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Abstract: Directed Cp*RhIII-catalyzed carbon–hydrogen
(C�H) bond functionalizations have evolved as a powerful
strategy for the construction of heterocycles. Despite their high
value, the development of related asymmetric reactions is
largely lagging behind due to a limited availability of robust
and tunable chiral cyclopentadienyl ligands. Rhodium com-
plexes comprising a chiral Cp ligand with an atropchiral biaryl
backbone enables an asymmetric synthesis of isoindolones
from arylhydroxamates and weakly alkyl donor/acceptor
diazo derivatives as one-carbon component under mild con-
ditions. The complex guides the substrates with a high double
facial selectivity yielding the chiral isoindolones in good yields
and excellent enantioselectivities.

Transition-metal-catalyzed C�H functionalization evolved
to an important synthetic tool for the rapid construction of
molecular complexity from simple starting materials.[1] For
instance, a wide range of transformations catalyzed by the
Cp*RhIII fragment has been developed over the past years
giving access to various heterocycles.[2] Despite its large
synthetic potential, the corresponding asymmetric C�H
functionalization reactions remain underdeveloped due to
the lack of suitable ligands.[3, 4] In this respect, chiral versions
of the very important cyclopentadienyl (Cp) and penta-
methylcyclopentadienyl (Cp*) ligands hold a particular high
promise. Two complementary strategies for chiral Cp-type
ligands were reported by us[5, 6] and Rovis and Ward[7] and
have been applied in RhIII-catalyzed asymmetric C�H
functionalization reactions. The complex from the Rovis/
Ward approach derives its chirality from a supramolecular
assembly of a Cp* fragment and a protein, whereas our
strategy is based on C2-symmetric disubstituted Cp rings with
a chiral backbone. Despite good reactivity and selectivity, the
amenable reaction types are so far limited to cyclization
reactions with olefin or allene acceptors. An extension
beyond these boundaries is highly desirable. For instance,
diazo derivatives are versatile reagents for metal-catalyzed
C�C and C�Het bond constructions with RhII catalysts.[8]

Very recently they found applications as one-carbon compo-
nents in RhIII-catalyzed C�H functionalization reactions.[9–11]

Rovis reported the use of donor–acceptor-substituted diazo
derivatives[12] as couplings partners for the synthesis of
isoindolones from aryl hydroxamates.[11] However, no asym-
metric version of this valuable transformation has been
reported, making it a suitable candidate to showcase the
application potential of our chiral Cpx complexes (Scheme 1).
Herein we report the enantioselective construction of iso-
indolones 3 through asymmetric C�H functionalization
reactions with a chiral CpxRhIII catalyst.

We have previously established two classes of chiral Cp
ligands that can efficiently control the orientation of the five-
membered rhodacyclic intermediate A obtained from C�H
activation of aryl hydroxamates 1.[5, 6] This control exposes
a single face of the metallacycle leading subsequently to the
formation of the tetrahedral chiral-at-metal intermediates
with high precision. The additional selectivity challenge for
the envisioned diazo incorporation stems from the required
facial recognition of the diazo component by the rhodium
center (Scheme 2). A coordination of the diazo-bearing
carbon atom to the rhodium(III) center[13] should lead to
the four most probable conformers B–E.

Depending on the size and nature of the substituents R1

and R2, a specific conformation should be preferred. Upon
the loss of dinitrogen, rhodium carbenoids[14, 15] are formed
with possible alignments of R1 and R2 as shown for F and G.
Potential rotation of the Rh–carbenoid bond[14] could result in
an equilibration between F and G, but the existing chiral
environment should favor one orientation. Subsequent
migratory insertion[15] sets the stereogenic center, and reduc-
tive elimination of the arising intermediates H and I delivers
the enantiomeric isoindolone products.

