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lo/t-Butylhydroperoxide (TBHP)-Mediated Oxo-amidation of
Alkenes with N,N-Dimethylformamide: A Facile Access to
Aryl-a-ketoamide Derivatives
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Abstract Difunctionalization of alkenes providing for the synthesis of aryl-a-ketoamide derivatives is developed by using
N,N-dimethylformamide (DMF) as the solvent and the source of dimethylamine. This procedure is catalyzed by I> and
t-butylhydroperoxide (TBHP) as oxidant. A wide range of aryl-a-ketoamide derivatives are generated in good yields.
Keywords oxo-amidation; alkenes; N,N-dimethylformamide; aryl-a-ketoamide

1 Introduction

a-Ketoamides are attractive in pharmacochemistry be-
cause they are characteristically present in a wide range of
bioactive molecules!!l. Moreover, they serve as valuable
synthetic intermediates in functional group transforma-
tions.!?! Plenty of the strategies for the synthesis of a-keto-
amides have been developed. Approaches for the synthesis
of a-ketoamides mainly involve direct condensation of
a-keto acids or a-keto acyl halides with amines,™ oxida-
tions of a-hydroxyamides and a-aminoamides, dimethyl
sulfoxide (DMSO)-mediated oxidative amidation of a-keto-
aldehydes,™ oxidative amidation of aryl methyl ketones,®!
t-butylhydroperoxide (TBHP)/I,-promoted reactions of
JB-diketones with amines,[” and others.®] Nevertheless,

* Corresponding authors. E-mail: lwb409@gdupt.edu.cn; zhangjt@gdupt.edu.cn

many of these methods suffer from complicated starting
materials, multiple-step processes, and harsh conditions.

Alkenes, as one of the most useful chemical feedstocks in
organic synthesis, possess the advantages of wide ubiquity,
simplicity, and cheap cost. The vicinal difunctionalization
of alkenes with two distinct functional groups in a single
operation has become an important area due to its applica-
bility to the pharmaceuticals, agrochemicals, and fine
chemicals industries.! This process could be carried out by
metal or metal-free catalysis, reducing waste generation and
purification activity, which often leads to a wide range of
functional products with structural diversity, thus contrib-
uting to step and atomic economy. Oxo-functionalization
such as oxo-halogenation, oxo-hydroxylation, oxo-nitroge-
nation, oxo-acyloxylation and oxo-amidation of alkenes is
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an ideal and convenient method in the synthesis of a-func-
tionalized carbonylderivatives.'” N,N-Dimethylforamide
(DMF) as a ubiquitous solvent, possesses the advantages of
wide ubiquity and low cost. Moreover, DMF has been
widely used as a functional reagent to introduce various
functional groups, such as CHO, O, CO, CON(CHzs),,
N(CHs),, CN, and H moieties in organic chemistry.['!]

In previous work, our group focused on the TBHP-
mediated difunctionalization of alkenes for the construction
of various complex difunctionalized molecules.'”) We have
also been investigating the function of DMF as an oxygen
source, or the surrogate of CHO, and dimethylamine in
organic chemistry.['3] Thus, as the continuation of our work,
we were interested in exploring the reaction of alkenes with
DMF for the synthesis of aryl-a-ketoamides. Herein, we
report an I,/TBHP-mediated oxo-amidation protocol for the
synthesis of aryl-a-ketoamides from aryl alkenes by using
DMEF as both the solvent and the source of dimethylamine
(Scheme 1).

Q|

0
SN ) TBHPIL, N
+ H I‘\l E— I

Scheme 1 Oxo-amidation protocol for the synthesis of aryl-a-
ketoamides from aryl alkenes and DMF

2 Results and discussion

Our study commenced with the reaction of styrene (1a),
TBHP (4 equiv.) and Na,COj; (1 equiv.) in the presence of
iodine (0.1 equiv.) and DMF at 70 C. As expected, the
reaction afforded the desired product 2a in 75% yield (Table
1, Entry 1). A series of base additives, including organic
and inorganic ones, were investigated (Entries 1~5). Based
on the in hand data, Na,COs was identified as amongst the
best additive (Entry 1). In this approach, DMF was essen-
tial to the success formation of the product 2a. To illustrate
the role of DMF, a control experiment was carried out.
Styrene (1a) reacted with 3 equiv. of DMF in the solvent of
dioxane under the catalysis of TBHP/I,, the main product
2a could be observed with the yield of 30% (Entry 6). It
illustrated that DMF was not only used as the reactant but
also as the solvent. Furthermore, we observed a remarkable
increase in the product yield with favourable yield of 88%
when the amount of TBHP was increased to 6 equiv. (Entry
7).

