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Abstrrtct-Optically active chloromethyloxirane was obtained from 1,3_dichIoro-2-propanol by a process of 
asymmetric synthesis. The highest enantiomer~c excess (c.e.) of ~hlorom~thy~oxirane that could be obtained 
was 67 ?A, using Co(H) (3,5-Cl,CI-sal)2(S-CHXDA) and K&3& as the catalyst and base, respectively. For 
puvse of comparison, asymmetric cyclizations of racemic 2,3-dichloro- 1 -propanol and 2-chforo- l- 
propanol were examined; optically active chl~romethyloxirane and methy~oxiran~ were obtained a~ordin~ 
to kinetic resoIution mechanisms, although the optical purities of oxiranes formed were not so high. The 
m~hanisms fur the asymmetric reactions were investigatd by circular dichroism and absorption 
spectroscopies. It was found that the cobalt (salen) type complex forms a new complex with alkali metal 
carbonate, simiIarly to the function of crown ether. The substrate interacts with the newly formed chiral 
compIex, followed by cyclization to give optically active oxiranes. 

Several studies have been carried out on the 
asymmetric epoxidations of olefins with various 
peracids. ’ Of particular interest is the highly 
asymmetric induction in the epoxidation of olefins 
with alkyl hydroperoxide catalyzed by optically active 
transition metal (MO or V) complexes, as reported by 
Yamada el: aL2 and Sharpless et aL3 The substrates 
used for the asymmetric reactions, however, have 
rather complicated structures, as is the case for most 
asymmetric reactions4 giving rise to highly asymmetric 
values. 

Recently, we5q6 succeeded in a one-step synthesis of 
optically active methyloxirane by the cyclization of 
propylene chIor~hydrin with base, where an optically 
active cobaltfsalen) type complex, N,N’-di- 
salicylidene-l (R),2(R)-1,2-cyclohexanediaminato- 
cobalt(II), Co(lI)(sal)z(R-CHXDA), was used as the 
catalyst. 

~~as~r~~~~~~. CD spectra were measured using a JASCO 
Model J-20 spectrometer. Optical rotations were observed 
using a Perkin-Elmer Polarimeter Model 241. Glc anatyses 
were carried out with a Hitachi Model K-53 Gas 
Chromatograph equipped with a column containing PEG. 

~euge~r~. f -Chloro-2-propanol and 2-chloro- I-propanol 
were synthesized according to methods described.7 1,3- 
Dichloro-Zpropanol and 2,3-dichloro- 1 -propanol (Tokyo 
Kasei Co.) were dried over drierite and distilled in a dry Nz 
atmosphere. Other reagents used were purified by standard 
methods described elsewhere.* 

Co{I~)~~l)~~~-CHXDA~. The Co(II)(sal),(R-CHXDA) 
complex was prepared by methods described previously? R- 
CHXDA (fJR),2(R)-1,2-cyclohexane-diamine) was prepared 
ac~rding to the procedure reported by Asperger et at.” 
[z]:” = - 44.1’ (free diamine; 3 ‘& methanol& soln), [5: ]t, 

- 15.8- (dihydrochloride salt ; 20 7; aqueous soln), lit.,l” 
&;s = - t5.V ~dihydr~hIoride salt; 20”:; aqueous s&n). 

or 

(RS)-CH,-CH-CH, 
I I H3C-;H--CH2 

OH Cl 
CO*, \/ 

0 
&SC 

+ KzC03.HCl 

(RS)--CH3--CH-CH2 
I I 

Cl OH 

As a continuation of our study, we report here the Co(Il )~~~H-~~)~~~-CHXDA), The en~tiome~c 
synthesis of optically active ChIoromethyloxirane from excess(e.e.) of (Sb1,2-cyclohexanediamine (S-CHXDA) used 
the prochiraf substrate, 1,3-dichloro-2-propanctl, by was 34.2 :/, [ct 16’ = + 15.1” (free diamine; 3 7;; methanolic 
the mechanism of asymmetric synthesis. The syntheses sotn). S-CHXDA (10.33 g, 0.0905 mol) and 2,~~hydroxy- 
of optically active chloromethyloxirane and methyl- benzaldehyde (25.Og, 0.1X 10 mol) was allowed to react in 

