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Abstract - The oxidation ofdithiaalkanes has been carried on in a 

gold( I I I) catalyzed phase-transfer process. Using a higher concentration 

of catalysr ano oxidant (procedure A) the bis(bentylthio)alkanes 

Bz-S-(CH2),.,-S-62 (Bz = benzyl) were’oxidized to the corresponding 

monosulfoxide when n = 1 and to disulfoxide 

when n = 2, 

[bisfbetuylsulfinyl)aJkanes] 

3, 4, 5, and 8. In more diluite conditions (procedure 8) 

high yields of monosulfwides were obtained also In the case of n = ;! 

and 3 while the selectivity decreased for n = 4, 5, and 8. The oxidation 

of asymmetric dithiaalkanes, R-5-(CHR)3-S-R’ (AR’ = BzPh, BzCy, CyPh; 

Ph = phenyl, Cy = cyclohexyl), under experimental conditions B was 

regiospecific leading either to the formation of only one type of mono- 

sulfoxide (RR’ = BtPh) or to the formation of both types of monosuifo- 

xides but in different yield (RR’ = B&y and CyPh); in all cases the 

alkylic and less hindered sulfur atom was oxidized ‘n preference. 

In previous work’ we have reported the 

conditions for the catalytic oxidation of 

organic sulfides to sulfoxides promoted by 

gold{ I I I) halides, equation 1. 

sulfides. Under the same experimental 

conditions, but in the absence of catalyst, 

the oxidation was neglfgibly small either 

for diaikylsulfides (I-3 %) or for aikylaryl- 

sulfides (‘20 %I; 

nu(IlI) catalyst 

R-S-R’ - c R-S-R’ 
One point of interest was that the oxida- 

. 
oljWfZ,Hnoj (IOS in water). r.t. 

6 
tian accomplished by this procedure took 

place selectiveiy at the sulfur atom even in 

The reaction time required for/ a quanti- the presence of other oxidizable groups such 

tative oxidation was short for dialkylsulfides as vinyl, Tertiary amino, hydroxy, and diol 

(‘-7 h), quite long fcr alkylarylsulfides in the side chains of the sulfide. 

ica. - 60 h) and extremely long for diaryl- We have now extended this procedure to 

165 
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Table 1. Oxidation products of symmetric sulfides under experimental conditions A and B. 

experimental conditions A experimental conditions B 

1 n reacti on 1 yield 2 yield reaction 2 yield 1 yield 
time (min) (%I (%I time (min) (%I (%I 

la' 1 - 480 & a7 200 (h) & a4 

6 

E 2 30 3b' 92 25 26 79 3b ia - - - 
6 

lf 3 60 c 94 80 & 67 & 16 

'I 
IL! 4 120 .?! 92 140 !?A 44 g 26 

k 5 2e 45 - 2 27 

If: a l?O 3f 93 200 - !z 49 223 

the oxidation of dithiaalkanes having either 

different substituents at the sulfur atoms 

[P-s-!CH~)~-S-R*; RR’ = Bzph, B&y, and 

CyPh; Bz = benryl, Cy = ciclohexyl, Ph = 

phenyi ] or different chain length between 

the two atoms of sulfur [Bz-S-(CH2),-S-Bz; 

n = 1, 2, 3, 4, 5, and 81. 

In the case of bis(benzylthio)alkanes the 

oxidation reaction led to the exclusive 

formation of monosulfoxide only in the case 

of Bz-S-CH2-S-Bz, In al I other cases both 

mono- and di-sulfoxide [bis(benzylsulflnyl)- 

alkanes ] were formed simultaneously, the 

relative yield being dependent upon several 

Fide 1. Decrease 1 In conc:ntration of 3 the starting 4 substrate 5 as a function 6 d time in 1 the h 

oxidation of Bz-S-(CH~)~-S-B~ under experimental conditions 8. - 



Selective and regiospccific oxidation of dithiaalkana 167 

Table 2. Oxidation products of asymmetric sulfides under experimental conditions B. 

s-s II 
0 

s-s 

a 

9 - 
4 h 

10 57% - 

53% 

factors including the value of n, the concen- 

tration of catalyst and oxidant, and the 

reaction time. Thus we have performed the 

oxidation reaction under two standard 

experimental conditions, A and 8. A denotes - - - 

stronger oxidation medium [per mol of 

substrate: 0.1 mol of (EIu~N+AuCI~), 10 mol 

of HN03 (10 % in water), CH3NO2 half the 

volume of the aqueous phase]; g denotes 

milder conditions [per mol of substrate: 0.05 

1~01 of (Bu~N+AuCI~-), 5 mol 0f HN03 (5 % 

water) t CH3NO2 half the volume of the 

aqueous phase]. The oxidation products 

obtained in ,the case of symmetric sulfides 

in 

under the experimental conditions A and B 

are summarized in table 1; those obtained in 

the oxidation of asymmetric sulfides &der 

the experimental conditions p are reported 

in Table 2. 

