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A novel copper-catalyzed direct α-ketoesterification of 

propiophenones with acetophenones via C(sp3)−−−−H oxidative 

cross-coupling was developed. The reaction utilized O2 as a clean 

oxidant with high atom economy and the starting materials are 

facile and commercial available. 

α-Functionalization of ketones is a significant and fundamental 
organic reaction.1 The direct cross-coupling at α-C(sp3)−H of 
arylketons is one of the most concise and effective route to them. 
Among the cross-coupling reactions, α-allylation,2 

α-alkylation,3 
α-

amination,4 
α-arylation,5 

α-halogenation,6 
α-hydroxylation,7 α-

oximation,8 
α-azidation,9 

α-imidation,10 
α-vinylation11 of arylketones 

have received much more attentions, and the transition-metal as a 
catalyst is essential in the most of cases. The transition metal used in 
the reactions was found to be Pd,2a,2b,5c-5i,7b Cu,3a,4,11a,11c Rh,3b,3c 
Ru,3d,3e Ni,5b or Ir.3f On the other hand, the oxidative cross-couplings 
of arylketons have been developed in recent years. For example, the 
synthesis of α-ketoamides from acetophenones with secondary 
amines12 and dialkylformamides13 in the presence of TBHP as an 
oxidant was reported. 
α-Acyloxycarbonyl compounds play an essential role in biological 

processes, serve as the backbones in some natural products, and are 
used as significant building blocks in organic synthesis. 
Traditionally, they can be prepared by the reaction of α-halocarbonyl 
compounds with carboxylates14 or the direct oxidative coupling of 
carbonyl compounds with Pb(OAc)4, Tl(OAc)3, and Hg(OAc)2.

15 
Most recently, hypervalent iodine compounds as effective oxidants 
to promoted esterification were investigatived.16 For example, the 
intra- and intermolecular oxidative couplings of ketones with 
carboxylic acid catalyzed by hypervalent (diacyloxyiodo)benzene 
generated in situ from iodobenzene and meta-chloroperbenzoic acid 
(m-CPBA) were demonstrated (Scheme 1, Eq. 1 and 2).16b,16d The 
same reaction was also mediated by H2O2 and Ac2O as oxidant (Eq. 
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Scheme 1 Direct α-ketoesterification of ketones 
  

1),17 as well as by H2O2/Bu4NI and TBHP/Bu4NI (Eq. 2 and 3).18 
Moreover, α-acyloxycarbonyl compounds could be prepared by the 
Bu4NI-catalyzed reaction of ketones with benzylic alcohols in the 
presence of TBHP (Scheme 1, Eq. 4).19 

In this paper, an efficient Cu-catalyzed C(sp3)−H oxidative 
cross-coupling of propiophenones with acetophenones was 
developed. The reaction underwent smoothly in one-pot with good 
regioselectivity, and molecular oxygen as oxidant is inexpensive,20 
abundant and environmentally friendly (Scheme 1). 

At the investigation of the reaction conditions, propiophenone 
(1a) and acetophenone (2a) were chosen as the model substrates. 
The results were shown in Table 1. Firstly, the effect of oxidant on 
the model reaction was examined. When the reaction was performed 
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Table 1 Optimization of the reaction conditionsa 

 
Entry Catalyst Oxidant Additive Solvent Yieldb(%) 

