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N-Alkyl Imidazoles as Effective Axial Ligands in the Aerobic Asymmetric Epoxidation of Unfunctionalized
Olefins Catalyzed by Optically Active Manganese(III)-salen-type Complex
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N-Alkyl imidazoles are effective axial ligands to achieve highly enantioselective
epoxidation of unfunctionalized olefins by combined use of molecular oxygen and
pivalaldehyde with optically active Mn(III)-salen-type complex catalysts. In the
presence of N-alkyl imidazole, the epoxidation of 2,2-dimethylchromene proceeded
smoothly to afford the corresponding optically active epoxide in 92% enantiomeric

€XCESsSs.

In our previous communications, an aerobic asymmetric epoxidation of
unfunctionalized olefins by using optically active manganese(III) complex
was described.]) In the present experiment, it was found that the absolute N'
configuration of the obtained epoxide is completely reversed when a catalytic c| 1 R-Me
amount of N-methylimidazole was added to the above oxidation. As shown 2-R="BU
in Table 1, when 1,2-dihydronaphthalene was oxidized by molecular Fig 1. (R R)-Mn(iI1) complex.

oxygen with (R,R)- manganese(lIl)-salen-type ) . . .
L Table 1. Reversion of absolute configuration of epoxide
complex catalyst 1 or 2 alone (Shown in Fig. by adding N-methylimidazole

z
4

1)2), the formed epoxide had (/S,2R)-(-) (R,R)-Mn(I11) complex 2 "‘C;)

configuration. On the contrary, the epoxide of “ é—CHO 1atm Oy, RT (:C{ + (:O

(IR,25)-(+) configuration was afforded by the (1R, 29)-(+) (1S, 2A-()
Additive I Absolute configuration

addition of a catalytic amount of N-
methylimidazole to the same reaction
system.3) ‘The result clearly indicates that

(15, 2R)-(-)
(1R, 25)-(+)

None
N-methylimidazole

imidazole derivatives play important roles in

controlling the enantioselection of the present epoxidation. Concerning the similar effect of imidazole
derivatives in oxidation reaction, it has been revealed that bonito ferrocytochrome ¢ consists of a heme group
and a polypeptide chain, and that the imidazole ring of histidine 18 coordinates the heme iron atom as the Sth
ligand, which is supposed to activate molecular oxygen.4) Myeloperoxidase also contains histidine
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coordinating the heme iron atom with the imidazole ring.?) Bleomycin includes imidazole moiety as the
ligand of the central iron atom.5) Although the effects of imidazole derivatives as donar ligands have been
studied in cytochrome P-450 model reactions by several grbups,7) few were reported on the stereochemistry
of olefin-epoxidation.g) In this communication, we would like to describe the effect of N-alkyl imidazoles,
axial ligands, in achieving highly enantioselective epoxidation of unfunctionalized olefins by combined use of
molecular oxygen and pivalaldehyde with optically active manganese(III)-salen-type complex catalysts.

At first, the influence of the

Table 2. Effect of axial ligands on optical yield of epoxides
position of an alkyl group attached Axial Ligand

o s . . qe cat. |
to an imidazole ring and a pyridine ©\/)\j< Mn(III) complex . @iR
ring upon the optical yields of the -}—CHO 1atm O, RT X7 R

obtained epoxides was examined.

Optical yield / %ee?

In all cases of epoxidation of 3,3- a)

. . Entry Axial ligand
dimethyl-3,4-dihydronaphthalene, Eﬁ @é @ﬁ(
1,2-benzo-1,3-cycloheptadiene,

and 2,2-dimethylchromene, the 1 N\_/NH
optically active epoxides were ; o
~
afforded in good to high 2 N_ ) 71 83 91
enantioselectivities by the addition N c)
_ .. 3 I 51 27 76
of imidazole or N-methylimidazole .O
(55-91% ee, Entries 1 and 2in  ~~ "7 7777 i _____________________ 9
Table 2). While, the optical yields 4 NZ 45 32 26
of the epoxides were much lower N NH )
. 8a) 5 - 48 30 51
when 2-methylimidazole®2) or 4- )—J
methylimidazole was added (26- c)
. .. 6 N7 7 1 22
51% ee, Entries 4 and 5). Similar 1 _

results were observed in the cases a) Reaction conditions; olefin 1.15 mmol, pivalaldehyde 3.5 mmolé axial
o wingpyriine or 2 s[04 035, e, Wl comge 1 138 (2 v
an axial ligand; that is, when (Chiraldex B-DA, ASTEC Co.). ¢) Mn(Ill) complex 2 was used as catalyst,
pyridine was added, the optically and benzene as solvent.
active epoxide was obtained with
better enantioselection compared with the reaction by adding 2,6-1utidine, 51 vs. 7% ee, 27 vs. 1% ee, and 76
vs. 22% ee, respectively (Entries 3 and 6). The results suggested that alkyl groups attached to the carbon next
to nitrogen would prevent the coordination to the central manganese atom because of their steric hindrance,
and that manganese(III) complex molecules could not be always coordinated by imidazole derivatives.
Reactive catalysts for the epoxidation would include both the manganese complex coordinated by imidazole
derivatives and the imidazole-free complex, which afforded the epoxide with the reversed absolute-
configuration. Therefore, the total optical yield was offset and lowered.)