The envisioned enantioselective process was investigated
with a range of different chiral Cp–rhodium complexes using
phenyl hydroxamate 1a and two different diazo ester classes
as model substrate combinations (Table 1). Both Cp ligand
families promoted the desired reaction and gave the corre-
sponding isoindolone 3aa in promising enantioselectivity
(entries 1–3). Although somewhat less reactive, the biaryl

[*] B. Ye, Prof. Dr. N. Cramer
Laboratory of Asymmetric Catalysis and Synthesis
EPFL SB ISIC LCSA
BCH 4305, 1015 Lausanne (Switzerland)
E-mail: Nicolai.cramer@epfl.ch
Homepage: http://isic.epfl.ch/lcsa

[**] This work is supported by the European Research Council under the
European Community’s Seventh Framework Program (FP7 2007–
2013)/ERC Grant agreement no. 257891. We thank Dr. R. Scopelliti
for X-ray crystallographic analysis of 3 ja and 3 jh.

Supporting information for this article is available on the WWW
under http://dx.doi.org/10.1002/anie.201404895.

Scheme 1. Selective insertion of a diazo reagent into metallocyclic
intermediate A provides chiral isoindolones 1.
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ligand scaffold of complex Rh2 showed a better potential for
the asymmetric induction. Variations in the size of the ester
moiety led to an important observation. A larger ester (2b
and 2c) almost completely abolishes the selectivity of the
reaction (entries 4 and 5). Most presumably the two diazo
substituents become too similar in size, making it virtually
impossible for the catalyst to discriminate between the two
enantiotopic faces. In conclusion, the smallest possible ester
group (Me) would lead to highest enantioselectivity with the
phenyl substituent. The opposite trend was observed for
methyl-substituted diazo esters 2d–2h. The methyl group
represents the small substituent in this class. Consequently, we
anticipated to increase the enantioselectivity by choosing
a larger ester. A steady increase in size from Me!iPr!tBu/
Ph translated into steadily improved selectivities (entries 6–
9). Along the same lines, the yield of 3 improved due to
a reduced Bamford–Stevens decomposition pathway of the
diazo ester. The optimal ester group was found to be 3-(2,4-
dimethyl)-pentyl[16] (2h) providing a superior selectivity
(entry 10). Fine-tuning of the biaryl ligand scaffold revealed
that Rh4 with its bulky OTIPS groups provided isoindolone
3ah in excellent enantiomeric ratio of 96:4 e.r. (entry 13).
Furthermore, Rh4 displays a high reactivity even at ambient
temperature (entry 14). Other internal oxidants on 1a did not
influence the selectivity but were detrimental to the yield
(entries 15 and 16).

With the optimized conditions, we next explored the
reaction scope with a variety of aryl hydroxamates 1 with
diazo ester 2h (Table 2). The reaction performance is largely

independent from the arene substitution pattern. For
instance, electron-rich substituents as well as halogen atoms
at the para-position to the hydroxamate group are well
tolerated delivering isoindolones 3 in good yields and
excellent enantioselectivities. Notably, meta-substituted
arenes (1d–1 i) having two unequal ortho Csp2�H bonds
which could result in the formation of two regioisomeric
products gave excellent regioselectivities (> 20:1) and similar
levels of stereoselectivity. Due to some unknown catalyst
deactivation, a higher catalyst loading was required for the
full conversion of substrate 1 f. The absolute configuration of
isoindolone 3jh was established by X-ray crystallographic
analysis to be (S).[17] By analogy, the same configuration is
attributed to all 2,4-dimethylpentyl ester products.

We next evaluated the suitability of a range of diazo esters
2 as one-carbon component in the reaction (Table 3). Simple
alkyl- or aryl-containing substituents (2 i–2k) as well as ether
(2o) or ketal (2p) moieties did not interfere with the
reactivity nor the enantioselectivity. However, no isoindolone
product 3 was formed with allyl diazo ester 2 l, presumably

Scheme 2. Representation of the induced facial selectivity of the diazo
component with chiral Cp ligands.

