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Abstract—Potassium organotrifluoroborates, highly stable organoboron derivatives and easily accessible from organolithiated
reagents, can achieve rhodium(I)-catalyzed asymmetric 1,4-additions to enones using binap as chiral ligand. This reaction proceeds
in nearly quantitative yields to afford B-functionalized ketones with e.e. up to 98%. © 2002 Elsevier Science Ltd. All rights

reserved.

The 1,4-conjugate addition of organometallic reagents
to unsaturated compounds bearing electron-withdraw-
ing group is one of the most versatile reactions in
organic synthesis. Although Michael addition is a key
step in many synthetic approaches to natural products,
the scope of this carbon—carbon bond formation can be
enlarged by the development of catalytic and asymmet-
ric approaches. During the last 10 years, the asymmet-
ric l,4-addition of organozinc or magnesium
compounds catalyzed by copper(I) has been widely
developed,' but was generally limited to the introduc-
tion of alkyl substituents.

In 1997, Miyaura et al.? reported a catalytic approach
for the addition of arylboronic acids to enones. Follow-
ing this communication, rhodium(I) catalyzed asym-
metric addition of boron reagents to other substrates®,
including ketones*, esters®, amides®, phosphonates’, or
nitroalkenes® using atropoisomeric diphosphines as lig-
ands has been developed both by Hayashi and
Miyaura. One major advantage of using boron reagents
compared to other organometallic reagents lies in their
high tolerance towards functional groups and low toxi-
city of reaction by-products. However, in this reaction,
depending on the Michael type substrates, different
organoboronic acid derivatives must be employed
(boroxins, benzodioxaboroles, borates) in order to
achieve high yields. Moreover, addition of specified
equivalents of water had to be strictly controlled. Thus,

Keywords: organotrifluoroborates; asymmetric catalysis; 1,4-addition;

rhodium catalyst.

* Corresponding author. Tel.: +33144276743; fax: +33144071062;
e-mail: genet@ext.jussieu.fr

it appeared interesting to search for other organoboron
reagents which could transmetallate to rhodium(I) more
easily. We,? then others'® have shown that potassium
organotrifluoroborates were efficient partners in palla-
dium-catalyzed cross-coupling reactions and offered
good alternatives to boronic acids because of their
higher stability, ease of preparation and purifica-
tion.”>!! Batey et al.!?> have reported that these species
could be used in rhodium-catalyzed 1,4-additions and
1,2-additions to enones and aldehydes, but no asym-
metric version was reported.

Having established a general access to potassium
alkenyl- and aryltrifluoroborates,”* we now wish to
report our preliminary results concerning the use of
potassium organotrifluoroborates as reagents in enan-
tioselective conjugate addition to enones (Scheme 1,
Table 1).

Conditions for carrying out the 1,4-addition to enones
were optimized using potassium phenyltrifluoroborate
1a and cyclohexenone 2a.

We found that the addition of potassium phenyltri-
fluoroborate 1la to cyclohexenone 2a was efficiently
catalyzed by a rhodium complex generated in situ by

Rh(cod),PFg 3%
o (cod),PFg 3% Ar

. o)
Binap 3.3%
- - .
Ar-BF3K +XJ\/\Y XMY

Tol/H,0 (4:1), reflux

Scheme 1. Rhodium-catalyzed asymmetric 1,4-addition of
potassium organotrifluoroborate to enones.
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Table 1. Rhodium-catalyzed enantioselective 1,4-additions of organotrifluoroborates to enones

Entry RBF;K* Enone

Ligand __ Time

Product Yield® %e.e”

1 QBFSK 1a

(o]

2a (R)-Binap 1h

O ™
3aa

o)

2 OBF:,K 1a O 2a (S)y-Binap  1h @. <:/§ 3aa 99%  98%?
cl cl o}

3 @—BF;,K 1b 2a (R)-Binap gg‘é @—d 3ba 3222 979%:
cl cl 0

4 @BF;,K 1b O 2a (S)-Binap  3h® @'d 3ba 95%  97%°

PPYLYLY

o]
5 \O—QBHK 1c O 2a (R)-Binap  6h® OM sca 97% 90%°
/
2h P 41%
6 F—@BFQK 1d O 2a (Ry-Binap . FM 3da 95%‘: -98%1“
1e o]
&, o () s
7 @zo 2a  (R)Binap \ .
o OO

