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

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-:!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
| Thiono and Dithiocarboxylic Esters With Additional Functional Groups
ok i Jirgen Voss®
! * Institut fir Organische Chemie der Universitdt Hamburg, Hamburg, Fed. Rep. Germany

To cite this Article Voss, ]ﬁr%en(1989) "Thiono and Dithiocarboxylic Esters With Additional Functional Groups',
Phosphorus, Sulfur, and Silicon and the Related Elements, 43: 1, 129 — 154

To link to this Article: DOI: 10.1080/10426508908040282
URL: http://dx.doi.org/10.1080/10426508908040282

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformaworld.coniterns-and-conditions-of-access. pdf

This article nmay 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 formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or nmake any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clains, 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 nmaterial.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426508908040282
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 53 29 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silica, Vol. 43/1-2, pp. 129-154 © 1989 Gordon and Breach, Science Publishers, Inc.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopying permitted by license only

THIONO AND DITHIOCARBOXYLIC ESTERS WITH
ADDITIONAL FUNCTIONAL GROUPS

JURGEN VOSS

Institut fir Organische Chemie

der Universitdt Hamburg,
Martin-Luther-King-Platz 6,

D-2000 Hamburg 13, Fed. Rep. Germany

Abstract Since powerful nucleophiles and reduc-
tants or electrophiles are required for the syn-
thesis of thiono and dithio esters, severe diffi-
culties arise if certain other functional groups
are present in the precursor. Furthermore, strong
interference may occur between a reactive substi-
tuent and the thio ester group once they are both
present in a molecule. - It is, therefore, neces-
sary - and possible - to choose thoroughly a
selective method, if thiono or dithio esters with
halogeno, nitro, or oxo substituents as well as
bis-thiono and bis-dithio esters are to be pre-
pared.

INTRODUCTION

Thiono and dithiocarboxylic esters with additional
functional groups are of special interest to the orga-
nic chemist. They should exhibit both particular physi-
cal and spectroscopic properties resulting from elec-
tronic interactions between the functional groups and a
chemical reactivity typical of bifunctional compounds,
e. g. the capability of forming heterocycles by intra
or intermolecular cyclization. They are also suitable
substrates for studying the selectivity of reactions.
Since dithio and especially thiono carboxylic
esters are compounds of marked chemical reactivity the
preparation of derivatives with further reactive sub-
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stituents is a challenge. Not only do they exhibit the
electrophilic properties of esters - they are efficient
thioacylating and alkylating reagents - but also the
particular redox behaviour of thiocarbonyl com-
pounds.l'2 It is, therefore, to be expected that an
intra or intermolecular reaction takes place once a
thiono or dithio ester group and another reactive func-
tional group including a carbon-carbon double bond are
present in a molecule. - Furthermore, synthesizing a
thiono or dithio ester requires reagents, which are
strong reductants or oxidants or at least considerably
strong nucleophiles, since the educts exhibit a higher
(e. g. carbon disulfide) or lower (e. g. benzyl chlo-
ride) oxidation state than the products, or have to be
converted by a substitution reaction (e. g. carboxy-
lates or imidates). Thus, functional groups that are
sensitive to redox or nucleophilic substitution reac-
tions may be transformed or destroyed by the reagents
used to prepare the thio ester. On the other hand, it
is not easy to introduce a functional group into a
thiono or dithio ester molecule by any reagent which
can also attack the labile thiocarbonyl group.

In the following the preparation and some of the
properties of selected halogeno-, nitro-, and a-oxo-
substituted as well as bis- and tris- thiono- and di-

thiocarboxylates are dealt with.

CHLORO AND BROMO SUBSTITUTED DITHIOCARBOXYLIC ESTERS

It is, of course, not too complicated to prepare di-
thiocesters of bromo and chlorobenzoic acids, because

normal methods such as the sulfurization of halogeno-
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benzyl chlorides and subsequent alkylation of the
intermediate halogenodithiobenzoate salts or the syn-
thetic route via thioamides and thioimidates work very
well.z'3 - The same is true for S-halogenoaryl or S-
halogenoaralkyl dithiocarboxylates, which can be ob-
tained from . dithiocarboxylate salts and arenedi-
azonium hydrogensulfates or halogencaralkyl bromides
[Eq. (1) and (2)].%/4

