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Stereoinvertive C−C Bond Formation at the Boron-Bound 

Stereogenic Centers via Copper–Bipyridine-Catalyzed 

Intramolecular Coupling of -Aminobenzylboronic Esters 

Yukako Yoshinaga, Takeshi Yamamoto,* and Michinori Suginome* 

Abstract: Enantiospecific intramolecular Suzuki–Miyaura-type 

coupling with -(2-halobenzoylamino)benzylboronic esters giving 3-

substituted isoindolinones is achieved by using copper catalysts with 

2,2-bipyridine-based achiral ligands. Enantioenriched -

aminobenzylboron reactants bearing a hydrogen atom at the boron-

bound stereogenic carbons undergo stereoinvertive coupling in the 

presence of 6-phenyl-2,2-bipyridine ligand with high 

enantiospecificities. -Aminobenzylboronates bearing fully 

substituted boron-bound stereogenic centers also gave the 3,3-

disubstituted isoindolinones with stereospecific stereochemical 

inversion in the presence of simple 2,2-bipyridine as a ligand.  

Cross-coupling reactions to form stereogenic sp3-carbon 
centers1 are recognized as a highly attractive transformation in 
asymmetric synthesis. Most typically, enantioenriched or 
racemic chiral secondary alkyl electrophiles are used in the 
coupling with achiral organometallic reactants, leading to 
stereospecific2 or enantioconvergent3 cross-coupling. In addition 
to such coupling using chiral electrophiles, stereospecific cross-
couplings using configurationally stable chiral organometallic 
compounds4–7 have gained increasing attention. Particular 
attention is paid to Suzuki–Miyaura-type, i.e., boron-based, 
cross-coupling of enantioenriched alkylboronates (Figure 1a). 
Such reactions are highly attractive because the starting 
enantioenriched organoborons are configurationally robust and 
easily accessible by asymmetric hydroboration and related 
transformation.8–11 The reaction course of the cross-coupling 
process can be switched from stereochemically retentive to 
invertive, allowing the reaction to afford either enantiomer even 
from single enantiomers of starting organoboron compounds. 
However, such boron-based stereospecific coupling processes 
have so far been limited to palladium-catalyzed reactions using 
organoboron compounds bearing a boron-bound, trisubstituted 
stereogenic carbon center. To our knowledge, there has been 
no precedent for stereospecific cross-coupling at fully 
substituted metal-bound stereogenic carbons to date. 

During the course of our study of the stereospecific cross-
coupling of -aminoalkylboronic acid derivatives,7b,d,h a report 
from the Dumas group caught our attention: -[(o-
bromobenzoyl)amino]benzylboronates undergo intramolecular 
cross-coupling reaction to form 3-arylisoindolones in the 
presence of a 2,2-bipyridine/copper(II) catalyst.12 This 
intramolecular reaction appears highly valuable synthetically, 

because, even though it is a simple cyclization, the substrates 
can be synthesized through coupling of two easily available 
components, i.e., -aminoalkylboronic acids and o-haloaroyl 
chlorides, through an amidation reaction. Although the report 
claimed that complete racemization was observed in a reaction 
of enantiopure -[(o-bromobenzoyl)amino]benzylboronates 
under standard reaction conditions, we decided to examine the 
potentially useful synthetic transformation in more detail. In this 
paper, we describe stereospecific intramolecular cross-coupling 
reactions of -[(o-bromobenzoyl)amino]benzylboronates using 
bipyridine-copper catalysts. Notably, the reaction proceeds with 
stereochemical inversion with high enantiospecificity (es).13 
Moreover, the reaction has been extended to the coupling at 
fully substituted stereogenic carbon centers in -
aminobenzylboronates, which proceeds with an even more 
pronounced stereochemical inversion. 

 

Figure 1. Pioneering works on transition-metal-catalyzed cross-coupling 
reaction of alkylborons. 