With the optimized conditions in hand, the scope of the
substrates was subsequently examined (Table 2). A variety
of aryl olefins with substituents involving electron-donating
and electron-withdrawing groups proceeded smoothly to
give the desired products in moderate to good yields (2b~
2q). It should be noted that group with proper electron ab-
sorption ability on the phenyl ring could facilitate the reac-
tion (2g vs. 2h). In addition, the position of substituent on
the phenyl ring (2i, 2k, 21) and the steric hindrance of the
substituents (2¢, 2d) had no substantial effect on the reac-
tion yields.

Based on our previous work and the reports from the li-
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Table 1 Optimization of reaction conditions®

2
©/\ TBHP/I, LN
Base, DMF
! (0]
1a 70°C 2a
Entry Peroxide (equiv.) Base Solvent  Yield®/%
1 TBHP (4.0) NaxCOs DMF 75
2 TBHP (4.0) NaHCO;  DMF 72
3 TBHP (4.0) -BuOK DMF 70
4 TBHP (4.0) EtN DMF 58
5 TBHP (4.0) DBU DMF 45
6° TBHP (4.0) NaCOs3 Dioxane 30
7 TBHP (6.0) Na;CO3  DMF 88

@ Reaction conditions: 1a (0.5 mmol), I, (0.1 equiv.), TBHP (4.0 equiv.),
Na,COs (1.0 equiv.), solvent (2.0 mL), 70 ‘C for 24 h; * GC yield; DMF (3
equiv.).

Table 2 Substrate scope for the synthesis of aryl-a-ketoamide
derivatives®?

_TBHPA,
‘/\ “Na,CO,, DMF
70°C
2a: 82% 2b: 78% 2c: 77%
2d: 76% 2e: 77% 2f: 72%
(6] ‘ O ‘ (6] ‘
/@)‘\"/N\ /@)\’(N\ /@)‘\"/N\
(0] (0] O
~o F cl
29g: 68% 2h: 84% 2i:83%
@) ‘ Cl O ‘
(6]
Br o
2j: 78% 2k: 80% 82%
(0] ‘ 0
F oo O Q /
N
ol g\
2m: 85% 2n: 70%
9 T K
O Fc ° N ©
20: 72% 2p: 82% 2q: 80%

© 2022 Chinese Chemical Society & SIOC, CAS

@ All of these reactions were carried out on a 2.0 mmol scale using DMF (2.0
mL) as a solvent. ?Isolated yields.

terature, a plausible mechanism for the current oxo-ami-
dation reaction was proposed as shown in Scheme 2. Ini-
tially, a hydroxyl radical and a z-butoxy radical A were

http://sioc-journal.cn/ 1439
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generated from a homolytic cleavage of TBHP under
heat.!'"¥ The #-butoxy radical reacted with another molecule
of TBHP to provide +-BuOO" (C).['>! Then, the hydroxy
radical attacked on styrene to give intermediate E, which
underwent further oxidation and iodination in presence of
I,/TBHP to give species F.[’! In order to prove the existence
of intermediate F, a control experiment was carried out.
Intermediate F as the raw material, the reaction was con-
ducted with TBHP in DMF, product 2a was observed with
excellent yield of 97% (Scheme 3). Then, intermediate F
reacted with dimethylamine, which was generated in situ
from N,N-dimethylformamide!'®], to generate intermediate
G. Intermediate G combined with ~BuOO" to afford the
tert-butyl peroxide intermediate H,!'> and finally followed
by a Kornblum-DeL.aMare rearrangement!'” to give 2a in
the presence of Na,COs.

