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(+)-Schisanwilsonene A (1) is a carotane-type sesquiterpe-
noid isolated from the Schisandra wilsoniana (Schisandra-
ceae), a medicinal plant indigenous to southern China whose
fruits have been used in Chinese folk medicine to treat
hepatitis (Figure 1).[1] (+)-Schisanwilsonene A (1) shows

antiviral activity inhibiting HBsAg and HBeAg at
50 mgmL�1, with an activity higher than that of lamivudine
(2’,3’-dideoxy-3’-thiacytidine, 3TC), a potent reverse tran-
scriptase inhibitor marketed as Zeffix, Heptovir, Epivir, and
Epivir-HBV. Other carotanes (also known as daucanes), such

as carota-1,4-diene (2), rugosal A (3), and carotol (4) have
been isolated from higher plants.[2] These compounds are
structurally related to the diterpenes tormesol (5), isolated
from the plant Halimium viscosum,[3, 4] and polasol C (6) from
the marine sponge Epipolasis sp.[5] Pseudolaric acid B (7) is
a member of this family and has attracted much attention
because of its antitumor activity.[6] The absolute configura-
tions of carota-1,4-diene (2)[7] and carotol (4)[8] are known,
although sesquiterpenes with the enantiomeric configuration
have been isolated from other plant species.[2e]

(+)-Schisanwilsonene A (1) and tormesol (5) feature
a syn relationship between the angular Me and the side
chain, which is sterically more congested than the anti
relationship present in polasol C (6) and other sphenolobane
(tormesane) terpenoids.[9, 10]

As part of a program aimed at the synthesis of members of
these families of sesquiterpenes and diterpenes, which display
significant biological activities,[11] we have targeted (+)-schi-
sanwilsonene A (1), whose absolute configuration had not
been assigned. Herein we report the first total synthesis of
(+)-schisanwilsonene A (1) and the assignment of its absolute
configuration as shown in Figure 1.

Our synthesis is based on a gold(I)-catalyzed tandem
reaction of 1,6-enynes, which are substituted with propargylic
alkoxy groups, developed in our group (Scheme 1).[12] Thus,
we expected that a cationic gold(I) catalyst would trigger the
cyclization of the propargylic alcohol derivative 8 through
intermediates I and II to form the a,b-unsaturated gold
carbene III, which could then undergo an intermolecular
cyclopropanation with alkene 9 to form 10 or 10’. Selective
transformation of one of the diastereotopic alkoxymethylene
groups of 10 would then lead to the divinyl cyclopropane 11,
which would undergo a [3,3] sigmatropic rearrangement[13] via
TS11!12 to form key the 1,2,3,3a,4,7-hexahydroazulene 12.[14]

We expected that the bulky CMe2OR group would dictate
the facial selectivity in the cyclopropanation reaction. How-
ever, the preferred orientation of the alkene in the approach
to III was much less evident. This issue was crucial since 10’
would not lead to 12. DFT calculations (M06 functional)[15]

for the cyclopropanation between III and 2-methylpropene
revealed a modest preference (DDG� = 0.4 kcalmol�1) for the
formation of 13 through TSIII!13 by a concerted cyclopropa-
nation.[16]

We initially examined an intramolecular strategy in which
the alkene was appended to the 1,6-enyne through a silicon
tether (Table 1). The siloxanes (�)-8a,b[17] reacted smoothly
with the catalysts A and B to give the corresponding cyclic
(�)-14 a,b, which were immediately treated with HF·py to
give (�)-10a (Table 1, entries 1–3). The compound (�)-10 a

Figure 1. (+)-Schisanwilsonene A (1), carota-1,4-diene (2), rugosal A
(3), carotol (4), and structurally related diterpenes tormesol (5),
polasol C (6), and pseudolaric acid B (7).
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was isolated in 40–47% yield as a single crystalline stereo-
isomer, whose structure was determined by X-ray diffraction
(Figure 2a). Although the intramolecular approach leads to
the potentially useful synthetic intermediate (�)-10a, we also
explored the more direct intermolecular reaction using (�)-
8c having a p-nitrophenyl ether as the alkoxy group.
Remarkably, reaction of (�)-8c with the symmetrically
protected 2-methylenepropane-1,3-diol 9 using catalyst D
led to (�)-10b in 78% yield with the same stereochemical
outcome as that obtained in the intramolecular reaction.[18]

