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Abstract: High enantioselectivity (up to 94% ee) has been achieved in the protonation of samarium
enolaes which were generated by Sml>-mediated reduction of 2-aryl-2-methoxycyclohexanones using a
Ca-symmetric chiral diol as a proton source. © 1997 Elsevier Science Ltd.

Enantioselective protonations of vinylic acetate with an enzyme and of metal enolates with chiral proton
sources such as alcohols, phenols and metal complexes thereof are useful methods to prepare chiral carbonyl
compounds or carboxylic acid derivatives bearing a stereogenic center at the a-position.! The reactions are
attractive from the practical point of view since some of these reactions were successfully converted to the
catalytic processes in high enantioselectivities.> The NCP' group has already reported the enantioselective
protonation (up to 97% ee) of samarium enolates which are generated by a Sml,-mediated reaction between
unsymmetrical dialkylketene and allyl halides, with the use of a C;-symmetric chiral diol, DHPEX (a,a'-
di[(S)-2-hydroxy-2-phenylethyl]-o-xylenedioxide), as a proton source,® and also the catalytic version of the
reaction (93% ee).*

Molander et al. have reported that a wide range of a-hetero-substituted carbonyl compounds are rapidly
reduced under mild conditions by Sml,* in the presence of an achiral proton source such as methanol.® The
reaction has been applied extensively to the syntheses of natural polyhydroxy ketones such as taxol derivatives’
and carbohydrate-containing macrolide antibiotics.® However, no enantioselective version of Molander's
reaction had been reported. Thus, we examined the reaction using the a-methoxy substrate (1a)° bearing an
a-phenyl substituent and various chiral hydroxy ethers as chiral proton sources.'® The resulis are

summarized in Table 1.

i OMe Sml, OSm?* ( chiral proton source) o
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Table 1. Enantioselective protonation of samarium enolate prepared from 2-methoxy-2-
phenylcyclohexanone.®

Entry Chiral proton source Reaction temp. (°C) % Yield %ee?  Config ©
HQ, O '
1 / rt? 89 38 R
Ph OMe
OH
2 on ~_OMe It 85 39 R
o O
3 r.t 85 48 R
Ph'EOH oj
Me
Ol—\O
4 r.t 92 37 R
PhJ:OH oj
T
B
5 J:o Oj rt 83 58 R
Ph® ~0OH HO~"/Ph
Ph
/ .\
0 OH
6 E:C Lt 65 54 R
O OH
DHPEX "
7 DHPEX rt 89 58 R

Ph
3
OH

(o)
8 o OH r.t. 88 65 R
S0
3
9o’
(e} OH
9 P OH r.t 63 65 S
SO
A
10 3 45 70 87 R

9 The reactions were carried out using 1.1 mol equiv. (entry 1-6) or 2.0 mol equiv. {(entry 7-10) of the chiral proton source
and 2.4 mol equiv. of Sml, for 0.5 h (entry 1-9) or 2 h (entry 19). & Determined by HPLC analysis using DAICEL
CHIRALCEL OD-H. € Configuration of 2a was determined by specific rotation. See Ref. 12. 4 Room temperature.
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As shown in Entry 8 and 9 of Table 1, (R)-2,2'-di{(S)-2-hydroxy-2-phenylethoxy]-1,1'-binaphthyl
(DHPEB) (3) and (8)-2,2' -di[(R)-2-(o-chlorophenyl)-2-hydroxyethoxy]-1, 1' -binaphthyl (4)"" gave 65% ee at
room temperature. When DHPEB was added to a solution of the samarium enolate at -45 °C, the enantiomeric
excess of the product was lower than that obtained at room temperature. However, the enantioselectivity was
dramatically improved to give the product in 87% ee as shown in Entry 10, when DHPEB was added to the
reaction mixture prior to the preparation of the samarium enolate as follows. A Sml; solution (0.1 mol- dm3,
6.3 ml, 0.63 mmol) was added to a solution of 1a (54.0 mg, 0.264 mmol) and DHPEB (278 mg, 0.529
mmol) in THF (5 ml) with stirring under argon at 45 °C.  After stirring for 2 h at the temperature, the reaction
mixture was quenched with 0.1 N hydrochloric acid (4 ml) and extracted with ether (15 mix3). The organic
extract was washed with brine (15 ml), dried over anhydrous MgSO,, and concentrated in vacuo. The crude
product was purified by preparative TLC to give 2a (32.2 mg, 70% yield) in 87% ee.

Next, the reaction with several kinds of 2-aryl-2-hetero-substituted cyclohexanone was examined under
the same reaction conditions. The results are summarized in Table 2. Among 2-phenylcyclohexanones
substituted by chloro, acetoxy, and methoxy groups at the a-position, the enantioselectivity was highest in the
case of the methoxy substrate (1a). Generally, high enantioselectivities were obtained except for 2-methoxy-
2-(1-naphthyl)cyclohexanone (1g). 2-Methoxy-2-(p-tolyl)cyclohexanone (1e) gave the best result (94% ee).
The large difference between 1g and 1h may be ascribable to the different steric demand of the naphthyl
groups of the substrates with the chiral binaphthyl group of DHPEB, although the transition state of the
protonation step has not yet been elucidated.

Table 2. Enantioselective protonation of the samarium enolates prepared from 2-aryl-2-hetero-substituted
cyclohexanones by DHPEB.4

(0]
La 3 i‘;ﬂ; < Ar
-45°C,2h
1a-h 2a-h
Entry Substrate No.  Ar X %Yield %ee? Config. (Rotn.)¢
1 la Ph OMe 70 87 R(+)
2 1b Ph Cl 79 82 R(+)
3 1c Ph OAc 8 8 R(+)
4 1d p-MeOC H,- OMe 79 87 +)
5 le p-MeCgH,- OMe 75 94 +)
6 if p-CICcH OMe 78 8 +)
7 1g 1-Naphthyl OMe 81 16 )
8 1h 2-Naphthyl OMe 86 90 +)

4 The reactions were carried out using 2.0 mol equiv. of 3 and 2.4 mol equiv. of Sml,. ¥ Determined by
HPLC analysis using DAICEL CHIRALCEL OD-H (entry 1-5 and 8) and OJ (entry 6 and 7). € Specific
rotation was measured in benzene.
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Work is now in progress to obfain higher enantioselectivities in more general substrates and to clarify the

mechanism of the enantioselective protonation.
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