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The Ru(II)-catalyzed amidation reactions of 8-methylquinolines with azides have been developed. It 
is the first example of [(p-cymene)RuCl2]2-catalyzed C(sp3)−H bond intermolecular amidation 
reaction which give quinolin-8-ylmethanamines under mild reaction conditions in good yields. 

Nitrogen widely exists in natural products, bioactive 
compounds and materials.1 In the context of synthesis of the 10 

compounds with nitrogen atom, much attention has been paid to 
the exploration of efficient and selective C–N bond forming 
procedures. In the last decade, with the development of 
transition-metal catalysis, great efforts have been made to 
construct C–N bond via transition-metal catalyzed direct C–H 15 

amination as it alleviates the need for prefunctionalization and is 
environmental friendly. A variety of transition-metals,2 such as 
palladium,3 rhodium,4 iridium,5 and ruthenium6−8 have been used 
to catalyze this kind of reactions. During the last decade, 
following the pioneering works of Oi and Inoue, Ackermann, 20 

Darses and Genet, Maseras and Dixneuf, and Li,9 easy to prepare 
[(arene)RuCl2]2 catalysts became one of the most hot catalysts in 
C−H bond functionalizations.10 Despite many significant 
achievements include C−C, C−O, and C−X (X = halogen) bond 
formation have been made, there are only a few works focused on 25 

[(p-cymene)RuCl2]2-catalyzed direct C–H amination reactions.6−8 
Sahoo, Chang, Jiao, and Ackermann et al have reported some 
important [(p-cymene)RuCl2]2-catalyzed C−H/C−N coupling 
reactions, in which azides were used as N atom sources for no 
oxidant would be required and the only byproduct would be 30 

environmentally benign N2 (Scheme 1).7 However, all the 
reported examples are limited to C(sp2)–H bond activation. To 
the best of our knowledge, there no C−H amination reaction via 
C(sp3)−H bond activation catalyzed by [(p-cymene)RuCl2]2 has 
been reported up to now. Herein we report the first [(p-35 

cymene)RuCl2]2-catalyzed C(sp3)−H amidation reaction of 8-
methylquinolines with azides (Scheme 1). 

8-Methylquinolines have been proved to have good 
cyclometallation ability,11 many transition-metal catalyzed 
C(sp3)−H bond activation of 8-methylquinoline has been 40 

reported.12 But most of these reactions are catalyzed by palladium, 
little work catalyzed by other metals was reported, and even no 
report on the use of Ru(II). Our group is continuously interested 
in Ru(II)-catalyzed C−H bond activation.13 Meanwhile, we also 
developed Rh(III)-catalyzed alkenylation and amidation reactions 45 

of 8-methylquinolines.12u,v Ruthenium is not only much cheaper 
than rhodium, but also often shows different reactivities from 
rhodium.6,10 In this work we have achieved the Ru(II)-catalyzed 

C(sp3)−N bond formation reactions of 8-methylquinolines, and 
higher reactivity and broader substrate scope than the rhodium 50 

catalyst were observed. 
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Scheme 1. [(p-Cymene)RuCl2]2-catalyzed C−H bond amidation reactions 
using azides as N atom sources. 

At the outset of our study, 8-methylquinoline (1a) was chosen 55 

as the model substrate. As shown in Table 1, by treating 1a (0.3 
mmol) with 4-(trifluoromethyl)benzenesulfonylazide (2a) (0.6 
mmol) in the presence of [(p-cymene)RuCl2]2 (0.015 mmol, 5 
mol %) and AgSbF6 (0.06 mmol) in DCE (2 mL) at 80 °C for 12 
h, no desired product was detected (entry 1). Catalytic amount of 60 

acetate additive always provided a dramatic improvement 
inreaction efficiency.5d,7a−c Thus various acetate ions were 
screened (entries 3−6), among which Zn(OAc)2

.2H2O was most 
efficient in leading to good product yield (entry 5). Other solvents 
were tested in this system giving deficient or negative results 65 

(entries 7−9). Raising the reaction temperature was not effective 
in increasing the product yield (entry 10). The less amount of 
Zn(OAc)2

.2H2O (25 mol%) yielded a poor amount of 3aa (entry 
11). By changing the ratio of 1a:2a, we were pleased to observe 
that higher yield was obtained with two equivalents of 1a being 70 

used (entries 16−18). Finally, we chose the reaction condition of 
entry 18 as the standard conditions. 

