
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 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

Electron Transfer from Thioethers
Richard S. Glassa; Massoud Hojjatiea; Amorn Petsoma; George S. Wilsona; Manfred Göblb; Sabine
Mahlingb; Klaus-Dieter Asmusb

a Department of Chemistry, University of Arizona, Tucson, AZ, U.S.A. b Hahn-Meitner Institut für
Kernforschung, Berlin, F.R.G.

To cite this Article Glass, Richard S. , Hojjatie, Massoud , Petsom, Amorn , Wilson, George S. , Göbl, Manfred , Mahling,
Sabine and Asmus, Klaus-Dieter(1985) 'Electron Transfer from Thioethers', Phosphorus, Sulfur, and Silicon and the
Related Elements, 23: 1, 143 — 168
To link to this Article: DOI: 10.1080/03086648508073384
URL: http://dx.doi.org/10.1080/03086648508073384

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/10.1080/03086648508073384
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus and Sulfur, 1985, Vol. 23. pp. 133-168 
0308-664X/85/230 I -0143/$25 .W/O 

@ 1985 Gordon and Breach. Science Puhlisherh, Inc. 
and OPA Ltd. Printed in the United Kingdom 

ELECTRON TRANSFER FROM THIOETHERS 

RICHARD s. GLASS+ , MASSOUD HOJJATIE , AMORN PETSOM 
and GEORGE S. WILSON 
Department of Chemistry, University of Arizonal 
Tucsonl AZ, U.S.A. 
MANFRED GoBL, SABINE MAHLING and KLAUS-Dieter ASMUS 
Hahn-Meitner Institut fur Kernforschunq, Berlin, 
F.R.G. 

Abstract Oxidation of thioethers is greatly facili- 
tated by neighborinu group participation by carboxy- 
late , alcohol , and thioether moieties. 

INTRODUCTION 

Electron transfer from thioethers to generate sulfur ca- 
tion radicals as indicated below may be important in 
biological redox reactions. There are preliminary indi- 

- 
R ~ S  R~S: + e 

cations that this might be the case as illustrated by 
the followinq examples. Oxidation of cytochrome c per- 
oxidase with hydrogen peroxide produces enzymatically 
active compound ES1 which is two oxidation equivalents 

above the iron(II1)cytochrome. One electron is removed 
from the iron atom to yield iron(1V) and the other elec- 
tron comes from the protein portion of the molecule. On 
the basis of spectroscopic studies (EPR and UV/VIS) it 
has recently been suqgested that an electron is remo- 
ved from the sulfur atom of a methionineresidue to 
produce a sulfur cation radical which is stabilized by 
interaction with a neighboring group. Oxidation of p- 
substituted thioanisole derivatives in a reconstituted 
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144 R. S. CLASS et al. 

enzymic sys tem c o n t a i n i n g  cytochrome P-450,  N A D P H ,  and 

oxygen a f f o r d e d  t h e  c o r r e s p o n d i n g  s u l f o x i d e s  3 .  L i n e a r  

c o r r e l a t i o n  between l o g  Vmax f o r  t h i s  enzymic r e a c t i o n  

and t h e  anod ic  peak p o t e n t i a l  f o r  t h e s e  compounds and 

t h e  H a m m e t t  s u b s t i t u e n t  c o n s t a n t  0' w a s  r e p o r t e d .  These 

r e s u l t s  were i n t e r p r e t e d  i n  t e r m s  of r a t e - d e t e r m i n i n g  

o n e - e l e c t r o n  t r a n s f e r  from t h e  s u b s t i t u t e d  t h i o a n i s o l e  

g e n e r a t i n g  a s u l f u r  c a t i o n  r a d i c a l  t o  t h e  s o - c a l l e d  

oxene i n t e r m e d i a t e  d e r i v e d  from cytochrome P-450 

A t h i r d  example i n v o l v e s  m e t h i o n a l ,  3 -methyl th iopropa-  

n a l ,  which h a s  been wide ly  used i n  sys tems o f  b i o l o g i -  

3 f 4  

Me SCH2 CH CHO 

+. 
MeSCH2CH2CH0 

- +' 
+ .OH -+ MeSCH2CH2CH0 + OH 

2 :  
- 

+ OH 

OH - 1/2 Me2S2 + CH2 = CH2 + H C 0 2 H  

5 c a l  i n t e r e s t  as  a s p e c i f i c  probe f o r  hydroxyl  r a d i c a l s  . 
These r a d i c a l s  react  w i t h  me th iona l  t o  produce e t h y l e n e  

whose e v o l u t i o n  i s  moni tored .  The mechanism s u s q e s t e d  

f o r  t h i s  r e a c t i o n  i s  shown below 5a f  6 .  A key i n t e r m e d i -  

a te  i n  t h i s  r e a c t i o n  i s  t h e  s u l f u r  c a t i o n  r a d i c a l  d e r i -  

ved from meth iona l .  However, t h e  s p e c i f i c i t y  o f  t h i s  
t es t  f o r  hydroxyl  r a d i c a l s  and t h e  mechanism by which 

me th iona l  forms e t h y l e n e  has  been q u e s t i o n e d  '. P u l s e  

r a d i o l y s i s  s t u d i e s  showed t h a t  hydroxyl  r a d i c a l s  ra- 
p i d l y  r e a c t e d  w i t h  me th iona l  b u t  t h e  r e a c t i o n  i s  complex. 

F i n a l l y  and m o r e  s p e c u l a t i v e l y ,  a s t r u c t u r a l  f e a t u r e  was 

d i s c e r n e d  i n  p r o t e i n s  i n  which aromatic amino a c i d  resi-  

due and s u l f u r  amino a c i d  r e s i d u e s  w e r e  i n  c lose c o n t a c t  
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ELECTRON TRANSFER FROM THIOETHERS 145 

and a l t e r n a t e  w i t h  one a n o t h e r  forming  s o - c a l l e d  S-TI 

c h a i n s  ’. S i n c e  many of  t h e  p r o t e i n s  which had t h i s  

s t r u c t u r a l  f e a t u r e  w e r e  r edox  p r o t e i n s  it w a s  s u g g e s t e d  

t h a t  such  S-IT c h a i n s  may a c t  a s  a c o n d u i t  f o r  e l e c t r o n s .  