‘BuOOH Bu0® + °"OH
A B
. TBHP . ;
Bu0® =———= BuOO" + 'BuOH
A c D
OH o}
OH TBHP, I,
Ph X Ph/K- Ph)K/I
1a E HI F
cO
DMF N
‘Bu0OO® N
I
Ph Ph/LK/N\ Ph >
o}
E HO g H OfBu
Q|
N62CO3 N
Ph ~
o}
2a

Scheme 2 Possible mechanism for the synthesis of 2a

(0] o) ‘
| TBHP N
NazCO3, DMF
F 70°C 0o

2a

Scheme 3 Control experiment of intermediate F with TBHP in
DMF

3 Conclusions

In conclusion, we have developed a convenient one-pot
protocol for the construction of a series of aryl-a-ketoamide
via oxo-amidation of aryl alkenes. This transformation
catalyzed by I, and oxidized by TBHP in DMF, which
works not only as the solvent but also as the source of di-
methylamine. The protocol permits the use of simple start-
ing materials, mild reaction conditions, and wide substrate
scopes and also offers operational simplicity. Further in-
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vestigations into the oxo-amidation of aryl alkenes are
currently underway in our laboratory.

4 Experimental section

4.1 General experimental information

All the reactions were carried out at room temperature
for 24 h in a round-bottom flask equipped with a magnetic
stir bar. Unless otherwise stated, all reagents and solvents
were purchased from commercial suppliers and used
without further purification. "H NMR and '*C NMR spec-
tra were recorded on a Bruker model Bruker AV-400 spec-
trometer in solutions of CDCl; using tetramethylsilane as
the internal standard.

4.2 General procedure for the synthesis of aryl-a-
ketoamide

A mixture of styrene (1a, 208 mg, 2.0 mmol), I (51 mg,
0.2 mmol), TBHP (1.5 g, 12.0 mmol, 70% in water), and
DMF (2.0 mL) was added successively in a round-bottom
flask, and the resulting solution was stirred for 24 h at
70 C. The mixture was purified by column chromatog-
raphy on silica gel to afford product 2a with ether/ethyl
acetate (V' © V=2 [ 1) as the eluent.

N,N-Dimethyl-2-0x0-2-phenylacetamide (2a):['¥! 82%
yield. '"H NMR (CDCl;, 400 MHz) &: 7.91 (d, J=8.0 Hz,
2H), 59 (t, J/=8.0 Hz, 1H), 7.48 (t, J/=8.0 Hz, 2H), 3.08 (s,
3H), 2.92 (s, 3H); *C NMR (CDCIl;, 100 MHz) 6: 191.8,
167.0, 134.7, 133.0, 129.6, 129.0, 37.0, 33.9.

N,N-Dimethyl-2-0x0-2-p-tolylacetamide  (2b):['*! 78%
yield. '"H NMR (400 MHz, CDCl;) &: 7.84 (d, J=7.6 Hz,
2H), 7.31 (d, J=8.0 Hz, 2H), 3.09 (s, 3H), 2.92 (s, 3H), 2.44
(s, 3H); 3C NMR (100 MHz, CDCl;) 6: 191.1, 167.4, 146.2,
131.3,130.5, 129.8, 129.7, 37.1, 34.0, 21.7.

N,N-Dimethyl-2-(2,4-dimethylphenyl)-2-oxoacetamide
(2¢):1"177% yield. "H NMR (400 MHz, CDCl;) é: 7.62 (d,
J=28.0 Hz, 1H), 7.15 (d, J/=7.6 Hz, 2H), 3.11 (s, 3H), 2.93
(s, 3H), 2.66 (s, 3H), 2.36 (s, 3H); '3C NMR (100 MHz,
CDCls) d: 192.8, 168.1, 144.8, 141.6, 133.4, 133.0, 128.9,
126.9,37.1,33.9,21.9, 21.7.

N,N-Dimethyl-2-(2,5-dimethylphenyl)-2-oxoacetamide
(2d):% 76% yield. 'H NMR (CDCls, 400 MHz) 6: 7.43 (s,
1H), 7.28 (d, J=8.0 Hz, 1H), 7.18 (d, J/=8.0 Hz, 1H), 3.11
(s, 3H), 2.97 (s, 3H), 2.60 (s, 3H), 2.35 (s, 3H); '*C NMR
(CDCls, 100 MHz) o: 193.8, 167.9, 138.3, 135.8, 134.5,
132.9,132.4, 131.3, 37.0, 34.0, 21.2, 20.7.