With the optimal reaction conditions in hand, various 
substituted 8-methylquinolines (1a−p) were treated with an azide 
(2a) and the corresponding C(sp3)-amidated products (3aa−na)  75 
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Table 1 Optimization of Reaction Conditionsa 

N
Ar SO2N3

[(p-cymene)RuCl2]2

solvent, temp
N

HN S

O

O

Ar

1a 2a 3aa

AgSbF6

additive

H

Ar = 4-CF3C6H4  
Entry Additive (50%) Solvent 1a:2a Yield (%) 

1 no additive DCE 1:1 n.r. 
2 no [Ag] and additive DCE 1:1 n.r. 
3 AgOAc DCE 1:1 16 
4 Cu(OAc)2⋅H2O DCE 1:1 16 
5 Zn(OAc)2⋅2H2O DCE 1:1 51 
6 Zn(CF3SO3)2 DCE 1:1 n.r. 
7 Zn(OAc)2⋅2H2O CH2Cl2 1:1 22 
8 Zn(OAc)2⋅2H2O THF 1:1 23 

9 Zn(OAc)2⋅2H2O 
t-
AmOH 

1:1 n.r. 

10b Zn(OAc)2⋅2H2O DCE 1:1 44 
11 Zn(OAc)2⋅2H2O 25% DCE 1:1 40 
12 Zn(OAc)2⋅2H2O 75% DCE 1:1 49 
13c Zn(OAc)2⋅2H2O DCE 1:1 44 
14d Zn(OAc)2⋅2H2O DCE 1:1 46 
15e Zn(OAc)2⋅2H2O DCE 1:1 51 
16 Zn(OAc)2⋅2H2O DCE 1:2 41 
17 Zn(OAc)2⋅2H2O DCE 1.5:1 59 
18 Zn(OAc)2⋅2H2O DCE 2:1 61 
19 Zn(OAc)2⋅2H2O DCE 3:1 61 

aConditions: 1a or 2a (0.3 mmol), [(p-cymene)RuCl2]2 5 mol %, 

AgSbF6 20 mol %, additive 50 mol %, solvent 2 mL, at 80 °C for 12 h, 

under Ar, isolated yield. bTemp 120 °C. c6 h. d24 h. eSolvent 3 mL. 

 
were obtained in moderate to good yields (Table 2). When 5-
substituted or 7-substituted substrates reacted with 2a, higher 5 

yields were obtained with electron-withdrawing groups (3ea, 3ka, 
and 3na) than that with electron-donating groups (3ba and 3la). 
When the substituent groups were located at the 6-position, the 
electronic effect is not obvious. Both of electron-rich and 
electron-deficient substrates (1f−j) gave moderate to good yields 10 

(55−82%). It is noteworthy that 6-OMe substrate (1g) and 7-OMe 
substrate (1l) with strong electron-rich group both can give the 
desired products which are not effective in the Rh(III) system.12v 
The effect of steric hindrance was also investigated. When 8-
methylquinoline was replaced by 8-ethylquinoline (1o) or 15 

quinolin-8-ylmethyl acetate (1p), no product was detected 
probably due to the steric effect of the substrate. 

In addition to 2a, different sulfonyl azides were also tested 
under the standard reaction conditions (Table 3). All the para-, 
ortho-, and meta-substituted arenesulfonylazide substrates with 20 

electron-withdrawing groups provided good yields (3ea, 3ee, 3ef, 
and 3eg). Compared with the substrates of 8-methylquinolines, 
azides bearing electron-donating groups also afforded the 
corresponding products in high yields (3eb and 3ec). Besides the 
arenesulfonylazides, aliphatic sulfonyl azides (2h and 2i) were 25 

also viable to give the desired products in moderate to good 
yields. 

