
JOURNAL OFCATALYSIS 48,302-311 (1977) 

lsomerization of 3-Carene over MgO and CaO 

KATSUAKI SHIMAZU, HIDESHI HATTORI, AND Kozo TANABE 

Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo 060, Japan 

Received February 7, 1977 

The isomerization of 3-carene was studied over MgO, and CaO. The main product was 
2-carene which resulted from a double bond migration within a six-membered ring. The cata- 
lytic activity and selectivity varied with starting materials and pretreatment’ temperature of 
the catalysts. Two kinds of magnesium oxides were prepared. From magnesium hydroxide, 
MgO(1) was prepared and MgO (II) from magnesium carbonate hydroxide. Both MgO(I) 
and MgO(II) became active when pretreat)ed at 4OO”C, and attained their maximum activities 
when pretreated at 900 and 5OO”C, respectively. Active sites on both kinds of MgO were 
strongly poisoned by carbon dioxide and butyiamine but were only slightly poisoned by 
triethylamine. The activities of CaO (I), which was prepared from calcium hydroxide, and 
CaO(II), prepared from calcium carbonate, appeared when pretreated at 300 and 600°C, 
respectively, and reached their maximum activities when pretreated at 600 and lOOO’C, 
respectively. 

Over MgO(1) and MgO(I1) pretreated at 5OO”C, 3-carene and 2-carene exchanged their 
allylic hydrogen atoms in the six-membered ring more easily than t,he allylic hydrogen atoms 
in the methyl group. 

Dehydrogenation of 3-carene to m- and p-cymenes occurred over CaO(I1) pretreated at 
600-8OO’C but) it hardly took place over CaO(I), MgO(I), and MgO(I1) pretreated at any 
temperatures. 

INTRODUCTION 

3-Carenc is a major constitutent of tur- 
pentines in commercially important pine 
species, but most of its utilization had been 
limited to a solvent. However, Booth (1) 
found the utility value of 3-carcne as an 
industrial raw material for Z-menthol which 
is used in perfumery, in pharmaceuticals 
as a local anodyne, and as a flavoring in 
tooth paste, chewing gum and cigarettes. 
The first step in ths process in a conversion 
of 3-carene to 2-careno. 

In addition to industrial importance, 
some academic interests exist in the isomer- 
ization of 3-carene. 3-Carene has different 
kinds of reactive groups such as a double 
bond in a six membered ring, three kinds of 
allylic hydrogen atoms, and a cyclopropane 

ring. The most reactive part in the molecule 
may vary with t.he property of a catalyst. 
The surface propert,y of a catalyst is ex- 
pected to be reflected directly on the pro- 
ducts which may indicate the reactive 
part of 3-carenc. 

A selective formation of 2-carene was 
reported to take place over Na or K metal 
on ALO (I) and the compounds or com- 
plexes of alkali metals with organic com- 
pound such as Na-xylene-o-chlorotoluenc 
(I), potassium tert-butoxide-dimethyl sul- 
foxide (1, Z), Li-ethyloncdiamine (I-S), 
etc. Over hydrogenation catalyst’s such as 
Raney nickel, Pd on carbon, and copper 

chromite, 2-carene was produced in addi- 
tion to the hydrogenated products under a 

hydrogen atmosphere (I). On the other 
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hand, 3-carenc is converted to various 
menthadienes and cymcnes in the presence 
of liquid acids (4, 5) or solid acids (6, 7’). 

In our previous paper (B), the catalytic 
action of 15 kinds of metal oxides were 
examined from the viewpoint of the acidic 
and basic properties of t’hc catalyst surface. 
3-Carene undergoes isomerization subsban- 
tially to 2-carcne over basic catalysts such 
as MgO, CaO, SrO, YzOa. La203, and 
ZrOz. On the other hand, 3-carcne is iso- 
merizcd to mcnthadienes and dehydro- 
gcnated mainly to VL- and p-cymcnes over 
acidic catalysts such as SiOz-RlzOa, CezOs, 
and TiOz. 

In this paper, the reaction has bren 
studied in detail over MgO and CaO. The 
reaction mechanism was also invcstigatcd 
by means of a t,raccr study where deutcrium 
was used as the tracer. 

