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A XINETIC RESOLUTION OF RACEMIC EPOXIDES BY A CHIRAL LITHIUM AMIDE
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Summary: A kinet?c resolution of cis-~disubstituted epoxides was effectively
achieved by a chiral lithium amide, prepared from (§)-2-(pyrrolidin-1-y1)-
methylpyrrolidine. -

In previous papers,l) we reported a highly enantioselective transfor-
mation of symmetrical epoxides to chiral allylic alcohols by the use of a
chiral lithium amide (1), prepared from ($)-2-(pyrrolidin-1-y1l)-
methylpyrrolidine (2). In the reaction, a discrimination between two
enantiotopic hydrogens in symmetrical epoxide is effectively achieved
because of a difference of a steric interaction between chiral lithium

amide 1 and epoxide in the transition state. ¢)

Tt was expected that the
reaction can be applied to a kinetic resolution of racemic epoxides
considering the similar transition state,

There have so far been reported only some methods for the kinetic
resolution of epoxide, which include the enzymatic hydrolysis of epoxy

Z2a,b) 2¢,d)

esters, enzymatic hydration of substituted cyclohexene oxide or

cis—Zwethy1—3—methy1oxirane,ze)

and enantioselective cyclization of a keto
epoxide mediated by organcaluminium reagent.2f> In the present communi-
cation, we wish to report a new and efficient method for the kinetic
resolution of racemic epoxides by the use of chiral lithium amide 1.

In the first place, we examined the kinetic resolution of (4)-cis-1-
phenyl-1,2-epoxypropane (3a) with one-half molar equivalent of 1 in the
presence of 1,8-diazabicyclo[53.4.0}undec-7-ene (DBU} in tetrahydrofuran
(THF). (+)-(1S8,2R)-3a reacted more rapidly to give (R)-l-phenyl-2-propen-
1-0l1 (4a) in 70 % ee (38 % yield based on (&)-3a) and 52 % of (-)-(1R,28)-3a
was recovered in 62 % ee after work-up of the reaction. After the exami-
nation of molar ratio of reactants, (-)-(1R,28)-3a was recovered in more
than 95 % ee (1:(+)-3a=3:4) and (R)-4a was obtained in 72 7 ee

(l:(£)-3a=1:3). The results are summarized in Table 1.3)
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Table 1. Kinetic Resolution of (x)-3a

)
i) [;ﬁfh -08u° H O H OH
N I' - ~ /’
H/OH S . O . P:..

Ph CHy o Ph Chy
(+)-3 i) aq. NH, (—1)-3a (+)-4a
(-)-3a 4a
entry 1 (£)-3a = ee/7Plc) 7d) ee/Ze)
1 3 4 31 >95 60 35
2 2 3 37 89 56 62
3 1 2 52 62 38 70
4 1 3 67 30 21 72

a) C4H9Li:2:DBU=1.O:1.1:l.1 b) The enantiomeric excess was de-
termined by 1H NMR taken in the presence of Eu(hfbc)3. c¢) The
absolute configuration was deduced from optical rotation ([a]§6
~46.5 ° (¢ 1.70, CHCl,) for entry 1; lit.®) (2129 +47.5 % (¢ 1.17,
CHC14) for (+)-(18,2R)-3a). d) The yield is based on (i)-3a.

e) The enantiomeric excess and ahsolute configuration were deter-
mined after conversion to l-phenyl-l-propanol by catalytic hydro-
genation ([u]zg +32.8 0(c 1.45, CHClB) for entry 4; 1it.5)

D
[alp -45.45° (¢ 5.15, CHCl4) for (-)-(8)-l-phenyl-l-propanol).

Next, the reaction was applied to (&)-trans-l-phenyl-1,2-epoxypropane
(3b), (£)-2-phenyl-1,2-epoxypropane (3c), and (+)-cis-2,3-epoxynonane (3d)
using the molar ratio of 1:3=3:4 and 1:3=1:3, respectively. As shown in
Table 2, chiral l1ithium amide ! showed high enantiomer discrimination for
cis-disubstituted epoxide, while moderate selectivity was ohserved for
trans-disubstituted epoxide and terminal epoxide.

The stereochemistry is understandable in terms of the cyclic tramsiticn
states for both enantiomers. Clearly, transition state Ty experiences

substantial nonbonded interaction

involving the side chain RZ and <<:\T/«\ <::\T/A\ N
N N_ - 3
H- T Li

chiral diamine 1. This is not N -

the case with transition state T,. H H ‘\Eiii:_§< | .
Therefore, (+)-(15,2R)-3a, H;C“ 0, R ﬁ;c Q_Ra
(+)-(1R,2R)-3b, (-)-(8)-3c, and 3 ‘ \ 1 ?ﬂ 1
{+)-(2R,38)-3d, which take the R R R R

