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Asymmetric Synthesis of Spirocyclic B-Lactams via Copper-
Catalyzed Kinugasa/Michael Domino Reactions

Tao Shu, Long Zhao, Sun Li, Xiang-Yu Chen, Carolina von Essen, Kari Rissanen and Dieter Enders*

Abstract: The first copper-catalyzed highly chemo-, regio-, diastereo-,
and enantioselective Kinugasa/Michael domino reaction for the
desymmetrization of prochiral cyclohexadienones is described. In the
presence of a chiral copper catalyst, alkyne-tethered
cyclohexadienones couple with nitrones to generate the chiral
spirocyclic lactams with excellent stereoselectivities (up to 97% ee,
>20:1 dr). The new protocol provides a direct access to versatile
highly functionalized spirocyclic p-lactams possessing four
contiguous stereocenters including one quaternary and one tetra-
substituted stereocenter.

Desymmetrization processes are powerful strategies for the
transformation of prochiral molecules into functionalized
enantioenriched molecules. Chiral cyclohexenones are versatile
building blocks which have been widely used in the synthesis of
natural products and bioactive compounds. Various
methodologies have been developed to construct
enantioenriched cyclohexenone derivatives, one of them being
the catalytic enantioselective desymmetrization, which is one of
the most efficient and pratical protocols.™ In the past decades,
the differentiation of two enantiotopic enones  of
cyclohexadienones for the construction of complex molecule
frameworks has been applied extensively in a wide range of
transformations utilizing both transition metal catalysts and
organocatalysts.?
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Figure 1. Typical bioactive compounds containing cyclohexenones and spiro

-lactams.
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B-Lactams are privileged scaffolds which widely exist as core
structures in many bioactive compounds and natural products,
such as penicillins, showing antibacterial, antifungal, and anti-
inflammatory activities.*°* ! In particular, spirocyclic f-lactams or
azetidines, a unique class of four-membered heterocycles with
enhanced three dimensionality, are of growing interest to
medicinal chemistry owing to the more desirable physicochemical
and biological activities, such as cholesterol absorption inhibitors
and 11B-HSD1 inhibitor activities (Figure 1).% 9 Owing to the
biological importance of the chiral cyclohexenones and p-lactams,
developing an efficient method to merge them into a single
molecule via a catalytic domino reaction is highly desirable.

Among numerous approaches towards four-membered lactam
moieties, the Kinugasa reaction was the most straightforward one
to rapidly assemble highly densely-functionalized B-lactams in a
domino fashion using readily available terminal alkynes and
nitrones as starting materials.[**2¢l The first catalytic asymmetric
Kinugasa reaction was developed by Miura in 1995. Since then
significant advance has been made,[*?® nevertheless the domino
sequences have rarely been investigated. The only example
reported by Fu shows that the copper enolate was intercepted by
allyl iodide.*>? To the best of our knowledge, there is no report
that the copper enolate in the Kinugasa reaction was intercepted
by a subsequent Michael acceptor, so we speculated that the
enone motif of the cyclohexadienones could serve as the desired
Michael acceptor, thus affording important spirocyclic B-lactams
incorporating both cyclohexenones and f-lactams (Scheme 1).
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Scheme 1. Previous work and our present work.

However, there are several challenges involving chemo-, regio-,
diastereo-, and enantioselectivity that need to be addressed. 1)
Chemoselectivity, the enone functional group of the
cyclohexadienones could undergo a [3+2]-cycloaddition with the
nitrones, hence there should be enough difference in reactivity to
selectively take place at the alkyne group rather than at the enone
motif. 2) Regioselectivity, the dipolar [3+2]-cycloaddition could
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lead to regioisomeric isoxazolines, as the Kinugasa intermediate
could lead to spirocyclic B-lactams via the Kinugasa/Michael
domino reaction, while the Baldwin intermediate could lead to
spirocyclic aziridines via the Baldwin/Michael domino reaction.*3
3) The reaction of alkylacetylenes, an unfavorable substrate in
previous reports, always affords moderate enantioselectivity,
hence the identification of a suitable catalyst system for the
alkylalkyne-tethered cyclohexadienones is also challenging.*4

As part of our ongoing interest,* we herein report our study of
a copper-catalyzed Kinugasa/Michael domino sequence of
alkyne-tethered cyclohexadienones and nitrones  to
stereoselectively afford spirocyclic B-lactams.