(S)--[(o-Bromobenzoyl)amino]benzylboronic acid 1a, easily 
synthesized using the protocol described by Ellman in a highly 
enantioenriched form (>99% ee),8h was subjected to 
intramolecular coupling in the presence of CuCl2 (10 mol%) 
along with 2,2-bipyridine (L1, 11 mol%) under reaction 
conditions similar to those used by Dumas et al. (Scheme 1). 
The isoindolinone product was obtained quantitatively, but in an 
almost racemic form (1% ee), as indicated in the previous 
report.12 4,4-Disubstituted bipyridine L2 and L3 gave the 
product in good yield, but with low enantiospecificities. By 
contrast, 6,6-disubstituted bipyridines bearing t-butyl (L4) and 
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phenyl (L5) groups at both the 6- and 6-positions gave almost 
no desired product, but gave protodeborylation product in high 
yields.  Upon using 6,6-dimethyl-2,2-bipyridine (L6), however, 
we found that the coupling proceeded with appreciable es (56%) 
albeit in low chemical yield.14,15 These results may suggest that 
the steric circumstance around the copper center has 
contradicting effects on the chemical yield and enantiospecificity.  
We then employed 6-monosubstituted 2,2-bipyridines (L7–9) to 
adjust steric demand.  Although 6-methyl (L7) and t-butyl (L8) 
derivatives suffered from low stereospecificity or low chemical 
yield, respectively, use of 6-aryl derivatives resulted in the 
formation of 2a in high yields with high es (See Table S1 in 
Supporting Information (SI) for detail). Among them, 6-phenyl-
2,2-bipyridine (L9) was found to be optimal, giving 89% es with 
96% yield. 

 

Scheme 1. Effect of bipyridine ligand for reaction of (S)-1a. The yield was 
determined by 1H NMR using dibenzyl ether as an internal standard. The 
enantiomeric excess was determined by chiral SFC analysis.  

Our further screening of the reaction conditions (Table S2) 
revealed that (1) Br and I were superior to Cl as the leaving 
group, (2) use of a mixture of toluene and chloroform (2/1) is 
preferable in terms of both chemical yields and stereospecificity, 
(3) higher temperature (50 °C) or extended reaction time at low 
temperature (0 °C) resulted in lower stereospecificities, and (4) 
higher catalyst loading (20 and 50 mol%) did not alter the 
reaction outcome significantly. 

Reactions of various substrates were conducted under 
optimized reaction conditions (Scheme 2). Modification of the 
aryl group at the stereogenic carbon revealed that the electronic 
effect has a profound influence on the enantiospecificity of the 
reaction. Electron-donating substituents, such as methoxy (1b) 
and alkyl groups (1c and 1d), at para-position gave higher 
enantiospecificities, whereas electron-withdrawing substituents, 
such as chlorine (1e) and trifluoromethyl (1f) groups, resulted in 
lower enantiospecificities. Remarkably, 1g bearing a sterically 
hindered o-tolyl group at the stereogenic carbon atom afforded 
high enantiospecificity. In addition, substrates 1h–1j with 
methylenedioxyphenyl, 1-naphthyl, and 2-naphthyl groups gave 
the corresponding products with high enantiospecificities. It 
should be noted that electron-withdrawing substituents such as 
chlorine (1k) and trifluoromethyl group (1m) on the benzoyl 
group lower the enantiospecificities. 

 

Scheme 2. Copper-catalyzed stereospecific cross-coupling of (S)-1a–m using 
L9 as a ligand. 

We then turned our attention to -[(o-
bromobenzoyl)amino]benzylboronic acids in which the 
stereogenic boron-bound carbon atom is fully substituted, and 
are hardly reactive in the palladium-catalyzed cross-coupling 
reactions. This feature was already indicated in the report by 
Dumas et al. with no examination of the stereochemical course. 
We initially checked the effect of bipyridine ligands (Scheme 3). 
Interestingly, 6-phenyl-2,2-bipyridine (L9), which are the ligands 
of choice in the reactions shown above, afforded only a trace 
amount of the coupling product in the reaction of (S)-3a. We 
found high chemical yields when using less sterically demanding 
6-methyl-2,2-bipyridine (L7) or even unsubstituted 2,2-
bipyridine (L1) as ligands. It is noteworthy that the reaction 
proceeded with high enantiospecificity (98% ee, >99% es)16,17 
along with high chemical yields. The stereospecificity was found 
to be insensitive to the reaction temperature, allowing us to 
conduct the reaction even at 50 °C within a shorter time (1 h). 

