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Rearrangement of I11 to 1V.-A solution of 300 mg. (0.87 
mmole) of I11 in 1 E. of piperidine and 1.5 ml. of methanol was re- 

Analogous treatment of IV resulted in total recovery of the 
starting material. 

fluxed for 5 hr. EEminaGon of piperidine and methanol in vacuo 
followed by fractional crystallization of the oily residue from 
ethyl acetate afforded 40 mg. (13%) of IV. 

I 
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Allylic oxidation by mercuric acetate, lead tetraacetate, chromic acid, and selenium dioxide have been studied. 
The oxidation by the first two reagents involves a symmetrical intermediate which is probably formed via the 
decomposition of an allylmercuric or an allyllead intermediate. The oxidation by chromic acid also leads to a 
symmetrical intermediate. However, the difference in poeition of attack between this reagent and the other 
two suggests that it is the initial attack by chromic acid which forms the symmetrical intermediate. The oxi- 
dation by selenium dioxide differs from that of the other reagents in that asymmetry is retained during the re- 
action. The oxidation of ( + )-carvomenthene in aqueous ethanol gave carvotanacetone with 45-55y0 retention 
of configuration (Le., attack a t  the allylic carbon), but the oxidation of cyclohexene-C13 gave 90% reaction a t  the 
olefinic carbon. The mechanisms of'the reactions are discussed. 

oxidation bv N-bromosuccinimide and related 
N-halo compounds has been extensively studied. The 
kinetics of the reaction with cyclohexene have been ex- 
amined in detail.,4 the stereochemistry5 and effect of 
substituents6 have been studied, and other aspects of 
the reaction have also been inve~tigated.~ As a result, 
the nature of the reaction is fairly well understood. 
However, allylic oxidation by other reagents such as 
selenium dioxidels chromic acid,g lead tetraacetate, lo 

and mercuric acetatell have received relatively little 
attention. Some experiments designed to give informa- 
tion on the nature of the intermediates involved are 
described bel ow. 

Mercuric Acetate.-The oxidation of (+)-carvo- 
menthene (A) by mercuric acetate has been investi- 
gated by Treibs and Bastlo and by Kerg0rnard.l' 
The product was (*)-carvotanacetol acetate (B), 
which on hydrolysis and oxidation gave ( f )-carvo- 
tanacetone. From this it was concluded that  a sym- 
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(10) R.  Criegee, Ann..  481, 263 (1930). 
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metrical intermediate, presumably the allyl radical or 
cation, was involved as an intermediate. 

I t  had not been established that  the reactant and 
product are configurationally stable under the reaction 
conditions. In  order to settle this point, in one experi- 
ment, we employed a 100% excess of (+)-carvonien- 
thene and found that the recovered hydrocarbon had 
99% of its original rotation. In a second run, a sample 
of (+)-carvotanacetol acetate was heated with mercuric 
acetate and acetic acid under the reaction conditions. 
The recovered acetate had 96% of its original rotation. 
To check the possibility that  some intermediate cat- 
alyzed the racemization of the product, an amount of 
carvotanacetol acetate (QD 34.6') equivalent to that 
expected as the product was added to the reactants, and 
the reaction was carried out as usual. The product had 
a rotation of QD 16.7' indicating no significant race- 
mization of the product once it is formed. 

It was possible to  separate the two epimeric carvo- 
tanacetol acetates by gas chromatography. The ratio 
of trans to cis was 72 : 28.13 

I n  order to be sure that the reaction would proceed 
on the same course with a less substituted alkene, we 
examined the oxidation of cyclohexene-C13. Starting 
with material having 1.442 0.004% CI3 a t  each end 
of the double bond, the reaction was carried out to give 
3-acetoxycyclohexene. Hydrogenation, hydrolysis and 
oxidation gave cyclohexanone, which was degraded by 
the method of Loftfield'* to  give the carbonyl carbon in 
the form of carbon dioxide. Analysis of the latter indi- 
cated that the carbon attached to the acetoxy group had 
1.268 f 0.018% C13 (average of duplicate determina- 
tions) which is very close to that  expected for a sym- 
metrical intermediate (1.276%). l5 These data confirm 
that a symmetrical intermediate is involved in the reac- 
tion. 

The oxidation of 1-methylcyclohexene proceeds under 
the same conditions as for cyclohexene, and gives about 

(13) The assignment of configuration of the carvotanacetols was based 
on the work of H. G .  Kuivila and 0. F. Beumell, Jr., J .  A m .  Chem. SOC., 
88, 1248 (1981). 

(14) R. R. Loftfield, ibid., 78, 4707 (1951). 
(15) The normal abundance of carbon-13 was taken as 1.110% and all 

data were normalized to this value. 
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the same yield of acetoxy-substituted product (21% 
with the former and 19% with the latter) along with a 
considerable amount of recovered alkene. When a 
mixture of 1 equiv. of each of cyclohexene, methyl- 
cyclohexene, and mercuric acetate was heated, the 
ratio of acetates was 4 :  1, with that from l-niethylcyclo- 
hexene predominating. Similarly, the recovered hy- 
drocarbon mixture contained cyclohexene and methyl- 
cyclohexene in a ratio of 2 : 1. Thus methyl substitution 
gave a small rate increase. The course of the oxidation 
is affected by methyl substitution. For example, the 
two isomeric p-menthenes are reported to give oxidation 
largely at  the position a to the more substituted end of 
the double bond." 

Hg(OAc), Q - "3 Q -  Hg(OAc), I;' 
A d  

The addition of mercuric salts to alkenes occurs 
readily, and Kergomard12 has suggested that the allylic 
oxidation occurs by way of this adduct. This appeared 

' b  \ /  
/ \  I 1  

C=C + HgXl+ X-0- -HgX 

to be supported by our observation that, when a sealed 
tube containing the alkene and mercuric acetate was 
allowed to stand for a few days at  room temperature, 
the adduct was formed, and this had no effect on the 
yield of product formed or on the stereochemistry of the 
reaction. However, when the adduct from cyclohexene 
was heated at  the reaction temperature in an open tube, 
nearly pure cyclohexene distilled off. Thus, the equilib- 
rium between the adduct and mercuric salt appears to 
be shifted toward the latter at higher temperatures, and 
the question of the adduct being an intermediate re- 
mains unanswered. 

In  order to determine something about the nature of 
the intermediate involved, it is interesting to examine 
the previously obtained data on the oxidation of a- 
pinene. I n  aqueous solution, the product was sobrerol 
(C), and it is important to  note that (+)-a-pinene gave 
( *)-sobrerol.I6 The cleavage reaction cannot result 
from a hydrogen atom abstraction, but it may arise as a 
result of the addition of either a cation or a free radical 
to the double bond. Thus, for example, a-pinene is 
converted by acid-catalyzed hydration to a-terpineol" 
and @-pinene is converted to 7-trichloromethyl-8- 
chlorocarvonienthene by the free-radical catalyzed ad- 
dition of carbon tetrachloride.18 

When the oxidatior, was carried out in acetic acid as 
the solvent, the course was somewhat different and led 
to a mixture of about equal amounts of sobrerol diace- 

(16) G. G. Henderson and J. W. Agnew, J .  Chem. Soc.,  96, 289 (1909): 
G. G. Henderson and J. W. S. Eastburn, ibid., 96, 1465 (1909). 

