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The oxazoline moiety is a ubiquitous, privileged structural
element of chiral ligands.[1] The rigid nature of the five-
membered oxazoline ring, the ease of synthesis and the ready
availability of many differently substituted derivatives add to
their attractiveness. The most well-known oxazoline ligands
are bisoxazolines (BOX)[2] and phosphine–oxazolines
(PHOX),[3] but many more heterobidentate oxazoline ligands,

such as phosphinites,[4] phosphites,[5] pyridines,[6] phosphora-
midates,[7] phenols,[8] alcohols,[9] sulfoxides,[10] sulfonamides,[11]

thioethers,[12] and N-heterocyclic carbenes[13] have been
successfully applied in asymmetric catalysis. Despite the
structural diversity of these systems, only h1-binding, single-
donor-atom ligands have been combined with the oxazoline
fragment. Inspired by the recent success of chiral olefin
ligands in asymmetric catalysis,[14] we reasoned that the
combination of h2-binding olefins with oxazolines would
allow new coordination geometries and possibilities. We
present herein the ready synthesis of modular and easily
tunable olefin–oxazoline ligands (OlefOx) and their success-
ful application in asymmetric catalysis. We began with the

preparation of a series of electronically and sterically varied
olefin–oxazolines (Scheme 1).

In each case, olefin and oxazoline were attached to a
benzene ring (internal ring) in a 1,2-fashion. As an illustrative
example, the highly modular three-step synthesis of ligand 5 is
discussed (Schemes 2 and 3). Starting from commercially
available 2-methyl benzaldehyde, the oxazoline ring was

Scheme 1. Olefin–oxazoline ligands prepared in this study.

Scheme 2. Synthesis of olefin–oxazoline ligand 5.[16] Reagents and
conditions: a) (S)-phenylalaninol, CH2Cl2, room temperature, 16 h;
then N-bromosuccinimide (NBS), room temperature, 30 min, 75%;
b) tBuLi, LiNCy2 (Cy = cyclohexyl), ClPO(OEt)2, THF, �78 8C to room
temperature, 16 h, 47%; c) KOtBu, toluene, 3,4-dimethoxybenzalde-
hyde, room temperature, 15 h, 74%.
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formed by a recently developed, efficient oxidative
method.[15] Deprotonation and coupling of the methyl group
to the corresponding phosphonate was followed by a Horner–
Wadsworth–Emmons reaction with 3,4-dimethoxybenzalde-
hyde, providing olefin–oxazoline 5 in 26 % overall yield.
Alternative synthetic routes starting from 2-bromomethyl-
benzonitrile were also developed (Scheme 3).[16]

As a test reaction for this new family of ligands, we chose
the rhodium-catalyzed conjugate addition of phenylboronic
acid to cyclohexenone (Table 1).[14]

With the unsubstituted parent system, ligand 1, the
reaction proceeded smoothly and yielded more than 90% of

the product with 75 % ee (Table 1, entry 1). Electron-with-
drawing substituents on the terminal benzene ring were
detrimental to the yield and the selectivity (Table 1, entries 2,
3). The pronounced influence of ortho-substituents is indi-
cated by the change of the stereochemical outcome of the
reaction (Table 1, compare entries 1 and 2). An electron-
donating para-methoxy group on the other hand increased the
level of selectivity (Table 1, entry 4). Two alkoxy groups on
the terminal benzene ring gave even better ee values (Table 1,
entries 5–8), with the 3,4-dimethoxy motif derived from
veratraldehyde being optimal for stereocontrol. Oxazolines
derived from phenylalaninol, valinol, and aminoindanol
performed almost equally well (Table 1, entries 5, 13, 16),
but tert-leucinol- or phenylglycinol-derived ligands showed
significantly lower ee values (Table 1, entries 14, 15).