There  have been e x t e n s i v e  and e l e g a n t  s t u d i e s  on e lec-  
t r o n  t r a n s f e r  f rom h e t e r o a r o m a t i c  t h i o e t h e r s ,  s u c h  as  

t h i a n t h r e n e  1 ,  X = S ,  and on t h e  c h e m i s t r y  of t h e  corre-  

1 

sponding  c a t i o n  r a d i c a l s  lo. E l e c t r o n - t r a n s f e r  f rom d r u g s  

c o n t a i n i n g  such  m o i e t i e s ,  e . g .  t r a n q u i l i z e r s  c o n t a i n i n g  

t h e  p h e n o t h i a z i n e  n u c l e u s  1 ,  X = N H ,  may be i m p o r t a n t  

i n  t h e i r  b i o l o g i c a l  a c t i v i t i e s  

t r o n - t r a n s f e r  f rom t h i o e t h e r s  i s  of  more g e n e r a l  b i o l o -  

g i c a l  impor tance  depends i n  l a r g e  p a r t  on t h e  ease o f  

o x i d a t i o n  of  a l i p h a t i c  t h i o e t h e r s ,  such  as  i n  t h e  s i d e -  

c h a i n  of m e t h i o n i n e ,  because  t h e s e  are t h e  s u l f u r - c o n -  

t a i n i n g  m o i e t i e s  which a re  u b i q u i t o u s  i n  r edox  p r o t e i n s .  

D i a l k y l  t h i o e t h e r s ,  such  as  d i m e t h y l  s u l f i d e ,  are e a s y  

t o  o x i d i z e  t o  t h e  c o r r e s p o n d i n g  s u l f o x i d e s  by atom t r a n s -  

f e r .  However, l i t e r a l  e l e c t r o n  t r a n s f e r  i s  s u f f i c i e n t l y  

I .  However, whether  elec- 

d i f f i c u l t  as measured by e l e c t r o c h e m i c a l  methods l 2  t o  

r e n d e r  such  r e a c t i o n s  u n l i k e l y  w i t h  most b i o l o g i c a l  o x i -  

d a n t s .  One-e l ec t ron  t r a n s f e r  may o c c u r  w i t h  o r  w i t h o u t  

atom t r a n s f e r  
t r a n s f e r  may i n v o l v e  o n l y  a t r a n s i t i o n  s t a t e  between 

r edox  p a r t n e r s  and no i n t e r m e d i a t e .  Long-range e l e c t r o n -  

t r a n s f e r  i s  of  c o n s i d e r a b l e  i n t e r e s t  i n  b i o l o g i c a l  s y s -  
t e m s  and h a s  been s t u d i e d  i n  r i g i d c h e m i c a l  sys t ems  a s  

w e l l  1 4 .  T h e r e f o r e ,  o u r  s t u d i e s  have  aimed a t  d i s c e r n i n g  

t h o s e  f a c t o r s ,  l i k e l y  o r  known t o  be p r e s e n t  i n  b i o l o -  

3 .  A l t e r n a t i v e  pathways f o r  e l e c t r o n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



146 R. S.  GLASS et al. 

g i c a l  sys t ems ,  which might  r e s u l t  i n  f a c i l i t a t e d  elec- 

t r o n  t r a n s f e r  from d i a l k y l  t h i o e t h e r s .  One such f a c t o r  

i s  n e i g h b o r i n g  group p a r t i c i p a t i o n  by moiet ies  p r e s e n t  

i n  p r o t e i n s .  T h i s  pape r  p r e s e n t s  ev idence  f o r  such  p a r -  

t i c i p a t i o n  i n  o x i d a t i o n  of  t h i o e t h e r s  and some of  i t s  

consequences .  

According t o  Capon and McManus , .... when a s u b s t i -  

t u e n t  s t a b i l i z e s  a t r a n s i t i o n  s t a t e  o r  i n t e r m e d i a t e  by 

becoming bonded t o  t h e  r e a c t i o n  c e n t e r ,  t h i s  e f f e c t  i s  

c a l l e d  n e i g h b o r i n g  group p a r t i c i p a t i o n " .  T h i s  e f f e c t  i s  

t h e  same as  t h a t  d e s c r i b e d  as  i n t r a m o l e c u l a r  c a t a l y s i s .  

The concep t  of  n e i g h b o r i n g  group p a r t i c i p a t i o n  deve lo -  

ped from s t u d i e s  on n u c l e o p h i l i c  s u b s t i t u t i o n  a t  car- 
bon 1 5 .  T h i s  pape r  i n t e n d s  t o  ex tend  t h i s  i d e a  t o  reac- 
t i o n s  i n v o l v i n g  e l e c t r o n  t r a n s f e r  from d i a l k y l  t h i o -  

e t h e r s .  Thus o n e - e l e c t r o n  o x i d a t i o n  of  t h i o e t h e r  2 w i t h  

n e i g h b o r i n g  group p a r t i c i p a t i o n  by X g i v e s  c a t i o n  r a d i -  

c a l  3 .  T h i s  r e a c t i o n  i s  e n v i s i o n e d  t o  o c c u r  by removal 

of a nonbonding e l e c t r o n  from s u l f u r  and p a r t i c i p a t i o n  

15 11 

2 3 

by t w o  non-bonding e l e c t r o n s  on X .  T h i s  p a r t i c i p a t i o n  
may occur  concomi tan t ly  w i t h  e l e c t r o n  t r a n s f e r  from t h e  

s u l f u r  atom o r  subsequen t ly .  

Three r e a s o n a b l e  bondinq schemes f o r  c a t i o n  r a d i c a l  3 ,  

which may be c l a s s i f i e d  as a 9-S-3 s p e c i e s  1 6 , f o l l o w .  

The odd e l e c t r o n  may be l o c a l i z e d  on t h e  s u l f u r  atom. 