(17) P. Barbier and V. Grignard, Bull. eoc. chim. France, [41 6 ,  512, 
519 ( 1 9 O Y ) ;  F. G. Germuth, A m .  J .  Pharm.,  99, 402 (1927). 

(18) D. M. Oldroyd. G. S. Fisher, and L. A. Goldblatt, J .  A m .  Chem. Soc., 
7a,2407 (1950). 

- 

tate (D), myrtenyl acetate (E), and pinocarvyl acetate 
(F).12 Thus, complete rearrangement did not occur in 
this medium of low dielectric constant. In  view of 
the similarity of the two reactions ( L e . ,  that leading to 
D and that leading to E and F) it is reasonable to sup- 
pose that the mechanisms are related. 

I I 
OH 

(2) -D E F 

The data are reasonably interpreted as involving the 
addition of the mercuriacetate cation to the double bond 
leading to a mercurinium ion as an intermediate.l9 
The ion may be partitioned between addition of acetate 
ion, giving the adduct mentioned above, and elimina- 
tion of a proton, giving the substituted allylmercuri- 
acetate. The reaction in water might reasonably be 
expected to proceed via the carbonium ion, leading to 
ring cleavage in the case of a-pinene. I n  the solvent of 
lower dielectric constant, acetic acid, acetate ion may 
participate in the reaction of the mercurinium ion and 
thereby lead to 3-acetoxymercuri-P-pinene. 

The allylniercuriacetate would be expected to de- 
compose under the reaction conditionslZ0 and it is at 
this stage that the symmetrical intermediate is prob- 
ably formed. If the decomposition follows an ionic 
path, a s  is likely, the results of Goering and Silver- 
smithz1 on the solvolysis of cyclohexen-3-01 derivatives 
indicate that the resulting product should be racemic. 
The reaction sequence, in the case of a-pinene, appears 
to be the following. 

I 

J P+ 

d k H g O A c  

p- i -Hg',-OAc- 

,OAc 
.OAc- 9 :+< &OAc ,$ 

OAc OAc 
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This mechanism accounts for the formation of race- 
mic carvotanacetol acetate from optically active carvo- 
nienthene and for the formation of products in which 
the acetoxy group is adjacent t o  the more substituted 
end of the double bond. I t  will also account for the 
fact that a inethyl group gives only a small accelerating 
effect. The rate-determining step is not the formation 
of the mercurinium ion since the addition of mercuric 
acetate occurs a t  room temperature, whereas the oxida- 
tion occurs at a reasonable rate only at a temperature 
in the vicinity of 160'. Rather, it is probably the step 
in which the allylniercuriacetate is formed. The methyl 
group stabilizes the double bond in the alkene and the 
incipient double bond in the activated complex. Thus 
the effect of the methyl group in the reactant and 
activated complex may roughly cancel leading to  only a 
small net effect. 

It should be recognized that the above mechanism is 
analogous to  that for mercuric acetate dehydrogenation 
of steroids proposed by Barton and Rosenfelder,22 and 
by Ruyle, et aZ.,23 and is similar to  that proposed by 
Kergomard.12 

Lead Tetraacetate.-The oxidat'ion of (+)-carvo- 
menthene has been studied by Kergomard,l2 and by 
ArataniZ4 who found the products t o  be carvotanacetol 
acetate and p-menthane-1,2-diol diacethte. The former 
was racemic. We have examined t'he possibility of 
racemization of reactant and/or product under the 
reaction conditions in the same way as  for the mercuric 
acetate oxidation and no significant racemization was 
observed. Thus, again, a symmetrical intermediate 
appears to  be involved. This was confirmed using 
cyclohexene-C13 which gave 3-acetoxycyclohexene hav- 
ing 1.274 * 0.006% C13 at the carbon holding the ace- 
toxy group when the reaction was carried out in ben- 
zene and 1.290 * 0.004% CI3 when it was carried out 
in acetic acid solution. The formation of a symmetrical 
intermediate should lead to  1.276y0 CL3, whereas specific 
attack a t  the olefinic carbon or a t  the allylic carbon 
should lead to  1.442 and l . l l O % ,  respectively. 

The lead tetraacetate oxidation is, however, not SO 
clean as  the mercuric aceta'e oxidation. When the 
reaction was carried out in benzene, the product was a 
mixture of 17 coni'jonents including 11% unchanged 
hydrocarbon and 12.5% carvotanacetol acetates in the 
proportion 68y0 cis and 32% trans. Fewer products 
were found when acetic acid was used L S  the solvent, 
and the carvotanacetol acetates were obtained in 17oj, 
yield with an isomer distribution of 40% cis and 60% 
trans. The following discussion will be limited to  that 
part of the reaction which leads to  the allylic acetates. 

As with the mercuric acetate oxidation, cyclohexene 
and 1-methylcyclohexene were oxidized under similar 
conditions to  give equal yields of acetates (25% from 
the former and 24% from the latter), The reaction of 
an equimolar mixture of the two alkenes with lead 
tetraacetate in benzene gave the acetates in the ratio 

(19) H. J.  Lucas, F. R. Hepner. and S. Winstein, J .  A m .  Chem. Soc., 61, 
M. J. S. Dewar, Bull. soe. chim. France. 18, C79 (1951). 

(20) D. J. Foster and E. Tobler, J .  O r g .  Chem.. 17, 834 (1962). 
(21) H. L. Goering and E. F. Silversmith, J .  A m .  Chem. Soc., I T ,  6249 

(1955). 
(22) D. H. R. Barton and W. J. Rosenfelder, J .  Chem. Soc.,  2381 (1951). 
(23) W. V. Ruyle, J. A. Jacobs, J. M. Chemerda, E. M. Chaimberlain, 

D. W. Rosenberg, G. E. Sitn, R.  L. Erickson, L. hl.  Aliminosa, and M. 
Tishler. J .  A m .  Chem. Soc.. 7 6 ,  2604 (1953). 

(24) T. Aratani, Nippon Kaoaku Zaeshi, 18, 1534 (1957); Chem. Abstr.,  
64, 1587 (1960). 

3102 (1939); 

2.5 :1, with that from methylcyclohexene predominating. 
Thus, methyl substitution led to  a small rate increase. 

