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Abstract — Nano-copper catalyzed one-pot three-component method is realized
from aminophenylacetylenes, sodium azide and alkyl halides via tandem 3+2
dipolar cycloaddition reaction and N-alkylation reaction. This synthetic process
gave the product of 1-alkyl-4-(N-alkylaminophenyl)-1H-1,2,3-triazoles in good
yields.

1,2,3-Triazoles are useful structural elements and have been widely used in pharmaceuticals, pesticides,
materials and organic synthesis.! Thus, synthesis of 1,2,3-triazole derivatives is still an attractive project.
After Cu-catalyzed azide-alkyne cycloaddition was found, it has been fully developed.2 Different types of
catalysts like nano-copper,® Cul,* CuFe,O4 nanoparticles,> Cu20,% CuSO4’ can all efficiently catalyze this
reaction. On the other hand, 1,2,3-triazole as a substrate to construct other derivatives has gradually
attracted lots of interest, and this transformation was usually achieved by C—H functionalization® and
new C—N bond formation.? However, some protocols needs noble metals, special reagents, water- and
oxygen-free operation and multistep reactions, which will cause the cost increase and operation
inconvenience.

As we all know, multicomponent reaction (MCR), as an environmentally friendly synthetic method, has
many advantages for the synthesis of some structure-complex compounds.”#1® With our continuous
pursue of green chemistry on MCRY and PEG solvent,'2 we recently found that 4-methylbenzyl chloride
not only participated the formation of the corresponding 1,4-disubstituted 1,2,3-triazole, but also occurred
N,N-dialkylation of amino group on benzene ring of 3-aminophenylacetylene in the three-component

reaction with sodium azide.32
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The focus of this work is to develop a facile and highly efficient protocol for the synthesis of
1-alkyl-4-(N-alkylaminophenyl)-1H-1,2,3-triazoles by one-pot, three-component tandem reaction from
aminophenylacetylene, sodium azide and alkyl halides.

Our initial investigation focused on the reaction of 3-aminophenylacetylene, sodium azide and
p-methylbenzyl bromide as a template to optimize the conditions. The results are outlined in Table 1.
Several copper compounds, copper powder and copper nanoparticles were firstly examined as catalysts of
this reaction at room temperature in air. It is shown that when CuBr, CuCl; and CuSO4-5H20 were used
as catalysts, the primary products were not expected 1-alkyl-4-(N-alkylaminophenyl)-1H-1,2,3-triazoles,
but only 4-(3-aminophenyl)-1-(4-methylbenzyl)-1H-1,2,3-triazole with yields of 58%, 65% and 70%,
respectively (Table 1, entries 1, 3 and 4). However, the reaction can be smoothly realized under the
catalysis of Cul, CuO and Cu powder with low to moderate yields (Table 1, entries 2, 5 and 6). When the
same amount of copper nano particles (Cu NPs)® was used, it is surprised to find that the yield of
4-(3-(N,N-di(4-methylbenzyl)amino)phenyl)-1-(4-methylbenzyl)-1H-1,2,3-triazole as our target product
can reach up to 87% (Table 1, entry 7). Then the amount of the catalyst was also examined. When the
amount of Cu NPs was reduced from 10 mol% to 5 mol%, it is found that the yield of the product
decreased significantly from 87% to 65%, and the yield was still not significantly improved even if the
reaction time was prolonged to 24 hours (Table 1, entries 7-9). The effect of a base on this reaction was
further explored. However the addition of K»2COs just increased the yield slightly (Table 1, entry 10). So a
base-free process with 10 mol% of Cu NPs as catalyst is determined. When decreasing the amount of
4-methylbenzyl bromide to 1.2 equivalent, the unique cycloaddition product was obtained; decresing the
amount of 4-methylbenzyl bromide from 3.6 to 2.4 equivalents, the mixture of cycloaddition product and
N,N-dialkylated product was obtained. Furthermore, the yield of N,N-dialkylated product increased and
the yield of cycloaddition product decreased with the increase of the amount of 4-methylbenzyl bromide

(Table 1, entries 11 and 12). Therefore it is a tandem cycloaddition-/N-alkylation reaction.

Table 1. Screening for the Optimal Conditions?