T h i s  r e s u l t s  i n  n i n e  e l e c t r o n s  i n  t h e  v a l e n c e  s h e l l  of  
t h e  s u l f u r  a t o m  and r e q u i r e s  t h e  use  of a d - o r b i t a l  by 
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ELECTRON TRANSFER FROM THIOETHERS 147 

t h e  s u l f u r  atom. Another bonding p o s s i b i l i t y  d e s c r i b e d  

as a two-center  t h r e e - e l e c t r o n  bond i s  shown i n  

Scheme 1 

used t o  form o and o molecular  o r b i t a l s .  Two s p i n -  

p a i r e d  e l e c t r o n s  are  accommodated i n  t h e  o-molecular  o r -  

b i t a l  and t h e  t h i r d  e l e c t r o n  i n  t h e  a n t i b o n d i n g  molecu- 

l a r  o r b i t a l .  An a l t e r n a t i v e  t o  t h i s  two-center  t h r e e -  

e l e c t r o n  bond i s  a t h r e e - c e n t e r  t h r e e - e l e c t r o n  bond 

shown i n  Scheme 2 1 6 .  Musher l 6  has  sugges t ed  such bon- 

d i n g  f o r  hype rva len t  molecules .  Combination of t h e  S-X 
and R-S 0 bonds w i t h  R,S and X c o l i n e a r g i v e s  t h r e e  mo-  
l e c u l a r  o r b i t a l s  as shown. Two sp in -pa i r ed  e l e c t r o n s  are  
accommodated i n Y  and t h e  t h i r d  e l e c t r o n  i s  accommoda- 

t e d  i n  t h e  nonbonding \y2 o r b i t a l  

1 7 .  A p - o r b i t a l  on X and on t h e  s u l f u r  atom are  
r 

1 

Scheme 1 

c-ooco -tt- *3 

Scheme 2 
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148 R. S .  GLASS et al. 

RESULTS AND DISCUSSION 

To e x p e r i m e n t a l l y  t e s t  whether  t h e r e  would be  neighbo-  

r i n g  group p a r t i c i p a t i o n  on o x i d a t i o n  of a l i p h a t i c  t h i o -  

e t h e r s ,  p a r t i c u l a r l y  o x i d a t i o n  i n v o l v i n g  s t e p w i s e  elec- 
t r o n  t r a n s f e r ,  2 - e n d o - s u b s t i t u t e d I  6-endo-methyl th iobi -  

c y c l o  [ 2 . 2 . 1  I h e p t y l  d e r i v a t i v e s  4 were s t u d i e d  

molecu la r  a r c h i t e c t u r e  o f  t h e s e  r e l a t i v e l y  r i g i d  sys tems 
enhances  t h e  p o s s i b i l i t y  of  ne ighbor ing  group p a r t i c i p a -  

’ . The 

t i o n  by p o s i t i o n i n g  t h e  s u l f u r  a t o m  and p o t e n t i a l  ne igh-  

b o r i n g  groups  close t o  one a n o t h e r .  A f u r t h e r  advantage  

MeS MeS &x 5 
4 

x 

6 7 

t o  s t u d y i n g  such  sys tems i s  t h a t  c o n t r o l  compounds a r e  
r e a d i l y  a t  hand. That  i s ,  a n a l o g s  of 4 where e i t h e r  t h e  
s u b s t i t u e n t  i s  E, i . e . ,  5 ,  o r  t h e  m e t h y l t h i o  g roup ,  

i . .e. ,  6 o r  b o t h ,  i . e .  7 ,  have geomet r i e s  which p r e c l u d e  
bonding between X and S b u t  i n d u c t i v e  e f f e c t s  ( a l b e i t  
n o t  f i e l d  e f f e c t s )  would be t h e  s a m e  t h roughou t  t h e  
ser ies .  A number of d e r i v a t i v e s  4 -7  have been p r e p a r e d  

and s t u d i e d  by c y c l i c  vol tammetry ’’. The anod ic  peak 
p o t e n t i a l s  f o r  o x i d a t i o n  of e a c h  of t h e  t h i o e t h e r s  i n  
anhydrous a c e t o n i t r i l e  under  c o n s t a n t  c o n d i t i o n s  a re  

r eco rded  i n  Tab le  1 .  Under comparable  c o n d i t i o n s ,  s i m -  
p l e  d i a l k y l  t h i o e t h e r s  show peak p o t e n t i a l s  c o n s i d e r a b -  

l y  more p o s i t i v e  t h a n  l.oV and u s u a l l y  i n  t h e  range  of  
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ELECTRON TRANSFER FROM THIOETHERS 149 

1.4 - 1.7V 12. All of the oxidations are electrochemi- 
cally irreversible. Inspection of the Table I reveals 
that endo-acid salt 4, X = CO and endo-alcohol 4, 
X = CH20H undergo oxidation at peak potentials over 
500 mV less positive than the corresponding exo com- 
pounds, 5, X = CO 
sought to determine if these qreatly facilitated oxida- 
tions were accompanied by bond formation between the 
substituent group and the sulfur atom. Toward this end 
both acyloxysulfonium salt 8 and alkoxysulfonium salt 9 
were prepared by chemical oxidation of 4, X = CO and 
4, X = CH OH, to characterize them and elucidate their 
properties. 

- 
2 

- 
and 5, X = CH20R. Methods were 2 

- 
2 

2 

8 9 

Acyloxysulfonium salt 8 can be prepared by bromine oxi- 
dation of the 18-crown-6 complex of the potassium salt 
of 4, X = C02 
tion. This oxidation product undergoes decomposition 
rapidly when warmed to Oo or above in solution. Never- 
theless, it could be characterized spectroscopically 
in solution at low temperature. Its carbonyl stretching 
frequency occurred at 1828 cm-'. The absorption due to 
methyl protons in 8 overlapped with the large absorption 
due to the protons in 18-crown-6. To avoid this overlap, 
the 2,6-di-t-butylpyridinium salt of 4, X = CO was 
used in the oxidation. The 'H NMR spectrum of this pro- 

- 
at low temperature in acetonitrile solu- 

- 
2 
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150 R. S. GLASS et al. 

d u c t  showed a b s o r p t i o n  due t o  t h e  methyl  p r o t o n s  a t  6 

3.1 ppm. However, t h e  i n f r a r e d  spec t rum o f  t h i s  material 

showed t h e  c a r b o n y l  s t r e t c h i n u  f r equency  a t  1 7  1 4  cm- '  
r a t h e r  t h a n  a t  1 8 2 8  ern-'. T h i s  d i f f e r e n c e  i s  a p p a r e n t -  
l y  due t o  hydrogen bonding between t h e  c a r b o n y l  oxygen 

of 8 and t h e  2 , 6 - d i - t - b u t y l  py r id in ium i o n  as  shown i n  
10. The s p e c t r o s c o p i c  pa rame te r s  measured f o r  8 are i n  
agreement  w i t h  t h o s e  expec ted  based  on l i t e r a t u r e  v a l u e s  

f o r  s i m i l a r  s p e c i e s  2 0 .  Fur thermore ,  h y d r o l y s i s  of a c y l -  
oxysul fonium s a l t  8 a f f o r d e d  s u l f o x i d e  a c i d  1 1 ,  R = H ,  i n  

qood y i e l d .  

