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Abstract—In order to obtain information on deoxygenation in the hydrogenolysis of epoxides, a series
of substituted styrene oxides were hydrogenolysed using Raney Ni, Pd and Pt as catalysts. Over
Raney Ni, these styrene oxides gave ethylbenzenes (30-50%) as well as 2-phenylethanols. The ethyl-
benzenes were proved to be produced via the corresponding styrenes. These deoxygenations can be
explained by the previously proposed mechanism involving the radical cleavage reaction, The hy-
drogenolyses over Pd gave selectively 2-phenylethanols. Over PtO,, the deoxygenations were less
than 10% except 3,4-dichlorostyrene oxide (V) which gave 3,4-dichloroethylbenzene in 75% yield.
However, the significant deoxygenations were observed in all hydrogenolyses over Pt-black. The
ethylbenzenes were proved to be produced directly from the corresponding styrene oxides, but not
from 1-phenylethanols as proposed by Park and Fuchs. These deoxygenations are considered to occur
via styrenes by trans-8-elimination. The difference in behaviour over Pt catalysts can be ascribed to
the alkaline substances contained in the catalyst. The significant deoxygenation in the hydrogenolysis
of V over PtO, can be explained by the effect of a trace of HCI produced from the substrate and/or

products.

Deoxygenations have often been observed in the
hydrogenolysis of epoxides.'* Park and Fuchs’ re-
ported that the hydrogenolysis of p-bromo- and
3,4-dichlorostyrene oxides over a PtO, gave 1-
phenylethanols as well as 2-phenylethanols, and the
1-phenylethanols underwent the-subsequent hyd-
rogenolysis to the corresponding ethylbenzenes.
However, styrene oxide and its p-methyl derivative
were  hydrogenolysed  selectively to  2-
phenylethanol.’ The authors considered from these
results that the direction of ring-opening of epox-
ides by hydrogen was determined by the electronic
effects of the substituents. On the other hand, we
have described that more than 50% phenylcyc-
lohexane was produced via 1-phenylcyclohexene
in the Raney Ni catalysed hydrogenolysis of 1-
phenyl-7-oxabicyclo [4.1.0)heptane, and proposed
a possible mechanism.’ In this work we studied the
hydrogenolysis of a series of styrene oxides (I-VI)
in order to obtain more detailed information on the
deoxygenation.

RESULTS AND DISCUSSION

Raney Ni catalyst. The data in Table 1 summar-
ize the hydrogenolysis of a series of styrene oxides
(I-VDD over Raney Ni. These styrene oxides
gave ethylbenzenes (30-50%) as well as 2-
phenylethanols, and scarcely any effect of sub-
stituents was observed. No 1-phenylethanols could

“Present address: Denki Kagaku Co. Ltd., Ichihara-shi,
Chiba-ken 290.

*Present address: National Chemical Laboratory for
Industry, Mita, Meguro-ku, Tokyo 153. The correspon-
dences should be addressed to this author.

be detected during the reactions in all cases. The
competitive hydrogenation of an equimolecular
mixture of styrene oxide (I) and 1-phenylethanol
also indicates that the amount of the latter com-
pound was constant until I was consumed. Table 2
shows the dependence of the conversion on the
deoxygenation in the hydrogenolysis of I. The
deoxygenated products, ethylbenzene and styrene,
were obtained significantly at an early stage of the
reaction, and ethylbenzene was formed via
styrene. The production of 2-phenylethanol in-
creased as the reaction proceeded. A similar trend
was also observed in the hydrogenolysis of p-
methylstyrene oxide (II). These results eliminate
the possibility that 1-phenylethanols are inter-
mediates of ethylbenzenes, and indicate clearly that
the deoxygenation of styrene oxides over Raney Ni
proceeds via corresponding styrenes. The hyd-
rogenolysis of optically active a-methylstyrene
oxide (VI) occurred with the slightly predominant
retention of configuration.” These deoxygenations
can be explained by a previously proposed mechan-
ism as shown in Scheme 1.'