NaN3 Cu N
' MeOH rt, air N I N‘N
X

Entry Catalyst Isolated Yield(%)  Entry Catalyst Isolated Yield(%)
1 CuBr — 7 Cu NPs 87
2 Cul 48 8b Cu NPs 65
3 CuCl, — gbc Cu NPs 66

4 CuSO4 5H0 — 10¢ Cu NPs 89
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5 CuO 51 11¢ Cu NPs trace (67)

6 Cu powder 24 12f Cu NPs 46 (32)

2 Reaction conditions: 3-Aminophenylacetylene (0.25 mmol), 4-methylbenzyl bromide (0.9
mmol), NaN; (0.3 mmol), catalyst (0.025 mmol), MeOH (1 mL), rt, 6 h. ® Cu NPs (0.0125
mmol). ¢ Reaction time is 24 h. ¢ K,COs (0.75 mmol) was added. ¢ 1.2 Equivalent of
4-methylbenzyl bromide was used and 67% of cycloaddition product was obtained. ' 2.4
Equivalents of 4-methylbenzyl bromide was used and 32% of cycloaddition product was
obtained.

With the optimum conditions in hand (Table 1, entry 7), the substrate scope was further extended to a
broad variety of alkyl halides reacted with 3-aminophenylacetylene and NaN3. The results are listed in
Table 2.1t is found that various substitutions on benzene ring of benzyl bromides were all well tolerated
in this reaction with good product yields. When benzyl bromide was wused, the yield of
N,N-dibenzyltriazole is 81% (Table 2, 1h). However, when methyl was attached to benzyl bromide, the
yields of corresponding N,N-dibenzyltriazoles increased to 87% and 85% in 6 hours for 4-methyl and
3-methylbenzyl bromide, respectively (Table 2, 1a and 1b). Compared with methyl, an electron-donating
group, electron-withdrawing groups, such as Br, F, nitro and CN, provided lower yields (Table 2, 1¢-f).
Different from other substituted benzyl bromides, 4-fluorobenzyl bromide generated N-monosubstituted
product in the yield of 77% (Table 2, 1d). When 4-methylbenzyl chloride was subjected to this reaction,
the yield of N,N-disubstituted triazole decreased to 52% (Table 2, 1a, X=Cl). It may be due to low
reactivity of 4-methylbenzyl chloride. Chain bromoalkanes were also investigated. It is found that
I-bromopropane, 1-bromobutane, 1-bromohexane and 1-bromooctane can complete the reaction smoothly
to form corresponding N-alkylation monosubstituted products in good yields (Table 2, 1h-k). We think
the reason of no formation of the tertiary amines is the low reactivity of chain alkyl bromide than that of
benzyl bromide. Moreover, it is manifest that the reactivity of the brominated chain alkanes decreases
with the chain lengthening. Iodobenzene was also used instead of alkyl halides to get the expected

corresponding triarylamine, but only was 4-(3-aminophenyl)-1H-1,2,3-triazole obtained.

Table 2. Reaction results of 3-aminophenylacetylene, alkyl halides and NaN3z?

NH, R N R N

NaN3, 10 mol% Cu NPs ( ’ N |/ ’ ‘N
+ RCHyX R_N N or HN v
MeOH, rt, under air N
X=Br,Cl

R=aryl, alkyl

Y

1a, 87%, 6 h (X=Br) 1b, 85%, 6 h (X=Br) 1c, 74%, 10 h (X=Br)
52%, 24 h (X=Cl)
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< >/F NO: < >/N02 CN < >/CN
F N o,N K©/ N NC K©/ N
\©\/H\©/[N \©VN\©/“:N \©\/N\©/[N
N N N

1d, 77%, 12 h (X=Br) le, 72%, 10 h (X=Br) 1f, 75%, 10 h (X=Br)

Y

(@ N N{’/ N
©\/N\©/[N//N /\/“\@/[N//N \/\/HO/[N//N

1g, 81%, 14 h (X=Br) 1h, 80%, 8 h (X=Br) 1i, 72%, 8 h (X=Br)
n-CeHiz n-CgHy7
H I N‘N H [ N‘N
n—C6H13/N\©/EI\I n_CSHW,N\@/[N.
1j, 66%, 8 h (X=Br) 1k, 61%, 8 h (X=Br)

4 Reaction conditions: 3-Aminophenylacetylene (0.25 mmol), alkyl halide (0.9 mmol), NaN3 (0.3
mmol), Cu NPs (0.025 mmol), MeOH (1 mL), rt, Isolated yield.

