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A Reaction of Triazoles with Thioesters to Produce b-Sulfanyl
Enamides by Insertion of an Enamine Moiety into the Sulfur–Carbonyl
Bond**
Tomoya Miura,* Yoshikazu Fujimoto, Yuuta Funakoshi, and Masahiro Murakami*

Abstract: N-Sulfonyl-1,2,3-triazoles react with thioesters in the
presence of a rhodium(II) catalyst to produce b-sulfanyl
enamides in a stereoselective manner. The reaction proceeds
through generation of an a-imino rhodium carbene complex,
nucleophilic addition of the sulfur atom of a thioester onto the
carbenoid carbon atom, and subsequent intramolecular migra-
tion of the acyl group from the sulfur atom to the imino
nitrogen atom. The method is successfully applied to a ring-
expansion reaction of thiolactones, thus leading to the for-
mation of sulfur-containing lactams.

N-Sulfonyl-1,2,3-triazoles are readily prepared by a copper-
(I)-catalyzed cycloaddition reaction of terminal alkynes with
sulfonyl azides.[1] Their ring–chain tautomerization generates
a-imino diazo compounds, although the equilibrium lies far
towards the triazole form, in general.[2] Transition-metal
catalysts, especially rhodium(II) carboxylate dimers, can
efficiently trap the transient a-imino diazo compounds in
the form of an a-imino carbene complex, which exhibits
a variety of unique reactivities depending on the substrates.[3]

In the reactions with unsaturated compounds such as
alkynes,[4] allenes,[5] nitriles,[3a] aldehydes and imines,[6] iso-
cyanates and isothiocyanates,[7] and indoles,[8] they serve as
the 1,3-dipoles to afford the corresponding [3++2] cyclo-
adducts. When reacted with alcohols[9] and amides,[10] they
offer an enamine moiety which inserts into the O¢H and N¢H
bonds, respectively. As a continuation of our studies on the
application of N-sulfonyl-1,2,3-triazoles as carbene precur-
sors, we became interested in the reactions with organosulfur
compounds[11] because of the importance of sulfur-containing
compounds in the field of pharmaceuticals (Figure 1).[12]

We have recently shown that the reaction with thionoest-
ers [RC(S)OR’] leads to the formation of 4-thiazolines, which
are further converted into 2,5-disubstituted thiazoles by
deprotective aromatization.[13] In contrast, there is no report
which describes the reaction of thioesters [RC(O)SR’] with
rhodium(II)-stabilized carbene complexes, including a-imino

carbene complexes.[14] We now report that, when thioesters
are subjected to the rhodium(II)-catalyzed reaction with N-
sulfonyl-1,2,3-triazoles, the sulfur–carbonyl bond is cleaved[15]

and an enamine moiety is inserted to give b-sulfanyl enamides
with a Z configuration.[16, 17]

Initially, 4-phenyl-1-tosyl-1,2,3-triazole (1a) was prepared
from phenylacetylene and tosyl azide according to the
procedure using copper(I) thiophene-2-carboxylate
(CuTC).[1c] The triazole 1a (0.20 mmol) was mixed with S-
phenyl thioacetate (2a, 0.30 mmol), [(tBuCO2)4Rh2]
(2.0 mol%), and 4 è molecular sieves (M.S.) in chloroform
(2 mL), and the mixture was heated at 70 88C for 1 hour
(Scheme 1). After chromatographic isolation from silica gel,
N-(2-phenyl-2-(phenylthio)vinyl)-N-tosylacetamide (3a) was
obtained in 96% yield as a single stereoisomer within the
detection limits of 1H NMR spectroscopy.[18] The configura-
tion of the double bond of 3a was confirmed as Z by NOE
studies. In a formal sense, an enamine moiety was stereose-
lectively inserted into the sulfur–carbonyl bond of 2a. We
assume that the reaction is initiated by a ring–chain tautome-
rization of 1a to generate the a-diazo imine 1a’’, which reacts
with a rhodium(II) catalyst to afford the a-imino carbene

Figure 1. Commercially available drugs with a sulfur-containing
medium-ring lactam.

