
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

ANODIC OXIDATION OF 1,n-HALO(ALKYLTHIO)ALKANES AND 1,n-
CHLORO(ALKYLSULFINYL)ALKANES
Ahmed Aceda; Elke Anklama; Klaus-Dieter Asmusa; Klaus Pohla; Richard S. Glassb; L. Kraig Steffenb;
George S. Wilsonc

a Hahn-Meitner Institut Berlin Gmb H, Bereich Strahlenchemie, Berlin 39, FRG b Department of
Chemistry, The University of Arizona, Tucson, Arizona, USA c Department of Chemistry, University
of Kansas, Lawrence, Kansas, USA

To cite this Article Aced, Ahmed , Anklam, Elke , Asmus, Klaus-Dieter , Pohl, Klaus , Glass, Richard S. , Steffen, L. Kraig
and Wilson, George S.(1990) 'ANODIC OXIDATION OF 1,n-HALO(ALKYLTHIO)ALKANES AND 1,n-
CHLORO(ALKYLSULFINYL)ALKANES', Phosphorus, Sulfur, and Silicon and the Related Elements, 48: 1, 53 — 62
To link to this Article: DOI: 10.1080/10426509008045882
URL: http://dx.doi.org/10.1080/10426509008045882

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509008045882
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur. and Silicon, 1Y90. Vol. 48 pp. 53-62 
Reprints available dircctly from the publishcr 
Photocopying permittcd by liccnsc only 

0 1WO Gordon and Brcach Scicncc Publishcrs, Inc. 
Printcd in thc United Kingdom 

ANODIC OXIDATION OF 
1,n-HALO(ALKYLTHI0)ALKANES AND 
1,n-CHLORO(ALKYLSULF1NYL)ALKANES 

AHMED ACED, ELKE ANKLAM*, KLAUS-DIETER ASMUS, 
KLAUS POHL 

Hahn -Meitner Institut Berlin Gmb H ,  Bereich Strahlenchemie, Glienicker Strasse 
100, 0-loo0 Berlin 39, FRG 

RICHARD S. GLASS, L. KRAIG STEFFEN 
Department of Chemistry, The University of Arizona, Tucson, Arizona 85721, 

USA 

and 

GEORGE S. WILSON 
Department of Chemistry, University of Kansas, Lawrence, Kansas 66045-0046, 

USA 
(Received Augur 21, 1989) 

Anodic oxidation of 1.n-halo(alky1thio)alkanes [X-(CH,),-S-R, X = CI, Br, I] and 1,n- 
halo(alkylsulfinyl)alkanes [Cl-(CH,),-S(0)-R] was studied by cyclic voltammetry in anhydrous 
acetonitrile and by controlled potential electrolyses. The ease of sulfur oxidation was not affected by 
the alkyl substituents R or the number of methylene groups n in compounds with n > 2. The oxidation 
of the 1,2-halo(aIkylthio)ethanes ( n  = 2) occurred at slightly higher potentials. The peak potentials 
decreased slightly in the order CI > Br > I which is probably due to the electronegativity of the 
halogen atoms. The investigated anodic oxidation was shown to be a two electron irreversible process. 
Electrolyses in aqueous acetronitrile led to the corresponding sulfoxides and sulfones in good yields. 

INTRODUCTION 

The electrochemical oxidation of organic sulfides leads to the formation of 
sulfonium compounds, sulfoxides, sulfones and other condensed species.'-3 In 
contrast to the well investigated oxidation mechanism for aromatic"" and 
aliphatic sulfides'2-16 only little is known about the anodic oxidation of 
sulfo~ides. '~. '~ Sulfonium salts are the main products during oxidation of sulfides 
in dry aprotic media, while in the presence of water the formation of sulfoxides 
prevails. At higher potentials mainly sulfones are formed. The electrochemical 
oxidation of sulfides has been shown to be a preparative method for sulfoxides 
and sulfones,'g-2' even stereoselective oxidation of unsymmetrically substituted 
sulfides or thiane derivatives has been reported.22-23 The electron transfer 
process, involving two electrons is irreversible for most of the sulfides and 
sulfoxides and passes via the sulfur radical cation as intermediate. Many aromatic 
and olefinic sulfides form radical cations with appreciable lifetimes when they are 
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54 A. ACED et al. 

