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Abstract: Although asymmetric C@H functionalization has
been available for the synthesis of structurally diverse
molecules, catalytic dynamic kinetic resolution (DKR) ap-

proaches to change racemic stereogenic axes remain syn-
thetic challenges in this field. Here, a concise palladium-

catalyzed DKR was combined with C@H functionalization
involving olefination and alkynylation for the highly effi-
cient synthesis of non-biaryl-atropisomer-type (NBA) axial-
ly chiral oragnosilanes. The chemistry proceeded through
two different and distinct DKR: first, an atroposelective C@
H olefination or alkynylation produced axially chiral vinylsi-
lanes or alkynylsilanes as a new family of non-biaryl atro-
pisomers (NBA), and second, the extension of this DKR
strategy to twofold o,o’-C@H functionalization led to the
multifunctional axially chiral organosilicon compounds
with up to >99 % ee.

Axially chiral compounds are widespread in natural products[1]

and biologically active molecules[2] and found in numerous ap-

plications, especially in asymmetric synthesis[3] serving as chiral
auxiliaries, ligands, and organocatalysts. Therefore, the catalytic
synthesis of such compounds has been a research topic of

great interest. Among the many elegant methods[4] for their
synthesis, the direct asymmetric functionalization of the inert

C@H bond has attracted growing attention in terms of its atom

economy and step economy.[5, 6] In contrast to the intensively

investigated directing group-assisted mono ortho C@H bond

activation of substituted arenes (Figure 1 a), the asymmetric
functionalization of two or more arene C@H bonds to access to

axially chiral products is much less explored. In this regard,
Wang and co-workers reported the first chiral spiro-Cp/Rh-cata-

lyzed enantioselective o- and m-C@H dual activation to synthe-
size C@N axially chiral N-aryloxindoles.[7] Compared with gener-

al o- and m-C@H dual activation, achieving the site- and enan-

tioselective activation of both ortho C@H bonds is more chal-
lenging likely due to the racemic axially chirality[8]: 1) the ste-

reoselective functionalization reactions through o- and m-C@H
activation are not suitable for the construction of axially chiral

biaryl atropisomers, especially through twofold C@H functional-
ization on both ortho C@H bonds of an aryl ring; 2) although a

Figure 1. Catalytic asymmetric synthesis of axially chiral molecules through
transition-metal-catalyzed C@H functionalization: from classic biaryl atro-
pisomers to non-biaryl atropisomers (this work).
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chiral axis can be constructed by introducing two substituents
through o- and m-C@H activation whether they are the same

or not, it is limited from the kinetic resolution process of race-
mic atropisomers through o- and o’-C@H activation.

To date, although unsymmetrical dual C@H activation has
been described for prochiral biaryls (Figure 1 b),[9] no example

was reported on the asymmetric variant of arene o- and o’-C@
H functionalization to produce axially chiral and non-biaryl
atropisomeric compounds. Inspired by previous reports on the

synthesis of biaryl or non-biaryl atropisomers,[10] we anticipated
that an ideal enantioselective construction could be realized
from dynamic kinetic resolution (DKR) of racemic biaryls or
non-biaryls relative to C@H functionalization. In the past years,

DKR of racemic starting materials has become a powerful and
practical alternative to prepare stereochemically pure final

products based on the dynamic stereocontrol.[11] Several

groups have discovered that the racemization of configuration-
ally stable biaryls could proceed smoothly to give axially chiral

biaryls based on DKR,[12] but there is no report on the enantio-
selective construction of non-biaryl atropisomers through DKR

combined with C@H functionalization. In this regard, the devel-
opment of an effective strategy for the synthesis of non-biaryl

atropisomers that that are easily sensitive to temperature or

organic solvent because of axial rotation and possible racemi-
zation, in particular dynamic kinetic resolution combined with

C@H functionalization, is highly desired. Herein, we describe a
straightforward approach to axially chiral styrene-type organo-

silanes through DKR of racemic starting materials through
mono and double ortho C@H olefination/alkynylation (Fig-

ure 1 d).