Subsequently, we replaced 3-aminophenylacetylene with 4-aminophenylacetylene and 2-
aminophenylacetylene, and made the following expansion. Similar results were obtained and summarized
in Table 3. Different substituents on the benzene ring of benzyl halides can be well compatible with this

reaction to provide good yields in the range of 70%-86% (Table 3, 2a-e).

Table 3. Reaction results of 4-aminophenylacetylene/2-aminophenylacetylene alkyl halides and NaN3?

. NaN3, 10 mol% Cu NPs
RCH,X
MeOH, rt, under air

| | X=Br,Cl
R=aryl, alkyl

E@E/%f %f ?gf

2a, 86%, 6 h (X=Br)  2b, 70%, 10 h (X=Br) 2¢, 71%, 12 h (X=Br) 2d, 74%, 12 h (X=Br)
56%, 24 h (X=Cl)

NH;

CN

F’@ ~ it
/
N N N N
[ N | N Y
,) ) , N N
N \
oS : jop P!
n-CgH NC
N N 8! 17\N
H H H

2e,82%, 14h (X=Br)  2f, 76%, 8 h (X=Br) 2g, 65%, 8 h (X=Br) 3a, 55%, 24h (X=Br)

2 Reaction conditions: 4-Aminophenylacetylene (0.25 mmol), alkyl halide (0.9 mmol), NaN3 (0.3 mmol), Cu
NPs (0.025 mmol), methanol (1 mL), rt, Isolated yield.
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The reaction of 3-methylbenzyl chloride required longer reaction time to get only 56% yield under the
same conditions (Table 3, 2e). 1-Brompropane and 1-bromooctane were also involved in this reaction and
the corresponding N-monoalkyl substituted products were obtained in the yield of 76% and 65%,
respectively (Table 3, 2f and 2g). Unfortunately, when 2-aminophenylacetylene is subjected to this
reaction, only 4-cyanobenzyl bromide react withit in the presence of sodium azide to afford
corresponding N, N-dibenzyltriazole after 24 hours (Table 3, 3a). Other halogenated hydrocarbons, such
as 4-methylbenzyl bromide, 2-bromobenzyl bromide, 4-nitrobenzyl bromide, 4-fluorobenzyl bromide and
1-bromobutane, can occur only Huisgen-cycloaddition reaction and can not obtain expected N-alkylated

products, which may be mainly due to large steric hindrance of 2-aminophenylacetylene.

The possible reaction pathway is studied by some control experiments. The Huisgen-cycloaddition
product of 3-aminophenylacetylene, 4-methylbenzyl bromide and NaN3 was treated with 2 equivalents of
4-methylbenzyl bromide in methanol at room temperature. The results show that the N-alkylation did not
occur without catalytic Cu NPs whereas the yield of N,N-dialkylated product was up to 91% in the
presence of 10 mol% Cu NPs (Scheme 1). Obviously, Cu NPs play a catalytic role in Huisgen-

cycloaddition as well as in the subsequent N-alkylation. The detailed mechanism is under investigation.

N : 2 equiv. 4-CHzCgH4CHoBr _
[N no reaction
HoN N MeOH, rt, under air

2 equiv. 4-CH3CgH4CH,Br / < >
N N

\ 10 mol% Cu NPs | N
[ .N R N N/
HoN N MeOH, rt, under air
Yield: 91%

Scheme 1. Control experiments

In summary, a tandem one-pot, three-component protocol from aminophenylacetylenes, alkyl halides, and
sodium azide to afford N-alkylated 1,4-substituted 1,2,3-triazoles is developed. The process includes one
cycloaddition and two or three N-alkylation reactions occurred simultaneously without using any
additional reagents except for copper nanoparticles as a catalyst in methanol. The reaction showed better

atomic utilization and good regioselectivity.

EXPERIMENTAL
Typical Procedure for Cu NPs.32 CuSO4-5H>0O (0.01M) was mixed with 3 mL ethylene glycol (EG)
solution of NaOH (0.005 M) and N>H4-H>O (0.015M) under magnetic stirring. After reacted under

microwave irradiation at 616 W for 5 min, the mixture turned from blue to brick red. Then cooling to
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room temperature, distilled water was added to the solution, filtered then the resulting solid was
repeatedly washed with distilled water, EtOH and acetone. The resulting solid was placed in a vacuum
oven and dried at 60 °C for 3 h and used directly. SEM micrograph showed that the average dimension of
Cu NPs was around 18-23 nm.