10 1 1  

- 
C l e a r l y  c o n t r o l l e d  p o t e n t i a l  e l e c t r o l y s i s  of 4 ,  X = CO 2 

a t  room t e m p e r a t u r e  would n o t  r e s u l t  i n  a s o l u t i o n  o f  

acy loxysu l fon ium s a l t  8 because  of  t h e  i n s t a b i l i t y  of 

t h e  p r o d u c t .  T h e r e f o r e ,  an i n d i r e c t  method w a s  d e v i s e d  
t o  d i s c e r n  t h e  f o r m a t i o n  of 8 on e l e c t r o l y z i n g  4 ,  X = 

C 0 2  . C o n t r o l l e d  p o t e n t i a l  e l e c t r o l y s i s  of a s o l u t i o n  of 

4 ,  X = C 0 2  

w a t e r  and e x c e s s  d i - t - b u t y l  p y r i d i n e  r e s u l t e d  i n  forma- 
t i o n  of  t h e  co r re spond ing  s u l f o x i d e .  Mass s p e c t r o s c o p i c  
a n a l y s i s  of t h e  s u l f o x i d e  es te r  1 1  , R = M e  r e v e a l e d  I 8 O  

i n c o r p o r a t i o n  b o t h  i n t o  t h e  s u l f o x i d e  oxygen and ca rb -  
o x y l a t e  oxygen a t o m s .  C o n t r o l  expe r imen t s  r e v e a l e d  no 

8O exchancre under  t h e s e  c o n d i t i o n s .  Thus,  i n c o r p o r a -  
t i o n  of " 0  l a b e l  i n t o  b o t h  s u l f o x i d e  and c a r b o x y l a t e  

- 
- 

c o n t a i n i n g  a t race amount of I80 - l abe led  
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ELECTRON TRANSFER FROM THIOETHERS 151 

Scheme 3 

moieties strongly support the formation of 8 during the 
electrolysis. Hydrolysis of acyloxysulfonium salt 8 may 
occur by either of two mechanisms as shown in Schemes 3 
and 4. Nucleophilic attack by water on the sulfur dis- 
placing carboxylate results in formation of sulfoxide 

Scheme 4 

carboxylate with 8O incorporation into the sulfoxide 
oxygen. However, acyloxysulfonium salt 8 can also act 
as an acylating agent, that is, nucleophilic attack by 
water at the acyl carbon to form a tetrahedral interme- 
diate followed by expulsion of the sulfoxide moiety. 
This sequence results in formation of sulfoxide carboxy- 
late with I8O incorporation in the carboxylate moiety. 

Using the method developed by Johnson and Jones for 

the preparation of alkoxysulfonium salts, alcohol 4, 
X = C H 2 0 H  was converted to 9 in excellent yield. 
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152 R. S. GLASS et al. 

Thus treatment of 4, X = CH20H sequentially with t-butyl- 

hypochlorite and mercury(I1) chloride gave the trichlo- 
romercurate salt of 9 as a crystalline solid 22. Single 
crystal X-ray crystallographic analysis yielded the 
structure shown in Figure 1. 

FIGURE I :  ORTEP stereoview of alkoxysulfonium salt 9. 

A remarkable feature in this oxidation is that the new 
chiral center generated at sulfur is formed with com- 
plete stereoselectivity so far as we can tell. The ste- 
reochemistry at this center relative to the others is de- 
rived from the crystal structure study. Hydrolysis of 
this alkoxysulfonium salt with aqueous base gives only 
one diastereomeric sulfoxide alcohol. The alternative 
diastereomeric sulfoxide alcohol is preferentially for- 
med by oxidation of 4, X = CH20H with m-chloroperbenzoic 
acid. The relative configuration of this latter sulfo- 
xide alcohol was unequivocally determined by X-ray stu- 
dies 22. Therefore, the relative stereochemistry of the 
sulfoxide alcohol formed by hydrolysis of alkoxysulfo- 
nium salt 9 was deduced to be that shown in structure 
12. It is apparent that hydrolysis of 9 occurs with in- 
version of configuration at sulfur as shown below. Hy- 
drolysis of alkoxysulfonium salts in aqueous base 
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4,X=CH,OH - 8  F b  

12 

has been reported 2 3  to occur stereospecif ically with 
inversion of configuration at sulfur. Controlled poten- 
tial oxidation of 4, X = CH20H in presence of 2,6-di- 
t-butylpyridine resulted in the formation of alkoxysul- 
fonium salt 9 and its diastereomer. 

These studies s h o w  that the facilitated oxidation of 4, 
X = CO 
between the sulfur atom and oxygen atom of the substitu- 

ent. Electrochemical oxidation of these compounds clear- 
ly occurs with neighboring group participation. More 
extensive electrochemical studies of these compounds re- 
vealed a peculiarity. Reproducible observation of the 
oxidation peak at low potentials appeared to depend on 
the nature of the supporting electrolyte. This dependen- 
ce was found to be due to contamination of the suppor- 
ting electrolyte with trace amounts of bromide ion. That 
is, facilitated oxidation of these compounds required 
at least trace amounts of bromide ion. Therefore, these 
oxidations are apparently due to redox catalysis . 
A reasonable mechanism f o r  this catalysis is shown in 
Scheme 5. Bromide ion is oxidized 

- 
and 4, X = CH20H occurs with formation of a bond 2 

24 

- 
2 Br -+ 2e + Br2 

t - 
R2S + Br2$ R2S-Br Br 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



154 R. S. GLASS et al. 

Scheme 5 

f i r s t  t o  bromine. The bromine t h e n  reacts w i t h  t h e  

t h i o e t h e r  t o  form a bromosulfonium bromide i n  an e q u i -  

l i b r i u m  r e a c t i o n .  With m o s t  t h i o e t h e r s  n o t h i n g  f u r t h e r  

happens.  S i n c e  t h e  bromide i s  p r e s e n t  i n  such l o w  con- 

c e n t r a t i o n s  t h e  c u r r e n t  due t o  i t s  o x i d a t i o n  i n  t h e  ab-  

s ence  of  s u b s t r a t e  i s  e s s e n t i a l l y  n o t  d i s c e r n i b l e .  How- 

e v e r ,  i f  t h e r e  i s  a s u i t a b l e  n e i g h b o r i n g  group i n  t h e  

s u b s t i t u t e d  t h i o e t h e r ,  t h e n  t h e  bromide i s  d i s p l a c e d  t o  

g e n e r a t e  a c y c l i c  su l fon ium s a l t  and bromide i o n .  The 

bromide i o n ,  so g e n e r a t e d ,  i s  t h e n  e l e c t r o o x i d i z e d  t o  
bromine which i n  t u r n  is  reduced  by t h e  t h i o e t h e r  appen- 

ded w i t h  a n e i g h b o r i n g  group.  Consequent ly ,  t h e  trace 

of bromide i o n  c a t a l y z e s  t h e  o x i d a t i o n  of s u b s t a n t i a l  

amounts of  t h e  t h i o e t h e r  and c o n s i d e r a b l e  anod ic  c u r -  

r e n t  f l o w s .  The r e s u l t  i s  a l a r g e ,  w e l l - d e f i n e d  peak 

w i t h  a peak p o t e n t i a l  i n  t h e  r ange  o f  0 . 6  V ,  c lose t o  
t h a t  f o r  t h e  o x i d a t i o n  o f  bromide t o  bromine.  

