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Allenes have attracted considerable attention in recent
years due to their unique structural features and chemical
properties related to the presence of two perpendicular p

bonds. Allenes can undergo diverse transformations, which
are highly useful in organic synthesis.[1,2] Allene moieties
also exist in many natural products and pharmaceutically
relevant compounds.[3] Over the past decades, enormous ef-
forts have been directed to the development of efficient
methods for the synthesis of allenes.[4–6] The traditional ap-
proach toward allenes is based on SN2’-type displacement of
propargyl alcohol derivatives with organocopper species.[5]

More recently, allene synthesis based on direct coupling of
two simple fragments has been explored.[7–11] In this context,
Crabb� and co-workers in 1979 reported the CuBr-mediated
reaction to form terminal allenes from 1-alkynes and form-
aldehyde in the presence of diisopropylamine.[9] Recently,
Ma and co-workers have significantly improved this trans-
formation and expanded the reaction to aldehydes, which
constitutes an efficient synthesis of 1,3-disubstituted al-
lenes.[11] Moreover, axially chiral allenes have been success-
fully synthesized with high enantioselectivity by the same
group with their method.[11g]

We recently reported a different method for allene syn-
thesis by CuI-catalyzed cross-coupling reaction of N-tosylhy-
drazones with terminal alkynes.[12–14] A mechanism involving
a copper carbene migratory insertion process has been pro-
posed to account for these transformations (Scheme 1). In
the proposed catalytic cycle of our previous studies, the last

step is the protonation of a propargyl copper or allenyl
copper intermediate.

We envisioned that such nucleophilic organocopper spe-
cies could also be trapped by carbon electrophiles, instead
of a proton. Herein, we demonstrate that indeed the nucleo-
philic organocopper species can be trapped by allyl halides.
This leads to the development of a three-component reac-
tion of N-tosylhydrazone, terminal alkyne, and allyl halide,
which constitutes an efficient synthesis of tri- and tetrasub-
stituted allenes.[15, 16]

At the outset of this investigation, CuI-catalyzed three-
component reaction of N-tosylhydrazone 1 a, phenylacety-
lene 2 a, and allyl iodide 3 a was examined (Table 1). With
1,4-dioxane as the solvent at 90 8C, the effect of base was
first studied (Table 1, entries 1–3). With NaH as the base,
the reaction was found to give the desired product 4 a in
15 % yield, while KOtBu and NaHMDS were less effec-
tive.[17] It was also observed that the amount of base slightly
affected the reaction (Table 1, entry 4). Carrying out the re-
action at 110 8C could further improve the yield (Table 1,
entry 5). The effect of solvent was then studied (Table 1, en-
tries 6 and 7). The reaction in toluene afforded 4 a in dimin-
ished yield, while in MeCN, 4 a was formed in only trace
amount. To our delight, adding 20 mol % tetra-n-butylam-
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Scheme 1. Allene synthesis through CuI-catalyzed three-component reac-
tion.
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monium bromide (TBAB) could improve the reaction
(Table 1, entry 8). In the investigation of the conditions, we
have found that protonation is
more facile than nucleophilic
attack of the allyl halide by an
allenic intermediate. Therefore,
excess NaH was used to trap
the proton in the reaction
system. Finally, we could obtain
the allene product in acceptable
yields by changing the ratio of
substrates (Table 1, entries 9
and 10).

Having the optimized reac-
tion condition in hand, we then
proceeded to study the sub-
strate scope of this reaction by
using various substituted N-to-
sylhydrazones, terminal alkynes,
and allyl halides (Table 2 and
Scheme 2). The reaction with
allyl bromide and allyl chloride
afforded the expected allene
products in diminished yields,
showing their low reactivity rel-
ative to the corresponding allyl
iodide (Table 2, entries 1–3).

As for the N-tosylhydrazone
substrates, it was observed that
the coupling proceeded well
with these derived from aro-
matic aldehydes, and the reac-
tion was not significantly affect-
ed by the substituents on the ar-
omatic rings. The N-tosylhydra-
zones with both electron-donat-

ing and electron-withdrawing groups worked well in this
reaction (Table 2, entries 17–24). The reaction also tolerates
the N-tosylhydrazones bearing naphthyl and furan substitu-
ents (Table 2, entries 25 and 26). Moreover, the reaction
also worked with the N-tosylhydrazones derived from ali-
phatic aldehydes (Table 2, entries 27 and 28).

