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The catalytic hydroamination/cyclization of aminoalkenes
constitutes a synthetic route to nitrogen heterocycles that is
endowed with exceptional atom economy.[1] Fairly recently,
several cationic ZnII complexes have been shown to have
excellent catalytic activity in hydroamination/cyclization
reactions.[2] A distinct synthetic disadvantage associated
with conventional hydroamination/cyclization rests with the
simple delivery of a hydrogen atom to the unsaturated
carbon-based addend. Several laboratories have described
instances of metalloamination events that lead to consecutive
C/N�C�C bond formation. These include transformations
that involve either the catalytic utilization of organometallic
intermediates derived from PdII,[3a–p] CuII,[3q] AuI,[3r] or the
stoichiometric use of TiIV [3s,t] or ZnII intermediates.[3u–w] Due
to the fleeting nature of the intermediates in the aforemen-
tioned catalytic processes, their overall utility in synthesis
suffers from being rather electrophile-limited. In addition, the
vast majority of instances involving C�N/C�Ti and carbon–
heteroatom/carbon–zinc functionalization rely on a highly
exothermic addition to a tethered alkyne.[4] In that
sp3 hybridized C�Zn bonds are subject to functionalization
by way of an exceptional number of reliable reactions, the
direct metalloamination of alkenes would constitute a valu-
able addition to organic synthesis. In this Communication, we
describe a series of facile alkene metalloamination reactions
involving zinc(II) amides generated by the direct metalation
of N,N-dimethylhydrazinoalkenes with diethylzinc. The
resulting organozinc intermediates undergo efficient func-
tionalization with representative carbon-based electrophiles
to furnish a variety of piperidines and pyrrolidines
(Scheme 1). It is synthetically most relevant that the N�N
bond of related hydrazines is subject to facile reductive
cleavage under mild conditions using zinc in acetic acid.[5]

We initiated this study by examining the prospective
metalloamination/cyclization of the ZnII amide obtained from
aminoalkene 6 and Et2Zn ([D8]toluene, 110 8C; Scheme 2;
only for the initial screening experiments deuterated toluene
was used; later it was replaced by toluene). Although the
formation of ZnII amide 7 proceeded without incident, further
heating led only to decomposition with the deposition of

metallic zinc.[6] We next turned to hydrazinoalkene 1a, based
on the premise that the intermediate hydrazide 2a (or its
cyclic dimer) might be more predisposed toward cyclization
by virtue of the beneficial formation of an internally
coordinated organozinc intermediate of type 3a (Scheme 2).
This indeed proved to be the case as simple heating of 1b with
Et2Zn (1.1 equiv, [D8]toluene, 90 8C) provided 3a (as evi-
denced by deuteration, D2O) in> 95 % yield (1H NMR). That
metalloamination/cyclization was particularly facile was sug-
gested by the absence of any spectroscopic data ascribable to
the putative hydrazide intermediate 2a. The subsequent
utilization of organozinc compound 3a in carbon–carbon
bond formation was readily
achieved by the direct addition of CuCN·2LiCl[8] (1.5 equiv)
followed by allyl bromide (2.5 equiv) to furnish pyrrolidine 4a
(isolated as its trifluoroacetate salt) in 92 % yield overall
(Scheme 2).[7] With comparable results, the initial reaction
solvent (see below) could be removed under vacuum,
followed by the addition of THF, CuCN·
2LiCl (1.5 equiv), and an allyl halide (1.2 equiv). Several
alternative solvents were examined as media for the metal-
loamination/cyclization. Of these, (trifluoromethyl)benzene
and diisopropyl ether proved satisfactory while the more
strongly coordinating ethereal solvent THF suppressed the
reaction.

The synthetic scope of this metalloamination/allylation
was explored by using a series of N,N-dimethylhydrazinoal-

Scheme 1. Metalloamination/electrophilic functionalization of hydrazi-
noalkenes. CE: carbon electrophile.