Using 1 mol% active catalyst derived from the most
selective ligand, phenylalaninol derived 5, product 24Aa was
obtained in 93% ee and, using only 0.1 mol% of catalyst,
90% ee was still obtained (Table 1, entries 5, 6). Ligand 16,
containing a sterically more demanding oxazoline derived
from (�)-menthone[17] does not give any product (Table 1,
entry 17). Ligands with a doubly ortho-substituted terminal
benzene ring (8,9), with a triphenylethylene backbone (17),
or the potentially tridentate ligand 18 did also not provide
catalytically active complexes (Table 1, entries 9, 10, 18, 19).
The latter observation is in accordance with the generally
accepted mechanism of the rhodium-catalyzed conjugate
addition,[14] in which two of the four available coordination
sites of the metal are needed for complexation of the enone
and the aryl nucleophile. This large series of olefin–oxazolines
with its marked reactivity and selectivity differences demon-
strates the modularity, tunability, and adaptability of this new
ligand class.

With ligand 5 identified as the most suitable ligand, we
screened the substrate scope for this particular ligand in the
conjugate addition reaction. A series of representative enones
and boronic acids were allowed to react under the standard
conditions (Table 2). These reactions demonstrated the broad
applicability of ligand 5 to different substrates. Different ring
sizes as well as ortho-, meta-, and para-substituents on the
arylboronic acid are well tolerated (Table 2, entries 1–10).
Even a quaternary center is built up with good ee value,
although far less effectively in terms of yield (Table 2,
entry 11).[18]

Especially interesting is the unprecedented coordination
mode of this new ligand class. The 1H NMR spectrum of a Rh
complex of ligand 5 and [Rh(C2H4)2Cl] revealed a strong
coordination between olefin and rhodium, as shown by the
upfield shifts of the olefinic protons from d = 8.85 ppm and
7.11 ppm (J = 16 Hz) in the free ligand to d = 5.49 and
4.49 ppm (J = 12 Hz) in the complex. Furthermore, the
olefin–rhodium interaction was unequivocally demonstrated
by single-crystal X-ray analysis of crystals obtained by slow
diffusion of pentane into a dioxane solution of a complex
derived from ligand 12 and [Rh(C2H4)2(acac)] (Figure 1;
acac = acetylacetone).[19] In this complex, ligand 12 and acac
were both found to act as bidentate, chelating ligands to give a
pseudo-square-planar coordinated RhI center. The Rh�C
bond lengths (2.088 � and 2.097 �) are typical for olefin

Scheme 3. Modular ligand assembly, retrosynthetic analysis.[16]

Table 1: Screening of ligands 1–18 in the conjugate addition of phenyl-
boronic acid to cyclohexenone.[a]

Entry Ligand Yield[b] [%] ee[c] [%]

1[d,e] 1 91 75 (S)
2[d,e] 2 60 51 (R)
3 3 50 69 (S)
4 4 78 81 (S)
5 5 88 93 (S)
6[f ] 5 88 90 (S)
7[g] 6 92 80 (S)
8 7 97 85 (S)
9 8 0 –

10 9 0 –
11 10 83 50 (S)
12 11 86 86 (S)
13 12 97 89 (S)
14 13 74 30 (S)
15 14 91 64 (R)
16 15 93 85 (R)
17 16 0 –
18 17 0 –
19 18 0 –

[a] General procedure: 0.005 mmol [{Rh(C2H4)2Cl}2] and 0.011 mmol
ligand were stirred at 40 8C with 1.5 mmol PhB(OH)2, 1 mmol cyclo-
hexenone, and 0.3 mmol KOH in dioxane/H2O 10:1 until GC-MS showed
the absence of starting material. [b] Yield of isolated product. [c] Deter-
mined by HPLC on chiral stationary phases. [d] 5 mol% [{Rh(C2H4)2Cl}2]
and 11 mol% ligand were used. [e] Reaction run on 0.3 mmol scale.
[f ] Reaction run with 0.1 mol% catalyst at 60 8C. [g] Reaction run at 60 8C.
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complexes and the distance between the two olefinic carbon
atoms (1.414 �) is about 7% longer than in related uncom-
plexed olefins.[20]

Remarkably, although either one of the two diastereo-
topic olefin p-faces could bind to the rhodium center, only
one coordination mode was observed. In the complex, the
oxazoline and the internal benzene ring are almost in the
same plane, whereas the coordinating olefin unit is rotated
out of this plane pointing in the same direction as the iPr
substituent on the oxazoline ring (Figure 1).

