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Abstract – Amide-bridged axially chiral biaryls are important structural motif in 

natural products and pharmaceuticals. Herein we report a highly efficient C-H 

activation method to afford a novel kind of modifiable amide-bridged axially 

chiral biaryls. This approach has a broad scope, enabling the synthesis of various 

axially chiral biaryls with good reactivity and excellent diastereoselectivity. The 

axially chiral biaryl could be easily transformed to a new amide-bridged 

atropisomeric monophosphine ligand, which represent the high potential in 

asymmetric synthesis and catalysis. 

Axially chiral biaryls are intriguing molecular scaffolds present in a broad range of biologically active 

natural products,1 pharmaceutical drugs (steganacin, korupensamin, vancomycin, etc.)2 and advanced 

materials.3 Moreover, they serve as efficient ligands or essential intermediates in asymmetric synthesis.4 

Consequently, great efforts have been made to obtain numerous axially chiral biaryls with novel 

structures through different synthetic routes.5 The employment of a heterocyclic rings as the bridge of 

biaryl system could hinder the rotation, thus avoid the necessary using of bulky ortho substituents to 

maintain configurational stability.5 However, compared with the widely studied BINAP, MOP, BINOLs 

and their derivatives, only a small amount of hetero-bridged axially chiral biaryls have been reported, 

most of which have to employ expensive chiral diols or their derivatives as the hetero-bridge during 

synthesis.6 The amide-bridged axially chiral biaryls are structural motifs existed in biologically active 

natural products and pharmaceuticals, as well as in a few ligands.7 Assembling the easily modifiable 

amide group into axially chiral biaryls could therefore stimulate the development of novel 

pharmaceuticals and ligands through potential derivatization of a wide variety of systematically designed 

analogues. Despite the aforementioned attractive features, efficient synthetical strategy to access such 

atroisomeric moieties are still scarce.7,8  
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Figure 1. Importance of amide-bridged axially chiral biaryls  
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Figure 2. Synthetic strategies of amide-bridged axially chiral biaryls 

 

Recently, the transition metal-catalyzed asymmetric C-H activation has attracted considerable attention as 

one of the most efficient and straightforward protocols toward diverse axially chiral biaryl cores from 

simple precursors.9 However, most of the C-H activations proceed through directed functionalization 

ortho to already existed biaryl axises rather than asymmetric C-H coupling of two aryl counterparts. The 

later strategy suffered from limited substrate scope and unsatisfying enantiopurity, thus remain a barely 

explored field. In 2018, Cramer et al.10 reported the first synthetic strategy to lactam-bridged axially chiral 

biaryls trough atropo-enantioselective C-H coupling of two aryl counterparts, affording dibenzazepinones 

with medium yields and 68-96% ee (Figure 2. a). Whilst the substituent group on the nitrogen atom of the 

lactam bridge has to be methyl or benzyl, or the enantioselectivity would decrease to 10%. Therefore it is 

difficult to obtain other lactam-bridged axial chiral biaryl analogues through this methodology, which is 

detrimental to its application. To address this synthetic challenge, we planned to design a general, 

step-economic and stereoselective protocol focusing on point-to-axial C-H arylation (Figure 2. b). 
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However, this protocol might suffer from low chemoselectivity when Ar1 comprises a meta substituent. 

In addition, the typically elevated reaction temperature might cause a large amount of dehalogenated 

byproducts as well as facilitate the racemization, thus reduce the stereoselectivity. To our delight, this 

atroposelective route proved to be of excellent reactivity and stereoselectivity. A broad range of 

amide-bridged axially chiral biaryls were synthesized with high optical purity and could be easily 

transferred to a new kind of ligand. 