To gain more insight to the mechanism of this reaction, KIE 
(kinetic isotope effect) experiments were performed in two 
independent reactions (Scheme 2). The KIE was found to be 30 

kH/kD = 1.9, indicated that the cleavage of the methyl C−H bond 
may be involved in the rate-determining step. 

Table 2 Substrate Scope of 8-Methylquinolinesa 

 

aConditions: 1 (0.6 mmol), 2a (0.3 mmol), [(p-cymene)RuCl2]2 5 mol %, 

AgSbF6 20 mol %, Zn(OAc)2⋅2H2O 50 mol %, DCE 2 mL, at 80 °C for 12 
h, under Ar, isolated yield. 

 35 

Table 3 Sulfonyl Azide Scope a 

 

 
aConditions: 1e (0.6 mmol), 2 (0.3 mmol), [(p-cymene)RuCl2]2 5 mol %, 

AgSbF6 20 mol %, Zn(OAc)2⋅2H2O 50 mol %, DCE 2 mL, at 80 °C for 12 
h, under Ar, isolated yield. 

 
Based on the known Ru(II)-catalyzed C(sp2)−H bond 

amidation reactions,7 a possible mechanism is proposed for the 40 

present catalytic reaction (Scheme 3). The first step is likely to be 
a C(sp3)−H activation process affording a five-membered  
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kH/kD = 1.9 (1H NMR)
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Scheme 2. The KIE experiments. 
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Scheme 3. Proposed mechanistic pathway of the amidation reaction. 5 

intermediate B. Coordination of an azide to B gives the 
intermediate C. The sulfonamido moiety of intermediate C 
subsequently inserts into the Ru−C bond directly or involving a 
Ru(IV)−nitrenoid intermediate D to form intermediate E. Finally, 
protonolysis of E delivers the desired product. 10 

Quinolin-8-ylmethanamine was reported to be a building 
block in enormous areas involved in medicinal chemistry, organic 
synthesis, and analytical chemistry.14 Its derivatives have been 
studied for their medicinal properties, as exemplified by the 
potent and selective melanin concentrating hormone (MCH) 15 

antagonists.14a They are also building blocks in inorganic 
synthesis like synthesis of imine–amine type of chiral ligands 
(Scheme 4).14b Our work provides a new simple route to 
synthesize this kind of compounds followed by a simple 
deprotection process.12v To further demonstrate the synthetic 20 

utility of the products 3, one more derivatization reaction was 
done. The amidation product 3aa could be reduced selectively by 
NaBH4/NiCl2⋅6H2O, giving the product with exposed amino 
group (Scheme 4).15,12v 

In conclusion, we have developed a Ru(II)-catalyzed 25 

amidation reaction of 8-methylquionlines with azides to achieve 
quinolin-8-ylmethanamine derivatives in good yields. This is the 
first [(p-cymene)RuCl2]2-catalyzed amidation reaction of 
C(sp3)−H bond with azides. Further applications of this method in 
the synthesis of other targets and a detailed mechanistic 30 

investigation are in progress. 

 

Scheme 4. Utility and derivatization reactions of 3. 

 
The authors wish to thank the National Natural Science 35 

Foundation of China (Grant Nos. 21372122, 21372121, and 
21421062) for financial support. 