 

Scheme 3. Effect of bipyridine ligand for reaction of (S)-3a of which 
stereogenic carbon center is fully substituted. 
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Under the optimized reaction conditions, the scope of 
substrate was checked (Scheme 4). Although sterically 
demanding 4c having 1-naphthyl group at the stereogenic center 
showed erosion of enantiopurity, 4-chlorophenyl- and 2-
naphthyl-substituted boronates gave the corresponding products 
(4b and 4d) with high enantiospecificity. Some other substrates 
(3e–3h), in which the aromatic group on the benzoyl group is 
functionalized, gave high enantiospecificities with high chemical 
yields. Importantly, the alkyl group at the stereogenic center 
could be diversified, as n-propyl or 2-phenylethyl group 
substituted 3i and 3j to afford the corresponding product in 
similarly high yield with high enantiospecificity. 
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Scheme 4. Copper-catalyzed stereospecific cross-coupling of (S)-3a–j using 
L1 as a ligand. 

The reaction could be performed in a larger gram scale 
(Scheme 5). 5.0 mmol of substrate (S)-3a (2.15 g) was reacted 
under the optimized conditions, but using only 1.0 mol% copper 
catalyst. The reaction gave the 1.05 g of product (94% yield) 
with similarly high enantiospecificity (99% es). This result shows 
the high reliability of this reaction. We can conclude that the 
copper-catalyzed intramolecular cross-coupling at the fully 
substituted carbon center is more robust in terms of 
stereospecificity than substrates having hydrogen atoms at the 
stereogenic center. 

 

Scheme 5. Large scale reaction of (S)-3a. 

A possible reaction mechanism is shown in Scheme 6 on the 
basis of the report by Dumas et al.12,18 Our observation of 
stereochemical inversion strongly suggested that the 
transmetalation is reasonably explained by the attack of 
electrophilic copper(I) species from the backside of the boron 
atom at the stereogenic carbon atom. This backside attack is 
preferred by the steric congestion at the frontside, because of 
intramolecular coordination of the amide carbonyl to the boron 
atom. This intramolecular coordination may also facilitate the 
transmetalation step, as suggested in the palladium-catalyzed 
Suzuki–Miyaura cross-coupling reactions reported by our 
group7b,d,h and others.7c,e,f The observed erosion of enantiopurity 
could be caused either or both by stereoretentive 
transmetalation and racemization of the organocopper 
intermediates.19 It is assumed that sterically less demanding 
bipyridine ligand facilitates the racemization of the organocopper 
intermediates derived from (S)-1 (R = H), leading to low 
enantiospecificity. 

 

Scheme 6. Possible catalytic cycle. 

We finally checked the effect of Brønsted acid additives to 
support our proposal for the invertive transmetalation and to 
improve the stereospecificity. Such additives had been found to 
improve the stereospecificity for the invertive transmetalation in 
the palladium-catalyzed coupling reaction through protonation of 
the pinacol oxygen atom, which strengthen the intramolecular 
coordination of the amide carbonyl group to the boron atom.7d,20 
Upon addition of phenol (3 equiv) to the reaction of (S)-1a giving 
(S)-2a under otherwise identical reaction conditions using L9 as 
a ligand, enantiospecificity increased to 94% from 89% es in the 
original reaction conditions (Scheme 7). Note that use of 
monosubstituted bipyridine L9 was still essential, since use of 
unsubstituted 2,2'-bipyridine L1 afforded only 15% es. This 
positive effect of phenol was found to be even pronounced in the 
reactions of substrates that gave inferior enantiospecificities 
under the original reaction conditions without using phenol: 1c, n, 
o, and p gave 84–96% es in the presence of phenol instead of 
53–78% es with the original reaction conditions (Scheme 7). 
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Scheme 7. Reaction of (S)-2 in the presence of phenol. The yield and 
enantiospecificity in the absence of phenol are shown in the bracket. 

