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ELECTRON TRANSFER FROM THIOETHERS

RICHARD S. GLASS+, MASSOUD HOJJATIE, AMORN PETSOM
and GEORGE S. WILSON

Department of Chemistry, University of Arizona,
Tucson, AZ, U.S.A.

MANFRED GOBL, SABINE MAHLING and KLAUS-Dieter ASMUS
Hahn-Meitner Institut flr Kernforschuna, Berlin,
F.R.G.

Abstract Oxidation of thioethers is greatly facili-
tated by neighborina group participation by carboxy-
late, alcohol, and thiocether 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-

st——>R2sf + e

cations that this might be the case as illustrated by
the following examples. Oxidation of cytochrome ¢ per-

oxidase with hydrogen peroxide produces enzymatically

active compound ES1 which is two oxidation equivalents

above the iron(III)cytochrome. One electron is removed
from the iron atom to yield iron{IV) 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 suggested 2 that an electron is remo-
ved from the sulfur atom of a methionine residue to
produce a sulfur cation radical which is stabilized by
interaction with a neighboring group. Oxidation of p-

substituted thicanisole derivatives in a reconstituted
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enzymic system containing cytochrome P-450, NADPH, and
oxygen afforded the corresponding sulfoxides 3. Linear
correlation between log Vmax for this enzymic reaction
and the anodic peak potential for these compounds and
the Hammett substituent constant o  was reported. These
results were interpreted in terms of rate-determining
one-electron transfer from the substituted thioanisole
generating a sulfur cation radical to the so-called
oxene intermediate derived from cytochrome P-450 3’4.
A third example involves methional, 3-methylthiopropa-
nal, which has been widely used in systems of biologi-
4o

MeSCH2CH2CHO + .OH-—?MeSCHZCHZCHO + OH

.. _ | ) '/-\0.7

MeSCH2CH2CHO + OH -- > MeS- CH —CH ~-CH
OH

——r e} =
1/2 Me282 + CH2 CH2 + HCOZH

cal interest as a specific probe for hydroxyl radicalss.
These radicals react with methional to produce ethylene
whose evolution is monitored. The mechanism suggested
for this reaction is shown below 5a,6' A key intermedi-
ate in this reaction is the sulfur cation radical deri-
ved from methional. However, the specificity of this
test for hydroxyl radicals and the mechanism by which
methional forms ethylene has been questioned 7. Pulse
radiolysis studies 8 showed that hydroxyl radicals ra-
pidly reacted with methional but the reaction is complex.
Finally and more speculatively, a structural feature was
discerned in proteins in which aromatic amino acid resi-

due and sulfur amino acid residues were in close contact
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and alternate with one another forming so-called S-mn

, 9 ,
chains 7. Since many of the proteins which had this
structural feature were redox proteins it was suggested

that such S-n chains may act as a conduit for electrons.

There have been extensive and elegant studies on elec-
tron transfer from heterocaromatic thioethers, such as

thianthrene 1, X=S, and on the chemistry of the corre-

sponding cation radicals 10. Electron-transfer from drugs
containing such moieties, e.g. tranquilizers containing
the phenothiazine nucleus 1, X = NH, may be important

in their biological activities 1. However, whether elec-
tron-transfer from thiocethers is of more general biolo-
gical importance depends in large part on the ease of
oxidation of aliphatic thiocethers, such as in the side-
chain of methionine, because these are the sulfur-con-
taining moieties which are ubiquitous in redox proteins.
Dialkyl thioethers, such as dimethyl sulfide, are easy

to oxidize to the corresponding sulfoxides by atom trans-
fer. However, literal electron transfer is sufficiently
difficult as measured by electrochemical methods 12 to
render such reactions unlikely with most biological oxi-
dants. One-electron transfer may occur with or without

13 Alternative pathways for electron

atom transfer
transfer may involve only a transition state between
redox partners and no intermediate. Long-range electron-
transfer is of considerable interest in biological sys-
tems and has been studied in rigid chemical systems as
well 14. Therefore, our studies have aimed at discerning

those factors, likely or known to be present in biolo-
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gical systems, which might result in facilitated elec-
tron transfer from dialkyl thioethers. One such factor
is neighboring group participation by moieties present
in proteins. This paper presents evidence for such par-
ticipation in oxidation of thioethers and some of its
consequences.