The strong adsorption of oxygen and phenyl
groups increases the strain in the epoxy-ring, and
the styrene oxide 1 will form the radical 2 as well as
the m-benzyl complex 3.' The radical 2 will yield
competitively the styrene 4 and the complex 3. The
significant deoxygenation in an early stage of the
reaction indicates that the epoxide will tend to
cleave into the radical over fresh and active Raney
Ni. As the reaction proceeds, the production of the
radical will decrease because of aging of the catal-
yst. This consideration is supported by the fact that
the deoxygenation increases by increasing the
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Table 1. The hydrogenolysis of styrene oxides over Raney Ni

Products (%)

Catalyst® Ethyl- 2-Phenyl-
Substrate (®) benzene ethanol
0-05 23 77
04 35 65
QCH—CH, (0 1-0 56 44
~o~ 0-4* 7 93
0-4° 12 88
04 39 61
‘@'C{*J/CH’ an 0-de° 13 87
—OCH—CHz (11D 0-4 35 65
N
(8)
QCH—-CHz av) 04 40 60
N
(6]
CI—@—CH—CH: ) 0-4 50 50
N~
(o)
CH,
04 36 64

@*é—CHz (vDh

Substrate: 4 mmole. EtOH: 10 ml. Under 1 atm and 25°.
“Wet weight with EtOH. * Under 100 atm.  NaOH (1 mmole) was added.

amount of Raney Ni as shown in Table I.
Moreover, the formation of ethylbenzene under 100
atm by hydrogen was lower than that under 1 atm;
the hydrogen addition to the radical or the nuc-
leophilic reaction becomes dominant rather than

the formation of styrene as the hydrogen pressure
increases.

The addition of sodium hydroxide to the reaction
decreases the formation of ethylbenzenes, as
shown in Table 1. The hydrogenolysis of optically
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Table 2. Dependence of the conversion on the
deoxygenation in the hydrogenolysis of styrene

oxide () over Raney Ni
Products (%)
Conversion
(%) Ethyl- 2-Phenyl-
benzene Styrene ethanol

5 20 40 40
20 25 25 50
40 20 6 74
95 25 — 75

Substrate: 4 mmole. EtOH: 10 ml. Raney Ni0-4g
(wet weight with EtOH).

active VI proceeded with predominant inversion of
configuration in the presence of sodium hydroxide.’
The presence of sodium hydroxide on the catalyst
surface will decrease the adsorptivity of the
epoxy-oxygen, and promote the ‘SN 2 process,
and, consequently, result in the decreased deoxyge-
nation.

Pd catalyst. The hydrogenolysis of styrene ox-
ides (I-VI) yielded selectively 2-phenylethanols;
scarcely any deoxygenation was observed. Opti-
cally active VI was hydrogenolysed predominantly
to configurationally inverted 2-phenylpropanol.’
This result indicates that the hydrogenolysis of
these styrene oxides also proceeds predominantly
via “SN 2” process as shown in Scheme 2. How-
ever, the hydrogenolysis of 2-phenylpropane-1,2-
diol, which involves the same w-benzy! complex
11, gave 2-phenylpropane (24%) as well as 2-
phenylpropanol.® Similar phenomena were ob-
served in the hydrogenolysis of 1-phenyl-7-oxabi-
cyclo- [4.1.0] heptane' and 1-phenylcyclohexane-
1,2-diol.’ Smith and Roth" have described that a
benzyl carbon metal bond will not achieve the max-

“This catalyst was prepared by the reduction of PtO,
with hydrogen, and washed well with water to remove al-
kaline substances.
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imum overlap because of m-complexing of phenyl
to the surface, and the result of this effect is to
increase the rate of the hydrogen addition to the
complex. These facts indicate that the w-benzyl
complex 9 will yield the alkoxide anion 10 rather
than the mw-benzyl complex 11.

Pt catalysts. Table 3 shows the hydrogenolysis
of styrene oxides (I-VI) over Pt catalysts. The
deoxygenations over PtO, were less than 10%
except the case of 3,4-dichlorostyrene oxide (V),
which gave 3,4-dichloroethylbenzene in 75% yield.
However, significant deoxygenations were ob-
served in all hydrogenolyses over Pt-black.” In
these cases, no 1-phenylethanols were obtained.

Part and Fuchs® stated that V gave 1-(3,4-
dichlorophenyl)ethanol as well as 2-(3,4-
dichlorophenyl)ethanol over PtO,, and 3,4-
dichloroethylbenzene was produced by the subse-
quent hydrogenolysis of the former product. Table
4 shows the dependence of the conversion on the
deoxygenation in the hydrogenolysis of V over

PtO,. The selective production of 34-
Table 3. The hydrogenolysis of styrene oxides over
Pt catalysts

Products (%)
Ethyl- 2-Phenyl-
Substrate Catalyst  benzene ethanol
I PtO, 8 92
Pt-black 4 56
n PtO, 6 94
Pt-black 50 50
m PtO. 4 96
Pt-black 41 59
v PtO, 15 85
Pt-black 27 73
\'% PtO, 75 25
Pt-black 73 27
VI PtO, 6 94
Pt-black 58 42

Substrate: 4 mmole. EtOH: 10 ml. Catalyst: PtO,,
50 mg. Pt-black, 50 mg (as PtO,).
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Table 4. Dependence of the conversion on the deox-