General procedure for the synthesis of N-alkylated 1,4-disubstituted 1,2,3-triazoles. Sodium azide
(0.3 mmol), benzyl halides (0.9 mmol), and aminophenylacetylene (0.25 mmol) were added into a
suspension of 0.025 mmol of Cu NPs in MeOH (1 mL). The reaction mixture was stirred at room
temperature for completion monitored by TLC. Then the solution was filtered by suction and the solvent
was evaporated under reduced pressure. The residue was passed through flash column chromatography
(EtOAc/ hexane=1/10) on silica gel to give the pure products.

4-(3-(V, N-Di(3-methylbenzyl)amino)phenyl)-1-(3-methylbenzyl)-1H-1,2,3-triazole (1b): Yield: 85%,
yellow solid, mp 135-137 °C. 'H NMR (400 MHz, CDCl3): 8 7.57 (s, 1H), 7.51 (s, 1H), 7.27-7.09 (m,
14H), 6.72 (d, J=7.1, 1H), 5.48(s, 2H), 4.68 (s, 4H), 2.34 (s, 9H). '3C NMR (100 MHz, CDCl3): & 149.6,
148.6, 138.7, 138.3, 138.1, 134.6, 131.3, 129.5, 129.2, 128.8, 128.5, 128.4, 127.5, 127.3, 124.9, 123.7,
119.5, 114.2, 112.3, 109.4, 53.9, 53.8, 21.3. HRMS (ESI) calcd for C32H32N4 (M + H)": 473.2627; found
473.2700. IR (KBr, cm™"): 690, 806, 889, 1086, 1184, 1380, 1459, 1496, 1608, 2851, 2918, 3020.
4-(4-(N,N-Di(3-methylbenzyl)amino)phenyl)-1-(3-methylbenzyl)-1H-1,2,3-triazole (2a): Yield: 86%,
yellow solid, mp 133-134 °C. 'H NMR (400 MHz, CDCls): § 7.49 (s, 1H), 7.31 (s, 1H), 7.25 (s, 1H),
7.17-7.09 (m, 12H), 7.05(s, 1H), 6.68 (s, 1H), 5.47 (s, 2H), 4.61 (s, 4H), 2.33 (d, J = 19.6 Hz, 9H). 13C
NMR (100 MHz, CDCls): 6 149.6, 148.7, 138.5, 136.4, 135.3, 131.7, 131.4, 129.7, 129.6, 129.2, 128.0,
126.7, 119.4, 114.2, 53.9, 53.5, 21.0. HRMS (ESI) calcd for C2oH23BrsNs (M + H)": 473.2627; found
473.2962. IR (KBr, cm™): 690, 749, 804, 1048, 1218, 1348, 1452, 1491, 1581, 2851, 2918, 3042.

ACKNOWLEDGEMENTS

We gratefully acknowledge the Natural Science Foundation of China (20702042, 21262028), the Program
for Changjiang Scholars and Innovative Research Teams in Universities of the Ministry of Education of
China (IRT1177) and the Natural Science Foundation of Gansu Province (1208RJZA140) for financial
support.

REFERENCES AND NOTES
1. (a) R. Hanselmann, G. E. Job, G. Johnson, R. L. Lou, J. G. Martynow, and M. M. Reeve, Org.
Process Res. Dev., 2010, 14, 152; (b) S. K. Mamidyala and M. G. Finn, Chem. Soc. Rev., 2010, 39,

1252; (c) D. I. Rozkiewicz, D. Janczewski, W. Verboom, B. J. Ravoo, and D. N. Reinhoudt, Angew.
Chem. Int. Ed., 2006, 45, 5292.
2. (a) P. Appukkuttan, V. P. Mehta, and E. V. V. Der Eycken, Chem. Soc. Rev., 2010, 39, 1467; (b) J. E.



http://dx.doi.org/10.1021/op900252a
http://dx.doi.org/10.1021/op900252a
http://dx.doi.org/10.1039/b901969n
http://dx.doi.org/10.1039/b901969n
http://dx.doi.org/10.1002/anie.200601090
http://dx.doi.org/10.1002/anie.200601090
http://dx.doi.org/10.1039/B815717K