oxirane from racemic 2,3-dichloro- I-propanol and Z- 60 ml EtOH for 30min at 60” to give Schiff-base as an 

chloro- I -propano~, respectively, are also reported in 
orange-red powder in 69 Y;, yield (22Og). The Schiff-base 

terms of elucidated stereochemistry for the asymmetric 
(5.73 g, 0.0162 mol) was allowed to react with anhyd cobalt 

cyclizations. The mechanisms of the asymmetric 
acetate (2.87g, 0.0162mol) in hot I-propanol. The resulting 

reactions will be discussed in connection with the rigid 
crude Co- complex was suspended in l-propanol and purified 

chiral structure of the asymmetric cobalt complex. 
by filtration. N,N’-bis(4-hydroxysalicylidene)-l(S),2(S)- 
1,2-~y~lohexan~iaminatocobalt~II), Co~II)(~~H-sal)*~~- 
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CHXDA), was obtained as brown powder in 957; yield. 
(Found: C, 56.40; H, 6.06; N, 5.69 lf& Calc, for 
Co~~~H~~N~O~: C, 58.40; H, 4.90; N, 6.81”,). IR(KBr) 3250 
(broad), 2920, 1605, 1540, 1450, 1360, 1230, I 130, 990, 
845cm”‘. 

7%~ ~~~~~ex~~ ~es~r~~e~ creamer were prepuces ad- 
ogously. Co(l1) (3-MKLsal),(S-CHXDA). The Schiff-base 
(1.99g. 0.00521 mol), obtained from 2-hydroxy-3-methoxy- 
benzaldehyde and S-CHXDA (e.e. 34.2’l;) as a yellow 
powder, was allowed to react with anhydrous cobalt acetate 
(0.922 g, 0.00521 mol) in 100 ml of i-propanol at 60” for 1 hr 
with stirring. The brown precipitate was filtered off and then 
suspended in 1 qropanol for purification. N,N ‘-bis(3- 
methoxysalicylidene)- 1 (S),2(S)- 1,2-cyclohexanediaminat~- 
cobalt(II~ Co(lIf(3-M~O-S~I)~(S-CHXP)A), was obtained in 
50 T/& yield. (Found : C, 57.07; H, 5.48; N, 5.78 x. Calc. for 
C0C~~H~~N~O~:C,60.14;H,5.5l;N,6.38~~).fR(KBr)3400, 
2920,16&j, 1545,1472,1450,1325,1250,1230,1085,983,740, 
570cm- l. 

Co(II )(3,5-C1,Cl-sa1)2(R-CHXDA). Tbe Schiff-baste (7.45 g, 
0.0162 mol), obtained from 3,S-dichlorosalicylaldehyde and 
F-CHXDA (e.e. ~~~~ as an orange resin-like solid, was 
suspended in 80ml of hot 1-propanol, and anhyd cobalt 
acetate (2.87 g, 0.0162 mol) was added, and the mixture was 
stirred at 60” for 1 hr. The brown precipitate was filtered ofl 
and then suspended in 60 ml of I -propanol for purifi~tion. 
N,N’-bisf3,5-dichlorosalicyIidene-l(R),2(R)-1,2-cyclohex- 
anedi~minat~obalt(I~~, Co(II)(3,5-Cl,CI-sal),(R-CHXDA), 
was obtained in 81 “/o yield. (Found: C, 46.92; H, 3.00; N, 5.49; 
Cl, 27.33 %. Calc. for CoC2,Hi6N,0zCl,: C, 46.45; H, 3.12; 
N, 5.42; Cl, 27.43:&j. IR (KBr) 2930, 1610. 1440, 1330, 1215, 
1180, 870,774 76Qcm’ ‘. 