EXPERIMENTAL METHODS 

Catalysts 

Two kinds of MgO and CaO were ob- 
taincd by heating different starting ma- 
terials. MgO(1) and CaO(1) were prepared 
from their hydroxides (Kant0 Chemical 
Co., Inc.). MgO(I1) and CaO (II) were 
prepared from magnesium carbonate hy- 
droxide (Merck & Co., Inc.) and calcium 
carbonate (Merck & Co., Inc.), respectively. 

Reagents 

3-Carene was supplied by Gliddcn- 
Durkee Div., SCM Corp., and its purity 
was 9S.S%. Before use, 3-carene was dried 
with 4A molecular sieves for the activity 
measurements, and the freeze-thaw tech- 
nique was employed to exclude CO2 and 02 
for the exchange reaction with deuterium. 

Butylamine (Wako Pure Chemical In- 
dustries, Ltd.) and triethylamine (Nakarai 
Chemicals, Lt,d.) were dried with 4A mole- 
cular sieves before use. Helium carrier gas 
and deuterium were purified by passage 
through 13X molecular sieves at - 196°C. 

TABLE 1 

Surface Area of Catalyst 

Catalyst Pretreatment 

Temp Atmosphere 
(“C) 

Surface 
area 

W/d 

wzo (1) 

ivrgo (II) 

CaO(1) 

CaO (II) 

500 Vacua 145 
500 He 87 
900 Vacua 43 
900 He 100 

500 Vacua 281 
500 He 77 
900 Vacua a ‘4 
900 He 27 

500 Vacua 71 
500 He 70 
900 Vacua 34 
900 He 2.4 

500 Vacua 3.3 
500 He 1.2 
900 Vacua 4.9 
900 He 3 .5 

Reactiorl Procedure 

For isomerization of 3-carenc, a micro- 
catalytic pulse reactor which was directly 
combined with a gas chromatographic 
column was employed (9). The catalyst 
was pretreated under a helium stream for 
2 hr. A 1 or 3 pl pulse of 3-careno was in- 
jected into a helium stream by a micro- 
syringe. The reaction products were trapped 
at -196°C and then flash evaporated into 
a gas chromat,ographic column. A column 
(5-m, 6 mm o.d.) was packed with poly- 
ethylene glycol, 20M, on Celite 545, which 
was operated at 100°C with a flow rate of 
about 60 ml/min. 

Poisoning effects with carbon dioxide, 
butylamine and t,ricthylamine were test~ed 
as follows. A pulse of the poison, amounts 
of which were just sufficient to cover a 
monolayer of the cat’alyst, was introduced 
after the third pulse of 3-carene. Then the 
catalytic activities of the successive two 
pulses of 3-carene were measured. 
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TABLE 2 

Exchange Iteaction of 3-Carene with I)euteriuma 

Catalyst Evacua- 
wt hd tion 

React.ion Conver- 
sion of 

6 value Number of H atoms 

temp Temp Time 
rcj (“C) (min) 

isomeri- 
zation 

(73 

Region Calcd. 

lmo (1) 
50.4 

124.9 

101.2 

MgO (11) 
50.5 

125.5 

251.6* 

251.6 

500 

500 

900 

500 

500 

500 

500 

80 30 21.1 0.57 A 3.3 3.4 
B 3.7 3.1 
V 1.0 1.0 

Room 90 37.4 0.37 A 3.5 3.6 
tcmp B 3.5 3.1 

V 1.0 1.0 
80 30 28.2 0.24 A 3.4 3.4 

B 3.7 3.5 
v  1.0 O.!) 

80 30 26.0 1.56 A 3.4 2.8 
B 3.6 2.7 
V 1.0 1.0 

Room 90 38.8 2.69 A 3.5 2.4: 
temp B 3.5 1.8 

V 1.0 1.1 
Room 180 41.2 4.89 A 3.5 1.2 

temp B 3.5 0.9 
V 1.0 1.0 

Room 1200 41.0 5.76 A 3.5 0.8 
temp B 3.5 0.8 

V 1.0 0.7 

a 0.32 mmol of 3-carene and 7.3 mmol (90 Torr) of D2 are reacted. 
b Pressure of Ds, 189 Torr. 

