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ABSTRACT
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dioxane/H>0 (101 .
1.5 equiv 50 °C,26 rﬂ ) 86-96% yield

93->99% ee

Ph\}ngh

(R,R)-Bn-bod*

A new synthetic method for chiral organosilicon compounds through a rhodium-catalyzed asymmetric 1,4-addition of arylboronic acids to

P-silyl o, f-unsaturated carbonyl compounds has been developed. By employing ( R,R)-Bn-bod* as a ligand, a range of arylboronic acids can
be coupled with these substrates in very high enantiomeric excess. The resulting p-silyl 1,4-adducts can be converted to  f-hydroxy carbonyl
compounds or allylsilanes while retaining their stereochemical information.

Organic molecules containing carbesilicon bonds consti-  or Fleming oxidation, and allylsilanes are often used as
tute an important class of compounds due to their wide utility effective allylating agents toward various carbonyl com-
in organic synthesis.For example, carbon—silicon bonds pounds to furnish homoallylic alcohol derivatives. These
can be readily oxidized to carbeiwxygen bonds by Tamado  oxidation and allylation processes are known to proceed with
high stereoselectivity when stereo-issues are invol¥ed.
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describe that a rhodium/chiral diene catalyst is highly
effective for asymmetric 1,4-addition of arylboronic acids
to 5-silyl a,8-unsaturated carbonyl compounds, providing a
new and useful method for the construction of chiral
organosilicon compounds in high yield and enantioselectivity.
In an initial investigation, we examined the effect of ligand
by employing/-phenyldimethylsilyl enonda as a model
substrate in the 1,4-addition of PhB(QHyith 3 mol % of
rhodium (eq 1). The use oR)-binag as a ligand produced

[RhCI(CoHa)0lo
0 (3 mol % Rh) Ph O
ligand (3.3 mol %) i
/\)L + PhB(OH)— — P (1
PhMeQS| Me KOH (30 mol %) PhMe,Si Me
dloxane/HQO (1 1)
1.5 equiv (S)-2a
O o
“P—NEt
YOG N

(R)-binap
82% yield, 72% ee

(S)-phosphoramidite )-Ph-bod* (R,R)-Bn-bod*
54% yield, 14% ee 90% yleld 97% ee 94% yield, 99% ee

1,4-adduci?a in 82% vyield with moderate ee of 7298)?
Change of the ligand to (S)-phosphoramitfi{.0 equiv to
rhodium) resulted in lower yield and enantioselectivity (54%
yield, 14% ee ). In contrast, the use of chiral diene ligands
proved to be more effective for this 1,4-addition reaction,
achieving higher yield and ee. Thus, the employment of
(R,R)-Ph-bod* as a ligand provide@a in 90% yield with
97% ee §), and the change of substituents on the olefins
from phenyl to benzyl ® R)-Bn-bod*}**~12 further improved
both yield and enantioselectivity (94% yield, 99% &9){+
Under the optimized conditions witlR(R)-Bn-bod* as the
ligand, the scope of the substrate and the nucleophile is
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Table 1. Rh/(R,R)-Bn-bod*-Catalyzed Asymmetric
1,4-Addition of Arylboronic Acids tg3-Phenyldimethyilsilyl
Enonesl
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(3.3 mol %) 3
ArB(OH :
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1 1.5 equiv 50°C,6h 2
entry product yield (%) ee (%)
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PhMe28|/-\)J\Et
3 ™9 2¢) 94 97 (S)
H C
PhMeZSI/\)J\Ph
OMe
. O e s wo
e
PhMe281/\)LMe
CF3
5 © (2¢) 94 95 (S)
Z o
PhMe281/\)LMe
cl
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PhMe281/\)LMe
7 (2g) 96 93 (S)
e
PhMeQSI/\/[LMe
8 Me/© o) (2h) 90 93 (S)?
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a Ee was determined by chiral HPLC on a Chiralpak AD-H column with
hexane/2-propano?.Ee was determined by chiral HPLC on a Chiralcel
OD-H column with hexane/2-propanol 90/10.
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illustrated in Table %5 Thus, not only methyl enone, but
also ethyl or phenyl enone can be phenylated effectively in
excellent yield and ee (8294% yield, 9799% ee; entries
1-3). In addition, sterically and electronically diverse arrays
of aryl groups can be installed under the same conditions,
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furnishing the corresponding 1,4-adducts uniformly in high  Highly enantio-enriched chiral organosilicon compounds
yield and enantioselectivity (9896% vyield, 93-96% ee; obtained through these rhodium-catalyzed 1,4-addition reac-
entries 4—8). tions are useful chiral building blocks for further derivati-
Furthermore, suitable substrates for this reaction are notzations. For example, 1,4-addi@a can be converted to the
limited to -phenyldimethylsilyl enones. Thus, as shown in correspondings-hydroxyketone (3) by oxidation of the

