m-Cyanophenyl iodide and m-cyanophenyl triflate also
produced high yields with different triarylbismuths
(entries 23 and 24). The cross-coupling of p-methoxy-
phenyl iodide gave a moderate yield of the correspond-
ing cross-coupled product (entry 26). The reactivity of
p-cyanophenyl iodide and p-trifluoromethylphenyl
iodide produced high yields of cross-coupled products
(entries 25 and 27). In this study, electron-deficient aryl
iodides and aryl triflates reacted efficiently with triaryl-
bismuths furnishing high yields of the corresponding
cross-coupled products. It is noteworthy that electron-
rich aryl iodides and aryl triflates which are otherwise
known to be less reactive also afforded moderate yields
of the cross-coupled products with triarylbismuths.*®
Evidently, the cross-coupling reactivity of the electroni-
cally different triarylbismuths was proved to be efficient
with different aryl iodides or aryl triflates under the pres-
ent conditions.

In conclusion, we have disclosed a palladium catalyzed,
atom-efficient cross-coupling reaction of triarylbismuths
with aryl iodides and aryl triflates. The catalytic proto-
col developed involves the use of a readily available
metal catalyst, ligand and base. In addition, the short
reaction time is an added advantage.
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