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The decomposition of cumyl peracetate follows hetero- 
lytic (Criegee), homolytic, or mixed heterolytic-homolytic 
pathways, depending on the polarity of the solvent and the 
presence of acid catalysts.'*2 In acetic acid the rate 
(moderately fast a t  room temperature) and products 
(phenol, acetone, and 2-phenoxypropene) are characteristic 
of the heterolytic mode.' In nonpolar or moderately polar 
solvents such as toluene, the low rate (conveniently mea- 
sured a t  70 to 90 "C) and the products (mainly carbon 
dioxide, methane, and acetophenone, with lesser amounts 
of phenol, acetone, and 2-phenoxypropene) correspond to 
a mixed homolytic-heterolytic reaction.2 The yield of 
2-phenoxypropene is increased to 83% in the presence of 
trichloroacetic acid catalyst.2 

In nonpolar solvents the decomposition rates are often 
erratic and difficult to reproduce, possibly because of re- 
actions on the wall of the reaction vessel. The rate of the 
reaction in toluene in a Pyrex container is 40% greater 
when freshly crushed Pyrex is added? It is also well-known 
that a number of reactions subject to homogeneous acid 
catalysis in solution are fast even on neutral silica. These 
observations impelled us to examine the perester decom- 
position on silica surfaces, with the object of identifying 
the heterogeneous part of the reaction. 

Results 
The rates of decomposition of the perester in silica 

slurries were too high to permit the removal of the solvent 
to confine the reaction to the adsorbed phase. With Po 
silica3 the rate constant in a stirred chloroform slurry was 
8.6 X lo4 s-l at  26 OC, which is faster than the extrapolated 
rate in toluene by 6 orders of magnitude and faster than 
the ratel in acetic acid by a factor of 30. The products from 
the reaction in a chloroform slurry of this silica were phenol 
(98% and 94%), acetic acid (89% and 92%), and acetone 
(88%). An IR band a t  1763 cm-', probably due to the 
Criegee rearrangement product, 2-acetoxy-2-phenoxy- 
propane, vanishes when the solution of reaction products 
is washed with water. 

Similar experiments were carried out with slurries of P, 
~ i l i c a . ~  Although the properties of P1 silica as a medium 
for reactions confined to the surface, i.e., in the absence 
of liquid solvent, are often somewhat different from those 
of Po silica under the same solvent-free conditions,4 the 

(1) Yablokov, V. A.; Shuskunov, V. A.; Kolyaskina, L. V. Zh. Obshch. 

(2) Leffler, J. E.; Scrivener, F. E., Jr. J. Org. Chem. 1972, 37, 1794. 
(3) See the Experimental Section and ref 4-7. 

Khim. 1962,22,2714. 

results from the two silicas appear to be the same in the 
present experimenh8 The rate constant in a stirred 
chloroform slurry of P1 silica a t  26 "C was 9.6 X s-'. 
The products from the reaction in a pentane5 slurry of P1 
silica were phenol (96%), acetic acid (89%), and acetone 
(91%). 

Experimental  Section 
The chloroform slurry rates were determined from the carbonyl 

IR band of the perester in the supernatant liquid of samples of 
the slurry. The slurry was prepared from 50 mL of CHC13, 10.0 
g of the silica, and 0.010 mol of the perester. 

In a typical product determination, a solution of about 1 g of 
the perester in 25 mL of the solvent was added, with stirring, to 
a slurry of 25 g of the silica and 50 mL of the solvent. The slurry 
was filtered, products were removed from the silica by extraction 
with ether, and the ether combined with the filtrate. Phenol was 
determined by GLC using 4-methyl-2,6-di-tert-butylphenol as the 
internal standard and confirmed by isolation and weighing of the 
tribromophenol derivative. Acetic acid was determined by ti- 
tration with alkali. Acetone was separated from the reaction 
mixture by distillation after neutralization of the acetic acid. The 
acetone in the distillate was determined gravimetrically as io- 
doform. 