The oxidation of a-pinene has been studied by Whi- 
thamZ5 in benzene solution, and by CriegeeZ6 in an acetic 
acid solution. In  benzene, the product was cis-2- 
acetoxypin-3-ene (G), which in the presence of acetic 
acid was rapidly rearranged to  trans-verbenyl acetate 
(H). In  acetic acid, the products were verbenyl ace- 
tate and (*)-sobrerol diacetate (I). 

benzene 

G H 

I 

These results again suggest that an ionic addition is 
involved. It would be difficult, for example, t o  explain 
the formation of 2-acetoxypin-3-ene by any free-radical 
abstraction mechanism and the effect of solvent on 
product composition is in better accord with an  ionic 
addition mechanism than with one involving free-radi- 
cal additions. The first stgp probably invites the addi- 
tion of either the acetoxy cation or the lead triacetate 
cation. The former was suggested by Brutcher and 
VaraZ7 as  a result of their observations on the reaction 
of lead tetraacetate with cyclopentadiene. However, 
the results obtained by Criegee, et al., on the reaction of 
styrene and p-methoxystyrene with lead tetraacetate is 
niore satisfactorily acconimodated if one assumes that 
the lead triacetate cation is the addend.28 The results 
of Brutcher and Vara are also readily explained if one 
assumes initial addition of this cation. 

As a result of his observation that a-pinene gave cis-2- 
acetoxypin-3-ene, Whithani proposed the following 
mechanism and suggested that a similar process may be 

involved in the allylic oxidation of other alkenes. With 
cyclohexene, the sequence might be the following. 

H 
L : B  

(25) G. H. Whitham, J. Chem. Soc., 2232 (1961). 
(26) R. Criegee, Angew. Chem.. TO, 173 (1958). 
(27) F. V. Brutcher and F. J. Vara, J .  A m .  Chem. Soc.. 78 ,  5696 (1966). 
(28) R. Criegee, P. Dimroth. K.  Noll, R. Simon, and C. Weis, Ber. ,  SO, 

1070 (1957). 
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However, this is not in accord with the present ob- 
servation that a symmetrical intermediate is involved 
both iti the oxidation of carvonienthene and of cyclo- 
hexene. 

It is still reasonable to  suppose that the normal course 
of the reaction involves the addition of the lead tri- 
acetate cation. The product in the case of cyclohexene 
and carvomethane, may be fornied by the elimination of 
a proton and a subsequent reaction of the allyl lead 

We have chosen to write the addition of 

Pb(OAc)3+ as an equilibrium reaction in order to  ac- 
count for the sinal1 effect on the rate of reaction of a 
methyl group attached to  the double bond, which is 
siniilar to that observed in the mercuric acetate oxida- 
tion. It would be reasonable to expect that, if the addi- 
tion of the lead triacetate cation were rate determining, 
a larger rate difference would be found. Whether 
or riot the addition of acetate ion to the intermedi- 
ate, giving the compoupid which ultimately leads to the 
trans diacetate in  dry acetic acid, is reversible or not 
remains to be determined. 

Chromic Acid.-The chromic acid oxidation of 
cyclohexene leads to two products, adipic acid and cyclo- 
hexenone.9 If one were to assume that the two re- 
actions involved a common intermediate, then one 
would suppose the initial step involved the addition 
of chromic acid to the double bond. However, the 
fact that the oxidation of a-pinelie gives v e r b e n ~ n e , ~ ~ ~ ~ ~  
which is siniilar to the reaction with N-bromosuccini- 
1~iide3~ and to autoxidation133 makes this appear unlikely. 

- NBS ,$, 
Br 

Cyclohexene-C l3 was oxidized with chromic acid, and 
the cyclohexerione was degraded by the procedure de- 
scribed above. The  carbonyl carbon was found to have 
1.223 f 0.00470 C13 when the cyclohexene had 1.332 f 
0.004% CI3 at  each of the olefinic carbons. This indi- 

(29) R.  Criegee. P. Dimroth. and R. Schempf. Ber.. 90, 1337 (1957) have 
presented evidence indicating tha t  the organolead intermediate would be 
unstable and would decompose to Pb(I1)  and a cation. 

(30) \I-. Treihs and H. Schmidt, ibid.. 61, 459 (1928). See also T. 
Llatsiimiira and K. Fujita, J .  Scz. Hiroshima Cntu., 16A, 173 (1952). 

(31: G. Dupont. R. Dolou. and 0. Mondou. Bull. soc. chim. France, 60 
(1953). 

(32) Buu-Hoi. Hoing-Ki-Xei, L.  Lecomte, and R. Roger, ibid.. 148 
(1946). 

( 3 3 )  A. Blumann and 0. Zeitschel, Ber., 46, 1178 (1913). 

cates the formation of a symmetrical intermediate for 
which 1.221% CI3 would have been expected at  the car- 
bonyl carbon. 

The oxidation of 1-methylcyclohexene led to  2- 
niethylcyclohex-3-one (20%) and l-methylcyclohexen- 
3-one (6%).g This result is quite different from that 
found in mercuric acetate oxidation where l-methyl- 
cyclohexene gave only 2-niethylcyclohex-2-enyl ace- 
tate. Similarly, the oxidation of carvomenthene by 
t-butyl chromate, which is similar to chromic acid in 
most of its reactions, gave carvotanacetone (J) and 
piperitone (K) in equal amounts.31 The mercuric ace- 

w ( t - B u X r Q  + oQ 

J K 

tate and lead tetraacetate oxidations gave only carvo- 
tanacetol acetate. 

The observations discussed above indicate a funda- 
mental difference between allylic oxidation by chromic 
acid on one hand, and oxidation by mercuric acetate 
and by lead tetraacetate on the other. They suggest 
that the symmetrical intermediate is formed in the ini- 
tial step rather than in a later stage in the reaction. 
The obvious possibilities are hydrogen atom or hydride 
ion abstraction from the allylic position leading to  the 
allyl radical or cation. It is difficult t o  distinguish be- 
tween these possibilities ; our previous conclusions con- 
cerning chronic acid and chromyl chloride oxidation of 
hydrocarbons lead us to suggest that the reaction is a 
hydrogen atom abstraction. It is not possible to 
speculate on the nature of the subsequent steps in view 
of the limited amount of data which are available. 

Selenium Dioxide.-The reaction of selenium dioxide 
with alkenes leads to oxidation a t  the allylic position. 
The product is a function of the solvent.34 In  acetic 
acid, the acetate is formed; in ethanol one obtains the 
ether; and in water the product is usually the a,P-un- 
saturated ketone which probably arises from the oxida- 
tion of the alcohol first formed. As a result of the work 
of G ~ i l l e m o n a t , ~ ~  one may predict the course of the 
selenium dioxide oxidation of alkenes based on the fol- 
lowing rules. 

The oxidation always occurs a to  the most sub- 
stituted end of the double bond. 

When the double bond is in a ring, whenever 
possible, oxidation occurs within the ring. 

The order of preference for oxidation is CH, > 

When the double bond is terminal, rather than 
the expected secondary alcohol or derivative thereof , 
the primary alcohol is formed with the migration of the 
double bond. 

Because of the similarity in selectivity between the 
reactions of selenium dioxide and that of reagents 
such as N-bromosuccinimide, Waters,36 and Campbell, 
Walker, and Coppinger3’ suggested that the reaction 

(1) 

(2) 

(3) 

(4) 
CH3 > CH. 