2-(4-tert-Butylphenyl)-N,N-dimethyl-2-oxoacetamide
(2€):211 77% yield. '"H NMR (CDCls, 400 MHz) 6: 7.84 (d,
J=28.0 Hz, 2H), 7.49 (d, /=8.0 Hz, 2H), 3.07 (s, 3H), 2.92
(s, 3H), 1.30 (s, 9H); '*C NMR (CDCl;, 100 MHz) J: 191.5,
167.2,158.8, 130.4, 129.6, 126.0, 37.0, 35.3, 33.9, 30.9.

2-(4-(Chloromethyl)phenyl)-N,N-dimethyl-2-oxoacet-
amide (2f): 72% yield. '"H NMR (CDCl;, 400 MHz) 6: 7.94
(d, J/=8.0 Hz, 2H), 7.53 (d, /=38.0 Hz, 2H), 4.62 (s, 2H),
3.11 (s, 3H), 2.95 (s, 3H); '3C NMR (CDCls, 100 MHz) &:
191.0, 166.7, 144.1, 132.8, 130.0, 129.0, 45.1, 37.0, 34.0.

2-(4-Methoxyphenyl)-N,N-dimethyl-2-oxoacetamide

Chin. J. Org. Chem. 2022, 42, 1438~1442
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(22):"8 68% yield. '"H NMR (CDCls, 400 MHz) 6: 7.90 (d,
J=8.0 Hz, 2H), 6.96 (d, /=8.0 Hz, 2H), 3.88 (s, 3H), 3.09
(s, 3H), 2.94 (s, 3H); '3*C NMR (CDCl;, 100 MHz) §: 190.4,
167.3,164.8, 132.1, 126.1, 114.3, 55.6, 37.1, 33.9.
2-(4-Fluorophenyl)-N,N-dimethyl-2-oxoacetamide
(2h):21184% yield. "H NMR (CDCls, 400 MHz) J: 7.97 (dd,
J=5.6, 8.4 Hz, 2H), 7.16 (t, J=8.4 Hz, 2H), 3.09 (s, 3H),
2.94 (s, 3H); *C NMR (CDCl;, 100 MHz) §: 190.2, 165.6
(d, 'Jc.r=224.0 Hz), 166.6, 132.5(d, 3Jc.r=40.0 Hz), 129.5
(d, Ycr=12.0 Hz), 116.3 (d, 2Jc.r=288.4 Hz), 37.0, 34.0.
2-(4-Chlorophenyl)-N,N-dimethyl-2-oxoacetamide
(2i) :[1183% yield. "H NMR (CDCl;, 400 MHz) é: 7.88 (d,
J=8.4 Hz, 2H), 7.47 (d, J=8.4 Hz, 2H), 3.10 (s, 3H), 2.95
(s, 3H); 3C NMR (CDCl;, 100 MHz) 6: 190.3, 166.4, 141.3,
131.4,131.0, 129.3, 37.0, 34.0.
2-(4-Bromophenyl)-N,N-dimethyl-2-oxoacetamide
(2)):21178% yield. 'H NMR (CDCls, 400 MHz) §: 7.79 (d,
J=8.0 Hz, 2H), 7.63 (d, /=8.0 Hz, 2H), 3.09 (s, 3H), 2.93
(s, 3H); 3C NMR (CDCl;, 100 MHz) §: 190.5, 166.4, 138.3,
132.3, 131.0, 130.1, 37.0, 34.0.
2-(2-Chlorophenyl)-N,N-dimethyl-2-oxoacetamide
(2k):21180% yield. 'H NMR (CDCls, 400 MHz) J: 7.84 (d,
J=17.6 Hz, 1H), 7.49 (t, J/=8.0 Hz, 1H), 7.42~7.36 (m,
2H), 3.06 (s, 6H); *C NMR (CDCls, 100 MHz) 4: 190.1,
166.9, 134.3, 133.7, 133.3, 132.2, 130.7, 127.3, 37.0, 34.5.