Table 1. Optimization of the reaction conditions. &
o

o Cu(OTf), (20 mol%)
. O\ﬁ,Ph ligand (22 mol%)
__teand (s molie)
/// J base (1.0 equiv), MeCN
Ph Ph
Ph" O
1a 2a

Me, Me

R
l,
o o 0“0,
<// \\Z l \
N N N Ni..
ot D
G: R = 4-'BuC

D: R =t-Bu; E:R=Ph; F: R = s-Bu 6Ha

Entry Ligand Base Yield (%)™ ee (%)
1 A DIPEA 36 9
2 B DIPEA 50 20
3 C DIPEA 29 33
4 D DIPEA 52 0
5 E DIPEA 40 7
6 F DIPEA 26 17
71del G DIPEA 50 66
glel G c-HexoNH 50 93
glel G n-BuzNH 81 92
10 G i-Bu2NH 83 94

[a] Reaction conditions unless otherwise specified: 1a (0.1 mmol), 2a (0.1 mmol),
Cu(OTf)2 (20 mol%), ligand (22 mol%), base (0.1 mmol), CHzCN (1 mL) under
Ar at RT. [b] Yield of isolated products. [c] ee was determined by chiral-phase
HPLC analysis. [d] CuBrzwas used as copper source. [e] 0 °C, 48 h.

We initiated our investigation by examining the alkyne-tethered
cyclohexadienone 1a, which is easily accessible from oxidative
dearomatization of 4-phenylphenol and nitrone 2a as model
substrates using 20 mol% Cu(OTf), as copper source, 22 mol%
BOX ligands A-F, and 1.0 equivalent DIPEA as base in
acetonitrile. Gratifyingly, all reactions proceeded smoothly to
deliver the desired product 3a as a single diastereomer in 1 hour,
however, low enantioselectivities were observed with these
screened BOX ligands A-F (entry 1-6). Then we tested the Evans’
condition*®! using CuBr; as the copper source, indane-BOX G as
the ligand at 0 °C, and albeit moderate enantioselectivity was
obtained (66% ee, entry 7), the ligand G provided the promising
ee for further optimization. We then focused on the highly
sterically demanding ligand G using Cu(OTf), as copper source
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and several bases were screened. To our delight, the bases
showed strong impact on both the yield and the enantioselectivity
and the ee increased significantly to 93% (c-Hex;NH, entry 8),
92% (n-BuzNH, entry 9) and 94% (i-BupNH, entry 10),
respectively.”l We finally identified Cu(OTf), (20 mol%), ligand G
(22 mol%), i-Bu.NH (1.0 equivalent) in acetonitrile at 0 °C as the
optimized conditions.

Table 2. Substrate scopel®

Cu(OTH), (20 mol%)
ligand G (22 mol%)

o
eo\ﬁ, R?
. ol%)
Vi ) Bu,NH (1.0 equiv), MeCN
R1\ R? R
S n
1

o

X=0, CH,
n=1,2

2
o o
Ph

Ph Ph Ph

~Ph —Ph ~Ph ~Ph

W ", N N ), N N ., N w7 ", N
Ph 5 « Me' o «\< Et 5 « n-Pr 5 ,\<
o [0} [0} (]