The symmetric sulfides 6z-E(CH2)n-S-6~, 

with the only exception of that with n = 1, 

under the experimental conditions 5, were 

11 36% - 

0% 

oxidized quantitatively (8934% yield) to the 

12 0% - 

34% 

corresponding bis(benzylsulfinyl)alkanes in a 

relatively fast process (0.5-2.0 h reaction time). 

On the contrary Br-S-CH2-5-Bz was oxidized to 

the corresponding monosulfoxide in a slow 

process (87 % conversion after 8 h reaction), 

moreover by prolongating the reaction time,no 

further oxidation to disulfoxide was observed 

(a similar behaviour was also observed in the 

oxidation of this substrate by traditional 

reagents). 
2 

A noticeable degree of selectivity was 

encountered performing the reaction under 

conditions IT. The monosulfoxidc was, in fact, 

the predominant product also in the case of 

n = 2 and 3, while the selectivity decreased 

for k = 4, 5, and 8. As expected the blsfbenzyl- 

thlo)methane with n - 1 was oxtdized exclusivety 

to the corresponding monosulfoxfde, but, the 

process was even slower than that carried on 

under conditions 4. 

As matter of fact the reaction rate was 
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very much dependent upon the value of n (in 

Figure 1 we have reported the decrease in 

concentration of the starting substrate as a 

function of time under experimental conditions 

B). It can be noticed how the rate decreases - 

steeply by Increasing the value of n. The 

Bz-S-CH2-S-B2 ‘does not follow the general 

trend and is by far the less reactive with an 

half life of 1 d. These data are important in 

relation to the reaction mechanism. In a pre- 

vious kinetic study on the oxidation of mono- 

sulfides by gold{ I I I) chloride3 it was polnted 

out that the intermediate [AuClq-x~x] species, 

in which scme Cl- ions had been substituted 

by sulfide molecules (L), were more reactive 

towards the redox process. This latter 

occurred through an atom-transfer process 

involving the metal substrate and an extra, 

not coordinated, molecule of sulfide. On these 

bases we would expect the dithiaalkanes to 

give rise to faster processes than monosulfides, 

as indeed has been found. In fact one can 

easily realize that these molecules can either 

behave es bidentate towards the metal centre, 

giving rise to the formation of intermedlate 

species with higher x, or act as monodentate 

towards the metal while the second, uncoordi- 

nated, sulfur atom interacts with the chloride 

promoting the redox process which therefore 

would not require the partecipation of an 

external molecule of sulfide. Probably both 

activation mechanisms can operate depending 

upon the value of n; this could explain why 

also the dithiaalkane with n = 6, which con 

hardly behave as bidentate towards the same 

metal, is more reactive than simple monosulfl- 

des . However a more complete and. thorough 

kinetic study is required for a full under- 

standing of all mechanistic details occurring 

in the oxidation of dithiaalkanes by gold(lll). 

Concerning the asymmetric sulfides we can 

notice (Table 2) how under conditions B the 

oxidation of Bz-S-(CH2)3-S-Ph was completely 

regiospecific leading to the formation of the 

monosulfoxide in which only the more reactive 

Bz-S-group had been oxidized. A smaller 

degree of regioselectivity was observed in 

Bz-S-(CH2)3-S-Cy where the two sulfide function 

both linked to an alkyl groups, differ for the 

bulkyness of the substltuents and the less 

hindered &-S-moiety is oxidized in preference. 

I !I the case of Cy-S-(CH2)3-S-Ph the reactivities 

of two thlo groups, both disactivated, one 

sterically and the other electronically, are 

compared. After 2 h reaction both types of 

monosulfoxides were formed (in 5i and 36 % 

yield for Cy-S(=O)-(CH2)3-S-Ph and Cy-S-(CH2)3 

-S(=O)-Ph respectively); however by prolongatir 

the reaction time (4 h) only one of the two 

i Somers , Cy-S-(CH2)3-S(=O)-Ph, was oxidized 

further to Cy-S(=O)-(CH2)3-S(=O)-Ph allowing 

the formation of only one type of monosulfoxide 

In conclusion the oxidation of symmetric 

sulfides (la-f) carried out in experimental 

conditions S Is significantly selective and 

allows the formation of monosulfoxides in better 

yield than that obtained using traditional 

oxidlzing agents, as bromine, 4 (this reagent 

is to be avoided in the oxidation of Bz-ECH2- 

-S-B2 where it rise to the formation of a 

complex reaction mixture). Similarly the oxidati 

under conditions B of asymmetric sulfides 

(4, 6, and 9) is regiospecific allowing either 

the obtainment of only one type of monosulfoxic 

or the formation of both types of monosulfoxide 

but in different yield. 