oxidized in nonaqueous s y ~ t e m s . ~ . ~ . ~ " ~ ~  Radical cations of simple organic sulfides 
are unstable because of proton loss from the a-carbon and further oxidation to 
yield sulfonium salts or sulfoxides, respectively, from water attack on R2S+'. 
Sulfoxide radical cations R2SO'+ are also short lived transients but could be 
positively identified in acid (pH < 6) aqueous solutions in a recent pulse radiolysis 
study .27 

It is well known that neighbouring group participation facilitates sulfur 
oxidation.28, " Electron rich neighbouring groups aid in stabilization of the 
positive charge at the sulfur atom after formation of the radical cation. Such 
groups can be aromatic systems, amino groups or other sulfur atoms.2s33 The 
oxidation potentials for 1,n-bis(alky1thio)alkanes with n = 3,4 are much lower 
than for other dithioethers or for simple  sulfide^.-'^^^^'^^^^^^^ It has been reported 
that the mesocyclic 1,5-dithiacycIooctane forms a long lived radical cation during 
its oxidation and even undergoes reversible o~idation..'~+~"~' Pulse radiolysis 
studies of 1,n-bis(alky1thio)alkanes also demonstrated that the most stable 
three-electron bonded radical cations (generated by intramolecular stabilization 
of the oxidized sulfur atom with the other sulfur in its ground state) are those of 
compounds with n = 3,4 (formation of the five- and six-membered cyclic radical 

Recently we investigated the pulse radiolysis behavior of 1 ,n-halo(alky1thio)- 
cations). 35.39.40 

alkanes 1-3.4'.42 

R - S (  CH2)n-X 

1 X = CI, 2 X = Br, 3 X = I; R = alkyl 

Intramolecular sulfur-iodine and sulfur-bromine three-electron bonded radical 
cations 4 were observed during the oxidation of compounds 2 and 3, whereas 
oxidation of the chloro analogues 1 led only to the dimer sulfur-sulfur 
three-electron bonded radical cations 5. 

R 
I .  

[X-(CH,),-S . .S-(CH2),-X]+ , 

5 

I 
R 

In order to compare the electrochemical behavior of 1 ,n-halo(alky1thio)alkanes 
1-3 with their behavior in pulse radiolysis under oxidative conditions and to 
investigate the influence of the halogen atom and the number of methylene 
groups n between sulfur and iodine on the peak potentials, we studied the anodic 
oxidation of these compounds. The present paper is concerned with a systematic 
investigation of 1,n-halo(alky1thio)alkanes 1-3 and 1-chloro(alkylsulfinyI)alkanes 
6. Compounds 1-3 and 6 were synthesized according to the literature methods.4ws 
Newly prepared compounds are described in the experimental section. 

0 
I I  

R-S-( CH,),, -Cl 
6 
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ANODIC OXIDATION OF I,n-HALO(ALKYLTHI0)ALKANES 55 

RESULTS 

Anodic Oxidation of 1 ,n-halo(alky1thio)alkanes 1-3 was studied by cyclic 
voltammetry in anhydrous acetonitrile. The l-bromo- and 1-iodo-4- 
alkylthiobutanes could not be investigated due to the rapid cyclization to five 
membered sulfonium s a l t ~ . ~ ~ , ~  The oxidations of 1-3 are electrochemically 
irreversible at the scan rates employed of 0.05-5 V/s. The peak potentials have 
been determined under a standard set of conditions and are presented in Table I. 
Other than the peaks noted, no other oxidative processes were observed. 

