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Abstract—The structure of the lithium and potassium salts of ¢SCH;.¢SOCH,,¢S0,CH;,¢SO(NCH;)CH; has
been studied by *C NMR in different solvents. The results show that the metalated carbon is nearly pyramidal in

and nearly planar in ‘SOCH{M‘.

whatever the solvent are cation are ¢SO.,CH,"

#SCH."M* and

$SO(NCH,)CH,"M* are in an intermediate hydridization state. cation and solvent dependent. For the sulfoxide, a
four-center chelate is propdsed, stable to strong solvating agents and only disrupted by cryptands. It is very likely
responsible for the planar configuration of the anionic carbon.

The low temperature study of ¢SOCH,L| shows the existence of aggregates in THF. HMPA or external Iltlnum
salts disrupt these associations, giving rise to other species.

The '*C NMR parameters of the whole series of sulfur-stabilized carbanions are quite consistent with the date

reponed for phosphorous and arsenic ylids: the 'Juc_y coupling constants appear to be a good probe of the
geometry of the anionic carbon, whereas the chemical shifts are rather insensitive to its hybridization state.

Carbanions a to sulfur are important intermediates in
organic synthesis and the high stereoselectivity of many
reactions in which they are involved is of great utility.
The origin of this stereoselectivity which has already
prompted many discussions is still a matter of contro-
versy and the problem of the structure of these
carbanions is not yet solved.

The ab initio calculations of Wolfe, et al.' on "CH,-
SH, "CHrSO-H, "CHrSO-CH,, "CH.SO,H have
shown that the preferred configuration of the carbanion
is a pyramidal one in all cases, with the most stable
orientation corresponding to the maximum of gauche
interactions between lone pairs and polar bonds. In a
recent study of "CH,SH and "CH,SCH,, Lehn and
Wipff reached the same conclusion.’

As many experimental results, especially with sulfox-
ides are not easily rationalized by this hypothesis, it has
been pointed out that the structure of the carbanions
may depend on their interaction with the solvent and the
cation. This is specially true for sulfoxides and sulfones
where the calculated energy differences between the
pyramidal and planar configurations are small, ca. 2-
3kcal (for the sulfide, Lehn and Wipff found a higher
difference, 8-9 kcal). It is clear that experimental struc-
tural information is of the greatest interest. A few
isolated NMR data have already been published,’ but the
need for a more systematic study still remains. In a
priliminary note, we have given some '>’C NMR results
concerning a few a lithiosulfoxides and sulfones* in
THF. In this paper we present a complete ’C NMR
study which was carried out on a single family of
compounds, derived from phenylmethylsulfide. We have
first investigated the influence of the oxidation state at
sulfur (sulfide, sulfoxide, sulfone, sulfoximine) on the
structure of the corresponding carbanions and for each
of them, the variations brought by a change of cation and
solvent or the use of cryptand.

In a second part, we have tried, by a low temperature
study on ">C enriched compounds, to get some in-
formation about the nature of the associations in solution
(aggregates, solvates, . ..).

1We discuss only representative examples: a complete review
of all the data is beyond our purpose.
{The enolates will not be considered here.

C NMR has already been largely used for studying
the structure of carbanions in several series, alkyl
lithium,® arylmethylalkali metals,® enolates.” Ylids," al-
though neutral, are also included in this discussion.

Of course, the interpretations are not always straight-
forward since the rationalization of coupling constants
and chemical shift values of charged species raises many
problems. However, from the existing experimental data,
some empirical conclusions can be drawn. If the discus-
sion of small variations must be considered with suspi-
cion, the qualitative interpretation of large effects is
possible.

Before discussing our own results, we will analyse
briefly the existing data we are using in the discussion
and try to evaluate the type of approximations which are
made.t

If we consider only the “carbanions™ formed from an
sp® carbon, we can distinguish three types of
compounds:}

(a) the alkyllithiums where the carbon remains
pyramidal, (b) the arylalkyllithium, where a rehybridiza-
tion of the carbon is taking place, with a p.p conjugation
and (c) the heteroatoms (P, As, S) stabilized carbanions,
where the mechanism of charge stalilization is still under
discussion.