According to Capon and McManus 15,".... when a substi-
tuent stabilizes a transition state or intermediate by
becoming bonded to the reaction center, this effect is
called neighboring group participation". This effect is
the same as that described as intramolecular catalysis.
The concept of neighboring group participation develo-
ped from studies on nucleophilic substitution at car-
bon 15. This paper intends to extend this idea to reac-
tions involving electron transfer from dialkyl thio-
ethers. Thus one-electron oxidation of thioether 2 with
neighboring group participation by X gives cation radi-
cal 3. This reaction is envisioned to occur by removal

of a nonbonding electron from sulfur and participation

by two non-bonding electrons on X. This participation
may occur concomitantly with electron transfer from the
sulfur atom or subsequently.

Three reasonable bonding schemes for cation radical 3,
which may be classified as a 9-S-3 species 16,follow.
The odd electron may be localized on the sulfur atom.
This results in nine electrons in the valence shell of

the sulfur atom and requires the use of a d-orbital by
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the sulfur atom. Another bonding possibility described
as a two-center three-electron bond is shown in

Scheme 1 17. A p-orbital on X and on the sulfur atom are
used to form o and oﬁ'molecular orbitals. Two spin-
paired electrons are accommodated in the o-molecular oxr-
bital and the third electron in the antibonding molecu-
lar orbital. An alternative to this two-center three-
electron bond is a three-center three-electron bond

16 16

shown in Scheme 2 . Musher has suggested such bon-

ding for hypervalent molecules. Combination of the S-X
and R-S o bonds with R,S and X colinear gives three mo-
lecular orbitals as shown. Two spin-paired electrons are
accommodated in‘f’1 and the third electron is accommoda-

ted in the nonbonding ?'2 orbital

ce ce + -
cCe @O H -
Schene
ce Ce Ce® —
ce - @O +
cCo e Ce® + -

Scheme 2
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RESULTS AND DISCUSSION

To experimentally test whether there would be neighbo-
ring group participation on oxidation of aliphatic thio-
ethers, particularly oxidation involving stepwise elec-
tron transfer, 2-endo-substituted, 6-endo-methylthiobi-
cyclo[2.2.1]heptyl derivatives 4 were studied 19. The
molecular architecture of these relatively rigid systems
enhances the possibility of neighboring group participa-
tion by positioning the sulfur atom and potential neigh-

boring groups close to one another. A further advantage

MeS X éx
4 MeS 5
MoSﬁ M.S\& X
X
6 7
to studying such systems is that control compounds are
readily at hand. That is, analogs of 4 where either the
substituent is exo, i.e., 5, or the methylthio group,
i.e., 6 or both, i.e. 7, have geometries which preclude
bonding between X and S but inductive effects (albeit
not field effects) would be the same throughout the
series. A number of derivatives 4-7 have been prepared
and studied by cyclic voltammetry 19. The anodic peak
potentials for oxidation of each of the thioethers in
anhydrous acetonitrile under constant conditions are
recorded in Table 1. Under comparable conditions, sim-
ple dialkyl thioethers show peak potentials considerab-
ly more positive than 1.0V and usually in the range of
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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,

2
X = CHZOH undergo oxidation at peak potentials over

and endo-alcohol 4,

500 mV less positive than the corresponding exo com-
pounds, 5, X = coz' and 5, X = CH2OH, Methods were
sought to determine if these greatly 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

2

4, X = CHZOH, to characterize them and elucidate their

properties.