X
)
77 X
- NaHSO, S
R= tBu, Ph XaF,Cl, Br1 ca. 50%
X
S
© . © 4 X
tBu—CS,” Na~ + (CH)=Br —og™ tBu—C_ (2)
n=1, X=F,Cl1I
- o,
n=2, X=F, Br 85-95%

The problem arises if derivatives with halogeno-
substituted alkyl groups are to be prepared. - It has
been shown, that S-methyl 5-chloropentanethiocate cannot
be thionated with Lawesson's reagent (LR), since the
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chloroester polymerizes during the thionation reac-
tion.® Furthermore, it was impossible to obtain methyl
S-mesyloxy~ or b5-tetrahydropyranyloxy-pentanedithioate
- suitable precursors of the chloro- or bromoderiva-

tives - from the corresponding thiolesters [Eq.(3)].6

S

7 LR 4 3)
X—(CHz)é—C —Hf X—(CHz)‘—C\ {
\SMe SMe

X =Cl, 0-Mes, O-THP

However, Davy's reagent (DR)7 is an effective tool
for converting chloro- and bromoalkanoic acids as well
as halogenoarylacetic acids into the corresponding
methyl dithiocarboxylates [Eq.(4) and (5)]. 4,6,7 The
yield of methyl 4-chlorobutanedithiocate is only low be-
cause a considerable amount of the intermediate S-me-
thyl 4-chlorobutanethicate is left, but 20% of 7‘—di—
thiobutyrolactone are formed on prolonged reaction
times. We have also tried to prepare methyl 2-bromo-
methyldithiobenzoate using DR, but the only product was
thionophthalide [Eq.(6)].

These latter two examples illustrate +the above
mentioned strong tendency of halogeno-substituted thio-
esters to form heterocycles, especially five-membered

rings.
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R / n=3, X=Cl: 20%
X=[CHp) = COH ——=  X—I[CH)) —C n=4 X=Cl: 54% (4]
N\ . o,
SMe n =5 X=Br:30%
Y Y
DR
E:j:cu CO,H [:j:CH 6; !
2 2 2 \ SMe
Y=F,Br 40 % S g
[P28N
DR : MeS—P_ P—SMe
Ng/
s

CH,Br CH,
©4 == Q> e
CO,H

Chloroalkyl dithiobenzoates have been claimed by
American chemists in 1933 8; but the products have not
been properly characterized and obviously did not ex-
hibit the correct structure. In fact halogenocalkyl di-
thiocarboxylates can be prepared by alkylation of di-
thiocarboxylate salts [Eq.(7)] as has been shown in
1985 independently by the French group of Levesque 9
and ourselves.lO' 11 The dithiocesters are relatively
stable distillable orange (R=tBu) or red (R=Ph) 1lig-
uids. Bromoalkyl dithiocarboxylates are also accessible
but undergo decomposition much easier.

Interestingly ortho-bromobenzyl chloride can be

12 The re-

lithiated selectively at the aromatic ring.
sulting aryllithium compound reacts with carbon disul-

fide and iodomethane to form methyl 2-chloromethyl-
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dithiobenzoate with a yield of 20 % (not yet optimized)
[Eq.(8)].

s
V4

R-CSOM® e Br—(CH,) -0 —= R-C (7)
N S—(CH,)—Cl

M = Na, PhCH,NMe, R: tBu tBu tBu tBu Ph Ph Ph

n: 2 3 & 5 2 3 4
yield[%]l= 70 80 66 60 70 80 75

, S
1. Buli "

2. CS,

Br C

3. Mel \SME

~78°C (8)
CH,CI CHaCl

Obviously quite a number of halogenosubstituted dithio
but only few thionocarboxylate esters are now available
if the method of preparation is carefully chosen.

NITRO THIONO AND DITHIOCARBOXYLIC ESTERS

Alkyl nitroarenecarbodithioates are known compounds.
They can be prepared by current methods 2 but the
yields are only moderate in many cases. The nitro group
is not reduced by hydrogen sulfide during the
sulfhydrolysis of thioimidates according to Eq.
(9).13'14 On the other hand, elemental sulfur in the
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® e} S
//Nchl st // g)
B e O,
N L Me
0N SMe 0,N
3-NO; 39%
L-NO, 46%

presence of triethylamin is not a suitable reagent for
the conversion of 3-nitrobenzyl chloride to 3-nitro-
benzenecarbodithioate, the vyield being only 5%.14
Interestingly, even Lawesson's reagent fails to react
with S-methyl 2-nitrobenzenecarbothicate or the three
isomeric S-phenyl nitrobenzenecarbothioates, but phos-
phorus pentasulfide proves good in these cases
[Eq.(10)].14/15 fThe task of thionation is still more

