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3-Carene oxide isomerigzed preferentially to carbonyl compounds
over 8102—A1203, A1203 I, and FeB0y or to allylic alcohols over A1203 i1
and TiOZ-ZrOZ with retention of its three-membered ring, while 2-
carene oxide rearranged predominantly to the ring-opened alcohol,

the selectivity over Ti0,-Zr0, being 100%.

We have recently reported some work on the isomerization of cycloalkene oxides catalyzed
by solid acids and bases, where markedly different selectivities were observed depending on
the type of catalysts.z-u) In order to examine the change in catalytic action due to the
effect of the three-membered ring as a substituent group, we have studied the isomerigation
of 2~ and 3-carene oxides over several solid acid and base catalysts,

The reaction was carried out in the presence of toluene at 80°C. A mixture of 0.5 ml of
the epoxide (more than 96% pure), 2.5 ml of toluene (purified by distilling over sodium metal)
and 0,1-0,4 g of a catalyst below L00 mesh was stirred, The reaction products, separated from
the catalyst, were analyzed by gas chromatography with a 3 m column of PEG 20 M on Celite 545 SK.5)
510,-A104, Alp05 T and A1,0, II were NE31(L) (A1,05; 15%) of Nikki Chemical Co., Albes C
of Showa Tansan Kaisha LTD. and KAT 6 of Nishio Chemical Co., respectively and calcined in air
at 500°C for 3 hr. HESOQ/SiOZ was prepared by immersing 10 g of granular silica gel (white,

Knato Chemical Co.) in 12 ml of 1 N HZSO4, evaporating, drying and calcining at 150°C, FbSOu
was prepared by calcining its heptahydrate, guaranteed reagent of Knato Chemical Co., in air
at 7009C for 3 hr, Ti0,-Zr0, (molar ratio = 1:1) was prepared by thermal decomposition of
HuTiOH-Zr(OH)h in air at 5009C for 3 hr, The HuTiOu—Zr(OH)u was precipltated by heating a
mirxed aqueous solution of titanium tetrachloride, zirconium oxychloride and an excess amount
of urea on a boiling water bath and washed thoroughly to remove adherent chloride ion, Ca0
was prepared by caleining Ca(OH), at 550°C for 3 hr.,

The reaction products of 3-carene oxide (I) were 3,7,7-trimethyltropilidene (II),
1,5,8(9)-p-menthatriene (III), p-cymene (IV), 3,6,6-trimethylbicyclo [3,1,0] hexane-3-carbox-
aldehyde (V), l-methyl-1l-formyl-3-iscpropyl-3-cyclopentene (VI), caranone (VIL), isocaranone {VIII),
carvenone (IX), trans-2-carene-i-¢l (X), trans-3(10)-carene-4-0l (XI) and unidentified products,
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Those of 2-carene oxide (T') were p-cymene (II'), 1({7), 2,8(9)-p~-menthatriene (III'), a, p~dime thyl-
styrene (IV'), gis-2,8(9)-p-menthadiene-i-ol (V'), o -phellandrene~8-ol, (VI*), cis- and trans-1,8
(9)-p-menthadiene-3~ol (VII'), g-phellandrene-8~ol (VITI'), p-cymene-8-ol (IX') and unidentified

products.
Table 1, Tsomerization of 3-Carene Oxide at 80°C for 75 minutes
Catalyst

Catalyst amount Conversion Selectivity (%)

g T 11l IV vV VI VIT  VIIL X X XI Others
SiOz—AlZOja) 0.16 100 1 2 9 52 1 11 il 1 10
HpS0, /5102 0.24 100 2 24 15 10 L 23 23
Alp05 I 0.22 70 10 4 b6 3 13 6 12 1
FeSQy, 0.32 95 hoo23 4 36 2 3 vi 17
Alp03 IT 0,27 37 i 1 1 17 3 3 15 5k
T&oz-Zrozb) 0,24 é1 12 10 2 1 1 2 41 19 2

a) in 10 nin, b) at 90°C,

Table 1 shows the catalytic activity and selectivity for the isomerization of 3-carene oxide.
The main products were carbonyl compounds (V, VII, and VIIL) and allylic alcohols (X and XI) with
a three membered ring except for the case of HgSOg/SiOg, which gave a large amount of IV, VI and
IX, probably owing to its large amount of Bréhsted acid. The carbonyl compounds were predominantly
formed over 5i0p-A1203, A1203 I and FeSO4, while the allylic alcohols were preferentially formed
Alp0s Il and TiOp-ZrOpz, their selectivities being more than £60%. 5102-A1203 is extremely active
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Table 2. Isomerization of 2-Carene Oxide at 80°C for 10 min.

Catalyst
Catalyst Conversion Selectivity (%)

amount

g IT* IIT*  IV' V'  VI'  VII' VIII'  IX' Others

810,-A1,0, a) 0,13 100 43 6 7 5 28
AL,04 T 0.12 5k 21 b3 4 3 b 20
FbSOua) 0,24 45 24 1 45 5 24
Fesoua'b'c) 0.21 I
A1,0, II 0.30 53 14 3 3% 7 8 31
Tioz-qug) 0.20 77 11 2 s 2 3
TiOz—ZTOZd) 0.25 20 100
Cac®®) 0.10 2

a) A mixture of 0,25 ml of the epoxide and 1.25 ml of toluene was used.
b) Caleined at 900°C, e) for 75 min. a) at 30° for 1 hr,

2)

of carbonyl compounds was given by strong acid on the catalyst surface. As for the allylic

for the isomerization., In our previous paper, it was concluded that the preferential formati

alcohol formation, X was predominantly formed over TiOZ-ZrOZ, while XI over A1203 IX, It is
inferred on the basis of our previous conclusion about the allylic alcohol formation by an
acid-base bifunctional mechanismz that the choice of the X or XI formation depends on the
different properties of acidic and basic sites on the catalyst surface.

The catalytic activity and selectivity for the isomerization of 2-carene oxide is shown in
Table 2, The epoxide used was a mixture of 2- and 3-carene oxides (4:1), but the yields of
IT, V, VII and VIII, which were supposedly formed from 3~carene oxide, are excluded from the

Table, However, the conversion of 3-carene oxide was quite low except the case of 5102—A1203

under the present reaction conditions. The reactivity was exceedingly high in comparison with
that of 3-carenc oxide. However, FeSO, calcined at 900°C or Ca0, which has a basic character’)
was almost inactive, It can be seen that all the products were the three-membered ring-opened
ones, in contrast to the observations in the case of 3-carene oxide. The formation of allylic
alcohols with the hydroxyl group rearranged to the 3 or 8 position was also observed, A large
amount of II' andV' was formed, In particular, TiOZ-ZrOé showed 75% selectivity for the forma-
tion of V', This catalyst gave even 100% of V' at BOOC. It is significant that the breaking
of (C-3)-0 bond of oxygen is muech more favorable with 3-carene oxide, while the (C-2)-0 bond

is broken with 2-carene oxide suggesting cyclopropyl participation in the latter case,
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