As can be seen from Table I, the peak potentials depend little on the halogen 
atom, to a limited extent on the number of methylene groups, and little on the 
alkyl groups R. The peak potentials of the halogen derivatives decrease in the 
order CI > Br > I. This is demonstrated in Figure 1 showing the cyclic voltammo- 
grams of le, 2b and 3b (X-(CHJ3-S-CH3). The comparatively highest oxidation 
potentials are found for the 1,2-halo(aIkylthio)ethanes la-ld, and 2a with the 
same halogen atom (i.e. X = C1 or Br), while the compounds with n > 2 are 
oxidized at about the same, less positive potential. In the case of the iodine 
analogues 3, relatively high oxidation potentials for compounds with n = 2 and 
n = 5,6 are observed whereas particularly low peak potentials are observed for 
the 1,3-iodo(aIkylthio)propanes 3b-3d. Addition of a small amount of bromide 
ions did not affect the oxidation potentials of e.g. l-chloro-, l-bromo-, or 
l-iodo-3-alkylthiopropanes. For these compounds the oxidation is expected to be 
influenced by a strong neighbouring group effect. It has been established that the 
presence of trace amounts of bromide ions facilitates the oxidation at sulfur 
whenever neighboring group participation is in effect.47 

In order to compare the oxidation potentials of 1-3 with those of simple 
sulfides (R'-S-R2) a number of the latter were electrochemically investigated 
under the same experimental conditions. The peak potentials for all investigated 
simple organic sulfides (RIq2 = CH3, C2Hs, C3H7, i-C3H7, t-C4H,) are nearly the 
same and found at 1.95-2.00 V. Similar to compounds 1-3 (Table I) the nature of 
the alkyl groups RIS2 does not affect the electrochemical ease of oxidation. 

In order to compare the influence of the alkyl groups R and the number of 
methylene groups n on the peak potentials of the chlorinated sulfides 1 with those 
of the corresponding sulfoxides, we studied the anodic oxidation of 1,n- 
chloro(alkylsulfinyl)alkanes 6 under the same experimental conditions. The peak 
potentials obtained by cyclic voltammetry of compounds 6 in acetonitrile are 
listed in Table 11. The 1,2-~hloro(alkylsulfinyl)ethanes could not be investigated 
because they could not be prepared by the usual synthetic oxidation method due 
to the fast hydrolysis of the corresponding Similar to the results 
obtained by oxidation of 1,n-chloro(alky1thio)alkanes 1 with n > 2 all peak 
potentials of 6 are practically the same (2.16-2.20) regardless of the number of 
methylene groups ( n )  and the nature of the substituents R. 

The oxidations of 1-3, 6 are electrochemically irreversible at the applied scan 
rates between 0.02 and 0.5 V/s. In order to establish the irreversible nature of the 
anodic oxidation of compounds 1-3, 6 the scan rate dependence of the anodic 
waves and the relation between the rotation rate of a rotating disk electrode and 
the current were investigated for a number of selected compounds 1-3. The 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



56 A. ACED el al. 

TABLE I 
Anodic oxidation of 1,n-halo(alkylthio)alkanes 1-3 by cyclic voltammetry. (Peak potentials (E,,) of 
first oxidation peak determined at a Pt electrode (1.47 cm2), 0.2 V s- ' Scan rate and measured in 
anhydrous acetonitrile ( I  mM), 0.1 M TBAPF, versus Ag/AgCI in LiCl/sat. EtOH reference 

electrode; ferrocene (Fc) as internal standard) 