Some a l t e r n a t i v e s  f o r  t h e  l a s t  t w o  s t e p s  i n  t h e  mecha- 

nism f o r  redox c a t a l y s i s  shown i n  Scheme 5 should  be 
mentioned.  Reac t ion  of t h i o e t h e r s  w i t h  bromine may g i v e  

m o l e c u l a r  complexes 13  or  s u l f u r a n e s  1 4  2 5 .  T h e r e f o r e ,  

R R1 
' ,  R 

S - B r - B r  B r  - S - B r  
R1/  

1 3  1 4  

r e a s o n a b l e  mechanisms can  be w r i t t e n  i n v o l v i n g  t h e s e  

i n t e r m e d i a t e s .  Scheme 6 i l l u s t r a t e s  such  a mechanism 
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ELECTRON TRANSFER FROM THIOETHERS 155 

involving a molecular complex. Formation of a dibromo- 
sulfurane followed by displacement of bromide by the 
neighboring group affords sulfurane 15. Alternatively 
sulfurane 15 can be generated by neighboring group 
participation concerted with electrophilic attack by 
bromine on the sulfur atom shown in Scheme 7 

Scheme 6 
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* B r -  

0 T -  - MeS X 

L. 
15 

15 

Scheme 7 

Neighbor ing  a l c o h o l  group p a r t i c i p a t i o n  i n  t h e  ox ida -  

t i o n  of t h i o e t h e r s  by ha logen  h a s  been r e p o r t e d  befo-  

re  2 6 .  Neighbor ing  c a r b o x y l a t e  group p a r t i c i p a t i o n  has  

been r e p o r t e d  €or a number of r e a c t i o n s  i n v o l v i n g  nuc- 

l e o p h i l i c  a t t a c k  a t  t r i c o o r d i n a t e  c a t i o n i c  s u l f u r  cen-  

ters  
w i t h  aqueous i o d i n e ,  i n v o l v e s  q e n e r a l  b a s e  n o t  nuc leo -  

p h i l i c  c a t a l y s i s  by t h e  c a r b o x y l a t e  group 2 8 .  T h i s  i s  

i n t e r e s t i n g  because  mono- and d i c a r b o x y l a t e  i o n s  acce- 
l e r a t e  t h e  o x i d a t i o n  o f  t h i o e t h e r s  t o  s u l f o x i d e s  w i t h  

aqueous i o d i n e  by i n t e r m o l e c u l a r  n u c l e o p h i l i c  c a t a l y -  

’. However, o x i d a t i o n  of o-me thy l th iobenzo ic  acid 

29 s i s  . 
The e l e c t r o c h e m i c a l  o x i d a t i o n s  of t h e s e  t h i o e t h e r s  re- 
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ELECTRON TRANSFER FROM THIOETHERS 157 

p r e s e n t s  f u r t h e r  examples of  ne ighbor ing  group p a r t i c i p -  
a t i o n  i n  formal  two-e lec t ron  a t o m  t r a n s f e r  o x i d a t i o n .  

Th i s  s t i l l  l e a v e s  open t h e  q u e s t i o n  of whether  ne igh-  
b o r i n g  group p a r t i c i p a t i o n  o c c u r s  on o n e - e l e c t r o n  o x i -  

d a t i o n  of t h i o e t h e r s .  Th i s  q u e s t i o n  h a s  been addres sed  
i n  two ways. Pu l se  r a d i o l y s i s  s t u d i e s  on t h e s e  t h i o e t h e r s  
and r e l a t e d  compounds have shown t h a t  s u l f u r  c a t i o n  ra- 

d i c a l s  a r e  s t a b i l i z e d  by ne ighbor ing  group p a r t i c i p a -  

t i o n .  E lec t rochemica l  s t u d i e s  on t h e  o x i d a t i o n  of  cer- 
t a i n  medium s i z e d  r i n g  d i t h i o e t h e r s  r e v e a l e d  remarkable  
e l e c t r o n  t r a n s f e r  behav io r  owing t o  ne ighbor ing  group 

p a r t i c i p a t i o n .  
I n  c o l l a b o r a t i o n  wi th  P r o f e s s o r  K . - D .  Asmus of t h e  Hahn- 

Meitner  I n s t i t u t e  i n  B e r l i n  and h i s  uroup,  w e  have s t u -  

d i e d  t h e  o x i d a t i o n  of 4 ,  X = C 0 2  r CH OH and C ( M e ) 2 0 M e ,  

and 5 ,  X = C 0 2  , C H 2 0 H ,  and C ( M e I 2 0 H  w i th  hydroxyl  ra- 

d i c a l ,  u s i n g  t h e  t e c h n i q u e s  of p u l s e  r a d i o l y s i s .  A ra- 
p i d l y  pu l sed  h igh  energy  e l e c t r o n  beam impinges on a 

d i l u t e  aqueous s o l u t i o n  of t h e  s u b s t r a t e  of i n t e r e s t ,  
s a t u r a t e d  w i t h  n i t r o u s  o x i d e .  The h igh  energy  beam i o n i -  

z e s  t h e  s o l v e n t  molecules  as  shown below. The w a t e r  

c a t i o n  r a d i c a l s  are r a p i d l y  dep ro tona ted  t o  produce 

- 
- 2 

e l e c t r o n  - 
4 H ~ O +  + e 

H2° be a m  

H 2 0 +  + H20 __+ H30+ + .OH 
- 

e + H 2 0 - + e a q  

e + N ~ O + N ~  + 0- 

0 + H O +  .OH + OH 

- 

- 
2 
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hydroxyl  r a d i c a l s .  The e l e c t r o n s  concomi tan t ly  produced 