Acyloxysulfonium salt 8 can be prepared by bromine oxi-
dation of the 18-crown-6 complex of the potassium salt
of 4, X = COZ_ at low temperature in acetonitrile solu-
tion. This oxidation product undergoes decomposition
rapidly when warmed to 0° or above in solution. Never-
theless, it could be characterized spectroscopically

in solution at low temperature. Its carbonyl stretching
frequency occurred at 1828 cm_1. 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 = CO2 was
used in the oxidation. The 1H NMR spectrum of this pro-
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duct showed absorption due to the methyl protons at &
3.1 ppm. However, the infrared spectrum of this material
showed the carbonyl stretchina frequency at 1714 cm—1
rather than at 1828 cm_T. This difference is apparent-
ly due to hydrogen bonding between the carbonyl oxygen
of 8 and the 2,6-di-t-~butyl pyridinium ion as shown in
1o. The spectroscopic parameters measured for 8 are in
agreement with those expected based on literature values
for similar species 20. Furthermore, hydrolysis of acyl-

oxysulfonium salt 8 afforded sulfoxide acid 11, R=H, in

1@
L]
oH . MeS,

- S | N O,R
M'/S\O o t-Bu o

1o 11

good yield.

Clearly controlled potential electrolysis of 4, X = COZ—
at room temperature would not result in a solution of
acyloxysulfonium salt 8 because of the instability of
the product. Therefore, an indirect method was devised
to discern the formation of 8 on electrolyzing 4, X =

COZ_. Controlled potential electrolysis of a solution of
4, X = Coz— containing a trace amount of 18O—labeled

water and excess di-t-butyl pyridine resulted in forma-

tion of the corresponding sulfoxide. Mass spectroscopic

analysis of the sulfoxide ester 11, R = Me revealed 18O

incorporation both into the sulfoxide oxygen and carb-

oxylate oxygen atoms. Control experiments revealed no

18O exchanae under these conditions. Thus, incorpora-

18

tion of 0 label into both sulfoxide and carboxylate
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-2H
HO ¥ - i
Mnﬁt;) O M,/s\b oz
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

-H
6H 6'
- o) . - A 2
M M AO, M
° LéHz ) °
Scheme 4

carboxylate with 18O 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 180 incorporation in the carboxylate moiety.
Using the method developed by Johnson and Jones 21 for
the preparation of alkoxysulfonium salts, alcohol 4,

X = CH,OH was converted to 9 in excellent yield.

2
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Thus treatment of 4, X = CH20H sequentially with t-butyl-

hypochlorite and mercury(II) 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 I.

FIGURE 1: 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 agqueous base gives only
one diastereomeric sulfoxide alcohol. The alternative
diastereomeric sulfoxide alcohol is preferentially for-
med by oxidation of 4, X = CHZOH 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 agqueous base
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4X=CH,0H —» 8 —>»

/i . H,OH

oMe

12

has been reported 23 to occur stereospecifically 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 show that the facilitated oxidation of 4,
X = COZ— and 4, X = CH20H occurs with formation of a bond
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 24.

A reasonable mechanism for this catalysis is shown in

Scheme 5. Bromide ion is oxidized

2 Br — 2e + Br2

. + -
RZS + Br2;: R28-Br Br

PS—F
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%:fi;7 —_ + Br
™~ |-

D ——

M

Scheme 5

first to bromine. The bromine then reacts with the
thioether to form a bromosulfonium bromide in an equi-
librium reaction. With most thioethers nothing further
happens. Since the bromide is present in such low con-
centrations the current due to its oxidation in the ab-
sence of substrate is essentially not discernible. How-

ever, if there is a suitable neighboring group in the

substituted thicether, then the bromide is displaced to
generate a cyclic sulfonium salt and bromide ion. The
bromide ion, so generated, is then electrooxidized to
bromine which in turn is reduced by the thiocether appen-
ded with a neighboring group. Consequently, the trace
of bromide ion catalyzes the oxidation of substantial
amounts of the thioether and considerable anodic cur-
rent flows. The result is a large, well-defined peak
with a peak potential in the range of 0.6 V, close to
that for the oxidation of bromide to bromine.

