
Temhedron Letters. Vol. 35, No. 52, pp. 9771-9774. 1994 
Ekevicr Science Ltd 

Printed in Great Britain 
oo404039m4 57.oO4.00 

OMO-4039(94)02121-X 

The Mechanism of Enzymatic and Biomimetic Oxidations of 
Aromatic Sulfides and Sulfoxides 

Enrico BacioccbP, Oavaldo Lmzalunga, F~nccaco Marwni 

Dipartinm~ di Chimica, Universiti “La Sapien& and Cemro CNR di Studio sui Meccanismi dl Rewiane, Pk A. MOKI 5, 

00185 Rome. Italy. 

Abmhwk: Biomimetic and ewqmatic oxidations 01 be-1 sadjdee and svlfoorides lead to pwduc& (sulfoxides or 

sul&mes) aQFerent jvm those obtained with bona Jde electron trmsfer oxidations (products of C-H an&w C-S 

bond cleavage). which s-uggeet_v the opemtion of an oqvgen &w@er mechanisnr. 

There is a continuous interest in the mechanism of enzymatic and biomimetic oxidation of organic 

substrates partiallarky co nceming the possible role of electron Wan& (ET) steps. l Thus, for the oxidation of 
sulfides and sulfoxides (to sulfoxides and s&ones, respectively) by microsomal cytochrome P-450 and the 

model compounds iron porphyrins, a mechanistic dichotomy has been envisaged. As shown in Scheme 1, this 
reaction can involve an oxygen transfer to s&u from the imn-oxo complex (Par-Fev=O, Por = porphyrin) 
suggested~ to be the active species both in the biomimetic and enqmatic oxidations (path a). Al&natively, an 
electron transfer step is also possible leading to a catkn radical, which then coUap to products,(path b and 
c). So f&r, no clear decision between these two reaction pathway3 baa been ~ossibje,~ even though a slii 
indication in favour of the electron tram& mechanism has been provided by Oae and h+ associm.4 
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Par-Fe-O- + &S+’ (&SO* ) 

Scheme 1 

To throw some light on this problem we have studied the oxidation of 4-methoxybeql phenyl sulfide 
(l), 4-methoxybenzyl phenyl suKoxi& (2) and 2-phenyl-2-propyi phenyl sulfide (3) by a bona fide ET 
oxidant, tuunely potassium 12-tungstocobalt(m)ate, K~(C~~W~~OJO),~ and compared the results with 
those obtained in the oxidations of the same substrates catalyzed by microsomal q&chrome P-450 or by 
mw+traphen&orphinato)iron~ chloride (TPPF&l). 

The reaction of 1 with K$Cd11W120,& in AcOH:H20 (70:30)6 leads to 4-metboxybennldehyde 
(41, 4-mcthoxybenql alcohol (5), 4-mcthoxybcnzyl acetate (6) and diphenyl disuffide (7). This result is 
reasonably interpreted on the basis of the fkmation of an intermediate radical cation, with the SOMO located 
on the mcthoxy bearing aromatic ring.’ As illustrated in Scheme 2 (X = OH, OAc), the radical cation 
undergoes both C-H and C-S bond cleavage, the former being the major reaction path. In the deprotonation 
path sn u-substituted derivative is first formed which, by oxidation, C-S bond cleavage and hydrolysis leads 



9772 

to diphenyl disuffide and 4~rn~~~dehyde.s In the C-S bond cleavage route a bentyl carbocation and a 
phenylthiyl radical are firmed, leading to the benzyl derivatives 5 and 6 and to diphenyl disulfide, 
respectively. No oxidation lof 1 to give the sulfoxide 2 has been observed. 

-H+ 
/ 

7 

7 

Scheme 2 

The oxidation of 2 y the cobalt(IiI) cornpi& takes place with a readvky covble to that of 1 
forming 5,6 and the thios Ifonate 8. This result is in agrwmennt with an ET mechanism shown in Scheme 3 
(X = OH, OAc). 

i 

Accordin y, 1 and 2 should have similar oxidation potential since the SPh and SOPh groups 
are not directly bonded to e aromatic ring where the SOMO is located.7 

5+6 

Scheme 3 
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It is notewo~y that 2+- undergoes only C-S bond cleavage, giving the benzyl carbonation and the 
phen~~l~ny~ raili&, without any ~m~tition from G-H bond bre&ing. This is probably due to a mu& 
faster rate of C-S bond cleavage in 2* than in If’, in line with the welt known greater stabii of su&yl than 
thiyl radicals. to No oxidation of 2 to the corresponding sulfone has been observed. 

Substantially similar results have been observed in the oxidation of 2-phenyl-2-propyl phenyi sulfide by 
K5fCoIUWt20q&6 2-Phenyl-2-propanol (9) and 2-phenyi-Zpropyl acetate (10) and the disulfide 7 are 
flormed. In this case too the pro&as can be ~tio~ on the basis of the fo~~on of the radical cation 3+’ 
with the SOME now located on the sulfi~r atom,7 which undergoes C-S bond cleavage produ~g the cumyl 
carbomtion and the ph~yi~l radical. The former reacts with the solvent to form 9 and l0, the latter 
dimerizes to the disulfide 7. Again, no evidence for the formation of the corresponding sulfoxide has been 
found. 