Scheme 2. Metalloamination/allylation of hydrazinoalkenes.
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kenes (e.g., 1a–1 g) under condi-
tions closely related to those de-
scribed for the conversion of 1a to
4a. The details of this study are
summarized in Table 1. The results
are noteworthy in several regards,
particularly since the yields are
excellent in almost all cases. Very
significantly, the presence of
Thorpe–Ingold conformational
acceleration, that is of crucial impor-
tance in many hydroamination/cyc-
lization reactions, is not at all a pre-
requisite for this metalloamination/
cyclization being successful. Two
striking examples are presented in
entries 3 and 6, in which simple 5-
and 6-membered rings, respectively,
are formed efficiently and faster
than observed for 1a (entry 1). In
addition, excellent levels of diaste-
reoselectivity are achievable. Spe-
cific cases include the metalloami-
nation/allylation of 1b to provide
pyrrolidines 4b (cis/trans
> 20:1)[9a, 11] and 1g to give piperi-
dine 4g (cis/trans = 9:1).[9b, 11] An
additional noteworthy case is that
of 1 d, the metalloamination of
which at 90 8C generated the corre-
sponding organozinc compounds 3d
as a 1:1 cis/trans mixture. In con-
trast, metalloamination/cyclization
of 1d at 10 8C (15 h) proceeded
with good diastereoselectivity (cis/
trans = 1:6) with subsequent allyla-
tion preserving this stereochemical
preference to furnish pyrrolidine 4d
(entry 4).[10b] Significantly, heating
of the 1:6 mixture of the organozinc
compound 3d to 90 8C rapidly led to
a 1:1 mixture, suggesting that the
metalloamination event is reversi-
ble. This behavior is not limited to
1d. Metalloamination/allylation of
1e at 90 8C (5 h) provided 4e as a 1:1
cis/trans mixture (85 %) whereas
cyclization at 23 8C over 24 h generated 3e (cis/trans = 1:15)
and ultimately gave 4 etrans in 83% yield.[10a] As was the case
with 3d, heating 3e (cis/trans = 1:15) at 90 8C led to rapid
equilibration to provide a 1:1 mixture of the diastereomers.

It is also of interest that a tert-butyltrimethylsilyl (TBS)
ether substituent was easily tolerated (entry 8).[12] More
significantly, the cyclic hydrazine 1 i readily underwent
stereospecific cyclization/allylation to furnish 4 i in 87%
yield.[10c] In addition, the disubstituted alkene 1j smoothly
led to the corresponding organozinc compound 3 j, the
subsequent alkylation of which was reasonably efficient,
providing 4j as a 2:1 mixture of diastereomers in 79% yield

(relative configuration not assigned, entry 10). Unfortunately,
an attempt to extend our metalloamination/cyclization
method to the formation of seven-membered rings has been
unsuccessful (entry 11). That our procedure is scalable was
demonstrated by the synthesis of unsubstituted 4a, 4d (cis/
trans = 1:6), and methylated 4 f in 91, 84, and 93 % yield,
respectively, on a 1 mmol scale.

Alternative methods for the electrophilic functionaliza-
tion of the C�Zn bond in the metalloamination intermediates
3 were also shown to be viable. Accordingly, acylation of 3a,b,
and 3 f under the conditions of Fukuyama[13] [4-
tBuC6H4COSEt, [PdCl2(PPh3)2] (5 mol%), toluene] fur-

Table 1: Metalloamination/allylation of hydrazinoalkenes.

Hydrazinoalkene Conversion [%][a] d.r. Product Yield [%][f ]

1a >95 (18 h)[b] – 4a
92 (R = H)
83 (R = Me)

1b >95 (6 h)[b] >20:1 (c/t) 4b
81 (R = H)
85 (R = Me)

1c 90 (4 h)[b] – 4c
80 (R = H)
76 (R = Me)

1d 90 (15 h)[c] 1:6 (c/t) 4d 83

1e 90 (24 h)[d] 1:15 (c/t) 4e 83

1 f >95 (3 h)[b] – 4 f
93 (R = H)
88 (R = Me)

1g 70 (12 h)[b,e] 9:1 (c/t) 4g 63

1h 90 (8 h)[b] 1:2 (c/t) 4h 83[i]

1 i >95 (16 h)[b] >20:1 (c/t) 4 i 87

1 j 90 (24 h)[b] 3:1[g] 4 j 79[i]