(34) K. Alder and G. Stern, Ann.. 604, 205 (1933). 
(35) A. Gulllemonat, Compt. rend., 400, 1416 (1935); 401, 904 (1935); 

(36) W. A. Waters, J .  Chem. Soc., 1805 (1939). 
(37) T. W. Campbell, H. G .  Walker, and G. M. Coppinger. Chem. Rev: 

106, 67 (1937). 806, 1126 (1938); Ann. cham. (Paris) ,  11, 143 (1939). 

60,279 (1952). 
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proceeded via a hydrogen atom abstraction from the 
alkene. We were led to question this view since 
the oxidation of a-pinene by N-bromosuccinimide32~38 
and by selenium dioxide39 appears to lead to different 
positions of attack. 

CHZOH 
I I I 

A simple way in which to test the possibility of form- 
ing a free radical intermediate is to determine whether 
or not a symmetrical intermediate is formed in the oxi- 
dation of a conipound such as ($-)-carvomenthene. An 
intermediate of this type would lead to a racemic oxida- 
tion product. Although the selenium dioxide oxidation 
of carvomenthene has been reported several times,40 
in no case was the rotation of the product carvotanace- 
tone r e p ~ r t e d . ~ l  Starting with (+)-carvomenthene, 
having 947& optical purity, we found the product of 
the oxidation in aqueous ethanol to be (+)-carvotan- 
acetone (J) having a rotation between [ a ] ~  $24.5 and 
30.6' (several runs) which corresponds to 44-55% re- 
tention of asymmetry. Only one other carbonyl-con- 

A. (+I 
J 

taining compound was found, and this was identified as 
phellandral (L) . Gas chromatographic analysis failed 
to show the presence of any piperitone (K). 

YHO I 

8 A A 
L K 

The relative configuration of ( +)-carvomenthene and 
(+)-carvotanacetone is now of interest in order to de- 
termine whether the reaction proceeds with retention or 
inversion of configuration. (+)-Limonene reacts with 
nitrosyl chloride to give the nitrosochloride. The latter, 
on treatment with base, gave an oxime which was iden- 
tical with ( - ) - c a r v o ~ i m e . ~ ~  (+)-Limonene on hydro- 

(38) Autoxidation occurs at the same position a~ the  N-bromosuccinimide 
reaction. :a 

(39) G. Dupont and W. Zacharewicz, Bull. aoc. chim. Frunce, [5 ]  2, 533 
(1935). 

(40) J. Allard, Thesis, Bordeaux, 1933; E. Borgwardt and E. Schwenk, 
J .  A m .  Chem. SOC., 66,  1185 (1934); J. Tabuteau. Compt. rend., a00, 244 
(1935). 

(41) After this  work was completed, the oxidation of carvomenthene in 
wet dioxane to carvotanacetone having a small rotation was reported by 
C. H. Nelson and E. N. Trachtenberg, Abstracts, 142nd National Meeting 
of the American Chemical Society, Atlantic City, N. J., Sept., 1962, p. 
i 8 Q .  In acetic acid-acetic anhydride solvent, they found only racemic 
carvomenthenol acetate. 

(42) H. Goldschmidt and R. Zurrer, Ber., 18, 2220 (1885); E. E. Royals 
and S. E. Horne. Jr . ,  J .  A m .  Chem. Soc.,  73, 5856 (1951); C. Bordenca, 
R. K. Allison, and P. H. Dirstine. Ind .  Eng. Chem., 43, 1196 (1951). Cf. 
A .  J.  Birch,  Ann.  Rept. Chem. SOC.,  192 (1950), and K. Freudenberg and 
W. Lwowski, Ann. ,  687, 213 (1954), for a summary of the configurations of 
terpenes and related compounds. 

8 
genation gave (+)-carvomenthene, and (+)-carvone on 
hydrogenation gave (+)-carvotanacetone. It is diffi- 
cult to imagine any other course for the series of reac- 
tions given above, and, since they involve an effective 
inversion of configuration (Le . ,  movement of the double 
bond), it appears that (+)-carvomenthene is related to 
(+)-carvotanacetone. 

The same conclusion may be reached using a different 
series of reactions. (+)-Limonene has been converted 
to the monoepoxide, and then to the diol. In one set 
of reactions, the diol was oxidized to the keto1 and de- 
hydrated giving (-)-carvone. In another, the diol was 
converted to the diacetate, followed by elimination of 
acetic acid. The resulting acetate was hydrolyzed and 
oxidized to ( - ) - ~ a r v o n e . ~ ~  

A A 
The observation of predominant retention of con- 

figuration in the selenium dioxide oxidation permits 
only two types of mechanisms, a direct insertion reac- 
tion (or its two-step cage e q u i v a l e ~ i t ) ~ ~  at  the methylene 
position, and an addition-elimination mechanism of the 
type described below. The former possibility appears 
unlikely for the following reasons. First, it would be 
difficult to explain the important role of thedisubstituted 
end of the double bond on this basis, and second, it 
would not explain the course of reaction with terminal 
double bonds in which an allylic shift is observed. 

The other possibility may be formulated as follows, 
Selenium dioxide exists as selenous acid in a solvent con- 
taining water. It is reasonable to assume that in the 
acidic medium, the selenous acid is protonated to give 
the equilibrium concentration of the conjugate 
This may be in the form of H3Se03+ or HSeOz+. The  
exact form is not known, and it will be written as the 
latter for convenience. Addition of HSeOz+ to the 

(43) S. A I .  Linder and F. P. Greenspan, J .  Ore. Chem., 22,  949 (1957). 
(44) K. B. Wiberg and G. Foster, J .  A m .  Chem. Soc., 83 ,  423 (1961). 
(45) C/. E. J. Corey and J. P. Schaefer, ibtd., 82, 918 (1960). 
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double bond would be expected in the normal direction, 
leading to an intermediate having the selenium function 
a t  the less substituted end of the double bond. 

After the addition, proton loss niay occur to give sub- 
stituted alkenes, and this would follow the usual rule 
giving largely the endocyclic double bond in the cyclo- 
hexane series. There are several possibilities for the 
next reaction. First, there niay be a competition be- 
tween an S N ~ ’  and an S N ~  displacement by the solvent 
giving over-all retention of configuration in the former 
case and over-all inversion in the latter. An S N ~ ’  dis- 
placement would account for the product and predomi- 
nant stereochemistry observed in most cases, but with the 
terminal alkenes, the Ss2  process would have to predom- 
inate, as niight be expected on steric grounds. 

A. A. b””“ ~ 

A A. 
H 

R-h:-. - -H+ R O y j  over-a11 
retention 

A. A 

- -H+ b” over-all 

inversion A A 
Another possibility is that the competition is between 

an Sn.2‘ and an S N 1  process, where the latter would lead 
to the symmetrical allyl cation, and this in turn would 
lead to a racemic product. This formulation has the 
advantage that it would explain the much lower degree 
of retention of asymmetry found in acetic acid or in 
moist dioxane.41 In  a solvent having a lower nucleo- 
philicity than aqueous ethanol, the S N ~ ’  process would 
not be expected to be important, and the SN1 path would 
be expected to predominate. A low degree of retention 
of asymmetry niight also be anticipated if the allyl 
cation which could be formed had additional stabiliza- 
tion by electron-releasing groups. 