Since the optical yields of the obtained epoxides were the highest in all cases when N-methylimidazole
was added, a variety of N-alkyl imidazoles10) was screened by taking 2,2-dimethyichromene as a model
olefin. It was found that the optical yields of the corresponding epoxides were improved up to more than

90% ee by the addition of imidazole derivatives having N-alkyl groups (see Table 3), while 71% ee in case of
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N-phenylimidazole. It was also shown that
the longer alkyl groups are attached to the
imidazole rings, the higher the chemical yield
of the epoxide attained, and that N-octyl-
imidazole was the most suitable axial ligand
with respect to both chemical and optical
yields (Entry 5).

Optically active chromene oxides have
attracted much attention as intermediates for
biologically active compounds, such as
precocene II derivatives! 1) and medicines of
hypertension and asthma.12) Jacobsenl3) and
Katsukil4) recently reported enantioselective
epoxidation of chromene derivatives by using
optically active manganese(III)-salen-type
complex catalysts and sodium hypochlorite or
iodosylbenzene.

529

Table 3. N-Alkyl imidazoles as effective axial ligands

N-Alkyl Imidazole
CX ~CrL

cat Mn(I1I) complex
%—CHO, 1 atm Oy, RT

Entry ) Imidazole Yield / %P)Optical yield / %ee®)
1 N7 - 23 74
CH
2 NONTTE 12 of
3 S Cets 3t ot
JC4H
N”\N 4Hg % ®
4 \=/
n,
5 NP Catiz 37 %”
\=/

a) Reaction conditions; olefin 1.15 mmol, pivalaldehyde 3.5
mmol, imidazole 0.55 mmol, Mn(IIl) complex 2 0.138 mmol
(12 mol%) in benzene 4 ml, RT, 1 atm O,. b) Isolated yield.
¢) Determined by GC analysis (Chiraldex B-DA, ASTEC Co.).

Then, the present system was applied to the enantioselective epoxidation of various

chromene derivatives1) (see Table 4). In all cases of chromene derivatives, the corresponding optically

active epoxides were obtained in more than 90% enantiomeric excess.

A typical procedure is described for the asymmetric epoxidation of 2,2-dimethylchromene (Entry 1 in

Table 4): To a mixture of (R,R)-Mn(IIl)-salen-type complex (2) (87.7 mg, 0.138 mmol, 12 mol%) and N-
octylimidazole (99.5 mg, 0.552 mmol) in benzene (3.0 ml) was added a solution of 2,2-dimethylchromene
(184 mg, 1.15 mmol) and pivalaldehyde (300 mg, 3.5 mmol) in benzene (1.0 ml). After stirred at room
temperature under an oxygen atmosphere for 8 h, the reaction mixture was extracted with ethyl ether, washed

with saturated solution of sodium hydrogen  ape 4. Aerobic asymmetric epoxidation of various chromenes

carbonate and brine, and then dried over N-Octylimidazole
anhydrous sodium sulfate. The solvent was R : D R % Mn(m) complex > R-@(ﬁ R
removed under reduced pressure, and the "R ‘}‘CHO' 1atm Oz, RT "R
residue was purified by column Entry Chromene Yield /% Optical yield / %ee
chromatography on silica-gel (hexane / X
ethyl acetate) to afford the corresponding ! @0\"( 37 92
optically active epoxide in 37% yield (65.4 S
mg). The enantiomeric excess was e % 32 %0
determined by GC analysis (Chiraldex B- S
DA, ASTEC Co.) to be 92% ee. 3 % 34 ot

Thus, it is noted that N-alkyl X
imidazoles behave as effective axial ligands 4 \C(Oj( e4 o

in the aerobic asymmetric epoxidation of a) Reaction conditions; olefin 1.15 mmol, pivalaldehyde 3.5

mmol, N-octylimidazole 0.55 mmol, Mn(Ill) complex 2 0.138
mmol (12 mol%) in benzene 4 ml, RT, 1 atm O,. b) Isolated
yield. ¢) Determined b¥ GC analysis (Chiraldex B-DA, ASTEC
Co.). d) Determined by "H-NMR analysis. Eu(hfc)s was used as a
chiral shift reagent in CDCl3. e) Determined by GC analysis
(Chiraldex G-TA, ASTEC Co.).

unfunctionalized olefins catalyzed by
optically active manganese(IIl)-salen-type
complex.
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