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Access to axially chiral aryl 1,3-dienes by transient
group directed asymmetric C—H alkenylationsf
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We present a Pd-catalyzed atroposelective preparation of aryl 1,3-dienes from readily available styrenes

and olefins through an aldehyde derived transient chiral auxiliary, proceeding by enantioselective olefinic

C—H alkenylation of styrenes via seven-membered endo-cyclometallation. The generality of the protocol
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Introduction

Axially chiral aryl 1,3-dienes are quite useful in asymmetric
synthesis as well as drug and natural product preparation,
however, their enantioselective construction is quite challen-
ging due to their relatively lower rotation barriers compared to
biaryl compounds." Pioneered in the work of Adams in the
1940s,>* previous studies have been devoted to the asymmetric
preparation of axially chiral styrenes using stoichiometric
point-chiral molecules.” Recently, the asymmetric synthesis of
axially chiral arylcyclohexenes was achieved by a palladium-
catalyzed asymmetric cross-coupling®*” and cation-directed
O-alkylation strategy,* as well as by the electrophilic carbothio-
lation of alkynes.> However, the construction of more challen-
ging chiral styrenes bearing an acyclic olefin moiety has been
realized by the organocatalytic enantioselective addition of
nucleophiles toward alkynes by Tan* and Yan.*”? shi and co-
workers reported a chiral CPA-catalyzed approach toward oxi-
ndole-based axially chiral styrenes by kinetic resolution.*®
Despite their remarkable progress, careful design and discov-
ery of novel methods toward new types of axially chiral struc-
tures are still in high demand.
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has been demonstrated by the smooth conversion of a wide range of 2-vinyl benzaldehyde derivatives to
afford up to 99% yields and high to excellent enantioselectivities (up to >99% ee). The derived axially
chiral carboxylic acid was demonstrated to be a more efficient ligand in the Cp*Co(i)-catalyzed asym-

Asymmetric C-H functionalization has been demonstrated
to be a powerful method for the preparation of axially chiral
biaryl compounds by locking a preformed axis® or creation of a
biaryl axis via asymmetric cross-coupling.® However, atropose-
lective C-H functionalization to afford axially chiral styrenes
remains underdeveloped due to relatively higher reaction
temperatures and lower rotation barriers.” The Shi group
developed an asymmetric aromatic C-H functionalization of
styrenes bearing pyridine’® and an aldehyde group’® on the
olefin moiety to efficiently afford their axially chiral derivatives.
The Wang group demonstrated axially chiral preparations of
styrene-type carboxylic acids by palladium-catalyzed enantio-
selective C-H alkenylation and arylation of cinnamic acids.”®
While enantioselective aromatic C-H functionalization has
been explored,”” examples of asymmetric olefinic C-H
functionalization to construct axial chirality remain scarce
(Scheme 1a). The only example is the recent atroposelective
thioether-directed alkenyl C-H olefination by the Shi group
(Scheme 1b).?

In the past decade, chelation-assisted olefinic C-H
functionalization has provided an atom- and step-economical
atomic preparation of alkene derivatives in a regio- and stereo-
selective manner by cyclometallation events.”' However, the
extension of this strategy to the selective functionalization of
more complex styrene substrates is still underexplored. There
has been a hydroxyl- or amino-directed olefinic activation/cycli-
zation using 2-vinyl aniline/phenol substrates, proceeding by
the formation of six-membered endo-metallocycles; however,
the olefinic C-H functionalization by seven-membered metal-
locycles is still challenging and unexplored.'*"?

We recently published a regio-selective alkenyl C-H
functionalization of styrenes under N,N-bidentate chelation
assistance;'* herein, we focus on the asymmetric alkenyl C-H
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Scheme 1 Regioselective and asymmetric C—H functionalization of
aryl alkenes.

+ using inexpensive and easily accesible amino acid ligand

+ aldehyde derived transient chiral auxiliary-directed

+ synthetically valuable and widely occurring aldehyde

+ excellent CCA ligands in Co-catalyzed enantioselective
C-H functionalization

functionalization of styrenes using specific transient chiral
auxiliaries. It is proposed that asymmetric alkenyl C-H acti-
vation is preferred owing to the steric interaction to form
enantio-enriched palladacycles A (Scheme 1c). Notably, this
transformation proceeds by challenging 7-membered endo-pal-
ladacycles to realize the f-C-H functionalization. Compared to
the recently published atroposelective thioether-directed
B-C-H activation of styrenes,® this work employed aldehyde
derived transient directing groups and easily accessible amino
acids as ligands instead of SPA (spiro phosphoric acid); the
aldehyde is widely occurring and synthetically more valuable
for further transformation.

Results and discussion

Inspired by the elegance of the transient directing group
(TDG) strategy in C-H functionalization, which obviates the
tedious steps for the installation/removal of directing
groups,">'® our study started with the C-H functionalization
of challenging 2-vinyl benzaldehyde derivatives 1a, which
include competitive olefinic C-H bonds and aromatic C-H
bonds. The reaction of aldehyde 1a and acrylate 2a by olefinic
B-C-H functionalization was performed using 10 mol% Pd
(OAc),, 30 mol% transient chiral auxiliary (TCA-1), 1.0 equi-
valent of Co(OAc),-4H,0, 1.0 equivalent of BQ and 50 mol% of
(BnO),PO,H in HOAc/DMSO at 40 °C under an O, atmosphere,
leading to the desired aryl 1,3-diene 3a with 52% yield and
98% ee (Table 1, entry 1). A series of amino-acid derived TCAs
were examined, and all of them led to decreased product yield
and/or stereoselectivity (entries 2-5). Next, we turned to
examine other co-oxidants such as MnO, instead. Although
using 1.0 and 2.0 equivalents of MnO, led to 69% and 60%
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Table 1 Optimization of catalytic conditions?