In conclusion, we have introduced the new class of olefin–
oxazoline ligands into asymmetric catalysis and demonstrated
both modularity and versatility. In contrast to many other
classes of chiral ligands, the ability to easily vary the steric and
electronic properties of the olefin component over a wide
range is especially appealing. Expanding the scope and
synthesis of ligands with tailor-made electronic properties
for distinct reaction are currently under investigation.

Received: October 11, 2009
Published online: December 28, 2009

.Keywords: homogeneous catalysis · ligand design · olefins ·
oxazolines · rhodium

[1] a) Comprehensive Asymmetric Catalysis, Vol. I to III (Eds.: E. N.
Jacobsen, A. Pfaltz, H. Yamamoto), Springer, Berlin, 1999 ;
b) Catalytic Asymmetric Synthesis (Ed.: I. Ojima), Wiley-VCH,
Weinheim, 2000 ; c) T. P. Yoon, E. N. Jacobsen, Science 2003, 299,
1691.

[2] Reviews: a) A. Pfaltz, Acc. Chem. Res. 1993, 26, 339; b) A. K.
Ghosh, P. Mathivanan, J. Cappiello, Tetrahedron: Asymmetry
1998, 9, 1; c) H. A. McManus, P. J. Guiry, Chem. Rev. 2004, 104,
4151; for the first seminal publications on bisoxazolines with a
dialkylated methylene bridge, see: d) R. E. Lowenthal, A.
Abiko, S. Masamune, Tetrahedron Lett. 1990, 31, 6005; e) D. A.
Evans, K. A. Woerpel, M. M. Hinman, M. M. Faul, J. Am. Chem.
Soc. 1991, 113, 726.

[3] For selected reviews, see: a) G. Helmchen, A. Pfaltz, Acc. Chem.
Res. 2000, 33, 336; b) Ref. [2c]; for the first seminal publications,
see: d) P. von Matt, A. Pfaltz, Angew. Chem. 1993, 105, 614;
Angew. Chem. Int. Ed. Engl. 1993, 32, 566; e) J. Sprinz, G.
Helmchen, Tetrahedron Lett. 1993, 34, 1769; f) G. J. Dawson,
C. G. Frost, S. J. Williams, Tetrahedron Lett. 1993, 34, 314.

[4] a) K. Yonehara, T. Hashizume, K. Mori, K. Ohe, S. Uemura,
J. Org. Chem. 1999, 64, 9374; b) K. Yonehara, K. Mori, T.
Hashizume, K.-G. Chung, K. Ohe, S. J. Uemura, J. Organomet.
Chem. 2000, 603, 40; c) J. Blankenstein, A. Pfaltz, Angew. Chem.
2001, 113, 4577; Angew. Chem. Int. Ed. 2001, 40, 4445; d) T.
Minuth, M. M. K. Boysen, Org. Lett. 2009, 11, 4212.

[5] a) A. K. H. Kn�bel, I. H. Escher, A. Pfaltz, Synlett 1997, 1429;
b) D. K. Heldmann, D. Seebach, Helv. Chim. Acta 1999, 82,
1096; c) I. H. Escher, A. Pfaltz, Tetrahedron 2000, 56, 2879.

[6] a) H. Brunner, U. Obermann, P. J. Wimmer, J. Organomet.
Chem. 1986, 316, C1; b) H. Brunner, U. Obermann, Chem. Ber.
1989, 122, 499.