The perester was made from cumyl hydroperoxide and acetyl 
chloride as in ref 2. Iodimetric titration of this compound is not 
quantitative, but the preparation appeared to be pure as judged 
by ita IR (carbonyl at 1785 cm-') and NMR 6 1.65 (8, 6 H), 1.90 
(s, 3 H), 7.40 (m, 5 H). 

The Silicas>-' The silicas were dried in an oven and stored 
over Drierite before use. Silica PI is the purer of the two and has 
0.018% calcium as CaO, 0.005% iron as FezOa, 0.058% titanium 
as TiO,, and 0.030% zirconium as ZrOz. The percentages for Po 
silica are 0.02,0.03,0.09, and 0.03.5 The surface areas (N,) are 
700 m2/g for P1 and 750 m2/g for Po. Silica PI has a greater 
H-bond donating ability, in the absence of solvent, as measured 
by ita solvatochromic a value? Both silicas have solvatochromic 
?r* values of about 2.0, greatly exceeding those reported for any 
fluid solvent? 

Registry No. Cumyl peracetate, 34236-39-0; silica, 7631-86-9. 

(4) Lindley, S. M.; Flowers, G. C.; Leffler, J. E. J. Org. Chem., in press. 
(5) Leffler, J. E.; Zupancic, J. J. J. Am. Chem. SOC. 1980, 102, 259. 
(6) Flowers, G. C.; Lindley, S. M.; Leffler, J. E. Tetrahedron Lett. 

(7) Leffler, J. E.; Barbas, J. T. J. Am. Chem. SOC. 1981, 103, 7768. 
(8) The lack of dependence on the silica, Po vs. PI, could be a result 

characteristic of this perester or it could be due to the presence of solvent. 
The fact that the products are the same in chloroform as in pentane 
supporta the former interpretation. 
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Isotopic scramblings during Friedel-Crafts alkylations 
have been investigated with 14C-labeled 2-arylethyl hal- 
ides.' For example, scramblings in the 2-phenylethyl 

(1) (a) Lee, C. C.; Forman, A. G.; Rosenthal, A. Can. J. Chem. 1967, 
35, 22C-225. (b) McMahon, M. A.; Bunce, S. C. J. Org. Chem. 1964,29, 
1515-1520. 
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Table I. Data  from Typical Mass Spectra in  the Molecular Ion Region for  1,)-Diphenylethane (2) and Benzoic Acid (3) 
molecular ions of 3b molecular ions of Zn molecular ions of ZC 

re1 re1 re1 
ion mlz abundanced ion mlz abundancee ion mlz abundancd 

unlabeled 2 182 48.60 unlabeled 3 122 81.59 unlabeled 2 182 0.64 
2-dl + 2-13C 183 100.00 3-dl + 3-l3C 123 85.57 2-dl + 2-13C 183 1.03 
2-dz + 2-13C-dl 184 62.00 3-dz + 3-l3C-d1 124 19.15 2-dz + 2-13C-d1 184 2.03 
2-d3 + 2-l3C-d2 185 16.68 3-d3 + 3-I3C-d2 125 2.39 2-d3 + 2-%'-d2 185 2.99 
2-d4 + 2-13C-d3 186 3.13 3-d4 + 3-13C-d3 126 0.34 2-d4 + 2-13C-d3 186 4.10 

2-de + 2-lSC-d6 188 3.96 
2-d7 + 2-13C-d8 189 4.05 
2-d8 + 2-13C-d7 190 6.67 
2-de + 2-13C-d8 191 13.85 
2-dlo + 2-13C-d9 192 24.45 
2-dll + 2-13C-d10 193 39.58 
2-dlZ + 2-13C-dll 194 45.82 
2-d13 + 2-l3C-dl2 195 41.70 
2-d14 + 2-13C-d13 196 23.23 
2-13C-d14 197 7.92 

198 1.28 
199 0.61 

2-d5 + 2-13C-d, 187 0.71 2-d6 + 2-13C-d4 187 4.54 

nFrom reaction of 1-2-13C-2-Ph-d6 with benzene. bFrom oxidation of 2 from the reaction of l-l-13C-2-Ph-d6 with benzene. cFrom reaction 
of l-I-13C with [2HB]benzene. dBase peaks with relative abundance of 100% also appear at m / z  91 and 92 for C7H7+ and C7H7-13C+. eBase 
peak of 100% relative abundance appears a t  mlz 77 for C&+. 'Base peak of 100% relative abundance appears at mlz 97 for C7H7-d,+ + 
C7H7-13C-d5+. 