1 CuI O2 - DMSO 20 

2 CuI TBHP - DMSO trace 

3 CuI H2O2 - DMSO 11 

4 CuI DTBP - DMSO N.R. 

5 CuBr O2 - DMSO 18 

6 CuCl O2 - DMSO N.R. 

7 CuBr2 O2 - DMSO N.R. 

8 CuCl2 O2 - DMSO trace 

9 CuO O2 - DMSO N.R. 

10 Cu(OAc)2 O2 - DMSO N.R. 

11 Cu(OTf)2 O2 - DMSO N.R. 

12 CuI O2 - NMP trace 

13 CuI O2 - DMF N.R. 

14 CuI O2 - THF N.R. 

15 CuI O2 - toluene N.R. 

16 CuI O2 - CH3CN N.R. 

17 CuI O2 - DCE N.R. 

18 CuI O2 HOAc DMSO 40 

19 CuI O2 PivOH DMSO 37 

20 CuI O2 TFA DMSO 39 

21 CuI O2 CF3SO3H DMSO 31 

22 CuI O2 PhCO2H DMSO 36 

23 CuI O2 HOAc DMSO 63
c
 

24 CuI O2 Cs2CO3 DMSO N.R. 

25 CuI O2 Et3N DMSO N.R. 

26 CuI O2 Pyridine DMSO N.R. 
a Reaction conditions: propiophenone (1a, 0.375 mmol) and acetophenone 
(2a, 0.25 mmol), catalyst (0.05 mmol, 20 mol%), oxidant (4.0 equiv, 1.0 
mmol), additive (1.0 equiv, 0.25 mmol), solvent (2.0 mL), at 120 oC for 12 h. 
b Isolated yields. c DMSO (0.3 mL). N.R. = No reaction. 

 
in the presence of CuI in DMSO (dimethyl sulfoxide) under oxygen 
atmosphere at 120 °C for 12 h, the product 3a was obtained in 20% 
yield (Table 1, entry 1), which was characterized by HRMS, 1H and 
13C NMR, and confirmed by single crystal X-ray crystallography.21 
However, additional peroxide, such as TBHP (tert-butyl 
hydroperoxide, 70% aqueous solution), H2O2 (30% aqueous 
solution) or DTBP (di-tert-butyl peroxide) was added to the reaction, 
providing less yields of 3a (Table 1, entries 2−4). Next, the effect of 
Cu-catalyst was examined. CuBr gave the comparable result with 
CuI, and other Cu-catalysts including CuCl, CuBr2, CuCl2, CuO, 
Cu(OAc)2, and Cu(OTf)2 shut down the reaction completely (Table 
1, entries 5−11). The solvent also plays an important role in the 
reaction. When the reaction was carried out in NMP (N-
methylpyrrolidone), only trace amount of the desired product was 

Table 2 Scope of the substratesa 

 

a Reaction conditions: 1 (0.375 mmol) and 2 (0.25 mmol), CuI (0.05 
mmol, 0.20 equiv), HOAc (0.25 mmol, 1.0 equiv), O2 (1.0 atm), DMSO 
(0.30 mL), at 120 oC for 12 h. b Isolated yields. 

detected (Table 1, entry 12), and the reaction failed in DMF (N,N-
dimethylformamide), THF, toluene, CH3CN, or DCE (1,2-
dichloroethane) (Table 1, entries 13−17). To our delight, additional 
an organic acid, such as HOAc, PivOH, TFA (trifluoroacetic acid), 
CF3SO3H, or PhCO2H enhanced the reaction, and HOAc was found 
to be most effective one (Table 1, entries 18−22). However, 
inorganic and organic base including Cs2CO3, Et3N, pyridine, 
completely failed (Table 1, entries 24−26). 

With optimized reaction conditions in hand, a variety of 
propiophenones and acetophenones were examined to illustrate the 
efficiency and scope of the oxidative cross-coupling (Table 2). 
Acetophenones with an electron-donating group (Me, Et) and two 
methyl groups on the benzene rings reacted with propiophenone to 
generate the desired products in 51−−−−58% yields (Table 2, 3b−−−−3g). It 
should be noted that acetophenone with acetal group generated 3hin 
61% yield, and acetophenone with two methoxy groups afforded 3i 
in 48% yield. On the other hand, acetophenones with an electron-
withdrawing group (Cl, Br, I) on the benzene rings reacted with 
propiophenone to generate the desired products (3j−−−−3l) in 42−−−−45% 
yields. When acetophenones with more electron-deficient groups 
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(CO2CH3 and CF3) reacted with propiophenone, no desired products 
were detected. Under the optimized conditions, 1-acetyl naphthalene 
gave the desired product (3m) in 60% yield. A slight steric effect 
was observed during the formation of 3b and 3f. A variety of 
propiophenones were also examined and the results were shown in 
Table 2. Propiophenones with an electron-rich (Me, MeO) or 
electron-deficient group (Cl) on the phenyl rings reacted with 4-

methylacetophenone and 4-fluoroacetophenone to give the desired 
products (3n−−−−3s) in 44−−−−59% yields. It should be noted that 
butyrophenone underwent the reaction with acetophenone to afford 
the corresponding products 3t in 53% yield. 