1 Discussion of 'Joc_y of the anionic carbon
The most generally used expression of 'Jic_y, in the
molecular orbital formalism, is given in eqn (1):

4h
Yicu = ga Yeyuscsu P scsu m

P’scsu. assimilated to the o bond order between the s
orbitais or C and H depends on the hybridization state of
the carbon. It increases with the s character of this
carbon. sc’sy’, correlated with the spin density in the s
orbitals of both nuclei decreases when the charge is
increased. AE, the mean excitation energy of the mole-
cule, is often difficult to evaluate.

(a) Methyflithium which was extensively studied by
WncketaL"isagoodeumpleoftheﬁrstgroup Its
coupling constant is much smaller than that of methane
(A'Jc.u=-27THz). This is attributed mainly to the
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charge effect.t The AE variation is generally neglected.
This seems justified since there is a rough correlation in
substituted methanes, including MeLi, between ‘Jcy
and the substituent electronegativity,” which means that
the variation of AE is either small or directly related to
the electronegativity.

(b) A representative of the second group is diphenyl

methyllithium the metalated carbon of which must be

very close to sp>. In this case, Je_y is increased of
+15 Hz.** This is largely due to the rehybridization of
the carbon (increased s character in the C-H bond) and
to a decrease of AE due to the p.p conjugation. The
charge effect is more complex to discuss.'? If the charge
is mainly concentrated in a p orbital, with a nodal plane
at the nucleus, it should not affect the term sc’su’. but it
contributes together with the rehybridization to the
variation of AE.$ :

(c) The only available experimental data concerning
the third group concern the ylids of phosphorous and
arsenic. For the P ylids, a high increase of .'Jc_y is
observed. In (CH;»P=CH,, 'Jc_y = 150Hz (AJ=+22Hz
with respect to the ylid methyle group, or + 16 Hz with
respect to the starting phosphonium salt).* An sp?
hybridization of the ylidic carbon has been deduced from
this value,§ resting on the assumption that the hybridiza-
tion state remains in this case too, the dominant
parameter.§ The validity of this conclusion is strongly
supported by the X-ray analysis of several ylids showing
a planar carbon.'*

The lithium adduct obtained by addition of LiCl to
Me,P=CH; shows a smaller coupling constant
(133 Hz),*® reasonably attributed to an increased sp®
character. Likewise, in the complex
(CeH11):sPCH,Ni(CO),, whose X-ray structure indicates a
distorted tetrahedral arrangement about the complexed
ylid carbon, J is only 123 Hz.*

tin ethyllithium' and cyclohexyllithium." the metalated
carbon has been shown to be pyramical in .. crystal. The
hypothesis of an increased s character in the C-Li bond allowing
a better overlap in the tetramer, contributing to the decrease of J
has been proposed.’** The X-ray structure of EtLi gives

(({Li angles of 105 and 108°, but as the accuracy is unknown, it
H

is difficult to evaluate the importance of this hybridization
change.

{The difficulty of interpreting small variations is illustrated by
the discussion of the solvent effect on the spectrum of ¢CH,LI.
'Jou decreases when the polarity of the solvent decreases.*
This has been attributed to a higher sp® character® to an
increase of AE.' or to a greater charge concentration on the
carbon when the interaction with the cation is stronger."’ The last
two hypotheses are certainly not independent since AE is
influenced by the charge repartition. They are more likely that the
first one since the same solvent effect was also noticed with
#:CHLi(Na,K)* where the carbon must remain nearly sp? in all
conditions. However, the qualitative conclusion that the increase
of J is related to the increase of the sp? character of the
metalated carbon seems quite safe.

$A simultaneous increase of 'Jp_c is observed V¥

qlt is reasonable to assume that the charge effect is weak if it is
concentrated in a p orbital but the variation of AE is very difficult
to predict.

Here again, the AE variation is neglected.

+1The reaction of MeLi on ¢-S-CHj, gives besides the expected

« lithiosulfide ca. 10% of the aromatic ring metalation product*
(This proportion decreases slowly with time). These two species
do not interconvert at the NMR time scale and the two spectra
can be observed separately.
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In the arsenic ylids, J decreases slightly: AJ = —SHz in
$3As=CH; or -3 Hz in (CH,»As=CH; (with respect to
internal Me). This has been interpreted on the above
results basis, by a much higher sp® character of the
amionic carbon."” In this case, no X-ray data are avail-
able.

