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Light/Palladium-Promoted Benzylic C–H Acylation Using a 

Benzoyl Group as the Photo-Directing Group 

Yusuke Masuda, Naoki Ishida, and Masahiro Murakami* 

 

Abstract: 2-Methylphenyl ketones undergo site-selective acylation 

at the benzylic position when treated with acid anhydride under UV 

irradiation in the presence of a palladium catalyst. The benzoyl 
carbonyl group serves as the photo-directing group so that the ortho 

benzylic C–H bond is activated site-selectively. 

The C–H functionalization protocol presents a straightforward 
and efficient method to manipulate organic molecules in an 
atom- and step-economical manner.[1] It is one of the major 
issues how to target a specific C–H bond among a multitude of 
C–H bonds existing in a molecule. It was shown in the seminal 
report by Murai that an acyl group on a benzene ring directs a 
metal to activate its ortho C(sp2)–H bond.[2] This work has 
triggered a numerous number of studies on utilization of 
directing groups which bring a metal into close proximity to a 
targeted C–H bond and site-selectively activate it (Figure 1a).[3,4] 
We now report that a carbonyl group on a benzene ring acts as 
the photo-directing group to site-selectively activate a C(sp3)–H 
bond at an ortho benzylic position.[5] A palladium catalyst 
subsequently acylates the activated intermediate with acid 
anhydride to afford a 1,5-diketone (Figure 1b).[6] This is the first 
example in which photo-generated o-quinodimethane 
intermediates are combined with transition-metal catalysis. 

 

Figure 1. Directing groups for transition-metal catalyzed C–H activations. 

When 2-methylbenzophenone 1a was treated with acetic 
anhydride 2a in the presence of a Pd(OAc)2/P(Oi-Pr)3 catalyst 
under photo-irradiation for 2 h, 1,5-diketone 3a was produced in 
95% yield [Eq. (1)]. For comparison, a same reaction was 

carried out without photo-irradiation to confirm that no reaction 
occurred.[7] 

 
 

Among various mechanistic possibilities conceivable for the 
formation of 3a from 2-methylbenzophenone 1a and acetic 
anhydride 2a under photo-irradiation, Scheme 1 shows one of 
the plausible pathways. Initially, the o-quinodimethane A is 
generated from 1a upon photo-excitation.[8,9] This process 
mechanistically consists of three steps; (i) photoexcitation of the 
carbonyl group, (ii) 1,5-hydrogen shift, which is the most facile 
mode for hydrogen shift,[10] to the excited carbonyl oxygen 
generating 1,4-biradical B, and (iii) isomerization of B to o-
quinodimethane A which has a closed-shell structure.[11] On the 
other hand, acetic anhydride 2a undergoes oxidative addition  
 

 

Scheme 1. Proposed mechanism. 
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onto palladium(0) to form acetyl(acetato)palladium(II) C.[12] The 
photo-generated enol A coordinates onto palladium to form the 
intermediate D followed by elimination of acetate acid.[13] The 
resulting acetyl(enolato)palladium(II) E tautomerizes into 
acetyl(benzyl)palladium(II) F, thereby regaining aromatization 
energy. Finally, a carbon–carbon bond is formed by reductive 
elimination to furnish the 1,5-diketone 3a with regeneration of 
Pd(0).[14,15] 

The directing effect of the carbonyl group was corroborated 
by the reaction using 2,5-dimethylbenzophenone 1b, which had 
two methyl groups at different positions, i.e., ortho and meta 
positions on the benzene ring [Eq. (2)]. Acetylation took place 
site-selectively at the methyl group ortho to the carbonyl group 
to form the product 3b. No acetylation occurred at the meta 
methyl group. It is also notable that the ortho C(sp2)–H bond on 
the benzene ring, which is often activated with the aid of 
directing groups based on coordination, remained intact. This 
unique site-selectivity originates from the privileged mode of 1,5-
hydrogen shift at the photo-excited state. 

 
 

The acetylation reaction was examined using various 2-
methylphenyl ketones (Table 1). Both electron-rich and electron-
deficient benzene rings were suitable as the core aromatics 
(entries 1 and 2). Functional groups such as fluoro, chloro, and 
methoxycarbonyl groups were all tolerated on the aromatic rings 
(entries 3-6). The reaction of those having electron-withdrawing 
substituents was slower than that of electron-rich substrates.[16] 
Bis(o-tolyl) ketone underwent the acylation only once to produce 
the diketone 3i, and no bis-acetylated product was formed (entry 
7).[17] 2-Ethylbenzophenone failed to participate in the acylation 
reaction.[18] 

 
Table 1. Scope of 2-methyl benzophenones.[a]  

 

Entry Substrate 1 Product 3 yield[b]  

 
 
1 Ph

O

H

MeO

1c   

 
 
83% 

 
 
2 

  

 
 
51% 

 
 
3 

  

 
 
72% 

 
 
4 

  

 
 
75% 

 
 
5[c] 

  

 
 
73% 

 
 
6[c] 

  

 
 
62% 

 
 
7 

  

 
 
72% 

[a] Reaction conditions: 2-methylphenyl ketone (0.20 mmol), acetic anhydride 
(0.40 mmol), Pd(OAc)2 (0.01 mmol), P(Oi-Pr)3 (0.04 mmol), t-BuOH (1.0 mL), 
UV light (365 nm, LED lamp), room temperature, 2 h. [b] Isolated yield. [c] 0.02 
mmol of P(Oi-Pr)3, 1 h. 