For the exchange reaction of 3-carcnc 
with deutcrium, a recirculation reactor was 
used. The catalyst was pretreated in vucuo 
for 2 hr. The system had a volume of 
about 1500 ml and was attached with a cold 
trap at 0°C. The starting materials were 
evacuated at 500°C for 2 hr prior to the 
reaction. About 50 ~1 of 3-carene (0.32 
mmol) and 90 Torr of deuterium (7.3 
mmol) were introduced into the reaction 
system. A portion of the 3-carene was con- 
densed in the cold trap kept at 0°C during 
the reaction. Separated product isomers 
were trapped at -196°C and subjcctcd to 
mass spectroscopic analysis by low voltage 
electrons using a Hitachi mass spectrometer 

RMU-2. All nmr spectra in solution lvith 
carbon tetrachloridc were recorded with a 
JEOL PS-100 high resolution nmr spec- 
t,rometer with an operating frequency of 
100 MHz. Chemical shifts were rccordcd in 
ppm (6) from tctramethyl silane (6 = 0.00). 

Specific surface areas of catalyst,s were 
dctermincd by applying the BET equation 
to the nitrogen adsorption isotherm at 
- 196°C. 

Surface Area 

RESULTS 

Specific surface areas of catalysts which 
were pretreated at 500 and 900°C under 



a vacuum or helium stream arc listed in 

Table 1. Surfacc areas arc grvatcr for t’hc 
evacuated samples than for hrliurn trcat80d 
samples cxccpt MgO(I) prctwated at 
900°C. 

Activity of ilIy0 and CaO 

The reaction product,s of 3-cawnc (I) 
wcrc fl-carene (II), 7n-mcnthn-1,5-dicnt: 
(III), ?)-mcntha-1,5-dit~l~(~ (ol-phcllandrcnc) 
(IV), rn-cymcnc (V) and p-cymcnc (VI). 

(1) (II) (III) (IV) P> (VI) 
In Fig. 1 arc shown convwsions of 

3-carcnc to a-carcnc over MgO(1) and 
MgO(I1) as a funct#ion of the prctreatmc~nt 
temperature. The activitiw of MgO(1) and 
MgO (II) appeared when prctrcatcd at 
400°C. At. a high pretrc~atmcnt tompcratuw, 
t,hc activity of the Mgo(I1) dccrcascd, 
Jvhile the activity of MgO(1) incrcascd and 
:~ttainod a maximum value at 900°C. Al- 
though N- and p-cy~ncncs \vc’rc produced 
slightly (27&) in all wgions of th(b pwtwat- 

400 600 800 1000 

Pretreatment temperature, “C 

Fro. 1. Conversion of 3-carene over hIgO at’ the 
fifth pulse VY pretreatment temperature. (0) 
l\IgO(I) ; (0) 1\IgO(II) : reaction temperature, 

80°C ; contact Gnie, 4 s ml-’ mg. 

OL-’ 
400 600 800 1000 

Pretreatment temperature, ‘C 

FIG. 2. Conversion of 3-carene and selectivity to 

UL- and p-cymene over CaO(1) at t)he third pulse vs 
pretreatment temperttture. (0) Conversion of 

3-carene; (A) selectivity t’o p-cymene; reaction 

t,emperature, XOT; contact t,ime, 2.5 s ml-’ mg. 

mont tcmpcbraturc, the sclcct,ivit,y for the 
formatlion of 2-carcnc \vas almost constant. 

The activity of the CaO(1) appeared by 
thcl prctrcnt8mcnt at 300°C and incrcascd 
\vith an incroasc of t’he prot,rcatmcnt tcm- 
pclrat,urcl and thcb maximum act,ivity was 
obscrvcd wlwn prctrcatcd at 600°C as 
slio~vn in Fig. 2. By pretrcatmc~nt above 
5OO”C, t,hc formation of )IZ- and p-cymcnc 
I\-as obwrvcd and attained a maximum at 
SOO”C of the prct,rcat,mc:nt tctmperaturc. 
R2olc pcrwntagtls of c>ach porduct arc 
plot,t,chd against, cont,actN t,imc in Fig. 3. The 
rak of double bond migration is much faster 
t,han that of dohydrogc~nation and an induc- 
tion pc’rkd \vUs ObS(!IWd for the fOITIlat~~J1~ 

of m- and p-cymcw~~. 

