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ABSTRACT

o) 0
RhCI(C,Ha)olo/4a
R\”)LR + ArB(OH), [RhC(C2H4)zl2 R%R
I (0.1-3.0mol % Rh) Ar” "OH
\V up to 99% yield, 99% ee
HN’S\\O
PR 7" ppy
4a

This paper describes a Rh(l)-catalyzed highly efficient and enantioselective 1,2-addition of arylboronic acids to a-diketones with the use of a
simple sulfur—alkene hybrid ligand. With as low as a 0.1 mol % catalyst loading, a variety of optically active a-hydroxyketones can be furnished in

high yields with excellent ee’s.

The transition-metal-catalyzed nucleophilic addition of
organometallic reagents to carbonyl compounds has be-
come an extremely useful method for alcohol synthesis."
Especially, when using vicinal dicarbonyl compounds
as substrates, such as o-ketoesters,” isatins,’ and a-
diketones,* nucleophilic addition will produce tertiary
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a-hydroxy carbonyl compounds which are very important
moieties contained in a number of biologically active
compounds and which also have a wide application in
synthetic chemistry.” The catalytic asymmetric version of
such a transformation will furnish highly desirable opti-
cally active tertiary a-hydroxy carbonyl compounds, and
some important progress has already been achieved: for
example, the Rh(I)-catalyzed asymmetric addition of or-
ganoboronic acids to a-ketoesters using spriophosphite
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or allene-containing phosphine ligands by Zhou® (up
to 93% ee) or Reddy”™ (up to 95% ee), and the Rh(I)-
catalyzed addition to isatins using MeO-mop ligands
by Hayashi** (up to 93% ee). However, to the best
of our knowledge, no successful examples of transition-
metal-catalyzed asymmetric addition of organometallic
reagents to o-diketones are known,” although the nona-
symmetric version with arylstannanes or arylboronic acids
has already been reported in 2003 and 2007, respectively.*
Searching for an effective chiral catalyst to overcome the
challenge remaining in this asymmetric transformation is
therefore of great importance.

To realize the challenging asymmetric 1,2-addition to a-
diketones, a suitable chiral ligand is thus essential. As part
of our ongoing project on the development of novel alkene
ligands,® " recently, we found that simple sulfur—alkene
hybrid ligands derived from chiral rerz-butanesulfinamide'?
were effective for Rh(I)-catalyzed asymmetric 1,4-addition
of arylboronic acids to a,f-unsaturated carbonyl com-
pounds.”*~'° To our pleasure, we found that chiral sulfur—
alkene hybrid ligands were also highly effective for Rh(I)-
catalyzed 1,2-additions to a-diketones with as low as a
0.1 mol % catalyst loading to afford optically active tertiary
o-hydroxyketones. Herein, we report our preliminary
results on this subject.

Scheme 1. Initial Study on Rh(I)-Catalyzed Asymmetric Addi-
tion of 4-Methoxyphenylboronic Acid (2a) to Benzil (1a)
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Table 1. Optimization of Reaction Conditions for Rh(I)-
Catalyzed Asymmetric Addition of 4-Methoxyphenylboronic
Acid (2a) to Benzil (1a)”

cat. loading time temp conv ee
entry (mol %) base (h) CC) W (DY

1 5.0 KOH 4 50 >99 99
2 1.0 KOH 2 25 >99 99
3 1.0 EtsN 2 25 55 99
4 1.0 KsPO, 2 25 >99 99
5 1.0 KoCO3 2 25 86 99
6 1.0 KF 2 25 75 99
7 0.1 KOH 24 25 51 99
8 0.1 KOH 3 50 >99 98
9 0.05 KOH 17 50 59 98
10 0.01 KOH 16 80 12 95

“ All reactions were carried out with 1a (0.20 mmol), 2a (0.30 mmol),
catalyst loading as indicated (Rh/4a = 1/1.2), and base (1.5 equiv of Rh)
in dioxane/H,O (v/v = 2/1) (1.5 mL) unless other noted; for entries
7—10, reactions were run with la (2.0 mmol) and 2a (3.0 mmol) in
dioxane/H,O (v/v = 2/1) (3.0 mL). b The conversion was determined by
crude "H NMR. ¢ The ee was determined by chiral HPLC.

Under previously reported reaction conditions,'® ligand
4a was initially subjected to the Rh(I)-catalyzed asym-
metric addition of 4-methoxyphenylboronic acid (2a) to
benzil (1a). We were pleased to find that the reaction went
smoothly to afford the desired product 3a in quantitative
conversion with 99% ee (Scheme 1). This promising result
encouraged us toward further optimization of the reaction
conditions. As shown in Table 1, bases were found to have
some impact on reactivity but not on enantioselectivity
(entries 2—6). The activity of the Rh/4a catalyst proved to
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be high, and the reaction can still proceed efficiently to give
product 3a in quantitative conversion and 98% ee when
the catalyst loading was reduced to 0.1 mol % (Table 1,
entry 8). Even though the amount of catalyst was further
reduced to 0.05 mol %, o-hydroxyketone 3a can be still
obtained in a reasonable yield without the loss of ee
(Table 1, entry 9).

s .Sy _Ss
NS0 NS NS0
Ph/é\/\Ph Ph/l\“b/\Ph P N
4c
4a (dr 92/8): >99% conv (98% ee)  79% conv 95% conv
4a (dr 55/45): 78% conv (95% ee) (88% ee) (94% ee)
Y Y T
HN’S\O HN-S%0 HNK/O\
. =
ph/\/\ ph/w\ Ph Ph
4d 4e 4f
73% conv 63% conv 98% conv
(98% ee) (96% ee) (97% ee)

Figure 1. Evaluation of representative chiral sulfur—alkene
ligands for Rh(I)-catalyzed asymmetric addition to benzil (1a).