 

Table 1. Optimization of the reaction conditionsa 

2 mL solvent
130 oC, 16 h

2 equiv. base

5 mol% cat.
N
H
O

O

NH

O
O

Br

S-1a (S,Sa)-2a

OMe

MeO

OMe

OMe

OSEM OSEM

 

Entry Conditions Conv. (%)b Yield (%)c dr of 2a (%)d 

1 Pd(OAc)2, Ag2O, Cs2CO3, DMSO 50 45 >20:1 

2 Pd(CF3COO)2, Ag2O, Cs2CO3, DMSO 45 40 >20:1 

3 PdCl2dppf, Ag2O, Cs2CO3, DMSO 50 50 >20:1 

4 [Ir(COD)Cl]2, Ag2O, Cs2CO3, DMSO 80 80 >20:1 

5 [Rh(Cp*)Cl2]2, Ag2O, Cs2CO3, DMSO 70 60 >20:1 

6 [Ir(COD)Cl]2, Ag2O, K2CO3, DMSO 60 60 >20:1 

7 [Ir(COD)Cl]2, Ag2O, K3PO4, DMSO 55 55 >20:1 

8 [Ir(COD)Cl]2, Ag2O, NaOH, DMSO 75 75 >20:1 

9 [Ir(COD)Cl]2, Ag2O, Na2CO3, DMSO 65 65 >20:1 

10 [Ir(COD)Cl]2, Ag2O, Cs2CO3, toluene 10 10 >20:1 

11 [Ir(COD)Cl]2, Ag2O, Cs2CO3, 1,4-dioxane 100 40 >20:1 

12 [Ir(COD)Cl]2, Ag2O, Cs2CO3, DMF 70 70 >20:1 

13 [Ir(COD)Cl]2, Ag2O, Cs2CO3, DMA 78 78 >20:1 

a Reaction conditions: S-1a (0.1 mmol) in 2 mL solvent, M catalyst (5.0 mol%), Ag2O (0.2 mol), base (2.0 

equiv.), stirred at 130 oC for 16 h. b Determined by 1H NMR analysis of the crude product with 

1,3,5-trimethoxybenzene as an internal standard. c Determined by 1H NMR analysis of the crude product. 
d Determined by 1H NMR analysis of the crude product 
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As an initial examination on the stereoselective C-H arylation, 1a bearing a stereogenic lactamide group 

was chosen as the model substrate. Several palladium complexes proven to be efficient catalysts for C-H 

activation were examined with Cs2CO3 as the additive and toluene as the solvent. As shown in Table 1, 

different transition metals have good yield for reaction (Table 1, entries 1-5), especially [Ir(COD)Cl]2, 

which can reach 80% yield. Subsequently, several additives were investigated but all of them failed to 

gain higher reactivity or stereoselectivity than Cs2CO3 (Table 1, entry 4 vs entries 6-9). More importantly, 

different solvents such as 1,4-dioxane, N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMA) 

were also screened, dimethyl sulfoxide (DMSO) turned out to be optimal in terms of both reactivity and 

stereoselectivity, affording 2a with 80% yield and >20:1 dr value (Table 1, entry 4 vs entries 10-13). 

 

Scheme 1. Synthesis of axially chiral biarylsa 
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a Reaction conditions: S-1 (0.1 mmol) in 2 mL solvent, [Ir(COD)Cl]2 (5.0 mol%), Ag2O (0.2 mol), 

Cs2CO3 (2.0 equiv.), stirred at 130 oC for 16 h; dr values are determined by 1H NMR analysis of the crude 

product and yields are combined isolated values; SEM is short for 2-(trimethylsilyl)ethoxymethyl 
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Under the optimized reaction conditions, a variety of substrates with different substituents or scaffolds 

were subjected to the C-H arylation reaction, affording the desired amide-bridged axial chiral biaryl 2a-t 

in excellent yields and stereoselectivities. As shown in Scheme 1, the introduction of electron-donating or 

electron-withdrawing substituents at the para-position of the amide group gave good yields and 

stereoselectivities (2c, 2d, 2h, 2k, 2l and 2o-2t). Meantime, the substrates bearing linear alkyl chains at 

the para-position of the amide groups can also proceed smoothly in good yields (2r). The reaction 

conditions for this C-H arylation protocol work well even for sterically hindered substrates with one or 

two substituents meta-position to amide groups, proceeding smoothly to deliver the desired atropopure 

scaffolds (2b, 2f, 2g, 2i, 2j, 2n and 2s). Interestingly, when assembling 2-(trimethylsilyl)ethoxymethoxy 

(OSEM) substituent, an excellent protecting and leaving group used in certain organic reactions, into the 

para-position of different biphenyl axials, atropopure products were obtained (2a-2h). 