3a 83% yield
>20:1 dr, 94% ee

3b 70% yield
>20:1 dr, 94% ee

3c 78% yield
>20:1 dr, 96% ee

3d 91% yield
>20:1dr, 95% ee

-Hexy"
n-Hexy™ |

[¢]
R? = 4-MeOCgH,4
3h 80% vyield
>20:1dr, 97% ee

3e 94% yield
10:1 dr, 95% ee

3f 72% yield
6:1dr, 95% ee

3g 84% yield
6:1dr, 94% ee

R? = 4-CICgHy

3i 72% yield
>20:1 dr, 96% ee

R2 = 2-furyl

3180% yield
>20:1dr, 93% ee

R? = 3-BrCqH,

3j 65% yield
>20:1 dr, 96% ee

R2 = 4-MeCgH,

3k 88% vyield
>20:1dr, 97% ee

R® = 4-MeCgH,
3m 86% yield
>20:1dr, 97% ee

R®=4-FCgH,
3n 68% yield
>20:1 dr, 95% ee

R®=4-BrCqH,
30 64% yield
>20:1dr, 94% ee

3p 80% yield
>20:1dr, 95% ee

[¢]
R® = 4-MeOCqgH,
3q 57% yield
>20:1dr, 96% ee

3r 72% yield
>20:1dr, 88% ee

3s 55% yield
>20:1dr, 82% ee

[a] The reactions were performed with the alkyne-tethered cyclohexadienones
1 (0.2 mmol), nitrones 2 (0.2 mmol), Cu(OTf)2 (20 mol%), G (22 mol%), i-BuzNH
(0.2 mmol) in MeCN (2.0 mL) at 0 °C for 48 h. Yields of isolated products 3 after
chromatography. The dr was determined by *H NMR analysis and the ee by
HPLC analysis of the purified product on a chiral stationary phase.

With the optimized reaction conditions in hand, we next
evaluated the reaction scope with different substituted alkyne-
tethered cyclohexadienones and nitrones. As summarized in
Table 2, the reaction exhibits a high functional group tolerance, a
broad substrate scope with various substituents on the
cyclohexadienones and nitrones. With R'= Me, Et, n-Pr, the
reaction proceeded smoothly, providing the desired products in
good yields, excellent diastereoselectivities (>20:1) and
enantioselectivities (3b, 94% ee; 3c, 96% ee; 3d, 95% ee,
respectively). With the longer alkyl chains R!= n-Bu, n-Pentyl and
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n-Hexyl group, the reaction also worked well in good yields and
excellent enantioselectivities (3e, 95% ee; 3f, 95% ee; 3g, 94%
ee respectively), albeit the diastereoselectivities were inferior (3e,
10:1 dr; 3f, 6:1 dr; 3g, 6:1 dr, respectively). Different substituents
R? and R® on the nitrones have been investigated. The change of
R of the nitrones worked well and substituents as halogens and
the methyl group proceeded well to deliver the desired product
(3m-0) in good yields and excellent enantioselectivities. The
heterocyclic 2-furyl-substituted nitrone also worked well, providing
the desired spiro B-lactam 3l in 80% yield, >20:1 dr, 93% ee. With
the alkyl group R? = cyclohexyl the desired product was also
obtained smoothly (3q). To further show the generality of this
protocol, we also investigated different cyclohexadienone
substrates (X = CH,, n = 1; X = O, n = 2) under the optimal
conditions and the desired cyclopentane and tetrahydropyran
spirocyclic products were obtained in good yields and
stereoselectivities (3r and 3s). To our surprise, when we changed
the linker from oxygen to a NTs group, no desired product was
detected. The absolute configuration of 3p was unambiguously
determined by single-crystal X-ray diffraction analysis.['®! 3a-3s
were assigned according to the analogy with 3p.