The substrate 8d with a propargylic acetate could also be
used as a substrate in the tandem cyclization/1,5-migration/
cyclopropanation process. Thus, reaction of (R)-8d (96:4
e.r.)[19] with catalyst A led to 10 c in 48–55 % yield (up to
2.6 mmol scale) with an e.r. value of 91:9 (Table 1, entry 8).
Lower yields were obtained using the catalysts B or D
(Table 1, entries 9 and 10). The relative configuration was
confirmed by X-ray diffraction of the crystalline triol 10d
derivative and the absolute configuration was determined on
its methyl xanthate (Figures 2b,c).[20]

The successful cyclization of 8d to give 10c is remarkable
since propargyl acetates are prone to undergoing gold(I)-
promoted 1,2- or 1,3-migrations in related systems[21,22]

(Scheme 2), and could result in racemization.[22g] Indeed,
1,6-enynes with a propargylic acetate react preferentially with
gold catalysts by 1,2- or 1,3-acetate migration[23] or by other
cycloisomerization pathways.[24] The observed approximate
5% decrease in e.r. from 96:4 to 91:9 can be rationalized by
a competitive minor pathway proceeding by 1,2-migration via

Scheme 1. Gold-catalyzed tandem cyclization/1,5-migration/cyclopro-
panation for the synthesis of 1. Energies in kcalmol�1.

Table 1: Intra- and intermolecular gold(I)-catalyzed cyclization/1,5-
migration/cyclopropanation.[a]

Entry Substrate Catalyst (mol%) T [8C] 10
Yield [%][b]

1 (�)-8a A (5) 0!23 40 (10a)
2 (�)-8b A (5) 0!23 47 (10b)
3 (�)-8b B (5) 0 41 (10b)
4 (�)-8b C (5) 0!23 17 (10b)
5 (�)-8b C (5) 0 29 (10b)
6 (�)-8b D (5) 0 26 (10b)
7 (�)-8c D (2) 23 78 (10c)
8 8d A (3) 23 48–55 (10d)
9 8d B (3) 23 22 (10d)
10 8d D (3) 23 18 (10d)

[a] CH2Cl2, 30 min. [b] Yield of the isolated product. TBS = tert-butyldi-
methylsilyl, TIPS= triisopropylsilyl.

Figure 2. X-ray structures of synthetic intermediates 10a (a) and 10d
(b) obtained in the intra- and intermolecular approaches, respectively.
c) Absolute configuration of the methyl xanthate of 10d.
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achiral intermediate V. Therefore, in this case, the 1,6-enyne
cyclization is approximately 20 times faster than the prop-
argylic acetate migration. We also prepared [18O]-8d with the
18O label at the carbonyl group to determine whether the 1,5-
migration occurs via the five- (IId) or seven-membered ring
(IId’) intermediates (Scheme 2). The mass spectral data of the
resulting acetate 10c and the triol derivative 10 d revealed
that the 18O had been preferentially transferred as the alcohol
oxygen atom, and is consistent with a migration proceeding
via IId’.[25]

The enantioselective synthesis of (+)-schisanwilsonene A
(1) was completed from 10 c (Scheme 3). After desilylation of
10c, selective acetylation gave the diacetate 10e (3:1 ratio).
The two acetates were separated by chromatography, and the
minor one was recycled. Oxidation of 10e with DMP and
subsequent Wittig methylenation of the aldehyde gave
a diene which underwent a [3,3] sigmatropic rearrangement
at room temperature to form 12a. Removal of the acetates
with LiAlH4 gave the diol 12b (90:10 e.r.), a dihydroxy
derivative of carota-1,4-diene (2). The desired trans fusion
was established by hydrogenation of 12b in the presence of
Raney nickel, and was followed by oxidation of the primary
alcohol and esterification to provide the hydroxy ester 15.
(+)-Schisanwilsonene A (1)[26] was finally obtained by sele-
nylation of the potassium enolate of 15, subsequent elimi-
nation of the selenoxide (2–3:1 regioselectivity), and then
reduction of the ester.

In summary, we have completed the first enantioselective
synthesis of (+)-schisanwilsonene A (1) in 13 steps (ca. 4%
overall yield) from the known acetate 8d. This synthesis
establishes the configuration of (+)-schisanwilsonene A as
1S,3aR,8aS. The 1,2,3,3a,4,7-hexahydroazulene skeleton was
constructed by a gold(I)-catalyzed reaction and subsequent
divinyl cyclopropane rearrangement. We have also found that
the intramolecular attack of an alkene to a h2-alkyne gold(I)
complex can be faster than the competing 1,2-acyl migration.