. R=Ph 97%
4-NO,. R=Ph  89%

Vi P.S10 Y 2'N02, R=-Me: 36%
<§§>‘Q\ — <§§>—C\ 2-NO,. R=Ph 50% (10
SR SR 3.0,

difficult if dinitrocompounds or nitroisophthalic acid
are used as starting material or if O-alkyl nitro-
benzenecarbothioates are to be prepared from esters.

The yields are only about 10% even if the most powerful
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tool, Davy's reagent, is used [Eq.(11l) and (12)]. The
latter thionocarboxylate esters are, however, obtained
with satisfactory vyields from imidates according to
Eq.(13).

N
02N 0 02 //S
4 _BR . C. (11)
N\ SMe
0,N OH 02N
14 %
Q \
Nc—oH c—SMe
0,N —2% . oN (12)
C—OH C—SMe
V4 S//
0
3%

ﬁ c® S
H
on  Meonrmcl @-C// 2 HaS @»Cé (13)
AN NH,Cl AN
OMe OMe

N02 N02 N02
2-NO,: 86%
3'N02l 680/0
L-NOy: 50%

Methyl nitroalkanedithioates represent a new class
of compounds which we have recently prepared and begun
to study. Without exception, Davy's reagent was used to

thionate the corresponding nitroalkanoic acids, which
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were prepared from suitable precursors [Eqg.(14)]. The
vields - not yet optimized - are moderate but they are

acceptable with regard to the simple procedure. We have

? 40 DR ? /S
0pN—C—(CHl=C_ —= ON=C(CHg = (14)
R OH R SMe
n=3, R=H: 8 %
n:l., R=H: 30%
n=5 R=H: 50 %
n=2, R=Me: 17 %

not tried +to prepare the nitroalkanedithiocates by
nucleophilic substitution of the corresponding halo-
genoalkanedithiocates because thiocarbonyl compounds are

known to react with nitrous acid.16

2-0XO-DITHIO- AND 2-0OXO-THIONOCARBOXYLIC ESTERS

Whereas. 3-oxo-thiono- and 3-oxodithiocarboxylic esters
are well known compounds which have been shown to exist
mainly as hydrogen-bridged enol tautomers, 17 the 2-oxo
derivatives have only recently been studied to some
extent. Obviously standard methods of preparation can-
not be applied because the presence of a vicinal car-
bonyl group prevents a Grignard reaction and even the
use of hydrogen sulfide during the course of the reac-
tion. For instance, an early attempt to obtain O-methyl
2-oxo-2-(phenyl)thioacetate via the corresponding imi-

date resulted in the exclusive formation of its reduc-
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tion product, O-methyl 2-hydroxy-2-(phenyl)thioacetate
[Eq.(15)].18

0 e .0 N OEt

0
] i, NHCl
@—c—cn sonr. @-c-c’ ta (15)
\ = NH,C! OH S

In 1978 R. Mayer and coworkers 19 gescribed the
preparation of 2-oxo-dithiocarboxylic esters from bro-
moketones and elemental sulfur in the presence of base
[Egq.(16)]. This method works quite well and can be
widely applied. 20,21 7he bromoketones are, however,
lachrymatory and not easily available in certain cases.
We have therefore developed an alternative route which
starts from acid chlorides [Eq.(17)]. 21,22 Formally
the chlorine atom of the starting compounds is substi-
tuted by an alkylthio-thiocarbonyl group, the thio-
carbonyl carbon atom of which stems from the
diazomethane used for the preparation of the diazo-
ketone.By chance we discovered that addition of calcium
chloride to the usual sulfurization mixture, elemental
sulfur plus triethylamine in dimethylformamide, sub-
stantially increases the yields (cf. Table 1). In fact,
the alipatic 1-diazo-3,3-dimethyl-2-butanone or ethyl
diazoacetate did only react in the presence of calcium

chloride.
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TABLE I 2-Oxo-dithiocarboxylic esters R-CO-CS-SMe
from diazomethyl ketones R-CO-CH=N, [Eq.(17)]

Yields (%)

R without with a)
CaCl2 CaCl2

t-Bu 0 64 84
EtO-CO 0 41
CeHg 63 66
p—MeO-CGH4 14 77 43
p-0,N-C.H, 42
o-—Me-—CGH4 50
o-Br-C6H4 35
O—OzN—C6H4 24

a) yields of dithiocarboxylic esters as prepared

by the bromoketone route [Eqg. (16)].