In order to gain insight into the mechanism, several control 
experiments were performed. When a radical scavenger (2,2,6,6-
tetramethylpiperidyl-1-oxyl, TEMPO, 1.0 equiv) was added to the 
system, the reaction was completely shut down. It indicated a radical 
pathway may be involved in the reaction. In the presence of 
CuI/HOAc/O2, the reaction of acetophenone (2a) generated 2-oxo-2-
phenylacetic acid (4a) in 32% yield (Scheme 2, Eq. 1), and 
propiophenone (1a) afforded α-iodo-propiophenone (5a) in 11% 
yield (Scheme 2, Eq. 2). The prepared 5a reacted with 4a in DMSO 
at 120 oC to afford 3a in 71% yield (Scheme 2, Eq. 3). 

In order to confirm the activity of α-ketoacids, the reaction of 2-
oxo-2-arylacetic acids (4) with propiophenones (1) was investigated, 
shown in Table 3. As anticipated, all of the corresponding 
compounds were obtained in good to excellent yields. Electron-
donating groups (Me, MeO, Et, acetal) or electron-withdrawing 
groups (F, Cl, Br, I) on benzyl rings of ketoacids gave the superior 
yields to the corresponding acetophenones (3a−−−−3l and 3n−−−−3s, Table 
3 vs Table 2). 2-(Naphthalen-1-yl)-2-oxoacetic acid reacted with 1a 

to generate the corresponding product 3m in 76% yield (Table 3). It 
is important to note that the reactions of 2-(furan-2-yl)-2-oxoacetic 
acid with 1-(4-methylphenyl)propan-1-one, 1-(4-
methoxyphenyl)propan-1-one and 1-(4-chlorophenyl)propan-1-one 
afforded the desired products (3u, 3v and 3w, Table 3) in 92, 90 and 
91% yields, respectively. However, no desired product was found for 
the reactions of 2-acetylfuran with propiophenone. 

Based on the previous reports and the above results, a possible 
reaction mechanism was proposed in Scheme 3. Initially, iodide 
anion was oxidized by molecular oxygen or CuI/O2 to iodine radical, 
which reacted with propiophenone (1a) to generate α-carbonyl 
radical I.4 The obtained I lost an electron in the presence of CuII 
from CuI/O2 to generate α-carbonyl cation II,4,22 which reacted with 
iodide ion to form intermediate 5a. On the other hand, acetophenone 
(2a) reacted with molecular iodine, which produced from the 
reaction of iodide anion and O2 or CuI/O2, to afford 2-iodo-1-
phenylethanone, as an intermediate III.22a The formed III was 
oxidized with DMSO to phenylglyoxal IV, and was further oxidized 
by O2 to intermediate 2-oxo-2-phenylacetic acid (4a).23 Finally, the 
reaction of 4a with II or 5a provided the desired product 3a. In order 
to further investigate the mechanism, the trapping of free radical 
intermediate with TEMPO by HPLC-HRMS probe was carried out. 
The coupling product of α-carbonyl radical I with TEMPO was 
confirmed by HRMS (ESI for detail). The good regioselectivity in 
the reaction is considered as the more stable of α-carbonyl radical I 

from propiophenone (1a) compared with the corresponding α-
carbonyl radical from acetophenone (2a). 

 

Scheme 2 The control experiments 

Table 3 The reaction of 2-oxo-2-arylacetic acids (4) with 
propiophenones (1)a 
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a Reaction conditions: 1 (0.375 mmol) and 4 (0.25 mmol), CuI (0.05 
mmol, 0.20 equiv), DMSO (0.30 mL), open flask at 120 oC for 12 h. b 
Isolated yields. 
 