[7] R. Hilgraf, A. Pfaltz, Synlett 1999, 1814.
[8] a) C. Bolm, G. Schlingloff, K. Weickhardt, Angew. Chem. 1994,

106, 1944; Angew. Chem. Int. Ed. Engl. 1994, 33, 1848; b) C.
Bolm, G. Schlingloff, J. Chem. Soc. Chem. Commun. 1995, 1247;
c) H. Brunner, J. Berghofer, J. Organomet. Chem. 1995, 501, 161;
d) P. G. Cozzi, C. Floriani, J. Chem. Soc. Perkin Trans. 1 1995,
2357.

[9] a) X. Zhang, W. Lin, L. Gong, A. Mi, X. Cui, Y. Jiang, M. C. K.
Choi, A. S. C. Chan, Tetrahedron Lett. 2002, 43, 1535; b) X.-M.

Table 2: Substrate scope of olefin–oxazoline ligand 5 in the conjugate
addition reaction.[a]

Entry Boronic acid Enone Product Yield[b] [%] ee[c] [%]

1 22A 23a 24Aa 90 93 (S)
2[d] 22B 23a 24Ba 75 77 (S)
3 22C 23a 24Ca 89 90
4 22D 23a 24Da 88 89
5 22E 23a 24Ea 65 85
6 22A 23b 24Ab 85 85 (S)
7 22A 23c 24Ac 81 97 (S)
8 22B 23c 24Bc 79 85
9 22C 23c 24Cc 81 97

10 22D 23c 24Dc 83 97
11[e] 22A 23d 24Ad 36 85 (S)

[a] General procedure: see Table 1. [b] Yield of isolated product.
[c] Determined by HPLC or GC on chiral stationary phases. The absolute
configuration of the products was unambiguously determined only in the
indicated cases. [d] Reaction performed in 1,2-dimethoxyethane.
[d] 0.05 mmol [{Rh(C2H4)2Cl}2] and 0.11 mmol ligand were used.

Figure 1. Crystal structure of the complex derived from 12 and [Rh-
(C2H4)2(acac)]. Hydrogen atoms are omitted for clarity. Selected bond
lengths [�] and angles [8]: Rh1–N1 2.015(3), Rh1–O27 2.049(2), Rh1–
O31 2.015(2), Rh1–C12 2.088(4), Rh1–C13 2.097(3), C11–C12
1.482(5), C12–C13 1.414(5), C13–C14 1.483(5); N1-Rh1-O27 88.2(1),
N1-Rh1-O31 177.4(1), N1-Rh1-C12 90.6(1), N1-Rh1-C13 91.1(1), O27-
Rh1-O31 90.6(1), O27-Rh1-C12 162.6(1), O27-Rh1-C13 157.9(1), O31-
Rh1-C12 89.8(1), O31-Rh1-C13 90.9(1), C12-Rh1-C13 39.5(1), C11-C12-
C13 120.6(3), C12-C13-C14 124.3(3).