Initially, to examine the feasibility of the dynamic kinetic res-
olution, we evaluated a palladium-catalyzed site-selective C@H

olefination of 2-amino biaryls with readily available vinylsilanes
as a family of unactivated alkenes.[13] However, our attempt to

synthesize axially chiral vinylsilanes failed. Notably, while signif-
icant progress has been made on atroposelective C@H olefina-
tion of rigid biaryls under metal catalysis, most of successful

examples are restricted to electronically activated or biased al-
kenes such as acrylates or styrenes.[14] The asymmetric C@H ole-

fination of more flexible prochiral vinyl arenes with unactivated
alkenes to access axially chiral styrenes bearing a chiral axis be-

tween a substituted alkene and an unsymmetrical arene re-
mains a formidable task.[15, 16] Previous observations showed

the significance of judicious choice of the proper chiral cata-
lysts and directing groups, which can cooperatively act to
modulate the reactivity and exert chiral induction. Then, a

series of reaction parameters have been evaluated in the
model reaction of 1 a [(E)-3-methyl-2-(naphthalen-1-yl)cyclo-

hex-2-enone O-methyl oxime] with vinylsilane 2 a, and the ex-
perimental results revealed the optimized reaction conditions

as following: Pd(OAc)2, Ac-l-Ala-OH as a chiral ligand, and

AgOAc as an additive, in MeOH and at 40 8C (Tables S1 and S2
in the Supporting Information).

Next, the scope of DKR of styrene-type racemic starting ma-
terial 1 through C@H olefination reaction was examined

(Scheme 1). Generally speaking, the vinylsilanes coupled with
vinyl arenes in inferior reactivities and enantioselectivities to

activated alkenes. It was demonstrated that the substituent at

the nitrogen atom of the oxime directing group had major in-

fluence on the results of coupling reactions and OMe outper-
formed OBn and OH groups. As to the vinylsilane coupling

partners, triethylvinylsilane and trimethyl(1-phenylvinyl)silane
are also compatible affording the corresponding and stable

non-biaryl atropisomers (for the determination of enantiomeri-
zation barrier, see the Supporting Information, e.g. , DG## =

148.1 kJ mol@1 for 3 g) with excellent enantioselectivities, albeit

in decreased yields (3 e and 3 f). Changing the substituent
from Me to Ph on the upper cyclohexene or bottom aromatic
ring had negligible influence on reaction results (3 a vs. 3 d
and 3 j vs. 3 m). The substrates bearing electron-donating o-

MeO group and electron-withdrawing o-Cl and p-Br atoms pro-
ceeded well. Furthermore, the reactive benzothiophene was

also tolerated and delivered the desired 3 n in 52 % yield and
90 % enantiomeric excess (ee). Notably, the successful exten-
sion to vinylsilanes as the coupling partners constitutes the

first example of asymmetric synthesis of axially chiral com-
pounds by atroposelective olefination of arene C@H bonds

using unactivated alkenes.
Unlike the C@H olefination reactions proceeding through

PdII/0 manifold, the alkynylation of arene C@H bonds with al-

kynyl bromide as the coupling partner was thought to proceed
through PdII/IV catalytic cycle. The distinction in catalytic cycle

may require arenes with different steric and electronic proper-
ties which will create chance for introducing two kind of differ-

ent substituents. As demonstrated in Scheme 2, most of sub-
strates 1 smoothly underwent dynamic kinetic resolution com-

Scheme 1. Atroposelective synthesis of axially chiral vinylsilanes via mono
ortho-olefination.
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bined with C@H alkynylation reactions with silyl-protected al-

kynyl bromides under a slightly modified conditions, furnishing

the alkynylated products in moderate to good yields and up to
>99 % ee. Specifically, triethylsilyl (TES) and tert-butyldimethyl-

silyl (TBDMS)substituted alkynyl bromides were also well toler-
ated, exerting high level of chiral induction. The only exception

is the product 5 i containing an electron-withdrawing F atom
on the phenyl ring, which was obtained in comparable yield

but with lower enantioselectivity (80 % ee). In the absence of

ortho-substituents, the alkynylated product was obtained in a
racemic form (5 l), further proving the high steric demand for

axially chiral styrenes.
Having established the effective mono functionalization of

arene C@H bonds as well as the dynamic kinetic resolution of
racemic starting materials 1, subsequently, we studied the sub-

strate scope toward the asymmetric double C@H activation. As

shown in Table 1, the steric and electronic properties of sub-
stituents on the aromatic ring had a remarkable effect on reac-

tivity and enantioselectivity. When meta-substituted arenes
were subjected to di-o-functionalization, asymmetric di-alkyny-
lation was realized in one pot, whereas no di-olefination prod-
uct was formed, probably because the latter is more sensitive
to bulkiness around the olefination position. The di-alkynyla-

tion reaction of substrates with meta OMe and Me groups pro-
ceeded well in moderate yields and high enantioselectivities
(7 a and 7 b). Meanwhile, trace amounts of mono-alkynylated
products were detected during the double C@H activation pro-
cess (e.g. , 5 l in Scheme 2). In contrast, 6 c containing an elec-
tron-withdrawing F atom at meta position only gave much