2-(3-Chlorophenyl)-N,N-dimethyl-2-oxoacetamide
(21):1'8182% yield. 'H NMR (CDCls, 400 MHz) J: 7.92 (s,
1H), 7.82 (d, J=7.6 Hz, 1H), 7.59 (d, /=8.0 Hz, 1H), 7.43
(t, J=8.0 Hz, 1H), 3.12 (s, 3H), 2.96 (s, 3H); '3C NMR
(CDCl3, 100 MHz) 4: 190.1, 166.2, 135.3, 134.7, 134.6,
130.3, 129.4, 127.8, 37.0, 34.1.
2-(3-Fluorophenyl)-N,N-dimethyl-2-oxoacetamide
(2m):?2185% yield. "H NMR (CDCl;, 400 MHz) §: 7.69 (d,
J=8.0 Hz, 1H), 7.62 (d, /=8.8 Hz, 1H), 7.50~7.45 (m,
1H), 7.33~7.29 (m, 1H), 3.09 (s, 3H), 2.94 (s, 3H); °C
NMR (CDCl;, 100 MHz) d: 190.2, 165.6 (d, 'Jcr=228.0
Hz), 161.6, 130.7 (d, *Jc.r=28 Hz), 130.7 (d, $Jcr=32.0
Hz), 125.6 (d, *Jc.r=12.0 Hz), 121.8 (d, 2Jc.r=286.0 Hz),
115.8 (d, 2Jcr=92.0 Hz), 36.9, 34.9.
2-(4-Phenylphenyl)-N,N-dimethyl-2-oxoacetamide
(2n):3170% yield. '"H NMR (CDCls, 400 MHz) : 8.02 (d,
J=8.0 Hz, 2H), 7.73 (d, /=8.0 Hz, 2H), 7.62 (d, J=28.0
Hz, 2H), 7.49~7.41 (m, 3H), 3.15 (s, 3H), 3.00 (s, 3H); *C
NMR (CDCl;, 100 MHz) ¢: 191.4, 167.0, 147.5, 139.5,
131.8, 130.2, 129.0, 128.5, 127.6, 127.3, 37.1, 34.0.
2-(3-Methoxyphenyl)-N,N-dimethyl-2-oxoacetamide
(20):18172% yield. '"H NMR (CDCls, 400 MHz) &: 7.41 (s,
1H), 7.40 (d, /=8.4 Hz, 1H), 7.33 (t, J=8.0 Hz, 2H), 7.11
(d, J=8.4 Hz, 1H), 3.72 (s, 3H), 3.03 (s, 3H), 2.87 (s, 3 H);
13C NMR (CDCls, 100 MHz) 6: 191.6, 166.9, 160.0, 134.2,
130.0, 122.6, 121.4, 112.8, 55.4, 36.9, 33.8.
N,N-Dimethyl-2-oxo0-2-(4-(trifluoromethyl)phenyl)ace-
tamide (2p):*°! 82% yield. '"H NMR (400 MHz, CDCI;) d:
7.69 (d, J=8.1 Hz, 1H), 7.54 (d, /=8.0 Hz, 1H), 3.14 (s,
2H), 2.98 (s, 2H); *C NMR (101 MHz, CDCls) é: 170.14,
139.88, 131.93, 131.64, 131.31, 131.00, 127.39, 125.54,
125.50, 125.46, 125.43, 125.10, 122.39, 39.40, 35.32.
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2-(4-Cyanophenyl)-N,N-dimethyl-2-oxoacetamide
(2q):* 80% yield. '"H NMR (400 MHz, CDCl3) 6: 7.69 (d,
J=8.1 Hz, 1H), 7.54 (d, J=8.0 Hz, 1H), 3.14 (s, 2H), 2.98
(s, 2H); '3C NMR (101 MHz, CDCl;) J: 169.53, 140.67,
132.35,127.75, 118.17, 113.35, 39.36, 35.36.