2. Discussion of the chemical shift of the anionic carbon

It is well known that "*C chemical shifts have a very
complex origin and the discussion has to be here still
more careful and qualitative.

The main contribution to the chemical shift value is
the paramagnetic term which depends on the charge at
the nucleus, the excitation energy and the = bond order
with the neighbouring atoms.'*

In MeLi**“ the carbon is shielded of 13 ppm with
respect to CH.. This is due to the charge effect, the »
bond order being zero!

In ¢,CHIL,* the strong deshielding of the metalated
carbon (+34,4ppm) is due to the = bonding with the
aromatic ring and to the decrease of AE. The charge
effect producing a shielding competes with the other two
parameters,

In the P ylids, the ylidic carbon is shiclded.® Interes-
tingly, the shielding of this carbon is quite similar in As
ylids'’ although the corresponding 'Jiscy is very
different. This suggests that contrary to the case of a p~p
conjugation, the chemical shift is rather insensitive to
the hybridization state. It has to be noted that the
theoretical expression of the paramagnetic term, o,
has been established for molecules involving p-p over-
lap. It is not necessary valid for these ylids where the
mechanism of charge stabilization is not clear.

The charge effect would be responsible for the obser-
ved shielding and indeed, it has been concluded,,, that
the charge was concentrated on the C atom.

This discussion can be summarized by the following
qualitative conclusions useful for the interpretation of
our results: when a carbanion is formed from an sp®
carbon, an increase of J is necessarily related to a
rehybridization of this carbon and a decrease of J implies a
charge increase.

The charge increase produces a shielding of the
anionic carbon. The chemical shift may be insensitive to
the hybridization state if the carbanion is not stabilized
by p-p conjugation.

RESULTS AND DESCUSSION

It was necessary, for this study, to prepare solutions of
“carbanions™ free, as far as possible, of external salts.
We have observed that the coupling constants are not
affected by the presence of salts, but the chemical shifts
may be slightly modified. Differences of ca. 1 ppm have
been found at 30° for ¢SO,CHLI. For the second part of
this-work (vide infra) the control of the salt content was
of course crucial.

The lithium derivatives are prepared either with
methyHithiumtt or with phenyllithium. Methyllithium,
obtained according to Waack'® by methyliodide-butyl-
lithium exchange in hexane is supposed to contain less
than 10% salt.

However, we observed that depending on the butyl-
lithium batch, it may contain more important amounts.
So it is better to use phenyllithium prepared by cleavage
of dipheny! mercury by lithium metal in ether,”” which
contains, as we have checked, less than 8% of lithium
salt (LiOH and LiOEY).
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The potassium derivatives of the sulfone and sulfoxide ' observed: +20 Hz in ¢-CHLIiSOCH,,* +23 Hz in ¢-SO-

have been synthesized with KH. The sulfide does not
react with KH and trimethylsilyl methyl potassium'® has
been used as a base.t

1. Influence of the oxidation state of sulphur on the
structure of the carbanions

The experimental results are given in Table 1. If we
select in this table an homogeneous series of data
concerning the lithium salts in THF/C4Ds, the influence
of the oxidation state of sulphur on the structure of the
carbanions can be examined.

Two important features are appearing, namely a very
large variation of the coupling constants and a
remarkable constancy of the chemical shifts, the
metalated carbon being always shielded of ca. 10 ppm.

In the a lithio sulfide an important decrease of 'Jc_u
{(—18Hz) is found as in MeLi. This allows the
conclusion that the carbanion is mainly sp® hybridized,
the charge effect being responsible for this decrease.$

On the other hand, in the a lithio sulfoxide a large
increase of 'Jc_u (+16,5 Hz) is observed, similar to that
found in ¢,CHLI (+ 15 Hz)* or Me,P=CH; (+ 22 Hz).**
This means that the carbon has a high sp’ character. The
carbon is probably not completely planar since in other a
lithio sulfoxides, higher values of A'Jcy have been

1o this case, no metalation of the aromatic ring has been
observed.

$For a-ithiodithiane, we found also a AJ value of 15 Hz In
#CHLiSCH,;, AJ=+6Hz, instead of +20Hz in
éCHLISOCH;,. > This is probably the result of a competition
between the sulfide and phenylgroups inducing respectively a

CHLICH;.® These carbanions are probably more planar
due to the additional effect of the phenyl group in the
first one or to the flattening effect of the methyl (to
release the steric interactions) in the second one.