Table 1: Optimization of the chiral CpxRh-catalyzed asymmetric iso-
indolone synthesis.[a]

Entry Rh Diazo
ester 2

T [8C] Yield [%][b] e.r.[c]

1 Rh1 2a 23 80 78:22
2[d] Rh2 2a 23 32 86:14
3 Rh2 2a 50 83 81.5:18.5
4 Rh2 2b 50 83 52:48
5 Rh2 2c 50 83 55.5:44.5
6 Rh2 2d 35 17 81:19
7 Rh2 2e 35 50 87:13
8 Rh2 2 f 35 48 89:11
9 Rh2 2g 35 60 88:12
10 Rh2 2h 35 91 93:7
11 Rh1 2h 35 75 85.5:14.5
12 Rh3 2h 35 83 90:10
13 Rh4 2h 35 75 96:4
14 Rh4 2h 23 84 (83) 96.5:3.5
15[e] Rh4 2h 23 60 95.5:4.5
16[f ] Rh4 2h 23 35 95.5:4.5

[a] Reaction conditions: 0.05 mmol 1a, 0.05 mmol of 2, 2.50 mmol Rh,
2.50 mmol (BzO)2, 0.10m in MeCN. TIPS= triisopropylsilyl. [b] Yields
determined by 1H NMR spectroscopy with 1,3,5-trimethoxybenzene as
internal standard, yield of the isolated compound in parentheses.
[c] Determined by HPLC with a chiral stationary phase. [d] 42 %
Conversion. [e] 1a with N-OAc instead of N-OPiv. [f ] 1a with N-OBz
instead of N-OPiv.
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due to the dominant Bamford–Stevens pathway. In contrast,
homoallyl diazo ester 2m proved to be compatible affording
the corresponding product 3 am in slightly reduced enantio-
selectivity. Improved reactivity and selectivity was observed
for its congener 2n with a three-substituted double bond.
Besides the ester-stabilized diazo donors, CF3-substituted
diazo donor 2 j provided the product 3aj in excellent yield
albeit in moderate selectivity. This observation is attributed to
the reduced size difference of the two substituents on the
diazo group. A similar observation was made for the phenyl
diazo methyl ester 2a. Importantly, as demonstrated by the X-
ray crystallographic analysis of its major enantiomer, product
3ja displays the opposite absolute configuration compared to
product 3jh with the bulky ester.[17] This outcome in both
cases derives from a switch of the facial selectivity of the diazo
components.

The origin of enantioselectivity for the isoindolone
formation might be rationalized by the stereochemical
model (Scheme 3). With the favored orientation of the
hydroxamate group away from the bulky OTIPS moiety,[6b]

the carbene unit should prefer the orientation F. This mode
avoids unfavorable interaction of the large ester substituent
with the bulk of the hydroxamate and leads to the observed
product (S)-3ah. The minor isomer (R)-3ah might be formed

through either the opposite orientation of the cyclometalated
species or the carbene part.

In summary, we reported a mild and highly enantioselec-
tive rhodium(III)-catalyzed C�H functionalization to access
functionalized isoindolones. Moreover, a salient feature is the
high double-facial differentiation of the catalyst allowing for
high levels of enantioselectivity with weak alkyl donor–
acceptor diazoderivatives. Further mechanistic and computa-

Table 2: Enantioselective isoindolone synthesis using different aryl
hydroxamates 1.

Reaction conditions: 0.10 mmol 1, 0.10 mmol 2a, 5.00 mmol Rh4,
5.00 mmol (BzO)2, 0.10m in MeCN at 23 8C for 16 h. Yields are those of
the isolated product; enantiomeric ratios were determined by HPLC with
a chiral stationary phase. [a] 10 mol% Rh4 ; [b] at 50 8C.

Table 3: Enantioselective isoindolone synthesis with different diazo
esters.

Reaction conditions: 0.10 mmol 1a, 0.10 mmol 2, 5.00 mmol Rh4,
5.00 mmol (BzO)2, 0.10m in MeCN at 23 8C for 16 h. Yields are those of
the isolated product; enantiomeric ratios were determined by HPLC with
a chiral stationary phase. [a] At 35 8C. [b] At 50 8C. [c] 10 mol% Rh4 ;
[d] Rh2 instead of Rh4.

