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Chiral Phosphite—Olefin Ligands: Application in Rh—Catalyzed Asymmetric
1,4—-Addition of Arylboronic Acids to B —Aryl-a/, B —unsaturated Sulfonates
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Abstract Chiral sulfonyl compounds have great versatility in organic synthesis, and they are also important as biologically
active substances in medicinal chemistry. Among various methods developed for their synthesis, rhodium-catalyzed asym-
metric 1,4-addition of arylboronic acids to a,f-unsaturated sulfonyl compounds represents one of the most practical methods
due to the stability and availability of the boronic acid used as a nucleophile. Although several Rh(I) complexes of bidentate
ligands have been discovered for asymmetric conjugation addition of a,f-unsaturated sulfonyl compounds, some challenging
issues still remain in terms of efficiency, enantioselectivity and substrate scope. Therefore, the development of an efficient
catalytic system for the synthesis of chiral sulfonyl compounds is an important goal in extending the current methodology.
Here, a general and mild method for the rhodium-catalyzed enantioselective catalytic conjugate addition of arylboronic acids
to f-aryl-a.f-unsaturated sulfonate is described. The success of the process relies on the use of extraordinary simple chiral
phosphite-olefin ligands as bidentate ligands which offer notable synthetic and economic advantages. Optimum reaction con-
dition was determined to run the reaction at 50 ‘C using dioxane as the solvent, in the presence of 2.5 mol% of
[Rh(coe),Cl], and 5 mol% of chiral P/olefin ligand L7. This Rh(I) catalyst containing chiral P/olefin ligand has a broad sub-
strate scope, a wide range of arylboronic acids with varying electronic and steric demands were successfully examined with
o,f-unsaturated sulfonate (1). Notably, all transformations proceed efficiently to give the desired products in good yields
(84%~95%) and excellent selectivities (92%~99% ee). The electronic properties of the arylboronic acids did not appear to
affect the reactivity of the reaction. Besides, a.f-unsaturated sulfonate 1 with either an electron-donating or elec-
tron-withdrawing group on any aromatic carbon readily underwent the asymmetric arylation with arylboronic acids, affording
chiral sulfonates in high yields and enantioselectivities. The current reaction provides a practical approach to the synthesis of
diverse highly enantioenriched gem-diaryl substituted sulfonates.

Keywords asymmetric catalysis; P/olefin ligand; a.f-unsaturated sulfonate; 1,4-addition; chiral gem-diaryl compound
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Table 1 Optimization of reaction conditions

o, 0
N\ [Rh(coe),Cl],, L4

S
R i \/
[B], Temp, dioxane \S/
o
1 2

Ph
0 -
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Ly
L4

Entry” [Rh/L]/% Temp/’C Time/h R Yield"/% ee/%
1 3 50 15 Ph 45 92
2 3 50 15 Ph Trace —
3 3 90 15 Ph Trace —
4 3 r.t. 15 Ph 35 —
5 3 50 20 Ph 61 92
6 3 50 30 Ph 65 92
7 5 50 20 Ph 83 96
8 5 50 20  2,6-Dimethylphenyl 69 96
9 5 50 20 Et 57 —

“ The reaction was carried out with 0.25 mmol of 1 using 4-MeOPhB(OH), as
organoborane reagent in the presence of 3 or 5 mol% [Rh/L], unless otherwise
noted. ? Yield of isolated product. ¢ Determined by chiral HPLC analysis.
¢ [4-MeOPh],BNa instead of 4-MeOPhB(OH), was employed as organoborane
reagent.
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Table 2 Evaluation of substrate scope

[Rh(coe),Cl], (2.5 mol%)
O\\S//O L7 (5 mol%), dioxane

OPh Ar?B(OH),, 50 °C
K3POy (2.5 mol/L, 0.83 equiv.)
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wop LI -
A 1/\/S\oph E O:P*O
2 : o
' OO L7
2

Entry” Ar' Ar Yield"/% ee/%
1 Ph (1a) 4-MeOC¢H,4 2a 92 97
2 Ph (1a) 4-MeC¢H, 2b 92 96
3 Ph (1a) 4-t-BuCeHy 2¢ 92 99
4 Ph (1a) 3-MeCqH,4 2d 93 92
5 Ph (1a) 2-Naphthyl 2e 91 96
6 Ph (1a) 4-CIC¢H,4 2f 91 94
7 4-CIC6H4 (1b) Ph 2g 85 —92
8 4-CIC6H4 (1b) 4-t-BuCeHy 2h 86 99
9 4-CIC4H, (1b) 2-Naphthyl 2i 92 97
10 4-BrCgH,4 (1¢) Ph 2j 90 97
11 4-BrCeH, (1c) 4-t-BuCH, 2k 91 99
12 4-BrC¢Hy (1¢) 2-Naphthyl 21 95 98
13 3-CIC4H, (1d) Ph 2m 93 97
14 3-CIC¢Hs (1d) 4-t-BuCeHy 2n 95 97
15 3-CIC¢H4 (1d) 2-Naphthyl 20 91 98
16 2-MeOCH, (1e) Ph 2p 87 96
17 2-MeOCH, (1e) 4-t-BuCgHy 2q 90 93
18 2-MeOCH, (1e) 2-Naphthyl 2r 89 98
19 1-Naphthyl (1f) Ph 2s 84 97

20 1-Naphthyl (1f) 4-MeCH,4 2t 89 96

“ The reaction was carried out with 1 (0.25 mmol) and 2 equiv. of arylboronic acid, in the presence of 2.5 mol% of [Rh(coe),Cl],, 5 mol% of L7, and 2.5 mol/L aq.
K3PO, (0.83 equiv.) in 1.0 mL of dioxane. ? Yield of isolated product. ¢ Determined by chiral HPLC analysis and the absolute configuration of 2b was determined to

be R by comparing the optical rotation [a]p with known data").
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