Comp. X n R El> El, vs. Fc 

l a  
l b  
l c  
Id 

le 
If 

lh  
l i  

lk  
11 
lm 
In 
lo 
1P 
1q 

1g 

li 

lr  
1s 
11 
lu  
l v  

CI 
CI 
CI 
CI 

CI 
CI 
CI 
CI 
CI 

CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 

CI 
CI 
CI 
CI 
CI 

2 
2 
2 
2 

3 
3 
3 
3 
3 

4 
4 
4 
4 

5 
5 
5 
5 

6 
6 
6 
6 
6 

2.12 
1.98 
2.02 
2.08 

1.83 
1.85 
1.90 
1.91 
1.97 

1.87 
1.92 
1.90 
1.88 

1.78 
1.99 
1.85 
1.91 

1.84 
1.80 
1.85 
1.85 
1.87 

1.58 
1.49 
1.54 
1.59 

1.33 
1.37 
1.42 
1.45 
1.47 

1.32 
1.44 
1.41 
1.39 

1.29 
I .45 
1.36 
1.43 

1.34 
1.32 
1.37 
1.37 
1.38 

2a 
2b 
k 
M 
2e 
2f 

2g 
2h 
2i 

2j 
2k 
21 
2m 

Br 

Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 

Br 

Br 

Br 

2 

3 
3 
3 
3 
3 

5 
5 
5 

6 

7 

8 

10 

1.98 

1.75 
1.80 
1.88 
1 .88 
1.86 

1.81 
1 .85 
1 .85 

1.80 

1.80 

I .82 

1.81 

1.49 

1.28 
1.33 
1.33 
1.33 
1.31 

1.26 
1.36 
1.30 

1.32 

I .32 

I .32 

1.33 

3a I 2 CH, 1.96 1.42 

3b I 3 CH, 1.75 1.23 

3c I 3 CzHs 1.78 1.24 

3e I 5 CZHs 1 .w 1.36 

3f I 6 CH, I .94 1.40 
3g I 6 C2Hs 1.96 1.41 

3d I 3 t-C,H, I .74 1.22 
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ANODIC OXIDATION OF 1 .n-HALO(ALKYLTHI0)ALKANES 51 

+ 2.5 + 2.0 + 1.5 + 1.0 + 11.5 

E N  

FIGURE 1 Cyclic voltamogramms of the compunds le, 2b, 3b in acetonitrile (scan rate: 200 mV/s). 

slopes in the plots of Ep vs Ig Y (scan rate) are found to be in the order of 
55-65 mV per decade which is indicative of irreversible electron 
Furthermore, the linear dependence of the current on the reciprocal of the square 
root of the rotation rate is also typical for a diffusion controlled process.51 The 
anodic oxidations of compounds 1-3 are found to be diffusion controlled. The 
coulometric n-values obtained by electrolyses of a selected number of 1,n- 
halo(alky1thio)alkanes 1-3 and the diffusion coefficients calculated according to 
the literature 50.s4 are listed in Table 111. The area of the electrode was calibrated 
with ferrocene (taking D = 2.4 X cm2 s - ' ) . '~  

TABLE I1 

Anodic oxidation of 1 ,n-Chloro(alkylsulfinyl)-alkanes 6 by cyclic voltammetry (peak potentials (E,) 
determined at a Pt electrode (1.47cm2), 0.2 V s-' scan rate, and measured in anhydrous acetonitrile 
(1 mM), 0.1 MTBAPF, versus Ag/AgCI in LiCl/sat. EtOH reference electrode; ferrocene (Fc) as 

internal standard 

Comp. n R EP E, vs. Fc 

6s 
6b 
6c 
6d 

6e 

61 

6h 

3 CH3 2.18 1.65 
3 C*HS 2.18 1.63 

3 i-C4H9 2.16 1.62 

4 i-C,H, 2.20 1.65 

5 CH, 2.16 1.62 

3 i-C3H7 2.19 1.66 

6 i-C,H7 2.20 1.66 
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58 A.  ACED er al. 