Scheme 1. Rhodium(II)-catalyzed reaction of the triazole 1a with the
thioester 2a. Ts =4-toluenesulfonyl.
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complex A. The sulfur atom of 2a is more nucleophilic than
the carbonyl oxygen atom for nucleophilic addition to the
electrophilic carbene center of A, thus forming the zwitter-
ionic intermediate B. The anionic rhodium of B releases an
electron pair, which induces intramolecular acyl migration
from the sulfur atom to the imino nitrogen atom to give the
Z isomer of 3a stereoselectively.[19]

The triazoles 1, having a variety of substituents at the C4-
position were subjected to the sequential sulfenylation/acyl
migration reaction with S-phenyl thioacetate (2a ; Table 1).

Triazoles (1b–e) possessing aryl and heteroaryl groups
reacted well to afford the corresponding products 3 b–e in
yields ranging from 82 to 95 % (entries 1–4). Notably, the
Z isomers were exclusively obtained. The 1-cyclohexenyl-
substituted triazole 1 f successfully participated in the reac-
tion (entry 5). However, the n-propyl-substituted triazole 1g
gave the product 3 g in 30 % yield as a result of an intra-
molecular 1,2-hydride shift occurring with the rhodium
carbene complex[20] (entry 6). Not only aryl sulfonyl groups
but also alkyl sulfonyl groups were compatible and afforded
the products 3 h–l in good yields (entries 7–11).

Various thioesters (2) were subjected to the sequential
reaction with 1a (Table 2).[21] The S-aryl and S-alkyl thioesters
2b–f afforded the corresponding products 3m–q in yields
ranging from 65 to 91% (entries 1–5). The O-(tert-butyl) S-
phenyl thiocarbonate 2g was also converted into the N-Boc-
substituted product 3r (entry 6). Although it has been
reported that the reaction with allyl phenyl sulfide causes
[2,3]-sigmatropic rearrangement to give a-allyl-a-phenylsul-
fanyl imines,[11a,b] S-allyl thioacetate (2h) resulted in the
selective formation of the b-phenylsulfanyl enamide 3s
through an acyl migration process (entry 7).

We next envisaged that, if cyclic thioesters (thiolactones)
were used as the substrate, an analogous acyl migration
process would expand the ring size by three atoms,[22] thus
forming medium-sized lactams containing a vinyl sulfanyl
moiety. Thus, the five-membered thiolactone 4 a was reacted
with 1a under the standard reaction conditions (Table 3,
entry 1). The eight-membered lactam 5a was produced in
83% yield through a sequential sulfenylation/acyl migration
process, as we expected. The ring-expansion reaction worked
well with the substituted g-thiolactones 4b–e to give the
corresponding eight-membered lactams 5b–e in yields rang-
ing from 77 to 98% (entries 2–5). The unsaturated g-
thiolactone 4 f afforded the product 5 f in 79 % yield
(entry 6). Four- and six-membered thiolactones, 4g and 4h,
respectively, were converted into the corresponding seven-
(5g) and nine-membered lactams (5h ; entries 7 and 8).

The chemoselectivity of the present ring-expansion reac-
tion was investigated by employing thiolactones possessing
hydroxy and amide groups, which are prone to other reactions
such as O¢H and N¢H insertion reactions.[9, 10] The reaction of
1a with the hydroxy-substituted thiolactone 4 i afforded the
ring-expanded product 5 i as the major product (49 % yield)
[Eq. (1)]. The amide-substituted thiolactones 4j and 4 k also
gave rise to the ring-expanded products 5j and 5k, respec-
tively, in high yields [Eqs (2) and (3); Boc = tert-butoxycar-
bonyl]. These results indicate that the sulfenylation reaction
occurred preferentially over the O¢H and N¢H insertion
reactions.

The one-pot synthesis of b-sulfanyl enamides starting
from terminal alkynes was carried out to demonstrate the
practical convenience of the present method [Eqs (4) and
(5)]. Initially, a solution of phenylacetylene (6 ; 1.0 equiv),
tosyl azide (1.0 equiv), and CuTC (5.0 mol%) in chloroform

Table 1: Rhodium(II)-catalyzed reaction of various triazoles (1) with S-
phenyl thioacetate (2a).[a]

Entry 1 R1 R2 3 Yield [%][b]

1 1b p-Tol p-Tol 3b 95
2 1c p-MeOC6H4 p-Tol 3c 88
3 1d p-CF3C6H4 p-Tol 3d 86
4 1e 3-thienyl p-Tol 3e 82
5 1 f 1-cyclohexenyl p-Tol 3 f 89[c]

6 1g nPr p-Tol 3g 30[c]