In this work, gold(I) orchestrates one of the most complex
transformations which has been applied thus far in total
synthesis. Extension of this strategy to the synthesis of other
terpenoids is underway.

Received: March 22, 2013
Published online: May 10, 2013

.Keywords: enynes · gold · small ring systems · terpenoids ·
total synthesis

[1] W.-H. Ma, H. Huang, P. Zhou, D.-F. Chen, J. Nat. Prod. 2009, 72,
676 – 678.

[2] a) Y. Hashidoko, S. Tahara, J. Mizutani, J. Chem. Soc. Perkin
Trans. 1 1993, 2351 – 2356; b) Y. Hashidoko, S. Tahara, J.
Mizutani, Phytochemistry 1991, 30, 3729 – 3739; c) Y. Hashidoko,
S. Tahara, J. Mizutani, Phytochemistry 1992, 31, 779 – 782; d) R.
Maurya, S. S. Handa, Phytochemistry 1998, 49, 1343 – 1345;
e) L. G. Cool, Phytochemistry 2001, 58, 969 – 972.

[3] a) J. G. Urones, I. S�nchez Marcos, N. Mart�n Garrido, J. de Pas-
cual Teresa, A. San Feliciano Mart�n, Phytochemistry 1989, 28,
183 – 187; b) J. G. Urones, I. S�nchez Marcos, N. Mart�n Garrido,
Phytochemistry 1990, 29, 2585 – 2589; c) J. G. Urones, I. S�nchez
Marcos, N. Mart�n Garrido, Phytochemistry 1990, 29, 3243 –
3246; d) I. S. Marcos, I. M. Oliva, D. Diez, P. Basabe, A. M.
Lithgow, R. F. Moro, N. M. Garrido, J. G. Urones, Tetrahedron
1995, 51, 12403 – 12416.

[4] K. Nakashima, N. Fujiaki, K. Inoue, A. Minami, C. Nagaya, M.
Sono, M. Tori, Bull. Chem. Soc. Jpn. 2006, 79, 1955 – 1962.

[5] A. Umeyama, M. Nozaki, S. Arihara, J. Nat. Prod. 1998, 61, 945 –
947.

[6] Total synthesis of pseudolaric acids: a) Z. Geng, B. Chen, P.
Chiu, Angew. Chem. 2006, 118, 6343 – 6347; Angew. Chem. Int.

Scheme 2. Cyclization/1,5-migration/cyclopropanation leading to 10 c
via the intermediate IId’ with retention of enantiomeric purity versus
partial racemization by 1,2-shift of the acetate through IV/V/IV’. The
oxygen atom in red refers to the 18O label.

Scheme 3. Synthesis of (+)-schisanwilsonene A (1). Reagents and
conditions: a) TBAF, THF, 23 8C (81%); b) Ac2O, pyridine, DMAP,
CH2Cl2, 0 8C (70%, 3:1); c) DMP, NaHCO3, CH2Cl2, 23 8C;
d) Ph3PCH3Br, nBuLi, THF, �20 8C to 23 8C (83%, 2 steps); e) LiAlH4,
THF, 0 8C to 23 8C (90%); f) Raney-Ni, H2 (80 atm), acetone, 63 8C,
60 h (83%); g) TEMPO, PhI(OAc)2, CH2Cl2/H2O (2:1), 23 8C (55%);
h) NaClO2, 2-methyl-2-butene, NaH2PO4, tBuOH/H2O (5:1), 23 8C;
i) TMSCHN2, toluene/MeOH (1:2), 0 8C (74%, 2 steps); j) KHMDS,
PhSeCl, THF, �78 8C to 0 8C (93%); k) H2O2, CH2Cl2, 23 8C (73%);
l) DIBAL, THF, �78 8C to 23 8C (78%). DIBAL = diisobutylaluminum
hydride, DMAP= 4-(N,N-dimethylamino)pyridine, DMP = Dess–Martin
periodinane, HMDS= hexamethyldisilazide, TBAF = tert-butylammo-
nium fluoride, TEMPO = 2,2,6,6-tetramethylpiperidin-1-oxyl, THF =
tetrahydrofuran, TMS= trimethylsilyl.