Some alternatives for the last two steps in the mecha-
nism for redox catalysis shown in Scheme 5 should be

mentioned. Reaction of thioethers with bromine may give

molecular complexes 13 or sulfuranes 14 25. Therefore,
1
R. R\ /R
S-Br-Br Br - S - Br
1.
R
13 14

reasonable mechanisms can be written involving these

intermediates. Scheme 6 illustrates such a mechanism
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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

ey
A

Me

8¢

t
> + 2Br
¥\ o
+*

ﬁ;;;;Qiﬂwe Mc/s

Scheme 6
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MeS X Br—

15

15 — hd Br

e

Scheme 7

Neighboring alcohol group participation in the oxida-
tion of thiocethers by halogen has been reported befo-
re 26. Neighboring carboxylate group participation has
been reported for a number of reactions involving nuc-
leophilic attack at tricoordinate cationic sulfur cen-
ters 27. However, oxidation of o-methylthiobenzoic acid
with aqueous iodine, involves general base not nucleo-
philic catalysis by the carboxylate group 28. This is
interesting because mono- and dicarboxylate ions acce-
lerate the oxidation of thioethers to sulfoxides with
aqueggs iodine by intermolecular nucleophilic cataly-
sis .

The electrochemical oxidations of these thioethers re-
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presents further examples of neighboring group particip-
ation in formal two-electron atom transfer oxidation.
This still leaves open the question of whether neigh-
boring group participation occurs on one-electron oxi-
dation of thiocethers. This question has been addressed
in two ways. Pulse radiolysis studies on these thioethers
and related compounds have shown that sulfur cation ra-
dicals are stabilized by neighboring group participa-
tion. Electrochemical studies on the oxidation of cer-
tain medium sized ring dithiocethers revealed remarkable
electron transfer behavior owing to neighboring group
participation.

In collaboration with Professor K.-D. Asmus of the Hahn-
Meitner Institute in Berlin and his group, we have stu-
died the oxidation of 4, X = CO., , CH_OH and C(Me) ,0Me,

_ 2 2
and 5, X = CO CH,OH, and C(Me)ZOH with hydroxyl ra-

'
dical, using ihe teghniques of pulse radiolysis. A ra-
pidly pulsed high energy electron beam impinges on a
dilute aqueous solution of the substrate of interest,
saturated with nitrous oxide. The high energy beam ioni-
zes the solvent molecules as shown below. The water

cation radicals are rapidly deprotonated to produce

electron +

R _
Hzo beam e Hzo Toe

+ +
HZO + HZO-———% H3O + .OH

e + H2o-_+eaq

e + NZO-——)N2 + O

o + HZO—-) .OH + OH
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hydroxyl radicals. The electrons concomitantly produced
are solvated, then efficiently trapped by nitrous oxide
as shown. The reducing solvated electrons are thereby
converted to oxidizing hydroxyl radicals in over 90%
vield. The hydroxyl radicals then oxidize the substrate
and the reactions are monitored by conductivity measu-
rements and absorption spectroscopy in the microsecond
time frame. The value of the method is that the one-
electron 0xidizing agent hydroxyl radical is very rapid-
ly produced at concentrations sufficiently high that

the transient oxidation products of interest can be ana-
lyzed by highly time resolved techniques 30 The tech-
nigue of pulse radiolysis is especially well-suited for
generating highly reactive cation radicals, rapidly mea-
suring their spectroscopic and conductivity properties,
and monitoring their decay. Such oxidation of 4, X =
CH%OH and 5, X = CO, , CH,OH and C(Me),
RR C'SR2 radicals characterized by their absorption spec-
tra, A max = 280 nm and long lifetime. However, oxidation

OH produced

of 4, X=C02-, at pH 3,7, or 1o produced a neutral radi-

cal with unique absorption,)\max = 390 nm, and half-li-

ves of 30, 60 and 50 ps at pH 3, 7, and 1o respectively.