Me Pd(OAc), (15 mol%), TCA  BuO Me
[0], BQ, (BnO),PO,H

HOAC/DMSO
1a 40°C, 48 h, O,
A copu 2a %a

HTN

Me CHO O  Me CHO

o

TCAs:
NH, Pr ‘Bu

. OH < ~ Boc OH
HzN)\[’r SBy H NJW]/ By /k[r ipr )\n/ By ~ J\n/

TCA-1 TCA-2 TCA-3 TCA-4 TCA-5
52%, 98% ee

16%, 99% ee 19%, 72% ee 16%, 98% ee 0%

Entry TCA Oxidant 3ayield” (%) ee? (%)
1 1 Co(OAc),-4H,0 52 98
2 2 Co(OAc),-4H,0 16 99
3 3 Co(OAc),-4H,0 19 72
4 4 Co(OAc),-4H,0 16 98
5 5 Co(OAc),-4H,0 0 —
6° 1 MnoO, 69 98
74 1 MnO, 60 98
8° 1 MnO, 82 98
9/ 1 MnO, 45 98
10% 1 MnO, 48 97

“Reaction conditions: 1a (0.15 mmol, 1.0 equiv.), 2a (4.0 equiv.), Pd
(OAc), (15 mol%), TCA (30 mol%), metal oxidant (1.0 equiv.), BQ (1.0
equiv.), (BnO),PO,H (50 mol%), and HOAc/DMSO (10/1, v/v) as solvent
at 40 °C for 48 h, under 0, (1 atm). ?Isolated yields; the ee value was
determined by HPLC. ‘MnO, (1.0 equiv.) was added. “MnO, (2.0
equiv.) was added. * MnO, (1.5 equiv.) was added. /At 25 °C, MnO, (1.5
equiv.) was used. ¢ Pd(OAc), (5 mol%) with TCA-1 (15 mol%) MnO,
(1.5 equiv.) was used.

yields, respectively, adjusting the amount of MnO, to 1.5
equivalents further improved the yield to 82% with 98% ee
(entries 6-8). This reaction even worked at room temperature,
although the yield decreased to a moderate level without the
erosion of the ee value (entry 9). Lower catalyst loading
(5 mol% Pd) was also tested, and axially chiral product 3a was
obtained in 48% yield with 97% ee (entry 10). The aromatic C-
H activation did not occur in this protocol, exhibiting its excel-
lent regio-selectivity.

After that, we turned to investigate the generality of the atro-
poselective alkenyl C-H functionalization of styrenes (Table 2).
Various acrylates are suitable with this reaction, affording the
axially chiral products in 67-82% yields with excellent enantio-
selectivities (3a-3e, 98-99% ee). However, vinyl ketone, vinyl
sulfone and acrylamide are unsuccessful. A naphthyl type sub-
strate also showed excellent reactivity and enantioselectivity
(3f, yield 85%, >99% ee). Interestingly, 3-CF; substituted
styrene led to separable isomers 3g and 3g’ in 70% and 23%
yields, respectively, both of which were obtained with >99% ee.
A wide range of substituents on alkenyl and phenyl moieties
were examined, and we found that substrates bearing the
naphthyl group (3h or 3n), OMe (3j), fluoro (3k), or thienyl (31)
were all reacted smoothly to afford corresponding products in
71-89% yields with high enantioselectivities (>99% ee).
Notably, a cyclohexane imbedded substrate was also well con-
verted to provide cyclic axially chiral product 3m in 89% yield

This journal is © the Partner Organisations 2022
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Table 2 Substrate scope of asymmetric C—H alkenylation?

1

R Pd(OAG), (15 mol%), TCA N
R2 CHO MnO,, BQ, (BnO),POH R R2
MnO, BQ, (BnO),PO-A
* AR HOAG/DMSO

2 40°C, 48 h, O,

3

o

1
R? Me N Me
m/\ S "BuO,C A s ve 3
O Me CHO CHO | mBuo,c” SN :
OO : FiC CHO |

R*= O"Bu, 3a, 82%, 98% ee
AG* = 32.4 kcal/mol
OEt, 3b, 67%, 98% ee
OBU, 3¢, 69%, 98% ee

5% > 99
31, 85%, > 99% ee 3g, 70%, >99% ee

OPh, 3d, 70%, 99% ee o "BUO,C
\ Me
- S
Me s &= :
Me0,¢” SN /f/ A\ : FsC CHO |
e ' + 3 .
Me cHo /S A/ : :
= G/ -
A /T\
)

39', 23%, >99% ee

3e, 76%, 98% ee
AG* = 32.5 kcal/mol
ty= 2419 yrs (25 °C)
ty= 166 yrs (40 °C)