7 1h Ph p-MeOC6H4 3h 88
8 1 i Ph p-Br-C6H4 3 i 92
9 1 j Ph o-Tol 3 j 80

10 1k Ph Me 3k 80
11 1 l Ph nBu 3 l 78

[a] Reaction conditions: 1 (0.20 mmol), 2a (0.30 mmol), and M.S.
(40 mg) in CHCl3 (2 mL) were heated at 70 88C for 1 h in the presence of
[(tBuCO2)4Rh2] (4.0 mmol). [b] Yield of isolated product (average of two
runs). [c] 2a (2.0 mmol) in CHCl3 (0.5 mL) in the presence of
[(tBuCO2)4Rh2] (10 mmol).

Table 2: Rhodium(II)-catalyzed reaction of 4-phenyl-1-tosyl-1,2,3-triazole
(1a) with various thioesters (2).[a]

Entry 2 R3 R4 3 Yield [%][b]

1 2b Me p-MeOC6H4 3m 91
2 2c Me p-NCC6H4 3n 65
3 2d Me Et 3o 86[c]

4 2e Ph Ph 3p 67
5 2 f Ph nBu 3q 78
6 2g tBuO Ph 3r 54
7 2h Me Allyl 3s 94[d]

[a] The reaction conditions were the same as those in Table 1. [b] Yield of
isolated product (average of two runs). [c] 90 88C. [d] 3 h.

..Angewandte
Communications

9968 www.angewandte.org Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2015, 54, 9967 –9970

http://www.angewandte.org


was stirred at room temperature for 8 hours, thus generating
1a in situ. Then, the thioesters (1.5 equiv) and [(tBu-
CO2)4Rh2] (2.0 mol%) were added to the same reaction
vessel, which was heated at 70 88C for 1 hour. The products 3a
and 5a were obtained in good yields. Thus, the crude reaction
mixture, including the copper catalyst, could be directly
subjected to the rhodium-catalyzed reaction in the second
step, thus saving a significant amount of time and solvent
required for a workup/purification procedure after the first
1,3-dipolar cycloaddition.[23]

The sulfanyl moiety of 3 a was oxidized upon treatment
with m-chloroperbenzoic acid (mCPBA) to give the b-
sulfonyl enamide 7 with retention of the geometry [Eq. (6)].

The secondary amide 8 was obtained when 5a was
detosylated using samarium(II) iodide in the presence of
water and triethylamine [Eq. (7); THF = tetrahydrofuran].[24]

In summary, we have disclosed the unique reactivity of
thioesters toward a-imino rhodium complexes, and developed
a new method for the regio- and stereoselective synthesis of b-
sulfanyl enamides starting from terminal alkynes. The proce-
dure was successfully applied to the ring-expansion reaction
of thiolactones, thus leading to the formation of medium-
membered lactams containing a vinyl sulfanyl moiety.

Keywords: carbenoids · copper · heterocycles · rhodium · sulfur
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Table 3: Rhodium(II)-catalyzed ring expansion of thiolactones (4) with
1a.[a]

Entry 4 5 Yield [%][b]

1 83 (81)[c]

2 92

3 77

4 89

5 98

6 79

7 87

8 75

[a] The reaction conditions were the same as those in Table 1. [b] Yield of
the isolated product (average of two runs). [c] Yield obtained on
a 4.0 mmol scale using 1.2 g of 1a.

Angewandte
Chemie

9969Angew. Chem. Int. Ed. 2015, 54, 9967 –9970 Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://www.angewandte.org


[1] a) E. J. Yoo, M. Ahlquist, S. H. Kim, I. Bae, V. V. Fokin, K. B.
Sharpless, S. Chang, Angew. Chem. Int. Ed. 2007, 46, 1730;
Angew. Chem. 2007, 119, 1760; b) F. Wang, H. Fu, Y. Jiang, Y.
Zhao, Adv. Synth. Catal. 2008, 350, 1830; c) J. Raushel, V. V.
Fokin, Org. Lett. 2010, 12, 4952; d) Y. Liu, X. Wang, J. Xu, Q.
Zhang, Y. Zhao, Y. Hu, Tetrahedron 2011, 67, 6294.

[2] R. E. Harmon, F. Stanley, Jr., S. K. Gupta, J. Johnson, J. Org.
Chem. 1970, 35, 3444. See also Ref. [1a].