This radical is assigned structure 16. Similarly, oxi-
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dation of 4, X=C(Me)2OH at pH 8 yielded a neutral radi-

cal which absorbed withA o = 400 nm and t1/2 = 200 us

and 1s assigned structure ??. At pH 4 oxidation of this
alcohol produced a positively charged radical with A nax-
420 nm and t1/2 = 30 us assigned structure 18, R=H. Si-
milarly 4, X=C(Me)2OMe generated a positively charged
radical on oxidation WithArmn<= 420 and t, , = 50 us be-
lieved to be 18, R=Me. The structural assignments are
based on the unique properties of the radicals produced
which formed from the endo substituted compounds for
which S, O interaction is possible but not the corres-
ponding exo-substituted compounds for which such inter-
action is geometrically precluded. Furthermore, the ab-
sorption observed for these species is compatible with
that observed by Griller and coworkers 31 for radical 19.
This radical showed absorption wiﬂlAnmX between 380 and
390 nm in dichloromethane at 238°K. The bonding in 16-
18 may be two-center, three-electron or three-center,
three-electron as described above. No basis is available
for distinguishing these possibilities at this point.
However, it may be noted that Perkins et al. 16 assigan
hypervalent C-S-0 three center, three electron bondina
to radical 19 produced by irradiation of perester 20

in a frozen matrix and characterized by esr spectros-

copy -

5 o

19 20
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Compelling evidence for neighboring group participation
on sequential one electron oxidation of 1,5-dithia-

cyclooctane (1,5-DTCO), 21, has been obtained.
<C::s::j>
S
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 33 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-
gquire the presence of bromide ion. This means that 1,5-
DTCO is over 1.0V easier to oxidize than simple dial-
kyl thioethers. Furthermore, unlike the other thioethers
studied 1,5-DTCO undergoes 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 very good fit over a range of scan
rates assuming the mechanism shown below. An extraordi-

naty result is that E © is less positive

2
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1,5 - DTCO  —-e . ~(1,5 - DTCO) T E1O

(1,5 - DTCO) T -e” - =~ (1,5 - DTCO) 2" B,°
than E1O by approximately 20 mV. That is, it is easier
to remove an electron from 1,5-DTCO cation radical than
from 1,5-DTCO. This is contrary to expectations based
on electrostatics. Removal of a negatively charged elec-
tron from uncharged 1,5-DTCO should require less work
than removal of a negatively charged electron from posi-
tively charged 1,5-DTCO cation radical. The elegant work

by Asmus and co-workers 17b

on pulse radiolysis of thio-
ethers in general and 1,5-DTCO in particular provide an
attractive electronic basis for our unusual result. These
workers cogently account for their experimental reults

by assigning two-center, three-electron bonding for the
5,5 bond in 1,5-DTCO cation radical. Recent ESR studies
by Musker et al. 34 also support this bonding assignment.
This means that the third electron is in an antibonding
o-molecular orbital. Thus, removal of this electron in-
creases the S-S bond order. This electronic factor more
than compensates for the electrostatic interaction. Our

electrochemical studies also revealed the dimerization

of 1,5-DTCO cation radical 33. This dimerization is re-
miniscent of the reported35 dimerization of SS' to

2+
816 .