Scheme 3. Plausible model for the formation of (S)-3ah.
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tional studies aim for a refined understanding of the
selectivity determining factor of this class of chiral cyclo-
pentadienyl ligands.

Received: May 2, 2014
Published online: && &&, &&&&

.Keywords: asymmetric catalysis · C�H activation ·
cyclopentadienyl ligand · diazo ester · rhodium

[1] For selected recent reviews, see: a) J. Wencel-Delord, F. Glorius,
Nat. Chem. 2013, 5, 369 – 375; b) D. Y. K. Chen, S. W. Youn,
Chem. Eur. J. 2012, 18, 9452 – 9474; c) J. Yamaguchi, A. D.
Yamaguchi, K. Itami, Angew. Chem. Int. Ed. 2012, 51, 8960 –
9009; Angew. Chem. 2012, 124, 9092 – 9142; ; d) N. Kuhl, M. N.
Hopkinson, J. Wencel-Delord, F. Glorius, Angew. Chem. Int. Ed.
2012, 51, 10236 – 10254; Angew. Chem. 2012, 124, 10382 – 10401;
e) S. H. Cho, J. Y. Kim, J. Kwak, S. Chang, Chem. Soc. Rev. 2011,
40, 5068 – 5083; f) J. Wencel-Delord, T. Droge, F. Liu, F. Glorius,
Chem. Soc. Rev. 2011, 40, 4740 – 4761; g) W. R. Gutekunst, P. S.
Baran, Chem. Soc. Rev. 2011, 40, 1976 – 1991; h) L. McMurray, F.
O�Hara, M. J. Gaunt, Chem. Soc. Rev. 2011, 40, 1885 – 1898; i) C.
Liu, H. Zhang, W. Shi, A. Lei, Chem. Rev. 2011, 111, 1780 – 1824;
j) J. Le Bras, J. Muzart, Chem. Rev. 2011, 111, 1170 – 1214;
k) T. W. Lyons, M. S. Sanford, Chem. Rev. 2010, 110, 1147 – 1169;
l) R. Jazzar, J. Hitce, A. Renaudat, J. Sofack-Kreutzer, O.
Baudoin, Chem. Eur. J. 2010, 16, 2654 – 2672; m) O. Daugulis, H.-
Q. Do, D. Shabashov, Acc. Chem. Res. 2009, 42, 1074 – 1086;
n) C.-J. Li, Acc. Chem. Res. 2009, 42, 335 – 344; o) L. Acker-
mann, R. Vicente, A. R. Kapdi, Angew. Chem. Int. Ed. 2009, 48,
9792 – 9826; Angew. Chem. 2009, 121, 9976 – 10011; p) X. Chen,
K. M. Engle, D. H. Wang, J.-Q. Yu, Angew. Chem. Int. Ed. 2009,
48, 5094 – 5115; Angew. Chem. 2009, 121, 5196 – 5217; q) F.
Kakiuchi, T. Kochi, Synthesis 2008, 3013 – 3039.

[2] For recent selected reviews on Cp*RhIII-catalyzed C�H func-
tionalizations, see: a) N. Kuhl, N. Schrçder, F. Glorius, Adv.
Synth. Catal. 2014, 356, 1443 – 1460; b) G. Song, F. Wang, X. Li,
Chem. Soc. Rev. 2012, 41, 3651 – 3678; c) F. W. Patureau, J.
Wencel-Delord, F. Glorius, Aldrichimica Acta 2012, 45, 31 – 41;
d) T. Satoh, M. Miura, Chem. Eur. J. 2010, 16, 11212 – 11222.