 
Scheme 3 The proposed mechanism 

In summary, we have developed a novel and efficient CuI-
catalyzed direct α-ketoesterification of propiophenones with 
acetophenones via C(sp3)−H oxidative cross-coupling reactions. The 
reactions underwent smoothly in one-pot with good regioselectivity. 
The molecular oxygen is employed as an oxidant. Meanwhile, the 
desired products were obtained in superior yields from the reactions 
of propiophenones with 2-oxo-2-arylacetic acids, which were from 
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the oxidation of acetophenones. Further investigations on reaction 
mechanism are underway currently. 

This work was financially supported by the National Science 
Foundation of China (No. 21172092), and the Department of 
Education, Anhui Province (No. KJ2013A122). 

Notes and references 
a Department of Chemistry, Anhui Agricultural University, Hefei, Anhui 

230036, P R China; E-mail: zhxiuli@163.com 

Tel.:+86-551-6578-6791; Fax: +86-551-65786-121 
b Department of Chemistry, Huaibei Normal University, Huaibei, Anhui 

235000, P R China; E-mail: leiwang@chnu.edu.cn  
c State Key Laboratory of Organometallic Chemistry, Shanghai Institute of 

Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032, P R 

China  

† Electronic Supplementary Information (ESI) available: CCDC 

1035327. For ESI and crystallographic data in CIF or other electronic 

format see DOI: 10.1039/b000000x/ 

1. (a) H. Wang, L.-N. Guo and X.-H. Duan, Chem. Commun., 2013, 49, 
10370; (b) X. Wu, Q. Gao, S. Liu and A. Wu, Org. Lett., 2014, 16, 
2888; (c) Q. Gao, S. Liu, X. Wu and A. Wu, Org. Lett., 2014, 16, 
4582; (d) H. Huang, X. Ji, W. Wu, L. Huang and H. Jiang, J. Org. 

Chem., 2013, 78, 3774; (e) P. N. Liu, Z. Y. Zhou and C. P. Lau, 
Chem. −Eur. J., 2007, 13, 8610; (f) J. Ke, C. He, H. Liu, H. Xu and A. 
Lei, Chem. Commun., 2013, 49, 6767; (g) N. Chernyak, S. I. Gorelsky 
and V. Gevorgyan, Angew. Chem., Int. Ed., 2011, 50, 2342; (h) W.-H. 
Zheng, B.-H. Zheng, Y. Zhang and X.-L. Hou, J. Am. Chem. Soc., 
2007, 129, 7718; (i) B. M. Trost and L. R. Terrell, J. Am. Chem. Soc., 
2003, 125, 338; (j) H. Gao, Z. Zha, Z. Zhang, H. Ma and Z. Wang, 
Chem. Commun., 2014, 50, 5034; (k) M. P. DeMartino, K. Chen and 
P. S. Baran, J. Am. Chem. Soc., 2008, 130, 11546; (l) P. S. Baran and 
M. P. DeMartino, Angew. Chem., Int. Ed., 2006, 45, 7083; (m) G. Yin, 
B. Zhou, X. Meng, A. Wu and Y. Pan, Org. Lett., 2006, 8, 2245. 

2. (a) N. T. Patil and Y. Yamamoto, Tetrahedron Lett., 2004, 45, 3101; 
(b) R. Shibuya, L. Lin, Y. Nakahara, K. Mashima and T. Ohshima, 
Angew. Chem., Int. Ed., 2014, 53, 4377; (c) M. Rueping, B. J. 
Nachtsheim and A. Kuenkel, Org. Lett., 2007, 9, 825. 