Since: CaO (II) was nluch mow rapidly 
poisonc~d with sucwssivc pulws of 3-carcnc 
and sho\vcld a loww activit,y t,han t,hc 
CnO (I), tho c’onwrsions of the first pulse 
at a cont,act, time of 10 S ml-’ mg arc 
plotWd against the pwtrclatmwt tcmpcra- 
ture as shown in Fig. 4. CnO(I1) began to 
bo active by the pretroaknc~nt at GOO”C as 
cxpcctcld from a higher decomposition 
tcmpwat8ure for culcium curbonntc than 
for wlciuni hydroxid(~. I~&JTWIW and 
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Contact lime. 9mg.mi 

FIG. 3. Variation of product percentage with con- 
tact time over CaO (I). (0) 3-Carene ; ( 0 ) 2-carene ; 
(a) m- and p-cymene; reaction temperature, 80°C. 

I)-cymene were not produced over CaO(I1) 
in contrast to the cast of CaO(1) whcrc 
cymcncs wcrc produced with a sclcctivity 
of 34% at the first pulse when pretreated 
at SOO”C. 

It should bc noted that 4-carcne was not 
produced for all catalysts. 

Poisoning Effect 

In Fig. 5 are shown poisoning cffccts on 
the MgO(I1) with tricthylamine, butyla- 
mint, and carbon dioxide. Triethylaminc 
hardly influcncrs t’he catalytic activity. 
Butylamine poisoned a considerable por- 
tion of the active sites, though its basicity 
(pKb = 3.38) is almost the same as that 
of t,riethylamine (pKb = 3.25). Carbon 
dioxide poisoned the active sites almost 
completely. Similar results were obt’aincd 
for MgO(1) prct’rcated at 500 and 9OO”C, 
and for CaO(1) pretreated at’ 600°C. 

Exchange Reaction of S-Caren,e with DZ 

Experimental conditions and results are 
summarized in Table 2. A 4 value is de- 
fined as Zi.di, where di is a mole fraction 
of the isotopic species CloHls-iDi, and rep- 
resents the avcragc number of D atoms in 
a molecule. Distributions of D atoms in the 

values for MgO (II) t,han for MgO(1) indi- 
catc that the rat,e of t#hc exchange reaction 
with Dz over MgO(I1) is faster than that 
for MgO(1). 

An nmr spectrum of nondcutcratcd 
3-carcnc is sholvn in Fig. 6,. Each signal 
is assigned as shown in Table 4. Since the 
peaks due to 2-H and 5-H arc partly supcr- 
posed with the peak of 10-H (IO-methyl 
hydrogen), the region from 6 = 1.32 to 
6 = 3.20 was divided into two parts at 
6 = 1.74 which corrcspondcd to a minimum 
point in the spectrum. The first part, A, 
ranging from 6 = 1.32 to 6 = 1.74 contains 
3.15 hydrogen atoms, and the other part, B, 
ranging from 6 = 1.74 to 6 = 3.20 contains 
3.85 hydrogen atoms. Division of the spcc- 
t#rum of 2-carene in the same way gives A 
cont,aining 4.00 hydrogen atoms and B 
containing 3.00 hydrogen atoms. In Fig. 6b 
is shown an nmr spectrum of a mixture of 
3-carene and 2-carcne which was obtained 
by the exchange reaction of 3-carene with 
deuterium over MgO(1) pretreated at 
500°C. The conversion of 3-carcnc to 
2-carene was 19.77,. Since it was difficult 
to separate carcncs distinctly into each 
isomer and to collect a sufficient amount, 
a mixture of 3-carcnc and 2-carcne was 
subjected to the nmr measurement. 

Pretreatment temperature, “C 

FIG. 4. Conversion of 3-carene over CaO(II) at 
the first pulse vs pretreatment temperature. Heac- 

molecule are listed in Table 3. Larger + tion temperature, 80°C; contact time, 10 s ml-l mg. 
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1 hlgo (I) 2- 19.4 44.1 24.7 IO.9 9.2 4.0 1.0 0.2 0 0 1.08 

3- 78.9 74.5 12.x 8.0 3.3 1.2 1.2 0 0 0 0.45 

4 NgO (II) 2- 24.5 2x.3 11.7 11.7 12.4 I;,.0 14.1 5.0 1.3 0.2 2.40 

3- 74.0 52.8 13.6 11.0 7.7 7.2 5.9 1.0 0.2 0 1.26 
.____~___ __-- 

The hydrogen atoms which undcrwcnt 
the cxchangc reaction with D, could bc 
estimated by comparison of each peak area 
with the total peak arca which corresponds 
equivalent to (16-J) hydrogen atoms, 
where 4 is a 4 value of a mixture of carcnes. 
The fractional peak area for the hydrogen 
atoms whose I$ values are less than 1.32 was 
equivalent to S/(16-$). This indicates that 
the hydrogen atoms \vhich are attached 
to the carbon atoms 1, 6, S, and 9 are not 
cxchangcd with D,. 

