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ring expansion in I leading directly to non-classical 
cation VI is stereoelectronically unfavorable. 
The C l - C . 7 bond in classical cation VI I I (c/. 
V i l l a ) is, however, properly disposed for conversion 
to VI. I t is not clear whether the source of IV is 
VI I I or VI or both, b u t in any case, VI I I , if present, 
is not in rapid equilibrium with its conformational 
isomer I X (a classical bicyclo[3.2.1]-2-octyl cation 
with a chair cyclohexane), since a product expected1 

from the lat ter is V, which constitutes a t most 
1-2% of the reaction product from I. 

Of the very few mechanisms compatible with the 
data on the I -»• I I + IV rearrangement, the one 
shown is the most closely analogous to t ha t dis
cussed1 in connection with the rearrangement of 
e«(fo-2-aminomethylnorbornane. We recognize 
t ha t VI I I must either be highly stereospecific in its 
reaction with solvent to give IV and virtually no 
V, or else must be a source of only a relatively small 
fraction of the tota l IV formed; VI I I is assigned 
a place in the scheme merely to complete the 
analogy. Note t ha t if the VI -*• VI I step is re
versible, some of the mirror image of VI also must 
be formed; until the degree of retention of optical 
activity in IV is known, it is not possible to decide 
whether this occurs. In the formal sense, the only 
other difference between this scheme and t ha t pre
sented1 for the isomeric series is t ha t in the present 
case the two classical cations are not enantiomeric. 

Although the mechanisms of this and the com
panion rearrangement1 are not yet uniquely fixed 
in detail, it is already certain t ha t the evidence in 
both cases requires the postulation of a t least two 
kinds of cationic intermediate. 
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REACTIONS OF THE METASTABLE HELIUM 
TRIPLETS1 

Sir: 
The helium species He(23S) and He2(3Su+) are 

energy-rich, the former lying 19.8 e.v. and the lat ter 
approximately 17.2 e.v. above the ground energy. 
Both species are metastable with natural lifetimes 
longer than milliseconds so t ha t they can be brought 
in contact with other gases. 

We have directed helium from a microwave dis
charge containing approximately 109 to 1010 meta-
stables per ml. through a 3 m m . orifice into a glass 
vessel containing ~ 10 mm. pressure of reactant 
gas. For each of the four gases investigated Ne, 
N2 , O2, CH4 a brilliant flame appeared a t the orifice 
of the jet. For neon the flame is red. I t s spectrum 
shows t h a t the color comes principally to neon 
transitions from excited states lying below 19.8 
e.v. For N2 the color is blue, principally from the 
main system (2S11

+ -*• 2 S 8
+ ) of N 2

+ . For oxygen 

(1) This research was supported by the Propulsion Sciences Divi
sion, Air Force Office of Scientific Research. 

the color is green, arising from the first negative 
system ( 4 Sg - -*• 4IIu) of O 2

+ or blue-white princi
pally from the first and second negative (2IIu —* 
2IIg) systems of O 2

+ in combination, depending on 
the pressure and flow rate. For methane the color is 
violet, principally from the 2A —»• 2T and 2 S ~ a —*-
2II transitions of CH. 

Related reaction cross sections are being reported 
elsewhere.2 

(2) E. E. Benton, E. C. Ferguson, F. A. Matsen and W. W. Robert
son, submitted to Phys. Rev.; see also Bull. Am. Phys. Soc. (Abstracts 
of 1962 Southwestern APS meeting). 
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RECEIVED JANUARY 19, 1962 

MECHANISM OF THE FORMATION OF 
BENZYLACETOPHENONE AND 

METHYLETHYLPHENYLPHOSPHINE FROM 
METHYLETHYLPHENYLBENZYLIDENEPHOSPHOR-

ANE AND STYRENE OXIDE 
Sir: 

In the accompanying communication1 it is re
ported tha t the lithium iodide adduct of methyl-
ethylphenyl- (1,3-diphenyl-3 - hydroxypropyl) - phos-
phonium betaine (I) precipitates when styrene 
oxide is added to an ether solution of methylethyl-
phenylbenzylidenephosphorane. When I is heated 
to a temperature of 190-200° in decalin suspension, 
a number of products are formed, bu t the major 
ones are methylethylphenylphosphine (V) and 
benzylacetophenone (VI) . Of various conceivable 
mechanisms for the formation of these products, 
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(1) W. E. McEwen, A. Blade-Font and C. A. VanderWerf, J. Am. 
Chem. Soc, 84, 677 (1362). 
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the two most reasonable possibilities are those in 
which 2,4-diphenyloxetane (III) and 1,2-diphenyl-
cyclopropanol (IV), respectively, are formed as in
termediates.2 

In order to distinguish between these possible 
mechanisms, use was made of a carbon-14 label in 
the position marked by an asterisk in I or II.3 On 
degradation of the benzylacetophenone (VI), none 
of the carbon-14 was found in the carbonyl group; 
all of it was found in the a-carbon of the benzyl 
group (as shown by the asterisk in VI). Thus, the 
mechanism proceeding by way of 1,2-diphenylcyclo-
propanol (IV) is the one that is operative.4 It is 
not surprising that the displacement of methyl
ethylphenylphosphine (V) is made by the anionic 
carbon atom of II rather than by the negative oxy
gen atom of I. Although the concentration of I 
undoubtedly is much greater than that of II in an 
equilibrium mixture of the two species, the nucleo-
philicity of the carbanion center of II is much 
greater than that of the alkoxide oxygen of I. 