In striw cmtmst with the above results, the oxidations of 1 and 3 c&yzed by microsomai 
cytmtiom P-4501’ or by ~PF~I~l, usbg H202 in CH-$N or PhIO in CH2Cl2 ~25 oxidants,12 have 
exclusively produced a mixture of the ~~s~n~n~ sulfoxides and dfbnes (eq. I), in line with previous 
observations concerning the oxidations of aliphatic and aromatic sulfides under the same oxidation 
conditions.3l4vl3 

2 (X=OCH3,R=ITj 12@=cMz!H3,A=H) 
11 (X=H,R=m) 13(X=H,R=cE#3) 

achy, ~fo~des are oxidized to s&ones in the reaction medium arrd indeed we have found that 
the sulfoxide 2 is convert& to the corresponding su&ne when oxidiied by &her microsomai cytbchromts P- 
450 or H2O$TPPF~&YI or PhKVI’PPFflCI. In no case evidence for the formation of mentation 
products, deriving fIom C-H antior C-S bond cleavnpe, as observed in the ET reactions of I-3, has been 
obtained. 

Clearly, these resul& lend no support to the h~o~~is that cation radicals are involved in these 
biu~m~~ and enzymatic orders of s&ides and suffoxides. On the other hand, the po~~ili~ that 
fragmentation products are not obser& s&e the collapse of the radical cation with the reduced form of the 
iron-0x0 complex (path c in Scheme 1). is faster than any other reaction is also unlikely. Accordingly, while 
this hypothesis would be at least in principle reasonable when the SOMQ and therefore the positive charge 
resides on the suEfur atom, it does not seem plaus&ie when, as seen above in the case of If- and 2+‘, the 
positive charge is located on the sortie ring bearing the methoxy group and no direct station between 
this charge and the strlfiir atom is possible. 

In con&&m, our data favour a direct interaction between the ironaxo complex and the sultir atom. 
An oxygen tram&r is therefore the most likely mechanism. 

Ac~~~~~e~. This work was oppose by the It&an ~~~t~# della abbot clone and the 
Economid European Go~ni~, contract no SC~-CT91-~75~ (TSTS). 
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The oxidation proced re was as follow: the substrate (0.45 mmol) was treated with 0.7 mmol of 
cobalt@) complex . 10 ml ofAcOH/H20 (7/3), in the presence of AcOK 0.5 M (oxidation of3), at 
40 “C under Ar atmo 

+ 

ere. Oxidation of 1 gave 4 (16%, r&erred to the recovered material), 5 (4%}, 6 
(2%) and 7 (1 l%), o ‘dation of 2 gave 5 (28%), 6 (10%) and 8 (18,5%);oxidation of 3 gave 9 (6%), 10 
(3%) and 7 (4%). Th material balance was beh;veen 93% and 99%. Products were identified by 
comparison with authentic specimens. Analyses have been petiormed by HPLC, GLC, GC-MS and 
IH-NMR. 

A He(l)/He(Il) photo lectron spettroscopy study of a number of benzy1 phenyl sulfides (to be published 
elsewhere) has clearly shown that in Cmethoxybenzyl phenyl sulfide cation radical the SOMO is located 
on the aromatic ring. 

1 

he same conclusion holds for 2+’ and in line with this 1 and 2 have quite close 
oxidation potentials ( .05 eV and 8.20 eV respectively). For benqi phenyl sulfide cation radical the 
SOMO is on the sulfk atom and this conclusion also applies for 3+.. 
Baciocchi, E. ; Rol, C. Scarnosci, E.; Sebastiani, V. d 0%. Ck?n. 1991,56,5498; Baciocchi, E ; 

pi Fasella, E.; Lanzalun , 0.; Mattioli, M. Ang&v. Chem. 1993,105, 1100; Anm. Chem., hl. .&a! 

Dimefiation of radical leads to the diphenyl. tbiosulfonate; Chatgilialoglu, C. in The 

* Pat&, S.; Rappoport, Z.; Stirlii C. J. M. Eds.; Wiley 

I&hi, 3. K. Ed.; Wiley Interscience: New York. vol. 2, 1973; chapter 24. 
n), NADPH generating system (10 pmol of NAD@, 100 pmol of 
substrate (0.1 mrnol) were incubated in 7 ml of phosphate buffs 

(PH 7.4, 0.1 M) at 36 n products were extracted as described in ref. 4. Only 
sulfoxidea and sulfa were detect&d 89 reaction products; oxidation of 1 gave 2 (18%, referred to the 
recovered material} 12 (5%); oxidation of 2 gave 12 (14%); otidation of 3 gave lI(3 8%) and 13 

(41%). 
with Pltlo: TPPFeIn$l (3 pool) was added to a solution of suffide (0,12 mmol) in Sml of CH2C12 at 

-12 OC. PhIO(O,12 01) was added and the reaction mixture was stirred under Ar atmosphere for 30 
min. only sulfoxides d sulfones were detected as reaction products: oxidation of 1 gave 2 (39%) and 

12 (22%); oxidation o 2 gave 12 (92%); oxidation of3 gave 11 (44%) and 13 (13%). 

+ 

With If205 TPPFcl l(O.0125 mm&) and imidazole (0.025 mmole) were addedsto a solution of 
substrate (0.25 nunol) in 7 ml of CH$N, H202 30% (0.5 mmol) was added at room temperature and 
the reaction mixture as stirred under argon atmosphere for 30 min. Also in this case only s&oxides 
and sulfones were pro 

b 

ted: oxidation of 1 gave 2 (58%) and 12 (26%); oxidation of 2 gave 12 (80%); 
oxidation of 3 gave 11(57%) and 13 (10%). Yields are referred to the recovered material. 
Pautet, F.; Barret, R.; pavre, L.; Daudon, M. Phorrnazie 1988,437. 
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