2 (1,5-DTCO)T == (DTCO)22+
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To provide additional insight into the extraordinary
facile oxidation of 1,5-DTCO its conformation as well

as that of related medium-sized ring dithioethers and

a trithioether were determined 36. The photoelectron
spectra for these sulfur compounds were measured and

in general show splitting of the S-S lone pairs, e.g.,
0.43 eV splitting for 1,5-DTCO. That is, owing to lone
pair-lone pair interaction on the two, or in one case,
three, sulfur atoms two ionization potentials before and
are due to through bond and through space interactions37.
Assuming Koopman's theorem each ionization potential is
the negative of the orbital energy from which the
electron is photoejected. By using molecular mechanisms
calculations to determine the geometries and energies

of the lowest energy conformers and semi-empirical mo-
lecular orbital calculations to compute the orbital ener-
gies, or by using MINDO/3 the best fit with the experi-
mental photoelectron spectrum provided the basis for
assigning the structure of the predominant conformer 36.
For the medium sized ring di- and trithioethers, the
splitting is due predominantly to through space inter-
action, unlike 1,4-dithiane which shows large splitting
due to through bond interaction 38. The extent of
through space interaction depends on the S-S distance
and the C-S-C dihedral angle. In essence this last pa-
rameter measures whether the lone-pair p-orbitals on
sulfur are pointed toward each other or somewhat askew.
For a given S-S separation, the more the orbitals point
toward one another the greater the amount of overlap and
hence the larger the splitting. In general the predomi-

nant conformers are those in which the sulfur atoms are
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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

SQ QS
OX=—""0

FIGURE 2 Schematic drawing showing the orientation of
the sulfur atoms in 1,5-DTCO

5 _N0
OW

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

Fiqure 3. So there is substantial destabilization of
the dithiocethers 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 E° 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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products render EC less positive. As already pointed out,
1,5-DTCO is destabilized by lone pair-lone pair repul-
sion. Furthermore, this repulsion is replaced by a bond
in both the cation radical and dication of 1,5-DTCO. That
is, the very facile oxidation of 1,5-DTCO is due to de-
stabilization of the uncharged species and transannular
bond formation in the oxidation products. However, the
relative importance of each of these factors remains to
be ascertained.

In summary, several consequences of neighboring group
participation in the oxidation of aliphatic thioethers
have been demonstrated. Neighboring carboxylate and
alcohol groups facilitate bromine oxidation of thioe-
thers. This facilitation results in redox catalysis of
the oxidation of sulfides appended with these neighbo-
ring groups by trace amounts of bromide ion. Pulse ra-
diolysis studies revealed kinetic stabilization of sul-
fur cation radicals by neighboring carboxylate and al-
cohol groups. Finally, one-electron transfer from cer-
tain medium-sized ring dithioethers, particularly 1,5~
dithiacyclooctane, occur with exceptional ease. Trans-
annular bond formation between sulfur atoms results on
electron transfer. The overall energies of this rever-
sible oxidation were determined by electrochemical tech-
niques. Conformational analysis of 1,5-DTCO suggests
that electron transfer is favored by lone pair-lone
pair destabilization of 1,5-DTCO as well as stabiliza-
tion of the oxidation products by thiocether group par-

ticipation.
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cyclic voltammetry

TABLE I
Compound

4, X = COZH
4, X = C02Me
4, X = CHZOH
4, X = NHCOzEt
4, X = coz_
4, X = COSMe
4, X = CONH2
6, X = COZH
6, X = C02Me
a Peak

Epa

1.20
1.21
0.56
0.98
0.65
1.12
0.85
1.31

1.32

Compound

5, X = CO,H

5, X CO,Me
5, X CH,OH
5, X NHCO,Et
5, X coz'

5, X COSMe
5, X CONH,
7, X CO,H

7, X CO, Me

1.28

1

1

1

.29
.20
.20
.28
.42
.40
.31

.27

165

derivatives using

potentials of first oxidation peak determined at

a Pt electrode (1 cm2), 0.1 - Vy/s scan rate, and mea-

sured in acetonitrile, o.1M Q—Bu4NClO4 vs. Ag/o.1M
AgNO

in acetonitrile reference electrode.
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