3. (a) W.-T. Wei, R.-J. Song and J.-H. Li, Adv. Synth. Catal., 2014, 356, 
1703; (b) L. K. M. Chan, D. L. Poole, D. Shen, M. P. Healy and T. J. 
Donohoe, Angew. Chem., Int. Ed., 2014, 53, 761; (c) Y. Li, D. Xue, 
W. Lu, C. Wang, Z.-T. Liu and J. Xiao, Org. Lett., 2014, 16, 66; (d) 
C. S. Cho, B. T. Kim, T.-J. Kimb and S. C. Shim, Tetrahedron Lett., 
2002, 43, 7987; (e) R. Martínez, D. J. Ramón and M. Yus, 
Tetrahedron, 2006, 62, 8988; (f) K. Taguchi, H. Nakagawa, T. 
Hirabayashi, S. Sakaguchi and Y. Ishii, J. Am. Chem. Soc., 2004, 126, 
72. 

4. R. W. Evans, J. R. Zbieg, S. Zhu, W. Li and D. W. C. MacMillan, J. 

Am. Chem. Soc., 2013, 135, 16074. 
5. (a) Y. Zhu, F. Jia, M. Liu, L. Wu, Q. Cai, Y. Gao and A. Wu, Org. 

Lett., 2012, 14, 5378; (b) M. Henrion, M. J. Chetcuti and V. Ritleng, 
Chem. Commun., 2014, 50, 4624; (c) G. A. Grasa and T. J. Colacot, 
Org. Lett., 2007, 9, 5489; (d) A. Bugarin and B. T. Connell, Chem. 

Commun., 2011, 47, 7218; (e) C. Guo, R.-W. Wang, Y. Guo and F.-L. 
Qing, J. Fluorine Chem., 2012, 133, 86; (f) M. Kawatsura and J. F. 
Hartwig, J. Am. Chem. Soc., 1999, 121, 1473; (g) B. C. Hamann and 
J. F. Hartwig, J. Am. Chem. Soc., 1997, 119, 12382; (h) J. Åhman, J. 
P. Wolfe, M. V. Troutman, M. Palucki and S. L. Buchwald, J. Am. 

Chem. Soc., 1998, 120, 1918; (i) M. Palucki and S. L. Buchwald, J. 

Am. Chem. Soc., 1997, 119, 11108. 
6.  (a) T. Kitamura, S. Kuriki, M. H. Morshed and Y. Hori, Org. Lett., 

2011, 13, 2392; (b) Z. Chen, B. Zhou, H. Cai, W. Zhu and X. Zou, 
Green Chem., 2009, 11, 275; (c) G. K. S. Prakash, R. Ismail, J. 
Garcia, C. Panja, G. Rasul, T. Mathew and G. A. Olah, Tetrahedron 

Lett., 2011, 52, 1217; (d) G. Stavber, M. Zupan and S. Stavber, 
Synlett, 2009, 589; (e) A. Podgoršek, S. Stavber, M. Zupan and J. 
Iskra, Green Chem., 2007, 9, 1212; (f) G. Stavber, J. Iskra, M. Zupan 
and S. Stavber, Adv. Synth. Catal., 2008, 350, 2921. 

7. (a) Y.-F. Liang and N. Jiao, Angew. Chem., Int. Ed., 2014, 53, 548; 

(b) G. J. Chuang, W. Wang, E. Lee and T. Ritter, J. Am. Chem. Soc., 
2011, 133, 1760; (c) Y. Monguchi, T. Takahashi, Y. Iida, Y. Fujiwara, 
Y. Inagaki, T. Maegawa and H. Sajiki, Synlett, 2008, 2291; (d) H. 
Sakurai, I. Kamiya, H. Kitahara, H. Tsunoyama and T. Tsukuda, 
Synlett, 2009, 245. 

8. (a) A. H. A. Mohammed and G. Nagendrappa, Tetrahedron Lett., 

2003, 44, 2753; (b) V. N. Kozhevnikov, D. N. Kozhevnikov, O. V. 
Shabunina, V. L. Rusinov and O. N. Chupakhin, Tetrahedron Lett., 
2005, 46, 1791. 