EXPERIMENTAL 

Equipment. M.p.s are uncorrected and were 

determined with a Buchi apparatus. 
1 
H-NMR 

and MS spectra were recorded with a Varian 

EM-396 spectrometer (TMS internal standard) 

and a Hewlett-Packard HP 5960A spectrometer 

equipped with a Data System 5070A respectively 

IR spectra were recorded as fi Ims or in nujol 

mull with a Perkin-Elmer Model 337 and Model 

297 grating spectrophotometer. 

Analytical liquid chromatography was 

performed on a Waters Associates ALC/GPC- 

-202/p 401 chromatograph (Waters Associates, 

Milford, M.A., U.S.A.) equipped with a U6K 

universal injector, a Model M60OOend M-45 
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Table 3. Some characteristics of newly prepared sulfides and suifoxides. 

-____ 

ff.p.4 IRb '"-WR (CDC13) 
L'C) lcn-') 6 (PPrn? 

Oil 

?s**d 

98.9 

‘IE-9 

73.4 

75-6 

77-8 

194.6 

lbd-6d 

169-72 

160-Z 

149~Sld 

Oil 

54-3 

et1 

art 

Of1 

42.3 

93-f 

1600, 1490. 695' 

1600, 1495. mc 

1030, ?75..?M 

1035‘ 770. 705 

1025. 775, 70.5 

1030. 770, 705 

1020, 770, 7M 

1027. 775, 705 

1003. 785,705 

IOM, 715, ?06 

103s. 775, 7M 

1020, 770. m 

mQ.1260, Id& 

1050, 770. IDb 

1040. 770, 7lOC 

1585. 1260, 690' 

1040. 740. 695' 

lo%, 750, 69OC 

1545. 760, 7w 

7.40*7.15 (n. 10 If). 3.65 (I, 4r(), 2.40 (t, 6.75)32. 4 Hf, 
1.65-1.38 (a. 6 H). 

7.40-7.15 (n, 10 Hf. 3.65 (3, 4 H), 2.40 (t. 7.06ifz. 4 if), 
1.70-1.10 (n. 12 Hi. 

1.25 (n, 10 H). 3s (9. J~.~3.SHI, 2 H). 3.64 (I. 2 n), 
2.70 (a, 4 H). 

7,27 (m. 10 If). 3.86 (q, Jy.13.5nt, 2 W), 3.62 (5. 2 H). 
2.70-2.40 Is, 4 H), 2.20-1.80 (L* 2 HI. 

i.Za (m. 10 If), 3.90 (q. 2 tf), J~1)-13.Wz, 3.53 (I. 2 WI. 
2.70-2.30 (n, 4 If), 1.30-1.50 (n, 4 H). 

7.30 (a, IO HI, 3.9s (9. J~.13.5& 2 H), 3.68 (I. 2 H). 
2.70-2.30 (le. 4 Hf. 1.90-1.20 (0. 6 If). 

7.30 (I, 10 If). 3.90 (9. Ju).13.5Hz, 2 H), 3.65 (r, 2 If), 
2.70-2.30 (m. 4 H). 1.90-1.10 (n. 12 H). 

7.34 (u. 10 Hf. 4.00 (q. J~*13.WX. 4 H). 3.20-2.80 (II, 
4 If). 

7.34 fr. 10 8). 3.98 (9, J,&3SHz, 4 H), 2.80-2.60 (II, 
4 If). 2.50-2.10 (itl. 2 HI. 

7.33 (a, IO 10. 3.37 (9. 3‘tQ.13.sHrt 4 If), 2.58 (n, 4 Ii), 
I.87 fl. 4 W). 

7.33 (II. IO H). 3.97 (q, J~S~l3.5nz, : );,I, 2.57 (m, 4 H), 
1.70 (Is, 6 If). 

7.33 (m. iOH), 3.95 (q. Jgf~13.5Hx. r. ii), 2.70-2.40 (n, 
4 if), 1.90-1.20 (a, I2 H). 

'7.40-?.lS (8, 5 Hf. 3.6a (3, 2 H), 2.70-2.38 (m, 5 H), 
2.10-1.10 (m. 12 If). 

7.30 (a* 5 IIt* 3.90 (9s JMwlJ*MI, 2 Hi. 2.83-2.50 (Ir, 
S If). 2.W1.20 (m, 12 ti). 