 

The substrate scope was investigated also using various 
carboxylic anhydrides (Table 2). Propanoic anhydride 2b and 
isobutylic anhydride 2c successfully participated in the reaction 
as the acylating reagent (entries 1 and 2), whereas pivalic 
anhydride failed to give the acylated ketone, presumably due to 
the steric reasons. Levulinic anhydride 2d was a suitable 
substrate to give triketone 3m in 48% yield (entry 4). 

 
Table 2. Scope of acid anhydrides.[a]  
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Entry Acid anhydride 2 Product 3 yield[b] 

 
 
1 

 
 

 
 
80% 

 
 
2 

 
 

 
 
59% 

 
 
3 

 
 

 
 
63% 

 
 
4 

 
 

 
 
48% 

[a] Reaction conditions: 2-methylphenyl ketone (0.20 mmol), acetic anhydride 
(0.40 mmol), Pd(OAc)2 (0.01 mmol), P(Oi-Pr)3 (0.04 mmol), t-BuOH (1.0 mL), 
UV light (365 nm, LED lamp), room temperature, 2 h. [b] Isolated yield. 

 

The present reaction was driven only by light and a catalytic 
amount of palladium, and no stoichiometric amounts of other 
reagents were employed. Consequently, it was possible to 
dispense with a work-up and isolation procedure before carrying 
out further derivatization of the produced 1,5-dicarbonyl 
compounds. Instead, reagents were directly added to the 
reaction mixture containing the diketone 3a to successfully 
prompt subsequent reactions (Scheme 2). For example, 
hydrazine was added to a same reaction flask after 1a was 
reacted with 2a, and the resulting mixture was heated at 80 C 
for 16 h. An aqueous work-up followed by chromatographic 
purification afforded 2,3-benzodiazepine 4. In general, 2,3-
benzodiazepine is a versatile pharmacophore, often constituting 
psychotropic drugs such as Tofisopam and Girisopam.[19] When 
the in-situ generated 3a was treated with an aqueous ammonia 
solution, isoquinoline 5 was obtained in 83% yield. Diketone 3a 
underwent also an intramolecular aldol condensation reaction 
upon treatment with potassium hydroxide to form 2-naphthol 6 in 
90% yield. 

 

Scheme 2. Sequential transformations from 2-methylbenzophenone 1a to 2,3-
benzodiazepine 4, isoquinoline 5, and 2-naphthol 6 in one-pot.. 

In conclusion, we disclosed that a benzylic C–H bond of 2-
methylbenzophenone is activated under photo-irradiation to be 
acylated with carboxylic anhydrides in the presence of a 
palladium catalyst. A benzoyl carbonyl group acts as the photo-
directing group to activate the benzylic C–H bond site-selectively. 
A number of reactions of 2-methyl benzophenones forming C–C 
bond at the benzylic position has been reported.[5,20] However, o-
quinodimethane A has never been used in combination with 
transition-metal catalysis. We demonstrated that the cooperation 
of light and transition-metal catalysts gives rise to the powerful 
methods for site-selective C–C bond formations of 2-methyl 
benzophenones. 

Experimental Section 

A typical procedure for synthesis of diketones: Pd(OAc)2 (2.2 mg, 0.01 
mmol, 5 mol%) was placed in a Pyrex flask, which was subsequently 
filled with an argon by vacuum-refill cycles. 2-Methylbenzophenone 1a 
(39 mg, 0.20 mmol), acetic anhydride 2 (41 mg, 0.40 mmol, 2.0 equiv), 
P(Oi-Pr)3 (8.4 mg, 0.04 mmol, 20 mol%), and t-BuOH (1.0 mL) were 
added into the flask, which was pre-stirred for 5 minutes at room 
temperature.21 After irradiated with LED lamp (365 nm) for 2 h at ambient 
temperature, the resulting mixture was passed through a pad of Florisil® 
and eluted with diethyl ether. Volatiles were removed under reduced 
pressure. The residue was purified by preparative thin-layer 
chromatography (hexane/ethyl acetate = 3/1) to give the acylated product 
3a (46.0 mg, 0.19 mmol, 96% yield, colorless oil). 
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