Angewandte
Chemie

1145Angew. Chem. Int. Ed. 2010, 49, 1143 –1146 � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1126/science.1083622
http://dx.doi.org/10.1126/science.1083622
http://dx.doi.org/10.1021/ar00030a007
http://dx.doi.org/10.1016/S0957-4166(97)00593-4
http://dx.doi.org/10.1016/S0957-4166(97)00593-4
http://dx.doi.org/10.1021/cr040642v
http://dx.doi.org/10.1021/cr040642v
http://dx.doi.org/10.1016/S0040-4039(00)98014-6
http://dx.doi.org/10.1021/ja00002a080
http://dx.doi.org/10.1021/ja00002a080
http://dx.doi.org/10.1021/ar9900865
http://dx.doi.org/10.1021/ar9900865
http://dx.doi.org/10.1002/ange.19931050430
http://dx.doi.org/10.1002/anie.199305661
http://dx.doi.org/10.1016/S0040-4039(00)60774-8
http://dx.doi.org/10.1016/S0022-328X(00)00069-3
http://dx.doi.org/10.1016/S0022-328X(00)00069-3
http://dx.doi.org/10.1002/1521-3757(20011203)113:23%3C4577::AID-ANGE4577%3E3.0.CO;2-P
http://dx.doi.org/10.1002/1521-3757(20011203)113:23%3C4577::AID-ANGE4577%3E3.0.CO;2-P
http://dx.doi.org/10.1002/1521-3773(20011203)40:23%3C4445::AID-ANIE4445%3E3.0.CO;2-V
http://dx.doi.org/10.1021/ol901579g
http://dx.doi.org/10.1055/s-1997-1048
http://dx.doi.org/10.1002/(SICI)1522-2675(19990707)82:7%3C1096::AID-HLCA1096%3E3.0.CO;2-I
http://dx.doi.org/10.1002/(SICI)1522-2675(19990707)82:7%3C1096::AID-HLCA1096%3E3.0.CO;2-I
http://dx.doi.org/10.1016/S0040-4020(00)00143-5
http://dx.doi.org/10.1016/0022-328X(86)82093-9
http://dx.doi.org/10.1016/0022-328X(86)82093-9
http://dx.doi.org/10.1002/cber.19891220318
http://dx.doi.org/10.1002/cber.19891220318
http://dx.doi.org/10.1055/s-1999-2939
http://dx.doi.org/10.1002/ange.19941061820
http://dx.doi.org/10.1002/ange.19941061820
http://dx.doi.org/10.1002/anie.199418481
http://dx.doi.org/10.1039/c39950001247
http://dx.doi.org/10.1016/0022-328X(95)05645-6
http://dx.doi.org/10.1016/S0040-4039(02)00014-X
http://www.angewandte.org


Zhang, H.-L. Zhang, W.-Q. Lin, L.-Z. Gong, A.-Q. Mi, X. Cui,
Y.-Z. Jiang, K. B. Yu, J. Org. Chem. 2003, 68, 4322.

[10] K. Hiroi, K. Watanabe, I. Abe, M. Koseki, Tetrahedron Lett.
2001, 42, 7617.

[11] H. Guo, C.-G. Dong, D.-S. Kim, D. Urabe, J. Wang, J. T. Kim, X.
Liu, T. Sasaki, Y. Kishi, J. Am. Chem. Soc. 2009, 131, 15387.

[12] a) C. G. Frost, J. M. J. Williams, Tetrahedron Lett. 1993, 34, 2015;
b) G. J. Dawson, C. G. Frost, C. J. Martin, J. M. J. Williams,
Tetrahedron Lett. 1993, 34, 7793; c) K. Boog-Wick, P. S. Pregosin,
G. Trabesinger, Organometallics 1998, 17, 3254; d) A. Voituriez,
E. Schulz, Tetrahedron: Asymmetry 2003, 14, 339; e) J. Chris-
toffers, A. Mann, J. Pickardt, Tetrahedron 1999, 55, 5377.

[13] a) M. T. Powell, D.-R. Hou, M. C. Perry, X. Cui, K. Burgess,
J. Am. Chem. Soc. 2001, 123, 8878; b) M. C. Perry, X. Cui, M. T.
Powell, D.-R. Hou, J. H. Reibenspies, K. Burgess, J. Am. Chem.
Soc. 2003, 125, 113; c) V. C�sar, S. Bellemin-Laponnaz, L. H.
Gade, Angew. Chem. 2004, 116, 1036; Angew. Chem. Int. Ed.
2004, 43, 1014; d) N. Schneider, M. Finger, C. Haferkemper, S.
Bellemin-Laponnaz, P. Hofmann, L. H. Gade, Angew. Chem.
2009, 121, 1637; Angew. Chem. Int. Ed. 2009, 48, 1609.

