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三乙胺促进的 α-卤代酮 C—C 键断裂: 合成 α-乙酰氧基芳基酮 

王毛锐    吴雨峥    姚  健    邓  黎    潘英明 

黄克斌*    唐海涛* 
(广西师范大学化学与药学院  药物资源化学与分子工程国家重点实验室  广西桂林 541004) 

摘要  C—C 键断裂在有机合成中有着重要的作用. 报道了一种胺促进的 α-卤代酮化合物 C—C 键断裂的新方法, 该方

法无需使用过渡金属催化剂以及氧化剂. 采用这种方法以廉价的α-卤代酮化合物制备了多种α-乙酰氧基芳基酮化合物. 

关键词  C—C 键的断裂; α-卤代酮; 无氧化剂和无金属合成; α-乙酰氧基芳基酮 

Triethylamine Promoted the C—C Bond Cleavage of 
α-Halo Ketones: α-Acetoxyaryl Ketone Synthesis 

Wang, Maorui    Wu, Yuzheng    Yao, Jian    Deng, Li    Pan, Yingming 

Huang, Kebin*     Tang, Haitao* 
(State Key Laboratory for Chemistry and Molecular Engineering of Medicinal Resources, School of Chemistry and 

Pharmaceutical Sciences, Guangxi Normal University, Guilin, Guangxi 541004) 

Abstract  The cleavage of C—C bonds is a key method for synthesis of useful intermediates. A novel amine-promoted C—C 
bond cleavage of α-halo ketones was reported. Oxidant-free and metal-free conditions are the striking features of the protocol. 
In this simple method, a variety of α-acetoxyaryl ketone compounds were prepared from commercially available α-halo ke-
tones in good to excellent yields. 
Keywords  cleavage of C—C bonds; α-halo ketones; oxidant-free and metal-free; α-acetoxyaryl ketone 

 

1  Introduction 

The C—C bond cleavage plays an important role in or-
ganic chemistry because this process generates many 
compounds.[1] However, breaking C—C bonds under mild 
conditions remains a challenge because of the thermody-
namically stability and kinetically inert characteristics. 
Traditional methods of inducing C—C bond cleavage rely 
on harsh reaction conditions, such methods include the use 
of salts and peroxides or vapor phase cracking at high 
temperatures.[2～4] Wang and Ishii et al.[5] studied Cu- or 
Mn-catalyzed C—C bond cleavage reactions from ketones 
to benzoic acids (Scheme 1a). Shen and Lee et al.[6] re-
ported equivalent t-butyl hydroperoxide (TBHP) or 
Bu4NIO4 oxidative C—C bond cleavage reactions from 
ketones to benzoic acids (Scheme 1b). Wang et al.[7] re-
ported visible light-catalyzed C—C bond cleavage reac-
tions from ketones to benzoic acids, but this method re-

quires heterogeneous C3N4 material as a catalyst  (Scheme 
1c). Bathula and Wu et al.[8] presented the use of excess 
iodine to promote the oxidative C—C bond cleavage reac-
tions from alkyl aryl ketones to benzoic acids or ben-
zamides (Scheme 1d). Therefore, the development of novel 
metal-free, simple, inexpensive methods for C—C bond 
cleavage of ketone compounds is important for organic 
chemists. 
α-Halo ketones are a very important organic synthon 

that can undergo a series of transformations.[9] In 2015, 
Li’s group[10] studied the synthesis of benzocyclopenta-
nones by C—N bond cleavage from benzoylammonium 
salt which was synthesized from triethylamine and α-halo 
ketones (Scheme 2a). A variety of substrates were previ-
ously reported to react with isonitrile to synthesize many 
compounds with biologically active backbones.[11] The 
diphenylfuran derivative 4 from 2-bromo-1,2-dipheny- 
lethan-1-one (1r) and isonitrile 3 were also synthesized.  
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Scheme 1  Different C—C bond cleavage methods of ketones 

 

Scheme 2  Different reaction routes of α-halo ketones 

First, the substrates 1r and 3 were treated with 0.4 mmol, 
1.5 mL of MeCN, and 10 mol% Pd(OAc)2. Product 4 was 

not formed, and 2-oxo-1,2-diphenylethyl benzoate (2r) 
was obtained with 29% yield (Schemes 2b, 2c). The struc-
ture of 2-oxo-1,2-diphenylethyl benzoate was confirmed 
by single-crystal X-ray analysis. 