Ni( II)(sal)2(S-CHXDA). The e-e. of the Schiff-base, 
(salH)#-CHXDA), used was 34.2 T/G. The green powder of 
Ni(~H~C~~~~ .4H20 (4.98 & 0.02 moi) was added to 50 ml 
of the hot 1 -propanol soln of the Schi~*ba~ (6.45 g, 0.02 mol) 
to give a red-brown suspended soln. The precipitate was 
filtered off and then suspended in 50 ml of I-propanol for 
purification. N,N’*dis~icylidene-l(~~2{~~-1,2~cl~hexane- 
diaminatonickel(~~~, Ni(~~~(sal~*(~-CHXDA~, was obtains 
in 93 3/, yield, {~~und~ C, 63.79; H, 5.25; N, 7.65 y<. Calc. for 
NiCzoHzoNtO1: C, 63.38; H, 5.31; N, 7.38%). IR (KBr) 2920 
1620, 1536, 1470, 1450.1350. 1330, 1150.910,755.740cm? 

~s~~~~~~~c ~~c~iz~~~u~ @J c~~ur~~y~~i~s. A r~resenta~ve 
procedure is as follows. C~(I~~(sal~~(R-~HXDA~ (0.1895 g, 
0.5 mmol) and K2CQ3 (8.292 g, 60 mmol) were placed in a 
50ml-flask. The mixture was dried at 130 * 150” for 3 hr in 
INCUR. After cooling, 40 ml of solvent was added under a dry 
nitrogen. To the sus~nd~ solution, 12~mmol of chloro- 
hydrin was added and stirred at 25”. After an appropriate 
reaction time, the product and non-reacted substrate were 
analyzed by gas chromatography. The oxirane formed and 
non-reacted chlorohydrin were isolated by fractional 
distillation and their optical rotations were measured. 

Synthesis uf ~~~~CU~~~ actiw chioromurh~ifo~irane 
by ~sy~~et~~~ s~~t~esjs. In Fig. 1 is shown the opti- 
cally active Co(saI~n) type complex, ~,~‘-disali~yli- 
dene-1(R),2(R)-1,2-cycIohexanediaminatocobaIt(Il}. 
Co(II)(saI)2(R-CHXDA), and its analogues having 
various substituted benzene rings: Co(H) @l-OH- 
saI)2(S-CHXDA), Co(II)(3-MeO-saI)2(S-CHXDA), 
Co(II)(3,5-CI,CI-saI)~(~-CHX~A) and ~i(I~)(saI~~(~- 
CHXDA) (Experiment~l~. The structure of the 
Co(II)(sal~~(~-CHX~A~ was es~blish~9 as a Iow- 
spin square-planar tetradentate complex having a i- 
conformation for the central chelate ring around the 
cobalt atom. 

By using the above optically active Co(salen) type 
complexes as catalysts, asymmetric cyclizations of 1,3- 
di~hlor~-2-propan~l were examined. The reaction 
involves asymmetric elimination of hydrogen chloride 
from 1,3dichloro-2-propanol with base, potassium 
carbonate being found to be the most favorable among 
several mild bases in the preliminary examination. 

CH2-CH-CHI z% CH,--EH-CHZ 
1 

Cli 
I I t”l \/ 

OH Cl CI 0 (11 

1,3-dichioro-2-propanol chloromethyloxirane 
(prochiral) (optically active) 

The results of cyclization of I~3-dichloro-2*propanoI 
catalyzed by the optically active cobalt (salen) type 
complexes are summarized in Table 1. Chloro- 
met~yloxir~e was obtained selectively from most 
reaction systems. When Co(II~(saI)~(~-CHX~A), 
which has no substituent in the benzene ring, was used, 
chloromethyloxirane (configuration S’ * ) of 34.8 :i e.e. 
was obtained in high (or theoretical) yield (50”/;;, see 
initial condition: ~~C~~~substrate = l/2 (m~l/moI~). 