lower enantioselectivity (34 % ee) but still satisfactory reactivity
(51 % yield). For the substrates with symmetrically substituted
arenes, a two-step method was adopted to obtain axially chiral
products. To demonstrate the versatility of the present
method, the different combinations of the coupling partners

were tested. For example, 8 a was formed in 71 % yield and
>99 % ee when coupling 6 d with the acrylate and triisopropyl-

silyl (TIPS) protected alkynyl bromide sequentially. If trimethyl-

vinylsilane and TIPS-protected alkynyl bromide were used as
olefinating and alkynylating partners in turn, 8 b containing

Scheme 2. Atroposelective synthesis of axially chiral alkynylsilanes via mono
ortho-alkynylation.

Table 1. Catalytic synthesis of axially chiral organosilanes via double o-
and o’-C@H functionalization based on DKR.[a]

Entry Substrate Partner Product

1

2

3

4

5

6

7

8

[a] Reaction conditions: 6 a–e (0.5 mmol), 2 or 4 (1.5 mmol), Pd(OAc)2

(10 mol %), Ac-l-Ala-OH (20 mol %), Ag2CO3 (3 equiv.), MeOH (5 mL), at
40 8C under air atmosphere. [b] The olefins and alkynes applied in se-
quentially for entries 4–8, and the feeding sequence of olefin or alkyne
that showed in the partner is from top to bottom.
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both vinylsilane and alkynylsilane moiety was afforded in 52 %
yield and >99 % ee. When activated and unactivated alkenes

were tested, the coupling sequence had major influence on
the coupling results (Table 1, entries 6 and 7). As a result, the

yield of 8 c decreased from 41 to 20 % while maintaining the
excellent enantioselectivity. Similarly, successive o-and o’-alky-

nylation gave the atropoisomerically pure dialkynylated pro-
duct 8 d in 36 % isolated yield. In addition, we verified that the

racemic starting materials obtained from the first step of C@H

functionalization can also successfully complete the dynamic
kinetic resolution process under the optimal reaction condi-

tions.
To investigate the efficiency and practicality of this protocol,

gram-scale syntheses of products 3 a and 5 a were carried out
(Scheme 3). Satisfyingly, negligible deviation in the reactivity
and enantioselectivity was observed by the DKR strategy. The

utility of the developed method was further highlighted by se-
lective transformations of the functional groups in the prod-

ucts (Scheme 3). The oxime ether directing group and silyl sub-
stituent in 3 a were readily removed in one step. Desilylation
of 5 a was easily realized in the presence of tetrabutylammoni-
um fluoride TBAF. It is worth mentioning that the terminal al-

kynes 10 are versatile synthetic intermediates that underwent

smooth Sonogashira coupling, bromination, and click reaction,
delivering the corresponding products in good yields without

affecting the enantioselectivities. The configuration stability of
the olefinated and alkynylated products was proved by HPLC

analysis and the determined rotational barriers (see the Sup-
porting Information for details). The structure of 13 was con-

firmed and the absolute configuration was determined to be R

by XRD.[17]

In summary, we have developed a palladium-catalyzed atro-

poselective olefination/alkynylaton of arene C@H bonds under
simple and mild conditions. This DKR strategy allows for the

coupling of the flexible vinyl arenes with unactivated vinylsi-
lanes and silyl-protected alkynyl bromides through a one-pot

or two-step method, leading to unique axially chiral styrene-

type organosilanes with excellent enantioselectivities. Both the
oxime ether directing group and silyl substituent are readily

modifiable so that the resulting products exhibit diverse syn-
thetic applications in synthetic chemistry.

Acknowledgements

Financial support from National Natural Science Foundation of
China (No. 22072035 and 21773051), Zhejiang Provincial Natu-

ral Science Foundation of China (No. LY20B030006 and

LZ18B020001) is gratefully acknowledged.

Conflict of interest

The authors declare no conflict of interest.

Keywords: atropisomer · C@H activation · dynamic kinetic
resolution · organosilicon · palladium

[1] J. E. Smyth, N. M. Butler, P. A. Keller, Nat. Prod. Rep. 2015, 32, 1562.
[2] J. Clayden, W. J. Moran, P. J. Edwards, S. R. LaPlante, Angew. Chem. Int.