0 1 Sg/NEty ? S
1 2 Me | /
Ar—C—CHfBr ——" =  Ar-C-C (16)
™ SMe
0 0 1 Sg/NEt4/CaCl, EI)
Il c Il 2 R 4
R'—C—cl e R-C-CH=N, ——— R'-C-C___ (17)
SR
2 )
I 1 Sg/NEt,y/CaCl
CH 8 3 2 CH,
07 ~CH, 07 >C—SCH,
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We suppose that cyclooctasulfur or some inter-
mediate formed from Sg and triethylamine are activated
by the calcium chloride in a way we do not vyet
understand. The activating effect is, however, very
significant since even unsubstituted methyl groups are
attacked by the reagent [Eq.(18]. Remarkably only the
vinylogous methyl group of 2,3-dimethylchromone is
reactive enough. The structure of the product, methyl
3-methylchromone-2-carbodithiocate, was confirmed by an
X-ray analysis.

As mentioned above, 2-oxo-thionocarboxylic esters
are particularly difficult to obtain. We have found two
methods of preparation. Firstly, transesterification of
the corresponding dithiocates is possible, but the
yields are low and we have applied this method only in
the bis- and tris-2-oxo-thionocarboxylate series [cf.
}E:q.(27)].21'23 More satisfactory results are obtained
if methyl ketones are reacted with thionyl chloride and
the resulting complex mixtures of sulfenyl chlorides
and trisulfides - which do not, however, cantain the
corresponding 2-oxo-thiocarbonyl chlorides 20 _ treated
with alcohols [Eq.(19)].20 Methanethiol does not react
in the same way as methanol. Instead of 2-oxo-dithio-
carboxylic esters disulfides are formed by reduction of

the chlorinated intermediates [Eq.(19)]. .
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g g g
I S0Cl,
R-—C—CH3 W R—C—?H + (R—C—(l:-'S)zs
SCl Ct
MeSH / NEt, MeOH I NEH, (19)
0 S
I I 4
R—C—CHf—S—SMe 32% R—C—C\
OMe
i R=tBu: 79 %
R—C—CHCI—S—SMe 63% R=Ph : 56 %
R =tBu

BIS AND TRIS THIONO AND DITHIOCARCOXYLIC ESTERS

In principle the thiono and dithio esters of di- and
tricarboxylic acids can be prepared by standard meth-
ods. Fully characterized authentic compounds have how-
ever not been obtained until the seventies. A Dbrief
survey of the literature about this topic seems worth-
while and will be given in the following.

Synthetic problems expecially arise if the two
thiocarboxylate groups are close enough to each other
as to form heterocycles during their formation; e.g. in
the case of phthalic or alkanedioic acids with two to
five carbon atoms.

Dialkyl bis-thionooxalates can be obtained from
imidates if the sulfhydrolysis is performed in the
presence of acetic acid [Eq.(ZO)].24 Dimethyl tetra-
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thiooxalate is formed on photolysis of 4,5-bis(methyl-
thio)-1,3-dithiole-2-one 25 or by methylation of tetra-
ethylammonium tetrathiooxalate 26 [Eq.(21)].

S
RO\ ‘?NH H,S /HOAC RO\ 2
HNZ  SoR ¢ s?  oR
60 - 80 %
MeS SMe
“e=¢” MeS_ SMe
. % LA Se—c <M (EENLC,S,  (21)
\C, _co P (N LNV
i S S
0 60 % 20%

K Hartke and coworkers, 1976, 1980
P. Jeroschewski, P Hansen, 1982

The sulfhydrolysis route 1is also successful
in case of the homologous dicarboxylic acids
[Eq.(22)1%7°29  including the unsaturated fumaric

acid. 30

The preparation and further reaction of the
appropriate imidates and especially imidothiocates 1is,
however, not always straightforeward. As Hartke and

