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a b s t r a c t

A Rh(III)-catalyzed aldehyde CeH bond functionalization of salicylaldehydes with arylboronic acids has
been developed, with features of mild reaction condition and high efficiency. Furthermore, the func-
tionalized 2-hydroxybenzophenone could be subject to divergent synthesis of heterocycles.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

2-Hydroxybenzophenones are important building blocks in
synthetic chemistry owing to their high reactivity, particular in the
fields of medicinal chemistry. Due to its prevalence in biologically
active products and synthetic molecules, great efforts have
been devoted to the synthesis of molecules with the 2-
hydroxybenzophenone skeleton, and representative examples are
shown in Fig. 1. These molecules exhibiting a variety of biological
activities, and acted as selective inhibitors of human immunodefi-
ciency virus type 1 reverse transcriptase,1 antispasmodic agents,2

inhibitors of transforming growth factor-kinase.3 Therefore, there
are many methods reported toward construction of these

molecules. The classical approach relies on Fries rearrangement of
phenyl ester which is derived from phenol.4 There also are
transition-metal-catalyzed transformations for access to these
compounds. For example, Chen reported a Pd-catalyzed cross
coupling of salicylaldehyde and diaryliodonium salts for synthesis
of 2-hydroxybenzophenones.5 Meanwhile, Xu also developed a Pd-
catalyzed oxidative coupling of salicylaldehyde with arylboronic
acids.6 Recently, Li reported a Rh-catalyzed rearrangement of 2-
aryloxybenzaldehyde for transforming to 2-hydroxybenzo-
phenones.7 Interestingly, Rao and Dong independently reported
the Pd-catalyzed ketone-directed hydroxylation of arenes for syn-
thesis of 2-acylphenols.8

Recently, Rh(III)-catalyzed functionalization of aryl CeH bond
has enjoyed tremendous advance owing to their wide applications
to the rapid assembly of various complex molecular structures,
particular in the fields of medicinal chemistry.9 In particular, the
Rh(III)-catalyzed CeH functionalization of aldehyde has been paid
attention. For example, Miura explored the Rh(III)-catalyzed oxi-
dative coupling between salicylaldehydes and internal alkynes,
demonstrating the flexible reactivity of aldehyde in CeH func-
tionalization.10 Inspired by this, Glorius,11 Radhakrishnan12 and Li13

reported that Rh(III)-catalyzed oxidative coupling of salicylalde-
hydes with electron deficient olefins, diazabicyclic olefins and TIPS-
EBX, respectively. In continuation of our interest in Rh(III)-
catalyzed CeH functionalization for biologically interesting small
molecule synthesis,14 hereinwe report a Rh(III)-catalyzed aldehyde
CeH bond functionalization of salicylaldehydes with arylboronic
acids. Moreover, the functionalized 2-hydroxybenzophenones

Fig. 1. Biologically active products containing 2-hydroxybenzophenone skeleton.
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could be subject to various transformations to access divergent
compounds (Scheme 1).

2. Results and discussions

We commenced our study by investigating the coupling of sal-
icylaldehyde 1a and phenylboronic acid 2a using [Cp*RhCl2]2 as
catalyst. When the reactionwas conducted in DMF at 80 �C without
additives, the Rh(III) catalyzed CeH functionalized product was not
observed (Table 1, entry 1). Gratifyingly, equivalent addition of
Cu(OAc)2 led to the formation of 2-hydroxybenzophenone 3a in

98% yield (Table 1, entry 2). This encouraged us to screen the ad-
ditives, and we found other additives, such as AgOAc, Ag2O and
K2S2O8 were inferior (Table 1, entries 3e5). When the solvent was
changed to CH3CN, the reaction afforded trace product when
Cu(OAc)2 was used as additive (entry 6). Surprisingly, the combi-
nation of CH3CN and Ag2O gave the product in 85% yield (entry 7).
Further survey of solvents revealed that MeOH, t-amyl alcohol,
trifluoroethanol (TFE) and dioxane were not optimal to produce
trace products (entries 8e11). Moreover, when the temperature
was decreased to 40 �C, the reaction would give the product in
a slightly lower yield (entry 12, 76%).

With the optimized reaction condition in hand, we next ex-
panded the scope of this Rh(III)-catalyzed aldehyde functionaliza-
tion using a variety of salicylaldehydes and arylboronic acids. As
depicted in Table 2, various para-substituted arylboronic acids with
valuable functional groups like bromo, chloro, methoxy, methyl,
cyano, hydroxy, phenyl, could react smoothly with 1a in this
process to furnish the products (3be3h) in excellent yields,
thus offering ample opportunity for further derivatization. The

Table 1
Optimization of reaction conditionsa

Entry Additive Solvent T [�C] Yield [%]b

1 None DMF 80 0
2 Cu(OAc)2 DMF 80 98
3 AgOAc DMF 80 Trace
4 Ag2O DMF 80 Trace
5 K2S2O8 DMF 80 Trace
6 Cu(OAc)2 CH3CN 60 Trace
7 Ag2O CH3CN 60 85
8 Cu(OAc)2 MeOH 60 Trace
9 Cu(OAc)2 t-Amyl alcohol 80 Trace
10 Cu(OAc)2 TFE 60 Trace
11 Cu(OAc)2 Dioxane 80 Trace
12 Cu(OAc)2 DMF 40 76

a Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), [Cp*RhCl2]2 (4 mol %), ad-
ditives (2 equiv), solvent (2 mL).

b Yields of isolated products.

Table 2
Rh(III)-catalyzed aldehyde functionalization of salicylaldehydesa

 
a Reaction Conditions: 1 (0.2 mmol), 2 (0.4 mmol), [Cp*RhCl2]2 (4 mol %), 
Cu(OAc)2 (2 equiv), DMF (2 mL), 80 oC, 8 h.  

Scheme 1. Rh(III)-catalyzed aldehyde CeH functionalization of salicylaldehydes.
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