Encouraged by the results, we further explored the possi-
bility of the synthesis of tetrasubstituted allenes with this
three-component coupling reaction. Under slightly modified
reaction conditions with [Cu ACHTUNGTRENNUNG(MeCN)4]PF6 as catalyst and
1,10-phenanthroline as the ligand, the N-tosylhydrazones de-
rived from ketones furnished the desired tetrasubstituted
allene products in moderate to good yields. As summarized
in Scheme 2, the reaction is efficient for a series of ketone-
derived N-tosylhydrazone substrates bearing various sub-
stituents, including a cyclopropyl group (6 e). Notably, the
reaction with N-tosylhydrazone derived from cyclic ketones
also afforded the allene product in moderate yield (6 h).

To further demonstrate the use of this reaction, a gram-
scale experiment has been carried out under standard reac-
tion conditions. The reaction proceeded smoothly, providing
the allene product in 74 % yield (1.37 g, Scheme 3).

Table 1. Optimization of reaction conditions.[a]

Entry Base (equiv) Solvent Additive (20 mol %) Yield [%][b]

1 NaH (3.0) dioxane – 15
2 KOtBu (3.0) dioxane – 9
3 NaHMDS (3.0) dioxane – trace
4 NaH (4.5) dioxane – 22
5[c] NaH (4.5) dioxane – 38
6[c] NaH (4.5) toluene – 18
7[c] NaH (4.5) MeCN – trace
8 NaH (6.0) dioxane TBAB 40
9[d] NaH (6.0) dioxine TBAB 74
10[e] NaH (6.0) dioxine TBAB 82

[a] If not otherwise noted, the reaction conditions are as following: 1 a
(0.1 mmol), 2 a (0.1 mmol), 3a (0.1 mmol), CuI (20 mol %), base, TBAB,
solvent (1.5 mL), 90 8C for 1 h. [b] Yield of isolated product. [c] Reaction
was carried out at 110 8C. [d] 1 a :2a :3a =1.5:1.0:1.2; 2a (0.4 mmol); diox-
ane (6 mL). [e] 1a :2 a :3a =2.0:1.0:1.5; 2a (0.4 mmol); dioxane (6 mL).

Table 2. Copper-catalyzed three-component coupling of various N-tosylhydrazone, terminal alkyne, and allyl
halide.[a]

Entry 1, R1 = 2, R2 = 3, R3 = Yield [%][b]

1 Ph Ph 3a, allyl (X= I) 4a, 82
2 Ph Ph 3b, allyl (X=Br) 4a, 67
3 Ph Ph 3c, allyl (X=Cl) 4a, 37
4 Ph Ph 3a, 2-methylallyl (X=Cl) 4b, 38
5 Ph Ph 3e, 2-vinylcyclohexyl (X =Br) 4c, 34
6 Ph p-MeC6H4 3a 4d, 64
7 Ph m-MeC6H4 3a 4e, 53
8 Ph p-tBuC6H4 3a 4 f, 71
9 Ph p-MeOC6H4 3a 4g, 55
10 Ph p-F3CC6H4 3a 4h, 72
11 Ph o-ClC6H4 3a 4 i, 51
12 Ph 3-thienyl 3a 4j, 72
13 Ph PhCH2CH2 3a 4k, 55
14 Ph nBu 3a 4 l, 46
15 Ph THPOCH2CH2 3a 4m, 84
16 Ph tBu 3a 4n, 28
17 p-ClC6H4 Ph 3a 4o, 77
18[c] p-BrC6H4 Ph 3a 4p, 71
19 2-benzo[d] ACHTUNGTRENNUNG[1,3]dioxol Ph 3a 4q, 60
20 p-Me2NC6H4 Ph 3a 4r, 65
21 p-MeC6H4 Ph 3a 4s, 63
22 m-MeC6H4 Ph 3a 4t, 56
23 p-MeOC6H4 Ph 3a 4u, 75
24[c] o-MeOC6H4 Ph 3a 4v, 62
25[d] 2-naphthyl Ph 3a 4w, 56
26 2-furanyl Ph 3a 4x, 50
27[e] PhCH2CH2 Ph 3a 4y, 42
28[e] tBu Ph 3a 4z, 50

[a] Unless otherwise noted, all the reactions were carried with N-tosylhydrazone (0.8 mmol), terminal alkyne
(0.4 mmol), and allyl halide (0.6 mmol), CuI (20 mol %), NaH (2.4 mmol), TBAB (20 mol %) in 1,4-dioxane
(6 mL), 90 8C for 1 h. [b] Yield of isolated product. [c] 1,4-dioxane (8 mL). [d] 70 8C. [e] Without adding TBAB.
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In conclusion, we have developed a copper-catalyzed
three-component cross-coupling reaction of N-tosylhydra-
zones, terminal alkynes, and allyl halides, leading to the
straightforward formation of tri- and tetrasubstituted allyl
allenes from easily available starting materials.[18] Moreover,
this reaction suggests the possibility of incorporating other
electrophiles in this type of copper-catalyzed coupling reac-
tions. The investigations along this line are currently under-
way and the results will be reported in due course.

