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Oxvgen molecule plays a pivot role in the biological sys-
tems. In addition, it is probably the most desirable oxidant in
organic synthesis in terms of economical and environmental
viewpoints. Therefore, lots of efforts have long been focused
to utilize molecular oxygen for the oxidation of organic
compounds especially using transition metals as an activa-
tor.! Recent studies have been directed to the development of
more mild and efficient oxygenation procedures,” and
indeed some excellent examples have been published very
recently in the case of alcohol oxidation.” Undoubtedly,
development of novel and mild oxygenation methods is still
in demand.

As a series of our attempts to use salen-manganese com-
plexes in organic synthesis,* we tried to develop a biomi-
metic mono-oxygenation procedure using catalytic (salen)
Mn(11l) complex 1, which is easily accessible from readily
available precursors. In nature, oxygen gas is employed as
an effective oxidant in biomolecules. In this biological pro-
cess, an enzyme such as cytochrome P-450 is catalytically
involved to activate O> molecule, where one-oxygen reduc-
tant such as NAD(P)H is necessarily consumed. As a syn-
thetic model of an enzyme P-450, metal porphyrine
complexes in conjunction with appropriate reductants have
been studied for the aerobic oxidation of olefins to afford
hydrated products.” While most of these studies were
focused on the reaction mechanism to access the better
vnderstanding of the biological oxidation process, few syn-
thetically useful procedures were developed partly due to
low reactivities or product selectivities providing olefin
dimers as a side product. In this letter, we want to disclose
that (Salen)Mn(11[) complex 1 and sodium borohydride
under the atimospheric pressure of oxygen can comprise a
vseful synthetic method for the oxidation of vinyl arenes to
the corresponding alcohols.

Our investigation began with an effort to optimize reaction
conditions for the oxidation of vinyl arenes using catalytic
salen-manganese complex 1 and stoichiometric NaBH,
under O; atmosphere. a-Methylstyrene was chosen as a
model substrate to give the oxidized product, 2-phenyl-2-
propanol. The first variable examined was the amount of
NaBH, as a hydride source (entries 1-3). [t proved that 1.5
equivalent of sodium borohydrde is necessary to complete
the reaction. Among the examined alcohols including meth-
anol and isopropy| alcohol, ethanol was found to be the most
efficient in this reaction, which is presumably due to the
increased solubility of the catalyst at least in part (entries 6-
). Oxygen gas, which was supplied viz a balloon, was of

Table 1. Examination of Reaction Conditions lor the Oxygenation

of g-methyIsiyrene
S

O, (1 atm), NaBH 4

Ph\ﬁ (Salen)Mn(II)C1 1 Ph\é =N, N=
Benzene / Ethanol OH do}’f“\o
(0.5 mmol) room temp, 4 hrs 1C1
Fontry NaB}h Complc; 1 Benzence  Ethanol P.roduc’t
i (cquiv) (mol %) {mL) {mL) (Yicld %)’
1 0.5 10 10 2.0 38
2 1.0 10 10 2.0 53
3 1.5 10 10 2.0 92
4 1.5 5 10 2.0 84
5 1.5 5 1.0 2.0 94
6 1.5 10 10 0 39
7 1.5 10 10 0.3 67
8 1.5 10 10 1.0 92
9 1.5 10 10 2.0 7
10 1.5 10 10 2.0 34

“GC yiclds using dodecanc as an interal standard. *Reaction under N
gas in place of Oz “Reaction under air in place of oxygen gas.

course indispensable for this procedure. For example, when
the reaction was performed under nitrogen gas atmosphere,
very low conversion was obtained {(entry 9). Use of air in
place of oxygen under otherwise identical conditions gave
worse result (entry 10). We also found that the amount of
benzene is another important factor, i.e. improved result was
obtained with lesser amount of solvent {entries 4, 5). [n fact,
using the condition in entry 3 as the optimized one, we were
able to let the reaction go completion with § mol% of the
catalyst 1.