To demonstrate the scalability of the novel domino protocol, a
10-fold (2 mmol scale) of the model reaction was performed and
it was found to maintain its effectiveness (77% yield, 96% ee,
>20:1 dr). The remaining enone motif in the chiral spirocyclic
lactams could readily be hydrogenated by treatment of H,/Pd(C)
to afford the saturated cyclohexanone derivative 4 (Scheme 2).

o (o]

)
0.9.Ph standard condition
/ + )‘N —_—
/ Ph

PR %
1a 2a 3a 4
(2 mmol) (2 mmol) 650 mg, 77% yield 97% yield

> 20:1 dr, 96% ee >20:1dr, 97% ee

Scheme 2. Scale up reaction and hydrogenation of 3a to form 4.

The proposed mechanism is illustrated in Figure 2. Cu(ll) is
reduced in situ into a catalytically active Cu(l) species to afford a
copper acetylide intermediate |, which undergoes a [3+2] dipolar
cycloaddition with nitrones to form the copper-bound isoxazoline
intermediate Il. A rearrangement leads to a tethered four-
membered copper enolate intermediate Ill, allowing a subsequent
desymmetric Michael addition to afford the spirocyclic p-lactams
and returns the copper catalyst.
o

[cul ;jﬂ)/:/

Catalytic
cycle

\ (9} R?ﬁg
el 0
! AJLN7R3

R\ X
n

n'ﬁz
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Figure 2. Proposed catalytic cycle (X =0,n=1,2; X=CHz, n=1).

In conclusion, we have developed a copper-catalyzed highly
chemo-, regio-, diastereo-, and enantioselective Kinugasa/
Michael domino reaction in good Yyields and excellent
stereoselectivities. The new protocol provides an efficient access
to unprecedented spirocyclic B-lactams bearing a fused bicyclic
and spiro-fused bicyclic framework with four contiguous
stereocenters with an excellent level of step- and atom-economy.
The reaction conditions are mild and the procedure can be easily
scaled up while maintaining its effectiveness.

Acknowledgements

Support from the European Research Council (ERC Advanced
Grant 320493 “DOMINOCAT”) is gratefully acknowledged.

Keywords: copper catalysis B-lactam « desymmetrization
«cyclohexadienone « asymmetric synthesis

[1] For selected reviews, see: a) G. Maertens, M.-A. Ménard, S.
Canesi, Synthesis 2014, 46, 1573; b) K. A. Kalstabakken, A.
M. Harned, Tetrahedron 2014, 70, 9571; c) A. Borissov, T. Q.
Davies, S. R. Ellis, T. A. Fleming, M. S. W. Richardson, D. J.
Dixon, Chem. Soc. Rev. 2016, 45, 5474.

[2] a) K. Kondo, M. Sodeoka, M. Mori, M. Shibasaki, Synthesis
1993, 9, 920; b) R. Imbos, A. J. Minnaard, B. L. Feringa, J.
Am. Chem. Soc. 2002, 124, 184; c) R. Imbos, A. J. Minnaard,
B. L. Feringa, Dalton Trans. 2003, 10, 2017.

[3] a)B.L.Feringa, M. Pineschi, L. A. Arnold, R. Imbos, A. H. M.
de Vries, Angew. Chem., Int. Ed. 1997, 36, 2620; Angew.
Chem. 1997, 109, 2733; b) R. Imbos, M. H. G. Brilman, M.
Pineschi, B. L. Feringa, Org. Lett. 1999, 1, 623; ¢) R. Imbos,
A. J. Minnaard, B. L. Feringa, Tetrahedron 2001, 57, 2485;
d) F. Guo, L. C. Konkol, R. J. Thomson, J. Am. Chem. Soc.
2011, 133, 18; e) L. C. Konkol, F. Guo, A. A. Sarjeant, R. J.
Thomson, Angew. Chem., Int. Ed. 2011, 50, 9931; Angew.
Chem. 2011, 123, 10105; f) A. C. Meister, P. F. Sauter, S.
Brase, Eur. J. Org. Chem. 2013, 31, 7110.