A literature survey of the reaction was conducted, which 
indicated that product 4 required the addition of an oxidant 
or a rare iron and copper complex metal when undergoing 
similar reactions.[12] The reaction of cleavage of C—C 
bond of α-halo ketones by triethylamine followed by di-
merization to the α-acetoxyaryl ketone was not reported. 
Thus, we decided to investigate the dimerization of 
2-bromo-1-phenylethan-1-one by C—C bond cleavage of 
2-bromo-1-phenylethan-1-one in the presence of Et3N. 

2  Results and discussion 

The reaction parameters of 1a dimerization were studied 
using 2-bromo-1-phenylethan-1-one (1a) as a model com-
pound (Table 1). When the reaction was treated with 
Pd(OAc)2 (10 mol%) and Et3N (0.1 mmol) in MeCN at 
90 ℃, product 2a was obtained with 44% yield. When the 
reaction was carried out in the absence of Pd(OAc)2, prod-
uct 2a was still obtained with 46% yield. The result 
concluded that Pd(OAc)2 had no effect on the reaction 
(Table 1, Entries 1～2). Et3N is increased to 2 equiv., and 
the yield of 2a is increased to 66%. (Table 1, Entries 3～
5). The organic base (NHEt2, (CH3)3CNH2, DBU) was then 
screened and the yield of 2a did not increase (Table 1, En-
tries 6～8). When the inorganic bases (NaOH, Cs2CO3) 
were screened, the reaction was not promoted (Table 1, 
Entries 9～10). After screening for the best base, the best 
solvent was found to be MeCN (Table 1, Entries 11～14). 
The temperature was further screened and the yield of 2a 
increased to 89% at 120 ℃ (Table 1, Entry 15). There-
fore, the optimal conditions for preparing 2a were as fol-
lows: 1a as substrate, MeCN as solvent at 120 ℃ in Et3N 
for 8 h (Table 1, Entry 10). 

Under the optimal reaction conditions, the substrate 
range in which different α-haloketones were dimerized to 
construct a plurality of α-acetoxyaryl ketones was explored 
(Table 2). When X＝Br, the 2a with 89% yield was sepa-
rated, and when X＝Cl, 2a was obtained with a slightly 
reduced yield (81%) (Table 2, 2a). When R1 is H and R2 is 
substituted Ar, a series of phenyl groups with electron do-
nating groups (R＝2-OCH3, 3-OCH3, 4-OCH3, 4-CH3, 
4-t-Bu) led to high yields of 2b～2f. The steric hindrance 
exerted a certain influence on the yield. When R＝2-OC- 
H3, the yield decreased. When R1 is H and R2 is substituted 
Ar, a series of phenyl groups with electron withdrawing 
groups (R＝2-F, 4-Br, 4-OCF3, 4-CN, 3-NO2, 4-F) pro-
duced 2g～2l. When R1 is H and R2 is substituted Ar, the 
yield when R is an electron-donating group is higher than 
that electron-withdrawing group. When R1 is H and R2 is 
disubstituted Ar (R＝3,4-(OCH3)2, 3,4-F2), the reaction 
proceeded smoothly and 2m～2n were obtained in moder-
ate yield. When alkyl ketones were used as substrates, the 
reactions failed (2t and 2u). 
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Table 1  Optimization of the reaction conditionsa 

 