Supporting Information The 'H NMR and 3C NMR
spectra of all products. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn.

References

[1] (a) Fusetani, N.; Matsunaga, S.; Matsumoto, H.; Takebayashi, Y. J.
Am. Chem. Soc. 1990, 112, 7053.
(b) Hagihara, M.; Schreiber, S. L. J. Am. Chem. Soc. 1992, 114,
6570.
(c) Li, Z.; Ortega-Vilain, A.-C.; Patil, G. S.; Chu, D.-L.; Foreman, J.
E.; Eveleth, D. D.; Powers, J. C. J. Med. Chem. 1996, 39, 4089.
(d) Muldoon, J.; Brown, S. N. Org. Lett. 2002, 4, 1043.
(e) Arasappan, A.; Bennett, F.; Bogen, S. L.; Venkatraman, S.;
Blackman, M.; Chen, K. X.; Hendrata, S.; Huang, Y.; Huelgas, R.
M.; Nair, L. ACS Med. Chem. Lett. 2010, 1, 64.
(f) Stein, M. L.; Cui, H.; Beck, P.; Dubiella, C.; Voss, C.; Kriiger,
A.; Schmidt, B.; Groll, M. Angew. Chem., Int. Ed. 2014, 53, 1679.

[2] (a) Ayitou, A. J.-L.; Jesuraj, J. L.; Barooah, N.; Ugrinov, A.;
Sivaguru, J. J. Am. Chem. Soc. 2009, 131, 11314.
(b) Ishida, N.; Necas, D.; Masuda, Y.; Murakami, M. Angew.
Chem., Int. Ed. 2015, 54, 7418.
(c) Witzig, R. M.; Lotter, D.; Fiseke, V. C.; Sparr, C. Chem.-Eur. J.
2017, 23, 12960.
(d) Gu, G; Yang, T.; Yu, O.; Qian, H.; Wang, J.; Wen, J.; Dang, L.;
Zhang, X. Org. Lett. 2017, 19, 5920.
(e) Zhang, Z.; Zheng, D.; Wan, Y.; Zhang, G; Bi, J.; Liu, Q.; Liu,
T.; Shi, L. J. Org. Chem. 2018, 83, 1369.

[3] (a) Li, D. K.; Wang, M.; Liu, J.; Zhao, Q.; Wang, L. Chem.
Commun. 2013, 49, 3640.
(b) Wang, H.; Guo, L. N.; Duan, X. H. Org. Biomol. Chem. 2013,
11,4573.
(c) Singh, R. P.; Shreeve, J. M. J. Org. Chem. 2003, 68, 6063.

[4] (a) Semple, J. E.; Owens, T. D.; Nguyen, K.; Levy, O. E. Org. Lett.
2000, 2, 2769.
(b) Yang, Z.; Zhang, Z.; Meanwell, N. A.; Kadow, J. F.; Wang, T.
Org. Lett. 2002, 4, 1103.

[5] Mupparapu, N.; Khan, S.; Battula, S.; Kushwaha, M.; Gupta, A. P.;
Ahmed, Q. N.; Vishwakarma, R. A. Org. Lett. 2014, 16, 1152.

[6] Sharma, R. K.; Sharma, S.; Gaba, G.; Dutta, S. J. Mater. Sci. 2016,

51,2121.

[7] Zhang, X. B.; Wang, M.; Zhang Y. C.; Wang, L. RSC Adv. 2013, 3,
1311.

[8] (a) Shao, J.; Huang, X.; Wang, S.; Liu, B.; Xu, B. Tetrahedron
2012, 68, 573.

(b) Li, D.; Wang, M.; Liu, J.; Zhao, Q.; Wang, L. Chem. Commun.
2013, 49, 3640.
(c) Zhang, Z.; Su, J.; Zha ,Z.; Wang, Z. Chem. Commun. 2013, 49,
8982.
(d) Guin, S. S.; Rout, K.; Gogoi, A.; Ali, W.; Patel, B. K. Adv.
Synth. Catal. 2014, 356, 2559.
(e) Wan, J.-P,; Lin, Y.; Cao, X.; Liu, Y.; Wei, L. Chem. Commun.
2016, 52, 1270.
[91 (a) McDonald, R. L; Liu, G.; Stahl, S. S. Chem. Rev. 2011, 111,

2981.
(b) Chemler, S. R.; Bovino, M. T. ACS Catal. 2013, 3, 1076.

[10] (a) Villar, A.; Hoevelmann, C. H.; Nieger, M.; Muniz, K. Chem.
Commun. 2005, 26, 3304.
(b) Moorthy, J. N.; Senapati, K.; Singhal, N. Tetrahedron Lett.

http://sioc-journal.cn/ 1441



BIKE

MRILX

[11]

[12]

[13]

1442

2009, 50, 2493.

(c) Reddi, R. N.; Malekar, P. V.; Sudalai, A. Org. Biomol. Chem.
2013, /1, 6477.

(d) Reddi, R. N.; Prasad, P. K.; Sudalai, A. Org. Lett. 2014, 16,
5674.

(a) Muzart, J. Tetrahedron 2009, 65, 8313.

(b) Ding, S.; Jiao, N. Angew. Chem., Int. Ed. 2012, 51, 9226.