NV
9 @—BF:,K 1a
BF3K
10 —@—//-
1

Q

2c

)I\/\/\/\

¥

2b (R)-Binap  3h

(R)-Binap 1h

0 2b (R)-Binap  1h

o]
75%  94%°
/0 3cb

99% 92%°

o]
M b 70%  95%°

® Prepared according to ref 9c. ° Isolated yield after silica gel chromatography. ° Determined by HPLC analysis using chiral

stationary phase column. ¢ Daicel Chiralcel OD-H. ¢ Daicel Chiralcel OJ. f

Daicel Chiralcel AD. & 3 equivalents of

aryltrifluoroborate were used. ® 4 equivalents of aryltrifluoroborate were used. * 5 equivalents of aryltrifluoroborate were used.

mixing Rh(cod),PF, with 1.1 equiv. of binap'® in reflux-
ing toluene/water (4:1).'* Under such conditions, com-
pound (R)-3aa was obtained in quantitative yield and
high enantiomeric excess (98%) using (R)-binap as lig-
and (entry 1)'* and the use of (S)-binap lead to the
opposite configuration (entry 2) with the same level of
enantioselection. Other potassium aryltrifluoroborates
also afforded 1,4-addition adduct very efficiently
(entries 3-7) giving crude 3-arylsubstituted cyclohex-
anones with high purities. Moreover, reactions were
generally complete within a few hours. In some cases,
reduction of potassium aryltrifluoroborate into arene
was found to be a competitive process. Increasing the
amount of the organoboron reagent allowed the reac-
tion to go to completion (entries 6 and 7).

Different cyclic and acyclic o,B-unsaturated ketones can
be used as partners in this conjugate addition. Reac-
tions of aryltrifluoroborates on cyclohept-2-enone 2b or
non-2-enone 2¢ were complete in 1 hour (entries § and
9) and gave Michael adducts with high yields and
enantiomeric excesses.

Next, we examined the reactivity of potassium alkenyl-
trifluoroborates toward 1,4-addition. In the previous
conditions, 3-(2-(4-methylphenyl)vinyl)cycloheptanone

3fb was obtained in 70% yield and a good enantiomeric
excess (95% e.e.), using 2-(4-methylphenyl)vinyltri-
fluoroborate 1f and cylohepten-2-one as substrates.

Compared reactivity of organotrifluoroborates and
boronic acids was estimated using the same reaction
conditions. In the presence of 3% of Rh(cod),PF, and
3.3% of (R)-binap, it was found that phenylboronic
acid 4 undergoes 1,4-addition with the same yield and
enantiomeric excess but reaction time was longer (con-
version after 1 hour reaction was only 50%). This seems
to confirm the higher reactivity of potassium organ-
otrifluoroborates compared to boronic acids in
transmetallation processes®!? (Scheme 2).

Rh(COd)ZPFe 3% o
(R) Binap 3.3%

Ph-M +
Tol/Hz0 (4:1), reflux ppy

M=B(OH),  t=3h
M= BF3K t=1h

quantitative yield
e.e. >98%

Scheme 2. Compared reactivity of boronic acids and potas-
sium organotrifluoroborates.
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In conclusion, we have shown that potassium organo-
trifluoroborates proved to be a good alternative in
enantioselective rhodium(I)-catalyzed conjugate addi-
tions of boron reagents to o,pB-unsaturated ketone with
useful levels of enantioselectivity. These reagents, which
are more stable and easier to prepare, seemed to be
more reactive than their boronic acids analogues.
Extension of this reaction to other Michael acceptors is
currently in progress and will be reported in due course.
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To a mixture of la (184 mg, 1 mmol, 2 equiv.),
Rh(cod),PF, (7.0 mg, 3 mol%), and (R)-binap (10.3 mg,
3.3 mol%) in degazed toluene/water (2 mL/0.5 mL) was
added cyclohexenone 2a (48 mg, 0.5 mmol) and the
mixture was stirred at 105-110°C for 75 min. After
filtration on celite eluting with CH,Cl,, the solvent was
removed under reduce pressure. Chromatography purifi-
cation over silica gel (cyclohexane/AcOEt=9/1) afforded
86 mg (99% yield) of (R)-3-phenylcylohexanone (3aa) as
colourless oil with 98% e.e. (determined by HPLC analy-
sis: Daicel Chiralcel OD-H, hexane/2-propanol=98/2).
[¢]p +21 (¢ 0.98, CHCL,). '"H NMR (400 MHz, CDCl,) 6:
1.75-2.0 (2H, m), 2.15-2.25 (2H, m), 2.40-2.65 (4H, m),
3.1-3.3 (1H, m), 7.2-7.4 (5H, m). *C NMR (100 MHz,
CDCl,) 0: 25.4, 32.6, 41.1, 44.6, 48.8, 126.5, 126.6, 128.6,
144.3, 210.9.

Absolute configuration was determined by comparison
with [o] given in the literature, and enantiomeric excesses
by HPLC analysis using chiral phase stationary column.
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