Notes and references 

[a] State Key Laboratory of Elemento-Organic Chemistry, College of 
Chemistry, Nankai University, Tianjin 300071, P. R. China. Phone/Fax: 40 

+86 (22) 23504781, E-mail: bqwang@nankai.edu.cn. 
[b] Collaborative Innovation Center of Chemical Science and 
Engineering, Tianjin 300071, P. R. China 
[c] State Key Laboratory of Organometallic Chemistry, Shanghai 
Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 45 

200032, P. R. China 
† Electronic Supplementary Information (ESI) available: Full 
experimental details, characterization and NMR spectra of the target 
products are provided. See DOI: 10.1039/b000000x/ 
 50 

1  For selected papers: (a) Comprehensive Natural Products Chemistry, 
ed. D. H. R. Barton, K. Nakanishi, O. Meth-Cohn, Elsevier, Oxford, 
1999, vol. 4; (b) Amino Group Chemistry, From Synthesis to the Life 
Sciences (Ed.: A. Ricci,), Wiley-VCH, Weinheim, 2007; (c) N. K. 
Boaen, M. A. Hillmyer, Chem. Soc. Rev. 2005, 34, 267; (d) S. 55 

Banerjee, T. Hemraj-Benny, S. S. Wong, Adv. Mater. 2005, 17, 17; (e) 
R. Hili, A. K. Yudin, Nat. Chem. Biol. 2006, 6, 284; (f) K. Grabowski, 
G. Schneider, Curr. Chem. Biol. 2007, 1, 115; (g) Y. E. Türmen, V. K. 
Aggarwal, Science 2014, 343, 33. 

2  For selected reviews: (a) E. M. Beccalli, G. Broggini, M. Martinelli, S. 60 

Sottocomola, Chem. Rev. 2007, 107, 5318; (b) F. Collet, R. H. Dodd, 
P. Dauban, Chem. Commun. 2009, 5061; (c) A. Armstrong, J. C. 
Collins, Angew. Chem., Int. Ed. 2010, 49, 2282; (d) J. Wencel-Delord, 
T. Dröge, F. Liu, F. Glorius, Chem. Soc. Rev. 2011, 40, 4740; (e) S. H. 
Cho, J. Y. Kim, J. Kwak, S. Chang, Chem. Soc. Rev. 2011, 40, 5068; 65 

(f) B. J. Stokes, T. G. Driver, Eur. J. Org. Chem. 2011, 4071; (g) 
M.−L. Louillat, F. W. Patureau, Chem. Soc. Rev. 2014, 43, 901. 

3  For selected papers on Pd catalysis: (a) H.−Y. Thu, W.−Y. Yu, C.−M. 
Che, J. Am. Chem. Soc. 2006, 128, 9048; (b) K.−H. Ng, A. S. C. Chan, 
W.−Y. Yu, J. Am. Chem. Soc. 2010, 132, 12862; (c) B. Haffemayer, 70 

M. Gulias, M. J. Gaunt, Chem. Sci. 2011, 2, 312; (d) B. Xiao, T.−J. 
Gong, J. Xu, Z.−J. Liu, L. Liu, J. Am. Chem. Soc. 2011, 133, 1466; (e) 
K. Sun, Y. Li, T. Xiong, J. Zhang, Q. Zhang, J. Am. Chem. Soc. 2011, 
133, 1694; (f) E. J. Yoo, S. Ma, T.−S. Mei, K. S. L. Chan, J.−Q. Yu, J. 
Am. Chem. Soc. 2011, 133, 7652; (g) Á. Iglesias, R. Álvarez,Á. R. de 75 

Lera, K. Muñiz, Angew. Chem., Int. Ed. 2012, 51, 2225; (h) Y. Zheng, 
T. Xiong, Y. Lv, J. Zhang, Q. Zhang, Org. Biomol. Chem. 2013, 11, 
7923. 

4  For selected papers on Rh catalysis: (a) K. W. Fiori, J. J. Fleming, J. D. 
Bois, Angew. Chem., Int. Ed. 2004, 43, 4349; (b) C. Liang, F. Robert-80 

Peillard, C. Fruit, P. Müller, R. H. Dodd, P. Dauban, Angew. Chem., 
Int. Ed. 2006, 45, 4641; (c) D. E. Olson, J. D. Bois, J. Am. Chem. Soc. 