28-30 have shown, special substituents R2 at

coworkers
the nitrogen atoms and carefully chosen reaction
conditions are required to obtain good yields and pure

products in each <case. Dialkyl tetrathiomalonates,
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which are the 1least stable compounds of the series
(storable only at -77°C for a few days), can be also
prepared by transesterification of the bis-thiono-
malonates or alkylation of potassium ethyl tetrathio-

malonate.29
® ®
Oy RIN NRZYO  Has!
Q3 72 pyridine (HOAc) QA 4
C—(CH,),,—C —_— C—I(CH,) —C (22)
RIX” NxR! R'X” N XR!
R' = Me, Et X=0,5;n=1-5: 65-95%

2 _
R2 = H,, Me,. (CH,),

R Mayer, G. Barnikow and coworkers, 1967

K Hartke and coworkers, 1977, 1980

Thionocarboxylic esters of isophthalic and terephthalic
acid are available via the imidates or by thionation of
the esters with phosphorus pentasulfide - though the
yields are only moderate and purification of the

products may be difficult. 31

Recently we have even
obtained 13% of 0,0'-diethyl dithiophthalate using

Lawesson's reagent. The corresponding dithioates are
31

32

prepared analogously or by alkylation of tetrathio-

terephthalate salts, whereas the dithiocarboxylic
esters of phthalic acid are unknown.
Two or three 2-oxo-ethanedithioate groups can be

introduced as substituents at a benzene ring by above



18: 53 29 January 2011

Downl oaded At:

144 J. VOSS

mentioned methods [E:q.(23)—(25)].21'23 Again calcium
chloride proves to be a wvaluable additive in the sul-
furization mixture. This is especially evident for the

reaction of p-diacetylbenzene, cf. Eq. (23).

0 0 0

1] 11 I 1]
BrCH,~C —@—C—CHzBr N,=CH-C— C—CH=N,
1. Sq/NEt;3/ DMF
32% 2 Mel 31%

MeS 0 0 SMe

AN | I /
/C—C@C—C\ (23)
S/ \S

1 Sg/NEt;/DMF/CaCl,
2 Mel

o

80 % [

0
Il

I
H3c—c~<(:)>—c—CH3

0 SMe
N\ /
C—CH=N, c—C
1. Sg/ NEty/DMF/CaCl, \\S
2 Hel (24)
S
4
//C_CH=N2 //C_C\
0 0 SMe

64 % (without COC|2235°/0)
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\ O\ /SMe
A\ \
C—CHy ' 8n c-C
2. Sg/NEt3/DMF 0 \§
I 3 Mel MeS_ i A
H,C—-C Eme— c-C {25)
y )
C—CH > c-c
// 3 // N\
0 0 SMe

6 %

Starting with o-diacetylbenzene we were not able to
prepare dialkyl 1,2-benzene-bis(dithioglyoxalates). The
mixture of mono- and dibromoketone was instead
transformed into 1,4-naphthoquinone derivatives
[Eq.(26)].21

No arene-bis-2-oxo-thionocarboxylate esters can be
prepared by an analogous route. It is, however, possi-
ble to isolate ©0,0'-diethyl 1,4-benzene-di-(2-oxo-
ethanethioate) with the extremely low yield of 1% on
reaction of the dithiocarboxylate ester with sodium
ethoxide at -77 ©C [Eq.(27)]. It seems that the tetra-
hedral intermediate is formed nearly quantitatively
since the red colour of the educt disappears com-
pletely. But elimination of methanethiolate is re-
stricted and 80% of the starting material is recovered

on treatment with silicagel.21
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1 9 Q
|
QL . = QU™ . orre®
+
C=Ch, C=CH,Br C — CH,Br
1
0 0 0
1. Sg/NEt,/ DMF
2 Etl (26)
Q 0 0 sEt
E_CH | I n
OISO O s
C-C=s7y O SEt c—c\‘S
g 0 0 8 SEt
21% 7%
0 MeS 0 SMe
MeS\ TR B o
c—c—@—c—c 20 EtO—C—C@C—C—OEt
. 2\ - 77°C | ‘
S X 5O
7
(27)
0 0
Eto,_ Q 0 oEt
G W
/4 \S
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SELECTED PROPERTIES

As pointed out in the introduction thiono and dithio-
carboxylate esters may exhibit particular properties if
additional functional groups are present. Three se-
lected examples will be briefly delineated in this con-

cluding section.