1k n.r. (3 d)[h] – – – –

[a] As calculated from 1H NMR spectra utilizing p-xylene as an internal standard. [b] Reaction conducted
on a 0.1 mmol scale in a 90 8C oil bath with toluene or (trifluoromethyl)benzene as solvent. [c] Reaction
conducted at 10 8C. [d] Reaction conducted at 23 8C. [e] Required 2 equiv of ZnEt2. [f ] All products were
isolated as the TFA salts unless otherwise noted. [g] Stereoselectivity is unoptimized. [h] Cyclization was
not observed. [i] Product isolated as the free base.
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nished the corresponding azacyclic ketones 5 in good yield
and with excellent diastereoselectivity. On a preparative scale
(1 mmol), 5a could be isolated in 64% yield after purification
(Table 2).

The foregoing applications vividly illustrate the potential
of Et2Zn promoted metalloamination/cyclization for consec-
utive carbon–nitrogen/carbon–electrophile bond formation,
leading to the diastereoselective construction of functional-
ized nitrogen heterocycles. The novel strategy described
herein is expected to enable new and highly efficient path-
ways to stereochemically diverse molecules of preparative
interest.

Experimental Section
General procedure for CuCN mediated allylation of metalloamina-
tion intermediates: In an argon-filled glove box, ZnEt2 in p-xylene
(50 mL, 2.0m, 0.10 mmol) and toluene or (trifluoromethyl)benzene
(0.5 mL) were introduced into a J. Young NMR tube equipped with
a teflon screw cap, and hydrazinoalkene (1a–1j) (0.10 mmol) was
subsequently added. The reaction mixture was heated in a 90 8C oil
bath until metalloamination was complete (� 90% by 1H NMR, p-
xylene as internal standard). The volatiles were removed under
vacuum and THF (0.5 mL) was introduced to the J. Young tube in an
argon-filled dry box, followed by the addition of a solution of
CuCN·2LiCl in THF (150 mL, 1.0m, 0.15 mmol). After 5 min, allyl
bromide (14.5 mg, 0.12 mmol) [or methallyl chloride (10.9 mg,
0.12 mmol)] was added and the reaction mixture was kept at 23 8C
for 2 h (or until the reaction was complete, � 95% 1H NMR). The
teflon screw cap was removed and the reaction mixture transferred to
a 10 mL test tube, diluted with diethyl ether (2.0 mL), and an aqueous
solution of NH4Cl(sat) and NH3/H2O (1:1 v/v, 2 mL) was subsequently
added. The resulting suspension was vigorously stirred for 10 min
until the aqueous layer developed a deep blue color. The organic
layer was removed and washed with a second portion of NH4Cl and

NH3/H2O (1:1 v/v, 2 mL), followed by
brine (2 mL), and dried with MgSO4.
The ether solution was then transferred
to a 10 mL round-bottomed flask
equipped with a magnetic stirring bar
and a N2 inlet and cooled to 0 8C.
Trifluoroacetic acid (13.7 mg,
0.12 mmol) was added dropwise using
a gas-tight syringe, and the reaction
mixture was stirred for 1 h. The vola-
tiles were removed under vacuum, and
the resultant viscous oil was triturated
with pentane (3 � 1 mL) to afford the
trifluoroacetate salts 4a–4j.

Received: July 30, 2014
Published online: October 10, 2014

.Keywords: cyclization · hydrazines ·
metalloamination ·
nitrogen heterocycles ·
organozinc compounds

[1] a) S. Hong, T. J. Marks, Acc.
Chem. Res. 2004, 37, 673 – 686,
and references therein; b) K.
Huynh, T. Livinghouse, H. M.