[14] For selected reviews, see: a) J. B. Johnson, T. Rovis, Angew.
Chem. 2008, 120, 852; Angew. Chem. Int. Ed. 2008, 47, 840; b) C.
Defieber, H. Gr�tzmacher, E. M. Carreira, Angew. Chem. 2008,
120, 4558; Angew. Chem. Int. Ed. 2008, 47, 4482; c) F. Glorius,
Angew. Chem. 2004, 116, 3444; Angew. Chem. Int. Ed. 2004, 43,
3364; for selected papers, see: d) T. Hayashi, K. Ueyama, N.
Tokunaga, K. Yoshida, J. Am. Chem. Soc. 2003, 125, 11508; e) C.
Fischer, C. Defieber, T. Suzuki, E. M. Carreira, J. Am. Chem.
Soc. 2004, 126, 1628; f) C. Defieber, J.-F. Paquin, S. Serna, E. M.
Carreira, Org. Lett. 2004, 6, 3873; g) P. Maire, S. Deblon, F.
Breher, J. Geier, C. B�hler, H. R�egger, H. Sch�nberg, H.
Gr�tzmacher, Chem. Eur. J. 2004, 10, 4198; h) R. Shintani, W.-L.
Duan, T. Nagano, A. Okada, T. Hayashi, Angew. Chem. 2005,
117, 4687; Angew. Chem. Int. Ed. 2005, 44, 4611; i) P. Kas�k, V. B.
Arion, M. Widhalm, Tetrahedron: Asymmetry 2006, 17, 3084;
j) E. Piras, F. L�ng, D. Stein, M. W�rle, H. Gr�tzmacher, Chem.
Eur. J. 2006, 12, 5849; k) C. Defieber, M. A. Ariger, P. Moriel,
E. M. Carreira, Angew. Chem. 2007, 119, 3200; Angew. Chem.
Int. Ed. 2007, 46, 3139; l) W.-L. Duan, H. Iwamura, R. Shintani,
T. Hayashi, J. Am. Chem. Soc. 2007, 129, 2130; m) T. Gendri-

neau, O. Chuzel, H. Eijsberg, J.-P. Genet, S. Darses, Angew.
Chem. 2008, 120, 7783; Angew. Chem. Int. Ed. 2008, 47, 7669;
n) K. Okamoto, T. Hayashi, V. H. Rawal, Org. Lett. 2008, 10,
4387.

[15] a) K. Schwekendiek, F. Glorius, Synthesis 2006, 2996; b) B.
Hahn, K. Schwekendiek, F. Glorius, Org. Synth. 2008, 85, 267;
see also: c) S. Sayama, Synlett 2006, 1479; d) N. N. Karade, G. B.
Tiwari, S. V. Gampawar, Synlett 2007, 1921; e) S. Hajra, S. Bar, D.
Sinha, B. Maji, J. Org. Chem. 2008, 73, 4320; f) S. Takahashi, H.
Togo, Synthesis 2009, 2329.

[16] For alternative synthetic sequences see the Supporting Informa-
tion.

[17] For the first application of this (�)-menthone-derived amino-
alcohol, used for the formation of a sterically most demanding
N-heterocyclic carbene ligand, and its application in asymmetric
catalysis, see: S. W�rtz, C. Lohre, R. Fr�hlich, K. Bergander, F.
Glorius, J. Am. Chem. Soc. 2009, 131, 8344.

[18] This is remarkable, since Hayashi, Shintani, and co-workers
recently showed that the very active catalyst [{Rh(cod)OH}2]
fails in the aryl transfer from boronic acids to form all-carbon
quaternary centers. Only by using tetraarylborates instead of
boronic acids, the desired cross-coupling and formation of
quaternary all-carbon stereocenters was obtained: R. Shintani,
Y. Tsutsumi, M. Nagaosa, T. Nishimura, T. Hayashi, J. Am.
Chem. Soc. 2009, 131, 13588.