"
D0 " ®
Me CHO Y,
"BuO,C = O ”BuOZC/\ N
Me CHO Me CHO
O RS = H, 3i, 89%, 99% ee

OMe, 3j, 78%, 99% ee 31, 83%, > 99% ee
F, 3k, 84%, >99% ee

/©/\ N Me
’ O FaC CHO
MBUO,CT D "Bu0,C” T R
Me CHO CHO
O OO R = H, 30, 82%, 95% ee

OMe, 3p, 79%, > 99% ee
CF3, 3q, 76%, > 99% ee

3h, 71%, > 99% ee

3m, 89%, > 99% ee 3n, 75%, 99% ee

“Reaction conditions: 1 (0.1 mmol, 1.0 equiv.), 2 (4.0 equiv.), Pd(OAc),
(10 mol%), TCA-1 (30 mol%), MnO, (1.5 equiv.), BQ (1.0 equiv.),
(BnO),PO,H (50 mol%), HOAc/DMSO (10/1, v/v), 40 °C for 48 h, under
O,; the yields are isolated yields. The ee values were determined by
HPLC.

and >99% ee. Regio- and enantioselective cross-couplings
between two styrenes were successful in this protocol, leading
to 30-3q in 76-82% yields and 95->99% ee. All of the axially
chiral products with s-trans conformation'” were assigned ana-
logously to compound 3e, whose absolute configuration was
determined by X-ray crystallographic analysis (see the ESIT).
DFT calculations of the rotation barrier for representative
examples 3a and 3e exhibited their significant atropostability.®

To demonstrate the practicality of this method, we con-
ducted a gram-scale preparation and product derivatization
(Scheme 2). Cross-coupling between 2-vinyl-benzaldehyde 1a
and acrylate 2a on a gram-scale occurred smoothly to afford 3a
in 74% yield and 99% ee (Scheme 2a). The obtained axially
chiral product 3a underwent a series of transformations
(Scheme 2b). It is noteworthy that the axially chiral phenyl
diene 3a can be easily transferred into styrene 4 with 95% ee
under hydrogenation (1 atm) with Pd/C (20 wt%).
Benzaldehyde underwent the Wittig reaction to afford product
5 in 88% yield and 88% ee. Compound 3a could also be oxi-
dized to produce the corresponding axially chiral carboxylic
acid 6a without erosion of enantioselectivity. Reduction of the
aldehyde with NaBH, efficiently afforded benzyl alcohol 7
without change of atroposelectivity.

This journal is © the Partner Organisations 2022
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Scheme 2 The gram-scale synthesis and further elaboration.
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Scheme 3 Application of CCA ligands in Co-catalyzed enantioselective
C—H functionalization.

The newly developed axially chiral carboxylic acids 6 were
introduced as chiral ligands in asymmetric C-H functionali-
zation (Scheme 3).”%%'® Alkenyl C-H alkenylation derived car-
boxylic acids 6a-c¢ were preliminarily investigated in Co(m)-
catalyzed asymmetric 1,4-addition of indole 8 with maleimide
9, exhibiting 6b to be highly efficient with good enantio-
selectivity (9:91 er). The relatively higher er value obtained in
the preliminary investigation demonstrated the obtained CCAs
to be promising axially chiral ligands in asymmetric synthesis.

Conclusions

In conclusion, we have developed an N,O-bidentate-chelation
assisted enantioselective B-C-H alkenylation of styrenes to
afford various axially chiral aryl dienes, proceeded by seven-
membered endo-cyclopalladation. This atroposelective olefinic
C-H functionalization is enabled by the chiral transient
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directing group derived from the in situ condensation between
an aldehyde and a chiral amino acid. We expect that the regio-
and enantioselective C-H functionalization of styrenes would
streamline access to axially chiral aryl polyenes, which might
be valuable synthons and promising axially chiral catalysts and
ligands in asymmetric synthesis.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

We gratefully acknowledge the National Natural Science
Foundation of China (NSFC) (21672048 and 81570989),
Natural Science Foundation of Zhejiang Province (ZJNSF)
(LY19B020006), Major Project of the Hangzhou Health Science
and Technology Plan (Z20200046), and the Key Subject of
Stomatology in Hangzhou for financial support.

Notes and references

1 (a) C. Defieber, H. Griitzmacher and E. M. Carreira, Chiral
Olefins as Steering Ligands in Asymmetric Catalysis,
Angew. Chem., Int. Ed., 2008, 47, 4482-4502; (b) H.-Q. Dong,
M.-H. Xu, C.-G. Feng, X.-W. Sun and G.-Q. Lin, Recent
applications of chiral N-tert-butanesulfinyl imines, chiral
diene ligands and chiral sulfur-olefin ligands in asym-
metric synthesis, Org. Chem. Front., 2015, 2, 73-89;
(¢) M. Nagamoto and T. Nishimura, Asymmetric
Transformations under Iridium/Chiral Diene Catalysis, ACS
Catal., 2017, 7, 833-847.