A variety of representative chiral sulfur—alkene hybrid
ligands were subsequently evaluated in the Rh(I)-catalyzed
1,2-additions to benzil (1a) under the optimal conditions
(Table 1, entry 8). As shown in Figure 1, all these ligands
proved to be effective for this enantioselective transforma-
tion. The chirality of carbon of 4a affected the activity and
selectivity slightly. Ligand 4b'>® derived directly from the
condensation of chiral terz-butanesulfinamide with chal-
cone showed reasonable activity and selectivity. Ligand
4c'** bearing a terminal alkene gave 95% conversion and
949% ee. Ligand 4f'> was found to be almost as effective as
ligand 4a.’

Encouraged by the aforementioned excellent results, the
scope of arylboronic acids and a-diketones was subse-
quently investigated. As shown in Table 2, a variety of
arylboronic acids were well tolerated for Rh(I)-catalyzed
additions to benzil (1a) to give tertiary a-hydroxyketones
in 56—99% yields with 96—99% ee’s (entries 1—11). While
only a 40% yield and 88% ee were obtained when using
(E)-styrylboronic acid as a substrate (Table 2, entry 12), it
was found that substituted diketones were also suitable
substrates giving satisfactory results (Table 2, entries 13
and 14). 1,2-Di-(2-furyl or thienyl)-1,2-ethanedione exhib-
ited excellent reactivity but gave poor ee’s which might be
partially due to the coordination of heteroatoms to rhodium
(Table 2, entries 15 and 16). However, 2,2'-dichlorobenzil
(5a) and cyclic a-diketones Sb and 5S¢ were not suitable
substrates for this addition (Scheme 2). To our delight, we
found that the current catalytic system was also effective for
the addition of phenylboronic acid to isatin 6 although the
activity and selectivity still await further improvement
(Scheme 2).
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Table 2. Rh(I)-Catalyzed Asymmetric Addition of Arylboronic
Acids to a-Diketones”

o [RhCI(C,H,),lo/4a o
KOH (1.5 equiv of Rh
R\n)LR + ArB(OH), (15eq L Ry
0O 1 2 dioxane/H,0 (2/1) Ar 3 OH

50 °C
entry  catalyst time product yield ee
loading (h) (%) (%)

[e]

Ph Ph

OH
1 0lmol% 3 R 99 98
2 0lmol% 9 RI=OMe 88 98
3 0Imol% 4 R'=Me 79 98
4 10mol% 7 R=-Bu s6 99
5 10mol% 8 R=F 61 99

R’ =Ac
6 10mol% 4 o) 99 9
Ph
Ph
OH
Cl
7 10mol% 12 o 99 97
Ph Ph

OH
8 0Imol% 6 0 38 98
9  10mol% 12 L NGZ N, 99 98

10 0.1 mol % 6 o} 76 97
O Ph Ph
(3
11 0.1 mol % 9 [o] 57 96
Ph
Ph
OH
12 3.0 mol % 11 o 40 88
Ph o
pr T OH
o
Ar A
OH
MeCQ
13 10mol% 4 °© 87 97
14 0.1 mol % 12 z _ ;‘-358246}[4 99 99
/9
» X
oH Ly
M
15 Lomol% 11y 9 4
16 1.0 mol % 11 X=S 98 16

“Reactions were carried out in 2.0 mmol scale and 3.0 mL of solvent
for a 0.1 mol % catalyst loading and in 0.4 mmol scale and 1.5 mL of
solvent for a 1.0 and 3.0 mol % catalyst loading at 50 °C. ? Isolated yield.
“The ee was determined by chiral HPLC.
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Scheme 2. Rh(I)-Catalyzed Asymmetric Addition to Other
a-Diketones or Isatins

cl o O o o o o0
oYy O
5a 5b 5¢c

low reactivity no reaction
PhB(OH), (2.0 equiv)
ol 7 RACH)CL@smol%) o MO ph
m o 4a (6.0 mol %) \m o
N KOH (7.5 mol %) N
pvg toluene/H,0=2/1,rt,2h 7 PMB

87% yield, 76% ee

In summary, using a simple chiral sulfur—alkene hybrid
ligand, we have successfully developed a highly efficient
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and enantioselective Rh(I)-catalyzed asymmetric addi-
tion of arylboronic acids to a-diketones with as low as a
0.1 mol % catalyst loading. Our study provides a useful
method for the synthesis of important optically active
tertiary o-hydroxyketones with high yields and ee’s.
Further application of the chiral sulfur—alkene ligand in
other transition-metal-catalyzed enantioselective reactions
is underway in our laboratory.
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