Having established the efficient route to the construction of a series of atropopure amide-bridged axially 

chiral biaryls, to further demonstrate the synthetic utility of this protocol, we explored the further 

derivatization of the axial chiral biaryl product. Through four conventional steps used in the synthesis of 

monophosphine ligand, a novel amide-bridged atropisomeric monophosphine ligand were synthesized 

with a total yield of 70% and sustained atropopurity (Scheme 2). 
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Scheme 2. Synthesis of axially chiral biaryl monophosphine ligand 6 

 

In conclusion, we have demonstrated a highly atroposelective and efficient C-H arylation. A broad range 

of atropopure amide-bridged axiall chiral biaryls were obtained in good yields. This new protocol thus 

provides a practical approach for the construction of optically pure amide-bridged axially chiral biaryls 

and novel ligands based on the similar scaffold. We believe that this strategy will stimulate future work 

on the development of other challenging axially chiral biaryls and noval ligands. 

1030 HETEROCYCLES, Vol. 104, No. 6, 2022



 

ACKNOWLEDGEMENTS 

Acknowledgements may be included as a separate section. 

SUPPORTING INFORMATION 

The supporting information includes experimental information and 1H and 13C NMR data for all new 

compounds. The data associated with this article can be found, in the online version, at URL: 

https://www.heterocycles.jp/newlibrary/downloads/PDFsi/27613/104/6  

REFERENCES 

1. G. Bringmann and D. Menche, Acc. Chem. Res., 2001, 34, 615; G. Bringmann, T. Gulder, T. A. M. 

Gulder, and M. Breuning, Chem. Rev., 2011, 111, 563; J. E. Smyth, N. M. Butler, and P. A. Keller, 

Nat. Prod. Rep., 2015, 32, 1562. 

2. S. R. LaPlante, P. J. Edwards, L. D. Fader, A. Jakalian, and O. Hucke, ChemMedChem, 2011, 6, 

505; J. Clayden, W. J. Moran, P. J. Edwards, and S. R. LaPlante, Angew. Chem. Int. Ed., 2009, 48, 

6398; P. W. Glunz, Chem. Lett., 2018, 28, 53. 

3. Y. L. Wu, F. Ferroni, S. Pieraccini, W. B. Schweizer, B. B. Frank, G. P. Spada, and F. Diederich, 

Org. Biomol. Chem., 2012, 10, 8016. 

4. Y. Li, F. Kwong, W. Yu, and A. Chan, Coord. Chem. Rev., 2007, 251, 2119; R. Noyori and H. 

Takaya, Acc. Chem. Res., 1990, 23, 345; W. T. Tang and X. M. Zhang, Chem. Rev., 2003, 103, 3029; 

J. H. Xie and Q. L. Zhou, Acc. Chem. Res., 2008, 41, 581; Y. Canac and R. Chauvin, Eur. J. Inorg. 

Chem., 2010, 2325; D. Parmar, E. Sugiono, S. Raja, and M. Rueping, Chem. Rev., 2014, 114, 9047. 

5. O. Baudoin, Eur. J. Org. Chem., 2005, 4223; G. Bringmann, A. J. Price Mortimer, P. A. Keller, M. J. 

Gresser, J. Garner, and M. Breuning, Angew. Chem. Int. Ed., 2005, 44, 5384; T. W. Wallace, Org. 

Biomol. Chem., 2006, 4, 3197; J. Wencel-Delord, A. Panossian, F. R. Leroux, and F. Colobert, Chem. 

Soc. Rev., 2015, 44, 3418; G. Ma and M. P. Sibi, Chem. Eur. J., 2015, 21, 11644; P. Loxq, E. 

Manoury, R. Poli, E. Deydier, and A. Labande, Coord. Chem. Rev., 2016, 308, 131; H. Yang, X. T. 