TABLE 111 
Diffusion coefficients for some 1-halo-3-alkylthiopropanes determined at a Pt-rotating disc electrode 
(0.0314 cm2) in acetonitrile solutions (2 mMol) with 0.1 Mol TBAPF, as supporting electrolyte versus 

Ag/AgCI in LiCl/sat. EtOH reference electrode 

Compound D (cm2 s-I) 

Le 1.07 X lo-' 
l f  0.84 X lo-' 
Ig 0.61 X lo-' 
2b 1.02 x 10-5 

3b 1.42 x lo-' 

Electrolyses of 1-3 were carried out in aqueous (0.2%) acetronitrile solutions 
at constant voltages just beyond the first oxidation potentials (1.9 V for 1, 1.8 V 
for 2 and 3) and at the second oxidation potentials (2.2 V). Compounds 1-3 with 
n = 2 were not electrolyzed due to their fast hydrolysis in aqueous  system^.^^"' 
High yields (60-80% after separation) of the corresponding sulfoxides 6 and 
sulfones 7 could be obtained by electrolyses of the 1 ,n-chloro(alky1thio)alkanes 1. 

0 

Electrolyses of compounds 2 and 3 at their first peak potential led to a 
mixture of the corresponding sulfoxides 8 and 9, respectively and 1,n-hy- 
droxy(alkylsulfinyl)alkanes 10 due to the relatively rapid hydrolysis of 2 and 3.4' 
The 1 ,n-chloro(alkylsulfinyl)alkanes 6 and 1 ,n-chloro(alky1sulfonyI)alkanes 7 
were determined by GC by comparison with the corresponding synthesized 
compounds (which were prepared according to the literature@) and by NMR and 
MS after separation by TLC. Sulfoxides 8-10 were characterized by NMR and 
GC/MS from the crude samples after electrolyses; their ratios were determined 
by NMR- and GC-measurements and were found to be 8 :2  for compounds 8 and 
10 and 3:7 for sulfoxides 9 and 10. 

0 
I1 

R-S-( CH,), -Br 
0 
II 

0 
II 

R-S-(CH,), -OH R-S-(CHZ),-I 
8 9 10 

Electrolyses of the sulfoxides 6 at an applied potential of 2.2 V gave the same 
results as obtained for electrolyses of the sulfides 1 at the second peak potential. 
The corresponding 1 ,n-chloro(a1kylsulfonyl)alkanes 7 were obtained in good 
yields of about 80% after separation. 
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ANODIC OXIDATION OF 1 ,n-HALO(ALKYLTHI0)ALKANES 59 

DISCUSSION 

The present results demonstrate that the anodic oxidation of 1,n- 
halo(a1kylthio)alkanes 1-3 and 1 ,n-chloro(alkylsulfinyl)alkanes 6 is a two- 
electron irreversible process similar to the oxidation of simple organic sulfides.I2 

The ease of sulfur oxidation (sulfide or sulfoxide) is mostly not affected by the 
alkyl substituents R. One would expect that the oxidation potential correlates 
with the ionization potential. For simple dialkyl sulfides the latter varies as a 
function of the substituent R-3 but the electrochemical oxidation potential does 
not change. The reason for this lack of correlation is still unknown. It may be 
probably explained by the fact that no R-S-cleavage occurs. 

In contrast to the results obtained by pulse radiolysis under oxidative 
 condition^^'*^^ there is no demonstrable influence of the halogen atom on the 
oxidation of the sulfur atom. The oxidation potentials decrease only slightly in the 
order CI > Br > I which could be related to the electronegativity of the halogen 
atoms. If there would be any neighbouring group participation e.g. of the 
chlorine atom on the oxidation of the sulfide in compounds 1 and 6 or e.g. or the 
bromine or iodine atom in compounds 2 or 3, a dependence on the chain length 
between sulfur and halogen should be observed. The only remarkable difference 
was obtained in all compounds with n = 2 and compounds 3 with n = 5,6 for 
which the oxidation occurs at higher potentials. This is probably due to an 
interaction between the sulfur and halogen atom. The oxidation potentials for 
compounds la-d, 2a and 3a ( n  = 2) may be high because of inductive effects 
(which drop off rapidly as n increases) and field effects-which could be through 
space interaction between the sulfur atom and the positive end of the C-X dipole 
and may be seen as a precursor of the corresponding thiiranium ions 11. The 
latter are easily formed by hydrolysis via the strong anchimeric assistance of the 
sulfur atom.4ss0 The water content in the freshly distilled (over P2OS) acetonitrile 
is probably still high enough to afford hydrolysis. The relatively high oxidation 
potentials of the 1-iodo-5-alkylthiopentanes and 1-iodo-6-alkylthiohexanes can be 
explained by the fact that these compounds cyclize relatively rapidly in 
acetonitrile4' to the six- and seven-membered sulfonium compounds and the 
oxidation potentials of these compounds were determined in presence of such 
sulfonium salts. R 