In summary, we have established the reaction conditions for 
highly enantiospecific copper-catalyzed intramolecular Suzuki-
Miyaura-type coupling of -[(o-
bromobenzoyl)amino]benzylboronates, which affords highly 
enantioenriched isoindolinone derivatives in high yields. The 
reaction yield and stereospecificity were contradictorily and 
sharply affected by the steric effect at the substituents at the 6-
and 6′-positions of the bipyridyl ligands. Employing 6-
monosubstituted bipyridine ligands allowed finer tuning of the 
steric effect than using 6,6′-disubstituted bipyridines. The 
stereochemical course of the coupling was determined to be 
invertive, relying on the stereoinvertive transmetalation step, 
which becomes more preferable by using phenol as a Brønsted 
acid additive. The reaction protocol was applicable to -
aminobenzylboronates of which boron-bound stereogenic 
carbon center is fully substituted. These results reveal that the 
stereoinvertive transmetalation with organoboron compounds is 
not limited to palladium-catalyzed cross-couplings, but has more 
generality in boron-based transition-metal-catalyzed reactions. 

Acknowledgements 

This work was supported by JSPS KAKENHI (M.S., Precisely 
Designed Catalysts with Customized Scaffolding, JP15H05811) 
and CREST, JST (M.S., Establishment of Molecular Technology 
towards the Creation of New Function, JPMJCR14L1). We thank 
Dr. T. Ohmura (Kyoto University) for his kind advice and help. 
Synchrotron X-ray diffraction measurements were performed at 
the BL40XU beam line in SPring-8 with the approval of JASRI 
(2018A1114). We are grateful to Dr. N. Yasuda (JASRI) and 
Prof. T. Hatakeyama (Kwansei Gakuin University) for their 
supports in X-ray diffraction measurements. 

Keywords: stereospecific reaction • bipyridine ligand • carbon 

stereocenter • copper catalysis • enantiospecificity 

[1] a) E. C. Swift, E. R. Jarvo, Tetrahedron 2007, 69, 5799-5817; b) A. H. 

Cherney, N. T. Kadunce, S. E. Reisman, Chem. Rev. 2015, 115, 9587-

9652; c) J. Choi, G. C. Fu, Science 2017, 356, eaaf7230; d) E. L. Lucas, 

E. R. Jarvo, Nat. Rev. Chem. 2017, 1, UNSP 0065. 

[2] Review: a) C.-Y. Wang, J. Derosa, M. R. Biscoe, Chem. Sci. 2015, 6, 

5105-5113; b) D. Leonori, V. K. Aggarwal, Angew. Chem. Int. Ed. 2015, 

54, 1082-1096; c) E. J. Tollefson, L. E. Hanna, E. R. Jarvo, Acc. Chem. 

Res. 2015, 48, 2344-2353; d) J. P. G. Rygus, C. M. Crudden, J. Am. 

Chem. Soc. 2017, 139, 18124-18137. 

[3] Review: a) G. C. Fu, ACS Cent. Sci. 2017, 3, 692-700. A recent 

example: b) Z. Wang, H. Yin, G. C. Fu, Nature, 2018, 563, 379-383. 

[4]  Organostannans: a) J. R. Falck, R. K. Bhatt, J. Ye, J. Am. Chem. Soc. 

1995, 117, 5973-5982; b) R. Kalkofen, D. Hoppe, Synlett 2006, 12, 

1959-1961; c) J. R. Falck, P. K. Patel, A. Bandyopadhyay, J. Am. Chem. 

Soc. 2007, 129, 790-793; d) H. Lange, R. Fröhlich, D. Hoppe, 

Tetrahedron 2008, 64, 9123-9135; e) M. Goil, A. He, J. R. Falck, Org. 

Lett. 2011, 13, 344-346. 