[ERUHPE JIUa C R U S, R, SR LI T P G
yECnauon 1n ine nyarogenolysis o1 J5,4-GICIIorostyrenc

oxide (V) over PtO,

Products (%)

Conversion 3,4-Dichloro- 2-(3,4-Dichloro-
(%) ethylbenzene phenyl)ethanol

16 100 —

30 65 35

75 52 48

V: 3 mmole. PtO,: 4 mg. EtOH: 10 ml.

dichloroethylbenzene was observed at an early
stage of the reaction. 2-(3,4-Dichlorophenyl)ethanol
increased as the reaction proceeded, and no 1-(3,4-
dichlorophenyl) ethanol was detected during the
reaction. There is also a possibility that no 1-(3,4-
dichlorophenyl) ethanol could be detected because
of its rapid hydrogenolysis. However, the competi-
tive hydrogenation of an equimolecular mixture of
V and 1-(3,4-cichlorophenyl)ethanol over PtO, indi-
cates that the amount of the latter compound was
constant until V was consumed. These facts elimi-
nate the possibility of the deoxygenation via 1-(3,4-
dichlorophenyl)ethanol.

As shown in Table 3, the significant deoxygena-
tions were observed over Pt-black in contrast with
PtO.. These differences are ascribed to the alkaline
substances contained in the Pt catalyst. In order to
confirm the possibility of this assumption, the effect
of HCI and o -dichlorobenzene on the deoxygena-
tion was studied as shown in Table 5. The hy-
drogenolysis of I over PtO, in the presence of a
micro drop of conc HCI resulted in significant for-
mation of ethylbenzene. The presence of o-
dichlorobenzene in the reaction mixture also in-
creased the deoxygenation of I; this can be ascribed
to a trace of HCI formed by the hydrogenolysis of

Table 5. The effect of additive on the hy-
drogenolysis of styrene oxide (I) over PtO,

Products (%)

Ethyl- 2-Phenyl-
Additive benzene ethanol
o-Dichloro-
benzene 62 38
(4 mmole)
Conc-HCI 70 30
(a micro drop)
— 8 92

I: 4 mmole. PtO,: 50 mg. EtOH: 10 ml.

“No dechlorinated products could be detected by gas
chromatographic analyses.
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o-dichlorbenzene. These results suggest that a
trace of aikaline substances in PtO, wili hinder the
deoxygenations of styrene oxides. The significant
deoxygenation in the hydrogenolysis of V can be
explained by the effect of a trace of HCI formed by
the hydrogenolysis of the substrate and/or prod-
ucts;¢ the alkaline substances in PtO, will neutral-
ize a trace of HCI.

The hydrogenolysis over Pt catalyst is compli-
cated because of these alkaline substances. How-
ever, optically active VI was hydrogenlysed with
predominant inversion of configuration not only
over PtO, but also over Pt-black. Pt-black contains
less alkaline substances than PtO,, because alkaline
substances are decreased by washing with water.
These facts indicate that the hydrogenolysis of
styrene oxides (I-VI) can be expected to occur via
a “SN 2" process. The w-benzyl complex 9 yields
the complex 11 as well as the alkoxide anion 10. In
the deoxygenation over Pt-black, the hyd-
rogenolysis probably proceeds via 11, and the
styrene is produced by the trans-B-elimination.’
Since alkaline substances stabilize the alkoxide
anion, the hydrogenolysis over PtO; probably pro-
ceeds mainly via 10.

The differences of Pd and Pt catalysts can be
ascribed to the difference in the nature of the
carbon-metal bond: this depends on this bond
length, polarizability of this bond, and others.
There is also a possibility that the bases in the catal-
yst affect the reaction. Further investigations are
desirable.

EXPERIMENTAL

Materials. Styrene oxide was prepared by the proce-
dure of Ogata and Sawaki." a-Methylstyrene oxide and
2-phenylpropane-1,2-diol were obtained by the methods
described previously.” Other styrene oxides were synthe-
sized from corresponding phenacylbromides via their
bromohyrins. '

Catalysts. Raney Ni was prepared by the W4
method.” Platinum oxide (PtO,) was purchased from
Wako Junyaku Co. Ltd., Osaka, Japan. Platinum black
(Pt-black) was obtained by the reduction of PtO, with H,,
and by washing well with H,O. Pd, 5% on charcoal, was
prepared by the procedure in the literature.'

Hydrogenolyses. The hydrogenolyses were conducted
under 1 atm and 25°, using EtOH as solvent. The mix-
tures were analysed by a Hitachi F-6 or K-53 gas
chromatograph equipped with a Carbowax Golay column
and with a Flame Ionization Detector.
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