are s o l v a t e d ,  t h e n  e f f i c i e n t l y  t r a p p e d  by n i t r o u s  o x i d e  
as  shown. The r e d u c i n g  s o l v a t e d  e l e c t r o n s  are t h e r e b y  
c o n v e r t e d  t o  o x i d i z i n g  hydroxyl  r a d i c a l s  i n  o v e r  90% 

y i e l d .  The hydroxyl  r a d i c a l s  t h e n  o x i d i z e  t h e  s u b s t r a t e  
and t h e  r e a c t i o n s  are moni tored  by c o n d u c t i v i t y  measu- 

rements  and a b s o r p t i o n  s p e c t r o s c o p y  i n  t h e  microsecond 
t i m e  f rame.  The v a l u e  of  t h e  method i s  t h a t  t h e  one- 

e l e c t r o n  o x i d i z i n g  a g e n t  hydroxyl  r a d i c a l  i s  ve ry  r a p i d -  
l y  produced a t  c o n c e n t r a t i o n s  s u f f i c i e n t l y  h i g h  t h a t  

t h e  t r a n s i e n t  o x i d a t i o n  p r o d u c t s  of  i n t e r e s t  can  be ana-  
l y z e d  by h i g h l y  t i m e  r e s o l v e d  t e c h n i q u e s  30 .  The t e c h -  

n i q u e  of p u l s e  r a d i o l y s i s  i s  e s p e c i a l l y  w e l l - s u i t e d  f o r  

g e n e r a t i n g  h i g h l y  r e a c t i v e  c a t i o n  r a d i c a l s ,  r a p i d l y  m e a -  

s u r i n g  t h e i r  s p e c t r o s c o p i c  and c o n d u c t i v i t y  p r o p e r t i e s ,  
and mon i to r ing  t h e i r  decay .  Such o x i d a t i o n  of  4 ,  X = 

CH OH and 5 ,  X = C 0 2  , C H 2 0 H  and C ( M e ) 2 0 H  produced 
RR C S R 2  r a d i c a l s  c h a r a c t e r i z e d  by t h e i r  a b s o r p t i o n  spec-  
t r a  I A max = 280 nm and lonq  l i f e t i m e .  However, o x i d a t i o n  

of 4 ,  X=CO , a t  pH 3 , 7 ,  o r  10 produced a n e u t r a l  r a d i -  

c a l  w i t h  unique  a b s o r p t i o n , A m a x  = 390 nm, and h a l f - l i -  

ves  o f  30,  6 0  and 5 0  ps a t  pH 3, 7 ,  and 10  r e s p e c t i v e l y .  
T h i s  r a d i c a l  i s  a s s i g n e d  s t r u c t u r e  1 6 .  S i m i l a r l y ,  o x i -  

- 
3. 

- 
2 

16 17  18 
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159 ELECTRON TRANSFER FROM THIOETHERS 

d a t i o n  of  4 ,  X = C ( M e I 2 0 H  a t  pH 8 y i e l d e d  a n e u t r a l  r a d i -  

c a l  which absorbed w i t h r  max = 4 0 0  nm and t = 2 0 0  ps 

and i s  a s s i g n e d  s t r u c t u r e  1 7 .  A t  pH 4 o x i d a t i o n  of t h i s  

a l c o h o l  produced a p o s i t i v e l y  charqed  r a d i c a l  w i t h h  max 
= 30 ps a s s i g n e d  s t r u c t u r e  18,  R=H. S i -  420 nm and t 

m i l a r l y  4 ,  X = C ( M e 1 2 0 M e  g e n e r a t e d  a p o s i t i v e l y  charged  

r a d i c a l  on o x i d a t i o n  w i t h A  = 420 and t 

l i e v e d  t o  be 18, R=Me.  The s t r u c t u r a l  ass ignments  are  

based on t h e  unique p r o p e r t i e s  of  t h e  r a d i c a l s  produced 

which formed from t h e  endo s u b s t i t u t e d  compounds € o r  

which S ,  0 i n t e r a c t i o n  i s  p o s s i b l e  b u t  n o t  t h e  c o r r e s -  

ponding - e x o - s u b s t i t u t e d  compounds f o r  which such i n t e r -  

a c t i o n  i s  g e o m e t r i c a l l y  p rec luded .  Fur thermore ,  t h e  ab-  

s o r p t i o n  observed €or t h e s e  s p e c i e s  i s  compa t ib l e  w i t h  

t h a t  observed  by G r i l l e r  and coworkers 31  f o r  r a d i c a l  1 9 .  

Th i s  r a d i c a l  showed a b s o r p t i o n  w i t h h  max between 380 and 

390 nm i n  d ich loromethane  a t  238OK. The bonding i n  1 6 -  

18 may be two-center ,  t h r e e - e l e c t r o n  o r  t h r e e - c e n t e r ,  

t h r e e - e l e c t r o n  as  d e s c r i b e d  above. N o  b a s i s  i s  a v a i l a b l e  

f o r  d i s t i n g u i s h i n g  t h e s e  p o s s i b i l i t i e s  a t  t h i s  p o i n t .  

However, i t  may be no ted  t h a t  P e r k i n s  e t  a l .  l 6  a s s i g n  

h y p e r v a l e n t  C-S-0  t h r e e  c e n t e r ,  t h r e e  e l e c t r o n  bonding 

t o  r a d i c a l  19 produced by i r r a d i a t i o n  of p e r e s t e r  20  

i n  a f r o z e n  m a t r i x  and c h a r a c t e r i z e d  by esr s p e c t r o s -  

COPY - 

= 

1 / 2  

= 50 ps be- 1 / 2  max 

Mb 
I 

1 9  2 0  
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Compelling evidence for neighboring group participation 
on sequential one electron oxidation of Il5-dithia- 
cyclooctane (1,5-DTCO), 21, has been obtained. 