Entry Catalyst Base (equiv.) Solvent Yieldb/% 

1 Pd(OAc)2 Et3N (0.5) MeCN 44c 
2 — Et3N (0.5) MeCN 46 
3 — Et3N (1) MeCN 55 
4 — Et3N (2) MeCN 66 
5 — Et3N (3) MeCN 60 
6 — Et2NH (2) MeCN 45 
7 — (CH3)3CNH2 (2) MeCN Trace 
8 — DBU (2) MeCN NR 
9 — NaOH (2) MeCN NR 

10 — Cs2CO3 (2) MeCN Trace 
11 — Et3N (2) MeCN/H2O

d 43 
12 — Et3N (2) 1,4-Dioxane NR 
13 — Et3N (2) DMF Trace 
14 — — N(Et)3 23 
15 — Et3N (2) MeCN 89e 

a Reaction conditions: 1a (0.2 mmol), Et3N (0.4 mmol), solvent (1.5 mL), 
90 ℃, 8 h. b Isolated yield. c With 3 equiv. of 2-isocyano-2-methylpropane and 
Pd(OAc)2 (10 mol %). d MeCN/H2O (V∶V＝2∶1). e 120 ℃. 

Fused or heterocyclic substrates, including 2-bromo-1- 
(thiophen-2-yl)ethan-1-one, 2-bromo-1-(naphthalen-2-yl)- 
ethan-1-one, and 1-(benzofuran-2-yl)-2-bromoethan-1- 
one, were also tolerated (2o～2q). Furthermore, when R is 
H of the benzene ring, R1 is a methyl group or an Ar sub-
stituent, the substrates 1r and 1s can give the desired 
products 2r and 2s in moderate yield (2r～2s). 

Control experiments were conducted to study the reac-
tion mechanism (Scheme 3). First, N,N,N-triethyl-2-oxo- 
2-phenylethan-1-ammonium 5 was used as the reaction 
substrate to obtain 6 in 10% yield. The result indicated that 
when 5 reacted with water, 2a was obtained in 52% yield 
(Scheme 3a). 18O-labeled water was added to 2-bromo- 
1-phenylethan-1-one (1a) under the optimal conditions, 
and compound C was observed by HRMS. Triethylamine 
promoted the C—C bond cleavage of 1a. At the same time, 
18O-labeled compound 2a-18O was detected by HRMS, 
indicating water participation (Scheme 3b). If this reaction 
was conducted in dry Et3N and CH3CN, the reaction failed 
(Scheme 3c), which further demonstrated that water played 
a key role in this reaction. When the benzoic acid 6 and 
2-bromo-1-phenylethan-1-one (1a) or α-ammonium ace-
tophenone (5) were used as the reaction substrates, 
2-oxo-2-phenylethyl benzoate (2a) was obtained with 91% 
and 78% yields. These results indicated that benzoic acid 6 
and α-ammonium acetophenone 5 are the key interme- 
diates for the formation of 2-oxo-2-phenylethyl benzoate 
(2a) (Scheme 3d). To further study the mechanism, we 
conducted a crossover experiment, which obtained the tar-
get products A and B (A∶B＝100∶46, determined by 
LC-HRMS). This result indicated that the reaction was an  

Table 2  Synthesis of α-acetoxyaryl ketones from α-halo ketones 
with H2O 

+ H2O
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2a, R = H, 89% (81%, X = Cl)
2b, R = 2-OCH3, 71%
2c, R = 3-OCH3, 83%
2d, R = 4-OCH3, 90%
2e, R = 4-CH3, 86%
2f, R = 4-t-Bu, 80% (X = Cl)
2g, R = 2-F, 84%
2h, R = 4-Br, 88%
2i, R = 4-OCF3, 81%
2j, R = 4-CN, 63%
2k, R = 3-NO2, 64%
2l, R = 4-F, 73%
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a Reaction conditions: 1 (0.2 mmol), Et3N (0.4 mmol), solvent (1.5 mL), 
120 ℃, 8 h. Unless otherwise noted, all X groups of substrates 1 is the Br 
group. b Isolated yields. 

intermolecular process and the substrate with electron do-
nating group was more convenient for the reaction. 