[19] X-ray data of the complex derived from 12 and [Rh(C2H4)2-
(acac)]: C27H32NO5Rh, Mr = 553.45, red crystal 0.30 � 0.15 �
0.03 mm, a = 8.4910(1), b = 13.2944(2), c = 22.3959(4) �, V =
2528.11(7) �3, 1calcd = 1.454 gcm�3, m = 0.712 mm�1, Z = 4, ortho-
rhombisch, space group P212121 (No. 19), l = 0.71073 �, T=
223(2) K, w and f scans, 20704 reflections collected (�h, �k,
� l), [(sinq)/l] = 0.66 ��1, 5989 independent (Rint = 0.060) and
4735 observed reflections [I� 2s(I)], 313 refined parameters,
R = 0.038, wR2 = 0.082. CCDC 748087 contains the supplemen-
tary crystallographic 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.

[20] C. R. Theocharis, W. Jones, C. N. R. Rao, J. Chem. Soc. Chem.
Commun. 1984, 1291.

Communications

1146 www.angewandte.org � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2010, 49, 1143 –1146

http://dx.doi.org/10.1021/jo0268862
http://dx.doi.org/10.1016/S0040-4039(01)01646-X
http://dx.doi.org/10.1016/S0040-4039(01)01646-X
http://dx.doi.org/10.1021/ja905843e
http://dx.doi.org/10.1016/S0040-4039(00)91990-7
http://dx.doi.org/10.1016/S0040-4039(00)61568-X
http://dx.doi.org/10.1021/om9802010
http://dx.doi.org/10.1016/S0957-4166(02)00829-7
http://dx.doi.org/10.1016/S0040-4020(99)00235-5
http://dx.doi.org/10.1021/ja028142b
http://dx.doi.org/10.1021/ja028142b
http://dx.doi.org/10.1002/ange.200804993
http://dx.doi.org/10.1002/ange.200804993
http://dx.doi.org/10.1002/anie.200804993
http://dx.doi.org/10.1002/ange.200700278
http://dx.doi.org/10.1002/ange.200700278
http://dx.doi.org/10.1002/anie.200700278
http://dx.doi.org/10.1002/ange.200703612
http://dx.doi.org/10.1002/ange.200703612
http://dx.doi.org/10.1002/anie.200703612
http://dx.doi.org/10.1002/ange.200301752
http://dx.doi.org/10.1002/anie.200301752
http://dx.doi.org/10.1002/anie.200301752
http://dx.doi.org/10.1021/ja037367z
http://dx.doi.org/10.1021/ja0390707
http://dx.doi.org/10.1021/ja0390707
http://dx.doi.org/10.1021/ol048240x
http://dx.doi.org/10.1002/chem.200400441
http://dx.doi.org/10.1002/ange.200501305
http://dx.doi.org/10.1002/ange.200501305
http://dx.doi.org/10.1002/anie.200501305
http://dx.doi.org/10.1002/chem.200501470
http://dx.doi.org/10.1002/chem.200501470
http://dx.doi.org/10.1002/ange.200700159
http://dx.doi.org/10.1002/anie.200700159
http://dx.doi.org/10.1002/anie.200700159
http://dx.doi.org/10.1021/ja0671013
http://dx.doi.org/10.1002/ange.200803230
http://dx.doi.org/10.1002/ange.200803230
http://dx.doi.org/10.1002/anie.200803230
http://dx.doi.org/10.1021/ol801931v
http://dx.doi.org/10.1021/ol801931v
http://dx.doi.org/10.1055/s-2006-941597
http://dx.doi.org/10.1055/s-2007-982571
http://dx.doi.org/10.1021/jo8003937
http://dx.doi.org/10.1021/ja905432x
http://dx.doi.org/10.1021/ja905432x
http://dx.doi.org/10.1039/c39840001291
http://dx.doi.org/10.1039/c39840001291
http://dx.doi.org/10.1039/c39840001291
http://www.angewandte.org