Ed. 2009, 48, 6398; Angew. Chem. 2009, 121, 6516.
[3] a) M. Berthod, G. Mignani, G. Woodward, M. Lemaire, Chem. Rev. 2005,

105, 1801; b) Y. Chen, S. Yekta, A. K. Yudin, Chem. Rev. 2003, 103, 3155;
c) Y.-M. Li, F.-Y. Kwong, W.-Y. Yu, A. S. C. Chan, Coord. Chem. Rev. 2007,
251, 2119.

[4] For recent reviews on the synthesis of axially chiral biaryls, see: a) G.
Bringmann, A. J. Price Mortimer, P. A. Keller, M. J. Gresser, J. Garner, M.
Breuning, Angew. Chem. Int. Ed. 2005, 44, 5384; Angew. Chem. 2005,
117, 5518; b) J. Wencel-Delord, A. Panossian, F. R. Leroux, F. Colobert,
Chem. Soc. Rev. 2015, 44, 3418; c) E. Kumarasamy, R. Raghunathan, M. P.
Sibi, J. Sivaguru, Chem. Rev. 2015, 115, 11239; d) H. Yang, X. Yang, W.
Tang, Tetrahedron 2016, 72, 6143; e) P. Loxq, E. Manoury, R. Poli, E.
Deydier, A. Labande, Coord. Chem. Rev. 2016, 308, 131; f) B. Zilate, A.
Castrogiovanni, C. Sparr, ACS Catal. 2018, 8, 2981; g) Y.-B. Wang, B. Tan,
Acc. Chem. Res. 2018, 51, 534; h) A. J. Metrano, S. J. Miller, Acc. Chem.
Res. 2019, 52, 199.

[5] For selected reviews, see: a) G. Liao, T. Zhou, Q.-J. Yao, B.-F. Shi, Chem.
Commun. 2019, 55, 8514; b) C. G. Newton, S.-G. Wang, C. C. Oliveira, N.
Cramer, Chem. Rev. 2017, 117, 8908; c) C. Zheng, S.-L. You, RSC Adv.
2014, 4, 6173.

[6] For selected examples, see: a) F. Kakiuchi, P. L. Gendre, A. Yamada, H.
Ohtaki, S. Murai, Tetrahedron: Asymmetry 2000, 11, 2647; b) D.-W. Gao,
Q. Gu, S.-L. You, ACS Catal. 2014, 4, 2741; c) Q. Wang, Z.-J. Cai, C.-X. Liu,
Q. Gu, S.-L. You, J. Am. Chem. Soc. 2019, 141, 9504; d) C. K. Hazra, Q.
Dherbassy, J. Wencel-Delord, F. Colobert, Angew. Chem. Int. Ed. 2014, 53,
13871; Angew. Chem. 2014, 126, 14091; e) Q. Dherbassy, J.-P. Djukic, J.
Wencel-Delord, F. Colobert, Angew. Chem. Int. Ed. 2018, 57, 4668;
Angew. Chem. 2018, 130, 4758; f) G. Liao, Q.-J. Yao, Z.-Z. Zhang, Y.-J. Wu,
D.-Y. Huang, B.-F. Shi, Angew. Chem. Int. Ed. 2018, 57, 3661; Angew.
Chem. 2018, 130, 3723; g) G. Liao, B. Li, H.-M. Chen, Q.-J. Yao, Y.-N. Xia,
J. Luo, B.-F. Shi, Angew. Chem. Int. Ed. 2018, 57, 17151; Angew. Chem.
2018, 130, 17397; h) S. Zhang, Q.-J. Yao, G. Liao, X. Li, H. Li, H.-M. Chen,
X. Hong, B.-F. Shi, ACS Catal. 2019, 9, 1956; i) G. Liao, H.-M. Chen, Y.-N.
Xia, B. Li, Q.-J. Yao, B.-F. Shi, Angew. Chem. Int. Ed. 2019, 58, 11464;
Angew. Chem. 2019, 131, 3591; j) C. He, M. Hou, Z.-X. Zhu, Z.-H. Gu, ACS
Catal. 2017, 7, 5316; k) G. Shan, J. Flegel, H. Li, C. Merten, S. Ziegler,
A. P. Antonchick, H. Waldmann, Angew. Chem. Int. Ed. 2018, 57, 14250;
Angew. Chem. 2018, 130, 14446; l) M. Tian, D. Bai, G. Zheng, J. Chang, X.
Li, J. Am. Chem. Soc. 2019, 141, 9527; m) Z.-S. Liu, Y. Hua, Q. Gao, Y. Ma,
H. Tang, Y. Shang, H. Cheng, Q. Zhou, Nature Catalysis 2020, 3, 727;
n) U. Dhawa, C. Tian, T. Wdowik, J. C. A. Oliveira, J. Hao, L. Ackermann,
Angew. Chem. Int. Ed. 2020, 59, 13451; Angew. Chem. 2020, 132, 13553;
o) A. Romero-Arenas, V. Hornillos, J. Iglesias-Sigenza, R. Fern#ndez, J.