Ditferent types of vinyl substrates were subjected to the
reaction conditions examined above. As seen in Table 2, the
complex 1 coupled with NaBH, proved to be an efficient
catalyst to effect the oxygenation of styrene derivatives to
give the alcoholic compounds. The necessary amount of
NaBH, was dependent on the substrate structures, ie. there
needed 1.5 equiv. borohydride for w-substituted styrenes
whereas 2.0 equivalence was necessary for vinyl derivatives.
With 4.0 equiv. of reductant, double oxygenation was also
efficiently achieved (entry 3). This reaction was generally
applicable to other aromatic compounds such as pyridinyl
and naphthyl derivatives (entries 8, 9). Functionality change
in the benzene ring did not affect the reactivity showing low
electronic effect in this reaction (entries 4-7). However, the
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Table 2. The oxyecnation of styvrene derivatives catalyzed by
(Salen)Mn(111} complex 1 in the presence of NaBH,

O (1 atm), rt, 4 hrs

Substrate - A NaBB3lly + 3% Complex 1 Praduct

Benzene/Ethanl

. lsolated
lntry Subsire A P : . )
niry Substrate roduct Yield (%)
Ph Ph
1 Y 15 \(g 85

Ph
2 e 15 Ph\éOH 90

Ph
3 4.0 HO@OH 77
4 Ph” 2.0 Phe~ 81
OH
5 2.0 80
Z
OH
MeO
6 O\/ 20 Meo\@\( 87
OH
cl cl
7 \©\/ 2.0 \©\( 87
OH
8 [ ®
., 2.0 B
N Z N 73
OH
s T 20 1
OH
10 Phu~ 2.0 Ph 35 (65)°
OH
OH
11 Ph 2.0 Ph 7

“Reaction was performed with molecular sieve (4 A) as an additive.

styrenc reactivity was decrcased sharply by introduction of a
substitution at teeminal carbon of the C-C bond {cntey 10).
Interestingly. by addition of 4 A molecular sieves in this
condition, yicld improvement was obscrved. For the non-
conjugated vinyl compound. this procedure displays very
low conversion leaving most ol the starting material intact
(entry 11). This oxygenation procedure turned out to be a
very clean reaction. e.g. lollowing the reaction by GC and
GC-MS. the only distinguished side products were dimers
usually observed in less than 5% yields. The typical experi-
mental procedure is as follows: In a 50 mL two-neck round
bottomed (lask were placed c-methylstyrene (1.0 mmol. (18
mg), racemic (Salen)Mn(ITHCL complex 1 (0.05 mmol., 20
mg) and benzene (2 mL) as a solvent. Aller oxygen balloon
was adapted to the reaction flask. {lushing the vessel with O3
was undertaken by evacuation/charging procedure three
times. To this was added via syringe NaBI1y {1.5 mmol, 56
mg) dissolved in 4 mL cthanol over 20 min with stirting.
Alter the mixture was stirred for 4 h at rt. it was poured into
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sat. NH,Cl solution and extracted with diethyl ether. The
organic layer was dried, concentrated in vacuo and purified
by flash chromatography to give 2-phenyl-2-propanol (116
mg, 85 % vield) as the product.

[n summary, we have shown that vinyl arene compounds
could be efticiently oxidized into the corresponding alcohols
using (salen)Mn(I11) complex 1 as the catalyst in the pres-
ence of NaBH,., where Os gas was used as the ultimate oxi-
dant. This procedure could comprise a mild and selective
oxyvgenation method for the conjugated olefins. Even though
the reaction mechanism is not elucidated yet, by judging
from the product distribution, in this oxidation is not
involved in the high valent Mn—O species® which is com-
monly encountered in (salen)Mn-mediated oxidation pro-
cess and well documented to lead to olefin epoxidation.”
Further studies to understand the reaction mechanism® and
to expand the scope of this process are in progress.
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7. Subjection of styrene oxide to the identical reaction condi-
tions described in the text provided no reaction, which
eliminates the possible reaction pathway involving the
cpoxide formation followed by selective opening medi-
ated by NaB311i.

8. lor example, trial of asymmetric induction with styrene
using Jacobsens catalyst such as {(R.R)-N.N'-bis(3,5-di-
‘butylsalicylidene)-1.2-cyclohexanediaminomanganese(111)
chloride provided no selectivities giving the phenethyl
alcohol as a racemic mixture.