The mechanistic hypothesis also explains the forma- 
tion of selenium-containing products arising from 2 
moles of hydrocarbon and 1 mole of selenium dioxide. 
The allyl seleninic acid intermediate could react with 
another mole of alkene in the same fashion as in the 
initial reaction. 

The case of cyclohexene is interesting in that the 
yield of cyclohexenyl acetate is very low, and the major 
product is a selenium-containing compound. As has 
been noted p r e v i ~ u s l y , ~ ~  this material, on pyrolysis, 
gives cyclohexenyl acetate. In order to determine 
something about the nature of the selenium-containing 
intermediate, the reaction was carried out using cyclo- 
hexene labeled with C13 at  the double bond. The carbon 
holding the acetoxy group was found to have 1.405y0 
CI3 as compared with 1.442y0 at each end of the double 

bond in the cyclohexene, indicating that the acetoxy 
group was introduced at  one of the original olefinic 
carbons 90% of the time. 

The selenium-containing compound was shown to 
contain oxygen by elemental analysis, and the presence 
of an acetoxy group was indicated by both the infrared 
and the n.ni.r. spectra. The data then permit two 
types of structures for the intermediate. The first 

OAc 0 OAc OAc 

OAc 

structure would be formed by the addition of acetate ion 
to the initial addition product , rather than elimination 
of a proton. Then an ester pyrolysis step involving 
the SeO group would give the product with the correct 
C13 distribution. In  the other possibility, the acetoxy 
groups are attached to the selenium, and are transferred 
to the adjacent carbon in a cyclic mechanism during the 
pyrolysis step. The latter s e e m  the less likely possi- 
bility since the acetoxy groups remain even when the 
intermediate is treated with water, 

The results of JIousseron and J a ~ q u i e r ~ ~  on the selen- 
ium dioxide oxidation of (+ )-4-niethylcyclohexene in 
an acetic anhydrideacetic acid solvent are of interest in 
connection with the oxidation of cyclohexene. A major 
product was 5-niethyl-2-cyclohexen-2-yl acetate. Hy- 
drolysis, oxidation of the secondary alcohol function, 
and hydrogenation gave ( -)-3-methylcyclohexanone 
with about 85% retention of asymmetry. The starting 
alkene was prepared by the reduction of (+)-3-methyl- 
cyclohexanone followed by d e h y d r a t i ~ n ~ ~  indicating 
that the entire sequence was effected with net inversion 
of configuration. 

qo - qoH - Q 
I 

CH3 bH3 (5H3 

(+) (+) 

CH3 

It is apparent that the reaction proceeded with the 
same stereochemical result as found with carvomen- 
thene, and thus with a different course than found with 
cyclohexene. However, it is not clear from the experi- 
mental data what proportion of the product arose froni 
the reaction in solution, and froni the pyrolysis of the 
selenium-containing residues. Our data suggest that a 
different stereochemistry should be found for the two 
reactions. It is also interesting to note41 that the oxida- 
tion of carvoiiienthene in acetic acid gave an esselitially 
racemic product , whereas Nousseron and Jaquier found 

(-) 

(46) M. Mousseron and R. Jaquier,  Bull. boc. c h r n .  France, 467 (1952). 
(47) M. Mousseron, R.  Richard and R. Granger, tbtd., 222 (1946). 
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high retention of asymmetry in this solvent. It would 
appear that a reinvestigation of the oxidation of 4- 
methylcyclohexene will be required. 

Although the mechanism of the selenium dioxide 
oxidation given above seems to explain most of the ob- 
servations concerning the reaction, it may not be 
satisfactory when one considers the case of a-pinene. 
Here, the oxidation products are myrtenol and myr- 
tenal. If a carbonium ion were developed adjacent to 

CH2OH YHO 
I I 

the cyclobutane ring, one might expect either ring cleav- 
age or rearrangement.48 Since the amount of cleavage 
or rearrangement products appear to be negligible, seri- 
ous doubt is cast on the initial step. If one accepts the 
general idea of an allylseleninic acid being an interme- 
diate, one may consider the possible modes by which it 
may be formed. First, one may take the extreme view 
that the addition involves the formation of a free-radical 
intermediate rather than a cation. This appears un- 
likely because of the similarity with mercuric acetate 
and lead tetraacetate oxidations which almost certainly 
involve an ionic intermediate. 

Another possibility is that the addition of selenous 
acid and the loss of a proton may be synchronous, 
thereby preventing ring cleavage or rearrangement. 
The third, and possibly most reasonable possibility, is 
that the rearrangement or ring cleavage observed with 
0-pinene is actually not very facile since the carbonium 
ion is tertiary,49 and that the commonly observed reac- 
tions may involve conditions under which the carbon- 
ium ion may be reformed many times for each rearrange- 
ment or ring cleavage step. This is supported by the 
observation that the addition of hydrogen chloride to 
a-pinene a t  - 50' gives the unrearranged chloride.50 
Then, one may propose that  the initial reaction involves 
the addition of SeOzH+ to the double bond to give an 
intermediate similar to a bromonium ion. If one center 
is tertiary, this may go directly to the allylseleninic acid 
by the loss of a proton, and if no tertiary center is pres- 
ent and the loss of a proton is less facile, it may add 
acetate ion to give the P-acetoxyseleninic acid. It is 

+ SeO,H+ - bseoE '. ...'++i+ &eo2" / b 

apparent that  the data are not adequate to completely 
specify the mechanism, but the general course seems 
fairly clear. 

(48) M. Berthelot, Ann., 110, 367 (1859); Compt. rend., 55, 496 (1862). 
(49) In this connection. one may note that, where- the solvolytic reac- 

tions of cyclopropyl carbinol lead to ring-opened and rearranged products. 
this is not the cafle with the cyclopropyldialkylcarbinols. 

(50) H. Meerwein and If. V. Emster, Ber., 55, 2521 (1922); H. Meerwein 
and J. Vorster, J .  p r a k t .  Chem., 121 14T, 83 (1936). 

Experimental6' 
Oxidizing Agents .-Selenium dioxide waa always prepared im- 

mediately before use by the reaction of selenium with nitric acid. 
It was then sublimed a t  atmospheric pressure. Mercuric acetate 
was reagent grade and was not further purified. Lead tetra- 
acetate was recrystallized from glacial acetic acid and dried in a 
vacuum desiccator immediately before use. Chromium trioxide 
was reagent grade. 

(+)-Carvomenthene.-The hydrogenation of 100 ml. (84.2 9.) 
of (+)-!imonene, OLD +99.6', was effected using 0.2 g. of plati- 
num oxide catalyst and 30 p.s.i. of hydrogen. After 1 equiv. of 
hydrogen had been taken up, the reaction was stopped and the 
material was filtered and distilled through a 38-plate spinning- 
band column. The material having b.p. 176-178.5' was col- 
lected in several fractions having 87-97y0 carvomenthene, the 
rest being limonene and p-menthane. The pure carvomenthene 
was calculated to have a rotation, ~ L D  89.3'. 