Lovick, Synlett 2014, 1721 – 1724; c) T. Jiang, K. Huynh, T.
Livinghouse, Synlett 2013, 193 – 196; d) T. Jiang, T. Livinghouse,
H. M. Lovick, Chem. Commun. 2011, 47, 12861 – 12863; e) H. M.
Lovick, D. K. An, T. Livinghouse, Dalton Trans. 2011, 40, 7697 –
7700; f) T. Jiang, T. Livinghouse, Org. Lett. 2010, 12, 4271 – 4273;
g) J. Y. Kim, T. Livinghouse, Org. Lett. 2005, 7, 4391 – 4393; h) H.
Kim, P. H. Lee, T. Livinghouse, Chem. Commun. 2005, 5205 –
5207; i) J. Y. Kim, T. Livinghouse, Org. Lett. 2005, 7, 1737 – 1739;
j) J. Y. Kim, T. Livinghouse, Y. Horino, J. Am. Chem. Soc. 2003,
125, 9560 – 9561; k) Y. K. Kim, T. Livinghouse, Angew. Chem.
Int. Ed. 2002, 41, 3645 – 3647; Angew. Chem. 2002, 114, 3797 –
3799; l) A. L. Reznichenko, K. C. Hultzsch, Organometallics
2013, 32, 1394 – 1408; m) A. L. Reznichenko, K. C. Hultzsch,
Organometallics 2010, 29, 24 – 27; n) D. V. Gribkov, K. C.
Hultzsch, F. Hampel, J. Am. Chem. Soc. 2006, 128, 3748 – 3759,
and references therein; o) Y. Champurnia, R. Guillot, D.
Lyubov, A. Trifonov, J. Hannedouche, E. Schulz, Dalton Trans.
2013, 42, 507 – 520; p) Y. Chapurina, H. Ibrahim, R. Guillot, E.
Kolodziej, J. Collin, A. Trifonov, E. Schulz, J. Hannedouche, J.
Org. Chem. 2011, 76, 10163 – 10172; q) I. Aillaud, J. Collin, C.
Duhayon, R. Guillot, D. Lyubov, E. Schulz, A. Trifonov, Chem.
Eur. J. 2008, 14, 2189 – 2200; r) D. C. Leitch, P. R. Payne, C. R.
Dunbar, L. L. Schafer, J. Am. Chem. Soc. 2009, 131, 18246 –
18247; s) M. C. Wood, D. C. Leitch, C. S. Yeung, J. A. Kozak,
L. L. Schafer, Angew. Chem. Int. Ed. 2007, 46, 354 – 358; Angew.
Chem. 2007, 119, 358 – 362; t) R. K. Thomson, J. A. Bexrud, L. L.
Schafer, Organometallics 2006, 25, 4069 – 4071; u) J. A. Bexrud,
J. D. Beard, D. C. Leitch, L. L. Schafer, Org. Lett. 2005, 7, 1959 –
1962; v) X. Yu, T. J. Marks, Organometallics 2007, 26, 365 – 376;
w) D. A. Watson, M. Chiu, R. G. Bergman, Organometallics
2006, 25, 4731 – 4733; x) L. E. N. Allan, G. J. Clarkson, D. J. Fox,
A. L. Gott, P. Scott, J. Am. Chem. Soc. 2010, 132, 15308 – 15320;
y) R. Kubiak, I. Prochnow, S. Doye, Angew. Chem. Int. Ed. 2009,
48, 1153 – 1156; Angew. Chem. 2009, 121, 1173 – 1176; z) D. L.
Swartz II, R. J. Staples, A. L. Odom, Dalton Trans. 2011, 40,
7762 – 7768.

[2] a) M. Dochnahl, K. Lohnwitz, A. Luhl, J.-W. Pissarek, M.
Biyikal, P. W. Roesky, S. Blechert, Organometallics 2010, 29,

Table 2: Metalloamination/acylation of hydrazinoalkenes.[c]

Hydrazinoalkene Conversion [%][a] d.r. Product Yield [%]

1a >95 (18 h)[b] – 5a 64

1b >95 (6 h)[b] >20:1 (c/t) 5b 61

1 f >95 (3 h)[b] – 5 f 61

[a] As calculated from 1H NMR spectra utilizing p-xylene as an internal standard. [b] All reactions
conducted at a 0.1 mmol scale with toluene or (trifluoromethyl)benzene as solvent. [c] Ar = 4-tBuC6H4.