1970

HETEROCYCLES, Vol. 91, No. 10, 2015

Moses and A. D. Moorhouse, Chem. Soc. Rev., 2007, 36, 1249; (¢) J. F. Lutz, Angew. Chem. Int. Ed.,
2007, 46, 1018; (d) C. W. Tornoe, C. Christensen, and M. Meldal, J. Org. Chem., 2002, 67, 3057,
(e) V. V. Rostovtsev, L. G. Green, V. V. Fokin, and K. B. Sharpless, Angew. Chem. Int. Ed., 2002,
41, 2596; (f) H. C. Kolb, M. G. Finn, and K. B. Sharpless, Angew. Chem. Int. Ed., 2001, 40, 2004;
(g) L. D. Pacho'n, J. H. van Maarseveen, and G. Rothenberg, Adv. Synth. Catal., 2005, 347, 811; (h)
F. Himo, T. Lovell, R. Hilgraf, V. V. Rostovtsev, L. Noodles, K. B. Sharpless, and V. V. Fokin, J.
Am. Chem. Soc., 2005, 127, 210; (1) V. O. Rodionov, V. V. Fokin, and M. G. Finn, Angew. Chem.
Int. Ed., 2005, 44, 2210.

(a) L. Huang, W. Liu, J. Wu, Y. Fu, K. Wang, C. Huo, and Z. Du, Tetrahedron Lett., 2014, 55,
2312; (b) P. Abdulkin, Y. Moglie, B. R. Knappett, D. A. Jefferson, M. Yus, F. Alonso, and A. E. H.
Wheatley, Nanoscale, 2013, 5, 342.

(a) G. A. Molander and J. Ham, Org. Lett., 2006, 13, 2767; (b) F. Ilgen and B. Konig, Green Chem.
2009, 11, 848; (c) P. Ji, J. H. Atherton, and M. 1. Page, Org. Biomol. Chem., 2012, 10, 7965; (d) E.
J. Yoo, M. Ahlquist, I. Bae, K. B. Sharpless, V. V. Fokin, and S. Chang, J. Org. Chem., 2008, 73,
5520; (e) L. Ackermann, H. K. Potukuchi, D. Landsberg, and R. Vicente, Org. Lett., 2008, 10, 3081;
() Y. Zhao, Z. Yan, and Y. Liang, Tetrahedron Lett., 2006, 47, 1545.

B. S. P. Anil Kumar, K. H. V. Reddy, B. Madhav, K. Ramesh, and Y. V. D. Nageswar, Tetrahedron
Lett., 2012, 53, 4595.

F. Alonso, Y. Moglie, G. Radivoy, and M. Yus, Synlett, 2012, 23, 2179.

(a) N. Mukherjee, S. Ahammed, S. Bhadra, and B. C. Ranu, Green Chem., 2013, 185, 389; (b) A. K.
Feldman, B. Colasson, and V. V. Fokin, Org. Lett., 2004, 22, 3897; (c¢) B. Kaboudin, Y. Abedi, and
T. Yokomatsub, Org. Biomol. Chem., 2012, 10, 4543; (d) C. Tao, X. Cui, J. Li, A. Liu, L. Liu, and Q.
Guo, Tetrahedron Lett., 2007, 48, 3525; (e) K. Odlo, E. A. Hoydahl, and T. V. Hansen, Tetrahedron
Lett., 2007, 48, 2097; (f) A. Kolarovi, M. Schnurch, and M. D. Mihovilovic, J. Org. Chem., 2011, 76,

2613.

(a) F. Gang, G. Xu, T. Dong, L. Yang, and Z. Du, Chin. J. Org. Chem., 2015, 35, 1428; (b) G. B.
Yan, A. J. Borah, and M. H. Yang, Adv. Synth. Catal., 2014, 356, 2375;(c) Q. Tian, H. Ping, and C.
Kuang, Org. Biomol. Chem., 2014, 12, 7474, (d) K. D. B. Yamajala, M. Patil, and S. Banerjee, J.
Org. Chem., 2015, 80, 3003; (e) Z. Wang, Q. Tian, X. Yu, and C. Kuang, Adv. Synth. Catal., 2014,
356, 961; (f) W. Liu, Y. Li, B. Xu, and C. Kuang, Org. Lett., 2013, 15, 2342; (g) L. Ackermann and
R. Vicente, Org. Lett., 2009, 11, 4922; (h) S. Chuprekov, N. Chernyak, A. S. Dudnik, and V.
Gevorgyan, Org. Lett., 2007, 9, 2333.