Page 3 of 4 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



 

4  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

2008, 130, 11248; (d) C. Liang, F. Collet, F. Robert-Peillard, P. 
Müller, R. H. Dodd, P. Dauban, J. Am. Chem. Soc. 2008, 130, 343; (e) 
D. Monguchi, T. Fujiwara, H. Furukawa, A. Mori, Org. Lett. 2009, 11, 
1607; (f) J. Ryu, K. Shin, H. Park, J. Y. Kim, S. Chang, Angew. Chem., 
Int. Ed. 2012, 51, 9904; (g) J. Y. Kim, S. H. Park, J. Ryu, S. H. Cho, S. 5 

H. Kim, S. Chang, J. Am. Chem. Soc. 2012, 134, 9110; (h) J. Shi, B. 
Zhou, Y. Yang, Y. Li, Org. Biomol. Chem. 2012, 10, 8953; (i) K.−H. 
Ng, Z. Zhou, W.−Y. Yu, Org. Lett. 2012, 14, 272; (j) C. Grohmann, H. 
Wang, F. Glorius, Org. Lett. 2012, 14, 656; (k) K. Shin, Y. Baek, S. 
Chang, Angew. Chem., Int. Ed. 2013, 52, 8031; (l) J. L. Roizen, D. N. 10 

Zalatam, J. D. Bois, Angew. Chem., Int. Ed. 2013, 52, 11343; (m) 
K.−H. Ng, Z. Zhou, W.−Y. Yu, Chem. Commun. 2013, 49, 7031; (n) 
B. Zhou, Y. Yang, J. Shi, H. Feng, Y. Li, Chem. Eur. J. 2013, 19, 
10511; (o) C. Tang, Y. Yuan, Y. Cui, N. Jiao, Eur. J. Org. Chem. 
2013, 7480; (p) D. Yu, M. Suri, F. Glorius, J. Am. Chem. Soc. 2013, 15 

135, 8802; (q) B. Zhou, J. Du, Y. Yang, Y. Li, Org. Lett. 2013, 15, 
2934; (r) C. Grohmann, H. Wang, F. Glorius, Org. Lett. 2013, 15, 
3014; (s) S. Yu, B. Wan, X. Li, Org. Lett. 2013, 15, 3706; (t) H. Zhao, 
Y. Shang, W. Su, Org. Lett. 2013, 15, 5106; (u) H. J. Kim, M. J. 
Ajitha, Y. Lee, J. Ryu, J. Kim, Y. Lee, Y. Jung, S. Chang, J. Am. 20 

Chem. Soc. 2014, 136, 1132; (v) S. H. Park, J. Kwak, K. Shin, J. Ryu, 
Y. Park, S. Chang, J. Am. Chem. Soc. 2014, 136, 2492; (w) K. Wu, Z. 
Fan, Q. Yao, A. Zhang, Org. Lett. 2014, 16, 42. 

5  For selected papers on Ir catalysis: (a) J. Ryu, J. Kwak, K. Shin, D. Lee, 
S. Chang, J. Am. Chem. Soc. 2013, 135, 12861; (b) D. Lee, Y. Kim, S. 25 

Chang, J. Org. Chem. 2013, 78, 11102; (c) J. Kim, S. Chang, Angew. 
Chem., Int. Ed. 2014, 53, 2203; (d) T. Kang, Y. Kim, D. Lee, Z. Wang, 
S. Chang, J. Am. Chem. Soc. 2014, 136, 4141. 