Experimental Section

General procedure for the CuI-catalyzed cross-coupling

CuI (0.08 mmol, 15.36 mg), NaH (2.0 mmol, 96 mg, 50 % purity) and N-
tosylhydrazone 1 (0.88 mmol) were suspended in dioxane (5 mL) in
a 25 mL Schlenk tube under nitrogen. Then terminal alkyne 2 (0.4 mmol)
and allyl iodide 3 (0.6 mmol) were added. The resulting solution was
stirred at 90 8C for 1 h. After cooling to room temperature, the resulting
mixture was filtered through a short pad of silica gel, then eluted with
hexane and CH2Cl2. The volatile compounds were removed in vacuo, and
the residue was purified by column chromatography (SiO2, hexane).

Acknowledgements

The project is supported by 973 Program (No. 2009CB825300), Natural
Science Foundation of China (21272010).

Keywords: allenes · copper · diazo compounds ·
homogeneous catalysis · multicomponent reactions

[1] For recent monographs, see: a) Modern Allene Chemistry, Vols. 1, 2
(Eds.: N. Krause, A. S. K. Hashmi), Wiley-VCH, Weinheim, Germa-
ny, 2004 ; b) S. Ma, Palladium-Catalyzed Two- or Three-Component
Cyclization of Functionalized Allenes in Palladium in Organic Syn-
thesis (Ed.: J. Tsuji), Springer, Berlin, Germany, 2005, pp. 183;
c) Science of Synthesis, Vol. 44 (Ed.: N. Krause), Thieme, Stuttgart,
Germany, 2007.

[2] For reviews on allenes, see: a) R. Zimmer, C. Dinesh, E. Nandanan,
F. A. Khan, Chem. Rev. 2000, 100, 3067 – 3125; b) A. S. K. Hashmi,
Angew. Chem. 2000, 112, 3737 –3740; Angew. Chem. Int. Ed. 2000,
39, 3590 – 3593; c) J. A. Marshall, Chem. Rev. 2000, 100, 3163 – 3185;
d) X. Lu, C. Zhang, Z. Xu, Acc. Chem. Res. 2001, 34, 535 –544;
e) R. Bates, V. Satcharoen, Chem. Soc. Rev. 2002, 31, 12–21; f) S.
Ma, Acc. Chem. Res. 2003, 36, 701 – 712; g) L. Sydnes, Chem. Rev.
2003, 103, 1133 – 1150; h) M. Tius, Acc. Chem. Res. 2003, 36, 284 –
290; i) L. L. Wei, H. Xiong, R. P. Hsung, Acc. Chem. Res. 2003, 36,
773 – 782; j) L. Brandsma, N. A. Nedolya, Synthesis 2004, 735 – 745;
k) S. Ma, Chem. Rev. 2005, 105, 2829 –2871; l) S. Ma, Aldrichimica
Acta 2007, 40, 91– 102; m) M. Brasholz, H. U. Reissig, R. Zimmer,
Acc. Chem. Res. 2009, 42, 45 –56; n) S. Ma, Acc. Chem. Res. 2009,
42, 1679 –1688; o) S. Yu, S. Ma, Angew. Chem. 2012, 124, 3128 –
3167; Angew. Chem. Int. Ed. 2012, 51, 3074 –3112.

[3] For reviews, see: a) A. Hoffmann-Rçder, N. Krause, Angew. Chem.
2004, 116, 1216 – 1236; Angew. Chem. Int. Ed. 2004, 43, 1196 –1216;
b) H. Kim, L. J. Williams, Curr. Opin. Drug Discovery Dev. 2008, 11,
870 – 894.

[4] For reviews on the synthesis of allenes, see: a) N. Krause, A. Hoff-
mann-Rçder, Tetrahedron 2004, 60, 11671 –11694; b) K. M. Brum-
mond, J. E. Deforrest, Synthesis 2007, 795 – 818; c) M. Ogasawara,
Tetrahedron: Asymmetry 2009, 20, 259 –271; d) S. Yu, S. Ma, Chem.
Commun. 2011, 47, 5384 –5418.