For a nondcuteratcd mixture containing 
X fraction of 3-carcnc and Y fraction of 
2-carcne, the number of hydrogen atoms 
in the A region and in the B region cm bc 
calculated from 3.16X + 4.OOY and 3.&5X 
+3.OOY, rcspcctively. Thcsc values are 
liskd in Table 2 as calculated values. For a 
dcutcratcd mixture, t,hr: Ma1 numbers of 
hydrogen atoms in t,hc regions A and B, and 
olcfmic hydrogen atoms are cyuivalcnt to 
(S-6). The numbers of hydrogen atoms in 
each region are calculated and listed in 
Table 2 as observed valuw. The difference 
between the calculated value and the ob- 
served value represents the number of hy- 
drogen atoms exchanged with deutcrium 
atoms. The region A includes all hydrogen 
atoms attached t,o carbon at,om 10 and a 
part of hydrogen atoms attached tJo carbon 
at’oms 2 and 5 in 3-carcnn and carbon 
atoms 4 and 5 in 2-carenc. The region I3 
includes the rest of the hydrogen atjon~s 
attached to carbon atoms 2 and 5 in 
3-carenc and carbon atoms 4 and 5 in 

‘I’-carcne but no hydrogen atoms at carbon 
atom 10. 

Over MgO(1) pretreated at both 500 
and 9OO”C, the hydrogen atoms att,ached 
to carbon atom 10 were not exchanged, 
since the observed number of hydrogen 
atoms was substantially the same as the 
calculakd value. Considerable differences 
bctwccn observed values and calculated 
ones wre shown in t.hc B region. This indi- 
cates that only the allylic hydrogen atoms 
in t,hc six-mcmbercd ring are exchanged 
with dcutcrium. Although some diffrrrncw 
wcrc observed in tho A region for MgO (II), 
the diffcwnces were much smaller for the A 
region t,han for t,ho B region. This indicates 

3oY 

Puke number 

FlG. 5. Poisoning of MgO(II) pretreated at, WO”C 
with triethylamine (a); Butylamine (0); and 
carbon dioxide (0) ; reaction temperature, 80°C. 
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6 

b / I 

4 2 
PPM 

FIG. 6. Nuclear magnet’ic resonance spectra of carenes. (a) Nondeuterated 3-carene, (b) a 
mixture containing 80.3% of 3-carene and 19.7a/o of 2-carene, which was obtained by exchange 
reaction of 3-carene with deuterium over MgO(1) evacuated at 500°C. Eeaction temperature, 
80°C; react,ion time, 30 min; catalyst weight), 50 mg. 

that the allylic hydrogen atoms in the 
six-membered ring (at carbon atoms 2 and 
5) arc more easily exchanged with dcu- 
terium than the allylic hydrogen atoms of 
t,he methyl group carbon atom 10). The 
olcfinic hydrogen atom was hardly cx- 
changed over all catalyst’s. 

I,ISCUSSION 

The appcaranws of tho activities of 
MgO(I) and CaO(1) for thr isomcrization 
of 3-carcnc to 2-carcne with an incrcasc in 
t,he prctrcatment tc~mpcraturc roughly coin- 
cidc with the appearances of the activities 
for the isomcrization of butcwls (IO), the 
conversion of bcnzaldchydc t’o bcnzyl ben- 
zoatc (11), and the decomposition of diacc- 
tone alcohol (12). The basic sites appear on 
MgO and CaO when HZ0 and/or CO2 arc 
rcmovcd from thr surfaces by heating (10). 
The tcmpcraturcs of t#he appearances of the 
basic sites coincide with t,how of the activi- 
tics for the abovc reactions. Like for the 
other reactions, it is suggested that the 
active sitrs on MgO(1) and CaO(I) for the 
isomrrization of 3-carcnc to 2-carcnc arc 
gcncratcd by the removal of HZ0 and/or 
COs from the surfaces, and bhese sites have 
basic properties. The active sites on 

MgO(I1) and CaO(I1) could aIso have 
basic propcrtics, though a higher prctrcat- 
mcnt tempcraturc n-as rcquircd to rcmovc 
CO2 for the preparation of CaO(I1) than 
for CaO (I). 