It should be noted that (S)( + ~ChIoromethyloxiran~ 
having a high e.e, value (59.5 ?A) was obtained by using 
Co(I1) (3,5-CI,CI-saI),(R-CHXDA) as the catalyst. In 
the experiment using an equimolar amount of K&OS 
(100 mmol) for the substrate, ~hloromethyl~xir~e of 
54 % e.e. was obtained in 65 :/u yield. When Co(I1) (3,5- 
CI,CI-sal~~(~~CHX~A~ (ee. 34.2 7;) was used, (R)( - )- 
~hl~romethyloxir~e of 22.9 “/, e,e. was obtain&. This 
value for ~hloromethyIoxirane corresponds to 67.0 ‘x, 

Fig. 1, The structure of complexes. (A) Co(II)(sal)i(R-CHXDA), (B) Co(Ir~)f4-OH-sal)z(S-CHXDA), (C) 
Co(~I~(3-MeO-sal~~(~-CHXDA}, (D) Co(II)(3,5-~~Cl-sal)*(R-CHXDA~, (E) Ni(lIf(srtl),(S-CHXDA). 
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Table 1. Asymmetric cyciieation of 1.3-dichloro-2-propanol’) 

Complex Substrate $C03 Tim 

(ml) (ml) (day) (‘HI 

Co(II)(sal),(R-CHXOA) 

Co(11)(3,5-Cl,Cl-sal)2(R-CHXDA) 

WW( 3.5ci ,ci-~d)pc~xM) 

ww 3,5-Cl,Cl-sal)2(R-CHXDA) 

ww 3,5-C1,C1-sa1)2(S-CHXDA) 

ww 3-&O-Sal )2(S-CHXDA) 

wm 4-OH-sal)2(S-CHXDA) 

Ni(II)( sal)2(S-CHXDA) 

100 

100 

100 

100 

50 

100 

100 

100 

100 

100 

50 

50 

50 

100 

50 

50 

50 

50 

50 

50 

6 

4 

4 

4 

lsh) 

6 

6 

6 

6 

6 

87.5 

53.3 

54.5 

84.1 

49.3 

59.8 

48.7 

52.4 

51.2 

50.3 

97 

77 

96 

82 

97 

93 

74 

99 

49.9 + 8.90 

50.6 +15.16 

52.9 +15.23 

64.8 +13.69 

47.3 t11.40 

49.0 - 5.87 

47.2 - 0.32 

48.7 - 3.96 

37.9 - 0.00 

49.8 0 

44.5 

22.9(67.0)i ) 
1.3( 3.7)i) 

0 

a) Complex 0.1 mnol, solvent CH2C12 40 ml, 25OC, under a n1 trogen atmosphere. 
b) Conversion of substrate. c) (Chloromethyloxirane formd)/(substrate converted) (mol/mo1)xlOD. 

d) Chemical yield of chloromthyloxirane. e) Specific rotation of Cm, formed. 

f) Optical purity of Cm3 formed; k]Aa =-25.61"(Ref.l1) for optically pure CMO. 

g) Corrplex (0.3 mnol) was used. h) O-5OC for 11 days and then 10~15°C for 8 days. 

i) Estimated e.e. valws considering e.e.(34.2%) for catalysts by the eq :(e.e. for CMo)/(34.2)xlOD. 

e.e. when corrected by the equation: (e.e. ‘x for 
chloromethyloxirane)/(e.e. % for catalyst) x 100. 

The effectiveness of a series of cobalt (salen) type 
complexes as catalysts for this asymmetric reaction is 
in the following order: Co( II)(3,5-C1,C1-sa1)2(R- 
CHXDA) > Co(lI)(sal),(R-CHXDA) = Co(II)(4- 
OH-sal)#-CHXDA) > Co(II)(3-MeO-Sal),@- 
CHXDA) > Ni(II)(saljz(S- 
CHXDA). In the reaction system involving 
Ni(II)(sal)#-CHXDA), no sign of asymmetric cycli- 
zation was observed. The turn-over number of these 
complexes as catalysts were found to be very high 
(chloromethyloxirane(mol)/cobalt complex (mol) 
2 500). the highest one being observed to be 840. 

The time-conversion curve for the reaction using 
Co(11)(3,5-C1,C1-sa1)#7-CHXDA) as the catalyst is 
shown in Fig. 2. The rate of the reaction does not 
change significantly when the concentration of base is 
altered. The high e.e. value for the product is 
considered to come about because potassium car- 
bonate, sparingly soluble in dichloroethane solvent, is 
solubilized by the addition of the cobalt complex; thus, 
most substrate molecules are cyclized under the 
asymmetric influence of optically active cobalt 
complex (see Mechunism of usymrnetric cyclization). 