[4] a) R. Tello-Aburto, K. A. Kalstabakken, A. M. Harned, Org.
Biomol. Chem. 2013, 11, 5596; b) J. Keilitz, S. G. Newman,
M. Lautens, Org. Lett. 2013, 15, 1148; c) Z.-T. He, B. Tian,
Y. Fukui, X. Tong, P. Tian, G.-Q. Lin, Angew. Chem., Int. Ed.,
2013, 52, 5314; Angew. Chem. 2013, 125, 5422; d) P. Liu, Y.
Fukui, P. Tian, Z.-T. He, C.-Y. Sun, N.-Y. Wu, G.-Q. Lin, J.
Am. Chem.Soc. 2013, 135, 11700; e) C. He, C. Zhu, Z. Dai,
C.-C. Tseng, H. Ding, Angew. Chem., Int. Ed. 2013, 52,
13256; Angew. Chem. 2013, 125, 13498; f) Z.-T. He, X.-Q.
Tang, L.-B. Xie, M. Cheng, P. Tian, G.-Q. Lin, Angew. Chem.,
Int. Ed., 2015, 54, 14815; Angew. Chem. 2015, 127, 15028,
g) R. Kumar, Y. Hoshimoto, E. Tamai, M. Ohashi, S. Ogoshi,
Nat. Commun. 2017, 8, 32; h) C. Clarke, C. A. Incerti-
Pradillos, H. W. Lam, J. Am. Chem. Soc. 2016, 138, 8068.

[5] K. Liu, H.-L. Teng, L. Yao, H.-Y. Tao, C.-J. Wang, Org. Lett.
2013, 15, 2250.

[6] a)Y.Hayashi, H. Gotoh, T. Tamura, H. Yamaguchi, R. Masui,
M. Shoji, J. Am. Chem. Soc. 2005, 127, 16028; b) N. T. Vo,
R. D. M. Pace, F. O’'Hara, M. J. Gaunt, J. Am. Chem. Soc.

This article is protected by copyright. All rights reserved.



Angewandte Chemie

(7]

(8]

[0

[10]

[11]

2008, 130, 404; c) Q. Gu, Z.-Q. Rong, C. Zheng, S.-L. You,
J. Am. Chem. Soc. 2010, 132, 4056; d) R. Leon, A.
Jawalekar, T. Redert, M. J. Gaunt, Chem. Sci. 2011, 2, 1487,
e) R. Tello-Aburto, K. A. Kalstabakken, K. A. Volp, A. M.
Harned, Org. Biomol. Chem. 2011, 9, 7849; f) Q. Gu, S.-L.
You, Org. Lett. 2011, 13, 5192; g) Q. Gu, S.-L. You, Chem.
Sci. 2011, 2, 1519; h) M. O. Ratnikov, L. E. Farkas, M. P.
Doyle, J. Org. Chem. 2012, 77, 10294; i) D. M. Rubush, M.
A. Morges, B. J. Rose, D. H. Thamm, T. Rovis, J. Am. Chem.
Soc. 2012, 134, 13554, j) M. T. Corbett, J. S. Johnson, Chem.
Sci. 2013, 4, 2828; k) W. Wu, X. Li, H. Huang, X. Yuan, J. Lu,
K. Zhu, J. Ye, Angew. Chem., Int. Ed. 2013, 52, 1743; Angew.
Chem. 2013, 125, 1787; 1) L. Yao, K. Liu, H.-Y. Tao, G.-F.
Qiu, X. Zhou, C.-J. Wang, Chem. Commun. 2013, 49, 6078;
m) N. Miyamae, N. Watanabe, M. Moritaka, K. Nakano, Y.
Ichikawa, H. Kotsuki, Org. Biomol. Chem. 2014, 12, 5847; n)
L. Pantaine, V. Coeffard, X. Moreau, C. Greck, Org. Lett.
2015, 17, 3674; 0) J.-Y. Du, C. Zeng, X.-J. Han, H. Qu, X.-H.
Zhao, X.-T. An, C.-A. Fan, J. Am. Chem. Soc., 2015, 137,
4267; p) A. E. Williamson, T. Ngouansavanh, R. D. M. Pace,
A. E. Allen, J. D. Cuthbertson, M. J. Gaunt, Synlett 2016, 27,
116.