Angewandte
Chemie

14355Angew. Chem. Int. Ed. 2014, 53, 14352 –14356 � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1021/ar040051r
http://dx.doi.org/10.1021/ar040051r
http://dx.doi.org/10.1039/c1cc15399d
http://dx.doi.org/10.1021/ol101646t
http://dx.doi.org/10.1021/ol051574h
http://dx.doi.org/10.1039/b505738h
http://dx.doi.org/10.1039/b505738h
http://dx.doi.org/10.1021/ol050294z
http://dx.doi.org/10.1021/ja021445l
http://dx.doi.org/10.1021/ja021445l
http://dx.doi.org/10.1002/1521-3773(20021004)41:19%3C3645::AID-ANIE3645%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3773(20021004)41:19%3C3645::AID-ANIE3645%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3757(20021004)114:19%3C3797::AID-ANGE3797%3E3.0.CO;2-5
http://dx.doi.org/10.1002/1521-3757(20021004)114:19%3C3797::AID-ANGE3797%3E3.0.CO;2-5
http://dx.doi.org/10.1021/om3010614
http://dx.doi.org/10.1021/om3010614
http://dx.doi.org/10.1021/om9008907
http://dx.doi.org/10.1021/ja058287t
http://dx.doi.org/10.1021/jo202009q
http://dx.doi.org/10.1021/jo202009q
http://dx.doi.org/10.1002/chem.200701090
http://dx.doi.org/10.1002/chem.200701090
http://dx.doi.org/10.1021/ja906955b
http://dx.doi.org/10.1021/ja906955b
http://dx.doi.org/10.1021/om060545n
http://dx.doi.org/10.1021/ol0503992
http://dx.doi.org/10.1021/ol0503992
http://dx.doi.org/10.1021/om0607999
http://dx.doi.org/10.1021/om0606791
http://dx.doi.org/10.1021/om0606791
http://dx.doi.org/10.1021/ja106588m
http://dx.doi.org/10.1002/anie.200805169
http://dx.doi.org/10.1002/anie.200805169
http://dx.doi.org/10.1002/ange.200805169
http://dx.doi.org/10.1039/c1dt10127g
http://dx.doi.org/10.1039/c1dt10127g
http://dx.doi.org/10.1021/om901012f
http://www.angewandte.org


2637 – 2645; b) G. Q. Liu, W. Li, Y. Wang, Z. Ding, Y. Li,
Tetrahedron Lett. 2009, 53, 4393 – 4396; c) P. Horillo-Mart�nez,
K. C. Hultzsch, Tetrahedron Lett. 2009, 50, 2054 – 2056; d) J.
Pissarek, D. Schlesiger, P. W. Roesky, S. Blechert, Adv. Synth.
Catal. 2009, 351, 2081 – 2085.

[3] a) N. R. Babij, J. P. Wolfe, Angew. Chem. Int. Ed. 2013, 52, 9247 –
9250; Angew. Chem. 2013, 125, 9417 – 9420; b) D. N. Mai, J. P.
Wolfe, J. Am. Chem. Soc. 2010, 132, 12157 – 12159; c) J. E. Ney,
J. P. Wolfe, J. Am. Chem. Soc. 2005, 127, 8644 – 8651; d) Q. Yang,
J. E. Ney, J. P. Wolfe, Org. Lett. 2005, 7, 2575 – 2578; e) R. Lira,
J. P. Wolfe, J. Am. Chem. Soc. 2004, 126, 13906 – 13907; f) K.
Iritani, S. Matsubara, K. Utimoto, Tetrahedron Lett. 1988, 29,
1799 – 1802; g) S. Nicolai, R. Sedigh-Zadeh, J. Waser, J. Org.
Chem. 2013, 78, 3783 – 3801; h) S. Nicolai, C. Piemontesi, J.
Waser, Angew. Chem. Int. Ed. 2011, 50, 4680 – 4683; Angew.
Chem. 2011, 123, 4776 – 4779; i) S. Nicolai, J. Waser, Org. Lett.
2011, 13, 6324 – 6327; j) J. M. Hoover, A. DiPasquale, J. M.
Mayer, F. M. Michael, J. Am. Chem. Soc. 2010, 132, 5043 – 5053;
k) J. M. Hoover, J. Freudenthal, F. E. Michael, J. M. Mayer,
Organometallics 2008, 27, 2238 – 2245; l) J. F. M. Hewitt, L.
Williams, P. Aggarwal, C. D. Smith, D. J. France, Chem. Sci. 2013,
4, 3538 – 3543; m) T. A. Cernak, T. H. Lambert, J. Am. Chem.
Soc. 2009, 131, 3124 – 3125; n) Y. Kondo, T. Sakamoto, H.
Yamanaka, Heterocycles 1989, 29, 1013 – 1016; o) M. F. Semmel-
hack, A. Zask, J. Am. Chem. Soc. 1983, 105, 2034 – 2043; p) L. S.
Hegedus, G. F. Allen, D. J. Olsen, J. Am. Chem. Soc. 1980, 102,
3583 – 3587; q) T. W. Liwosz, S. R. Chemler, J. Am. Chem. Soc.
2012, 134, 2020 – 2023; r) G. Zhang, L. Cui, Y. Wang, L. Zhang, J.
Am. Chem. Soc. 2010, 132, 1474 – 1475; s) P. L. McGrane, T.
Livinghouse, J. Am. Chem. Soc. 1993, 115, 11485 – 11489; t) P. L.
McGrane, M. Jensen, T. Livinghouse, J. Am. Chem. Soc. 1992,
114, 5459 – 5460; u) M. Nakamura, L. Ilies, S. Otsubo, E.
Nakamura, Org. Lett. 2006, 8, 2803 – 2805; v) M. Nakamura, L.
Ilies, S. Otsubo, E. Nakamura, Angew. Chem. Int. Ed. 2006, 45,
944 – 947; Angew. Chem. 2006, 118, 958 – 961; w) Y. Yin, W. Ma,
Z. Chai, G. Zhao, J. Org. Chem. 2007, 72, 5731 – 5736.