Synthesis of optically active chloromethyloxirane by 
kinatic resolution. In comparison with the reaction of 
1,3-dichloro-2-propanol, which proceeds by the 
mechanism of asymmetric synthesis (eqn l), the 
asymmetric cyclization of racemic 2,3-dichloro-l- 
propanol (eqn 2) was examined under similar 
conditions; the optically active chloromethyloxirane is 
expected to be formed by a mechanism of kinetic 
resoIution, where the e.e. of oxirane formed should 
decrease with conversion. 

CH2-CH-_CH2?!?; CH&H-CH2 
I I I KKO, 1 \/ 

Cl Cl OH Cl 0 (2) 

2,3-dichloro-l-propanol chloromethyloxirane 
(racemic) (optically active} 

The results of cyciization of 2,3-dichloro- 1 -propanol 
by using Co(II)(sal)z(R-CHXDA) as a catalyst are 
given in Table 2. (R )( - )-chloromethyloxirane having 
a low e.e. value (16 “;;) was obtained in low yield ( 10 “(‘J; 

0 
Tim (Iv) 

Fig. 2. Curves for the conversions of 1,3dichloro-2- 
propanol with time in the systems of 50mmol (a) and 
lOOmmol(0) of K2C03 used. Other conditions: Co(I1)(3,5- 
Cl,CI-sal)2( R-CHXDA) 0.1 mmol, CHICl,(solvent) 40 ml. 
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Table 2. Asymmetric cyclization of 2,3dichloro-l-propanol’) 

Complex Substrate K2C03 Time Conv. b, CMOC) CM0 

(ml) (ml) (dw) 0) Sub 
""___-___;o~r______)7-1 

W 
yieldd) [ U'D 
0) "1 :$' 

(R-CHXDA) 

100 

50 

50 

6 15.0 

6 3.8 

10.4 

2.3 

-4.12g) 16.1 

0 0 

a)wf) As in Table 1. g) The specific rotation of the non-reacted substrate recovered: 

bl;“= +O.ZlO(neat) (unkown configuration) 

cf chloromethyloxirane obtained with the same 
catalyst by eqn (1): 34.8 v/l; e.e. and 49.9 % yield. 

The results of cyclization of Z-chloro- l-propanol to 
be described later suggest that (S)( - )-2,3-dichloro- l- 
propano1 is preferentially cyclized to give (R)( - )- 
chloromethyloxirane with an inversion of configura- 
tion at the asymmetric carbon. 

Synthesis of optically actice methyluxirane by kinetic 
resolution. Asymmetric cyclization of racemic 2- 
chloro-1-propanol was studied in detail. Since the 
configurations and optical activities of optically pure 
2-chloro- l-propanol’ 2 and methyloxirane’ 3 are well 
known, this investigation provided some information 
on the stereochemistry of the above two asymmetric 
cyclizations which gave optically active chloro- 
methyloxirane. 

The results of the asymmetric cyclization of 2- 
chloro-l-propanol using the cobalt(salen) type com- 
plexes (Fig. 1) as catalysts are summarized in 
Table 3. The asymmetric reaction using 
Co(II)(sal),(R-CHXDA) gave (S)( - )-methyloxirane 
while the non-reacted substrate showed (+ ) optical 
rotation. The fact indicates that (R)( - )-2-chloro-l- 
propanol is preferentially bound to the optically active 

cobalt complex and is converted to (S)( -)- 
methyloxirane with an inversion of the configuration 
at the asymmetric carbon. Most of the e.e. values of 
methyloxirane formed are in approximate agreement 
with the e.e.&d values obtained by assuming that the 
reaction proceeds by a complete kinetic resolution 
mechanism (see note g) in Table 3). 