[3] For examples, see: [Rh] a) T. Horneff, S. Chuprakov, N.
Chernyak, V. Gevorgyan, V. V. Fokin, J. Am. Chem. Soc. 2008,
130, 14972; [Ni] b) T. Miura, M. Yamauchi, M. Murakami, Chem.
Commun. 2009, 1470; [Ag] c) R. Liu, M. Zhang, G. Winston-
McPherson, W. Tang, Chem. Commun. 2013, 49, 4376; for
reviews, see: d) A. V. Gulevich, V. Gevorgyan, Angew. Chem.
Int. Ed. 2013, 52, 1371; Angew. Chem. 2013, 125, 1411;
e) H. M. L. Davies, J. S. Alford, Chem. Soc. Rev. 2014, 43,
5151; f) P. Anbarasan, D. Yadagiri, S. Rajasekar, Synthesis 2014,
46, 3004.

[4] a) B. Chattopadhyay, V. Gevorgyan, Org. Lett. 2011, 13, 3746;
b) Y. Shi, V. Gevorgyan, Org. Lett. 2013, 15, 5394. See also
Ref. [3b].

[5] a) E. E. Schultz, R. Sarpong, J. Am. Chem. Soc. 2013, 135, 4696;
b) T. Miura, K. Hiraga, T. Biyajima, T. Nakamuro, M. Mur-
akami, Org. Lett. 2013, 15, 3298.

[6] M. Zibinsky, V. V. Fokin, Angew. Chem. Int. Ed. 2013, 52, 1507;
Angew. Chem. 2013, 125, 1547.

[7] S. Chuprakov, S. W. Kwok, V. V. Fokin, J. Am. Chem. Soc. 2013,
135, 4652.

[8] J. E. Spangler, H. M. L. Davies, J. Am. Chem. Soc. 2013, 135,
6802.

[9] a) T. Miura, T. Biyajima, T. Fujii, M. Murakami, J. Am. Chem.
Soc. 2012, 134, 194; b) T. Miura, T. Tanaka, T. Biyajima, A. Yada,
M. Murakami, Angew. Chem. Int. Ed. 2013, 52, 3883; Angew.
Chem. 2013, 125, 3975; c) T. Miura, T. Nakamuro, K. Hiraga, M.
Murakami, Chem. Commun. 2014, 50, 10474. See also Ref. [10].

[10] S. Chuprakov, B. T. Worrell, N. Selander, R. K. Sit, V. V. Fokin, J.
Am. Chem. Soc. 2014, 136, 195.

[11] For the addition of the sulfur moiety onto a-imino rhodium
carbene complexes, see: a) T. Miura, T. Tanaka, A. Yada, M.
Murakami, Chem. Lett. 2013, 42, 1308; b) D. Yadagiri, P.
Anbarasan, Chem. Eur. J. 2013, 19, 15115; c) A. Boyer, Org.
Lett. 2014, 16, 5878; d) Y. Jiang, X.-Y. Tang, M. Shi, Chem.
Commun. 2015, 51, 2122. See also Ref. [7].

[12] a) V. Tyagi, R. B. Bonn, R. Fasan, Chem. Sci. 2015, 6, 2488 and
references therein. For a synthesis of Temocapril, see: b) H.
Yanagisawa, S. Ishihara, A. Ando, T. Kanazaki, S. Miyamoto, H.
Koike, Y. Iijima, K. Oizumi, Y. Matsushita, T. Hata, J. Med.
Chem. 1987, 30, 1984. For a synthesis of Diltiazem, see: c) T.
Hashiyama, H. Inoue, M. Konda, M. Takeda, J. Chem. Soc.
Perkin Trans. 1 1984, 1725.

[13] T. Miura, Y. Funakoshi, Y. Fujimoto, J. Nakahashi, M. Mur-
akami, Org. Lett. 2015, 17, 2454.

[14] For the reactions of thionoesters and thioamides with rhodium-
(II)-stabilized carbene complexes, see: a) S. Takano, S. Tomita,
M. Takahashi, K. Ogasawara, Synthesis 1987, 1116; b) T. Honda,

H. Ishige, J. Araki, S. Akimoto, K. Hirayama, M. Tsubuki,
Tetrahedron 1992, 48, 79; c) B. Shi, A. J. Blake, W. Lewis, I. B.
Campbell, B. D. Judkins, C. J. Moody, J. Org. Chem. 2010, 75,
152. For thia-Wolff rearrangement of a-diazo thioesters, see:
d) M. D. Lawlor, T. W. Lee, R. L. Danheiser, J. Org. Chem. 2000,
65, 4375; e) L. Jiao, Q. Zhang, Y. Liang, S. Zhang, J. Xu, J. Org.
Chem. 2006, 71, 815.