9. P. Klahn, H. Erhardt, A. Kotthaus and S. F. Kirsch, Angew. Chem., 

Int. Ed., 2014, 53, 7913.  
10. Y. Wei, S. Lin and F. Liang, Org. Lett., 2012, 14, 4202. 
11. (a) K. Xu, Y. Fang, Z. Yan, Z. Zha and Z. Wang, Org. Lett., 2013, 15, 

2148; (b) A. Bugarin, K. D. Jones and B. T. Connell, Chem. 

Commun., 2010, 46, 1715; (c) M. Gao, Y. Yang, Y.-D. Wu, C. Deng, 
L.-P. Cao, X.-G. Meng and A.-X. Wu, Org. Lett., 2010, 12, 1856. 

12. (a) X. Zhang and L. Wang, Green Chem., 2012, 14, 2141; (b) M. 
Lamani and K. R. Prabhu, Chem.−Eur. J., 2012, 18, 14638 ; (c) W. 
Wei, Y. Shao, H. Hu, F. Zhang, C. Zhang, Y. Xu and X. Wan, J. Org. 

Chem., 2012, 77, 7157. 
13. (a) Q. Zhao, T. Miao, X. Zhang, W. Zhou and L. Wang, Org. Biomol. 

Chem., 2013, 11, 1867; (b) W-P Mai, H.-H. Wang, Z.-C. Li, J.-W. 
Yuan, Y.-M. Xiao, L.-R. Yang, P. Mao and L.-B. Qu, Chem. 

Commun., 2012, 48, 10117. 
14. P. A. Levine and A. Walti, Org. Synth. Coll., 1943, 2, 5.  
15. (a) M. E. Kuehne and T. C. Giacobbe, J. Org. Chem., 1968, 33, 3359; 

(b) J. C. Lee, Y. S. Jin and J.-H. Choi, Chem. Commun., 2001, 956; 
(c) D. J. Rawilson and G. Sosnovsky, Synthesis, 1973, 567; (d) J. D. 
Cocker, H. B. Henbest, G. H. Phillipps, G. P. Slater and D. A. 
Thomas, J. Chem. Soc., 1965, 6. 

16. For review, see: (a) R. D. Richardson and T. Wirth, Angew. Chem., 

Int. Ed., 2006, 45, 4402; For selected examples, see: (b) M. Ochiai, Y. 
Takeuchi, T. Katayama, T. Sueda and K. Miyamoto, J. Am. Chem. 

Soc., 2005, 127, 12244; (c) T. Dohi, A. Maruyama, M. Yoshimura, K. 
Morimoto, H. Tohma and Y. Kita, Angew. Chem., Int. Ed., 2005, 44, 
6193; (d) M. Uyanik, T. Yasui and K. Ishihara, Bioorg. Med. Chem. 

Lett., 2009, 19, 3848. 
17. J. Sheng, X. Li, M. Tang, B. Gao and G. Huang, Synthesis, 2007, 

1165. 
18. M. Uyanik, D. Suzuki, T. Yasui and K. Ishihara, Angew. Chem., Int. 

Ed., 2011, 50, 5331.  
19. S. Guo, J.-T. Yu, Q. Dai, H. Yang and J. Cheng, Chem. Commun., 

2014, 50, 6240. 
20. (a) Z. Shi, C. Zhang, C. Tang and N. Jiao, Chem. Soc. Rev., 2012, 41, 

3381; (b) T. Mallat and A. Baiker, Chem. Rev., 2004, 104, 3037;(c) T. 
Punniyamurthy, S. Velusamy and J. Iqbal, Chem. Rev., 2005, 105, 
2329; (d) K. Chen, P. Zhang, Y. Wang and H. Li, Green Chem., 2014, 
16, 2344. 

21. X-ray single crystal structure of 3a. 

 
22. (a) M. L. N. Rao and D. N. Jadhav, Tetrahedron Lett., 2006, 47, 6883; 

(b) X. Zhang, M. Wang, P. Li and L. Wang, Chem. Commun., 2014, 
50, 8006. 

23. Q. Gao, X. Wu, S. Liu and A. Wu, Org. Lett., 2014, 16, 1732. 

Page 4 of 4ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t