Electroreduction of halogeno derivatives 33

We have studied the preparative electroreduction of
halogeno-substituted dithiocarboxylate esters. As ex-
pected, in many cases cyclization by intramolecular
nucleophilic substitution occurs after electron trans-
fer at the cathode. Usually cyclic thioacetals are
formed [EQ.(28)-(30)]. The vyields are acceptable in

S 260 H® Re ~S™\

10,n
R—C —5—= C__ IcHy, (28)"
NS —(CHy mCh T H™ ~s /

R=tBu,n=3:52%

MeS
P o [N A Y
X—(CH,),—C —= (CHJn C_ + (CH)Jn C—C (CHyp

\SMe \_/ SMe \/ \SMe \S._/

25-45% 30-60%

(2918
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P, T, - Qe - s
| L . u— 2
@S/C\QBU ><tBU Se

(30)¢
X = Br 26 % 27 % 38 %
X =1 30 % 15 % 15 %
favourable cases. Rearrangement and C,C~-coupling

results in the formation of thionaphthene or thio-
chromone derivatives according to Eq. (31) and (32).

CH,—S 4
@[ 2 :/C—tBu -Hse ©\/>—t8u (31)
I S

_10
73 %
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Electroreduction of nitro derivatives 34

Nitrobenzenecarbodithioates are preferentially electro-
reduced at the dithiocarboxylate group [EqQ.(33)]. The

selectivity is not very pronounced since amino and

S SMe

/ 0,0 / ‘
C/ 2enr CH . (33)
\ Mel -1 \
SMe SMe

.azoxycompounds are also formed. But it is evident,

though, that the electron attracting effect of an al-
kylthio-thiocarbonyl group can well compete with that
of a nitro group. On the other hand, methyl w-nitro-
alkanedithioates are reduced at the nitro group, and
open-chained as well as cyclic oximes are formed
[E.(34)]. The formation of ketene-S,S-acetals is due
to the marked C,H-acidity of dithiocarboxylate esters.
During cathodic reduction bases are generated, which
abstract a proton from the a-position, and the enethio-
late anion is methylated at the sulfur atom.

SMe NOH
eQMeI HON\\ / /)_\C//
. C—(CHy)p ,=CH=C (CHIn-1 ] ome

7
ozN—(CHZ)n—c\
SMe H SMe ~SMe

(34)
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Radical oligoanions of bis- and tris-2-oxothiono- and -

dithiocarboxylic esters 21,23,35

Thioesters of phenylglyoxylic acid form exceptionally
stable radical anions on one-electron reduction. Spin
delocalization causes the expected coupling of the
unpaired spin with aryl and side-chain protons. This is
also true for the di- and trifunctional compounds.
However, their radical monoanions are only observed if
the reduction potential is very low. Several electrons
are transferred if the potential is chosen more nega-
tive. Interestingly, the resulting oligoanions are also
persistent species and can be readily studied by e.s.r.
spectroscopy if the molecules exhibit an odd-numbered
negative charge. The apparent symmetry of the molecule
is no 1longer reflected in the spin density distri-
bution. Instead, in case of the radical trianion of
0,0'-diethyl 1,4-benzenedi-(2-~oxoethanethioate) one
functional group carries one unpaired electron and a
negative charge and the other one two electrons (nega-
tive charges) with spin compensation (cf. Figure 1).
The latter one is twisted out of the n-orbital plane of
the benzene ring and, therefore, represents an "inert"
substituent which disturbs the symmetry of the mole-

cule. This is illustrated in Figqure 2.
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1 .
E10-C$-CO~O)-C0-CSEY

I

i H

1 ;\f/ A] = 0.083 MT (4H, OCH,)
‘ \! N A = 0.042 MT (4H)

| 6 = 2.00736
0SmT
-0, 3V
1%
3 )
£10-C$-CO~D)-C0-C5-0Et! t-Bu—Q)r-co-cs-oet
0SmT
—
-0,9v
all = 0,209 MT (2K, OCHy) all = 0.198 MT (2H, OCHy)
Al = 0.070 MT (2H) Al = 0.070 M1 (20)
Al = 0.035 uT (2H) A = 0.03 T (20)
6 = 2.00797 6 = 2.00809

FIGURE 1 Experimental and simulated e.s.r.
spectra of the radical anion and trianion of
0,0'-diethyl 1,4-benzenedi-(2-oxoethanethioate).
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FIGURE 2 Twisted conformation of the 0,0'-
diethyl 1,4-benzenedi-(2-oxoethanethioate) radical

trianion.
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