[3] For reviews, see: a) T. Saget, N. Cramer, Pure Appl. Chem. 2014,
86, 265 – 273; b) C. Zheng, S.-L. You, RSC Adv. 2014, 4, 6173 –
6214; c) J. Wencel-Delord, F. Colobert, Chem. Eur. J. 2013, 19,
14010 – 14017; d) L. Yang, H. Huang, Catal. Sci. Technol. 2012, 2,
1099 – 1112; e) N. Cramer, Chimia 2012, 66, 869 – 872; f) D. A.
Colby, A. S. Tsai, R. G. Bergman, J. A. Ellman, Acc. Chem. Res.
2012, 45, 814 – 825; g) D. A. Colby, R. G. Bergman, J. A. Ellman,
Chem. Rev. 2010, 110, 624 – 655; h) R. Giri, B.-F. Shi, K. M.
Engle, N. Maugel, J.-Q. Yu, Chem. Soc. Rev. 2009, 38, 3242 –
3272.

[4] For some of our recent contributions in asymmetric C�H
functionalization reactions, see: a) D. N. Tran, N. Cramer,
Angew. Chem. Int. Ed. 2013, 52, 10630 – 10634; Angew. Chem.
2013, 125, 10824 – 10828; b) T. Saget, N. Cramer, Angew. Chem.

Int. Ed. 2013, 52, 7865 – 7868; Angew. Chem. 2013, 125, 8019 –
8022; c) P. A. Donets, N. Cramer, J. Am. Chem. Soc. 2013, 135,
11772 – 11775; d) T. Saget, N. Cramer, Angew. Chem. Int. Ed.
2012, 51, 12842 – 12845; Angew. Chem. 2012, 124, 13014 – 13017;
e) T. Saget, S. Lemouzy, N. Cramer, Angew. Chem. Int. Ed. 2012,
51, 2238 – 2242; Angew. Chem. 2012, 124, 2281 – 2285; f) D. N.
Tran, N. Cramer, Angew. Chem. Int. Ed. 2011, 50, 11098 – 11102;
Angew. Chem. 2011, 123, 11294 – 11298; g) M. Albicker, N.
Cramer, Angew. Chem. Int. Ed. 2009, 48, 9139 – 9142; Angew.
Chem. 2009, 121, 9303 – 9306.

[5] B. Ye, N. Cramer, Science 2012, 338, 504 – 506.
[6] a) B. Ye, P. A. Donets, N. Cramer, Angew. Chem. Int. Ed. 2014,

53, 507 – 511; Angew. Chem. 2014, 126, 517 – 521; b) B. Ye, N.
Cramer, J. Am. Chem. Soc. 2013, 135, 636 – 639.

[7] T. K. Hyster, L. Knçrr, T. R. Ward, T. Rovis, Science 2012, 338,
500 – 503.

[8] For selected reviews, see: a) H. M. L. Davies, J. R. Denton,
Chem. Soc. Rev. 2009, 38, 3061 – 3071; b) H. M. L. Davies, J. R.
Manning, Nature 2008, 451, 417 – 424; c) H. M. L. Davies,
R. E. J. Beckwith, Chem. Rev. 2003, 103, 2861 – 2904.

[9] For selected examples of one-carbon components in RhIII-
catalyzed C�H functionalizations, see: a) Y. Du, T. K. Hyster, T.
Rovis, Chem. Commun. 2011, 47, 12074 – 12076; b) C. Zhu, W.
Xie, J. R. Falck, Chem. Eur. J. 2011, 17, 12591 – 12595.

[10] For the use of diazo compounds in RhIII-catalyzed C�H
functionalizations, see: a) F. Hu, Y. Xia, F. Ye, Z, Liu, C. Ma,
Y. Zhang, J. Wang, Angew. Chem. Int. Ed. 2014, 53, 1364 – 1367;
Angew. Chem. 2014, 126, 1388 – 1391; b) Z. Shi, D. C. Koester,
M. Boultadakis-Arapinis, F. Glorius, J. Am. Chem. Soc. 2013,
135, 12204 – 12207; c) X. Yu, S. Yu, J. Xiao, B. Wan, X. Li, J. Org.
Chem. 2013, 78, 5444; d) S. Cui, Y, Zhang, D. Wang, Q. Wu,
Chem. Sci. 2013, 4, 3912 – 3916; e) W.-W. Chan, S.-F. Lo, Z.
Zhou, W.-Y. Yu, J. Am. Chem. Soc. 2012, 134, 13565 – 13568.