The effects of substituents of the complexes on the 
cyclizations were remarkable in a similar way to the 
asymmetric reactions of 1,3-dichloro-2-propanol, 
although the order of the effectiveness of the complexes 
as asymmetric catalysts was different. The highest e-e. 
of methyloxirane was observed in the reaction using 
Co(II)(sal),(R-CHXDA). When Co(II)(4-OH-sal)$G 
CHXDA) was used, the roughly estimated optical 
yield of methyloxirane formed (see note h) in Table 3) 
was similar to the e.e. value of methyloxirane obtained 
in the Co(II)(sal)z(R-CHXDA~catalyzed reaction, 
though the conversion was very low. A poor optical 
yield of methyloxirane observed in the Co(II)(3-MeO- 
sal)#CHXDA)-catalyzed reaction may be attri- 
buted to the bulky methoxy substituent. In the 
reaction with Co(I1) (3,5-Cl,CI-sal)2(S-CHXDA) and 
Ni(II)(sal)#-CHXDA) as catalysts, the results were 

Table 3. Synthesis of methyioxirane (MO) by the asymmetric cyclization of 2-chloro-l-propanol (2-0 1- 
PrOH) using various chiral complexes’) 

Catalyst Conv.b) Hoc) 
Ml 2-Cl-I-PrOH ******--*---**-* ~~~~~*~~*~~~~~~~~~~~~ 

(%) 2-C1$jPrO" rs(l;" 
d) e) 

w20 
f) 9) 

("I 9;;. (")O 
T$;'calcd 

R-CHXDA) 40.3 

Sal I2 

9.5 

39.2 

Co(II)(3,5-C1,C1-sal)2(S-CHXDA) 21.2 

Ni(II)(sal)2(S-CHXDA) 23.4 

*-*_--_*_--**-**-*-- 17.8 

88 -3.34 

90 +1.25 

84 +0.04 

91 +0.35 

a5 -0.01 

82 0 

26.6 t3.25 27.7 

10.0(29.2)h) -0.25 13.4(39.2)h) 

0.3( o.9)h) -0.07 0.7( 1.9Jh) 

2.8( 8.2)h) -0.14 2.9( a.5)h1 

O.l( o.2jh) to.00 O.l( o.21h) 

0 0 0 

a) Co(II)(sal),(R-CHXDA) 0.5 mnol, other CoI* and NiII catalysts 0.2 mnal, K2C03 60 mnol, 

2-Cl-l-PrOH 120 mnol, 1,2-dichloroethane (solv.) 40 ml, 25*C, 5 days. 

b) Conversion of 2-chloro-l-pmpanol. c) tW formed / 2-Cl-I-PrOH converted (nul/~l)xlCKl. 
d) Specific rotation of MO formed. e) Optical purity of lW formed; [d]0=+12.530(Ref. 13) 

for optically pure (R)(t)-MO. f) Specific rotation of non-reacted 2-Cl-l-PrOH recovered. 

g) OptIcal purity of MCI evaluated from the optIca purity of non-reacted 2-Cl-I-PrOH; 

e~e~calcd~lo(]/[~]~((loo-conv.)/conv~~~l~~~ [sd], 25=17.370(neat)(Ref.12) for pure (S)(+)- 

2-Cl-I-PrOH. h) Estimated e.e. values considering e.e.(34.2%) for catalysts by the eq : 

(e-e. for M0)/(34.2)~100. 
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Table 4. Synthesis of methyi~x~rane (MO) by the ~yrnrnetr~~ cyclizati~n of 
P&H) by using various metal carbonates” 

2-chtoro- 1 -propanol ( 243 t- 

-~- 

Yes Ha2C03 Diox 6 6.1 61 -3.29 26.3 tO.60 54.0 

Yes vD3 OiOX 5 8.8 84 -4.39 35.0 +0,64 38.3 

___ K2C03 Diox 5 trace -- 0 0 0 0 

-~_--------_--________-_c---__-_--__-_--~_~~~~___________*_______~-~__~__________~__~ 