[5] For selected examples, see: a) A. Alexakis, I. Marek, P. Mangeney,
J. F. Normant, J. Am. Chem. Soc. 1990, 112, 8042 –8047; b) A. G.
Myers, B. Zheng, J. Am. Chem. Soc. 1996, 118, 4492 – 4493; c) K. M.
Brummond, J. Lu, J. Am. Chem. Soc. 1999, 121, 5087 –5088; d) C.
Deutsch, B. H. Lipshutz, N. Krause, Angew. Chem. 2007, 119, 1677 –
1681; Angew. Chem. Int. Ed. 2007, 46, 1650 –1653.

[6] For selected examples of allene synthesis with related methods, see:
a) A. F�rstner, M. Mendez, Angew. Chem. 2003, 115, 5513 – 5515;
Angew. Chem. Int. Ed. 2003, 42, 5355 –5357; b) H. Nakamura, T. Ka-
makura, M. Ishikura, J. F. Biellmann, J. Am. Chem. Soc. 2004, 126,
5958 – 5959; c) Z. Xi, W.-X. Zhang, Z. Song, W. Zheng, F. Kong, T.
Takahashi, J. Org. Chem. 2005, 70, 8785 – 8789; d) S. Hayashi, K.

Scheme 2. Copper-catalyzed three-component coupling with ketone-de-
rived N-tosylhydrazones. All the reactions were carried out with N-tosyl-
hydrazone (0.64 mmol), terminal alkyne (0.4 mmol), and allyl halide
(0.6 mmol), [CuACHTUNGTRENNUNG(MeCN)4]PF6 (20 mol %), NaH (2.0 mmol), 1,10-phenan-
throline (20 mol %), TBAB (20 mol %) in 1,4-dioxane (5 mL), 110 8C for
1 h. [a] Yield of isolated product.

Scheme 3. Gram-scale experiment.

Chem. Asian J. 2013, 00, 0 – 0 � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim3 &&

These are not the final page numbers! ��

www.chemasianj.org Yan Zhang, Jianbo Wang et al.