(+)-Carnotanacetone.-The hydrogenation of 50 g. of (+)- 
carvone waa effected as above. Distillation gave 46 g. (91%) of 
(+)-carvotanacetone, b.p. 91-93' a t  7-8 mm., OLD +44.9". 
Gas chromatographic analysis indicated the presence of 9% carvo- 
menthone. 

Reduction with lithium aluminum hydride gave a mixture of 
the (+)-carvotanacetols (OLD + 24.1"), containing 89.5y0 of one 
isomer. 

Cyclohexanone-l-C13.-A Grignard reagent was prepared from 
10.0 g. (0.41 g.-atom) of magnesium and 46.0 ml. (0.20 mole) of 
1,5-dibromopentane in 200 ml. of dry ether. An additional 800 
ml. of ether was added, and carbon dioxide (66.4% C13), gener- 
ated by the reaction of barium carbonate-c's with 4oy0 perchlo- 
ric acid, was introduced by means of a tube dipping below the 
surface of the solution. The solution was allowed to stand over- 
night. 

After treatment with 50 ml. of 6 N sulfuric acid and 200 ml. of 
water, the organic layer was separated and the aqueous layer was 
extracted with ether. The combined organic solution was dried 
over magnesium sulfate, concentrated using a rotary evaporator, 
and distilled giving 2.1 g. (217Z0) of cyclohexanone-C13, b.p. 152- 
157O, and 5.68 g. of polymeric material. 

The cyclohexanone ww mixed with 2.1 g. of the ketone pre- 
pared in a previous run, and diluted with 114 g. of unlabeled 
cyclohexanone. 

Cyclohexene-l-C18.-To 8.0 g. of lithium aluminum hydride in 
250 ml. of dry ether was added dropwise with stirring 47.4 g. of 
cyclohexanone-l-C13 in 150 ml. of dry ether. After 1 hr., it  was 
decomposed with 40T0 Rochelle salt solution. The ether solu- 
tion was decanted, and the residue was washed with ether. Dis- 
tillation gave 46.5 g. of cyclohexanol-C13 (96y0). 

A solution of 76.2 g. of cyclohexanol-C13 in 88 g. of pyridine was 
cooled in an ice bath. Ethyl chlorocarbonate, 113.5 g., was added 
dropwise with stirring. After the addition had been completed, 
the mixture was allowed to warm to room temperature and was 
stirred for an additional 6 hr. Water (75 ml.) was added and 
the mixture was extracted three times with ether. The ether 
solution was dried with sodium sulfate, concentrated using a 
rotary evaporator, and distilled giving 74 g. of ethyl cyclohexyl-l- 
C13 carbonate and 43 g. of a mixture of diethyl pyrocarbonate and 
ethyl cyclohexyl carbonate. Saponification of the latter mixture 
with methanolic potassium hydroxide gave 12.6 g. of cyclohex- 
mol. The carbonate was formed in 80% yield based on the 
cyclohexanol consumed. 

The carbonate was dropped a t  a rate of 2-3 drops/min. 
through a tube packed with */18-in. glass helices and heated to 450" 
in a Fisher microcombustion furnace. A slow stream of nitrogen 
was passed through during the pyrolysis. The products were 
collected in a Dry Ice-acetone cooled trap. The cyclohexene 
was isolated by preparative-scale gas chromatography (65% 
yield). 

Isotopic Analysis for Cyc1ohexene.-A solution of 0.64 g. 
cyclohexene-l-Cl3 in 30 ml. of dry methanol was cooled in a Dry 
Ice-acetone cooled bath and treated with ozone until a deep blue 
color persisted. The solvent was removed under reduced pres- 
sure, and the residue was dissolved in 15 ml. of 90% formic acid. 
The addition of 8.5 ml. of 30% hydrogen peroxide followed by 
gentle warming led to a very vigorous reaction. After the spon- 
taneous reaction had ceased, the niixture was heated to reflux for 
30 min. The volatile materials were evaporated on a steam bath 

(51) All rotations were determined nest  in 1-dm. tubes. 
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using a stream of dry air. The residue was recrystallized from 
water giving 0.85 g. (75%) of adipic acid, m.p. 149.5-151". 

The adipic acid (0.25 9.) was dissolved in 3 ml. of concentrated 
sulfuric acid and 3 ml. of a benzene solution of hydrazoic acid 
(0.00613 mole) was added. The gas evolved was carried by a 
stream of helium through a Dry Ice cooled trap to remove benzene, 
and then through a liquid nitrogen cooled trap. The carbon 
dioxide was analyzed mass spectrometrically and the value was 
normalized to 1 .loo% normal abundance for tank carbon dioxide. 

Degradation of 3-Acetoxycyclohexene-C~~.-The 3-acetoxy- 
cyclohexene obtained from an oxidation (about 1 g.) was dis- 
solved in 10 mi. of 95% ethanol and hydrogenated using platinum 
oxide catalyst. The solution was filtered and 1.5 g. of potassium 
hydroxide was added. After heating to reflux for 0.5 hr., the 
solution was poured into 10 ml. of saturated sodium chloride 
solution and extracted with several portions of ether. The ether 
solution was dried over anhydrous sodium sulfate and distilled 
giving cyclohexanul-C13. The latter was combined with a solution 
of 1.0 g. of potassium dichromate dihydrate and 0.5 ml. of con- 
centrated sulfuric acid in 5 mi. of water. When the reaction had 
ceased, the excess oxidant was destroyed with methanol. The 
solution was saturated with sodium chloride and extracted with 
pentane. The pentane solution was dried over sodium sulfate 
and distilled giving cyclohexanone-C13. The latter was degraded 
by the method of L0ftfie1d.l~ 

Reaction of (+)-Carvomenthene with Mercuric Acetate.- 
Carvomenthene (5  g., 36.2 mmoles, QD + 91.7') and 11.6 g. 
(36.2 mmoles) of mercuric acetate were sealed in a glass tube and 
heated a t  140" for 2.5 hr. The tube was cooled and opened. 
The contents of the tube were filtered and dissolved in ether. 
The ether solution was washed with dilute sodium bicarbonate 
solution and with water, and was dried over anhydrous sodium 
sulfate. Distillation gave 1.9 g. of carvomenthene, 2.8 g. of 
carvotaneacetol acetate (b.p. 98-101" at  7 mm., QD +0.72"), 
and 1.45 g. of residue. 

The carvotanacetol acetate was hydrolyzed and oxidized using 
the procedure given above for cyclohexyl acetate giving 1.2 g. of 
carvotanacetone, b.p. 124-127" a t  13 mm., QD 0.0". 