6  A review: V. S. Thirunavukkarasu, S. I. Kozhushkov, L. Ackermann, 
Chem. Commun. 2014, 50, 29. 30 

7  For selected papers on [(p-cymene)RuCl2]2 catalysis with azides as the 
N atom source: (a) M. Bhanuchandra, M. R. Yadav, R. K. Rit, M. R. 
Kuram, A. K. Sahoo, Chem. Commun. 2013, 49, 5225; (b) Q.−Z. 
Zheng, Y.−F. Liang, C. Qin, N. Jiao, Chem. Commun. 2013, 49, 5654; 
(c) M. R. Yadav, R. K. Rit, A. K. Sahoo, Org. Lett. 2013, 15, 1638; (d) 35 

J. Kim, J. Kim, S. Chang, Chem. Eur. J. 2013, 19, 7328; (e) V. S. 
Thirunavukkarasu, K. Raghuvanshi, L. Ackermann, Org. Lett. 2013, 
15, 3286; (f) C. Pan, A. Abdukader, J. Han, Y. Cheng, C. Zhu, Chem. 
Eur. J. 2014, 20, 3606; (g) Y. Shin, S. Han, U. De, J. Park, S. Sharma, 
N. K. Mishra, E.−K. Lee, Y. Lee, H. S. Kim, I. S. Kim, J. Org. Chem. 40 

2014, 79, 9262; (h) K. Shin, J. Ryu, S. Chang, Org. Lett. 2014, 16, 
2022; (i) L.−L. Zhang, L.−H. Li, Y.−Q. Wang, Y.−F. Yang, X.−Y. Liu, 
Y.−M. Liang, Organometallics 2014, 33, 1905; (j) X. Zhou, P. Luo, L. 
Long, M. Ouyang, X. Sang, Q. Ding, Tetrahedron 2014, 70, 6742. 

8  For selected papers on [(p-cymene)RuCl2]2 catalysis with other N atom 45 

sources: (a) E. Milczek, N. Boudet, S. Blakey, Angew. Chem., Int. Ed. 
2008, 47, 6825; (b) J. Hu, S. Chen, Y. Sun, J. Yang, Y. Rao, Org. Lett. 
2012, 14, 5030; (c) M.−L. Louillat, F. W. Patureau, Org. Lett. 2013, 
15, 164; (d) M. Shang, S.−H. Zeng, S.−Z. Sun, H.−X. Dai, J.−Q. Yu, 
Org. Lett. 2013, 15, 5286; (e) M.−L. Louillat, A. Biafora, F. Legros, 50 

Angew. Chem., Int. Ed. 2014, 53, 3505; (f) A. Biafora, F. W. Patureau, 
Synlett 2014, 25, 2525; (g) M. R. Yadav, M. Shankar, E. Ramesh, K. 
Ghosh, A. K. Sahoo, Org. Lett. 2015, 17, 1886. 

9  For selected pioneering works catalyzed by [(benzene)RuCl2]2 or [(p-
cymene)RuCl2]2 see: (a) S. Oi, S. Fukita, N. Hirata, N. Watanuki, S. 55 

Miyano, Y. Inoue, Org. Lett. 2001, 3, 2579; (b) S. Oi, Y. Ogino, S. 
Fukita, Y. Inoue, Org. Lett. 2002, 4, 1783; (c) S. Oi, E. Aizawa, Y. 
Ogino, Y. Inoue, J. Org. Chem. 2005, 70, 3113; (d) L. Ackermann, 
Org. Lett. 2005, 7, 3123; (e) S. Oi, K. Sakai, Y. Inoue, Org. Lett. 2005, 
7, 4009; (f) L. Ackermann, A. Althammer, R. Born, Angew. Chem., 60 

Int. Ed. 2006, 45, 2619; (g) R. Martinez, R. Chevalier, S. Darses, J.−P. 
Genet, Angew. Chem., Int. Ed. 2006, 45, 8232; (h) G. Deng, L. Zhao, 
C.−J. Li, Angew. Chem., Int. Ed. 2008, 47, 6278; (i) R. Martinez, J.−P. 
Genet, S. Darses, Chem. Commun. 2008, 3855; (j) I. Özdemir, S. 
Demir, B. Cetinkaya, C. Gourlaouen, F. Maseras, C. Bruneau, P. H. 65 

Dixneuf, J. Am. Chem. Soc. 2008, 130, 1156. 
10 For selected reviews, see: (a) L. Ackermann, R. Vicente, Top. Curr. 