http://dx.doi.org/10.1021/cr9902796
http://dx.doi.org/10.1021/cr9902796
http://dx.doi.org/10.1021/cr9902796
http://dx.doi.org/10.1002/1521-3757(20001016)112:20%3C3737::AID-ANGE3737%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1521-3757(20001016)112:20%3C3737::AID-ANGE3737%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1521-3757(20001016)112:20%3C3737::AID-ANGE3737%3E3.0.CO;2-S
http://dx.doi.org/10.1021/cr000003u
http://dx.doi.org/10.1021/cr000003u
http://dx.doi.org/10.1021/cr000003u
http://dx.doi.org/10.1021/ar000253x
http://dx.doi.org/10.1021/ar000253x
http://dx.doi.org/10.1021/ar000253x
http://dx.doi.org/10.1039/b103904k
http://dx.doi.org/10.1039/b103904k
http://dx.doi.org/10.1039/b103904k
http://dx.doi.org/10.1021/ar020133k
http://dx.doi.org/10.1021/ar020133k
http://dx.doi.org/10.1021/ar020133k
http://dx.doi.org/10.1021/cr010025w
http://dx.doi.org/10.1021/cr010025w
http://dx.doi.org/10.1021/cr010025w
http://dx.doi.org/10.1021/cr010025w
http://dx.doi.org/10.1021/ar0200394
http://dx.doi.org/10.1021/ar0200394
http://dx.doi.org/10.1021/ar0200394
http://dx.doi.org/10.1021/ar030029i
http://dx.doi.org/10.1021/ar030029i
http://dx.doi.org/10.1021/ar030029i
http://dx.doi.org/10.1021/ar030029i
http://dx.doi.org/10.1055/s-2004-816005
http://dx.doi.org/10.1055/s-2004-816005
http://dx.doi.org/10.1055/s-2004-816005
http://dx.doi.org/10.1021/cr020024j
http://dx.doi.org/10.1021/cr020024j
http://dx.doi.org/10.1021/cr020024j
http://dx.doi.org/10.1021/ar800011h
http://dx.doi.org/10.1021/ar800011h
http://dx.doi.org/10.1021/ar800011h
http://dx.doi.org/10.1021/ar900153r
http://dx.doi.org/10.1021/ar900153r
http://dx.doi.org/10.1021/ar900153r
http://dx.doi.org/10.1021/ar900153r
http://dx.doi.org/10.1002/ange.201101460
http://dx.doi.org/10.1002/ange.201101460
http://dx.doi.org/10.1002/ange.201101460
http://dx.doi.org/10.1002/anie.201101460
http://dx.doi.org/10.1002/anie.201101460
http://dx.doi.org/10.1002/anie.201101460
http://dx.doi.org/10.1002/ange.200300628
http://dx.doi.org/10.1002/ange.200300628
http://dx.doi.org/10.1002/ange.200300628
http://dx.doi.org/10.1002/ange.200300628
http://dx.doi.org/10.1002/anie.200300628
http://dx.doi.org/10.1002/anie.200300628
http://dx.doi.org/10.1002/anie.200300628
http://dx.doi.org/10.1016/j.tet.2004.09.094
http://dx.doi.org/10.1016/j.tet.2004.09.094
http://dx.doi.org/10.1016/j.tet.2004.09.094
http://dx.doi.org/10.1055/s-2007-965963
http://dx.doi.org/10.1055/s-2007-965963
http://dx.doi.org/10.1055/s-2007-965963
http://dx.doi.org/10.1016/j.tetasy.2008.11.039
http://dx.doi.org/10.1016/j.tetasy.2008.11.039
http://dx.doi.org/10.1016/j.tetasy.2008.11.039
http://dx.doi.org/10.1039/c0cc05640e
http://dx.doi.org/10.1039/c0cc05640e
http://dx.doi.org/10.1039/c0cc05640e
http://dx.doi.org/10.1039/c0cc05640e
http://dx.doi.org/10.1021/ja00178a029
http://dx.doi.org/10.1021/ja00178a029
http://dx.doi.org/10.1021/ja00178a029
http://dx.doi.org/10.1021/ja960443w
http://dx.doi.org/10.1021/ja960443w
http://dx.doi.org/10.1021/ja960443w
http://dx.doi.org/10.1021/ja990426h
http://dx.doi.org/10.1021/ja990426h
http://dx.doi.org/10.1021/ja990426h
http://dx.doi.org/10.1002/ange.200603739
http://dx.doi.org/10.1002/ange.200603739
http://dx.doi.org/10.1002/ange.200603739
http://dx.doi.org/10.1002/anie.200603739
http://dx.doi.org/10.1002/anie.200603739
http://dx.doi.org/10.1002/anie.200603739
http://dx.doi.org/10.1002/ange.200352441
http://dx.doi.org/10.1002/ange.200352441
http://dx.doi.org/10.1002/ange.200352441
http://dx.doi.org/10.1002/anie.200352441
http://dx.doi.org/10.1002/anie.200352441
http://dx.doi.org/10.1002/anie.200352441
http://dx.doi.org/10.1021/ja039175+
http://dx.doi.org/10.1021/ja039175+
http://dx.doi.org/10.1021/ja039175+
http://dx.doi.org/10.1021/ja039175+
http://dx.doi.org/10.1021/jo051178c
http://dx.doi.org/10.1021/jo051178c
http://dx.doi.org/10.1021/jo051178c


Hirano, H. Yorimitsu, K. Oshima, J. Am. Chem. Soc. 2008, 130,
5048 – 5049; e) X. Pu, J. M. Ready, J. Am. Chem. Soc. 2008, 130,
10874 – 10875; f) V. K. Y. Lo, M. K. Wong, C. M. Che, Org. Lett.
2008, 10, 517 –519; g) M. Tang, C. A. Fan, F. M. Zhang, Y. Q. Tu,
W. X. Zhang, A. X. Wang, Org. Lett. 2008, 10, 5585 – 5588; h) H.
Zhang, X. Fu, J. Chen, E. Wang, Y. Liu, Y. Li, J. Org. Chem. 2009,
74, 9351 – 9358; i) C. Zhong, Y. Sasaki, H. Ito, M. Sawamura, Chem.
Commun. 2009, 5850 – 5852; j) M. Ogasawara, A. Okada, K. Nakaji-
ma, T. Takahashi, Org. Lett. 2009, 11, 177 –180; k) X. Zhao, Z.
Zhong, L. Peng, W. Zhang, J. Wang, Chem. Commun. 2009, 2535 –
2537; l) H. Liu, D. Leow, K. W. Huang, C. H. Tan, J. Am. Chem.
Soc. 2009, 131, 7212 –7213; m) R. V. Kolakowski, M. Manpadi, Y.
Zhang, T. J. Emge, L. J. Williams, J. Am. Chem. Soc. 2009, 131,
12910 – 12911; n) C. Xi, X. Yan, W. You, T. Takahashi, Angew.
Chem. 2009, 121, 8264 –8267; Angew. Chem. Int. Ed. 2009, 48, 8120 –
8123; o) V. K. Y. Lo, C. Y. Zhou, M. K. Wong, C. M. Che, Chem.
Commun. 2010, 46, 213 –215; p) B. Bolte, Y. Odabachian, F. Gagosz,
J. Am. Chem. Soc. 2010, 132, 7294 –7296; q) M. A. Schade, S.
Yamada, P. Knochel, Chem. Eur. J. 2011, 17, 4232 – 4237; r) A. Naka-
tani, K. Hirano, T. Satoh, M. Miura, Org. Lett. 2012, 14, 2586 – 2589;
s) M. R. Uehling, S. T. Marionni, G. Lalic, Org. Lett. 2012, 14, 362 –
365.