2 (@) R. Adams and M. W. Miller, Restricted Rotation in Aryl
Olefins. I. Preparation and Resolution of $-Chloro-p-(2, 4,
6-trimethyl-3-bromophenyl)-a-methylacrylic Acid, J. Am.
Chem. Soc., 1940, 62, 53-56; (b) R. W. Baker,
T. W. Hambley, P. Turner and B. J. Wallace, Central to axial
chirality transfer via double bond migration: asymmetric
synthesis and determination of the absolute configuration
of axially chiral 1-(3-indenyl)naphthalenes, Chem.
Commun., 1996, 22, 2571-2572; (c¢) T. Hattori, M. Date,
K. Sakurai, N. Morohashi, H. Kosugi and S. Miyano, Highly
stereospecific conversion of C-centrochirality of a 3,
4-dihydro-2H-1, 1-binaphthalen-1-ol into axial chirality of a
3, 4-dihydro-1, 1'-binaphthalene, Tetrahedron Lett., 2001,
42, 8035-8038; (d) K. Mori, K. Ohmori and K. Suzuki,
Stereochemical Relay via Axially Chiral Styrenes:
Asymmetric Synthesis of the Antibiotic TAN-1085, Angew.
Chem., Int. Ed., 2009, 48, 5633-5637.

3 (@) J. Feng, B. Li, Y. He and Z. Gu, Enantioselective
Synthesis of Atropisomeric Vinyl Arene Compounds by
Palladium Catalysis: A Carbene Strategy, Angew. Chem., Int.
Ed., 2016, 55, 2186-2190; (b) C. Pan, Z. Zhu, M. Zhang and
Z. Gu, Palladium-Catalyzed Enantioselective Synthesis of

Org. Chem. Front.

View Article Online

Organic Chemistry Frontiers

2-Aryl Cyclohex-2-enone Atropisomers: Platform Molecules
for the Divergent Synthesis of Axially Chiral Biaryl
Compounds, Angew. Chem., Int. Ed., 2017, 56, 4777-4781;
(c) J. D. Jolliffe, R. J. Armstrong and M. D. Smith, Catalytic
enantioselective synthesis of atropisomeric biaryls by a
cation-directed O-alkylation, Nat. Chem., 2017, 9, 558-562;
(d) Y. Liang, J. Ji, X. Zhang, Q. Jiang, J. Luo and X. Zhao,
Enantioselective Construction of Axially Chiral Amino
Sulfide Vinyl Arenes by Chiral Sulfide-Catalyzed
Electrophilic Carbothiolation of Alkynes, Angew. Chem., Int.
Ed., 2020, 59, 4959-4964.

(@) S.-C. Zheng, S. Wu, Q. Zhou, L. Chung, L. Ye and
B. Tan, Organocatalytic atroposelective synthesis of axially
chiral styrenes, Nat. Commun., 2017, 8, 15238-15247;
(b) S. Jia, Z. Chen, N. Zhang, Y. Tan, Y. Liu, J. Deng and
H. Yan, Organocatalytic Enantioselective Construction of
Axially Chiral Sulfone-Containing Styrenes, J. Am. Chem.
Soc., 2018, 140, 7056-7060; (c) Y. Tan, S. Jia, F. Hu, Y. Liu,
L. Peng, D. Li and H. Yan, Indium Catalysts for Low-
Pressure CO,/Epoxide Ring-Opening Copolymerization:
Evidence for a Mononuclear Mechanism, J. Am. Chem. Soc.,
2018, 140, 6893-6903; (d) S. Li, D. Xu, F. Hu, D. Li, W. Qin
and H. Yan, Org. Lett.,, 2018, 20, 7665-7669; (e) C. Ma,
F.-T. Sheng, H.-Q. Wang, S. Deng, Y.-C. Zhang, Y. Jiao,
W. Tan and F. Shi, Atroposelective Access to Oxindole-
Based Axially Chiral Styrenes via the Strategy of Catalytic
Kinetic Resolution, J. Am. Chem. Soc., 2020, 142, 15686-
15696.

(@) G. Liao, T. Zhou, Q.. Yao and B.-F. Shi, Recent
advances in the synthesis of axially chiral biaryls via tran-
sition metal-catalysed asymmetric C-H functionalization,
Chem. Commun., 2019, 55, 8514-8523; (b) Y.-N. Ma, S.-X. Li
and S.-D. Yang, New Approaches for Biaryl-Based
Phosphine Ligand Synthesis via P=O Directed C-H
Functionalizations, Acc. Chem. Res., 2017, 50, 1480-1492;
(c) L. Wozniak, J.-F. Tan, Q.-H. Nguyen, A. M. Vigné,
V. Smal, Y.-X. Cao and N. Cramer, Catalytic
Enantioselective Functionalizations of C-H Bonds by
Chiral Iridium Complexes, Chem. Rev., 2020, 120, 10516-
10543; (d) Q. Wang, Z.-]J. Cai, C.-X. Liu, Q. Gu and S.-L. You,
Rhodium-Catalyzed  Atroposelective =~ C-H  Arylation:
Efficient Synthesis of Axially Chiral Heterobiaryls, J. Am.
Chem. Soc., 2019, 141, 9504-9510; (¢) M. Tian, D. Bai,
G. Zheng, J. Chang and X. Li, Rh(m)-Catalyzed Asymmetric
Synthesis of Axially Chiral Biindolyls by Merging C-H
Activation and Nucleophilic Cyclization, J. Am. Chem. Soc.,
2019, 141, 9527-9532; (f) B.-B. Zhan, L. Wang, ]J. Luo,
X.-F. Lin and B.-F. Shi, Synthesis of Axially Chiral Biaryl-2-
amines by pd"-Catalyzed Free-Amine-Directed
Atroposelective C—H Olefination, Angew. Chem., Int. Ed.,
2020, 59, 3568-3572.