Analysis of the reaction mixture by HRMS showed the 
presence of compound C and intermediate 6. On the basis 
of the controlled experiments, two rational mechanisms of 
the reaction can be proposed (Scheme 4). Intermediate 5, 
initially formed by adding Et3N to 2-bromo-1-phenylethan- 
1-one 1a, could react with water to form intermediate 6, 
which then reacts with 1a to obtain 2a (Path A) and with 5 
to obtain 2a (Path B). 
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Scheme 3  Controlled experiments 
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Scheme 4  Proposed mechanism 

3  Conclusions 

This study proposes a simple method that does not re-
quire metals, oxidants, and water for the cleavage of C—C 
bond of α-halo ketones by trimethylamine, then followed 
by dimerization to obtain valuable α-acetoxyaryl ketones. 

The method not only provides a new approach to synthe-
size α-acetoxyaryl ketone, but also expands the application 
of C—C bond cleavage of α-halo ketones.  

4  Experimental section 

4.1  Instruments and reagents 

Unless otherwise noted, all reagents and solvents were 
obtained commercially and used without further purifica-
tion. Column chromatography on silica gel (300-400 mesh) 
was carried out using technical grade 60～90 ℃ petroleum 
ether (distillated prior to use) and analytical grade EtOAc 
(without further purification). 1H NMR and 13C NMR 
spectra were recorded on a 400 MHz spectrometer. 1H 
NMR spectra were referenced to CDCl3 (δ: 7.26), and 13C 
NMR spectra were referenced to CDCl3 (δ: 77.0). HRMS 
spectra were recorded with a Micromass QTOF2 Quadru-
pole/Time-of-Flight Tandem mass spectrometer using 
electron spray ionization. 

4.2  General procedure 

A solution of α-halo ketones 2-bromo-1-phenylethan- 
1-one (0.2 mmol), NEt3 (0.45 mmol), and solvent (1.5 mL) 
was placed in a 15 mL test tube and stirred at 120 ℃ for 8 
h. When the reaction was completed (monitored by TLC, 
about 8 h), the mixture was concentrated and the residue 
was chromatographed through silica gel eluted with ethyl 
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acetate/petroleum ether to obtain 2-oxo-2-phenylethyl ben- 
zoate. 

4.3  Characterization data for new compounds 

2-Oxo-2-phenylethyl benzoate (2a): Yield 89%, 42.7 
mg. Yellow solid, m.p. 114.6～115.8 ℃; 1H NMR (500 
MHz, CDCl3) δ: 8.15 (d, J＝7.0 Hz, 2H), 7.98 (d, J＝7.5 
Hz, 2H), 7.64～7.58 (m, 2H), 7.53～7.46 (m, 4H), 5.58 (s, 
2H); 13C NMR (125 MHz, CDCl3) δ: 192.1, 166.0, 134.3, 
133.9, 133.3, 130.0, 129.4, 128.9, 128.4, 127.8, 66.4. 
HRMS (ESI) calcd for C15H12O3Na [M＋Na]＋ 263.0684, 
found 263.0679. 

2-(2-Methoxyphenyl)-2-oxoethyl 2-methoxybenzoate 
(2b): Yield 71%, 42.6 mg. Yellow solid, m.p. 75.4～
77.9 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.74 (d, J＝7.6 
Hz, 1H), 7.66～7.62 (m, 1H), 7.54～7.46 (m, 2H), 7.41～
7.34 (m, 2H ), 7.18～7.10 (m, 2H), 5.54 (s, 2H), 3.83 (d,  
J＝2.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ: 191.9, 
165.8, 159.9, 159.5, 135.5, 130.6, 129.8, 129.4, 122.3, 
120.3, 120.2, 120.0, 114.2, 112.1, 66.5, 55.4, 55.4. LC-MS 
(ESI) calcd for C17H17O5 [M＋H] ＋  301.1071, found 
301.1074.  