.Angewandte
Communications

6398 www.angewandte.org � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2013, 52, 6396 –6399

http://dx.doi.org/10.1021/np8007864
http://dx.doi.org/10.1021/np8007864
http://dx.doi.org/10.1039/p19930002351
http://dx.doi.org/10.1039/p19930002351
http://dx.doi.org/10.1016/0031-9422(91)80099-M
http://dx.doi.org/10.1016/S0031-9422(98)00093-4
http://dx.doi.org/10.1016/S0031-9422(01)00342-9
http://dx.doi.org/10.1016/0031-9422(89)85034-4
http://dx.doi.org/10.1016/0031-9422(89)85034-4
http://dx.doi.org/10.1016/0031-9422(90)85194-K
http://dx.doi.org/10.1016/0031-9422(90)80192-J
http://dx.doi.org/10.1016/0031-9422(90)80192-J
http://dx.doi.org/10.1246/bcsj.79.1955
http://dx.doi.org/10.1021/np9705625
http://dx.doi.org/10.1021/np9705625
http://dx.doi.org/10.1002/ange.200602056
http://dx.doi.org/10.1002/anie.200602056
http://www.angewandte.org


Ed. 2006, 45, 6197 – 6201; b) B. M. Trost, J. Waser, A. Meyer, J.
Am. Chem. Soc. 2007, 129, 14556 – 14557; c) B. M. Trost, J.
Waser, A. Meyer, J. Am. Chem. Soc. 2008, 130, 16424 – 16434;
d) T. Xu, C.-C. Li, Z. Yang, Org. Lett. 2011, 13, 2630 – 2633.

[7] Y. Hashidoko, S. Tahara, J. Mizutami, Z. Naturforsch. C 1992, 47,
353 – 359.

[8] a) J. Levisalles, H. Rudler, Bull. Chim. Fr. 1964, 2020 – 2021; b) J.
Levisalles, H. Rudler, Bull. Chim. Fr. 1967, 2059 – 2066.

[9] Synthetic work on carotanes/daucanes: a) H. Kim, H. Bae, S.
Kim, D. Kim, D. Lee, R. S. Paton, Tetrahedron 2011, 67, 10017 –
10025; b) G. N. Kreiselmeier, B. Fçhlisch, Tetrahedron Lett.
2000, 41, 1375 – 1379; c) H. D. Broissia, J. Levisalles, H. Rudler,
J. Chem. Soc. Chem. Commun. 1972, 855 – 855; d) F. Audenaert,
D. De Keukeleire, M. Vandewalle, Tetrahedron 1987, 43, 5593 –
5604.

[10] Review on synthetic approaches to bicyclo[5.3.0]decane sesqui-
terpenes: D. A. Foley, A. R. Maguire, Tetrahedron 2010, 66,
1131 – 1175.

[11] Other work from our group on the enantioselective synthesis of
guaiane sesquiterpenes by gold(I)-catalyzed tandem reactions:
a) E. Jim�nez-NfflÇez, K. Molawi, A. M. Echavarren, Chem.
Commun. 2009, 7327 – 7329; b) K. Molawi, N. Delpont, A. M.
Echavarren, Angew. Chem. 2010, 122, 3595 – 3597; Angew.
Chem. Int. Ed. 2010, 49, 3517 – 3519.

[12] E. Jim�nez-NfflÇez, M. Raducan, T. Lauterbach, K. Molawi,
C. R. Solorio, A. M. Echavarren, Angew. Chem. 2009, 121,
6268 – 6271; Angew. Chem. Int. Ed. 2009, 48, 6152 – 6155.

[13] a) T. Hudlicky, R. Fan, J. W. Reed, K. G. Gadamasetti, Org.
React. 1992, 41, 1 – 133; b) M. Zora, J. Org. Chem. 2005, 70,
6018 – 6026.

[14] DFT calculations (B3LYP, 6-31G* (C, H, O, THF solvent)
predict a favorable reaction (DG� = 22.0 kcalmol�1, DG
�16.4 kcalmol�1), in agreement with literature data for other
divinyl cyclopropane rearrangements.[13b] See the Supporting
Information for details.

[15] DFT calculations (M06, 6-31G(d) (C, H, P, O) and SDD (Au),
CH2Cl2). See Supporting Information for details.

