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FEnantioselective desymmetrization ol symmetrical epoxides
15 one of the most attractive and uselul methods (o obtlain
optically active compounds, since the reaction can generale
two conliguous stercogenic centers Irom an achiral starting
material.'™* A number of the asymmetric desymmetrization
reaction by the ring opening of the epoxides with a wide
varicly of nitrogen, sullur, oxygen, halogen, and cyano
nucleophiles have been reported.?® However, only two
examples have been reported for the ring opening reactions
with carbon nucleophile, such as chiral schilf’ bases and
salens-catalyzed reaction’ and stoichiometric chiral ligand-

mediated reaction by organolithiums.® During the course of

study on developing new chiral catalysts lor the reaction, we
found that chiral 1,2-O-isopropylidene-5-deoxy-5-dialkyl-
amino--D-xylofuranones (1§ (Figure 1) derived from o-D-
xylose played a role as ellective catalysts lor such reaction.
Ieremn we wish Lo report the results of the desymmetrization
reaction using these catalysts.

As a model system, the enantioselecive ring opening
reaction ol cyclohexene oxide with phenyllithium was
chosen. We initially investigated the ellicacy ol catalysts la-
j possessing dillerent kinds of amine substituents at the 5-
position of the xylofuranose ring. The reaction was carried

out by adding the epoxide to a mixture ol 1.6 equiv. of
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Figure 1

phenyllithium and .05 cquiv of 1 in hexane al room
temperature, which provided (1R,25)-2-phenyleyclohexanol
with moderate o good chemical viclds and  enantio-
sclectivities (Table 1). The enantiosclectivity of product
alcohol was determined by HHPLC analysis using Chiraleel
OD-11 column. OF the catalysts examined, 15" alforded the
best resull o be found as 71% ce (entry 10, Table 1), Next,
we examined the loading cflect of the catalyst on cnantio-
sclectivity by varying only the amount of catalyst 1j for the
same reaction. As shown in Table 2, the use of 5 mol% of 1
provided (o be the best. Increasing the amount of 1j from 5
(o 25 mol% did not significantly alTect the enantioselectivity,
which was 71% ee with 5 mol%, 71% ee with 10 mol% and
25 mol% {entries 1-4). The desymmetrization reactions for
cyclpentene oxide and cis-2,3-epoxybutane, with PhL1 using
5 mol% of 1j as the catalyst gave (1R,25)-2-phenylcyclo-
pentanol with 79% ee and (2R,35)-3-phenyl-2-butanol with
54% ee {entries 5-6).° Other symmetrical oxides, such as ¢is-
3,4-epoxy-1.4-dibenzyloxybutane and 3-phenyloxetane, did
not undergo the ring opening reaction with PhLi under the

Table 1. Enantioselective Ring Opening of Cyclohexene Oxide

with PhLi Catalyzed by 1
OH
e+ o 325 (X
1.6 eq “/Ph

1 (5 mol%)
hexane, rt

Run Cat Time (h) Yield (%) % cc”
1 la 24 65 46
2 b 24 62 50
3 Ie 30 60 61
4 14 24 64 22
5 le 30 8¢ 40
6 If 30 72 59
7 lg 30 66 53
8 1h 30 3 52
9 li 30 65 48

10 1j 24 79 71

“Isolated yield obtained afier a flash column chromaiography. *Deter-
mined by HPLC analysis using a 25 em of Chiraleel OD-I1 column.
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Table 2. Enantioselective Ring Opening of Epoxides with PhLi
Catalyzed by 1j in Hexane at Room Temperature

o i 1j Yield  Ee
Run Epoxide Product (mo1%) () (%)
1 2 70 687
2 ()o O’ o 5 79 71
W ol
3 “on 10 78 70
4 25 70 70¢
s C[)o O/ § 66 79
”Ph
6 \/Fo j 5 60 54
“/Ph
7 0 oH 5 40 207
-~ Ph
OH

8 pho_<7 Pho_J_pn 5 LA

“PhLi{1.6 eq} was used: 24-30 h. "PHLI (0.6 eq} was used: 24 h. “Tsolated
vield, “Determined by [PLC amalysis using Chiraleel OD-11 column
(cluent: hexane/iPrOH = 941). “Determined by HPLC analysis ol 3,5-
dinitobenzoate of the product alcohol using Whelk O1 chiral column
{cluent: hexane/iPr} = 99/1)

same reaction conditions, Using the same methodology, we
examined the kinetie enantiosclective ring opening reaction
tfor racemic cpoxides, such as 1,2-cpoxypropane and 1,2-
cpoxy-3-phenoxypropane, When these racemic epoxides
were reacted with 0.6 cquiv, of PhLi .05 ¢quiv of 1j in
hexane at room lemperature, the reaction provided {R)-3-
phenyl-2-propanol with 20% c¢c and  (R)-3-phenoxy-2-
propanol with 23% cc {entrics 7-8). The mechanism for the
above reactions is unclear so  far, although lithium
alcoholates of 1T may be considered as the real catalysts. The
reaction using other alkyl- and aryl-lithiums is currently
under invesligation,

In summary. we have established a new enantioselective
ring opening of meso- and racemic epoxides with PhLi using
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chiral yamino alcohols derived from asD-xylosc as chiral
catalysts to provide moderate enantioselectivity.
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