[11] T. K. Hyster, K. E. Ruhl, T. Rovis, J. Am. Chem. Soc. 2013, 135,
5364 – 5367.

[12] D. Morten, H. M. L. Davies, Chem. Soc. Rev. 2011, 40, 1857 –
1869.

[13] Examples on the coordination of diazo compounds to rhodium:
a) M. C. Pirrung, A. T. Morehead, J. Am. Chem. Soc. 1994, 116,
8991 – 9000; b) M. C. Pirrung, A. T. Morehead, J. Am. Chem.
Soc. 1996, 118, 8162 – 8163; c) M. C. Pirrung, H. Liu, A. T.
Morehead, J. Am. Chem. Soc. 2002, 124, 1014 – 1023.

[14] For the coordination of an NHC ligand to a RhIII center, see: X.
Wang, S. Liu, L.-H. Weng, G.-X. Jin, Chem. Eur. J. 2007, 13, 188 –
195.

[15] E. Jellema, P. H. Budzelaar, J. N. H. Reek, B. de Bruin, J. Am.
Chem. Soc. 2007, 129, 11631 – 11641.

[16] For an early example of an increase in enantioselectivity with
2,4-dimethyl-3-pentyl diazo esters, see: S.-I. Hashimoto, N.
Watanabe, T. Sato, M. Shiro, S. Ikegami, Tetrahedron Lett.
1993, 34, 5109 – 5112.

[17] See the Supporting Information. CCDC 1000530 (3ja) and
1000529 (3jh) contain the supplementary 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.

.Angewandte
Communications

4 www.angewandte.org � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2014, 53, 1 – 5
� �

These are not the final page numbers!