The reaction was repeated using a twofold excess of carvo- 
nienthene, QD 89.4". The recovered carvomenthene had QD 
88.1". I t  was again repeated using equimolar quant,ities (2.5 g. 
of carvomenthene and 6.0 g. of mercuric acetate), but with 3.55 
g. of carvotanacetol acetate added (QD +34.6"). The carvo- 
tanacetol acetate which was isolated (4.6 9.) had QD 16.7'. 

Reaction of Cyclohexene-1-W with Mercuric Acetate.-Cyclo- 
hexene-l-C13 (4.05 g. ,  49.3 mmoles) and mercuric acetate (15.0 g., 
47 rnmoles) were sealed in a glsss tube and heated a t  160' for 4 
hr. The tube was cooled and opened, and the organic phase was 
separated from the mercury (8.0 g., 85%). Distillation gave 2.9 
g. of a mixture of acetic acid and recovered cyclohexene (2.0 g . ) ,  
3.0 g. ( 4 6 5 )  of 3-acetoxycyclohexene (b.p. 128-132"), and 0.78 
g. of residue. Another run on twice the scale gave 53% cyclo- 
hexene and 19% 3-acetoxycyclohexene. 

Preparation and Pyrolysis of 2-Acetoxycyclohexylmercuri- 
acetate.-.4 mixture of 32.0 g. (0.103 mole) of mepxric acetate 
and 8.1 g. (0.1 mole) of cyclohexene was placed in a flask and 
allowed to stand at  room temperature for 2 weeks. The solid 
was broken up and transferred to a distilling flask which was then 
heated in a wax bath a t  150". A colorless liquid distilled over. 
Redistillation gave 4.9 g. (62% recovery) of cyclohexene and 0.7 
g. (5%) of acetic acid. Extraction of the pot residue with ether 
followed by distillation gave 0.6 g. (5%)  of 3-acetoxycyclohexene, 
b.p. 70-75° a t  10 mm. 

Reaction of 1-Methylcyclohexene with Mercuric Acetate.-A 
mixture of 13.4 g. (42 mmoles) of mercuric acetate and 4.07 g. 
(42 mmoles) of 1-methylcyclohexene was sealed in a glass tube 
and heated a t  160" for i hr. The tube was opened and the con- 
tents were poured into 10 ml. of water. Mercury was separated 
from the mixture in quantitative yield. The reaction mixture was 
extracted with ether. The ether solution wm washed with 
diluted sodium bicarhonate solution, dried over anhydrous so- 
dium sulfate, and concentrated using a rotary evaporator. The 
residue was distilled to give 0.6 g. of 1-methylcyclohexene, 1.38 g. 
of 6-acetoxy-1-rnethylcyclohexene (21579, b.p. 73-78' a t  10 
mm.), and 0.4 g. of a material b.p. 110-12Oo at  10 mm., with an 
infrared spectrum almost identical with 6-acetoxy-1-methyl- 
cyclohexene. 

Competitive Oxidation of Cyclohexene and 1-Methylcyclohex- 
ene by Mercuric Acetate.--A mixture of 16.0 g. (50.2 nimoles) of 
mercuric acetate, 4.1 g. (50 rnmoles) of cyclohexene, and 4.8 g. 

(50 mmoles) of 1-methylcyclohexene waa sealed in a glass tube 
and heated a t  160" for 3.5 hr. The tube was cooled and opened, 
and the contents were poured into a mixture of 25 mi. of ether and 
25 mi. of water. The ether solution was washed twice with so- 
dium bicarbonate and with water, dried over anhydrous sodium 
sulfate, and concentrated using a rotary evaporator. Distilla- 
tion of the residue gave 3.1 g. of recovered starting material, 
b.p. 75-10i0, and 4.4 g. of acetates, b.p. 78-86' a t  10 mm. Gas 
chromatographic analysis of the first fraction indicated 63% cy- 
clohexene and 37% 1-methylcyclohexene. Analysis of the second 
fraction indicated 82% 6-acetoxy-1-methylcyclohexene and 18% 
3-acetoxycyclohexene. 

Reaction of (+)-Carvomenthene with Lead Tetraacetate in 
Benzene.-.4 solution of 13.6 g. (30.7 mmoles) of lead tetra- 
acetate and 4.3 g. (31.0 mmoles) of (+)-carvomenthene, QD 

+91.7", in 55 ml. of benzene was heated to reflux for 8 hr. The 
mixture was cooled and filtered giving 8.4 g. (847,) of lead di- 
acetate. The filtrate was poured into 50 ml. of water and filtered 
to remove lead dioxide. The filtrate was extracted with sodium 
bicarhonate solution, dried over sodium sulfate, and concen- 
trated by distillation. 

The crude acetate was hydrolyzed and oxidized with chromic 
acid as described above. Distillation gave 1.5 g. of carvotan- 
acetone, b.p. 80-88" a t  6 mm. After purification by gas chro- 
matography, it had UD 0.0". 

Reaction of Lead Tetraacetate with Excess (+)-Carvomen- 
thene in Benzene.-The reaction was carried out as described 
above using 10.A g. (23.7 mmoles) of lead tetraacetate, 8.6 g. 
(62.3 mmoles) of (+)-carvomenthene, and 75 rnl. of benzene. 
The reaction product was distilled giving 5.6 g. of recovered 
starting material (b.p. 64-68" a t  12 mm., Q D  +90.7"), 1.61 g. 
of acetates (b.p. 90-115"), and 1.67 g. of residue. The acetate 
mixture was found by gas chromatography to be a mixture of 17 
components including 1.6% starting material, and 36% (12.5% 
yield) carvotanacetol acetates with an isomer ratio of 687, cis to 
32y0 trans. 

Reaction of Lead Tetraacetate with Excess (+)-Carvomen- 
thene in Acetic Acid.-To a solution of 13.0 g. (29.3 mmoles) of 
lead tetraacetate in 50 ml. of glacial acetic acid was added 8.6 g. 
(62.3 mmoles) of (+)-carvomenthene, QD +89.4". The .mix- 
ture was heated on a steam bath for 4 hr. The reaction mixture 
was poured into 150 ml. of water; no lead dioxide was obtained. 
Potassium hydroxide (50 g.) was added to the solution and the 
mixture was extracted with ether. The ether solution was washed 
with sodium bicarbonate solution, dried over anhydrous sodium 
sulfate, and concentrated using a rotary evaporator to give 9.3 g. 
of crude product. Distillation gave 3.8 g. of recovered reactant, 
2.0 g. of monoacetates (b.p. 110-118"), and 3.2 g. of higher boil- 
ing residue which was largely diacetates. The monoacetate 
fraction was shown by gas chromatography to contain 6.4% reac- 
tant and 48% (17% yield) carvotanacetol acetates with an isomer 
ratio of 60% trans to 40% cis. 

Reaction of 1-Methylcyclohexene with Lead Tetraacetate.- 
The reaction of 2.4 g. (25 mmoles) of 1-methylcyclohexene with 
10.8 g. (24.4 mmoles) of lead tetraacetate in 50 ml. of benzene 
was carried out as described above. Distillation of the reaction 
product gave 0.9 g. (24%) of 6-acetoxy-l-methylcyclohexene, b.p. 
70-75" at  10 mm. 