Scheme 3. Scale-up preparation of axially chiral organosilanes and its deriva-
tization in the synthesis of structurally diverse products.

Chem. Eur. J. 2021, 27, 4336 – 4340 www.chemeurj.org T 2021 Wiley-VCH GmbH4339

Chemistry—A European Journal
Communication
doi.org/10.1002/chem.202100237

https://doi.org/10.1039/C4NP00121D
https://doi.org/10.1002/anie.200901719
https://doi.org/10.1002/anie.200901719
https://doi.org/10.1002/ange.200901719
https://doi.org/10.1021/cr040652w
https://doi.org/10.1021/cr040652w
https://doi.org/10.1021/cr020025b
https://doi.org/10.1016/j.ccr.2007.07.020
https://doi.org/10.1016/j.ccr.2007.07.020
https://doi.org/10.1002/anie.200462661
https://doi.org/10.1002/ange.200462661
https://doi.org/10.1002/ange.200462661
https://doi.org/10.1039/C5CS00012B
https://doi.org/10.1021/acs.chemrev.5b00136
https://doi.org/10.1016/j.tet.2016.08.042
https://doi.org/10.1016/j.ccr.2015.07.006
https://doi.org/10.1021/acscatal.7b04337
https://doi.org/10.1021/acs.accounts.7b00602
https://doi.org/10.1021/acs.accounts.8b00473
https://doi.org/10.1021/acs.accounts.8b00473
https://doi.org/10.1039/C9CC03967H
https://doi.org/10.1039/C9CC03967H
https://doi.org/10.1021/acs.chemrev.6b00692
https://doi.org/10.1039/c3ra46996d
https://doi.org/10.1039/c3ra46996d
https://doi.org/10.1016/S0957-4166(00)00244-5
https://doi.org/10.1021/cs500813z
https://doi.org/10.1021/jacs.9b03862
https://doi.org/10.1002/anie.201407865
https://doi.org/10.1002/anie.201407865
https://doi.org/10.1002/ange.201407865
https://doi.org/10.1002/anie.201801130
https://doi.org/10.1002/ange.201801130
https://doi.org/10.1002/anie.201713106
https://doi.org/10.1002/ange.201713106
https://doi.org/10.1002/ange.201713106
https://doi.org/10.1002/anie.201811256
https://doi.org/10.1002/ange.201811256
https://doi.org/10.1002/ange.201811256
https://doi.org/10.1021/acscatal.8b04870
https://doi.org/10.1002/anie.201906700
https://doi.org/10.1002/ange.201814662
https://doi.org/10.1021/acscatal.7b01855
https://doi.org/10.1021/acscatal.7b01855
https://doi.org/10.1002/anie.201809680
https://doi.org/10.1002/ange.201809680
https://doi.org/10.1021/jacs.9b04711
https://doi.org/10.1038/s41929-020-0494-1
https://doi.org/10.1002/anie.202003826
https://doi.org/10.1002/ange.202003826
http://www.chemeurj.org


Ljpez-Serrano, A. Ros, J. M. Lassaletta, J. Am. Chem. Soc. 2020, 142,
2628; p) Q.-H. Nguyen, S.-M. Guo, T. Royal, O. Baudoin, N. Cramer, J. Am.
Chem. Soc. 2020, 142, 2161; q) F. Wang, Z. Qi, Y. Zhao, S. Zhai, G. Zheng,
R. Mi, Z. Huang, X. Zhu, X. He, X. Li, Angew. Chem. Int. Ed. 2020, 59,
13288; Angew. Chem. 2020, 132, 13390.

[7] H. Li, X. Yan, J. Zhang, W. Guo, W. Jiang, J. Wang, Angew. Chem. Int. Ed.
2019, 58, 6732; Angew. Chem. 2019, 131, 6804.

[8] a) W. Liu, Q. Jiang, X. Yang, Angew. Chem. Int. Ed. 2020, 59, 23598;
Angew. Chem. 2020, 132, 23804; b) E. Munday, M. Grove, T. Feoktistova,
A. Breukner, D. Walden, C. Young, A. Slawin, A. Campbell, P. H.-Y.
Cheong, A. D. Smith, Angew. Chem. Int. Ed. 2020, 59, 7897; Angew.
Chem. 2020, 132, 7971; c) B. A. Jones, T. Balan, J. D. Jolliffe, C. D. Camp-
bell, M. D. Smith, Angew. Chem. Int. Ed. 2019, 58, 4596; Angew. Chem.
2019, 131, 4644.