T,

transition state Tz, react more T1



2127

Table 2. Kinetic Resolution of Epoxides by Chiral Lithium Amide 1

1 3 il e 1 3
R AR Li R, O sR 2
R CHy = > 28 Ny T 7Y
i) aq. NH4C[ R
(£)-3 3 4
_ _ L, S ;
entry epoxide 1 (£)-3 7 ee/%b) 7C.) ee/Zr
1 Hy L\ H 3 4 31 >95(1s,2r)%) 60 3590 (ryd)
2 Ph, CH3 1 . 03 67  30(1s,2R)%) 21 729) (ryd)
ph O H 3 . 4 27 45(1s,25)€) 63 158 (5)F)
> 1 : 3 67  11(15,25)€) 20 348) (gyE)
H 3b CHj3 (15,25) (8)
5 H, O .,Ph 3 4 11 39(R)8) 69 -
H O H . .
6 PV 3 : 4 29 >95(28,3R)") 63 551 (syd)
7 CgHya CH3 1 ;3 66 25(25,3R)0) 22 771) 5y 1)
3d

a) CAHgLi:g;DBU=l.O:L1:1.1 b) The enantiomeric excess was determined by
ly NMR taken in the presence of Eu(hfbc)B. c) The yield is based on (4)-
3. d) See Table 1. e) The absolute configuration was deduced from optical
rotation ([a}_%B -25.3 ®(c 0.8, CHCJB) for entry 3; lit.a) {d]éo +50.0 °

(c 1.17, CHC13) for (1R,2R)-3bL). f) The enantiomeric excess and absolute
configuration were determined after conversion to l-phenyl-l-propanol by
catalytic hydrogenation ([Ct,]zD6 -15.6 ° (¢ 0.86, CHClg) for entry &; lit.2)
[u]D -45.45 ° (¢ 5.15, CHC1,) for (+)-(8)-1-phenyl-l-propanol). g) The

6) h) The absolute con-

absolute configuration assignment is tentative.
figuration was assigned to be (2S,3R) because (+)-{S)-4d was obtained
predominantly. 1) The enantiomeric excess was determined by 1y NMR taken
in the presence of Eu(tfc)3 after conversion to corresponding acetate.

j) The absolute configuration was deduced from optical rotation

([2]20 +11.6 °(c 1.12, BoM) for entry 7; lic.”) [a]%’ -19.1°

(c 6.7, EtOH) for (-)-(R)-1l-nonen-3-0l).

rapidly to yield allylic alcohol 4, and (-)-(lR,28)-3a, (-)-(18,28)-3b, (+)-
(R)-3¢c, and (-)~(25,3R)-3d are recovered after the reaction. The effect

is most prominent with cis-disubstituted epoxide for which high selectivity
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has been actually achieved. The selectivity decreases in the cases of
trans-disubstituted epoxide or terminal epoxide because R2 is H.

As mentioned above, efficient chemical kinetic resolution of
nonfunctionalized epoxide has been first achieved by the use of chiral
lithium amide 1. The present method would provide an useful method for the
preparation of chiral cis-disubstituted epoxide as well as chiral allylic

alcohol.

References

1) a) M. Asami, Chem. Lett., 1984, 829. b) M. Asami, Tetrahedron Lett., 26,
5803 (1985). ¢) M. Asami and H. Kirihara, Chem. Lett., 1987, 389.

2) a) W. E. Ladner and G. M. Whitesides, J. Am. Chem. Soc., 106, 7250
(1984). b) D, Bianchi, W., Cabri, P. Cesti, F. Francalanci, and F. Rama,
Tetrahedron Lett., 29, 2455 (1988). c¢) G. Bellucci, G. Berti,

R. Bianchini, P. Cetera, and E. Mastrorilli, J. Org. Chem., 47, 3105
(1982). d) G. Bellucci, G. Berti, M, Ferretti, F. Mastrorilli, and
L. Silvestri, J. Org. Chem., 50, 1471 (1985). e¢) D. Wistuba and

V. Schurig, Angew. Chem., 98, 1008 (1986). £) Y. Naruse, T, Esaki,
and H. Yamamoto, Tetrahedron Lett., 29, 1417 (1988).

3) A typical experimental procedure is described for entry 3: To a THF
solution of 2 (1.01 mmol) was added a hexane solution of butyllithium
(0.90 mmol) and a THF solution of DBU (1.00 mmol) at 0°C. After 30 min,
a THF sclution of (4)-3a (1.80 mmol) was added and the reaction mixture
was stirred for overnight at room temperature. After usual work-up, the
regidue was separated by TLC (silica gel) to give (~)-(1R,28)-3a in 62 7
ee (0.94 mmol, 52 7 recovery) and (R)-4a in 70 % ee (0.68 mmol, 38 7).

4) B. Witkop and C. M. Foltz, J. Am. Chem. Soc., 79, 197 (1957},

5 R. H. Pickard and J. Xenyon, J. Chem. Soc., 105, 1115 (1914).

6) a) C. R, Johnson, R. A, Kirchhoff, R. J. Reischer, and G. F. Katekar, J.
Am. Chem. Soc., 95, 4287 (1973). b) C. R. Johnson and C. W. Schroeck, J.
Am. Chem. Soc., 95, 7417 (1973),.

7) a) J. S. Martin, S. S. Woodard, T. Katsuki, Y. Yamada, M. Tkeda, and
K. B. Sharpless, J. Am. Chem. Soc., 103, 6327 (1981). b) Y. Gao, R. M.
Hanson, J. M. Klunder, S. Y. Ke, H. Masamune, and K, B. Sharpless, J. Am.
hem. Soc., 109 5765 (1987).

(Received in Japan 20 February 1989)