a) Q. Liu, T. Rovis, J. Am. Chem. Soc. 2006, 128, 2552; b)
Q. Liu, T. Rovis, Org. Process Res. Dev. 2007, 11, 598; c)
M.-Q. Jia, S.-L. You, Chem. Commun. 2012, 48, 6363; d) M.-
Q. Jia, C. Liu, S.-L. You, J. Org. Chem. 2012, 77, 10996; €)
M.-Q. Jia, S.-L. You, Synlett 2013, 24, 1201.

a) S. Takizawa, T. M.-N. Nguyen, A. Grossmann, D. Enders,
H. Sasai, Angew. Chem., Int. Ed. 2012, 51, 5423; Angew.
Chem. 2012, 124, 5519; b) S. Takizawa, T. M.-N. Nguyen, A.
Grossmann, M. Suzuki, D. Enders, H. Sasai, Tetrahedron
2013, 69, 1202; ¢) X. Su, W. Zhou, Y. Li, J. Zhang, Angew.
Chem., Int. Ed. 2015, 54, 6874; Angew. Chem. 2015, 127,
6978; d) S. Takizawa, K. Kishi, Y. Yoshida, S. Mader, F. A.
Arteaga, S. Lee, M. Hoshino, M. Rueping, M. Fuijita, H. Sasai,
Angew. Chem., Int. Ed. 2015, 54, 15511; Angew. Chem.
2015, 127, 15731; e) W. Yao, X. Dou, S. Wen, J. E. Wu, J. J.
Vittal, Y. Lu, Nat. Commun. 2016, 7, 13024, f) K. Kishi, F. A.
Arteaga, S. Takizawa, H. Sasai, Chem. Commun. 2017, 53,
7724.

a) C. Martin-Santos, C. Jarava-Barrera, S. del Pozo, A. Parra,
S. Diaz-Tendero, R. Mas-Ballesté, S. Cabrera, J. Aleman,
Angew. Chem., Int. Ed. 2014, 53, 8184; Angew. Chem. 2014,
126, 8323; b) R. Takagi and T. Nishi, Org. Biomol. Chem.
2015, 13, 11039.

a) The Chemistry of g-Lactams (Ed.: M. I. Page), Blackie
Academic & Professional, New York, 1992; b) G. I. Georg, V.
T. Ravikumar, The Organic Chemistry of B-Lactams. (Ed.: G.
I. Georg), VCH, New York, 1993; ¢) S. S. Bari, A. Bhalla, Top.
Heterocycl. Chem. 2010, 22, 49; d) W. McCoull, M. Augustin,
C. Blake, A. Ertan, E. Kilgour, S. Krapp, J. E. Moore, N. J.
Newcombe, M. J. Packer, A. Rees, J. Revill, J. S. Scott, N.
Selmi, S. Gerhardt, D. J. Ogg, S. Steinbacher, P. R. O.
Whittamore, Med. Chem. Commun. 2014, 5, 57.

a) M. Kinugasa, S. Hashimoto, J. Chem. Soc., Chem.
Commun. 1972, 8, 466; b) J. Marco-Contelles, Angew.
Chem., Int. Ed. 2004, 43, 2198; J. Marco-Contelles, Angew.
Chem., 2004, 16, 2248; c) R. K. Khangarot, K. P. Kaliappan,
Eur. J. Org. Chem. 2013, 2013, 7664; d) S. Stecko, B.

10.1002/ange.201806931

WILEY-VCH

Furman, M. Chmielewski, Tetrahedron 2014, 70, 7817; €) C.