[7] M. Ahmed, T. Arnauld, A. G. M. Barrett, D. C. Braddock, K. Flack,
P. A. Procopiou, Org. Lett. 2000, 2, 551 – 553.

[8] V. Lavallo, G. D. Frey, S. Kousar, B. Donnadieu, G. Bertrand, Proc.
Natl. Acad. Sci. USA 2007, 104, 13569 –13573.

[9] a) P. Rona, P. Crabb�, J. Am. Chem. Soc. 1969, 91, 3289 –3292;
b) J. M. Dollat, J. L. Luche, P. Crabb�, J. Chem. Soc. Chem.
Commun. 1977, 761 –762; c) P. Crabb�, H. Fillion, D. Andr�, J. L.
Luche, J. Chem. Soc. Chem. Commun. 1979, 859 –860; d) P. Crabb�,
D. Andr�, H. Fillion, Tetrahedron Lett. 1979, 20, 893 –896; e) S.
Searles, Y. Li, B. Nassim, M. T. R. Lopes, P. T. Tran, P. Crabb�, J.
Chem. Soc. Perkin Trans. 1 1984, 747 –751.

[10] U. Kazmaier, S. Lucas, M. Klein, J. Org. Chem. 2006, 71, 2429 – 2433.

[11] a) S. Ma, H. Hou, S. Zhao, G. Wang, Synthesis 2002, 1643 – 1645;
b) J. Kuang, S. Ma, J. Org. Chem. 2009, 74, 1763 – 1765; c) J. Kuang,
S. Ma, J. Am. Chem. Soc. 2010, 132, 1786 – 1787; d) J. Kuang, H.
Luo, S. Ma, Adv. Synth. Catal. 2012, 354, 933 –944; e) J. Ye, S. Li, B.
Chen, W. Fan, J. Kuang, J. Liu, Y. Liu, B. Miao, B. Wan, Y. Wang, X.
Xie, Q. Yu, W. Yuan, S. Ma, Org. Lett. 2012, 14, 1346 –1349; f) B.
Chen, N. Wang, W. Fan, S. Ma, Org. Biomol. Chem. 2012, 10, 8465 –
8470; g) J. Ye, W. Fan, S. Ma, Chem. Eur. J. 2013, 19, 716 –720; h) J.
Kuang, X. Xie, S. Ma, Synthesis 2013, 45, 592 – 595.

[12] a) Q. Xiao, Y. Xia, H. Li, Y. Zhang, J. Wang, Angew. Chem. 2011,
123, 1146 – 1149; Angew. Chem. Int. Ed. 2011, 50, 1114 –1117;
b) M. L. Hossain, F. Ye, Y. Zhang, J. Wang, J. Org. Chem. 2013, 78,
1236 – 1241.

[13] For application of Cu-catalyzed allene formation in tandem transfor-
mations, see: a) L. Zhou, Y. Shi, Q. Xiao, Y. Liu, F. Ye, Y. Zhang, J.
Wang, Org. Lett. 2011, 13, 968 – 971; b) F. Ye, Y. Shi, L. Zhou, Q.
Xiao, Y. Zhang, J. Wang, Org. Lett. 2011, 13, 5020 –5023.

[14] For related Cu-catalyzed allene formation from diazo compounds,
see: a) M. Hassink, X. Liu, J. M. Fox, Org. Lett. 2011, 13, 2388 –
2391; b) S. Mondal, M. Nechab, D. Campolo, N. Vanthuyne, M. P.
Bertrand, Adv. Synth. Catal. 2012, 354, 1987 –2000.

[15] For a recent review on Cu-catalyzed coupling reactions with diazo
compounds, see: X. Zhao, Y. Zhang, J. Wang, Chem. Commun.
2012, 48, 10162 –10173.

[16] For other related Cu-catalyzed reaction with N-tosylhydrazones,
see: a) X. Zhao, G. Wu, Y. Zhang, J. Wang, J. Am. Chem. Soc. 2011,
133, 3296 –3299; b) F. Ye, X. Ma, Q. Xiao, H. Li, Y. Zhang, J. Wang,
J. Am. Chem. Soc. 2012, 134, 5742 – 5745.