[15] M. Arisawa, M. Kuwajima, F. Toriyama, G. Li, M. Yamaguchi,
Org. Lett. 2012, 14, 3804.

[16] For reviews on the synthesis of vinyl sulfides, see: a) T. Kondo, T.
Mitsudo, Chem. Rev. 2000, 100, 3205; b) I. P. Beletskaya, V. P.
Ananikov, Chem. Rev. 2011, 111, 1596 and references therein.
For recent examples, see: c) J. F. Hooper, A. B. Chaplin, C.
Gonz�lez-Rodr�guez, A. L. Thompson, A. S. Weller, M. C.
Willis, J. Am. Chem. Soc. 2012, 134, 2906; d) M. Iwasaki, T.
Fujii, K. Nakajima, Y. Nishihara, Angew. Chem. Int. Ed. 2014, 53,
13880; Angew. Chem. 2014, 126, 14100; e) T. Inami, T. Kuraha-
shi, S. Matsubara, Chem. Commun. 2015, 51, 1285.

[17] For examples of the synthesis of b-sulfanyl enamides, see: a) L.
Benati, P. C. Montevecchi, P. Spagnolo, J. Chem. Soc. Chem.
Commun. 1987, 1050; b) T. Kondo, A. Baba, Y. Nishi, T.
Mitsudo, Tetrahedron Lett. 2004, 45, 1469; c) V. P. A. Raja, S.
Perumal, Tetrahedron 2006, 62, 4892; d) C. Spitz, J.-F. Lohier,
J. S. O. Santos, V. Reboul, P. Metzner, J. Org. Chem. 2009, 74,
3936; e) A. Sato, H. Yorimitsu, K. Oshima, Synlett 2009, 28; f) L.
Yang, Q. Wen, F. Xiao, G.-J. Deng, Org. Biomol. Chem. 2014, 12,
9519.

[18] An experiment using 1.2 g of 1a (4.0 mmol) also gave a good
yield of 3a (83%).

[19] Intramolecular acyl migration was recently described for the
reaction of triazoles with carboxylic acids under rhodium(II)
catalysts, thus giving N-acyl a-amino ketones through the
formation of enamides. See Ref. [10].

[20] a) T. Miura, Y. Funakoshi, M. Morimoto, T. Biyajima, M.
Murakami, J. Am. Chem. Soc. 2012, 134, 17440; b) N. Selander,
B. T. Worrell, V. V. Fokin, Angew. Chem. Int. Ed. 2012, 51, 13054;
Angew. Chem. 2012, 124, 13231.

[21] When esters such as phenyl acetate were subjected to the
reaction with 1a under similar reaction conditions, only the
decomposition of 1a was observed.

[22] For a ring-expansion reaction of 1,3-dioxolane and 1,3-dioxane,
see: a) F. Medina, C. Besnard, J. Lacour, Org. Lett. 2014, 16,
3232. For a ring-expansion reaction of epoxides, see: b) M. Xueji,
P. Shanfei, W. Hangxiang, C. Wanzhi, Org. Lett. 2014, 16, 4554.

[23] For reviews on sequential multistep catalytic processes, see:
a) L. M. Ambrosini, T. H. Lambert, ChemCatChem 2010, 2,
1373; b) M. Rueping, R. M. Koenigs, I. Atodiresei, Chem. Eur. J.
2010, 16, 9350; c) J. E. R. Sadig, M. C. Willis, Synthesis 2011, 1.

[24] a) T. Ankner, G. Hilmersson, Org. Lett. 2009, 11, 503; b) Y.
Fukata, K. Asano, S. Matsubara, J. Am. Chem. Soc. 2015, 137,
5320.