Table 2, othep-silyl enones (e.g/-(tert-butyl)dimethylsilyl carbon—silicon bond while retaining its stereochemical
information!®23 Thus, according to Tamao's proceddre,

_ treatment oRa (99% ee) with tetrafluoroboric acid, followed

N _ by oxidation with hydrogen peroxide, providgshydrox-
Table 2. Rh/(R,R)-Bn-bod*-Catalyzed Asymmetric yketone3 with retention of configuration (82% yield, 98%
1,4-Addition to Others-Silyl a,5-Unsaturated Carbonyl

ee; eq 2§.% In addition, 1,4-adduc®c (97% ee) can be

Compoundd . . . o
b - - e — transformed into allylsiland through a Grignard addition/
entry  substrate product yield (%)ee (%) dehydration sequence with no erosion of ee as well (81%
0 Ph O . . ield, 97% ee; eq 3).
1 : @) 95 >99(9) yield, ;
t-BuMeZSi/vLMe t-BuMeQSi/\)LMe
Ph O 1. HBF4°Et,0, CH,Cl,, 0 °C Ph O
’ i 7 g > OO MO 00 o ~Aoe @
2¢ /\)L /3\/U\ 2 91 97 (S) PhMe,Si Me 2. KF, KHCOj3, MeOH/THF, 0°C; HOo Me
Phsst Me Ph,Si Me 2a: 99% ee (S) then H,Ocaq, 1t 3. goor yield, 98% ee (S)
/\)OJ\ /P:h\)oj\ k) 88 95(S) Ph O 1 PhMgBr, THF,0°Ctort Ph  Ph
e e : . ! 4 H (3)
i OFt PhMe:S ot PhMe,Si Ph 2. TSOH, CgHg, 50 °C PhMeZSi/\)\Ph
OMe 2c: 97% ee (S) 4: 81% yield, 97% ee {S)
¢]
s /\)kOEt @ o @y 86 93(S) In summary, we have developed a new synthetic method
4 z . ape .
~ for chiral organosilicon compounds through a rhodium-
PhMe,Si OEt

2See Table 1 for the reaction conditioi€e was determined by chiral Catf"llyzed asymmetric 1,4-addition of arylboronic aCidS{ to
QPLC on [?bChlr};’:\lplak AD-H Colum}? V\{Ithl hexane/ZI-prOPaﬁcrgiﬁ was , B-silyl a,5-unsaturated carbonyl compounds. By employing
etermined by chiral HPLC on a Chiralcel OJ-H column with hexane/2- RN * ; f
propanol 200/19 The reaction time was 12 h in the presence of 5 mol % (R'R) Bn-bod* as _a Ilg_and, _We have eﬁ'C'ently _COUpIed_ a
of catalyst®Ee was determined by chiral HPLC on a Chiralcel OD-H range of arylboronic acids with these substrates in very high
column with hexane/2-propanol 100/1. enantiomeric excess. The resultifigsilyl 1,4-adducts can
be converted tg@-hydroxy carbonyl compounds or allylsi-

) ) lanes while retaining their stereochemical information.
and s-triphenylsilyl enones) also undergo the present 1,4-

addition reaction with high efficiency (9195% vyield,
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Bn-bod* (1.9 mg, 6.6umol) in 1,4-dioxane (0.50 mL), and the mixture =~ OL051978+
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