[4] a) An intramolecular metallo-ene reaction involving a ZnII

enolate and an alkene has been published: E. Lorthiois, I.
Marek, J. F. Normant, J. Org. Chem. 1998, 63, 2442 – 2450. b) A
consecutive C�N/C�C functionalization of alkenes not involving

organometallic intermediates has appeared: J. Roveda, C.
Clavette, A. D. Hunt, S. I. Gorelsky, C. J. Whipp, A. M. Beau-
chemin, J. Am. Chem. Soc. 2009, 131, 8740 – 8741.

[5] a) B. Serckx-Poncin, A. Hesbain-Frisque, L. Ghosez, Tetrahe-
dron Lett. 1982, 23, 3261 – 3264; b) R. Tamion, C. Mineur, L.
Ghosez, Tetrahedron Lett. 1995, 36, 8977 – 8980; c) R. Beaudeg-
nies, L. Ghosez, Tetrahedron: Asymmetry 1994, 5, 557 – 560.

[6] M. A. Malik, P. O�Brien, Polyhedron 1997, 16, 3593 – 3599.
[7] A “dedicated” alkene metalloamination involving a ZnII amide

has been described: S. P. Sarish, D. Schaffner, Y. Sun, W. R.
Thiel, Chem. Commun. 2013, 49, 9672 – 9674.

[8] P. Knochel, M. C. P. Yeh, S. C. Berk, J. Talbert, J. Org. Chem.
1988, 53, 2390 – 2392.

[9] a) The stereochemistry of the metalloamination was determined
by protonation of the intermediate 3b to the corresponding
pyrrolidine whose NMR spectra were identical with those
reported for an authentic sample prepared by an alternative
route.[11] b) Protonation of the organozinc intermediate 3g gave
the corresponding known piperidine that was prepared inde-
pendently.[11]

[10] a) The relative configuration for 4etrans is supported by NOE
experiments. Specifically, irradiation of the 2b hydrogen atom
[3.20 ppm (free pyrrolidine)] resulted in a 12% enhancement of
the signal of the ortho hydrogen atoms of the 4-phenyl
substituent (7.34 ppm), with a 0% enhancement for the 4a

hydrogen atoms. b) The structure of 4dtrans is presently tentative
and is based on mechanistic analogy leading to the preferred
formation of 4etrans. c) The relative configuration was assigned on
the basis of NOE experiments.

[11] C. Boga, F. Manescalchi, D. Savoia, Tetrahedron 1994, 50, 4709 –
4722.

