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dioxines under visible light irradiation is possible ira the 
CA--dioxine system in polar solvents. 

Interaction of 3CA with TCD ira benzene results in 
the formation of a short-lived intermediate characterized 
by an absorption spectrum close to a superposition of the 
spectra of C A ' -  and T C D ' + ;  however, the correspond- 
ing bands are noticeably broadened as compared to 
similar absorption bands in acetonitrile (see Fig. 1). The 
decay kinetics of the intermediate is described by the 
first-order law with a rate constant of 8.2 �9 106 s - l ,  which 
is independent of the wavelength of observation, but 
increases to 11 �9 106 s - I  when dioxygen is added to the 
system. The listed regularities are typical of triplet radi- 
cal ion pairs appearing during ET from aromatic elec- 
tron donors to triplet states of quinones in low-polar 
solvents. 3-7 Thus, in the photochemical reaction with 
p-chloranyl, chlorinated dibenzo-p-dioxines act as an 
electron donor. The reaction affords the corresponding 
radical cations, which allows the oxidation of dioxines 
under visible light. 

The work was financially supported by the Rus- 
sian Foundat ion  for Basic Research (Projec t  
No. 99-03-32116). 
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The decomposition of 2-[4-(2-chloro- 1,1 -dimethylethyl)phenyllpropan-2-yl hydroperox- 
ide in acetone catalyzed by H2SO 4 affords 4-(2-chloro-l,l-dimethylethyt)phenol. The kinet- 
ics of this reaction at 56~ was studied. 

Key words: 4-(2-chloro- 1, I -dimethylethyl)phenol, 2-[4-(2-chtoro- I, 1 -dimethylet hyl)phen- 
yl]propan-2-yl hydroperoxide, acid-catalyzed decomposition. 

Ethopheneprox, a synthetic pyrethroid, is an efficient 
insecticide which holds promise in agricultural and house- 
hold applications. 1 A key intermediate in the synthesis 
of ethopheneprox is 4- (2-chloro- l , l -d imethyle thyl ) -  
phenol (1), obtained from 2-[4-(2-chloro- 1,1-dimethyl- 
ethyl)phenyl]propan-2-yl hydroperoxide (2), whose syn- 
thesis was described by us earlier. 2 

The present work deals with the synthesis of phenol 1 
by acid-catalyzed decomposition of hydroperoxide 2. 
The reaction kinetics was studied to optimize this process, 

Experimental 

IR spectra were recorded on a UR-20 spectrophotometer. 
JH and t3C NMR spectra were recorded on a Braker AM-300 
instrument in CDCI 3 with Me4Si as the internal standard. 
Decomposition of hydroperoxide 2 catalyzed by sulfuric acid 
was studied in acetone at 56 ~ 

Hydroperoxide 2 was synthesized according to the known 
procedure, x 

4-(2-Chioro-l,l-dimethylethyl)phenol (I). Compound 2 
(45 g, 0.185 tool) and acetone (870 g) were placed in a 2-L 

Translated from lzvestiya Akademii Nauk. Seriya Khimieheskaya, No. 8, pp. 1612--1613, August, 1999. 

1066-5285/99/4808-1591 $22.(10 ~g~, 1999 Kluwer Academic/Plenum Publishers 



1592 Russ.Chem.BulL, Vol. 4& No. 8, August, 1999 Gal in  etal. 

glass reactor equipped with a stirrer and a calcium chloride 
tube. Then, 96% H~SO 4 (0.98 g, 0.01 mol) in acetone (284 g) 
was carefully added with vigorous stirring. The reaction mixture 
was stirred at 56 ~ for 2--2.5 h, cooled to 20 ~ and 
neutralized with stirring with an excess of NaHCO 3 (0.2 g). 
Stirring was continued for 1 h, the crystals of Na2SO 4 that 
formed were filtered off, and the acetone was evaporated. The 
residue was recrystallized from hexane to give phenol I 
(94.4%), m.p. 69--70 ~ (from hexane). Found (%): C, 64.8l; 
H, 7.37; CI, 18.60 CioHt3ClO. Calculated (%): C, 65,04; 
H, 7.05; CI, 19.24. tH NMR (CDCI3), 8:7.20 and 6.81 (both 
br.d, 2x2 H, C6H4, J = 7.0 Hz); 5.42 (br.s, 1 H, OH): 3.62 
(s, 2 H, CH2); 1.40 (s, 6 H, 2 Me). 13C NMR (CDCI3), 
8:26.43 (C1-12): 39.12 (Cqua0; 56.53 (2 Me), 115.08 (C-3, C-5); 
127.19 (C-2, C-6); 138.36 (C-4); 153.73 (C--OH). 

In the study of the kinetics of consumption of hydroperox- 
ide Z, samples were withdrawn from the reaction mixture after 
definite intervals and analyzed by iodometry. 3 The quantities of 
hydroperoxide and H2SO 4 were varied from 9 to 185 mmol and 
from 0.51 to 10 retool, respectively. 

R e s u l t s  and  Di scuss ion  

The study of  the kinetics of  H~_SO4-catalyzed decom-  
position of  hydroperoxide 2 in acetone at 56 ~ showed 
that the process is a pseudofirst-order reaction. 

--d[ROOHl/dt = k~fr[ROOH], 

where keff is the effective first-order rate constant.  
The typical kinetic curve of  consumption of  hydro- 

peroxide 2 and its semilogari thmic anamorphosis  are 
depicted in Fig. 1. According to the data obtained,  keff is 
equal to 5.09" 10 -4 s -1 at a catalyst (H2SO r concent ra -  
tion of  6.8" 10 -3 tool L - I .  For comparison, keff for 
H2SO4-catalyzed decompos i t ion  of cumyl hydroperox- 
ide ([H2SO4] = 6 . 8 . 1 0  -3 mol L - I ,  1 : 6.5 pheno l - - ac -  
etone as the solvent,  20 ~ is equal to 4.33" 10 -3 s - I .  4 
In this case, the higher/ceff value is due to the presence 
of phenol ,  whose accelerat ing action on the acid-cata-  
lyzed decomposi t ion  of  cumyl  hydroperoxide was noted 
cartier. 5 

CH2CI 

Me Me 

Me Me 

)OH 

CH2CI 

H" Me  
~- + 0 

Me 

OH 

2 1 

-? 
, ,d  

e-  0.06 

0.12' 

1 

f 

I 2 t/h 

0 0.4 O.8 t/h 

1.6_--- 

"5 
E 

1.2 

I 

0.8 

Fig. !. A typical kinetic cup,'e (1) and its anamorphosis (2) for 
H2SO4-catalyzed decomposition of" 2-[4-(2-chloro- l, l-dimeth- 
ylethyl)phenylJpropan-2-yl hydroperoxide (2) in acetone at 
56 ~ 

The structure of phenol 1 was established by IR and 
IH N M R  spectroscopy. The IR spec t rum exhibits an 
intense broad band of the OH st re tching vibrations at 
3240 cm - I  and a more intense band  of  the phenol  C - - O  
stretching vibrations at 1250 cm - I .  The  character  of 
substi tution in the benzene r ing is de te rmined  from 
absorption bands at I615 cm - l  (s), t512 cm -z (v.s), and 
840 cm -I  (s). The IH N M R  spec t rum shows two dou-  
blets from four aromatic pro tons  at 6 6.81 and 7.20 
characteristic ofpara-substituted benzenes .  
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