The a lithiosulfone and a lithiosulfoximine both show
a very similar pattern, intermediate as far as the AJ
values are concerned, between the sulfide and sulfoxide.
This probably reflects an hybridiZation state intermediate
between sp” and sp’.

In spite of its very different hybridization state, the
anionic carbon in all cases, is highly shielded. The situa-
tion is quite analogous to the one discussed above for
phosphorous and arsenic ylids. This strengthens very
convincingly the hypothesis according to which the
chemical shift does not depend on the hybridization state
when there is no p.p. conjugation, whatever the charge
stabilization mechanism is. The shielding with respect to
starting material may be attributed to a charge concen-
tration on the metalated carbon.

Hence, it appears that the agreement between the
experimental conclusions and the ab initio calculations,
while adequate for the sulfide,’ is not good for the
sulfoxlide. the sulfone representing an intermediate situ-
ation.

We have seen that contrary to the sulfide case, where
the energy difference between the pyramida! and planar
forms of the carbanion is quite high, the two forms are
energetically less separated for the sulfoxide and the
sulfone. The interactions with the cation and the solvent
may be responsible for the observed disagreement.

The influence of these interactions on the structure
and reactivity of several families of carbanions is a well

(a) 90% enriched in *C, (b) 1M solution in a 1/3 benzene-solvent mixture, (c) addition of 1 eq of cryptand

(2,2,2), (d) addition of 1.4 eq HMPA, (d") addition of 2 eq HMPA, (¢) prepared with CH;Li, (f) prepared with'

#Li. 8in ppm from TMS using THF (C, 68.1 ppm/TMF C; 26 ppm/TMS) as an internal standard. Accuracy: £0.2
ppm in the absence of external lithium salts. J: =1 Hz. '

pyramida! and planar configuration. documented topic.'*'**' But the data are completely
Table 1. 8 and 'Juc_y of the anionic carbon and their differences (A8.AJ) with respect to the parent starting
compound
Solvent (b) T(C) Jnen Al 8 A8
" Toluene 118 -2 45 -109
@ Li THF 3Jo°C 120 -18 4 -1n9
¢—S—CH; (Cl THF/HMPA'Y 122 -16 44 -119
K THF 30°C 128 -13 1 - 84
. Toluene 153 +14 33.2 -122
Li* THF 30’c 155.5 +165 335 -19
- (4] m;’HMPN" 155.5 +16.5 38.15 - 728
'Crown 12-4 155 +16 M4 -114
—S—CH,
{ THF we 1% +18 %4 -9
0 K* THFR22® -6C 146 +1 398 - 24
o Li*  Toluene 132 -6 354 -9
t () THF 30°C 139 0 54 -9
w THF/HMPAY' 140 +1 389 - 85
¢—S—CH,
1l THF 14 + 5 35.9 - 85
0 K*  THF222¢ wc e +10 3 - 74
?
é—-S—CH, Li* THF 30°C 137 -2 338 -108
(e
—CH; )
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lacking for the sulfur-stabilized anions we are discussing
here. Independently of the problem of theorical cal-
culations, it was interesting to investigate this point.

Influence of the associated cation and of the solvent

The lithium salts were studied in solvents of increasing
polarity: CsHsCHs; THF-CeDs; THF-CsDsHMPA and
the potassium salts in THF-C¢Ds. The infiuence of added
cryptand [2.2.2] to the latter was also examined. The
results are given in Table 1.

With the sulfide, the variations of ‘Jc_y are small, the
extreme values, between the Li* salt in toluene and the
K* salt in THF, differing only of 7 Hz.

With the sulfone. the trend is the same, but the varia-
tion i3 more pronounced, the extreme values under the
above set of conditions reaching 12 Hz. When cryptand
(2.2.2] is added to the K™ salt, 'Jc_y is further increased
of SHzt

With the sulfoxide, the situation is quite different. The
influence of a change of solvent and cation is very weak,
only 4 Hz between the Li* salt in toluene and the K* salt
in THF. But when cryptand {2.2.2] is added to the K*
salt, a large decrease of J is observed.t

Hence, the variation of 'Jc_u produced by the cryptation
of the cation is in opposite directions for the sulfoxide and
the sulfone.}

It has to be pointed out that the A8 value vary only
weakly through the whole set of conditions.