I 
S' 

L l  x- 
11 

The electrochemical oxidation of 1 ,n-chloro(a1kylthio)alkanes 1 is a good 
method for preparation of the corresponding sulfoxides 6 (selectively and without 
overoxidation) and sulfones 7 with n > 2 in good yields. 
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60 A. ACED et al. 

EXPERIMENTAL 

General Melting points were determined with a Mertler FP5 melting point apparatus and are 
uncorrected. 

'H- and I3C-NMR spectra were obtained on a Bruker W M  400 (400 MHz)"' and a Varian EM 360 
(90 MHz)" in CDCI,-solutions with tetramethylsilane as internal reference; chemical shifts are given 
in 6. 

Mass spectrometry was carried out with a Finnigan M A T  44 (70eV) mass spectrometer. 
GC analyses were performed on a Carlo Erba (Vega) gas chromatograph on a 30mOV 1701 

(Macherey-Nagel) capillary column using He as carrier gas; a temperature program (80°C-220"C with 
lO"C/min) and a FID detector. 

Separations by TLC were performed on silica (Merck) with ethyl acetate as eluent. 
Compounds la-ld and 5 0 4  were commercially available (Fairfield Co; Aldrich) and redistilled 

before use. All other 1 ,n-halo(alky1thio)alkanes 1-3,43.4s 1 ,n-chloro(alkylsulfinyl)alkanes 644 and 
1 ,n-chloro(alkylsulfonyl)alkanes 744 were prepared according to the literature and redistilled or 
recrystallized before use. The analytical data of the newly synthesized compounds 6c-6h and 
7a,7c, 7e-7h are given in the following: 

l-chlor0-3-i-propylsulfinylpropane (6c) (oil): 'H-NMR"': 1.2qd; 6H), 2.25(m; 2H), 2.65(m; 2H), 
3.04(m; IH), 3.65(t; 2H) "C-NMR"': 14.7,25.9,43.6,45.6,50.6. MS, m / z  (relative intensity): 168 
(4%; M t ) ,  128 (26%), 126 (69%). 92 (9%). 90 (loo%), 73 (26%), 63(53). 

Ichloro-3~-burylsulfinylpro~ane (6d) (oil): 'H-NMR"': 1.13(s; 9H), 2.18(m; 2H), 2.66(m; 2H), 
3.59(t; 2H). "C-NMR"': 22.5, 26.5, 42.3, 43.4, 52.8. MS, m/z(relative intensity): 182(2), 126(5), 
110(5), 90(12), 69(16), 57(100). 

fchloro-4-i-propylsulfinylbutane (6e) (oil): 'H-NMRh': I .3(d; 6H), 2. I(m; 4H), 2.7(m; 2H), 
3.0(m; lH), 2.7(t; 2H). MS. m/z(relative intensiy): 182(-), 140(9), 104(10), 91(12), 63(25), 55( 100). 

lchloro-5-methylsulfinylpe~~ane (6f) (oil): 'H-NMRh': 1.8-2.2(m; 6H), 2.5(s; 3H), 2.7(m; 2H). 
3.7(t; 2H). MS. m/z(relative intensity): 168(1), 151(5), 78(9), 69(100), 64(61), 63(23), 55(1 I ) .  