Benzylacetophenone was degraded as follows: 
(1) a Schmidt reaction was used to convert VI to 
hydrocinnamanilide.6 (2) Hydrolysis of the anilide 
gave hydrocinnamic acid.6 (3) A portion of the 
hydrocinnamic acid was subjected to the Schmidt 
reaction and the carbon dioxide assayed. (4) A 
second portion of the hydrocinnamic acid was 
oxidized with alkaline potassium permanganate 
solution to give benzoic acid. (5) The carbon di
oxide evolved from the benzoic acid in a Schmidt 
reaction was collected and assayed. 

It is of interest to speculate on the reasons why I 
(or II) gives predominantly the phosphine V and 
the ketone VI, with only relatively small amounts 
of trans- 1,2-diphenylcyclopropane and methyl -
ethylphenylphosphine oxide being formed.1 The 
latter type of reaction was the one observed by 
Denney and Boskin7 in the condensation of tri-
phenylcarbethoxymethylenephosphorane with sty-
rene oxide or 1,2-epoxyoctane at an elevated tem
perature. Consideration of the two probable in
termediates8 for the conversion of I to the phosphine 
oxide and cyclopropane derivative indicates why 
this route is not the major one in the system under 

(2) The base, B" , is most likely the alkoxide ion, C6H5-CH2CO-
CeHs, formed by the action of phenyllithium on styrene oxide (see 
ref. 1). 

(3) Methylethylphenylbenzyl-7-C14-phosphonium iodide was pre
pared by reaction of methylethylphenylphosphine (W. J. Bailey, S. A. 
Buckler and F. Marktscheffel, J. Org. Chan., 25, 1996 (I960)) with 
benzyl-7-C14 iodide. The labeled phosphonium iodide was then 
treated with phenyllithium and subsequently with styrene oxide in the 
manner described in reference 1. All of the compounds described in 
this paper were assayed, and the assays checked within ± 4 % of the 
theoretical values. 

(4) I t is of interest that Robinson has suggested the same type of 
rearrangement of a cyclopropanol derivative as one step in the bio
genesis of artemisia ketone: R. Robinson, "The Structural Relations 
of Natural Products," Clarendon Press, Oxford, 1955, p. 14. The 
base-catalyzed isomerization of cyclopropanol derivatives to open-
chain carbonyl compounds has been reported by a number of workers: 
R. Breslow and C. Yuan, J. Am. Chem. Soc, 80, 5991 (1958); L. 
Skattebol and J. D. Roberts, ibid., 80, 4085 (1958); G. W. Stahl and 
D. L. Cottle, ibid., 68, 1782 (1943). 

(5) D. Bigiavi and M. Marri, Cazz. chim. UaL, 54, 99 (1924). 
(6) E. Erlenmeyer, Ann., 137, 327 (1866). 
(7) D. B. Denney and M. J. Boskin, / . Am. Chem. Soc, 81, 6330 

(1959). 
(8) D. B. Denney, Paper No. 69, Division of Organic Chemistry, 

139th National Meeting of the American Chemical Society, St. Louis, 
Mo., 1961. 

consideration. Owing to the inductive electron-
releasing effect of the methyl and ethyl groups 
bonded to the phosphorus atom of I, there would be 
less tendency for the intermediate VII to be formed 
than would be the analogous case if three electron-
withdrawing phenyl groups were bonded to phos
phorus. Also, VII, once formed, would have much 
less tendency to dissociate to the next intermediate, 
VIII, than would be the case if a carbethoxyl group 
rather than a phenyl group were bonded to the 
negatively charged carbon atom. Thus, the reac
tion in which I gives rise to V and VI is favored over 
the relatively difficult reaction path leading to 
methylethylphenylphosphine oxide and trans-1,2-
diphenylcyclopropane.9 
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(9) It is of significance that the reaction of triphenylbenzylidene-
phosphorane with styrene oxide affords triphenylphosphine oxide 
(80% yield) triphenylphosphine (8%), benzylacetophenone (0.3%), 
1,3-diphenylpropan-l-ol (1.5%), a mixture of c*'s-l,3-diphenylpropene, 
the trans isomer and *rans-l,2-diphenylcyclopropane (50% yield, molar 
ratio 30:65:5), and an unidentified ketoalcohol. Evidently an inter
mediate analogous to VII is formed readily, as expected on the basis of 
the argument cited above, but an intermediate analogous to VIII is not 
produced easily, this also being anticipated on the basis of the above 
argument. The major reaction path is, therefore, a thermal decom
position of the intermediate analogous to VII to give triphenylphos
phine oxide and the two isomeric 1,3-diphenylpropenes. The latter 
compounds do not arise by pyrolysis of *raws-l,2-diphenylcyclopropane 
since it is recovered unchanged when subjected to the conditions of the 
reaction: A. Blade-Font, Ph.D. Thesis, Kansas University, 1960. 
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REACTION OF OPTICALLY ACTIVE METHYLETHYL-
PHENYLBENZYLIDENEPHOSPHORANE WITH 

STYRENE OXIDE 

Sir: 
Denney and Boskin1 have reported that ethyl 

/raras-2-phenylcyclopropanecarboxylate (II) is pro
duced in 21% yield, together with triphenylphos
phine oxide, in the reaction of triphenylcarbethoxy-
methylene-phosphorane (I) with styrene oxide at 
190-200°. In like manner, ethyl /raws-2-w-hexyl-
cyclopropanecarboxylate is obtained in 51% yield 
on reaction of I with 1,2-epoxyoctane at 210-220°.2 

Denney has suggested2 that the mechanism of the 
reaction, as illustrated with styrene oxide, is I —*- II. 

(1) D. B. Denney and M. J. Boskin, J. Am. Chem. Soc, 81, 6330 
(1959). 

(2) D. B. Denney, Paper No. 69, Division of Organic Chemistry, 
139th National Meeting of the American Chemical Society, St. Louis, 
Mo., 1961. 


