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with Aryl Carbonates by Using a Ferrocenyl Bisphosphine Ligand
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Aryl carbonates work as electrophilic substrates for the
Suzuki-Miyaura reaction in the presence of the nickel catalyst,
which is generated from [Ni(cod),] and ferrocenyl bisphosphine,
DCyPF. The nickel catalyst allowed the cross-coupling reaction
of arylboronic acids with non-benzo-fused aryl carbonates as
well as naphthyl substrates.

Nickel- or palladium-catalyzed cross-coupling reaction of
arylmetals with aryl halides is regarded as a powerful method for
connecting two aromatic compounds through a C(sp?)-C(sp?)
bond.! Either iodide or bromide is commonly used as the leaving
group of the electrophilic substrate. Chloro-? or sulfoxyarene? is
sometimes chosen as the coupling partner of the organometallic
reagent. However, the reactive leaving groups cause toxicity and
carcinogenicity of the aryl halides or sulfonates. Furthermore,
aryl halides lack environmental biodegradability. Such proper-
ties of the electrophilic substrates present a drawback of the
cross-coupling reaction. To improve the cross-coupling reaction
in usability and environmental friendliness, some research
groups including us have recently developed coupling reactions
using carboxylates*™ as the leaving groups of the electrophilic
substrate. Aryl esters can be readily prepared through esterifi-
cation of phenols. In general, the functionalities themselves do
not have a serious impact on animals and the environment. The
by-product stemming from the leaving group is easily decom-
posed by microbes.

Recently, Garg reported the Suzuki-Miyaura reaction of
aryl carbonates with [NiCl,(PCys),] catalyst.!®!" However, the
use of a carbonate leaving group has been limited to naphthyl
substrates. Here, we developed a new catalyst for the reaction of
aryl carbonates. The nickel catalysis was enhanced by use of a
chelate bisphosphine ligand. The improved catalyst allowed the
C—C bond formation between arylboronic acids and non-benzo-
fused aryl carbonates.

We attempted the reaction of aryl carbonate la with
phenylboronic acid (2a) at 60 °C in the presence of 10mol %
[NiCl(PCys),]. However, the nickel catalyst failed to produce
the unsymmetrical biaryl compound 3a (Table 1, Entry 1). Thus,
a variety of phosphine ligands were examined in the cross-
coupling by using [Ni(cod),] as a catalyst precursor. As with
PCys, the heterocyclic carbene ligand, which is effective for
the cross-coupling reaction of aryl pivalate with amines,'? failed
in the desired carbon—carbon bond formation (Entry 4). The
formation of 3a was observed in the reaction using a ferrocene-
bridged chelate ligand, D(i-Pr)PF or DCyPF'? (Entries 6 and 7).
Choice of the alkyl substituents on phosphorus is crucial for
the nickel catalysis. DPPF— and D(z-Bu)PF-nickel complexes
exhibited no catalytic activity for the cross-coupling of 1a with
2a (Entries 5 and 10). The tether of the bisphosphine ligand
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Table 1. Optimization of reaction conditions®

[Ni(cod),] (10%)
MeO QOQOMe

Ligand (10 or 20%)
Ar—Ph + Ar—OH

o PhB(OH), (2a), Base 3a 4
I 1 Solvent, 60 °C, 24 h
Ar a
Ligand:
i-Pr i-Pr PR X
=\ & PRe
N_N Fe
5 PR, o
i-Pr i-Pr DPPF (R = Ph) Cy,P PCy,
IPr D(j-Pr)PF (R = j-Pr) CYDPEphos (X = 2H)

DCyPF (R = Cy) CyXantphos (X = CMe,)
D(t-Bu)PF (R = t-Bu)

. Yield/ %"
Entry Ligand Solvent Base —_
3a 4
1¢ PCy; Toluene K3PO,4 0 19
24 PCy; Toluene  K3PO, 3033
3¢ PCy; Toluene  K,CO; 1 13
44 IPr Toluene  K,COs 1 12
5 DPPF Toluene K,CO;3 0 16
6 D(i-Pr)PF Toluene K,CO; 11 12
7 DCyPF Toluene K,CO;4 37 11
8 CyDPEphos  Toluene K,CO; 0o 21
9 CyXantphos  Toluene K,CO; 0 21
10 D(z-Bu)PF Toluene K,CO;4 0 16
11 DCyPF CPME K,CO; 16 13
12 DCyPF THF K,CO; 4 26
13 DCyPF DMF K,COs 0 65
14 DCyPF ~-AmOH  K,CO; 6 35
15 DCyPF Toluene K5POy4 24 43
16 DCyPF Toluene KO(z-Bu) 0 21
17 DCyPF Toluene KHCO; 13
18 DCyPF Toluene Li,CO3 4 3
19 DCyPF Toluene Na,CO3 21 0
20 DCyPF Toluene Cs,COs 2 20
21¢ DCyPF Toluene K,CO; 25 46

#Reactions were conducted on a 0.20 mmol scale in 0.6 mL
of solvent. The ratio of 1a:2a:[Ni(cod),]:ligand:base was
10:12:1:1:20. PGC yields (average of two runs). [NiCl,-
(PCy3)2] was used in place of [Ni(cod),]-2PCy; catalyst.
4The ratio of [Ni(cod),]:ligand was 1:2. °The reaction was
conducted at 80 °C.