2-(3-Methoxyphenyl)-2-oxoethyl 3-methoxybenzoate 
(2c): Yield 83%, 49.8 mg. Yellow solid, m.p. 66.1～
68.7 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝7.6 
Hz, 1H), 7.65 (s, 1H), 7.57～7.48 (m, 2H), 7.43～7.34 (m, 
2H), 7.19～7.09 (m, 2H), 5.55 (s, 2H), 3.85 (s, 6H); 13C 
NMR (100 MHz, CDCl3) δ: 191.9, 165.9, 160.0, 159.6, 
135.6, 130.7, 129.9, 129.5, 122.4, 120.4, 120.2, 120.1, 
114.2, 112.1, 66.6, 55.5, 55.4. LC-MS (ESI) calcd for 

C17H17O5 [M＋H]＋ 301.1071, found 301.1074.  
2-(4-Methoxyphenyl)-2-oxoethyl 4-methoxybenzoate 

(2d): Yield 90%, 54.0 mg. Brown solid, m.p. 207.8～
209.0 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.08 (d, J＝8.8 
Hz, 2H), 7.93 (d, J＝8.8 Hz, 2H), 6.93 (t, J＝8.6 Hz, 4H), 
5.48 (s, 2H), 3.86 (d, J＝3.2 Hz, 6H); 13C NMR (100 MHz, 
CDCl3) δ: 190.9, 165.7, 164.0, 163.6, 132.0, 130.1, 127.4, 
121.9, 114.0, 113.6, 66.0, 55.4, 55.4. LC-MS (ESI) calcd 
for C17H17O5 [M＋ H]＋ 301.1071, found 301.1072. 

2-Oxo-2-(p-tolyl)ethyl 4-methylbenzoate (2e): Yield 
86%, 46.1 mg. Brown solid, m.p. 139.0～142.6 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.99 (d, J＝8.0 Hz, 2H), 7.83 
(d, J＝8.0 Hz, 2H) 7.25～7.21 (m, 4H), 5.49 (s, 2H), 2.38 
(s, 6H); 13C NMR (100 MHz, CDCl3) δ: 191.9, 166.1, 
144.8, 144.0, 131.9, 130.0, 129.5, 129.1, 127.9, 126.7, 
66.3, 21.7, 21.7. LC-MS (ESI) calcd for C17H17O3 [M＋ 
H]＋ 269.1172, found 269.1170.  

2-(4-(tert-Butyl)phenyl)-2-oxoethyl 4-(tert-butyl)-ben- 
zoate (2f): Yield 80%, 56.4 mg. Brown solid, m.p. 196.2～
198.3 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.08 (d, J＝8.4 
Hz, 2H), 7.92 (d, J＝8.4 Hz, 2H), 7.54～7.47 (m, 4H), 
5.55 (s, 2H), 1.35 (s, 18H); 13C NMR (100 MHz, CDCl3) δ: 
191.8, 166.1, 157.7, 157.0, 131.9, 129.9, 127.8, 126.7, 
125.8, 125.4, 66.3, 35.2, 35.1, 31.1, 31.0. LC-MS (ESI) 
calcd for C23H29O3 [M＋H]＋ 353.2117, found 353.2111. 