[9] a) G. Jiang, W. Hu, J. Li, C. Zhu, W. Wu, H. Jiang, Chem. Commun. 2018,
54, 1746; b) P. Annamalai, K.-C. Hsu, S. Raju, H.-C. Hsiao, C.-W. Chou, G.-
Y. Lin, C.-M. Hsieh, P.-L. Chen, Y.-H. Liu, S.-C. Chuang, J. Org. Chem. 2018,
83, 3840.

[10] a) X.-F. Bai, T. Song, Z. Xu, C.-G. Xia, W.-S. Huang, L.-W. Xu, Angew. Chem.
Int. Ed. 2015, 54, 5255; Angew. Chem. 2015, 127, 5344; b) X. F. Bai, Z. Xu,
C. G. Xia, Z. J. Zheng, L. W. Xu, ACS Catal. 2015, 5, 6016; c) X. F. Bai, J.
Zhang, C. G. Xia, J. X. Xu, L. W. Xu, Tetrahedron 2016, 72, 2690.

[11] a) J. S. DeHovitz, Y. Y. Loh, J. A. Kautzky, K. Nagao, A. J. Meichan, M. Ya-
mauchi, D. W. C. MacMillan, T. K. Hyster, Science 2020, 369, 1113; b) H. F.
Tu, P. Yang, Z. H. Lin, C. Zhang, S. L. You, Nature Chem. 2020, 12, 838;
c) R. He, X. Huo, L. Zhao, F. Wang, L. Jiang, J. Liao, W. Zhang, J. Am.
Chem. Soc. 2020, 142, 8097; d) E. C. Liu, J. J. Topczewski, J. Am. Chem.
Soc. 2019, 141, 5135; e) S. Rajkumar, S. He, X. Yang, Angew. Chem. Int.
Ed. 2019, 58, 10315; Angew. Chem. 2019, 131, 10421; f) J. Liu, S. Kra-
jangsri, J. Yang, J. Q. Li, P. G. Andersson, Nat. Catal. 2018, 1, 438; V. Bhat,
E. R. Welin, X. Guo, B. M. Stoltz, Chem. Rev. 2017, 117, 4528.

[12] a) O. B. Beleh, E. Miller, F. D. Toste, S. J. Miller, J. Am. Chem. Soc. 2020,
142, 16461; b) L. Hu, Y. Zhang, G. Q. Chen, B. J. Lin, Q. W. Zhang, Q. Yin,
X. Zhang, Org. Lett. 2019, 21, 5575; c) G. A. Moustafa, Y. Oki, S. Akai,
Angew. Chem. Int. Ed. 2018, 57, 10278; Angew. Chem. 2018, 130, 10435;
d) V. Hornillos, J. A. Carmona, A. Ros, J. Iglesias-Siguenza, J. Lopez-Serra-
no, R. Fernandez, J. M. Lassaletta, Angew. Chem. Int. Ed. 2018, 57, 3777;
Angew. Chem. 2018, 130, 3839; e) K. Mori, T. Itakura, T. Akiyama, Angew.
Chem. Int. Ed. 2016, 55, 11642; Angew. Chem. 2016, 128, 11814; f) S. Sta-
niland, R. W. Adams, J. J. W. McDouall, I. Maffucci, A. Contini, D. M.
Grainger, N. J. Turner, J. Clayden, Angew. Chem. Int. Ed. 2016, 55, 10755;
Angew. Chem. 2016, 128, 10913.

[13] Q.-Y. Sun, Z. Li, Z. Xu, Z.-J. Zheng, J. Cao, K.-F. Yang, Y.-M. Cui, L.-W. Xu,
Chem. Commun. 2019, 55, 6229.