21 

Musker and coworkers 32 reported that oxidation of 1,5- 
DTCO with one equivalent of nitrosonium tetrafluorobo- 
rate or copper(I1) tetrafluoroborate produced an excep- 
tionally stable cation radical. Further oxidation pro- 
duced a dication. Our electrochemical studies 3 3  on 
1,5-DTCO support these observations and provide new in- 
sight into this remarkable system. The peak potential 
for oxidation of 1,5-DTCO is 0,34 V and does - not re- 
quire the presence of bromide ion. This means that 1,5- 
DTCO is over l.oV easier to oxidize than simple dial- 
kyl thioethers. Furthermore, unlike the other thioethers 
studied 1,5-DTCO underqoes electrochemically reversible 
oxidation. That is, the oxidized species produced at 
the electrode as the potential is swept in a positive 
direction is reduced back to 1,5-DTCO on reversal of the 
direction of potential sweep on the cyclic voltammetric 
time scale. The oxidation in dilute solutions of 1,5-  

DTCO corresponds to an overall two electron oxidation. 
Theoretical simulation of the cyclic voltammetry expe- 
riments provides a verygood fit over a range of scan 
rates assuminq the mechanism shown below. An extraordi- 
naty result is that E2 0 .  is less positive 
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O 

+ - 
1,5 - DTCO - e :  x ( l 1 5  - D T C O ) .  

0 - 
E2 

( 1 , s  - DTCO):  -e = - ( 1 , s  - D T C O ) ~ +  

0 t h a n  E l  

t o  remove an e l e c t r o n  from 1,5-DTCO c a t i o n  r a d i c a l  t h a n  

from 1,5-DTCO. T h i s  i s  c o n t r a r y  t o  e x p e c t a t i o n s  based  

on e l e c t r o s t a t i c s .  Removal o f  a n e g a t i v e l y  cha rged  e lec-  

t r o n  from uncharged 1,5-DTCO s h o u l d  r e q u i r e  less  work 

t h a n  removal of  a n e g a t i v e l y  c h a r g e d  e l e c t r o n  from p o s i -  

t i v e l y  cha rged  Il5-DTCO c a t i o n  r a d i c a l .  The e l e g a n t  work 

by Asmus and  co-workers  17b  on p u l s e  r a d i o l y s i s  o f  t h i o -  

e t h e r s  i n  g e n e r a l  and  1,5-DTCO i n  p a r t i c u l a r  p r o v i d e  a n  

a t t r a c t i v e  e l e c t r o n i c  b a s i s  f o r  o u r  u n u s u a l  r e s u l t .  These 

worke r s  c o g e n t l y  accoun t  f o r  t h e i r  e x p e r i m e n t a l  r e u l t s  

by a s s i g n i n g  t w o - c e n t e r ,  t h r e e - e l e c t r o n  bonding  f o r  t h e  

S,S bond i n  1,5-DTCO c a t i o n  r a d i c a l .  Recent  ESR s t u d i e s  

by Musker e t  a l .  34  a l s o  s u p p o r t  t h i s  bonding  a s s ignmen t .  

T h i s  means t h a t  t h e  t h i r d  e l e c t r o n  i s  i n  an  a n t i b o n d i n g  

o-molecular  o r b i t a l .  Thus,  removal  o f  t h i s  e l e c t r o n  i n -  

creases t h e  s-S bond o r d e r .  T h i s  e l e c t r o n i c  f a c t o r  more 
t h a n  compensates  f o r  t h e  e l ec t ros t a t i c  i n t e r a c t i o n .  Our 

e l e c t r o c h e m i c a l  s t u d i e s  a lso r e v e a l e d  t h e  d i m e r i z a t i o n  

of 1,5-DTCO c a t i o n  r a d i c a l  33 .  T h i s  d i m e r i z a t i o n  i s  re- 
m i n i s c e n t  of  t h e  r e p o r t e d 3 5  d i m e r i z a t i o n  o f  S ' t o  

'16 * 

by approx ima te ly  2 0  mV. Tha t  i s ,  it i s  eas ie r  

8 2 +  
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TO p r o v i d e  a d d i t i o n a l  i n s i g h t  i n t o  t h e  e x t r a o r d i n a r y  

f a c i l e  o x i d a t i o n  of  1,5-DTCO i t s  confo rma t ion  as  w e l l  
as  t h a t  of  r e l a t e d  medium-sized r i n g  d i t h i o e t h e r s  and 

a t r i t h i o e t h e r  w e r e  de t e rmined  3 6 .  The p h o t o e l e c t r o n  

s p e c t r a  f o r  t h e s e  s u l f u r  compounds were measured and 

i n  g e n e r a l  show s p l i t t i n s  o f  t h e  S-S l o n e  p a i r s ,  e . g . ,  

0 . 4 3  e V  s p l i t t i n g  f o r  1,5-DTCO. Tha t  i s ,  owing t o  l o n e  

p a i r - l o n e  p a i r  i n t e r a c t i o n  on t h e  t w o ,  o r  i n  one  case,  

t h r e e ,  s u l f u r  atoms t w o  i o n i z a t i o n  p o t e n t i a l s  b e f o r e  and 
37 are  due t o  th rough  bond and th rouqh  space  i n t e r a c t i o n s  . 

Assuming Koopman's theorem each  i o n i z a t i o n  p o t e n t i a l  i s  
t h e  n e g a t i v e  of t h e  o r b i t a l  ene rgy  from which t h e  

e l e c t r o n  i s  p h o t o e j e c t e d .  By u s i n g  molecu la r  mechanisms 

c a l c u l a t i o n s  t o  de te rmine  t h e  geomet r i e s  and e n e r g i e s  

of  t h e  lowes t  energy  conformers  and semi -empi r i ca l  m o -  
l e c u l a r  o r b i t a l  c a l c u l a t i o n s  t o  compute t h e  o r b i t a l  e n e r -  

g i e s ,  o r  by u s i n g  MIND0/3 t h e  b e s t  f i t  w i t h  t h e  e x p e r i -  

menta l  p h o t o e l e c t r o n  spec t rum provided  t h e  b a s i s  f o r  
36 a s s i g n i n g  t h e  s t r u c t u r e  o f  t h e  predominant  conformer . 

For  t h e  medium s i z e d  r i n g  d i -  and t r i t h i o e t h e r s ,  t h e  

s p l i t t i n g  i s  due predominant ly  t o  th rough  space  i n t e r -  

a c t i o n ,  u n l i k e  I l 4 - d i t h i a n e  which shows l a r g e  s p l i t t i n g  

due t o  th rough  bond i n t e r a c t i o n  3 8 .  The e x t e n t  of  

t h rough  space  i n t e r a c t i o n  depends on t h e  S-S d i s t a n c e  

and t h e  C-S-C d i h e d r a l  a n g l e .  I n  e s s e n c e  t h i s  l a s t  pa- 

r a m e t e r  measures  whether  t h e  l o n e - p a i r  p - o r b i t a l s  on 
s u l f u r  are p o i n t e d  toward each  o t h e r  o r  somewhat askew. 