[5] Organosilanes: a) Y. Hatanaka, T. Hiyama, J. Am. Chem. Soc. 1990, 

112, 7793-7794; b) Y. Hatanaka, K.-i. Goda, T. Hiyama, Tetrahedron 

Lett. 1994, 35, 1279-1282; c) S. E. Denmark, N. S. Werner, J. Am. 

Chem. Soc. 2010, 132, 3612-3620. 

[6] Organozincs: a) J. H. Waldman, P. G. Dormer, C.-y. Chen, J. Am. 

Chem. Soc. 2006, 128, 3538-3539; b) G. Barker, J. L. McGrath, A. 

Klapars, D. Stead, G. Zhou, K. R. Campos, P. O’Brien, J. Org. Chem. 

2011, 76, 5936-5953. 

[7] Organoborons: a) D. Imao, B. W. Glasspoole, V. S. Laberge, C. M. 

Crudden, J. Am. Chem. Soc. 2009, 131, 5024-5025; b) T. Ohmura, T. 

Awano, M. Suginome, J. Am. Chem. Soc. 2010, 132, 13191-13193; c) 

D. L. Sandrock, L. Jean-Gérald, C.-y. Chen, S. D. Dreher, G. A. 

Molander, J. Am. Chem. Soc. 2010, 132, 17108-17110; d) T. Awano, T. 

Ohmura, M. Suginome, J. Am. Chem. Soc. 2011, 133, 20738-20741; e) 

J. C. H. Lee, R. McDonald, D. G. Hall, Nat. Chem. 2011, 3, 894-899; f) 

G. A. Molander, S. R. Wisniewski, J. Am. Chem. Soc. 2012, 134, 

16856-16868; g) L. Li, S. Zhao, A. Joshi-Pangu, M. Diane, M. R. Biscoe, 

J. Am. Chem. Soc. 2014, 136, 14027-14030; h) T. Ohmura, K. Miwa, T. 

Awano, M. Suginome, Chem. Asian. J. 2018, 13, 2414-2417; i) J. W. 

Lehmann, I. T. Crouch, D. J. Blair, M. Trobe, P. Wang, J. Li, M. D. 

Burke, Nat. Commun. 2019, 10, 1263. 

[8] Non-metal-catalyzed or transition-metal-catalyzed (Rh or Cu) 

asymmetric hydroboration: a) H. C. Brown, G. Zweifel, J. Am. Chem. 

Soc. 1961, 83, 486-487; b) S. Masamune, B. M. Kim, J. S. Petersen, S. 

J. Veenstra, T. Imai, J. Am. Chem. Soc. 1985, 107, 4549-4551; c) K. 

Burgess, M. J. Ohlmeyer, J. Org. Chem. 1988, 53, 5178-5179; d) M. 

Rubina, M. Rubin, V. Gevorgyan. J. Am. Chem. Soc. 2003, 125, 7198-

7199; e) S. M. Smith, N. C. Thacker, J. M. Takacs, J. Am. Chem. Soc. 

2008, 130, 3734-3735; f) A. Z. Gonzalez, J. G. Román, E. Gonzalez, J. 

Martinez, J. R. Medina, K. Matos, J. A. Soderquist, J. Am. Chem. Soc. 

2008, 130, 9218-9219; g) D. Noh, S. K. Yoon, J. Won, J. Y. Lee, J. Yun, 

Chem. Asian J. 2011, 6, 1967-1969; h) A. W. Buesking, V. Bacauanu, I. 

Cai, J. A. Ellman, J. Org. Chem. 2014, 79, 3671-3677; i) N. Hu, G. 

Zhao, Y. Zhang, X. Liu, G. Li, W. Tang, J. Am. Chem. Soc. 2015, 137, 

6746-6749; j) V. M. Shoba, N. C. Thacker, A. J. Bochat, J. M. Takacs, 

Angew. Chem. Int. Ed. 2016, 55, 1465-1469; k) Y. Xi, J. F. Hartwig, J. 

Am. Chem. Soc. 2016, 138, 6703-6706.  

[9] Diboration and Borylative difunctionalizaion: a) A. Bonet, C. Sole, H. 