2-(3-fluorophenyl)-2-oxoethyl 3-fluorobenzoate (2g): 
Yield 84%, 46.4 mg. Yellow solid, m.p. 127.6～129.7 ℃; 

1H NMR (600 MHz, CDCl3) δ: 7.94～7.90 (m, 1H), 
7.83～7.78 (m, 1H), 7.74 (d, J＝7.8 Hz, 1H), 7.67～7.63 
(m, 1H), 7.52～7.43 (m, 2H), 7.35～7.28 (m, 2H), 5.55 (s, 
2H); 13C NMR (150 MHz, CDCl3) δ: 190.6 (d, J＝3 Hz), 
164.8 (d, J＝3 Hz), 162.8 (d, J＝247.5 Hz), 162.5 (d, J＝
246 Hz), 136.0 (d, J＝7.5 Hz), 131.3 (d, J＝7.5 Hz), 130.7 
(d, J＝7.5 Hz), 130.1 (d, J＝7.5 Hz), 125.7 (d, J＝3 Hz), 
123.5 (d, J＝3 Hz) , 121.1 (d, J＝21 Hz), 120.5 (d, J＝21 
Hz), 116.8 (d, J＝22.5 Hz), 114.6 (d, J＝22.5 Hz), 66.6. 
HRES (ESI) calcd for C15H10F2O3Cl [M＋ Cl]－ 311.287 
found 311.0292.  

2-(4-Bromophenyl)-2-oxoethyl 4-bromobenzoate (2h): 
Yield 88%, 69.7 mg. Yellow solid, m.p. 128.2～130.9 ℃; 
1H NMR (400 MHz, CDCl3) δ: 8.00～7.96 (m, 2H), 
7.84～7.79 (m, 2H), 7.66～7.59 (m, 4H), 5.51 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ: 191.0, 165.3, 132.9, 132.3, 
131.9, 131.4, 129.3, 128.7, 128.1, 66.4. HRES (ESI) calcd 
for C15H10Br2O3Na [M＋Na]＋ 418.8894, found 418.8889. 

2-Oxo-2-(4-(trifluoromethoxy)phenyl)ethyl 4-(trifluoro- 
methoxy) benzoate (2i): Yield 81%, 66.1 mg. Yellow sol-
id, m.p. 133.8～135.7 ℃; 1H NMR (500 MHz, CDCl3) δ: 
8.219 (d, J＝8.5 Hz, 2H), 8.02 (d, J＝8.5 Hz, 2H), 7.32 
(dd, J＝18.5, 8.5 Hz, 4H), 5.56 (s, 2H); 13C NMR (125 
MHz, CDCl3) δ: 190.4, 164.8, 153.2 (d, J＝1.6 Hz), 153.0 
(d, J＝1.6 Hz), 132.3, 131.0 (d, J＝262.3 Hz), 127.6, 123.4 
(d, J＝4.6 Hz), 121.3 (d, J＝5.0 Hz), 120.5 (d, J＝42.2 
Hz), 119.2 (d, J＝5.5 Hz), 117.2 (d, J＝5.9 Hz), 66.4. 
HRES (ESI) calcd for C17H10F6O5Na [M＋Na]＋ 431.0330, 
found 431.0333. 

2-(4-Cyanophenyl)-2-oxoethyl 4-cyanobenzoate (2j): 
Yield 63%, 36.5 mg. Yellow solid, m.p. 107.8～109.6 ℃; 
1H NMR (500 MHz, CDCl3) δ: 8.25～8.21 (m, 2H), 8.06 
(d, J＝8.5 Hz, 2H ), 7.86～7.78 (m, 4H), 5.60 (s, 2H); 13C 
NMR (125 MHz, CDCl3) δ: 190.4, 164.3, 136.9, 132.8, 
132.4, 130.5, 128.3, 117.8, 117.5, 117.5, 117.0, 66.8. 
HRES (ESI) calcd for C17H10N2O3Cl [M＋Cl]－ 325.0380, 
found 325.0385. 

2-(3-Nitrophenyl)-2-oxoethyl 3-nitrobenzoate (2k): 
Yield 64%, 42.2 mg. Yellow solid, m.p. 123.2～125.3 ℃; 
1H NMR (500 MHz, CDCl3) δ: 8.96 (s, 1H), 8.79 (s, 1H), 
8.52～8.44 (m, 3H), 8.31 (d, J＝8.0 Hz, 1H), 7.79～7.70 
(m, 2H), 5.68 (s, 2H); 13C NMR (125 MHz, CDCl3) δ: 
189.6, 163.9, 148.5, 148.3, 135.6, 135.1, 133.4, 130.8, 
130.4, 129.9, 128.3, 128.0, 125.0, 122.7, 66.9. LC-MS 
(ESI) calcd for C15H10N2O7Na [M＋Na]＋ 353.0386, found 
353.0397. 