[14] a) S.-X. Li, Y.-N. Ma, S.-D. Yang, Org. Lett. 2017, 19, 1842; b) Y.-N. Ma, H.-Y.
Zhang, S.-D. Yang, Org. Lett. 2015, 17, 2034; c) T. Wesch, F. R. Leroux, F.
Colobert, Adv. Synth. Catal. 2013, 355, 2139; d) Q. Dherbassy, G.
Schwertz, M. Chess8, C. K. Hazra, J. Wencel-Delord, F. Colobert, J. Chem.
Eur. 2016, 22, 1735; e) Q.-J. Yao, S. Zhang, B.-B. Zhan, B.-F. Shi, Angew.
Chem. Int. Ed. 2017, 56, 6617; Angew. Chem. 2017, 129, 6717; f) J. Luo, T.
Zhang, L. Wang, G. Liao, Q.-J. Yao, Y.-J. Wu, B.-B. Zhan, Y. Lan, X.-F. Lin,
B.-F. Shi, Angew. Chem. Int. Ed. 2019, 58, 6708; Angew. Chem. 2019, 131,
6780; g) B.-B. Zhan, L. Wang, J. Luo, X.-F. Lin, B.-F. Shi, Angew. Chem. Int.
Ed. 2020, 59, 3568; Angew. Chem. 2020, 132, 3596; h) J. Zheng, W.-J.
Cui, C. Zheng, S.-L. You, J. Am. Chem. Soc. 2016, 138, 5242.

[15] For metal-catalyzed asymmetric construction of axially chiral vinyl
arenes: a) J. Feng, B. Li, Y. He, Z. Gu, Angew. Chem. Int. Ed. 2016, 55,
2186; Angew. Chem. 2016, 128, 2226; b) C. Pan, Z. Zhu, M. Zhang, Z. Gu,
Angew. Chem. Int. Ed. 2017, 56, 4777 – 4781; Angew. Chem. 2017, 129,
4855; c) J. Feng, B. Li, J.-L. Jiang, M. Zhang, W.-B. Ouyang, C.-Y. Li, Y. Fu,
Z. Gu, Chin. J. Chem. 2018, 36, 11; d) Q.-Y. Sun, W.-Y. Ma, K.-F. Yang, J.
Cao, Z.-J. Zheng, Z. Xu, Y.-M. Cui, L.-W. Xu, Chem. Commun. 2018, 54,
10706; e) L. Jin, Q.-J. Yao, P.-P. Xie, Y. Li, B.-B. Zhan, Y.-Q. Han, X. Hong,
B.-F. Shi, Chem. 2020, 6, 497; f) H. Song, Y. Li, Q.-J. Yao, L. Jin, L. Liu, Y.-H.
Liu, B.-F. Shi, Angew. Chem. Int. Ed. 2020, 59, 6576; Angew. Chem. 2020,
132, 6638.

[16] For representative examples on organocatalytic asymmetric construc-
tion of axially chiral styrenes : a) S.-C. Zheng, S. Wu, Q. Zhou, L.-W.
Chung, L. Ye, B. Tan, Nat. Commun. 2017, 8, 15238; b) J. D. Jolliffe, R. J.
Armstrong, M. D. Smith, Nat. Chem. 2017, 9, 558; c) S. Jia, Z. Chen, N.
Zhang, Y. Tan, Y. Liu, J. Deng, H.-L. Yan, J. Am. Chem. Soc. 2018, 140,
7056; d) Y. Tan, S.-Q. Jia, F.-L. Hu, Y.-D. Liu, L. Peng, D.-G. Li, H.-L. Yan, J.
Am. Chem. Soc. 2018, 140, 16893; e) Y.-B. Wang, P. Yu, Z.-P. Zhou, J.
Zhang, J. Wang, S.-H. Luo, Q.-S. Gu, K. N. Houk, B. Tan, Nat. Catal. 2019,
2, 504; f) C. Ma, F.-T. Sheng, H.-Q. Wang, S. Deng, Y.-C. Zhang, Y. Jiao, W.
Tan, F. Shi, J. Am. Chem. Soc. 2020, 142, 15686; g) Y. Liang, J. Ji, X.
Zhang, Q. Jiang, J. Luo, X. Zhao, Angew. Chem. Int. Ed. 2020, 59, 4959;
Angew. Chem. 2020, 132, 4989.

[17] Deposition number 2006855 (13) contains the supplementary crystallo-
graphic data for this paper. These data are provided free of charge by
the joint Cambridge Crystallographic Data Centre and Fachinforma-
tionszentrum Karlsruhe Access Structures service www.ccdc.cam.ac.uk/
structures.

