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Summary: The well-known nucleophilic reactivity of carbonyl oxides could 
be turned into electrophilic by a potent electron-attracting group. Thus 
a,a,a-trifluoroacetophenone Q-oxide oxidizes both sulfides and sulfoxides 
electrophilically, and the most characteristic reaction is the deoxygenation 
of sulfoxides. 

Carbonyl oxides (I_), formed by the ozonolysis of olefins') and the photo- 

oxidation of diazo compounds,2) have been attracted much attention as a model 

for oxygenases or oxenoid intermediates in relation to oxygen activation.3' 
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It has been shown that the characteristic reaction of carbonyl oxides is 

nucleophilic oxygen transfers, 4-6) reflecting the importance of structure la 'v 
rather than I& or 2_which is in contrast to those of electrophilic oxenoids 

such as ozone 7, and PhNO0.8) Recently, Adam and co-workers have reported on 

the reactivity of ten carbonyl oxides (L, RI, R* = aryl, alkyl, and acyl) by 

trapping experiments using thianthrene 5-oxide; all of them react as a nucleo- 

philic oxygen transfer agent, sulfoxides being oxidized much faster than 

sulfides.') Here, we wish to report that a turn-over in reactivity of carbo- 

nyl oxides from nucleophilic to electrophilic can be achieved by a potent 

electron-withdrawing substituent, trifluoromethyl, and that the electrophilic 

carbonyl oxide exhibits a novel deoxygenation of sulfoxides. 

a,a,a-Trifluoroacetophenone Q-oxide (12, R1 = C6H5, R2 = CF3) was gener- 

ated by the reaction of phenyltrifluoromethyldiazomethane (3) and singlet 

oxygen, and its reactivity was determined by trapping experiments with sul- 

fides and sulfoxides. Irradiation (>400 nm) on oxygen-saturated solution of 

2 (5.5 mM), 0.1 mM meso-tetraphenylporphine (TPP), and 0.1 M Ph2S (5) in 

dichloromethane-acetonitrile (3 : 1) at 18°C afforded over 90% yield of c~,a,cI- 
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trifluoroacetophenone (2) together with 16.0% yield of Ph2SO (6-j as an oxygen 

transferred product (eq I).") Surprisingly, by addition of sulfoxide 5, 

the major product was not sulfone z but a deoxygenated sulfide 4_ (eq 2), the 

yields being 4.2 and 28.7%, respectively."' Control experiments suggested 

that diazo compound 2 and singlet oxygen is necessary for this novel deoxyge- 

nation. 12) 

Ph;CF3 + Ph2S 
O$TPP/hv 

9 PhFCF3 + Ph2S0 (1) 

% ft. 
b 

a 

3 2. 

Ph2S0 
O*/TPP/hv 

l 5 + Ph2S + Ph2S02 (2) 

s 5 z 

Substituent effects were studied to clarify the nature of the oxygenation 

and deoxygenation by carbonyl oxide E and summarized in Table I. The sub- 

stituent effect on diphenyl sulfides resulted in the negative p value of - 

0.80, revealing an electrophilic oxygen transfer from 12 to sulfides as obser- 

ved for other carbonyl oxides 13) or nitroso oxides. a) To our surprise, p 

values for substituted sulfoxides were also shown to be negative both for 

sulfide and sulfone formations, -0.69 and -0.42, respectively. Thus, the 

carbonyl oxide 12 is shown to exhibit an electrophilic character, both in the 

oxygenation of sulfides and the deoxygenation of sulfoxides, due to the potent 

electron-withdrawing power of CF3. This feature is in sharp contrast to the 

case of other carbonyl oxides with nucleophilic O-transfer to sulfoxides. 

Competitive experiments showed that the deoxygenation of sulfoxide is faster 

than the oxygenation of sulfide ; e.g., the deoxygenation of (p-MeC6H4)2SC is 

three times faster than the oxygenation of Ph2S. 

A possible scheme for the novel deoxygenation of sulfoxide involves, as 

outlined in Scheme I, a formation of persulfoxide intermediate Is. It is 

known that persulfoxides, generated from sulfides and singlet oxygen,14) 

easily lose O2 at room temperature but are significantly stable at -78"Ct5) 

and oxidize sulfoxides efficiently.16) The intermediacy of persulfoxide in 

the present reaction of carbonyl oxide 12 and diphenylsulfoxide 6_ seems not to 

be unreasonable because the product ratio of 0.15 for Ph2S02/Ph2S at 18°C 

increased up to 0.50 at -78OC. 

An alternative electrophilic species might be a dioxirane intermediate 

(2) which is shown to be formed from ketone and caroate and to transfer oxygen 

atom to olefins and sulfoxides. 17) Such a tendency is quite different from 

that of present reactions of lc, thus denying the involvement of dioxirane 

type intermediate. 

In order to clarify the mechanism in Scheme I an oxygen tracer study was 

carried out. Whether a cyclic (8) or acyclic intermediate (2) is involved 
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Table I. Ralative Reactivities of Substituted Diphenyl Sulfides and 
Sulfoxides in the Photo-oxidation of Phenyltrifluoromethyldiazomethane (3_). 

Relative Reactivitya 

Ar- 
additive : Ar2S Ar2S0 

.product : Ar2S0 Ar2S Ar2S02 

p-MeOC6H4- 3.03 3.65 1.13 
p-MeC6H4- 2.61 1.68 0.44 
C6H - 
p-c 5 C6H4_ 

(1.00) (1.00) 0.20 
0.54 0.65 0.26 

Pb -0.80 -0.69 -0.42 

a Relative reactivities toward carbonyl oxide 1~ by competitive reactions. 
Initial concentration; 7.0 mM 2, 0.1 mM TPP, 0.1 M each of sulfides or 
sulfoxides in MeCN-CH2C12 (3 : 1); the solution was irradiated at >400 nm 
under oxygen at 20°C for 30 min and products were determined by GLC. b the 
Hammett p-values vs. 0. 

Scheme I 
Ph ;>O-0, ,Ph 

'C+$\Ph - 
PhgF3 

CF3 
0 

c 

Ph2S + O2 

+ Ph,S+_O-' 
-/ 

in the reaction of 1," with 5 could be answered by a 

"0-1abelled sulfoxide 6_ (8.5% lSO); if persulfoxide 

trioxide (EJ), labelled oxygen from sulfoxide 6_ should 
1R 
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E 

tracer experiment using 

12 is formed via cyclic 

be transferred to ketone 

oxygen in 2. The observed --O content in 5 was 2.8+0.2%, showing that the 

oxygen in ,6_ is actually taken into ,5_ during the deoxygenation. This suggests 

the formation of persulfoxide 1,O via the addition of electrophilic carbon of 

lc to the nucleophilic oxygen atom of sulfoxide 6_, i.e., via cyclic sulfurane 
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Thus, the carbonyl oxide 2 is, in contrast to the case of reported 

oxides, shown to have a potent electrophilic character, which means that the 

reactivities of carbonyl oxides can be controlled by the nature of substi- 

tuents. This might be applicable to the other case of X-O-O systems (X = RN, 

R2S, metal etc.). 
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