We propose the following interpretation. The varia-
tions of 'Jc_u brought by modification of the anion-
cation interaction may be due ecither to an hybridization
change or to a charge variation. We think that the first
factor is the predominant one. If the charge was the
determining parameter, it would be difficult to explain
why in the cryptated species, 'Jc_u varies in opposite
directions for the sulfoxide and the sulfone. Moreover, if
we assume that the chemical shift of the metalated
carbon is charge-sensitive, the relative constancy of the
A8 values, reveals small charge variations.y

On the other hand, the hypothesis of an hybridization
change is quite consistent. The increase of J, for the
sulfide and the sulfone, when the solvent polarity in-
creases or when Li* is replaced by K*, that is when the
anion-cation interaction becomes looser,§ may be due
to a flattening of the anionic carbon (increased s charac-
ter in the CH bond). In the suifide, it remains strongly
pyramidal (high negative AJ values). In the sulfone, the

tIn the presence of cryptand, a single signal is observed for the
metalated carbon. as well for $SOCH,K as for ¢SO.CH:K. We
do not know if it represents a single cryptated species or a fast
equilibrium, with an unknown constant, between the cryptated
and non-cryptated species. Hence, the observed A'Jc_y values
are minimal values.

$It was not possible to record the spectrum of $SCH:K in the
presence of cryptand [2.2.2]. The cryptated salt is a very reactive
species which cleaves instantaneously the tetrahydrofuranne, to
give the starting sulfide.

§The greatest variation is found in the cryptated a potassio
sulfoxide. However, it is not the shielding expected for a charge
increase, but a deshielding. We do not attempt to interpret it.

{In the absence of data on the nature of ion pairs in this type
of compounds, it was difficult to predict how the interaction
varies by changing Li* for K*. The fact that J increases, as in
polar solvents, shows that it is indeed looser.

'For the sulfone, the aromatic carbons have not been studied.
Because of the insolubility of the salts only the metalated carbon
has been observed on '>C enriched samples.
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high positive AJ value in the crypated species (+10 Hz)
must be due to a rehydridization, with a high sp® character.

In the sulfoxide, the anionic carbon is nearly planar
whatever the solvent and the cation are. The important
finding that J decreases in the cryptated potassium salt
that is, that it becomes much more pyramidal, indicates
that the planar configuration is stabilized by the inter-
action with the cation. It is reasonable to assume a
chelated structure (Fig. 1) which is possible because of
the high charge density beared by the oxygen.”* This
internal chelate must be very strong even with K*. It is
not destroyed by a polar solvent like HMPA or a crown
ether, as shown by the constancy of 'Jc_y values. Only a
very powerful chelating agent such as a cryptand is able
to disrupt it.

If the planar configuration of the anionic carbon in a
metalated sulfoxides is mainly induced by their chelated
structure, the difference with a metalated sulfones is not
unexpected: the S— O bond in sulfones being much less
polar,2® such a chelation is not possible or much
weaker. .

It is interesting to point out that according to the AJ
values, the geometry of the carbanions in the cryptated
species, which may be considered as a good ap-
proximation for the free ions, is quite similar for the
sulfoxide and the sulfone, probably intermediate be-
tween sp” and sp>.

It has also to be noticed that on all the spectra
described in Tabie 1, no appreciable charge delocaliza-
tion in the aromatic ring has been observed (estimated
from the para carbon shielding).J*

I1. Nature of the species in solution

It is well known'®**® that in solution alkylithium
forms stable aggregates, with a high covalent character.
These have been studied by several iques, including
NMR. For instance, the low temperature “Li" spectrum
of a mixture *MeLi and '’MeLi demonstrated, through
the C-Li coupling pattern, its tetrameric structure, and
the slow exchange with external lithium salts or another
alkyllithium, with formation of mixed aggregates have
been observed. The '*C-’Li coupling has also been
detected on the '’C spectrum of tBuLi.*® In a recent
very thorough 'H NMR study of racemic 2-methylbutyl-
lithiom,* the rate of interaggregate exchange of RLi
moities could be calculated, by line-shape analysis. On
the other hand, more ionic compounds like benzylic or
allylic lithium compounds exist as solvated ion pairs and
no C-Li couplings have been detected by NMR.%*

Nothing is known concerning the heteroatom stabilized

Fig. 1.