Gulyás, E. Fernández, Org. Biomol. Chem. 2012, 10, 6621-6623; b) T. 

P. Blaisdell, T. C. Caya, L. Zhang, A. Sanz-Marco, J. P. Molken, J. Am. 

Chem. Soc. 2014, 136, 9264-9267; c) L. Fang, L. Yan, F. Haeffner, J. P. 

Morken, J. Am. Chem. Soc. 2016, 138, 2508-2511. 

[10] 1,2-Metallate Rearrangements of Boronates.: a) D. S. Matteson, D. 

Majumdar, J. Am. Chem. Soc. 1980, 102, 7588-7590; b) E. Beckmann, 

V. Desai, D. Hoppe, Synlett 2004, 13, 2275-2280. c) J. L. Stymiest, G. 

Dutheuil, A. Mahmood, V. K. Aggarwal, Angew. Chem. Int. Ed. 2007, 

46, 7491-7494; d) J. L. Stymiest, V. Bagutski, R. M. French, V. K. 

Aggarwal, Nature 2008, 456, 778-782; e) R. Larouche-Gauthier, C. J. 

Fletcher, I. Couto, V. K. Aggarwal, Chem. Commun. 2011, 47, 12592-

12594.  

[11] Review on synthesis of chiral organoborons: B. S. L. Collins, C. M. 

Wilson, E. L. Myers, V. K. Aggarwal, Angew. Chem. Int. Ed. 2017, 56, 

11700-11733. 

10.1002/anie.201914864

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

[12] A. M. Dumas, A. J. Sieradzki, L. J. Donnelly, Org. Lett. 2016, 18, 1848-

1851.  

[13] The term of enantiospecificity [% es = (product ee/substrate ee) × 100] 

has been used to describe the conservation of optical purity over the 

courses of stereospecific reactions. 

[14] Absolute configuration of (S)-1a was determined by synchrotron X-ray 

diffraction measurements (see SI). 

[15] Absolute configuration of 2a was determined by the literature: a) S. M. 

Allin, C. J. Northfield, M. I. Page, A. M. Z. Slawin, J. Chem. Soc., Perkin 

Trans. 1, 2000, 1715-1721; b) D. Enders, V. Braig, G. Raabe, Can. J. 

Chem. 2001, 79, 1528-1535. 

[16] Absolute configuration of (S)-3a, 3e–3h was determined by the reaction 

shown in SI and the comparison with the literature data: reference 8i. 

[17] Absolute configuration of 4g was determined by X-ray diffraction 

analysis (see SI). 

[18] S. Thapa, B. Shrestha, S. K. Gurung, R. Giri, Org. Biomol. Chem. 2015, 

13, 4816-4827. 

[19] Racemization of 3-substituted isoindolinone 2f was not observed under 

the standard reaction conditions (see SI for details). 

[20] Enhancement of the coordination of carbonyl oxygen to boron atom by 

addition of phenol (3 equiv) was supported by upfield shift of 11B NMR 

signal (CDCl3, 25 °C) of (S)-1a (+21.1 to +15.0 ppm) and (S)-1p (+27.2 

to +20.8 ppm). 

 

10.1002/anie.201914864

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

 
Entry for the Table of Contents  
 
COMMUNICATION 

 Enantiospecific intramolecular coupling of enantioenriched -(2-
bromobenzamido)benzylboronic esters was achieved by using copper catalysts 
with 2,2′-bipyridine-based achiral ligands. The reaction proceeded with 
stereochemical inversion of a boron-bound stereogenic -carbon center, giving 
chiral 3-substituted isoindolinones with high enantiospecificities (up to >99% es). 

 Yukako Yoshinaga, Takeshi 
Yamamoto,* Michinori Suginome* 

Page No. – Page No. 

Stereoinvertive C−C Bond Formation 
at the Boron-Bound Stereogenic 
Centers via Copper–Bipyridine-
Catalyzed Intramolecular Coupling of 
-Aminobenzylboronic Esters 

 

 

 
 
 
 

10.1002/anie.201914864

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.