7.27 (m. 5 H). 3.65 (I, 2 H), 2.70-2.40 (a. 5 H), 2.10- 
-1.20 (.. 12 H), 

7.45-7.10 (9. 5 W), 3.M) (t. 6.9HL 2 If). 2.62 (t, 6.9Ht, 
2 If), 2.5s (a, 1 sl), 2.10-1.00 (0. 12 H). 

7.2b fr, 5 H). 3.M (t, 6.7%2, 2 If), 2.80-2.30 (n, 3 H). 
'.13 (18. 2 HI. 1.90-1.20 (m. 10 If). 

7.53 (9, 5 ii). 3.10-2.80 (m. 2 H), 2.70-2.M (t* ?.ObHt, 
2 H. p\ur I, WI, 2.10-I.?0 (C, 12 H). 

7.55 (n. 5 H). 3.05 (n, 2 if), 2.90-2.30 (m, 2 If, plus D, 
1 H), 2.20 (C. 2 H). 1.90-1.10 (% 10 X). 

sotvent delivery systems, a Model 480 h ma% 

differential UV’detector and a Model 401 

refractive index (RI) detector. 

Analytical data (I C, >, N, and S) were . 
obtained from Mikroanalytisches Laboratorium, 

Dr. H. Paxher, Bonn (Germany). 

keagents. 
+ 

(Bu4N AuCI4-1 was prepared 

according to the reported procedure1 ; (Bu@+ 

i&04-) (Tetrabutyiammonjum hydrogen sulfste) 

and HA&I4 were purchased from Ftuka and 

T&T Voi.dO.No.i-_L 

fram Ventron Corp. respectively and were used 

without further purification. The symmetric . 

sulfides Br-S-fCH2)n-S-62: _& (n=l), lb :n=2), - 

& (~31, fi tnJ), 2 ln=5), and .g fn=B), 

were prepared by reaction of the corresponding 

dibremoalkane with benzylmcrcaptan in phase 

transfer conditions iPTC).’ The asymmetric 

sulfides R-.%(CH2)3-S-R’: _4 (RR’=BtPh), 2 

(RR’-BzCy), and 2 (RR’*CyPh), were prepared 

by selective displacement reactions of 1,3-dl- 
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bromopropane with the corresponding 

5 
mercaptans. 

Table 3 contains some characteristics of 

the newly synthesized sulfides, while physico- 

6 
-chemical and spectroscopical data, of la_c, 

El and 4’ were us reported in literature. 

Oxidatioh reaction: Procedure A_. The 

sulfide (5 mmolf dissolved in nitromethane 

(16 cm’) was treated with nitric acid (10 % 

in water, 32 cm3, 50 mmol) in the presence 

of (6u,N+AuCl4-) (0.50 mmol). After stirring 

for the time required, the reaction mixture 

was extracted with dichloromethane washed 

with a saturated acqueous solution of sodium 

thiosulfate to eliminate the catalyst, dried 

over Na2SO4 and evaporated under reduced 

pressure. The solid residue was chromatogra- 

phed on an open column of silica gel (S160, 

0.040-0.063 mm) eluting with ethylecctate / 

methanol (90/10, v/v). The purity of the 

compounds was checked by HPLC. 

Procedure B. The sulfide (5 mmol)-dissolved 

in nitromcthane (16 cm3) was treated with 

nitric acid (5 4% in water, 32 cm3, 25 mmol) 

in the presence of (Bu4N+AuCl4-) (0.25 mmol). 

After stirring for the time required the 

reaction mixture was worked up as described 

above. The crude material was then 

chromatographed on an open column of 

si I ica gel (Si60, 0.040-0.063 mm) etuttng 

with: 

a) n-hexane/ethyIacetate (%/lo, v/v) to 

separate the starting sulfides; 

b) n-hexane/ethylacetate (50/M, v/v) to 

separate the monosulfoxides; 

C) ethylacetate/methanol .(90/10, vfv) to 

separate the disulfoxides. 

Reaction progress iq the oxidation of 

symmetric sulfides under experimental~condl- 

tions B was monitored by prelevating samples 

of the reaction mixture (organic phase) at 

fixed intervals and processing them: the 

crude materials were analyzed by ‘H-NMR 

and HPLC (column: LlChrosorb CN, lop, 

25 cm; Mobile Phase: linear gradlent from 

70 s n-hexane : 30 % chloroform (v/v) to 

.50 % acetonltrtte : 50 % chloroform (v/v) in 

10 min; temp. amb.; flow rate: 2.0 ml/min, 

det. 254 nm UV). 

The yields gtven In Tables refer to pure 

isolated spacles. ‘Table 3 coltects some 

characteristics of the newly synthesized 

sulfides and sulfoxides. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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