[17] For a detailed discussion on the effect of base in transition-metal-
catalyzed coupling reactions, see: K. Ouyang, Z. Xi, Acta Chim. Sin.
2013, 71, 13–25.

[18] For a report on allyl allene synthesis, see: K. Lee, P. H. Lee, Org.
Lett. 2008, 10, 2441 –2444.

Received: March 14, 2013
Published online: && &&, 0000

Chem. Asian J. 2013, 00, 0 – 0 � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim4&&

�� These are not the final page numbers!

www.chemasianj.org Yan Zhang, Jianbo Wang et al.

http://dx.doi.org/10.1021/ja800986m
http://dx.doi.org/10.1021/ja800986m
http://dx.doi.org/10.1021/ja800986m
http://dx.doi.org/10.1021/ja800986m
http://dx.doi.org/10.1021/ja8035527
http://dx.doi.org/10.1021/ja8035527
http://dx.doi.org/10.1021/ja8035527
http://dx.doi.org/10.1021/ja8035527
http://dx.doi.org/10.1021/ol702970r
http://dx.doi.org/10.1021/ol702970r
http://dx.doi.org/10.1021/ol702970r
http://dx.doi.org/10.1021/ol702970r
http://dx.doi.org/10.1021/ol802445p
http://dx.doi.org/10.1021/ol802445p
http://dx.doi.org/10.1021/ol802445p
http://dx.doi.org/10.1021/jo9020419
http://dx.doi.org/10.1021/jo9020419
http://dx.doi.org/10.1021/jo9020419
http://dx.doi.org/10.1021/jo9020419
http://dx.doi.org/10.1039/b910192f
http://dx.doi.org/10.1039/b910192f
http://dx.doi.org/10.1039/b910192f
http://dx.doi.org/10.1039/b910192f
http://dx.doi.org/10.1021/ol802280c
http://dx.doi.org/10.1021/ol802280c
http://dx.doi.org/10.1021/ol802280c
http://dx.doi.org/10.1039/b903028j
http://dx.doi.org/10.1039/b903028j
http://dx.doi.org/10.1039/b903028j
http://dx.doi.org/10.1021/ja901528b
http://dx.doi.org/10.1021/ja901528b
http://dx.doi.org/10.1021/ja901528b
http://dx.doi.org/10.1021/ja901528b
http://dx.doi.org/10.1021/ja906189h
http://dx.doi.org/10.1021/ja906189h
http://dx.doi.org/10.1021/ja906189h
http://dx.doi.org/10.1021/ja906189h
http://dx.doi.org/10.1002/ange.200904255
http://dx.doi.org/10.1002/ange.200904255
http://dx.doi.org/10.1002/ange.200904255
http://dx.doi.org/10.1002/ange.200904255
http://dx.doi.org/10.1002/anie.200904255
http://dx.doi.org/10.1002/anie.200904255
http://dx.doi.org/10.1002/anie.200904255
http://dx.doi.org/10.1039/b914516h
http://dx.doi.org/10.1039/b914516h
http://dx.doi.org/10.1039/b914516h
http://dx.doi.org/10.1039/b914516h
http://dx.doi.org/10.1021/ja1020469
http://dx.doi.org/10.1021/ja1020469
http://dx.doi.org/10.1021/ja1020469
http://dx.doi.org/10.1002/chem.201003273
http://dx.doi.org/10.1002/chem.201003273
http://dx.doi.org/10.1002/chem.201003273
http://dx.doi.org/10.1021/ol300886k
http://dx.doi.org/10.1021/ol300886k
http://dx.doi.org/10.1021/ol300886k
http://dx.doi.org/10.1021/ol2031119
http://dx.doi.org/10.1021/ol2031119
http://dx.doi.org/10.1021/ol2031119
http://dx.doi.org/10.1021/ol0055061
http://dx.doi.org/10.1021/ol0055061
http://dx.doi.org/10.1021/ol0055061
http://dx.doi.org/10.1073/pnas.0705809104
http://dx.doi.org/10.1073/pnas.0705809104
http://dx.doi.org/10.1073/pnas.0705809104
http://dx.doi.org/10.1073/pnas.0705809104
http://dx.doi.org/10.1021/ja01040a033
http://dx.doi.org/10.1021/ja01040a033
http://dx.doi.org/10.1021/ja01040a033
http://dx.doi.org/10.1039/c39770000761
http://dx.doi.org/10.1039/c39770000761
http://dx.doi.org/10.1039/c39770000761
http://dx.doi.org/10.1039/c39770000761
