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Letters to the Editor 

Brominative aromatization of eyclohexyl methyl sulfide 
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Sulfur in organic compounds  is usually used as an 
"assisting e lement  'q in different chemical  t ransforma-  
tions. 1,2 For  example ,  the  S a tom acts as an acceptor  of  
Br 2 in the first stage of  the aromatizat ion of  1,2-bis(alkyl- 
t h io )cyc lohexenes ,  3 c y c l o h e x e n e - 5 , 6 - d i h y d r o - l , 4 - d i -  
thiines,  cyc lohexene -5 ,6 -d ihydro - l , 4 -oxa th i ines ,  3'4 and 
cyc lohexanone  e thylenedi th ioaceta ls  ( through their  re- 
a r rangement  into the  corresponding cyclohexene-5 ,6-  
d ihydro - l , 4 -d i th i ines ) .  4-6 In these compounds  (or in- 
termediates)  the  S a tom is located at the  double bond.  
For  the first t ime,  we performed the aromat iza t ion of  
methyl cyclohexyl  sulfide (1) (which is to ta l ly  saturated) 
with bromine ,  and the mixture of  products  (2 and 3) was 
isolated. 

1 2 8 

C o m p o u n d  3 has been prepared previously 7 by an- 
o ther  route. It should be noted that  3 is not  the  product  
of  the  b romina t ion  of  2, because in the brominat ion  of  2 
only the p - b r o m o  derivative is formed, 

Bromine (2.46 g, 0.015 mol) in CHCI 3 (5 mL) was added 
dropwise to a solution of sulfide 1 (2 g, 0.015 tool) in CHC13 
(30 mL) with stirring and cooling by a salt-ice mixture bath, 
then the temperature of the reaction mixture was increased to 
the ambient temperature, where it was kept for 1 to 2 h. The 
treatment was repeated twice. The mixture was washed with 
aqueous NaHCO 3 and water, dried over Na2SO4, and evapo- 
rated and distilled in vacuo; the fraction with b.p. 60--115 ~ 
(2--3 Tort) was collected. The products were separated by 
column chromatography (silica gel, heptane). Methyl phenyl 
sulfide (2) (0.68 g, 35 %) and o-bromophenyl methyl sulfide 
(3) (0.31 g, 10 %) were obtained. Compound 2 was identical 
(TLC, NMR) to an authentic sample prepared by methylation 
of thiophenol, s Compound 3: nD 16 1.6358. Found (%): 
C, 41.38; H, 3.40. CTH7BrS. Calculated (%): C, 41.39; 
H, 3.47. 1H NMR (250 MHz, CDC13--CCI4, 1:1), & 2.49 (s, 
3 H, SMe); 7.01 (t, 1 H, C6H4, J =  8 Hz); 7.12 (d, 
1 H, C6H4, J =  8 Hz);7.29 (t, 1 H, C6H4, J =  8 Hz); 7.53 
(d, 1 H, C6H4, J = 8 Hz). 13C NMR (CDCI3--CC14, 1:1), 
6:15.63 (SCH3); 121.78, 125.24, 125.46, 127.60, 132.57, 
139.75 (C6H4). 
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Chemiluminescence of the 9,10-anthrasemiquinone radical ion during 
autooxidation of 9,10-dibromoanthracene in the 

diphenylmethane--ButOK--DMSO system 

V. P. Kazakov,* V. IV. Yakovlev, A. L Voloshin, L A. Khusainova, G. Ya. Maistrenko, and N. M. Shishlov 

Institute of Organic Chemistry, Ufa Scientific Center of the Russian Academy of Sciences, 
71 prosp. Octyabrya, 450054 Ufa, Russian Federation. 

Fax: +7 (347 2) 34 2914 

Chemiluminescent (CL) systems in which radicals 
are the photon emitters are known. 1,2 We found the 
CL-reaction of the oxidation of 9,10-dibromoanthracene 
(DBA) in the diphenylmethane (DPM)--ButOK--DMSO 
system, in which the 9,10-anthrasemiquinone radical 
ion is the photon emitter. DBA is routinely used in CL 
investigations to obtain the photophysical parameters of 
the triplet excited state of molecule, e.g., formed in the 
course of the disproportionation of RO 2" radicals; 3 it is 
assumed that the activator is not involved in the reac- 
tion. We revealed that this is not true in all cases. 
Oxidation of  DPM in DMSO in the presence of ButOK 
is accompanied by CL, and the Ph2CO* triplet is an 
emitter, which is confirmed by the coincidence of the 
CL spectra and the phosphorescence spectra of the 
reaction medium and Ph2CO. Addition of DBA causes 
an increase in light emission. The CL spectrum contain 
a component that we assigned to emission of the 
9,10-anthrasemiquinone radical ion formed as the result 
of DBA oxidation in addition to the band of the radiative 
deactivation of singlet excited DBA. The CL spectrum 
of the radical ion with the maximum at 580 nm coin- 
cides with the photoluminescence spectrum of the reac- 
tion mixture excited with X = 500 nm light. The forma- 
tion of the radical ion is confirmed by the identity of the 
absorption spectrum of the reaction mixture with that of 
the radical ion generated from anthraquinone in a strong 
basic medium (ButOK--DMSO): )~max = 513 and 
547 rim. The ESR spectrum of the reaction mixture 

(g = 2.0049+0.0002) is also identical to that of the 
radical ion. 

The data obtained show that during the oxidation of 
DBA in the D P M - - B u t O K - - D M S O  system the 
9,10-anthrasemiquinone radical ion in the excited state 
is formed, whose deactivation causes the long-wave CL 
component. The role of DPM is to generate peroxy- 
anions from the corresponding carbanions. Apparently, 
the latter are involved in the oxidation of DBA, which 
proceeds via the formation of an intermediate diperoxide 
that subsequently decomposes to the radical ion: 

BE 

2 Ph2?O0- + [ ~  ButO- 
H -2 Br 

Br 

0 

+ Ph2?O- + Ph2~O" 
H H 

In the absence of DPM in the DMSO--ButOK 
system saturated with oxygen, DBA does not form the 
9,10-anthrasemiquinone radical ion. 
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