2-(4-Fluorophenyl)-2-oxoethyl 4-fluorobenzoate (2l): 
Yield 53%, 37.5 mg. Yellow solid, m.p. 165.8～167.3 ℃; 
1H NMR (500 MHz, CDCl3) δ: 8.18～8.13 (m, 2H), 
8.02～7.98 (m, 2H), 7.21～7.12 (m, 4H), 5.53 (s, 2H); 13C 
NMR (125 MHz, CDCl3) δ: 190.5, 166.2 (d, J＝254.7 Hz), 
166.1(d, J＝253.2 Hz), 165.1, 132.6 (d, J＝9.4 Hz), 130.7 
(d, J＝3.2 Hz), 130.5 (d, J＝9.5 Hz), 125.6 (d, J＝3.0 Hz), 
116.2 (d, J＝22.1 Hz), 115.7 (d, J＝22.1 Hz), 66.3. HRES 
(ESI) calcd for C15H10F2O3Na [M＋Na]＋ 299.0496, found 
299.0488. 

2-(3,4-Dimethoxyphenyl)-2-oxoethyl 3,4-dimethoxy- 
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benzoate (2m): Yield 61%, 43.9 mg. Yellow solid, m.p. 
155.6～157.3 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.79 (dd, 
J＝8.5, 1.5 Hz, 1H), 7.63～7.52 (m, 3H), 6.91 (d, J＝8.5 
Hz, 2H), 5.51 (s, 2H), 3.95～3.92 (m, 12H); 13C NMR 
(125 MHz, CDCl3) δ: 190.9, 165.8, 153.9, 153.3, 149.3, 
148.6, 127.5, 124.1, 122.3, 121.9, 112.2, 110.3, 110.2, 
110.0, 66.1, 56.1, 56.0, 56.0. LC-MS (ESI) calcd for 

C19H21O7 [M＋H]＋ 361.1282, found 361.1284.  
2-(3,4-Difluorophenyl)-2-oxoethyl 3,4-difluorobenzoate 

(2n): Yield 73%, 45.6 mg. Yellow solid, m.p. 74.8～
76.7 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.98～7.92 (m, 
2H), 7.84～7.80 (m, 1H), 7.77～7.74 (m, 1H), 7.35～7.27 
(m, 2H), 5.53 (s, 2H); 13C NMR (150 MHz, CDCl3) δ: 
189.3, 164.0 (d, J＝1.7 Hz), 154.9 (dd, J＝29.9, 12.7 Hz), 
153.2 (dd, J＝28.2, 12.8 Hz), 151.2 (dd, J＝78.4, 13.1 Hz), 
149.5 (dd, J＝76.4, 13.0 Hz), 131.0 (t, J＝4.1 Hz), 127.0 
(dd, J＝7.5, 3.6 Hz), 126.1 (dd, J＝5.7, 3.6 Hz), 124.8 (dd, 
J＝7.6, 3.6 Hz), 119.3 (dd, J＝18.8, 1.6 Hz), 118.0 (d, J＝
18.0 Hz), 117.6(d, J＝18.0 Hz), 117.3 (dd, J＝18.2, 1.7 
Hz), 66.4. HRES (ESI) calcd for C15H8F4O3C1 [M＋ Cl]－ 

347.0098, found 347.0104. 
2-(Naphthalen-2-yl)-2-oxoethyl 2-naphthoate (2o): 

