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Transition-metal-catalyzed cross-coupling reactions continue to
play a vital role in modern synthetic chemistry.1 Although cross-
couplings of aryl halides and triflates are most common, recent studies
have demonstrated the successful cross-coupling of simple and
affordable phenolic derivatives. In 2008, notable achievements in this
area include the Suzuki-Miyaura coupling of electron-deficient aryl
methyl ethers by Chatani,2 and the Suzuki-Miyaura coupling of aryl
pivalates,3 which was reported simultaneously by our group4a and the
group of Shi.4b A conceptual advantage of these technologies in
comparison with methodologies involving halides and sulfonates is
the potential to direct the installation of other functional groups onto
an aromatic ring prior to cross-coupling (Figure 1). In practice,
however, the ability to use methyl ethers (R ) Me) and pivalates
[R )-C(O)CMe3] in this sense is somewhat limited.5 In view of the
importance of polyfunctionalized aromatics in medicine, ligands for
catalysis, and materials chemistry, we sought to address this problem.
In this communication, we describe the first Suzuki-Miyaura couplings
of aryl carbamates, carbonates, and sulfamates. Moreover, we disclose
a concise synthesis of the anti-inflammatory drug flurbiprofen (1)6

using this methodology.

Of the potential phenolic derivatives to be studied, aryl carbamates
and sulfamates were considered ideal because of their ready availability
and pronounced stability under a variety of reaction conditions.
Furthermore, these substrates can be used to direct the installation of
functional groups at both the ortho and para positions (via ortho
lithiation chemistry pioneered by Snieckus7 and electrophilic aromatic
substitution,8 respectively). Although Ni-catalyzed Kumada couplings
of these substrates have been documented,7b,9 cross-coupling under
milder, more attractive Suzuki-Miyaura conditions has not been
reported. Notably, the oxidative addition of a metal into the aryl C-O
bond of an aryl carbamate or sulfamate presents a considerable challenge.

Despite this difficulty, we have found that Suzuki-Miyaura coupling
of aryl carbamates with arylboronic acids proceeds in the presence of
NiCl2(PCy3)2, K3PO4, and heat, with toluene as the solvent (Table 1).
The fact that NiCl2(PCy3)2 could be used to facilitate the desired
transformation is advantageous,10 as this readily available complex
shows marked stability toward air and water and can be used on the
benchtop rather than in a glovebox.11 The carbamate derivative of
1-naphthol could be converted to the desired biaryl product at 110 °C
with 5 mol % Ni complex (entry 1). However, the yield improved
substantially when the reaction was carried out at higher temperatures
with increased catalyst loading (entry 2). 2-Naphthol derivatives could
also be coupled under these conditions (entries 3 and 4). In addition,
the reaction was tolerant of an electron-withdrawing group (-CO2Me,
entry 4) and an electron-donating group (-OMe, entry 5) on the

naphthyl ring. The corresponding reactions of nonfused aryl carbamates
proved to be more challenging. Nonetheless, carbamates derived from
phenol and p-methoxyphenol could be converted to the corresponding
cross-coupled products, albeit in modest yields (entries 6 and 7). Aryl
tert-butylcarbonates were also deemed to be suitable cross-coupling
partners (entries 8-10). Interestingly, the carbonate congener of
2-naphthol delivered the cross-coupled product in significantly higher
yield than the corresponding carbamate (entry 9 vs entry 3).

As shown in Table 2, aryl sulfamates serve as superior coupling
partners in the Ni-catalyzed Suzuki-Miyaura reaction. Both naphthyl
and nonfused aromatic substrates could be converted to biaryl products
in excellent yield (entries 1-11 and 14-17). Electron-withdrawing
(entries 2 and 9) and electron-donating groups were tolerated (entries
3, 10, and 11). In addition to substrates with methyl substituents at
the para, meta, and ortho positions (entries 5-7), a sterically congested
2,6-disubstituted substrate also participated in the desired cross-coupling
process (entry 8). A heteroaromatic sulfamate (entry 12) and a vinyl
sulfamate (entry 13) proved to be competent substrates. Finally, a range
of ortho-substituted sulfamates, prepared by ortho lithiation/function-

Figure 1. Approach to polysubstituted aromatics such as flurbiprofen.

Table 1. Cross-Coupling of Aryl Carbamates and Carbonates with
Arylboronic Acid 2a or 2ba

a Conditions: NiCl2(PCy3)2 (10 mol %), ArB(OH)2 (4 equiv), K3PO4

(7.2 equiv), toluene (0.3 M), 130 °C, 24 h. b Conditions: NiCl2(PCy3)2

(5 mol %), ArB(OH)2 (2.5 equiv), K3PO4 (4.5 equiv), toluene (0.3 M),
110 °C, 24 h. c Isolated yields.
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alization of phenyl dimethylsulfamate,12 underwent smooth cross-
coupling in excellent yields (entries 14-17).

To further probe the scope and utility of the sulfamate cross-coupling
methodology, a synthesis of the anti-inflammatory drug flurbiprofen6 was
performed (Figure 2). Boronic acid 3, derived from ortho lithiation/
borylation of phenyl dimethylsulfamate,12 was fluorinated using the
conditions described by Furuya and Ritter13 to provide fluorosulfamate
4. Selective iodination of 4 para to the sulfamate furnished 5 in 64% yield.
Notably, both the fluoride and sulfamate of 5 were deemed unreactive
toward Pd(0). As the aryl iodide displayed orthogonal reactivity, we carried
out a site-selective enolate coupling to install the necessary propionate
side chain. Whereas enolate coupling of aryl iodide 5 under Buchwald’s
Pd-based conditions was feasible,14 higher yields of 6 were obtained using
a Ni-catalyzed variant.15 Although the sulfamate was not disturbed in this
process, exposure of 6 to our Ni-catalyzed Suzuki-Miyaura conditions
facilitated the key sulfamate cross-coupling. Acid-mediated hydrolysis
furnished flurbiprofen (1) in 84% yield over the two steps. It should be
emphasized that the aryl fluoride of 6 was chemically inert under our Ni-
catalyzed cross-coupling conditions.16

In summary, we have discovered the first Suzuki-Miyaura
coupling reactions of aryl carbamates, carbonates, and sulfamates.
The method relies on the use of a readily available, air-stable Ni(II)
complex to facilitate the desired transformations. Furthermore, the

technology presented herein allows for the installation of multiple
functional groups onto an aromatic ring prior to the cross-coupling
event, as demonstrated by a concise synthesis of the anti-
inflammatory drug flurbiprofen.
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Table 2. Cross-Coupling of Aryl Sulfamatesa

a Conditions: NiCl2(PCy3)2 (5 mol %), ArB(OH)2 (2.5 equiv), K3PO4

(4.5 equiv), toluene (0.3 M), 110 °C, 24 h. b Isolated yields. c Conditions:
NiCl2(PCy3)2 (10 mol %), ArB(OH)2 (4 equiv), K3PO4 (7.2 equiv),
toluene (0.3 M), 130 °C, 24 h.

Figure 2. Synthesis of flurbiprofen using orthogonal cross-couplings.
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