Tho basic sites gcncratcd in this way arc 
considered to bc 02- (19). Since butylaminc 
exchanges the two hydrogen atoms at- 
tached to the nitrogen atom with dcu- 
tcrium over MgO(II), which is rcvcalcd by 
nmr spectroscopy (IS), it is suggcstcd 
that butylaminc is dissociativcly adsorbed 
on MgO. A proton and tho rcmaindcr 
(C&H&H-) may be adsorbed on the 02- 
and its adjacent m&al cation, rcspactivcly. 
Although the basicitics of butylaminc and 
tricthylamine do not considerably differ, 
tricthylaminc has no hydrogen at,oms at 
the nitrogen at,om. It may be coordina- 
tivcly adsorbed on the metal cation with 
its Ionc pair of electrons of nitrogen at,om. 
Thercforc, the adsorption of tricthylaminc 
is considered to bc much weaker t#han that 
of buhylaminc. A small poisoning effect of 

trict,hylamine suggtasts t’hat t,he metal 
cations on the surface arc not sufficiently 
strong to adsorb tricthylaminc irreversibly. 

Carbon dioxide was reported to be 
st,rongIy adsorbed on MgO and CaO in a 
bidcntate or unidcbnt,atc form according to 



an ~Ldscqt,ion condit~ion (14). Mct~al cations 
may 1~ blocked if CO2 is adsorbed in a bid- 
cntatc form, but they may not lx: blocked 
if CO2 is adsorhcd in tl unidvntnt~c form. 
In botsh adsorption forms, O”-, ions arc 
bloclwd, and thmbfow thv wtalyat, be 
comes inuctivc. 

Over CaO (II) pr($rc~at,c~d at, GOO-SOO”C, 
d(lhydrogc~natic,n t(J /?I- and p-cymcnw UC- 
currod in addition t,o the isonlc,rizatiou. 
Sch%cht,cr and Piws (15) huw rqwrtc~d 
that c~clohcxndiclnc,s and cycloh(lxcnc un- 
d(~rtwnt d(,h~drogc~ntltiorl to ~~WWIW, and 
simultunrously hydrogen diq)ro~)ort,iona- 
t~ion to bcnzw(~, cgc~loht~xc~nc~ and cyclo- 
hrxanr. In this \sork, howcw~r, mrnthonw 
ww not d($cctcld, which wrc c~xpectc~d 
t#o bc produwd if dis”oport,i(~“atic,n of 
;3-carcw occurrrd. This discrcpanc~ may 
b(b cauwd by the diffewnw ctithw in the 
rtbactivit,y of the, rwctant,s or in t,hcl wnction 
t,c~mpc~ruturc. The disprol)c,rtionat ions of cy- 
clohexadic>nw and cycloh(~xcwo \vcrt‘ carried 
out at, 240°C and higher. The variat,ion of 
th(b sclcctBivity for t,hr formation of HL- and 
pcymcw3 nith incwa*itig protrc3tnicwt 
tcwlpc~rat,urc coincides wwntiall~~ xvith the 
VariathlS Of WtiViti(‘s for hydrOg~‘IlatiOIl 

of ulcfins (Ifi, 17). Conwqwntly, the dr- 
hydrogcnat ion of 3-c:awnc> and thcl hydro- 
gc>nation uf ol~fins prwwd on thcl same 
active sitw Thch activity of 3%go(I) for 
the hydrogclnation uf ol~+ins is lo\\-cr than 
that of CaO(1) by 011v order of magnit,ude 
(16), \\-hick c~xplsins a nc~gligible activity 
of MgO(1) fur th(B formation of IU- and 
pcymcw3. 

For douhl(x bond migration of crhkfins, 
mrchanisms involving a n-allylic anion in- 
twmcdiatc arc’ prq~owd over basic cnta- 
lyst,s such as %IgO (IO), CaO (IO), nncl 
ZrlO (18). The isonwrizat ions of 3-cawnc 
to 2-cawnc over MgC) and (2~0 arc most 
likely to procwd 1)~ a r-nllylic anion 
mwhnnism. 

Tn-o kinds of t,h(l wact,ion paths involving 
a 7pallylic anion can bc considorc:d. Oncr in- 
volvcs 3 (IO)-carcrw (X) as an intewicdiatc 

(path 1) and t,hc othcir involves tha anion 
(XI) (path 2). 