cation during the Friedel-Crafts alkylation of anisolela or 
toluenelb with 2-phenyl[ lJ4C]ethyl chloride ( l-lJ4C) have 
been reported. In these cases, the aromatic moiety of the 
2-arylethyl halide and the aromatic hydrocarbon had to 
be different in order for the Friedel-Crafts product, l-p- 
anisyl-2-phenylethane or l-phenyl-2-p-tolylethane, to be 
degraded to give benzoic acid and anisic or p-phthalic acid 
to allow for the observation of isotopic scrambling. Since 
we have recently made use of substrates doubly labeled 
with D and 13C in solvolytic studies? the possibility of 
investigating isotopic scramblings during the Friedel- 
Crafts reaction between 2- [2H5]phenyl[ l-13C]ethyl chloride 
( 1-1-l3C-2-Ph-d5) and benzene or between 2-phenyl[l- 
13C]ethyl chloride (l-l-13C) and [%,]benzene was consid- 
ered. Degradation of the isotopomeric 1,2-diphenylethane 
products to give various benzoic acids without or with the 
13C and/or Ph-d5 label should give the extent of scrambling 
in the 2-phenylethyl cation during the Friedel-Crafts al- 
kylation of benzene. I t  is anticipated that complications 
may arise since it is known that H-D or H-T exchanges 
can take place in aromatic compounds under acidic con- 
d i t i o n ~ . ~  However, it is of interest to determine the extent 
of such exchanges in a Friedel-Crafts reaction and if a 
limited and reproducible amount of H-D exchange were 
to occur, the rearrangement arising from 1,2-phenyl shifts 
during the Friedel-Crafts reaction between 1-I-I3C-2-Ph-d5 
and benzene or between 1-1 J3C and perdeuteriobenzene 
may still be observed. 

When 1-1J3C-2-Ph-d5 was heated with an excess of 
benzene in the presence of AlCl, under conditions similar 
to those used for the alkylation of anisole with l-l-14C,la 
1,2-diphenylethane (2) was obtained in yields of about 
40%. A typical set of mass spectral data in the molecular 
ion region of 2 is given in Table I, showing extensive loss 
of D presumably due to exchanges with the H atoms of 
benzene. Oxidation of this sample of 2 gave benzoic acid 
(3), the mass spectrum of which showed major peaks at  
mlz 122 and 123 for the molecular ions of unlabeled 3 and 

(2) Lee, C. C.; Fiakpui, C. Y.; Midha, K. K. J. Org. Chem. 1983, 48, 
1025-1029. Rappoport, 2.; Fiakpui, C. Y.; Yu, X.-D.; Lee, C. C. Zbid. 1984, 
49,570-571. 

(3) Gold, V. In "Friedel-Crafta and Related Reaction"; Olah, G. A,, 
Ed.; Interscience: New York, 1964; Vol. 11, Part 2, pp 1253-1291. 

3-13C or 3-d, (Table I) but no peaks at  m/z 127 and 128 
for the molecular ions of C6D5COOH and C6D513COOH. 
Because of such extensive losses of D, an estimate of the 
amount of scrambling arising from 1,2-phenyl shifts was 
not feasible. 

When the Friedel-Crafts reaction was carried out with 
l-l-13C and an excess of [2H6]benzene, the mass spectrum 
of the product, 2, again showed extensive H-D exchanges 
and the relative abundances for the various isotopomeric 
molecular ions for 2 are included in Table I. It is of interest 
to note that major peaks occur a t  m/z 192,193,194,195 
and 196, indicating some D incorporation into the aliphatic 
as well as the aromatic parts of 2. An appreciable amount 
of a molecular ion derived from a completely deuterated 
2 containing both 13C and 14 D atoms is also observed a t  
m/z 197. 