Ichhloro-5-~-propylsulfinylpentane (6g) (oil): 'H-NMR"': 1.20(d; 6H), 1.58(m; 2H), 1.78(m; 4H), 
2.72(m; 2H), 3.02(m; IH), 3.52(t; 2H). MS, m/z(relative intensity): 196(2). 154(10), l37( 12). 69(100), 
63(38), 55( 1 I ) .  

1ehloro-6i-propylrulfnylhexane (6h) (oil): 'H-NMRh': 1.3(d; 6H), 1.4-1.7(m; 8H), 2.6(m; 2H). 
2.9(m; lH), 3.7(t;2H). MS. m/z(relative intensity): 21O(-), 193(3), 92(34), 89(14), 83(20), 69(38), 
63(16), 61(17), 55(100). 

Ichloro-3-merhylsulfonylpropane (7a); (oil): 'H(NMRh': 2.2(m; 2H), 2.9(s; 3H), 3.2(t; 2H). 
3.7(t; 2H). MS, m/e(relative intensity): 156 (4%. M+). 141 (9%). 94 (100%). 81 (67%). 80 (59%). 79 
(36%). 77 (35%), 76 (13%), 65 (22%). 63 (19%). 49 (41%). 

Ichloro-3-i-propylsulfonylpropane (7c) mp: 38.3"C 'H-NMRh': 1.6(d; 6H), 2.3(m; 2H). 3.1(t; 2H), 
3.2(m; IH), 3.7(t; 2H). MS, m/z(relative intensity): 184 ( I % ,  M+), 145 (10%). 144(17%), 143 (34%). 
142 (50%). 106 (15%). 79 (32%). 77 (lOO%), 69 (11%). 66 (Is%), 63 (16%). 49 (9%). 

Ichloro-4-i-propylsulfonylbutane (7e) (oil): 'H-NMRh': 1.6(d; 6H), 2.l(m; 4H), 3.1(t; 2H), 
3.2(m; lH), 3.7(t; 2H). MS, m/z(relative intensity): 198 (<1%. M+), 121 (4%). 93 (29%), 91 (86%), 
63 (7%). 56 (13%). 55 (100%). 

lchloro-5-methylsulfonylpentane (79 (oil): 'H-NMRh': 1.8-2.0(m; 6H), 2.9(s; 3H), 3.I(t; 2H), 
3.7(t;2H). MS, m/z(relative intensity): 184(<1%, M+), 105 (6%). 94 (12%). 81 (26%), 69 (lW%), 
68 (34%), 63 (16%). 55 (17%). 

lchloro-6i-propylsulfonylhexane (7g) (oil): 'H-NMRh': 1.6(d; 6H). 1.8-2.l(m; 8H). 3.0(t; 2H), 
3.2(m; IH), 3.7(t;2H). MS, m/z(relative intensity): 226 ( < I % ,  Mt), 169 (4%). 119 (9%). 83 
(loo%), 69 (8%). 55 (98%). 

Cyclic voltammetry Electrochemical experiments were performed with a Princeton Applied Research 
( P A R )  Model 362. A standard three-electrode system was used comprising a 1.47cm2 Pt flag 
working-electrode, a Pt auxiliary electrode and an Ag/AgCI (saturated LiCl in EtOH) reference 
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electrode. The data were collected on a Kipp & Zonen BD 90 X-Y recorder. Voltammograms were 
measured in a solution of 0.1 M tetrabutylammoniumhexafluorophosphate (TBAPF, in acetonitrile 
freshly over P,O, distilled and 1 mM of 1-3.6. The performance of the reference electrode was 
monitored by measuring the Cr (I  + /0) couple of bis(dipheny1) chromium(1) tetrafluoroborate(BCr) 
(-0.59V vs. Ag/AgCI) or the Fc(1 + /0) couple of ferrocene (+0.54Vvs. Ag/AgCl); AE = 
E{(Fc) - E{(BCr) = +1.13 (E;  = [E,, (anod.) + E,, (cath.)]/2).”,” 

The experiments with a rotating disc electrode were carried out under the same conditions using a 
Tacussel Electronique system with a Pt-electrode (0.0314 cm2). 