[16] P. P�rez-Gal�n, E. Herrero-G�mez, D. T. Hog, N. J. A. Martin, F.
Maseras, A. M. Echavarren, Chem. Sci. 2011, 2, 141 – 149.

[17] The siloxanes (�)-8a,b were prepared from racemic 3,7-dime-
thyloct-6-e1-yn-3-ol by sequential reaction with nBuLi, the
corresponding dichlorosilane, and monosilylated 2-methylene-
propane-1,3-diol in 40 and 81 % yield, respectively. See the
Supporting Information for details.

[18] The relative configuration of (�)-10 b was determined by its
conversion into (�)-schisanwilsonene A in 13 steps. Details will
be reported in the full account of this work.

[19] Prepared in four steps from geraniol in both enantiomeric series:
a) D. K. Mohapatra, C. Pramanik, M. S. Chorghade, M. K.
Gurjar, Eur. J. Org. Chem. 2007, 5059 – 5063; b) S. Anjum, J.
Marco-Contelles, Tetrahedron 2005, 61, 4793 – 4803; c) M. J.
Ardolino, J. P. Morken, J. Am. Chem. Soc. 2012, 134, 8770 – 8773.

[20] CCDC 930335 (10 a), 930336 (10 d-methyl xanthate), 930337
(10d), and 930338 (1) contain the supplementary crystallo-

graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

[21] Reviews: a) S. Wang, G. Zhang, L. Zhang, Synlett 2010, 692 –
706; b) X.-Z. Shu, D. Shu, C. M. Schienebeck, W. Tang, Chem.
Soc. Rev. 2012, 41, 7698 – 7711.

[22] a) C. Fehr, J. Galindo, Angew. Chem. 2006, 118, 2967 – 2970;
Angew. Chem. Int. Ed. 2006, 45, 2901 – 2904; b) O. N. Faza, C. S.
L�pez, R. �lvarez, A. R. de Lera, J. Am. Chem. Soc. 2006, 128,
2434 – 2437; c) N. Marion, S. P. Nolan, Angew. Chem. 2007, 119,
2806 – 2809; Angew. Chem. Int. Ed. 2007, 46, 2750 – 2752; d) J.
Marco-Contelles, E. Soriano, Chem. Eur. J. 2007, 13, 1350 – 1357;
e) A. Correa, N. Marion, L. Fensterbank, M. Malacria, S. P.
Nolan, L. Cavallo, Angew. Chem. 2008, 120, 730 – 733; Angew.
Chem. Int. Ed. 2008, 47, 718 – 721; f) Y. Zou, D. Garayalde, Q.
Wang, C. Nevado, A. Goeke, Angew. Chem. 2008, 120, 10264 –
10267; Angew. Chem. Int. Ed. 2008, 47, 10110 – 10113; g) N.
Marion, G. Lemi�re, A. Correa, C. Costabile, R. S. Ram�n, X.
Moreau, P. de Fr�mont, R. Dahmane, A. Hours, D. Lesage, J.-C.
Tabet, J.-P. Goddard, V. Gandon, L. Cavallo, L. Fensterbank, M.
Malacria, S. P. Nolan, Chem. Eur. J. 2009, 15, 3243 – 3260; h) C.
Fehr, B. Winter, I. Magpantay, Chem. Eur. J. 2009, 15, 9773 –
9784; i) P. Maule�n, J. L. Krinsky, F. D. Toste, J. Am. Chem. Soc.
2009, 131, 4513 – 4520; j) D. Garayalde, C. Nevado, ACS Catal.
2012, 2, 1462 – 1479.

[23] a) A. F	rstner, P. Hannen, Chem. Commun. 2004, 2546 – 2547;
b) A. F	rstner, P. Hannen, Chem. Eur. J. 2006, 12, 3006 – 3019;
c) X. Moreau, J.-P. Goddard, M. Bernard, G. Lemi�re, J. M.
L�pez-Romero, E. Mainetti, N. Marion, V. Mouri�s, S. Thor-
imbert, L. Fensterbank, M. Malacria, Adv. Synth. Catal. 2008,
350, 43 – 48.

[24] Y. Harrak, M. Makhlouf, S. Azzaro, E. Mainetti, J. M. Lopez
Romero, K. Cariou, V. Gandon, J.-P. Goddard, M. Malacria, L.
Fensterbank, J. Organomet. Chem. 2011, 696, 388 – 399.