A C NMR study of the structure of sulfur-stabilized carbanions

carbanions and it would be interesting for the understand-
ing of their reactivity to get information on this point. it
was useful to check if the values of J and 8 reported in
Table 1, obtained at 30° and necessarily averaged, depend
on the temperature, that is on the association and solvation
state.

That is why we have carried out a low temperature
study with compounds 90% enriched in °C.

a-Lithiosulfoxide. The 'H decoupled spectra are
shown in Fig. 2. With the THF/C¢Dy solution of the a
lithiosulfoxide, the single line observed at 30° gives a
broad massif A where several lines can be detected, by
lowering the temperature (curve a). This proves that
several species are present in the solution, very likely
diastereomeric or polymeric aggregates.t
" Addition of increasing amounts of HMPA produces a
progressive deshielding and sharpening of the peak. With
only 0.25 eq., a single broad line is obtained. With 2eq.
the peak corresponds to (H) and no change is observed
by further addition.

Addition of increasing amounts of LiBr (or Li I,
LiOH$) to the THF/C¢Ds solution results in a decrease
of the high field broad resonance (A) and another specics
(S), in slow exchange with (A), appears. These signals
coalesce by increasing the temperature. (S) must
represent a very stable association for its concentration
is appreciable after addition of a small amount of salt
(curve b). It is the only species when 1-1.5 eq. are added.

Compared to (A), signal (S) is very sharp. It probably
corresponds to a monomeric structure $SOCH.Li
(LiBr), more likely involving a S—»0O ... LiBr inter-
action.§

Addition of 0.3 cq. of HMPA to a solution containing
solely (S) results only in a slight deshielding. In (S), LiBr
is probably coordinated to S—O and addition of small

Hl [£3] [A)
Fig. 2.'H decoupled spectrum of the metalated carbon in a 90% '*C
enriched sample of ¢ SO'*CH;Li at —60°C (£ 5°C). *HMPA signal,
omitted on the figure. —— (a) 1 M solution in THF, C¢Dy 3/1
containing 0.1 ¢.g. of LIOH; —.~. (b) Addition of 0.35 eq. of LiBrto
solution (a); — (c) Addition of eq. HMPA and 0.3 eq. LiBr to
solution (a).

1The aggregation forces may be either lithum multicenter
bonds, as in the alkyllithium® or intermolecular SO ... Li*
interactions. It is difficult to make a comparison with the results
concerning alkyllithium where agreggates were essentially stu-
died by 'LiNMR.

tWith LiClO,, higher amounts are necessary to produce the
same effect.

$A very symmetrical structure, or an exchange faster than in
(A), could also be invoked, but they are less probable.
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amounts of HMPA brings only and additional solvation
of Li*, without breaking the S— 0, Li* association.

On the other hand, if 0.3 eq. of LiBr are added to a
solution containing (H) as the single species, (S) appears
in slow exchange with (H) (curve c). It may be assumed
that in (H), HMPA solvates Li* and that LiBr can still
associate to S— O to form HMPA solvated (S).

The 'H coupled spectra of all these species have been
recorded and the 'Jiic_y are always the same, within the
accuracy of the measurements (¥1Hz). The chemical
shift variations which appear on Fig. 1 are also small.
The extreme values differing of only 3.9 ppm. As small
variations of § were not taken in account in the above
discussion, we can conclude that the data of Table 1
concern really the monomer structure and are not -
affected by the presence of aggregates.

The stability of aggregates in organolithium
compounds seems to require strong C-Li interactions
(alkyllithium are more aggregated than arylmethyl-
lithium) and a concomitant C-Li coupling is generally
found.>=>< It is interesting to point out that in
$SOCH,Li, there is no C-Li coupling although aggregates
are present.

This is consistent with the four-center chelated struc-
ture we propose (Fig. 1) where the Li cation is tightly
bound, but where the C-Li bond can be loose enough to
prevent the coupling.

a-Lithiosulfide and sulfone. With these two deriva-
tives, a temperature decrease (until —60°) produces a
broadening of the -CH.Li signal. The absence of
decoalescence may be due to a smaller chemical shift
difference between the different species, compared to the
sulfoxide case. It more probably reflects the greater
mobility of the lithium cation.