Thus, the present results have shown that because of 
exchanges, isotopes of hydrogen cannot be used in tracer 
studies on Friedel-Crafta alkylations with a high concen- 
tration of AlC13 as catalyst and with an excess of the arene 
being alkylated as solvent. Although it may be possible 
to decrease the extent of such exchanges by the use of an 
inert solvent, a weaker acid catalyst and a lower catalyst 
concentration, the present work has demonstrated that 
under the conditions usually employed, extensive and 
dynamic exchanges among both aromatic and side-chain 
H atoms do take place during a Friedel-Crafts reaction, 
even though the occurrence of such dynamic processes may 
not be apparent when the H atoms are not labeled. 

Experimental Section 
2-Phenyl[1-'3c]ethyl chloride (1-I-W) was prepared in the same 

way as previously described for the preparation of l-I-"C; which 
involves reaction of benzylmagnesium chloride with [13C] COz to 
give phenyl[ l-13C]acetic acid, reduction with LiAlH4 to 2- 
phenyl[ l-13C]ethanol, and then reaction with SOClz in pyridine 
to give the desired 1-I-W 2-[2H6]Phenyl[l-13C]ethyl chloride 
(l-I-13C-2-Ph-d6) was obtained from a series of reactions starting 
with [2H6]bromobenzene via a Grignard reaction to give benzoic 
acid followed by L A H 4  reduction to benzyl alcohol and treatment 
with SOClz to give the D-labeled benzyl chloride which was then 
converted to  1-l-l3C-2-Ph-d5 as in the preparation of l-I-13C. 

(4) Lee, C. C.; Spinks, J. W. T. Can. J. Chem. 1954, 32, 1005-1011. 
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Friedel-Crafts Reactions. A mixture of 1.0 g (6.8 mmol) of 
1-1-13C-2-Ph-d5 and 1.5 g (11 "01) of AlCl, in 5.0 mL of benzene 
or a mixture of 1.0 g (7.0 mmol) of l-l-13C and 1.5 g (11 mmol) 
of AlC13 in 5.0 mL of [2H,jbenzene was heated under relux for 
1 h. These conditions were chosen after preliminary trials which 
showed that longer reaction times at reflux temperature did not 
significantly improve the yields while reactions at room tem- 
perature failed to give appreciable yields of the product. The 
reaction mixture was worked up as previously described" to give 
about 500 mg (about 40%) of 1,2-diphenylethane (2) which, after 
crystallization from 95% ethanol, melted at 52 "C (lit.5 mp 52 
"C). The mass spectra of samples of 2 were obtained with a 
Finnigan Model 3000 GC-MS instrument. Oxidation of 2 from 
the reaction of 1-1-l3C-2-Ph-d5 with benzene in alkaline KMnO? 
gave benzoic acid whose mass spectrum was also recorded. 
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Pyrethroids are a class of powerful insecticides struc- 
turally related to the naturally occurring chrysanthemaks.' 
The high insecticidal activity of the pyrethroids coupled 
with their low mammalian toxicity2 has stimulated con- 
siderable synthetic activity in this area. Most of this effort 
has been directed toward the pyrethrins and cinerins, 
which are esters of trans-chrysanthemic acid or trans- 
pyrethric acid,l respectively. It has been discovered3 that 
certain esters of cis-chrysanthemic acid possess superior 
activity relative to  the trans-chrysanthemates, e.g., lb. 
Nevertheless, relatively few stereospecific total syntheses 
of the unnatural cis-chrysanthemic acid (la) have been 
p ~ b l i s h e d . ~ ~  Obviously, the major obstacle inherent in 

(1) Elliot, M.; James, N. J. 'Pyrethrum, the Natural Insecticide"; 
Casida, J. E., Ed.; Academic Press: New York-London, 1973; pp 55-100. 

(2) Elliot, M. ACS Symp. Ser. 1977,42,1 and references cited therein. 
(3) Okuno, Y.; Masachika, T.; Takeda, H.; Itaya, N. Jpn. Pat. 1975, 

DOS 2 439 251; Sumitomo Chem. Co. 
(4) Arlt, D.; Jautelat, M.; Lantzsch, R. Angew. Chem., Int. Ed. Engl. 