(@) K. Yamaguchi, J. Yamaguchi, A. Studer and K. Itami,
Hindered biaryls by C-H coupling: bisoxazoline-Pd cataly-
sis leading to enantioselective C-H coupling, Chem. Sci.,
2012, 3, 2165; (b) Z.J. Jia, C. Merten, R. Gontla,
C.-G. Daniliuc, A.-P. Antonchick and H. Waldmann,

This journal is © the Partner Organisations 2022


https://doi.org/10.1039/d2qo00161f

Published on 25 February 2022. Downloaded by THE LIBRARY OF HANGZHOU NORMAL UNIVERSITY on 3/9/2022 8:57:29 AM.

Organic Chemistry Frontiers

General Enantioselective C—H Activation with Efficiently
Tunable Cyclopentadienyl Ligands, Angew. Chem., Int. Ed.,
2017, 56, 2429-2434; (c) Y.-S. Jang, L. Wozniak, J. Pedroni
and N. Cramer, Access to P- and Axially Chiral Biaryl
Phosphine Oxides by Enantioselective Cp*Ir'-Catalyzed
C—H Arylations, Angew. Chem., Int. Ed., 2018, 57, 12901-
12905; (d) C. G. Newton, E. Braconi, ]. Kuziola,
M. D. Wodrich and N. Cramer, Axially Chiral
Dibenzazepinones by a Palladium(0)-Catalyzed Atropo-
enantioselective C—H Arylation, Angew. Chem., Int. Ed.,
2018, 57, 11040-11044; (¢) Q.-H. Nguyen, S. M. Guo,
T. Royal, O. Baudoin and N. Cramer, Intermolecular
Palladium(0)-Catalyzed ~ Atropo-enantioselective =~ C-H
Arylation of Heteroarenes, J. Am. Chem. Soc., 2020, 142,
2161-2167; (f) S. Shaaban, H. Li, F. Otte, C. Strohmann,
A. Antonchick and H. Waldmann, Enantioselective
Synthesis of Five-Membered-Ring Atropisomers with a
Chiral Rh(m) Complex, Org. Lett., 2020, 22, 9199-9202;
(2) L. Wozniak and N. Cramer, Atropo-Enantioselective
Oxidation-Enabled Iridium(um)-Catalyzed C—H Arylations
with Aryl Boronic Esters, Angew. Chem., Int. Ed., 2021, 60,
18532-18536; (k) C. Pan, S.-Y. Yin, S.-B. Wang, Q. Gu and
S.-L. You, Oxygen-Linked Cyclopentadienyl Rhodium(mi)
Complexes-Catalyzed Asymmetric C—H Arylation of Benzo
[h]quinolines with  1-Diazonaphthoquinones, Angew.
Chem., Int. Ed., 2021, 60, 15510-15516.

(@) L. Jin, Q.-]. Yao, P.-P. Xie, Y. Li, B.-B. Zhan, Y.-Q. Han,
X. Hong and B.-F. Shi, Atroposelective Synthesis of Axially
Chiral Styrenes via an Asymmetric C-H Functionalization
Strategy, Chem., 2020, 6, 497-511; (b) H. Song, Y. Li,
Q.-J. Yao, L. Jin, L. Liu, Y.-H. Liu and B.-F. Shi, Synthesis of
Axially Chiral Styrenes through Pd-Catalyzed Asymmetric
C—H Olefination Enabled by an Amino Amide Transient
Directing Group, Angew. Chem., Int. Ed., 2020, 59, 6576~
6580; (¢) Q.-Y. Sun, W.-Y. Ma, K.-F. Yang, ]. Cao, Z.-J. Zheng,
Z. Xu, Y.-M. Cui and L.-W. Xu, Enantioselective synthesis of
axially chiral vinyl arenes through palladium-catalyzed C-H
olefination, Chem. Commun., 2018, 54, 10706-10709;
(d) C. Yang, T.-R. Wu, Y. Li, B.-B. Wu, R.-X. Jin, D.-D. Hu,
Y.-B. Li, K.-J. Bian and X.-S. Wang, Facile synthesis of
axially chiral styrene-type carboxylic acids via palladium-
catalyzed asymmetric C-H activation, Chem. Sci., 2021, 12,
3726-3732; (e) C. Yang, F. Li, T.-R. Wu, R. Cui, B.-B. Wu,
R.-X. Jin, Y. Li and X.-S. Wang, Development of Axially
Chiral Styrene-Type Carboxylic Acid Ligands via Palladium-
Catalyzed Asymmetric C-H Alkynylation, Org. Lett., 2021,
23, 8132-8137; (f) During our manuscript preparation, the
Shi group reported an atroposelective thioether-directed
alkenyl C-H olefination to afford axially chiral styrenes,
see: L. Jin, P. Zhang, Y. Li, X. Yu and B.-F. Shi,
Atroposelective Synthesis of Conjugated Diene-Based
Axially Chiral Styrenes via Pd(u)-Catalyzed Thioether-
Directed Alkenyl C-H Olefination, J. Am. Chem. Soc., 2021,
143, 12335-12344.