(a) I. V. Seregin and V. Gevorgan, Chem. Soc. Rev., 2007, 36, 1173; (b) J. Zhu, Y. Kong, F. Lin, B.
Wang, Z. Chen, and L. Liu, Eur. J. Org. Chem., 2015, 7, 1507; (¢) J. Wen, L. Zhu, Q. Bi, Z. Shen, X.



http://dx.doi.org/10.1039/b613014n
http://dx.doi.org/10.1002/anie.200601090
http://dx.doi.org/10.1002/anie.200601090
http://dx.doi.org/10.1021/jo011148j
http://dx.doi.org/10.1002/1521-3773(20020715)41:14&lt;2596::AID-ANIE2596&gt;3.0.CO;2-4
http://dx.doi.org/10.1002/1521-3773(20020715)41:14&lt;2596::AID-ANIE2596&gt;3.0.CO;2-4
http://dx.doi.org/10.1002/1521-3773(20010601)40:11&lt;2004::AID-ANIE2004&gt;3.0.CO;2-5
http://dx.doi.org/10.1002/adsc.200404383
http://dx.doi.org/10.1021/ja0471525
http://dx.doi.org/10.1021/ja0471525
http://dx.doi.org/10.1002/anie.200461496
http://dx.doi.org/10.1002/anie.200461496
http://dx.doi.org/10.1016/j.tetlet.2014.02.114
http://dx.doi.org/10.1016/j.tetlet.2014.02.114
http://dx.doi.org/10.1039/C2NR32570E
http://dx.doi.org/10.1021/ol060826r
http://dx.doi.org/10.1039/b816551c
http://dx.doi.org/10.1039/b816551c
http://dx.doi.org/10.1039/c2ob26213d
http://dx.doi.org/10.1021/jo800733p
http://dx.doi.org/10.1021/jo800733p
http://dx.doi.org/10.1021/ol801078r
http://dx.doi.org/10.1016/j.tetlet.2006.01.004
http://dx.doi.org/10.1016/j.tetlet.2012.06.077
http://dx.doi.org/10.1016/j.tetlet.2012.06.077
http://dx.doi.org/10.1055/s-0031-1290445
http://dx.doi.org/10.1039/C2GC36521A
http://dx.doi.org/10.1021/ol048859z
http://dx.doi.org/10.1039/c2ob25061f
http://dx.doi.org/10.1016/j.tetlet.2007.03.107
http://dx.doi.org/10.1016/j.tetlet.2007.01.130
http://dx.doi.org/10.1016/j.tetlet.2007.01.130
http://dx.doi.org/10.1021/jo1024927
http://dx.doi.org/10.1021/jo1024927
http://dx.doi.org/10.6023/cjoc201502020
http://dx.doi.org/10.1002/adsc.201400203
http://dx.doi.org/10.1039/C4OB01406E
http://dx.doi.org/10.1021/jo5026145
http://dx.doi.org/10.1021/jo5026145
http://dx.doi.org/10.1002/adsc.201300912
http://dx.doi.org/10.1002/adsc.201300912
http://dx.doi.org/10.1021/ol401002w
http://dx.doi.org/10.1021/ol9020354
http://dx.doi.org/10.1021/ol070697u
http://dx.doi.org/10.1039/b606984n
http://dx.doi.org/10.1002/ejoc.201403583

10.

11.
12.

HETEROCYCLES, Vol. 91, No. 10, 2015 1971

Li, Z. Wang, and Z. Chen, Chem. Eur. J., 2014, 20, 974; (d) L. Wang, N. Liu, B. Dai, and H. Hu,
Eur. J. Org. Chem., 2014, 29, 6493.

(a) S. Hassan and T. J. J. Miiller, Adv. Synth. Catal., 2015, 357, 617; (b) Y. Jiang and C. Kuang,
Prog. Chem., 2012, 24, 1983.

Z.Du, Y. Li, F. Wang, W. Zhou, and J.-X. Wang, Tetrahedron Lett., 2010, 51, 1745.

(a) Z. Du, W. Zhou, L. Bai, F. Wang, and J.-X. Wang, Synlett, 2011, 369; (b) Z. Du, W. Zhou, and F
Wang, Tetrahedron, 2011, 67, 4914.



http://dx.doi.org/10.1002/chem.201302761
http://dx.doi.org/10.1002/ejoc.201402619
http://dx.doi.org/10.1016/j.tetlet.2010.01.092
http://dx.doi.org/10.1055/s-0030-1259310
http://dx.doi.org/10.1016/j.tet.2011.04.093

	re1
	re2
	re3
	re4
	re5
	re6
	re7
	re8
	re9
	re10
	re11
	re12