http://dx.doi.org/10.1016/S0040-4039(01)93581-6
http://dx.doi.org/10.1016/S0040-4039(01)93581-6
http://dx.doi.org/10.1016/S0040-4039(01)93581-6
http://dx.doi.org/10.1039/p19840000747
http://dx.doi.org/10.1039/p19840000747
http://dx.doi.org/10.1039/p19840000747
http://dx.doi.org/10.1039/p19840000747
http://dx.doi.org/10.1021/jo052611l
http://dx.doi.org/10.1021/jo052611l
http://dx.doi.org/10.1021/jo052611l
http://dx.doi.org/10.1055/s-2002-33656
http://dx.doi.org/10.1055/s-2002-33656
http://dx.doi.org/10.1055/s-2002-33656
http://dx.doi.org/10.1021/jo802391x
http://dx.doi.org/10.1021/jo802391x
http://dx.doi.org/10.1021/jo802391x
http://dx.doi.org/10.1021/ja910503k
http://dx.doi.org/10.1021/ja910503k
http://dx.doi.org/10.1021/ja910503k
http://dx.doi.org/10.1002/adsc.201100772
http://dx.doi.org/10.1002/adsc.201100772
http://dx.doi.org/10.1002/adsc.201100772
http://dx.doi.org/10.1021/ol300296k
http://dx.doi.org/10.1021/ol300296k
http://dx.doi.org/10.1021/ol300296k
http://dx.doi.org/10.1039/c2ob26291f
http://dx.doi.org/10.1039/c2ob26291f
http://dx.doi.org/10.1039/c2ob26291f
http://dx.doi.org/10.1002/chem.201201948
http://dx.doi.org/10.1002/chem.201201948
http://dx.doi.org/10.1002/chem.201201948
http://dx.doi.org/10.1002/ange.201005741
http://dx.doi.org/10.1002/ange.201005741
http://dx.doi.org/10.1002/ange.201005741
http://dx.doi.org/10.1002/ange.201005741
http://dx.doi.org/10.1002/anie.201005741
http://dx.doi.org/10.1002/anie.201005741
http://dx.doi.org/10.1002/anie.201005741
http://dx.doi.org/10.1021/jo3024686
http://dx.doi.org/10.1021/jo3024686
http://dx.doi.org/10.1021/jo3024686
http://dx.doi.org/10.1021/jo3024686
http://dx.doi.org/10.1021/ol103009n
http://dx.doi.org/10.1021/ol103009n
http://dx.doi.org/10.1021/ol103009n
http://dx.doi.org/10.1021/ol201788v
http://dx.doi.org/10.1021/ol201788v
http://dx.doi.org/10.1021/ol201788v
http://dx.doi.org/10.1021/ol2006242
http://dx.doi.org/10.1021/ol2006242
http://dx.doi.org/10.1021/ol2006242
http://dx.doi.org/10.1002/adsc.201200045
http://dx.doi.org/10.1002/adsc.201200045
http://dx.doi.org/10.1002/adsc.201200045
http://dx.doi.org/10.1039/c2cc34406h
http://dx.doi.org/10.1039/c2cc34406h
http://dx.doi.org/10.1039/c2cc34406h
http://dx.doi.org/10.1039/c2cc34406h
http://dx.doi.org/10.1021/ja111249p
http://dx.doi.org/10.1021/ja111249p
http://dx.doi.org/10.1021/ja111249p
http://dx.doi.org/10.1021/ja111249p
http://dx.doi.org/10.1021/ja3004792
http://dx.doi.org/10.1021/ja3004792
http://dx.doi.org/10.1021/ja3004792
http://dx.doi.org/10.1021/ol800719g
http://dx.doi.org/10.1021/ol800719g
http://dx.doi.org/10.1021/ol800719g
http://dx.doi.org/10.1021/ol800719g


COMMUNICATION

Cross-Coupling Reactions

Fei Ye, Mohammad Lokman Hossain,
Yan Xu, Xiaoshen Ma, Qing Xiao,
Yan Zhang,* Jianbo Wang* &&&&—&&&&

Synthesis of Allyl Allenes through
Three-Component Cross-Coupling
Reaction of N-Tosylhydrazones,
Terminal Alkynes, and Allyl Halides

Three�s a crowd : Tri- and tetrasubsti-
tuted allyl allenes can be easily
accessed by this CuI-catalyzed three-
component coupling reaction of N-

tosylhydrazones, terminal alkynes, and
allyl halides. The reaction proceeds
through a mechanism involving copper
carbene migratory insertion.
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