For  a g iven  S-S s e p a r a t i o n ,  t h e  more t h e  o r b i t a l s  p o i n t  

toward one a n o t h e r  t h e  g r e a t e r  t h e  amount o f  o v e r l a p  and 

hence t h e  l a r g e r  t h e  s p l i t t i n g .  I n  g e n e r a l  t h e  predomi- 

n a n t  conformers  are  t h o s e  i n  which t h e  s u l f u r  atoms are  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ELECTRON TRANSFER FROM THIOETHERS 163 

endodentate and the lone pair orbitals point toward the 
center of the ring. This is shown schematically for 1,5- 
DTCO in Figure 2 and for the other dithioethers in 

FIGURE 2 Schematic drawing showing the orientation of 
the sulfur atoms in I,5-DTCO 

Figure 3 Schematic drawing showing the orientation of 
the sulfur atoms in 1,4-DTCH, 1,5-DTCN, and 
1,6-DTCD. 

Figure 3. So there is substantial destabilization of 
the dithioethers by lone pair-lone pair repulsion. 
To understand the basis for the unusually low oxidation 
potentials for 1,5-DTcO it should be noted that this 
oxidation is electrochemical reversible. Therefore, the 
oxidation is independent of the working electrode used 
and Eo depends solely on the difference in free energy 
between the starting material and products. Factors 
which destabilize 1,5- DTCOor stabilize its oxidation 
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0 p r o d u c t s  r e n d e r  E less p o s i t i v e .  A s  a l r e a d y  p o i n t e d  o u t ,  

Il5-DTCO i s  d e s t a b i l i z e d  by l o n e  p a i r - l o n e  p a i r  r e p u l -  

s i o n .  Fu r the rmore ,  t h i s  r e p u l s i o n  i s  r e p l a c e d  by a bond 

i n  b o t h  t h e  c a t i o n  r a d i c a l  and d i c a t i o n  of  1,5-DTCO. That 
i s ,  t h e  ve ry  f a c i l e  o x i d a t i o n  of 1,5-DTCO i s  due t o  de-  

s t a b i l i z a t i o n  of t h e  uncharged s p e c i e s  and t r a n s a n n u l a r  

bond f o r m a t i o n  i n  t h e  o x i d a t i o n  p r o d u c t s .  However, t h e  

r e l a t i v e  impor tance  of each  of  t h e s e  f a c t o r s  remains  t o  
be a s c e r t a i n e d .  

I n  summary, s e v e r a l  consequences of n e i g h b o r i n g  group 
p a r t i c i p a t i o n  i n  t h e  o x i d a t i o n  of  a l i p h a t i c  t h i o e t h e r s  

have been demons t r a t ed .  Neighbor ing  c a r b o x y l a t e  and 

a l c o h o l  groups  f a c i l i t a t e  bromine o x i d a t i o n  of t h i o e -  
t h e r s .  T h i s  f a c i l i t a t i o n  r e s u l t s  i n  redox c a t a l y s i s  of 
t h e  o x i d a t i o n  of s u l f i d e s  appended w i t h  t h e s e  neighbo-  

r i n g  groups  by trace amounts of bromide i o n .  P u l s e  ra- 

d i o l y s i s  s t u d i e s  r e v e a l e d  k i n e t i c  s t a b i l i z a t i o n  of s u l -  

f u r  c a t i o n  r a d i c a l s  by ne ighbor inu  c a r b o x y l a t e  and a l -  

c o h o l  g roups .  F i n a l l y ,  o n e - e l e c t r o n  t r a n s f e r  from cer- 
t a i n  medium-sized r i n g  d i t h i o e t h e r s ,  p a r t i c u l a r l y  1 ,5 -  

d i t h i a c y c l o o c t a n e ,  o c c u r  w i t h  e x c e p t i o n a l  ease. Trans-  

a n n u l a r  bond fo rma t ion  between s u l f u r  atoms r e s u l t s  on 
e l e c t r o n  t r a n s f e r .  The o v e r a l l  e n e r g i e s  of  t h i s  r e v e r -  

s i b l e  o x i d a t i o n  were deter.mined by e l e c t r o c h e m i c a l  t e c h -  

n i q u e s .  Conformat iona l  a n a l y s i s  of 1,5-DTCO s u g g e s t s  
t h a t  e l e c t r o n  t r ans fe r  i s  f avored  by l o n e  pair-lone 
p a i r  d e s t a b i l i z a t i o n  of  1,5-DTCO as w e l l  as  s t a b i l i z a -  
t i o n  of  t h e  o x i d a t i o n  p r o d u c t s  by t h i o e t h e r  group p a r -  

t i c  i p a t  i o n .  
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ELECTRON TRANSFER FROM THIOETHERS 165 

TABLE I A n o d i c  o x i d a t i o n  of no rborny l  d e r i v a t i v e s  u s i n g  
c y c l i c  voltammetry 

a E 
P 

Compound EPa C o m p o u n d  

4 ,  X = C 0 2 H  1 . 2 0  5 ,  X = C02H 1 . 2 8  

4 ,  X = C 0 2 M e  1 . 2 1  5 ,  X = C02Me 1 . 2 9  

4 ,  X = C H 2 0 H  0 . 5 6  5 ,  X = C H 2 0 H  I . 2 0  

4 ,  X = NHC02Et  0 . 9 8  5 ,  x = NHC02Et  1 - 2 0  
- - 

0 . 6 5  5 ,  x = co2 1 . 2 8  4 ,  x = co 

4 ,  X = COSMe 1 . 1 2  5 ,  X = COSMe 1 . 4 2  

2 

4 ,  X = CONH2 0 . 8 5  5 ,  X = CONH2 1 . 4 0  

6 ,  X = C02H 1 . 3 1  7 ,  X = CO H 1 . 3 1  

6 ,  X = C02Me 1 . 3 2  7 ,  X = C 0 2 M e  1 . 2 7  

2 

a P e a k  p o t e n t i a l s  of f i r s t  o x i d a t i o n  peak de te rmined  a t  

a P t  e lectrode ( 1  c m  1 ,  0 . 1  - v/s scan r a t e ,  and mea- 
sured i n  a c e t o n i t r i l e ,  o . I i 4  n-Bu4NC104 - vs .  Aq/o.lM 
A g N 0 3  i n  a c e t o n i t r i l e  reference e lec t rode .  

2 
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