Received: May 2, 2015
Published online: July 14, 2015

..Angewandte
Communications

9970 www.angewandte.org Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2015, 54, 9967 –9970

http://dx.doi.org/10.1002/anie.200604241
http://dx.doi.org/10.1002/ange.200604241
http://dx.doi.org/10.1002/adsc.200800291
http://dx.doi.org/10.1021/ol102087r
http://dx.doi.org/10.1016/j.tet.2011.06.017
http://dx.doi.org/10.1021/jo00835a057
http://dx.doi.org/10.1021/jo00835a057
http://dx.doi.org/10.1021/ja805079v
http://dx.doi.org/10.1021/ja805079v
http://dx.doi.org/10.1039/b819162j
http://dx.doi.org/10.1039/b819162j
http://dx.doi.org/10.1039/C2CC34609E
http://dx.doi.org/10.1002/anie.201209338
http://dx.doi.org/10.1002/anie.201209338
http://dx.doi.org/10.1002/ange.201209338
http://dx.doi.org/10.1039/C4CS00072B
http://dx.doi.org/10.1039/C4CS00072B
http://dx.doi.org/10.1021/ol2014347
http://dx.doi.org/10.1021/ol4027655
http://dx.doi.org/10.1021/ja401380d
http://dx.doi.org/10.1021/ol401340u
http://dx.doi.org/10.1002/anie.201206388
http://dx.doi.org/10.1002/ange.201206388
http://dx.doi.org/10.1021/ja400350c
http://dx.doi.org/10.1021/ja400350c
http://dx.doi.org/10.1021/ja4025337
http://dx.doi.org/10.1021/ja4025337
http://dx.doi.org/10.1021/ja2104203
http://dx.doi.org/10.1021/ja2104203
http://dx.doi.org/10.1002/anie.201209603
http://dx.doi.org/10.1002/ange.201209603
http://dx.doi.org/10.1002/ange.201209603
http://dx.doi.org/10.1039/C4CC04786A
http://dx.doi.org/10.1021/ja408185c
http://dx.doi.org/10.1021/ja408185c
http://dx.doi.org/10.1246/cl.130521
http://dx.doi.org/10.1002/chem.201302653
http://dx.doi.org/10.1021/ol5028267
http://dx.doi.org/10.1021/ol5028267
http://dx.doi.org/10.1039/C4CC08829H
http://dx.doi.org/10.1039/C4CC08829H
http://dx.doi.org/10.1039/C5SC00080G
http://dx.doi.org/10.1021/jm00394a009
http://dx.doi.org/10.1021/jm00394a009
http://dx.doi.org/10.1039/p19840001725
http://dx.doi.org/10.1039/p19840001725
http://dx.doi.org/10.1021/acs.orglett.5b00960
http://dx.doi.org/10.1055/s-1987-28190
http://dx.doi.org/10.1016/S0040-4020(01)80580-9
http://dx.doi.org/10.1021/jo902256r
http://dx.doi.org/10.1021/jo902256r
http://dx.doi.org/10.1021/jo000227c
http://dx.doi.org/10.1021/jo000227c
http://dx.doi.org/10.1021/jo052135z
http://dx.doi.org/10.1021/jo052135z
http://dx.doi.org/10.1021/ol3017148
http://dx.doi.org/10.1021/cr9902749
http://dx.doi.org/10.1021/cr100347k
http://dx.doi.org/10.1021/ja2108992
http://dx.doi.org/10.1002/anie.201408121
http://dx.doi.org/10.1002/anie.201408121
http://dx.doi.org/10.1002/ange.201408121
http://dx.doi.org/10.1039/C4CC09123J
http://dx.doi.org/10.1039/c39870001050
http://dx.doi.org/10.1039/c39870001050
http://dx.doi.org/10.1016/j.tetlet.2003.12.025
http://dx.doi.org/10.1016/j.tet.2006.03.009
http://dx.doi.org/10.1021/jo900449a
http://dx.doi.org/10.1021/jo900449a
http://dx.doi.org/10.1039/C4OB01970A
http://dx.doi.org/10.1039/C4OB01970A
http://dx.doi.org/10.1021/ja308285r
http://dx.doi.org/10.1002/anie.201207820
http://dx.doi.org/10.1002/ange.201207820
http://dx.doi.org/10.1021/ol5012532
http://dx.doi.org/10.1021/ol5012532
http://dx.doi.org/10.1002/cctc.200900323
http://dx.doi.org/10.1002/cctc.200900323
http://dx.doi.org/10.1002/chem.201001140
http://dx.doi.org/10.1002/chem.201001140
http://dx.doi.org/10.1021/ol802243d
http://dx.doi.org/10.1021/jacs.5b02537
http://dx.doi.org/10.1021/jacs.5b02537
http://www.angewandte.org