also strongly affected the catalytic reaction. No cross-coupling
reaction took place in the presence of a nickel complex bearing
CyDPEphos or CyXantphos (Entries 8 and 9). In most cases, the
catalytic reaction accompanied the hydrolytic decomposition of
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Table 2. Cross-coupling of arylboronic acids with aryl carbon-
ates®

[Ni(cod),] (10%), DCYPF (10%)

1_
Ar'-OCOMe | a2_(oH), - - Arl—Ar2
0 4 2 K>COg, Toluene, 60 °C 3
1a: Ar' = 4-(MeO)CgH, 2a: Ar? = Ph
1b: Ar' = 4-(-BuO,C)CgH, 2b: Ar? = 4-(MeO)CgH,
1c: Ar' = 2-naphthyl 2c: Ar? = 4-(F5C)CgH,
2d: Ar? = 2-MeCgH,
Entry 1 2 Time/h Product (3) Yield/%P

1 1a 2a 96 MeO 3a 46
2 1b 2a 72 EWG 3b° 71

3 1c 2a 24 C 83
49 1c 2a 9 O O 3c 80
5 1b 2b 72 EWGOMe 82

6 1c 2b 48 CO O OMe 95
3e

7 1c 2 48 CO O cF, 64
Ve 3f

8 1c 2d 96 CQ O 3g 63

#Reactions were conducted on a 0.50 mmol scale in 1.0mL
of toluene. The ratio of 1:2:[Ni(cod),]:ligand:base was
10:12:1:1:20. °Isolated yields. “EWG—= +-BuO,C—. %The
reaction was conducted with 5% catalyst loading. °The
reaction was conducted on a 0.20 mmol scale.

1a to phenol 4. The side reaction took precedence over the
desired cross-coupling, when the reaction was conducted in
polar solvent (Entries 11-14) as well as with a stronger and/or
more soluble base (Entries 15-20). Raising the reaction temper-
ature also facilitated the undesirable formation of 4 and
disfavored the cross-coupling (Entry 21). The cross-coupling
product 3a was obtained in 46% isolated yield from the reaction
carried out for 96 h (Table 2, Entry 1).

The [Ni(cod),]-DCyPF catalyst was applied to the synthesis
of various biaryl compounds (Table 2). As with typical cross-
coupling reactions, electron-deficient aryl carbonates 1b and 1c
were more reactive than electron-rich 1a, affording the coupling
products 3b and 3¢ in good yields (Entries 2 and 3). The reaction
of 1c¢ with 2a proceeded without significant loss of the yield of
3¢ when the catalyst loading was reduced to 5 mol % (Entry 4).
In contrast to the electrophilic substrate, the reactivity of
arylboronic acid was increased by the electron-donating group
on the aromatic ring. p-Methoxyphenylboronic acid (2b) reacted
with lc to give the product 3e in 95% yield (Entry 6).
Meanwhile, the trifluoromethyl group of 2¢ seemed to cause
decrease in the yield of cross-coupling product (Entry 7).
o-Substituted arylboronic acid 2d worked as a coupling partner
of aryl carbonates (Entry 8).
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OCOMe OAc
" Poslon,

1d (0.40 mmol) 0 40 mmol) (0. 10 mmol)
[Ni(cod),] (10 umol)
Ligand (10 or 20 umol) Ph Ph
K>CO3 (0.20 mmol) “/
Toluene, 60 °C

Ligand = PCy3 (24 h) 4% 25%

Ligand = DCyPF (30 min) 22% 6%

Scheme 1. Competitive experiment of the cross-coupling
reaction.

In the precedent work,>!? PCy; is the preferable ligand
to the nickel-catalyzed cross-coupling reaction involving the
cleavage of the inert C(sp?)-O bond. However, the results of
Table 1 indicate that the monophosphine is useless for the
reaction of aryl carbonates. The aryl carbonates were allowed to
couple with the arylboronic acids by using bidentate ligand,
DCyPF. In order to clarify the difference in reactivity between
PCy;— and DCyPF-nickel catalyst, we conducted a set of
competitive experiments using an equimolar mixture of carbon-
ate 1d and acetate 1¢’ (Scheme 1). In the competitive experiment
with PCys, formation of 3¢ prevailed over that of 3h. However,
use of DCyPF ligand led to preferential formation of 3h. The
observations indicate that the PCys;—nickel complex is favorable
for the C-O bond cleavage of aryl acetates but cannot activate
the C-O bond of aryl carbonates. In contrast, coordination
of DCyPF ligand enables the nickel catalyst to undergo the
oxidative addition of aryl carbonates, but the reaction with the
acetates might be restrained by use of the bidentate bisphos-
phine.'* Although the detailed mechanism of the reaction is
unclear, the chemoselectivities of the nickel catalysts may be
governed by the number of phosphorus atoms on the nickel atom
in the active catalyst species.>

In summary, we have developed a new effective catalyst for
the Suzuki-Miyaura reaction of aryl carbonates. The carbonate
electrophiles couple with arylboronic acids through [Ni(cod),]-
DCyPF catalyst, giving biaryl compounds in good yields. The
nickel catalyst enables the organoborons to react with non-
benzo-fused aryl carbonates.!
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