Chem. 2010, 292, 211; (b) L. Ackermann, Chem. Rev. 2011, 111, 
1315; (c) P. B. Arockiam, C. Bruneau, P. H. Dixneuf, Chem. Rev. 
2012, 112, 5879; (d) B. Li, P. H. Dixneuf, Chem. Soc. Rev. 2013, 42, 70 

5744; (e) L. Ackermann, Acc. Chem. Res. 2014, 47, 281; (f) S. D. 

Sarkar, W. Liu, S. I. Kozhushkov, L. Ackermann, Adv. Synth. Catal. 
2014, 356, 1461; (g) V. S. Thirunavukkarasu, S. I. Kozhushkov, L. 
Ackermann, Chem. Commun. 2014, 50, 29; (h) B. Li, P. H. Dixneuf, 
Top. Organomet. Chem. 2014, 48, 119. 75 

11 P. Evans, P. Hogg, R. Grigg, M. Nurnabi, J. Hinsley, V. Sridharan, S. 
Suganthan, S. Korn, S. Collard, J. E. Muir, Tetrahedron 2005, 61, 
9696. 

12 For selected works: (a) A. R. Dick, K. L. Hull, M. S. Sanford, J. Am. 
Chem. Soc. 2004, 126, 2300; (b) F. Kakiuchi, K. Tsuchiya, M. 80 

Matsumoto, E. Mizushima, N. Chatani, J. Am. Chem. Soc. 2004, 126, 
12792; (c) D. Kalyani, N. R. Deprez, L. V. Desai, M. S. Sanford, J. 
Am. Chem. Soc. 2005, 127, 7330; (d) D. Shabashov, O. Daugulis, Org. 
Lett. 2005, 7, 3657; (e) A. R. Dick, J. W. Kampf, M. S. Sanford, 
Organometallics 2005, 24, 482; (f) K. L. Hull, W. Q. Anani, M. S. 85 

Sanford, J. Am. Chem. Soc. 2006, 128, 7134; (g) H.−Y. Thu, W.−Y. 
Yu, C.−M. Che, J. Am. Chem. Soc. 2006, 128, 9048; (h) X. Chen, C. E. 
Goodhue, J.−Q. Yu, J. Am. Chem. Soc. 2006, 128, 12634; (i) E. W. 
Kalberer, S. R. Whitfield, M. S. Sanford, J. Mol. Catal. A Chem. 2006, 
251, 108; (j) K. L. Hull, M. S. Sanford, J. Am. Chem. Soc. 2007, 129, 90 

11904; (k) J. Zhang, E. Khaskin, N. P. Anderson, P. Y. Zavalij, A. N. 
Vedernikov, Chem. Commun. 2008, 3625; (l) W.−Y. Yu, W. N. Sit, 
K.−M. Lai, Z.−Y. Zhou, A. S. C. Chan, J. Am. Chem. Soc. 2008, 130, 
3304; (m) M. Kim, J. Kwak, S. Chang, Angew. Chem., Int. Ed. 2009, 
48, 8935; (n) W.−Y. Yu, W. N. Sit, Z. Zhou, A. S.−C. Chan, Org. Lett. 95 

2009, 11, 3174; (o) S. Zhang, F. Luo, W. Wang, X. Jia, M. Hu, J. 
Cheng, Tetrahedron Lett. 2010, 51, 3317; (p) L. T. Pilarski, P. G. 
Janson, K. J. Szabó, J. Org. Chem. 2011, 76, 1503; (q) Á. Iglesias, R. 
Álvarez, Á. R. Lera, K. de Muñiz, Angew. Chem., Int. Ed. 2012, 51, 
2225; (r) K. J. Stowers, A. Kubota, M. S. Sanford, Chem. Sci. 2012, 3, 100 