L. Jin, P. Zhang, Y. Li, X. Yu and B.-F. Shi, Atroposelective
Synthesis of Conjugated Diene-Based Axially Chiral

This journal is © the Partner Organisations 2022

10

View Article Online

Research Article

Styrenes via Pd(u)-Catalyzed Thioether-Directed Alkenyl C-
H Olefination, J. Am. Chem. Soc., 2021, 143, 12335-12344.
(@) X. Shang and Z.-Q. Liu, Transition metal-catalyzed
Cyinyl-cvinyt bond formation via double Ciny-H bond acti-
vation, Chem. Soc. Rev., 2013, 42, 3253-3260; (b) K. Wang,
F. Hu, Y. Zhang and J. Wang, Directing group-assisted tran-
sition-metal-catalyzed vinylic C-H bond functionalization,
Sci. China: Chem., 2015, 58, 1252-1265; (¢) D. A. Colby,
A. S. Tsai, R. G. Bergman and J. A. Ellman, Rhodium
Catalyzed Chelation-Assisted C-H Bond Functionalization
Reactions, Acc. Chem. Res., 2012, 45, 814-825; (d) J. Zhang,
X. Lu, C. Shen, L. Xu, L. Ding and G. Zhong, Recent
advances in chelation-assisted site- and stereoselective
alkenyl C-H functionalization, Chem. Soc. Rev., 2021, 50,
3263-3314.

(a) T. Besset, N. Kuhl, F. W. Patureau and F. Glorius, Rh™-
Catalyzed Oxidative Olefination of Vinylic C-H Bonds:
Efficient and Selective Access to Di-unsaturated a-Amino
Acid Derivatives and Other Linear 1, 3-Butadienes, Chem. —
Eur. J., 2011, 17, 7167-7171; (b) Q.]. Liang, C. Yang,
F.-F. Meng, B. Jiang, Y.-H. Xu and T.-P. Loh, Chelation
versus Non-Chelation Control in the Stereoselective Alkenyl
sp> C—H Bond Functionalization Reaction, Angew. Chem.,
Int. Ed., 2017, 56, 5091-5095; (¢) X.-H. Hu, J. Zhang,
X.-F. Yang, Y-H. Xu and T-P. Loh, Stereo- and
Chemoselective Cross-Coupling between Two Electron-
Deficient Acrylates: An Efficient Route to (Z, E)-Muconate
Derivatives, J. Am. Chem. Soc., 2015, 137, 3169-3172;
(d) B. Jiang, M. Zhao, S.-S. Li, Y.-H. Xu and T.-P. Loh,
Macrolide Synthesis through Intramolecular Oxidative
Cross-Coupling of Alkenes, Angew. Chem., Int. Ed., 2018, 57,
555-559; (e) X.-H. Hu, X.-F. Yang and T.-P. Loh, elective
Alkenylation and Hydroalkenylation of Enol Phosphates
through Direct C-H Functionalization, Angew. Chem., Int.
Ed., 2015, 54, 15535-15539; (f) Y. Aihara and N. Chatani,
Nickel-catalyzed direct alkylation of C-H bonds in ben-
zamides and acrylamides with functionalized alkyl halides
via bidentate-chelation assistance, J. Am. Chem. Soc., 2013,
135, 5308; (g) F. Mo and G. Dong, Regioselective ketone
a-alkylation with simple olefins via dual activation, Science,
2014, 345, 68-72; (h) D. Xing and G. Dong, Branched-
Selective  Intermolecular Ketone a-Alkylation with
Unactivated Alkenes via an Enamide Directing Strategy,
J. Am. Chem. Soc., 2017, 139, 13664-13667; (i) F. Li, C. Yu,
J. Zhang and G. Zhong, Olefination of Electron-Deficient
Alkenes with Allyl Acetate: Stereo- and Regioselective
Access to (2Z, 4E)-Dienamides, Org. Lett., 2016, 18, 4582
4585; () C. Yu, F. Li, J. Zhang and G. Zhong, A direct cross-
coupling reaction of electron-deficient alkenes using an
oxidizing directing group, Chem. Commun., 2017, 53, 533-
536; (k) C. Yu, J. Zhang and G. Zhong, One step synthesis
of y-alkylidenebutenolides from simple vinyl carboxylic
acids and alkenes, Chem. Commun., 2017, 53, 9902-9905;
(/) T. Li, J. Zhang, C. Yu, X. Lu, L. Xu and G. Zhong,
Ruthenium-catalyzed olefinic C-H alkenylation of enol-car-
bamates: highly stereo-selective synthesis of (Z, Z) and, (Z,

Org. Chem. Front.


https://doi.org/10.1039/d2qo00161f

Published on 25 February 2022. Downloaded by THE LIBRARY OF HANGZHOU NORMAL UNIVERSITY on 3/9/2022 8:57:29 AM.

Research Article

11

12

E)-butadienes, Chem. Commun., 2017, 53, 12926-12929;
(m) K. Meng, J. Zhang, F. Li, Z. Lin, K. Zhang and
G. Zhong, Amide Directed Cross-Coupling between Alkenes
and Alkynes: A Regio- and Stereoselective Approach to
Substituted (2Z, 4Z)-Dienamides, Org. Lett., 2017, 19, 2498;
() L. Xu, K. Meng, J. Zhang, Y. Sun, X. Lu, T. Li, Y. Jiang
and G. Zhong, Iridium-catalyzed alkenyl C-H allylation
using conjugated dienes, Chem. Commun., 2019, 55, 9757-
9760; (0) K. Meng, Y. Sun, J. Zhang, K. Zhang, X. Ji, L. Ding
and G. Zhong, Iridium-Catalyzed Cross-Coupling Reactions
of Alkenes by Hydrogen Transfer, Org. Lett., 2019, 21, 8219-
8224.