http://dx.doi.org/10.1038/nchem.1607
http://dx.doi.org/10.1002/chem.201201329
http://dx.doi.org/10.1002/anie.201201666
http://dx.doi.org/10.1002/anie.201201666
http://dx.doi.org/10.1002/ange.201201666
http://dx.doi.org/10.1002/anie.201203269
http://dx.doi.org/10.1002/anie.201203269
http://dx.doi.org/10.1002/ange.201203269
http://dx.doi.org/10.1039/c1cs15082k
http://dx.doi.org/10.1039/c1cs15082k
http://dx.doi.org/10.1039/c1cs15083a
http://dx.doi.org/10.1039/c0cs00182a
http://dx.doi.org/10.1039/c1cs15013h
http://dx.doi.org/10.1021/cr100379j
http://dx.doi.org/10.1021/cr100209d
http://dx.doi.org/10.1021/cr900184e
http://dx.doi.org/10.1002/chem.200902374
http://dx.doi.org/10.1021/ar9000058
http://dx.doi.org/10.1021/ar800164n
http://dx.doi.org/10.1002/ange.200902996
http://dx.doi.org/10.1002/anie.200806273
http://dx.doi.org/10.1002/anie.200806273
http://dx.doi.org/10.1002/ange.200806273
http://dx.doi.org/10.1055/s-2008-1067256
http://dx.doi.org/10.1002/adsc.201400197
http://dx.doi.org/10.1002/adsc.201400197
http://dx.doi.org/10.1039/c2cs15281a
http://dx.doi.org/10.1002/chem.201001363
http://dx.doi.org/10.1039/c3ra46996d
http://dx.doi.org/10.1039/c3ra46996d
http://dx.doi.org/10.1002/chem.201302576
http://dx.doi.org/10.1002/chem.201302576
http://dx.doi.org/10.1039/c2cy20111a
http://dx.doi.org/10.1039/c2cy20111a
http://dx.doi.org/10.1021/ar200190g
http://dx.doi.org/10.1021/ar200190g
http://dx.doi.org/10.1021/cr900005n
http://dx.doi.org/10.1039/b816707a
http://dx.doi.org/10.1039/b816707a
http://dx.doi.org/10.1002/anie.201304919
http://dx.doi.org/10.1002/ange.201304919
http://dx.doi.org/10.1002/ange.201304919
http://dx.doi.org/10.1002/anie.201303816
http://dx.doi.org/10.1002/anie.201303816
http://dx.doi.org/10.1002/ange.201303816
http://dx.doi.org/10.1002/ange.201303816
http://dx.doi.org/10.1021/ja406730t
http://dx.doi.org/10.1021/ja406730t
http://dx.doi.org/10.1002/anie.201207959
http://dx.doi.org/10.1002/anie.201207959
http://dx.doi.org/10.1002/ange.201207959
http://dx.doi.org/10.1002/anie.201108511
http://dx.doi.org/10.1002/anie.201108511
http://dx.doi.org/10.1002/ange.201108511
http://dx.doi.org/10.1002/anie.201105766
http://dx.doi.org/10.1002/ange.201105766
http://dx.doi.org/10.1002/anie.200905060
http://dx.doi.org/10.1002/ange.200905060
http://dx.doi.org/10.1002/ange.200905060
http://dx.doi.org/10.1126/science.1226938
http://dx.doi.org/10.1002/anie.201309207
http://dx.doi.org/10.1002/anie.201309207
http://dx.doi.org/10.1002/ange.201309207
http://dx.doi.org/10.1021/ja311956k
http://dx.doi.org/10.1126/science.1226132
http://dx.doi.org/10.1126/science.1226132
http://dx.doi.org/10.1039/b901170f
http://dx.doi.org/10.1038/nature06485
http://dx.doi.org/10.1021/cr0200217
http://dx.doi.org/10.1039/c1cc15843k
http://dx.doi.org/10.1002/chem.201102475
http://dx.doi.org/10.1002/anie.201309650
http://dx.doi.org/10.1002/ange.201309650
http://dx.doi.org/10.1021/ja406338r
http://dx.doi.org/10.1021/ja406338r
http://dx.doi.org/10.1021/jo400572h
http://dx.doi.org/10.1021/jo400572h
http://dx.doi.org/10.1039/c3sc51777b
http://dx.doi.org/10.1021/ja305771y
http://dx.doi.org/10.1021/ja402274g
http://dx.doi.org/10.1021/ja402274g
http://dx.doi.org/10.1021/ja00099a017
http://dx.doi.org/10.1021/ja00099a017
http://dx.doi.org/10.1021/ja961806v
http://dx.doi.org/10.1021/ja961806v
http://dx.doi.org/10.1021/ja011599l
http://dx.doi.org/10.1002/chem.200600854
http://dx.doi.org/10.1002/chem.200600854
http://dx.doi.org/10.1021/ja073897+
http://dx.doi.org/10.1021/ja073897+
http://dx.doi.org/10.1016/S0040-4039(00)60689-5
http://dx.doi.org/10.1016/S0040-4039(00)60689-5
http://www.angewandte.org


Communications

C�H Activation

B. Ye, N. Cramer* &&&&—&&&&

Asymmetric Synthesis of Isoindolones by
Chiral Cyclopentadienyl-Rhodium(III)-
Catalyzed C�H Functionalizations

Heterocycle synthesis : Chiral isoindo-
lones are obtained by rhodium(III)-cata-
lyzed enantioselective reactions of aryl
hydroxamates with alkyl-substituted
diazo esters through C�H functionaliza-

tion under mild conditions. Chiral cyclo-
pentadienyl ligands with a biaryl back-
bone lead to excellent enantioselectivi-
ties.

Angewandte
Chemie

5Angew. Chem. Int. Ed. 2014, 53, 1 – 5 � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

These are not the final page numbers! � �

http://www.angewandte.org