3192; (s) K. B. McMurtrey, J. M. Racowski, M. S. Sanford, Org. Lett. 
2012, 14, 4094; (t) D. Wang, P. Y. Zavalij, A. N. Vedernikov, 
Organometallics 2013, 32, 4882; (u) B. Liu, T. Zhou, B. Li, S. Xu, H. 
Song, B. Wang, Angew. Chem., Int. Ed. 2014, 53, 4191; (v) N. Wang, 
R. Li, L. Li, S. Xu, H. Song, B. Wang, J. Org. Chem. 2014, 79, 5379; 105 

(w) W. Zhang, S. Ren, J. Zhang, Y. Liu, J. Org. Chem. 2015, 80, 5973. 
13 (a) B. Li, H. Feng, S. Xu, B. Wang, Chem. Eur. J. 2011, 17, 12573; (b) 

B. Li, H. Feng, N. Wang, J. Ma, H. Song, S. Xu, B. Wang, Chem. Eur. 
J. 2012, 18, 12873; (c) B. Li, J. Ma, N. Wang, H. Feng, S. Xu, B. 
Wang, Org. Lett. 2012, 14, 736; (d) B. Li, J. Ma, W. Xie, H. Song, S. 110 

Xu, B. Wang, J. Org. Chem. 2013, 78, 9345; (e) B. Li, J. Ma, Y. 
Liang, N. Wang, S. Xu, H. Song, B. Wang, Eur. J. Org. Chem. 2013, 
1950; (f) C. Ma, C. Ai, Z. Li, B. Li, H. Song, S. Xu, B. Wang, 
Organometallics 2014, 33, 5164. 

14 (a) N. C. Warshakoon, J. Sheville, R. T. Bhatt, W. Ji, J. L. Mendez-115 

Andino, K. M. Meyers, N. Kim, J. A. Wos, C. Mitchell, J. L. Paris, B. 
B. Pinney, O. Reizes, X. E. Hu, Bioorg. Med. Chem. Lett. 2006, 16, 
5207; (b) J.−A. Ma, L.−X. Wang, W. Zhang, Q.−L. Zhou, 
Tetrahedron Asymmertry 2001, 12, 2801; (c) J. Chiron, J.−P. Galy, 
Heterocycles 2003, 60, 1653; (d) D. G. Carole, D. M. Michel, C. 120 

Julien, D. Florence, N. Anna, J. Séverine, D. Gérard, T.−D. Pierre, G. 
Jean-Pierre, Bioorg. Med. Chem. Lett. 2005, 13, 5560; (e) M. Laronze-
Cochard, Y.−M. Kim, B. Brassart, J.−F. Riou, J.−Y. Laronze, J. Sapi, 
Eur. J. Med. Chem. 2009, 44, 3880; (f) V. Martí-Centelles, M. I. 
Burguete, F. Galindo, M. A. Izquierdo, D. K. Kumar, A. J. P. White, S. 125 

V. Luis, R. Vilar, J. Org. Chem. 2012, 77, 490. 
15 A. Nose, T. Kudo, Chem. Pharm. Bull. 1988, 36, 1529. 
16 M. A. Bennett, T. N. Huang, T. W. Matheson, A. K. Smith, Inorg. 

Synth. 1982, 21, 74. 
17 C. O. Murchu, Synthesis 1989, 880. 130 

18 P. Evans, P. Hogg, R. Grigg, M. Nurnabi, J. Hinsley, V. Sridharan, S. 
Suganthan, S. Korn, S. Collard, J. E. Muir, Tetrahedron 2005, 61, 
9696. 

19 B. Lu, C.−Q. Li, L.−M. Zhang, J. Am. Chem. Soc. 2010, 132, 14070. 
20 Y. C. Zhang, M. Wang, P. H. Li, L. Wang, Org. Lett. 2012, 14, 2206. 135 

21 J. W. Suggs, G. D. N. Pearson, J. Org. Chem. 1980, 45, 1514. 
22 J. Waser, B. Gaspar, H. Nambu, E. M. Carreira, J. Am. Chem. Soc. 

2006, 128, 11693. 
 

Page 4 of 4ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t