1981, 20, 703 and references therein. 

Scheme I 

Scheme I1 

2 3 4 

16. In. R = H  R =  CH, -@.D 
6 5c. R=SiMe,t.Bu 

5D. R=SiPh,t.Bu 

this synthetic problem is the cis relationship of the carboxy 
and alkenyl substituents on the cyclopropane ring. 

We have recently reported a general, stereospecific 
synthesis of cis-2-alkenylcycloalkanecarboxylic acids via 
Claisen rearrangement mediated ring contraction of 
macrocyclic ketene acetals (Scheme I).' We now report 
the application of this methodology in a short, stereospe- 
cific synthesis of cis-chrysanthemic acid (la). 

The dianion of the readily available 3,3-dimethyl-4- 
pentynoic acide (1 equiv of 2, 2.1 equiv of n-BuLi, THF, 
41 "C) was treated sequentially with lithium bromide9 (0.5 
equiv, THF, -41 "C) and dry acetone (1.1 equiv, -41 - 
25 "C) to give the crystalline hydroxy acid 3 (mp 78-79 
"C) in 65% yield (Scheme 11). Catalytic semi- 
hydrogenation'O of 3 (Pd/BaS04, quinoline, MeOH) gave 
a hydroxy acid which spontaneously lactonized to afford 
the desired Claisen rearrangement precursor, lactone 4 (mp 

(5) (a) Sevrin, M.; Hevesi, L.; Krief, A. Tetrahedron Lett. 1976,3915. 
(b) Franck-Neumann, M.; Dietrich-Buchecker, C. Tetrahedron Lett. 
1980,21,671. (c) Franck-Neumann, M.; Miesch, M. Tetrahedron Lett. 
1982,23,1409. (d) Lehmkuhl, H.; Mehler, K. Liebigs Ann. Chem. 1978, 
1841; 1982,2244. (e) Ganet, J. P.; Piau, F.; Ficini, J. Tetrahedron Lett. 
1980,3183. (f') Torii, S., Inokuchi, T., Oi, R. J.  Org. Chem. 1983,48,1944. 
(g) Nesmeyanova, 0. A.; Rudashevskaya, T. Y.; Dyachenko, A. I.; Savi- 
lova, S. F.; Nefedov, 0. M. Synthesis 1982, 296. 

(6) For the total syntheses of cis-2,2-dimethyl-3-(2,2-dihalovinyl)- 
cyclopropanecarboxylic acids, see the following: (a) Martin, P. Helu. 
Chim. Acta 1983,66,1189. (b) Martin, P.; Greuter, H.; Bellus, D. J.  Am. 
Chem. Soc. 1979,101,5855. (c) DeVos, M. J.; Krief, A. Tetrahedron Lett. 
1983,103. (d) DeVos, M. J. Krief, A. J.  Am. Chem. SOC. 1982,104,4282. 
(e) Koudo, K.; Takashima, T.; Negishi, A.; Matsui, K.; Fujimoto, T.; 
Sugimoto, K.; Hatch, C. E., III; Baum, J. S. Pestic. Sci. 1980,11, 180. (f') 
Itaya, N.; Matauo, T.; Ohno, N.; Mizutani, T.; Fijita, F.; Yoshioka, H. ACS 
Symp. Ser. 1977,42, 51. 

(7) Abelman, M. M.; Funk, R. L.; Munger, J. D., Jr. J.  Am. Chem. SOC. 
1982, 104, 4030. We have coined the term "alicyclic Claisen 
rearrangement" to describe this methodology. 

(8) Smith, A. B., 111; Guaciaro, M. A.; Schow, S. R.; Workulich, P. M.; 
Toder, B. H.; Hall, T. W. J.  Am. Chem. SOC. 1981, 103, 219. 

(9) Brandsma, L.; Verkruijsse, H. D. "Synthesis of Acetylenes, Allenes, 
and Cumulenes. A Laboratory Manual"; Elsevier: Amsterdam-Oxford- 
New York, 1981; p 76. The yield without the addition of lithium bromide 
is ca. 20%. 
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