[12] The relative stereochemical assignment is based on analogy with
related 4-hydroxyproline derivatives: C. Heindl, H. Huebner, P.
Gmeiner, Tetrahedron: Asymmetry 2003, 14, 3153 – 3172.

[13] a) Y. Mori, M. Seki, J. Org. Chem. 2003, 68, 1571 – 1574; b) T.
Shimizu, M. Seki, Tetrahedron Lett. 2001, 42, 429 – 432; c) T.
Shimizu, M. Seki, Tetrahedron Lett. 2000, 41, 5099 – 5101; d) H.
Tokuyama, S. Yokoshima, T. Yamashita, T. Fukuyama, Tetrahe-
dron Lett. 1998, 39, 3189 – 3192.

.Angewandte
Communications

14356 www.angewandte.org � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2014, 53, 14352 –14356

http://dx.doi.org/10.1021/om901012f
http://dx.doi.org/10.1002/adsc.200900302
http://dx.doi.org/10.1002/adsc.200900302
http://dx.doi.org/10.1002/anie.201302720
http://dx.doi.org/10.1002/anie.201302720
http://dx.doi.org/10.1002/ange.201302720
http://dx.doi.org/10.1021/ja106989h
http://dx.doi.org/10.1021/ja0430346
http://dx.doi.org/10.1021/ol050647u
http://dx.doi.org/10.1021/ja0460920
http://dx.doi.org/10.1016/S0040-4039(00)82047-X
http://dx.doi.org/10.1016/S0040-4039(00)82047-X
http://dx.doi.org/10.1021/jo400254q
http://dx.doi.org/10.1021/jo400254q
http://dx.doi.org/10.1002/anie.201100718
http://dx.doi.org/10.1002/ange.201100718
http://dx.doi.org/10.1002/ange.201100718
http://dx.doi.org/10.1021/ol2029383
http://dx.doi.org/10.1021/ol2029383
http://dx.doi.org/10.1021/ja906563z
http://dx.doi.org/10.1021/om701192s
http://dx.doi.org/10.1039/c3sc51222c
http://dx.doi.org/10.1039/c3sc51222c
http://dx.doi.org/10.1021/ja809897f
http://dx.doi.org/10.1021/ja809897f
http://dx.doi.org/10.1021/ja00345a061
http://dx.doi.org/10.1021/ja00530a044
http://dx.doi.org/10.1021/ja00530a044
http://dx.doi.org/10.1021/ja211272v
http://dx.doi.org/10.1021/ja211272v
http://dx.doi.org/10.1021/ja909555d
http://dx.doi.org/10.1021/ja909555d
http://dx.doi.org/10.1021/ja00077a053
http://dx.doi.org/10.1021/ja00039a087
http://dx.doi.org/10.1021/ja00039a087
http://dx.doi.org/10.1021/ol060896y
http://dx.doi.org/10.1002/anie.200502920
http://dx.doi.org/10.1002/anie.200502920
http://dx.doi.org/10.1002/ange.200502920
http://dx.doi.org/10.1021/jo070681h
http://dx.doi.org/10.1021/jo970813e
http://dx.doi.org/10.1021/ja902558j
http://dx.doi.org/10.1016/S0040-4039(00)87586-3
http://dx.doi.org/10.1016/S0040-4039(00)87586-3
http://dx.doi.org/10.1016/0040-4039(95)01949-I
http://dx.doi.org/10.1016/0957-4166(94)80017-0
http://dx.doi.org/10.1016/S0277-5387(97)00116-2
http://dx.doi.org/10.1039/c3cc45491f
http://dx.doi.org/10.1021/jo00245a057
http://dx.doi.org/10.1021/jo00245a057
http://dx.doi.org/10.1016/S0040-4020(01)85010-9
http://dx.doi.org/10.1016/S0040-4020(01)85010-9
http://dx.doi.org/10.1016/j.tetasy.2003.08.020
http://dx.doi.org/10.1021/jo0265277
http://dx.doi.org/10.1016/S0040-4039(00)01984-5
http://dx.doi.org/10.1016/S0040-4039(00)00781-4
http://dx.doi.org/10.1016/S0040-4039(98)00456-0
http://dx.doi.org/10.1016/S0040-4039(98)00456-0
http://www.angewandte.org