(c) Mai, W. P; Wang, H. H.; Li, Z. C.; Yuan, J. W.; Xiao, Y. M;
Yang, L. R.; Mao, P;; Qu, L. B. Chem. Commun. 2012, 48, 10117.
(d) Zhao, Q.; Miao, T.; Zhang, X.; Zhou, W.; Wang, L. Org. Biomol.
Chem. 2013, 11, 1867.

(a) Zhang, J.; Xiao, D.; Tan, H.; Liu, W. J. Org. Chem. 2020, 85,
3929.

(b) Chen, C.; Li, Y.; Pan, Y.; Duan, L.; Liu, W. Org. Chem. Front.
2019, 6, 2032.

(c) Liu, W.; Chen, C.; Zhou, P.; Tan, H. Org. Lett. 2017, 19, 5830.
(d) Chen, C.; Liu, W.; Zhou, P.; Liu, H. RSC Adv. 2017, 7, 20394.
(e) Chen, C.; Tan, H.; Liu, B.; Yue, C.; Liu, W. Org. Chem. Front.
2018, 5, 3143.

(a) Chen, C.; Tan, L. Q.; Zhou, P. J. Saudi. Chem. Soc. 2015, 19,
327.

(b) Liu, W. B.; Chen, C.; Liu, H. L. Beilstein J. Org. Chem. 2015,
11,1721.

(¢) Liu, W.; Xu, S.; Chen, C.; Zhu, Z. ChemistrySelect 2016, 3, 612.
Tan, J. J.; Zheng, T. Y.; Yu, Y. Q.; Xu, K. RSC 4dv. 2017, 7, 15176.
(a) Deshidi, R.; Devari, S.; Shah, B. A. Eur. J. Org. Chem. 2015,
1428.

http://sioc-journal.cn/

[16]

[17]

(18]
[19]

[20]
[21]

[22]
[23]

[24]

© 2022 Chinese Chemical Society & SIOC, CAS

(b) Nakayama, H.; Itoh, A. Tetrahedron Lett. 2007, 48, 1131.

(c) Evans, R. D. J.; Schauble, H. Synthesis 1986, 727.

(a) Zhao, Q.; Miao, T.; Zhang, X.; Zhou, W.; Wang, L. Org. Biomol.
Chem. 2013, 11, 1867.

(b) Zhou, M. X.; Song, Q. L. Synthesis 2014, 1853.

(a) Wu, C. S;; Liu, R. X.; Ma, D. Y.; Luo, C. P; Yang, L. Org. Lett.
2019, 21, 6117.

(b) Ling, J.; Zhang, J.; Zhao, Y.; Xu, Y.; Wang, H.; Lv, Y.; Ji, M.;
Ma, L.; Ma, M.; Wan, X. Org. Biomol. Chem. 2016, 14, 5310.

(c) Zhang, J.; Jiang, J.; Xu, D.; Luo, Q.; Wang, H.; Chen, J.; Li, H.;
Wang, Y.; Wan, X. Angew. Chem., Int. Ed. 2015, 54, 1231.

(d) Zhang, F.; Du, P.; Chen, J.; Wang, H.; Luo, Q.; Wan, X. Org.
Lett. 2014, 16, 1932.

Fan, W. Z.; Shi, D. Y.; Feng, B. N. Tetrahedron Lett. 2015, 56,
4638.

Mai, W. P.; Wang, H. H.; Li, Z. C.; Yuan, J. W.; Xiao, Y. M.; Yang,
L. R.; Mao, P.; Qu, L. B. Chem. Commun. 2012, 48, 10117.

Liu, F.; Cui, Y.; Dong, Y.; Xu, H. Synlett 2020, 31, 1011.

Zhao, Q.; Miao, T.; Zhang, X.; Zhou, W.; Wang, L. Org. Biomol.
Chem. 2013, 11, 1867.

Urban, B.; Nagy, E.; Nagy, P.; Papp, M. Skoda-Foldes, R. J. Or-
ganomet. Chem. 2020, 918, 121287.

Klaus, B; Manfred, H.; Jens, W.; Petra, E.; Dieter, S.; Heinrich, L.
Chem. Commun. 2010, 46, 4058.

Laha, J. K.; Patel, K. V.; Satyanarayana Tummalapalli, K. S.; Hun-
jan, M. K. ACS Omega 2018, 3, 8787.

(Lu, Y.)

Chin. J. Org. Chem. 2022, 42, 1438~1442




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