(@) M. Liu, P. Yang, M. K. Karunananda, Y. Wang, P. Liu
and K. M. Engle, C(alkenyl)-H Activation via Six-Membered
Palladacycles: Catalytic 1,3-Diene Synthesis, J. Am. Chem.
Soc., 2018, 140, 5805-5813; (b) B. S. Schreib and
E. M. Carreira, Palladium-Catalyzed Regioselective C-H
Iodination of Unactivated Alkenes, J. Am. Chem. Soc., 2019,
141, 8758-8763; (¢) B. S. Schreib, M. Fadel and
E. M. Carreira, Palladium-Catalyzed C—H Alkynylation of
Unactivated Alkenes, Angew. Chem., Int. Ed., 2020, 59,
7818-7822; (d) K. Meng, T. Li, C. Yu, C. Shen, J. Zhang and
G. Zhong, Geminal group-directed olefinic C-H functionali-
zation via four- to eight-membered exo-metallocycles, Nat.
Commun., 2019, 10, 5109-5119; (e) C. Shen, X. Lu, J. Zhang,
L. Ding, Y. Sun and G. Zhong, Bidentate auxiliary-directed
alkenyl C-H allylation via exo-palladacycles: synthesis of
branched 1, 4-dienes, Chem. Commun., 2019, 55, 13582—
13585; (f) B. Han, B. Li, L. Qi, P. Yang, G. He and G. Chen,
Construction of Cyclophane-Braced Peptide Macrocycles
via Palladium-Catalyzed Picolinamide-Directed
Intramolecular C(sp?)-H Arylation, Org. Lett., 2020, 22,
6879-6883; (g) H.-C. Tsai, Y.-H. Huang and C.-M. Chou,
Rapid Access to Ortho-Alkylated Vinylarenes from Aromatic
Acids by Dearomatization and Tandem Decarboxylative C-
H Olefination/Rearomatization, Org. Lett., 2018, 20, 1328-
1332; (h) Y.-C. Wang, Y.-H. Huang, H.-C. Tsai, R.-S. Basha
and C.-M. Chou, Palladium-Catalyzed Proaromatic
C(Alkenyl)-H  Olefination: ~ Synthesis of  Densely
Functionalized 1, 3-Dienes, Org. Lett., 2020, 22, 6765-6770;
(i) Z. Wu, N. Fatuzzo and G. Dong, Distal Alkenyl C-H
Functionalization ~ via  the  Palladium/Norbornene
Cooperative Catalysis, J. Am. Chem. Soc., 2020, 142, 2715-
2720.

For 2-vinyl phenol substrates: (a) P. Finkbeiner,
U. Kloeckner and B.J. Nachtsheim, OH-Directed
Alkynylation of 2-Vinylphenols with Ethynyl
Benziodoxolones: A Fast Access to Terminal 1, 3-Enynes,
Angew. Chem., Int. Ed., 2015, 54, 4949-4952; (b) K. Sasano,
J. Takaya and N. Iwasawa, Palladium(u)-Catalyzed Direct
Carboxylation of Alkenyl C-H Bonds with CO,, J. Am. Chem.
Soc., 2013, 135, 10954-10957; (c) A. Seoane, N. Casanova,
N. Quinones, ]J. L. Mascarehas and M. Gulias,
Straightforward Assembly of Benzoxepines by Means of a
Rhodium(m)-Catalyzed =~ C-H  Functionalization  of
o-Vinylphenols, J. Am. Chem. Soc., 2014, 136, 834-837;

Org. Chem. Front.

13

14

15

View Article Online

Organic Chemistry Frontiers

(d) A. Seoane, N. Casanova, N. Quifiones, J. L. Mascarefias
and M. Gulias, Rhodium(m)-Catalyzed Dearomatizing (3+2)
Annulation of 2-Alkenylphenols and Alkynes, J. Am. Chem.
Soc., 2014, 136, 7607-7610; (e) N. Casanova, A. Seoane,
J. L. Mascarenas and M. Gulias, Rhodium-Catalyzed (5+1)
Annulations Between 2-Alkenylphenols and Allenes: A
Practical Entry to 2, 2-Disubstituted 2H-Chromenes, Angew.
Chem., Int. Ed., 2015, 54, 2374-2377; (f) N. Casanova,
K. P. D. Rio, R. Garcia-Fandifio, ]J. L. Mascarenas and
M. Gulias, Palladium(u)-Catalyzed Annulation between
ortho-Alkenylphenols and Allenes. Key Role of the Metal
Geometry in Determining the Reaction Outcome, ACS
Catal., 2016, 6, 3349-3353; (g) L. Guo, F. Zhang, W. Hu,
L. Li and Y. Jia, Palladium-catalyzed synthesis of benzofur-
ans via C-H activation/oxidation tandem reaction and its
application to the synthesis of decursivine and serotobe-
nine,  Chem. Commun., 2014, 50, 3299-3302;
(h) R. Kuppusamy, K. Muralirajan and C.-H. Cheng, Cobalt
(m)-Catalyzed [5+1] Annulation for 2H-Chromenes
Synthesis via Vinylic C-H Activation and Intramolecular
Nucleophilic Addition, ACS Catal., 2016, 6, 3909-3913.