Controlled potential electrolyses of I-chloro(alkylthio)alkanes 1 (a) Samples of 0.3 mmol compounds 
1, 192 mg(l mmol) 2.6-di-t-butylpyridine and 3.87g (0.1 mol) TBAPF,, were dissolved in 100 ml 
freshly distilled acetonitrile. adding 0.2 ml H,O. These solutions were electrolyzed at a constant 
potential of 1.9 V versus Ag/AgCI in LiCl saturated ethanol reference electrode. When the current 
decayed to 0.1% of its initial value (-10-12 h), 65 coulombs had passed, corresponding to an 
“n”-value of 2.0-2.2. The crude solutions were analyzed by GC and showed the corresponding 
sulfoxides 6 as products. About 2/3 of the acetronitrile was evaporated and 20 ml of water was added. 
After extraction with dichloromethane (4 x 20 ml), the organic layers were dried over anhydrous 
MgSO., and evaporated. The resulting residues were purified by preparative TLC. I,n- 
Chloro(alkylsulfinyl)alkanes 6 were obtained as colorless oils in 60-70% yields. 

(b) Solutions as described above were electrolyzed at a constant potential of 2.2VAg/AgCI for 
about 10-12 h. After the same workup procedure the corresponding 1 ,n-chloro(alkylsulfonyl)alkanes 
7 were obtained as oil or white crystals in yields of about 70-80%. 

Controlled potential electrolysis of f -bromo-3-methylthiopropane (2b) A sample of 16.8 mg 
(0.1 mmol) I-bromo-3-methylthiopropane (2b). 64 mg (0.3 mmol) TBAPF,, 2.6-di-t-butylpyridine and 
1.94 g (0.5 mol) TBAPF,, was dissolved in 50 ml freshly distilled acetonitrile, 0.05 ml HzO added, 
followed by electrolysis at a constant potential of 1.8V versus Ag/AgCI in LiCl saturated ethanol 
reference electrode for 5 h. After using the same workup procedure as described above, an 8 :2  
mixture of I-bromo-3-methylsulfinylpropane 8 and I-hydroxy-3-methylsulfinylpropane 10 was 
obtained. 

I-bromo-3-methylsulfinylpropane (8): ‘H-NMR”’: 2.37(m; 2H). 2.62(s; 3H), 2.85(m; 2H), 
3.58(m;2H). “C-NMR”’: 25, 7. 31.8. 38.5, 52.5. 

f-hydroxy-3-methylsu~nylpropane (10): ‘H-NMR”’: 2.34(m; 2H), 2.62(s; 3H), 2.93(m; 2H), 
3.78(m; 2H). 

Controlled potential electrolysis of fiodo-3-methylthiopropane (3b) A sample of 21.6 mg (0.1 mmol) 
I-iodo-3-methylthiopropane (Jb), 64 mg (0.3 mmol) 2.6-di-t-butylpyridine and 1.94 g (50 mmol) 
TBAF,, was dissolved in 50 ml freshly distilled acetonitrile, adding 0.05 ml H,O. and then electrolyzed 
at a constant potential of 1.8 V vs. Ag/AgCI for about 5 h. After workup procedure as described 
above a mixture of I-iodo-3-methylsulfinylpropane (9) and I-hydroxy-3-methylsulfinylpropane (10) 
(3:7) was obtained. 

I-iodo-3-methylsulfinylpropane (8): ‘H-NMR”’: 2.36(m; 2H), 2.62(s; 3H). 2.83(m; 2H), 3.34(t, 2H). 
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