R. Pitts, T. Lectka, Chem. Rev. 2014, 114, 7930.

For selected examples of catalytic asymmetric Kinugasa

reactions: a) M. Miura, M. Enna, K. Okuro, M. Nomura, J. Org.

Chem. 1995, 60, 4999; b) M. M. C. Lo, G. C. Fu, J. Am. Chem.

Soc. 2002, 124, 4572; c) R. Shintani, G. C. Fu, Angew.

Chem., Int. Ed. 2003, 42, 4082; Angew. Chem. 2003, 115,

4216; d) M.-C. Ye, J. Zhou, Z.-Z. Huang, Y. Tang, Chem.

Commun. 2003, 20, 2554; e) A. Basak, S. C. Ghosh, Synlett

2004, 9, 1637; f) M.-C. Ye, J. Zhou, Y. Tang, J. Org. Chem.

2006, 71, 3576; g) A. G. Coyne, H. Miiller-Bunz, P. J. Guiry,

Tetrahedron: Asymmetry 2007, 18, 199; h) T. Saito, T.

Kikuchi, H. Tanabe, J. Yahiro, T. Otani, Tetrahedron Lett.

2009, 50, 4969; i) J.-H. Chen, S.-H. Liao, X.-L. Sun, Q. Shen,

Y. Tang, Tetrahedron 2012, 68, 5042; j) Z. Chen, L. Lin, M.

Wang, X. Liu, X. Feng, Chem. Eur. J. 2013, 19, 7561; k) B.

Baeza, L. Casarrubios, M. A. Sierra, Chem. Eur. J. 2013, 19,

11536; I) Y. Takayama, T. Ishii, H. Ohmiya, T. Iwai, M. C.

Schwarzer, S. Mori, T. Taniguchi, K. Monde, M. Sawamura,

Chem. Eur. J. 2017, 23, 8400.

[13] S. Tangara, A. Kanazawa, S. Py, Eur. J. Org. Chem. 2017,
43, 6357.

[14] Recently, Sawamura and coworkers developed an
asymmetric Kinugasa reaction of alkylacetylenes with
excellent enantioselectivity using prolinol-phosphine chiral
ligands, see ref.[12l]

[15] P. Chauhan, S. Mahajan, U. Kaya, A. Valkonen, K. Rissanen,
D. Enders, Adv. Synth. Catal. 2016, 358, 3173.

[16] D. A. Evans, F. Kleinbeck, M. Rueping, in Asymmetric
Synthesis - The Essentials (Eds.: M. Christmann, S. Bréase),
Wiley-VCH, Weinheim, 2007, p 72.

[17] For the application of ligand G in asymmetric catalysis and
the side arm effect that may explain the significant jump in
enantioselectivity, see: a) H. Xiong, H. Xu, S. Liao, Z. Xie, Y.
Tang, J. Am. Chem. Soc. 2013, 135, 7851; b) C. Deng, L.-J.
Wang, J. Zhu, Y. Tang, Angew. Chem., Int. Ed. 2012, 51,
11620; Angew. Chem. 2012, 124, 11788; c) S. Liao, X.-L.
Sun, Y. Tang, Acc. Chem. Res. 2014, 47, 2260.

[18] CCDC 1831622 contains the supplementary crystallographic
data of compound 3p. The data can be obtained free of
charge from The Cambridge Crystallographic Data Centre.

[12]

This article is protected by copyright. All rights reserved.



Angewandte Chemie

Entry for the Table of Contents (Please choose one layout)
Layout 2:

COMMUNICATION

R
P )
R?  Cu(OTf), (20 mol%) o 2 o
Tt ligand G (22 mol%) i i =%,
< Vi ng\g i-BUNH (1.0 equiv), MeCN oy N/ N N
R" Xty X=0, CH, {
n=1, 2 .
re
82-97% ee ligand G
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nitrones provide a direct stereoselective approach to spirocyclic p-lactams.
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