Thcl wnction is initiat’cd by the abstraction 
of the hydrogchn atom at carbon atom 10 in 
the path 1, and by the a\)stractjion of t,hc 
hJ.drogcxn atom at, C:u%~JIl atom 2 in the 
pat11 2. 

Owr basic catalyst’s, olcfins clxchango 
thclir allglic hydrogen atoms \vit,h dcu- 
twium (19-21). The intwnc~dintw for ox- 
change rcwt~ions arc suggcstcd to hc 
allylie cnrbanions which also undergo iso- 
mcriz:Lt ion, t,hougli thaw is anotjlior typcl of 
sit,c which cat,alyzw only isomcrization (20). 
Thcl location of I1 at!oms in carencs which 
rcwltcld from t,h(x ~xc.ha~lgc: with dcut,clrium 
nluy indicate the rwction path for thu 
isomc~rizntion of 3-c:wm~. If thcb rcwtion 
prorwds via thcx I)at#h 1, thcl hydrogc>n 
atones at, carbon atom 10 would 1)~ JllOSt 

wsily trxchangc~d wit,11 dwhrrium. If the 
renctiou procwds via thcl path 2, the hydro- 
gen atoms at cwl>on atom 2 \\ould bc 
wsily cxchungc‘d. 

Since thci hydrogw atoms at carbon atom 
10 did not c~xchangt~ owr MgO(1) and t,hc 
hydrogcw :ltjonw at, carbon atoms 5 and/or 

l’osition~L Chemiwl shift (ppm) 

3-CaImc z-chx!ne 

4w 5.24 s5.48 
2(4),” 5 2.5 I.6 2.5 I.6 
10 1 .w I FS 
8, 9 1.04, 0.78 1.08; 03s 
I, (i 1 .o I.0 

u Refer to Fig. (ja. 

b The parentheses for ‘&wwr~, 



310 SHIMAZU, HATTORI AND TANABIf: 

2 exchanged, it is suggcstcd t,hat the iso- 
merization proceeds via the path 2. Over 
MgO(II), the hydrogen atoms at carbon 
atom 5 and/or 2 exchanged more easily 
than t,hc hydrogen atoms at carbon atom 
10, which exchanged to some cxtcnt. There- 
fort, it is suggested that t,hc path 2 is pre- 
dominant over t’hc path 1. 

The olcfinic positions of 2-carene and 
3-carcne can be converted by isomerization 
into ally1 positions of 3-carene and 2-carcne, 
respectively. The allylic hydrogen atoms 
at carbon atom 4 of 2-carene and at carbon 
atom 2 of 3-carcne seem to be exchanged 
by the reverse reaction of path 2. The 
olcfinic hydrogen atoms arc expcct#cd to 
bc exchanged with deutcrium. Experi- 
mental results showed that the olefinic 
hydrogen atoms were not subst’antially cx- 
changed. According to Acharya (Z%), 
3-carene exists prcfcrontially in a boat con- 
formation as shown below. 

CY 

H A... CH3 

H WI 

es- 
H CH3 

H 
A 

l-l 

Since one side of 3-carene in the boat form 
is strongly shielded by the cyclopropane 
ring and its gem-dimethyl group, only the 
other side may interact with the surface of 
catalyst. One of the allylic hydrogen atoms 
at carbon atom 2, which is toward the 
catalyst surface, may be abstracted, and 
a r-ally1 anion may be formed. A deuterium 
ion may approach carbon atom 2 or 4 from 
the surface, and produce 3-carene-2-dl or 
2-carenc-4-dl. In the dl-species, a deuterium 
atom in the allylic position may be always 
on a side accessible to the surface. Corre- 
sponding abstraction-addition occurs in the 
reverse reaction during which the deu- 
terium atom in the dl-species will be t’aken 
away, while the hydrogen atom which is 
attached to the same carbon atom as the 
deuterium may remain as an olefinic hy- 
drogen atom. 

Since hydrogen atoms arc c~xchangcd 
with deutcriurll at carbon at,om 5, it is 

suggested that t,hc: intc~rmcdiatc, 

d 
a 

is formed in the reaction. However, drawing 
(below) the intermediate and showing the 
addition of a hydrogen atom to carbon 
atom 3 with formation of a double bond 
between carbon atoms 4 and 5 show a 
serious nonbonded interaction between 
S-methyl group and lo-methyl group, 
which could explain no formation of 
4-carene. 
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