Yes Li*C03 DCE 6 3.1 __ __I_ ___* ____ ____ 

___ Li2C03 DCE 6 0.6 -- 0 0 0 0 

Yes tia2C03 DCE 5 10.1 00 m-m_ ____ to.69 35.1 

..__ Na2C03 DCE 5 1.0 -- 0 0 0 0 

Yes K2c03 WE 5 40.3 88 -3.34 26.6 +3.25 27.7 

_*_ K2C03 DCE 5 17.8 02 0 0 0 D 

Yes Rb2C03 DCE 4 39.1 91 -2.44 19.5 +1.88 16.8 

___ Rb2c03 DCE 4 35.9 a8 0 0 0 0 

yes cs*co3 DCE 5 40.8 94 -0.92 7.3 to.79 6.6 

___ Cs2CD3 DCE 5 39.8 85 0 ' Yes NaHC03 DCE 5 7.9 90 -,.6Oj)_o__ +:J6 50.6 

Yes CaC03 DCE 6 0.0 __ --__ ____ ____ ____ 

Yes 8aC03 DCE 6 0.0 -_ ____ _-_- __*_ ____ 

a) Co(II)(sal)2(R-CHXDA) 0.5 ml, Base 60 ml, 2-Cl-l-PrOH 120 ml, 

solv. 40 ml, 25°C. b) ~~~II~~sal ~2~R-~HX~A~. 

c) Oiox : dioxane, DCE : 1,2-dichloroethane. d)-i) As Jn Table 1. 

j) Measured fn 1,2-dichlomethane solutfon. 

very unfavorable with regard to both conversion and 
optical yield of methyloxirane. 

Next, asymmetric cyclizations of Zchloro-l- 
prQpano1 with a series of alkali metal carbonates were 
carried out, using Co(U) ~sal)*{~-CHXDA) as the 
catalyst. The results are summarized in Table 4. The 
highest enantiomerie excess of methyloxirane formed 
was 35 :)A, achieved in the cyclization of 2-chloro-l- 
propanol with potassium carbonate in dioxane. 

The reaction rate in 1,2-dichloroethan~ was 
observed to increase in the following order: L&CO3 
<<Na,CO, < K,CO, < RbZC& < CszC03, al- 
though weaker basessuch as NatC03 and &CO3 were 
much more favorable in view of asymmetric selectivity. 

It is considered that the reaction proceeds by the 
following two parallel pathways: the cobalt-catalyzed 
reaction (eqn 3) and the non-catalyzed reaction (eqn 4). 

selectivity for the above cyclizations with metal 
carbonates. 

~e~~~~~~~ of ~*~y~~fr~~ ~~cZiz~~~~~. In order to 
obtain insight into the feature of the asymmetric 
reactions, binary systems of Co(I~)~sal)~~~-CHXDA) 
with a series of alkali meta carbonates were 
investigated by absorption and CD spectroscopies, as 
shown in Fig. 3. 

The absorption spectra of the binary systems of 
co(Ir)(sal),(R-CHXDA) and ~*~~~~~=I,i, Na, K, 
Rb, and Cs) are similar to that of the cobalt(M) 
complex itself but completely different from those of 
such cobalt(l) complexes as Li + ~~o~I)~sal)~~~- 
CHXDA)]-9 and Na’ [Co(I)(salen)] - Is, ,indicating 
that the cobalt species in the binary systems remain as 
the Co” state. On the other hand, the CD spectrum of 
each binary system is completely different from that of 

2-chloro- 1 -propanol czGt* b methyloxirane 
(optically active) 

2-chloro- 1 -propanol w methyloxirane 
(racemic) 

(3) 

(4) 

With stronger bases such as Rb2COJ and Cs2C03, 2- 
chl~ro-~-prop~ol was cyclized easily even in the 
absence of the cobalt catalyst (Table 4). On the other 

Co(II) (sal)~~~-~HX~A) itself. The results suggest the 

hand, eycl~ation with weaker bases such as NazCOJ 
formation, in reference to certain related systems,15 of 

and &CO3 could proceed significantly only with the 
a new complex, ~~o~~I)(sal)~~~-C~XDA).~~C~~ ] 

cobalt catalyst, thus resulting in a highly asymmetric 
depicted in Fig. 4. 

selective reaction, The ratio of the cobalt-catalyze 
The rate of change of the CD spectra from 

reaction (eqn 3) to a non-catalyzed reaction (eqn 4) 
Co(II)(sal)~(~-CHXDA) itself to the [Co!M2C03] 

seems to be the decisive factor in the asymmetric 
complexes increased in the following order: Li,CO, 
z Na2C0, < KtC03 < Rb#& < Cs2C03. 
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Fig. 3. The absorption and associated CL, spectra of Co(II)(sal),(R-C~XDA)~metal ~rbonate systems (in 
dioxane). Co” -, Co*‘,!Li,CO, -+-. v -, Co”“iNa,CO, 10. -. I. Co”jK,CO, --_ -- 1 

Co”~Rb~C~~ ---. - -. Co”~Cs~C~~ -+-e-+-e-. 