Competitive Oxidation of Cyclohexene and 1-Methylcyclohex- 
ene with Lead Tetraacetate.-A mixture of 8.9 g. (20 mmoles) of 
lead tetraacetate, 1.62 g. (20 mmoles) of cyclohexene, 1.94 g. (20 
mmoles) of 1-methylcyclohexene, and 50 rnl. of benzene was 
heated to reflux for 14 hr. The reaction mixture was worked up 
as described above giving 1.2 g. of acetates, b.p. 70-85" at 15 
mm. Gas chromatography indicated the presence of B-acetoxy- 
1-methylcyclohexene and 3-acetoxycyclohexene in ratio of 71 : 29. 

Oxidation of Cyclohexene-1-P with Lead Tetraacetate.- 
The oxidations were carried out using both acetic acid and ben- 
zene as solvents and the procedure described above. Using ben- 
zene, 28% of 3-acetoxycyclohexene was obtained, and, using ace- 
tic acid, 227, of 3-acetoxycyclohexene was found. After hydroly- 
sis and chromic acid oxidation as described above, the cyclo- 
hexanone was degraded using the procedure of Loftfield, and the 
carbon dioxide formed was analyzed mass spectrometrically . 

Selenium Dioxide Oxidation of (+)-Carvomenthene in Ethanol, 
-To 11.5 g. (83.6 mmoles) of (+)-carvomenthene, U D  +91.7", 
in 15 ml. of 957, ethanol, which was stirred a t  reflux, was added 
dropwise over a period of 5 hr. 9.3 g. (84 mmoles) of selenium di- 
oxide in 50 ml. of 95% ethanol. The mixture was heated to re- 
flux for an additional 15 hr. The reaction mixture was cooled 
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and filtered giving 5.5 g. (83%) of selenium. The filtrate was 
distilled a t  reduced pressure to remove most of the solvent, and 
the residue was steam distilled. The distillate was extracted 
twice with ether. The combined ether solution was washed with 
water, dried over anhydrous sodium sulfate, and concentrated 
using a rotary evaporator. The residue was distilled giving 9.7 g. 
of crude product, b.p. 10C-140", a t  13 mm., and 1.0 g. of residue. 

The crude product was analyzed by gas chromatography and 
was found to contain 7.2 g. (75y0) of (+)-carvotanacetone (CUD 
+28.6'), 1.0 g. (10yc) of (+)-phellandral, (CUD +117.4"), and 
1.3 g. (14%) of an unsaturated hydrocarbon. 

Reaction of Selenium Dioxide with Excess (+)-Carvomenthene 
in Acetic Acid.-To a solution of 8.0 g. (58 mmoles) of (+)-carvo- 
menthene, C ~ D  +89.4", in 30 ml. of glacial acetic acid and 10 ml. 
of acetic anhydride was added 1.97 g. (17.7 mmoles) of selenium 
dioxide. The mixture was heated with stirring on a steam bath 
for 8 hr. The precipitated selenium (0.9 g., 717,) was removed 
by filtration, and the filtrate was steam distilled. The distillate 
was extracted twice with ether. The ether solution was washed 
with sodium bicarbonate solution, dried over anhydrous sodium 
sulfate, and concentrated using a rotary evaporator. Distilla- 
tion of the residue gave 2.8 g. of starting material, CUD +89.8", 
and 3.9 g. of acetatea, b.p. 108-118" a t  10 mm. Analysis of the 
latter by gas chromatography indicated the presence of 53y0 (30% 
yield) of carvotanacetol acetates with an isomer ratio of 61% 
trans to 39% cis. 

Reaction of Cyclohexene-1-W with Selenium Dioxide in Acetic 
Acid.-To a solution of 4.05 g. (49 mmoles) of cyclohexene-l-C13 
in 50 ml. of glacial acetic acid and 5 ml. of acetic anhydride was 
added 2.70 g. (24.5 mmoles) of selenium dioxide, and the mixture 
was heated on a steam bath with stirring overnight. The solu- 
tion was filtered to remove selenium (0.24 g.,  12%) and the filtrate 
was steam distilled. Essentially, no oxidized material was found 
in the distillate. 

The residue from the steam distillation was taken up in ether. 
The ether solution was dried over anhydrous sodium sulfate and 
concentrated using a rotary evaporator giving 2.2 g. of residue. 
Pyrolysis carried out in a distilling flask, gave 1.34 g. of essenti- 
ally pure 3-acetoxycyclohexene. This was degraded in the man- 
ner described above. 

Chromic Acid Oxidation of Cyclohexene-l-C1~.-To a solution 
of 4.1 g. of cyclohexene in 10 ml. of acetic acid was added with 
stirring a t  room temperature a solution of 7.5 g. of chromium 
trioxide in 4.5 ml. of water and 15 ml. of acetic acid over a period 
of 7 hr. After an additional hour, the solution was distilled giv- 
ing 1.9 nil. of recovered cyclohexene. A solution of 12 g. of sodium 
hydroxide in 12 ml. of water was added to the remaining acetic 
acid solution with external cooling. The gelatinous mixture waa 
extracted with ether. The ether solution was dried over an- 
hydrous sodium sulfate and distilled giving cyclohexenone, b.p. 
69-71 O a t  20 mm. After hydrogenation, the cyclohexanone was 
degraded by the method of L0ftfie1d.l~ 
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Hydroboration of ethyl 2-(3-methyl-2-methylenecyclopentyl)propionate (V) followed by oxidation gave a 
mixture of dl-iridomyrmecin ( IX)  and dl-isoiridomyrmecin in satisfactory yield. The ester V was obtained from 
ethyl 2-(3-methyl-2-oxocyclopentyl)propionate ( I V )  by the Wittig reaction with methylenetriphenylphosphor- 
ane. The Darzens-Claisen glycidic ester condensation of I V  did not give 2-( 2-formyl-3-methylcyclopenty1)- 
propionic acid. This formyl derivative was obtained by condensation of I V  with methoxymethylenetriphenyl- 
phosphorane followed by hydrolysis. However, reduction of the carbonyl group gave the trans-lactone, an 
isomer of iridomyrmecin. 

In  continuation of the interest in preparative studies 
on natural cyclopentane derivatives, a synthesis of 
iridomyrmecin was effected. This bactericidal and in- 
secticidal lactone of an Argentine ant, Iridomyrmex 
h ~ m i l i s , ~ ~ ~  was found also to be a cat-attracting ingre- 
dient of a Japanese plant Actinidia polygama Miq.* 

The reported syntheses of iridomyrmecin and isoirido- 
myrmecin6 consisted in either an intramolecular cycli- 
zation of an acyclic Clo compound6 or an addition of a 
side chain to cyclopentene  derivative^.^ The present 
investigation started from a cyclopentanone derivative, 
ethyl 2-(3-methyl-2-oxocyclopentyl)propionate (IV) .* 
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