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SYNTHESIS OF OPTICALLY ACTIVE METHYLOXIRANE FROM PROPYLENE CHLOROHYDRIN
IN THE PRESENCE OF Co(SALEN) TYPE COMPLEX
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In the presence of optically active CoIII

complex, methyloxirane was
prepared from propylene chlorohydrin using a variety of bases. The highest

optical purity of methyloxirane obtained was 27 %.

Optically active methyloxirane is usually prepared by the procedure explored by Levene and
Walti,])
propylene glycol by the reductase of yeast.

In a series of our studies using optically active Co(salen) type complexes, one-step synthesis
of optically active methyloxirane from racemic propylene chlorohydrin was attempted. It has been
reported that CoII(sal)z(R-CHXDA) complex, N,Ntbis(salicylaldehyde)-1(R),2(R)-1,2-trans-cyclo-
hexanediiminatocobalt(II), is a low-spin square-planar complex having the A-conformation of the
central chelate ring.2

By use of a complex [CoIII(sal)z(R-CHXDA)]I as a chiral catalyst, prepared by the
reaction of CoII(sal)Z(R-CHXDA) with iodine,3) synthesis of optically active methyloxirane
was examined eliminating hydrogen chloride from racemic propylene chlorohydrin in combination
with a variety of bases.
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The results obtained with a commercial grade of propylene chlorohydrin having the ratio, 1-
chloro-2-propanol/2-chloro-1-propano1s7/3 (mol/mol), are summarized in Table 1. (S)(-)-Methyl-
oxirane was preferentially formed with bases such as KZCO3, LiH, EtOLi, n-PrOLi, t-BuOLi, LiOH,
and Ba(OH)2'8H20. The nature of bases used was shown to be one of the important factors for the
selectivity in this asymmetric reaction. Among the bases examined, K2C03 was found to be the most
effective from the point of view of asymmetric selectivity. When the reactions were carried out
with bases such as n-Bu3N, Mg(OH)z, Mg0, and ZnCO3 under similar conditions as in Table 1, no sign
for formation of methyloxirane was detectable by vpc. The highly donating and polar solvent such as
dimethyl sulfoxide4) was found to be unfavorable for this asymmetric reaction, as demonstrated by
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Table 1 Synthesis of Methyloxirane(M0) from Propylene Chlorohydrin(PCH)a)

Base Solvent Time Conv.c) MO/PCHconsd) MOBx]ggge)
(day) (%) (%) (°)

K2C03 Dioxane b) 5 52 59 -1.44
Dioxane/DMSO 5 33 62 -0.69
LiH Dioxane 6 36 82 -0.59
Dioxane/DMs0P) 3 44 86 -0.22
DMSO 3 50 67 -0.09
MeOLi Dioxane 4 34 83 0.00
EtOLd Dioxane 4 43 82 -0.04
n-PrOLi Dioxane 6 40 87 -0.04
t-BuOLi Dioxane 4 26 82 -0.06
LiOH Dioxane 4 40 4 -0.19
Ba(OH)2-8H20 Dioxane 6 36 69 -0.23

a) [CoIII (sal)Z(R-CHXDA)]I 0.5 mmol, solvent 15 m1, PCH[1-chloro-
2-propanol/2-chloro-1-propanola7/3 (mol1/mo1)] 60 mmol, base/PCH=1/2
b) Dioxane/DMSO(dimethyl sulfoxide)=4 (v/v).

(mo1/mol); temp. 25°C.
c) PCH consumed/PCH initial x 100.
consumed (mol1) x 100.

Table 2 Synthesis of Methyloxirane from 1-Chloro-2-propanol and from 2-Ch10ro-1-propano]a)

d) MO produced (mol)/PCH
e) Specific rotation of MO formed, error * 0.005°.

1976

Substrate CoIII b) Base Time Conv.c) MO/PCHconsd) MOE%]ggge) PCHEx]gggf)
(day) (%) (%) (°) (°)
1-chloro-2-propanol A K2C03 6 20.2 38 -1.39 -0.08
B K2C03 6 24.9 83 -2.57 -0.76
B LiH 6 44.4 55 -0.01 (-)0.00
2-chloro-1-propanol A K2(303 5 4.4 67 -0.55 +0.13
B K2C03 6 14.7 53 -4.08 +0.61
B LiH 5 28.5 61 -0.11 +0.15

a) CoIII complex 0.5 mmol, dioxane 40 m1, PCH 120 mmol, base/PCH=1/2 (mo1/mol); temp. 25°C.
b) A: Prepared and purified in benzene according to Ref. 3.
washed with 1-propanol. c), d), e) Descriptions as in Table 1.

unreacted PCH recovered (Obsd. in dioxane/m-xylene soln.).

B:

[ coll 11 (A) was further
f) Specific rotation of
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the results with K2003 and with LiH.

In order to elucidate the features of this asymmetric reaction, pure DL-1-chloro-2-
propanol and DL-2-chloro-1-propanol were each prepared by reducing chloroacetone and x-
chloropropionic acid with LiA1H4.5 The reactions with 1-chloro-2-propanol and with 2-
chloro-1-propanol as substrates are shown in Table 2. L(-)-methyloxirane was formed both
from DL-1-chloro-2-propanol and from DL-2-chloro-1-propanol. The highest optical activity
obtained in Table 2 is -4.08°, its optical purity being 27 % based on the optical rotation
of pure R(+)-methyloxirane,6) EX]ggg + 15°,

On the other hand, the unchanged 1-chloro-2-propanol recovered showed (-) optita]
rotaion, while the unchanged 2-chloro-1-propanol gave (+) optical rotation. This may
indicate that (S)(L)(+)-1-chloro-2-propanol is converted to (S)(L)(-)-methyloxirane where no
asymmetric center is involved and that (R)(D)(-)-2-chloro-1-propanol to (S)(L)(-)-methyl-
oxirane7) with inversion of configuration at the asymmetric carbon atom. It has been
established, as for stereochemistry of the oxirane formation from halohydrin, that cyclization
takes place by back side attack of the alcoholate anion formed initially by the action of a
base, at the carbon atom bearing the leaving halogen atom.8) However, it is not clear
whether this SN2 mechanism holds completely in the above cobalt catalyzed asymmetric reactions,
although the reaction seems to proceed by the inversion mechanism; the poor material balance,
methyloxirane formed/propylene chlorohydrin consumed (mol/mol %) in Table 2, makes it difficult
to discuss this problem more strictly.

A study of the mechanism involving the interaction of propylene chlorohydrin with the

optically active cobalt complex is now in progress.
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