The typical bands for the complexes (Fig. 4) were 
observed around 22 x IO3 cm- ’ and 26.5 x lo3 cm- ‘. 
The complex shown in Fig. 4 is d kind of host-guest 
complex, and thus the enhancement of basicity of metal 
carbonates by Co(II)(sal),(R-CHXDA) can be 
explained in terms of a similar function performed by 
crown ether. l6 

It is considered that the asymmetric cyclizations of 
1,3_dichloro-2-propanol, 2,3-dichloro- 1 -propanol, 
and propylene chiorohydrins proceed by the mech- 
anism depicted in Scheme 1. The Co atom of the 

Fig. 4, The suggested structure of the [Co~lI~~sal}~~~- 
CHXDA). M&O!, J complex. 

[Co*.MLC03 J complex is considered to interact with 
the chlorine atom of the coordinated ch~orohydrin.‘~” 

In the cyclizations of l-chloro-2-propanol,6 2- 
chloro- 1-propanol and 2,3-dichloro- 1-propanol, 
which proceed by kinetic resolution mechanisms, 
asymmetric selection of (R)- or @)-substrate should 
take place at the stage of coordinatjo~ of the substrate 
to the chiral cobalt complex in Scheme 1. The 
cyclization of 1,3-dichloro-2-propanol proceeds by the 
m~h~isrn of asymmetric synthesis. The conforma- 
tion of the coordinated 1,3-dichloro-2-propanol 

Scheme 1. 
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(S) (r)-methyloxirane 

(RI - 2-chloro-l-propanol 
(selected; 

-chloro-2-propanol 
(selected) 

3-dichloro-l-propano1 
(selected) 

chloro-2-propanol 
(prochiral) 

(S) t-1 -methyloxirane 

(RI (-I-chloromthyloxirane 

(S)(+)-chloromethyloxirane 

Fig. 5. A probable stereochemistry of the four types of asymmetric cyclizations with the [Co(JI)(sal)# 
CHXDA). KzC03 ] complex as a representative; the leaving chlorine atom is shown by CI. The bulky groups 
of the coordinated substrate molecules are assumed to be present in the left side of the complexes due to the i_- 

conformation fixed by the (RF 1,2-cyclohexanediamine part. 

molecule should be determined at the stage of The stereochemistry for the cyclization of 1,3- 
[Co*.M,C03 .chlorohydrin] as well. dichloro-2-propanol in Fig. 5 indicates that the cobalt- 

A probable stereochemistry in the asymmetric free Cl atom, rather than the cobalt-bound Cl atom 
reactions with [Co(II)(sal)2(R-CIIXDA).KzCOJ J is eliminated ; this fact may be reasonably explained by 
may be depicted in Fig. 5, where the bulky methyl and the steric and electronic ease with which the Co-free Cl 
chloromethyl groups of the substrates are far apart atom leaves in the form of potassium chloride. 
from the cyclohexanediamine chelate rings. The chiral 
steric circumstance around the active site, established 
by the Lconformation of the central chelate ring, 
should restrict the mode of incoming substrates. As 
shown in Fig. 5. the four types of asymmetric 
reactions seem to be explained reasonably in terms of 
the orientation of the coordinated substrate involving 
the chiral (steric and electronic) effects of the ).- 
conformation of the optically active cobalt complex. 

The alkoxy-part (C-O - ) of the coordinated chloro- 
hydrin in Fig. 5 probably revolves around the central 
C-C bond as a free anion and attacks the carbon 
bearing Cl atom by an SN2 mechanism. The presence of 
the interaction between the Co and Cl atoms at the 
stage of the back-side attack of the alkoxy anion can be 
demonstrated by the asymmetric cyclization of 
prochiral substrate, 1,3-dichloro-2-propanol. The 
optically active chloromethyloxirane could not be 
formed except by interaction between the Co and Cl 
atoms. 
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