[25] We found an approximately 5% scrambling of the 18O label, and
can be explained through a double 1,2-shift via V to give VI’.[22g,i]

This result is consistent with the observed approximate 5%
racemization. The equilibration between [18O]-8d/AuL+ and
chiral VI by 1,3-shift ([3,3] sigmatropic rearrangement) neither
exchanges the 18O label nor leads to racemization.

[26] 1H and 13C NMR data of (+)-1 is in full accordance with
previously reported data. In addition, the relative configuration
was confirmed by X-ray diffraction of synthetic (�)-1.[20] The
optical rotation for the synthetic material, a½ �25

D¼+ 14.88 (c =

0.33, MeOH), is lower than that reported a½ �25
D¼+ 52.38 (c = 0.02,

MeOH). Unfortunately, a sample of natural (+)-1 was not
available anymore from the natural source.[1] HPLC analysis
(chiral stationary phase) of synthetic (+)-1 shows the same
enantiomeric ratio (90:10) determined for 12 a, which is also
identical, within experimental error, to that found for 10c. The
melting point of the synthetic material (single crystal after
recrystallization from cyclohexane/EtOAc) is 143–1448C (lit[1]

165–1688C).

Angewandte
Chemie

6399Angew. Chem. Int. Ed. 2013, 52, 6396 –6399 � 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1002/anie.200602056
http://dx.doi.org/10.1021/ja076165q
http://dx.doi.org/10.1021/ja076165q
http://dx.doi.org/10.1021/ja806724x
http://dx.doi.org/10.1021/ol200741j
http://dx.doi.org/10.1016/j.tet.2011.09.022
http://dx.doi.org/10.1016/j.tet.2011.09.022
http://dx.doi.org/10.1016/S0040-4039(99)02296-0
http://dx.doi.org/10.1016/S0040-4039(99)02296-0
http://dx.doi.org/10.1039/c39720000855
http://dx.doi.org/10.1016/S0040-4020(01)87740-1
http://dx.doi.org/10.1016/S0040-4020(01)87740-1
http://dx.doi.org/10.1016/j.tet.2009.11.045
http://dx.doi.org/10.1016/j.tet.2009.11.045
http://dx.doi.org/10.1039/b920119j
http://dx.doi.org/10.1039/b920119j
http://dx.doi.org/10.1002/ange.201000890
http://dx.doi.org/10.1002/anie.201000890
http://dx.doi.org/10.1002/anie.201000890
http://dx.doi.org/10.1002/ange.200902248
http://dx.doi.org/10.1002/ange.200902248
http://dx.doi.org/10.1002/anie.200902248
http://dx.doi.org/10.1021/jo050711l
http://dx.doi.org/10.1021/jo050711l
http://dx.doi.org/10.1039/c0sc00335b
http://dx.doi.org/10.1002/ejoc.200700401
http://dx.doi.org/10.1016/j.tet.2005.03.019
http://dx.doi.org/10.1021/ja302329f
http://dx.doi.org/10.1039/c2cs35235d
http://dx.doi.org/10.1039/c2cs35235d
http://dx.doi.org/10.1039/c2cs35235d
http://dx.doi.org/10.1002/ange.200504543
http://dx.doi.org/10.1002/anie.200504543
http://dx.doi.org/10.1021/ja057127e
http://dx.doi.org/10.1021/ja057127e
http://dx.doi.org/10.1002/ange.200604773
http://dx.doi.org/10.1002/ange.200604773
http://dx.doi.org/10.1002/anie.200604773
http://dx.doi.org/10.1002/chem.200601522
http://dx.doi.org/10.1002/ange.200703769
http://dx.doi.org/10.1002/anie.200703769
http://dx.doi.org/10.1002/anie.200703769
http://dx.doi.org/10.1002/ange.200804202
http://dx.doi.org/10.1002/ange.200804202
http://dx.doi.org/10.1002/anie.200804202
http://dx.doi.org/10.1002/chem.200801387
http://dx.doi.org/10.1002/chem.200901292
http://dx.doi.org/10.1002/chem.200901292
http://dx.doi.org/10.1021/cs300043w
http://dx.doi.org/10.1021/cs300043w
http://dx.doi.org/10.1002/chem.200501299
http://dx.doi.org/10.1002/adsc.200700356
http://dx.doi.org/10.1002/adsc.200700356
http://dx.doi.org/10.1016/j.jorganchem.2010.10.016
http://www.angewandte.org