Yang, and W. T. Tang, Tetrahedron, 2016, 72, 6143; B. Zilate, A. Castrogiovanni, and C. Sparr, 

ACS Catal., 2018, 8, 2981; A. Link and C. Sparr, Chem. Soc. Rev., 2018, 47, 3804; Y. B. Wang and 

B. Tan, Acc. Chem. Res., 2018, 51, 534; G. Bencivenni, Synlett, 2015, 26, 1915; E. Kumarasamy, R. 

Raghunathan, M. P. Sibi, and J. Sivaguru, Chem. Rev., 2015, 115, 11239; D. Bonne and J. Rodriguez, 

Chem. Commun., 2017, 53, 12385. 

6. X. Gao, B. Wu, W. X. Huang, M. W. Chen, and Y. G. Zhou, Angew. Chem. Int. Ed., 2015, 54, 

11956; B. Milani, E. Alessio, G. Mestroni, E. Zangrando, L. Randaccio, and G. Consiglio, J. Chem. 

Soc., Dalton Trans., 1996, 1021; C. Botteghi, A. Schionato, and O. De Lucchi, Synth. Commun., 

1031HETEROCYCLES, Vol. 104, No. 6, 2022



 

1991, 21, 1819; G. Bringmann, M. Breuning, H. Endress, D. Vitt, K. Peters, and E. M. Peters, 

Tetrahedron, 1998, 54, 10677; M. Hatsuda, H. Hiramatsu, S. Yamada, T. Shimizu, and M. Seki, J. 

Org. Chem., 2001, 66, 4437; C. L. Ni, D. J. Zha, Y. Hai, Y. T. Zhou, and E. V. Anslyn, Angew. 

Chem. Int. Ed., 2018, 57, 1300. 

7. F. K. Brown, J. C. Hempel, J. S. Dixon, S. Amato, L. Mueller, and P. W. Jeffs, J. Am. Chem. Soc., 

1989, 111, 7328; R. Kannan and D. H. Williams, J. Org. Chem., 1987, 52, 5435; B. David, T. 

Sévenet, M. Morgat, D. Guénard, A. Moisand, Y. Tollon, O. Thoison, and M. Wright, Cell Motil. 

Cytoskelet., 1994, 28, 317; A. Bouet, B. Heller, C. Papamicaёl, G. Dupas, S. Oudeyer, F. Marsaisa, 

and V. Levacher, Org. Biomol. Chem., 2007, 5, 1397. 

8. A. Herrbach, A. Marinetti, O. Baudoin, D. Guénard, and F. Guéritte, J. Org. Chem., 2003, 68, 4897; 

M. Penhoat, V. Levacher, and G. Dupas, J. Org. Chem., 2003, 68, 9517; M. Tichý, L. Ridvan, P. 

Holý, J. Závada, I. Cı́sařová, and J. Podlaha, Tetrahedron: Asymmetry, 1998, 9, 227; H. Tabata, H. 

Suzuki, K. Akiba, H. Takahashi, and H. Natsugari, J. Org. Chem., 2010, 75, 5984. 

9. R. Giri, B. F. Shi, K. M. Engle, N. Maugel, and J. Q. Yu, Chem. Soc. Rev., 2009, 38, 3242; L. Yang 

and H. Huang, Catal. Sci. Technol., 2012, 2, 1099; G. Liao, B. Li, H. M. Chen, Q. J. Yao, Y. N. Xia, 

J. Luo, and B. F. Shi, Angew. Chem. Int. Ed., 2018, 57, 17151; K. M. Engle and J. Q. Yu, J. Org. 

Chem., 2013, 78, 8927; J. Wencel-Delord and F. Colobert, Chem. Eur. J., 2013, 19, 14010; C. Zheng 

and S. L. You, RSC Adv., 2014, 4, 6173; J. Pedroni and N. Cramer, Chem. Commun., 2015, 51, 

17647; C. G. Newton, S. G. Wang, C. C. Oliveira, and N. Cramer, Chem. Rev., 2017, 117, 8908; D. 

W. Gao, Q. Gu, C. Zheng, and S. L. You, Acc. Chem. Res., 2017, 50, 351. 

10. C. G. Newton, E. Braconi, J. Kuziola, M. D. Wodrich, and N. Cramer, Angew. Chem. Int. Ed., 2018, 

57, 11040. 

  

1032 HETEROCYCLES, Vol. 104, No. 6, 2022