Yield 56%, 38.1 mg. Brown solid, m.p. 222.9～224.2 ℃; 
1H NMR (400 MHz, CDCl3) δ: 8.76 (s, 1H), 8.52 (s, 1H), 
8.18 (dd, J＝8.8, 1.6 Hz, 1H), 8.06～7.88 (m, 7H), 7.66～
7.54 (m, 4H), 5.78 (s, 2H); 13C NMR (100 MHz, CDCl3) δ: 
192.1, 166.3, 135.9, 135.8, 132.5, 132.4, 131.7, 129.6, 
129.5, 128.9, 128.4, 128.3, 127.9, 127.8, 127.1, 126.7, 
125.4, 123.4, 66.6. LC-MS (ESI) calcd for C23H17O3 [M＋
H]＋ 341.1172, found 341.1170. 

2-(Benzofuran-2-yl)-2-oxoethyl benzofuran-2-carboxy- 
late (2p): Yield 76%, 48.7 mg. Black solid, m.p. 201.8～
203.6 ℃; 1H NMR (600 MHz, CDCl3) δ: 7.75～7.69 (m, 
3H), 7.67 (d, J＝0.6 Hz, 1H), 7.63～7.59 (m, 2H), 7.54～
7.47 (m, 2H), 7.36～7.32 (m, 2H), 5.61 (s, 2H); 13C NMR 
(150 MHz, CDCl3) δ: 183.0, 158.7, 155.9, 155.6, 150.2, 
144.5, 128.8, 128.0, 126.9, 126.7, 124.2, 123.9, 123.5, 
123.0, 115.3, 113.6, 112.5, 112.4, 66.4. LC-MS (ESI) 
calcd for C19H13O5 [M＋H]＋ 321.0757, found 321.0759. 

2-Oxo-2-(thiophen-2-yl)ethyl thiophene-2-carboxylate 
(2q): Yield 81%, 40.8 mg. Yellow solid, m.p. 139.5～
141.7 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.93～7.89 (m, 
1H), 7.81 (d, J＝3.6 Hz, 1H), 7.72 (d, J＝4.8 Hz, 1H), 
7.63～7.60 (m, 1H), 7.19～7.12 (m, 2H), 5.41 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ: 185.2, 161.4, 140.4, 134.4, 
134.4, 133.2, 132.5, 132.1, 128.3, 127.9, 66.2. LC-MS 
(ESI) calcd for C11H9O3S2 [M＋H] ＋  252.9988, found 
252.9989.  

2-Oxo-1,2-diphenylethyl benzoate (2r): Yield 77%, 48.7 
mg. Yellow solid, m.p. 118.6～120.7 ℃; 1H NMR (600 
MHz, CDCl3) δ: 8.16～8.13 (m, 2H), 8.03～8.01 (m, 2H), 
7.61～7.51 (m, 4H), 7.46～7.36 (m, 7H), 7.12 (s, 1H); 13C 
NMR (150 MHz, CDCl3) δ: 193.6, 166.0, 134.6, 133.7, 
133.5, 133.3, 129.9, 129.3, 129.3, 129.1, 128.8, 128.6, 
128.4, 77.9. LC-MS (ESI) calcd for C21H17O3 [M＋H]＋

317.1172, found 317.1170. 
1-Oxo-1-phenylpropan-2-yl benzoate (2s): Yield 65%, 

33.0 mg. White solid, m.p. 97.6～99.5 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.12～8.06 (m, 2H), 8.03～7.98 (m, 2H), 
7.63～7.55 (m, 2H), 7.52～7.42 (m, 4H), 6.24～6.18 (m, 
1H), 1.67 (d, J＝6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 196.7, 166.0, 134.5, 133.6, 133.3, 129.9, 129.5, 128.8, 
128.5, 128.4, 71.9, 17.2. LC-MS (ESI) calcd for C16H15O3 

[M＋H]＋ 255.1016, found 255.1016.  

 
Supporting Information  Copies of 13C NMR and 1H 
NMR spectra for products, and MP and MS data of all 
products. The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn. 
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