Manuscript received: January 21, 2021

Accepted manuscript online: January 22, 2021

Version of record online: February 8, 2021

Chem. Eur. J. 2021, 27, 4336 – 4340 www.chemeurj.org T 2021 Wiley-VCH GmbH4340

Chemistry—A European Journal
Communication
doi.org/10.1002/chem.202100237

https://doi.org/10.1021/jacs.9b12858
https://doi.org/10.1021/jacs.9b12858
https://doi.org/10.1021/jacs.9b12299
https://doi.org/10.1021/jacs.9b12299
https://doi.org/10.1002/anie.202002208
https://doi.org/10.1002/anie.202002208
https://doi.org/10.1002/ange.202002208
https://doi.org/10.1002/anie.201901619
https://doi.org/10.1002/anie.201901619
https://doi.org/10.1002/ange.201901619
https://doi.org/10.1002/anie.202009395
https://doi.org/10.1002/ange.202009395
https://doi.org/10.1002/anie.201916480
https://doi.org/10.1002/ange.201916480
https://doi.org/10.1002/ange.201916480
https://doi.org/10.1002/anie.201814381
https://doi.org/10.1002/ange.201814381
https://doi.org/10.1002/ange.201814381
https://doi.org/10.1039/C7CC09308J
https://doi.org/10.1039/C7CC09308J
https://doi.org/10.1021/acs.joc.8b00194
https://doi.org/10.1021/acs.joc.8b00194
https://doi.org/10.1002/anie.201501100
https://doi.org/10.1002/anie.201501100
https://doi.org/10.1002/ange.201501100
https://doi.org/10.1021/acscatal.5b01685
https://doi.org/10.1016/j.tet.2015.09.068
https://doi.org/10.1126/science.abc9909
https://doi.org/10.1038/s41557-020-0489-1
https://doi.org/10.1021/jacs.0c02150
https://doi.org/10.1021/jacs.0c02150
https://doi.org/10.1021/jacs.9b01091
https://doi.org/10.1021/jacs.9b01091
https://doi.org/10.1002/anie.201905034
https://doi.org/10.1002/anie.201905034
https://doi.org/10.1002/ange.201905034
https://doi.org/10.1038/s41929-018-0070-0
https://doi.org/10.1021/acs.chemrev.6b00731
https://doi.org/10.1021/jacs.0c08057
https://doi.org/10.1021/jacs.0c08057
https://doi.org/10.1021/acs.orglett.9b01907
https://doi.org/10.1002/anie.201804161
https://doi.org/10.1002/ange.201804161
https://doi.org/10.1002/anie.201713200
https://doi.org/10.1002/ange.201713200
https://doi.org/10.1002/anie.201606063
https://doi.org/10.1002/anie.201606063
https://doi.org/10.1002/ange.201606063
https://doi.org/10.1002/anie.201605486
https://doi.org/10.1002/ange.201605486
https://doi.org/10.1039/C9CC02199J
https://doi.org/10.1021/acs.orglett.7b00608
https://doi.org/10.1021/acs.orglett.5b00844
https://doi.org/10.1002/adsc.201300446
https://doi.org/10.1002/chem.201503650
https://doi.org/10.1002/chem.201503650
https://doi.org/10.1002/anie.201701849
https://doi.org/10.1002/anie.201701849
https://doi.org/10.1002/ange.201701849
https://doi.org/10.1002/anie.201902126
https://doi.org/10.1002/ange.201902126
https://doi.org/10.1002/ange.201902126
https://doi.org/10.1002/anie.201915674
https://doi.org/10.1002/anie.201915674
https://doi.org/10.1002/ange.201915674
https://doi.org/10.1021/jacs.6b02302
https://doi.org/10.1002/anie.201509571
https://doi.org/10.1002/anie.201509571
https://doi.org/10.1002/ange.201509571
https://doi.org/10.1002/anie.201701467
https://doi.org/10.1002/anie.201701467
https://doi.org/10.1002/anie.201701467
https://doi.org/10.1002/ange.201701467
https://doi.org/10.1002/ange.201701467
https://doi.org/10.1002/cjoc.201700618
https://doi.org/10.1039/C8CC05555F
https://doi.org/10.1039/C8CC05555F
https://doi.org/10.1016/j.chempr.2019.12.011
https://doi.org/10.1002/anie.201915949
https://doi.org/10.1002/ange.201915949
https://doi.org/10.1002/ange.201915949
https://doi.org/10.1038/nchem.2710
https://doi.org/10.1021/jacs.8b03211
https://doi.org/10.1021/jacs.8b03211
https://doi.org/10.1021/jacs.8b09893
https://doi.org/10.1021/jacs.8b09893
https://doi.org/10.1038/s41929-019-0278-7
https://doi.org/10.1038/s41929-019-0278-7
https://doi.org/10.1021/jacs.0c00208
https://doi.org/10.1002/anie.201915470
https://doi.org/10.1002/ange.201915470
https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/chem.202100237
https://www.ccdc.cam.ac.uk/structures/?
https://www.ccdc.cam.ac.uk/structures/?
http://www.chemeurj.org