For 2-vinyl aniline substrates: (a) M. Font, B. Cendén,
A. Seoane, J. L. Mascarefias and M. Gulias, Rhodium(ir)-
Catalyzed Annulation of 2-Alkenyl Anilides with Alkynes
through C-H Activation: Direct Access to 2-Substituted
Indolines, Angew. Chem., Int. Ed., 2018, 57, 8255-8259;
(b) A. Seoane, C. Comanescu, N. Casanova, R. Garcia-
Fandino, X. Diz, J. L. Mascareiias and M. Gulias, Rhodium-
Catalyzed Annulation of ortho-Alkenyl Anilides with
Alkynes: Formation of Unexpected Naphthalene Adducts,
Angew. Chem., Int. Ed., 2019, 58, 1700-1704; (c) P. Chen,
J. Nan, Y. Hu, Q. Ma and Y. Ma, Ru"-Catalyzed/NH,-
Assisted Selective Alkenyl C-H [5+1] Annulation of
Alkenylanilines with Sulfoxonium Ylides to Quinolines,
Org. Lett., 2019, 21, 4812-4815; (d) R. Yu, D. Li and F. Zeng,
Palladium-Catalyzed Sequential Vinylic C-H Arylation/
Amination of 2-Vinylanilines with Aryl boronic Acids:
Access to 2-Arylindoles, J. Org. Chem., 2018, 83, 323-329;
(e) H. He, W.-B. Liu, L.-X. Dai and S.-L. You, Ir-Catalyzed
Cross-Coupling of Styrene Derivatives with Allylic
Carbonates: Free Amine Assisted Vinyl C-H Bond
Activation, J. Am. Chem. Soc., 2009, 131, 8346-8347.

C. Shen, Y. Zhu, S. Jin, K. Xu, S. Luo, L. Xu, L. Zhong,
G. Zhong and J. Zhang, Org. Chem. Front., 2022, 9, 989-994.
(@) V. Gandeepan and L. Ackermann, Transient Directing
Groups for Transformative C-H Activation by Synergistic
Metal Catalysis, Chem., 2018, 4, 199-222; (b) S. Afewerki
and A. Cordova, Combinations of Aminocatalysts and
Metal Catalysts: A Powerful Cooperative Approach in
Selective Organic Synthesis, Chem. Rev., 2016, 116, 13512-
13570; (¢) C.-H. Jun, H. Lee and ].-B. Hong, Chelation-
Assisted Intermolecular Hydroacylation: Direct Synthesis of
Ketone from Aldehyde and 1-Alkene, J. Org. Chem., 1997,
62, 1200-1201; (d) Y. Wu, Y.-Q. Chen, T. Liu, M. D. Eastgate
and J.-Q. Yu, Pd-Catalyzed y-C(sp’)-H Arylation of Free
Amines Using a Transient Directing Group, J. Am. Chem.

This journal is © the Partner Organisations 2022


https://doi.org/10.1039/d2qo00161f

Published on 25 February 2022. Downloaded by THE LIBRARY OF HANGZHOU NORMAL UNIVERSITY on 3/9/2022 8:57:29 AM.

Organic Chemistry Frontiers

16

Soc., 2016, 138, 14554-14557; (e) Y. Xu, M.-C. Young,
C. Wang, D. M. Magness and G. Dong, Catalytic C(sp*)—H
Arylation of Free Primary Amines with an exo Directing
Group Generated In Situ, Angew. Chem., Int. Ed., 2016, 55,
9084-9087.

(@) G. Liao, T. Zhang, Z.-K. Lin and B.-F. Shi, Synergistic
N-Heterocyclic Carbene/Palladium-Catalyzed Umpolung
1,4-Addition of Aryl Iodides to Enals, Angew. Chem., Int.
Ed., 2020, 59, 161-166; (b) M. L. Lapuh, S. Mazeh and
T. Besset, Chiral Transient Directing Groups in Transition-
Metal-Catalyzed Enantioselective C-H Bond
Functionalization, ACS Catal., 2020, 10, 12898-12919;
(c) H. Park, P. Verma, K. Hong and J.-Q. Yu, Controlling Pd

This journal is © the Partner Organisations 2022

17

18

19

View Article Online

Research Article

(v) reductive elimination pathways enables Pd(u)-catalysed
enantioselective C(sp®)—H fluorination, Nat. Chem., 2018,
10, 755-762.

The diene moiety with s-cis conformation was not observed
due to much larger steric hindrance.

If the axially chiral compound 3a (98% ee) in toluene was
heated at 100 °C for hours, a remarkable erosion of
enantioselectivity was observed: after 5 h, 44% ee; after
10 h, 33% ee (84% recovered).

T. Urihara, M. Kojima, T. Yoshino and S. Matsunaga,
Cp*Co™/Chiral Carboxylic Acid-Catalyzed Enantioselective
1, 4-Addition Reactions of Indoles to Maleimides, Asian
J. Org. Chem., 2020, 9, 368-371.

Org. Chem. Front.


https://doi.org/10.1039/d2qo00161f

	Button 1: 