The explanation should be provided by the "Li study
we are undertaking.

CONCLUSION .

In this study, we have brought some experimental
evidence on the structure of sulfur-stabilized carbanions.
We have shown that the metalated carbon is nearly
pyramidal in $SCH,”M* and nearly planar in
#SOCH,"M*, whatever the cation and the solvent are
éSO.CH,”M* and ¢SO(NCH,)CH, M* are in an in-
termediate hybridization state, cation and solvent depen-
dent. For the sulfoxide, a four-center chelate has been
proposed, stable to strong solvating agents and only
disrupted by cryptands. This chelate is very likely
responsible for the planar configuration of the anionic
carbon. Other NMR results which are not discussed
here***2*%” show that these conclusions are probably
quite general for non benzylic or allylic carbanions. For
these, the conjugation increases the planar character.

The very self-consistent set of results we have
obtained bring new useful data for the empirical dis-
cussion of the "CNMR of heteroatom-stabilized
carbanions. The similarity with the behaviour of P and
As ylids is particularly interesting. *Jc.; appears to be a
good probe of the geometry of the anionic carbon. But
contrary to the case of carbanions stabilized by p-p
overiap, the chemical shift is rather insensitive to the
hybridization state.

The low temperature study of ¢SOCH.Li has shown
the existence of aggregates in THF. HMPA or external
lithium salts disrupt these associstions giving rise to
other species. In a forthcoming paper™ we will show
how these results contribute to the rationalization of the
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stereochemistry of the reactions in which these inter-
mediates are involved.

EXPERIMENTAL

NMR spectra were recotded on a Varian CFT-20 spec-
trometer. Glc were performed on a Girdel 3000 instrument.

Reagents. Hexane was dried over Na. The other solvents were
distilled over sodium benzophenone ketyl, just before use. MeLi
was obtained from BuLiand Mel.'® $Li was prepared’’ by reaction
of Li metal on ¢,Hg in ether.

Three titrations have been used. The organolithium was
determined by titration with s-BuOH in the presence of o-
phenantroline.™® The total alkalinity by acidimetry and the total
amount of Li by flame spectrophotometry (UNICAM SP90A).

Preparation of the lithio derivatives. They were generated in
the NMR tube stopped with a rubber septum. 107 Mole of
starting compound dissolved in 250 ul THF was introduced
through a syringe under Argon, at —78°. 1.1 ¢q. of a THF soln of
MeLi or Li was then added. Then, the temp was slowly raised
to room temp. With MeLi the reaction was followed by CH,
evolution.

The soln was then cither concentrated under vacuum or diluted
with THF (depending on the titre of the base soln) to an ap-
proximate volume of 750 ul. Then, 250 u| benzene was added.

Preparation of the potassio derivatives

With KH. ca. 1.5eq of an homogenized 50% suspension of
oily KH was introduced under argon in a centrifiuge tube and
washed 3 times with 2.5 ml hexane. | eq. of sulfoxide or sulfone
dissovled in 750 u1 THF was then added. With the suifone, the
reaction was rapid at room temp. With the sulfoxide. it was
necessary to warm (40-45°) for 1 br (the reaction was foflowed by
NMR). With the sulfide, no trace of carbanion was detected after
48 hr at 45°,

The soln was centrifuged and the supernatant liquid was
transfered by means of a syringe to the NMR tube.

With Me,Si-CH;K. ca. 1.2 eq. of Me;Si-CH-Hg-CH,SiMe,
prepared’® from Me,;Si-CH,C] (Fluka), was introduced under
argon to a centrifuge tube containing ca. 20me K previously
washed 3 times with 2.5ml hexane. The tubc was shaken
vigorously with a Wortex until a biack amalgam was obtained.
This amaigam was washed with hexane. The washing solvent was
checked by vpc (1/8in.xSft. 10% SE-30 on 80/100 Mesh
Chromosorb WHMDS column at 80°) until all the hexane soluble
(Me,Si-CH,);Hg had reacted. The neat sulfide was then added and
the tube stirred again, until a dry powder was obtained. 750 ul of
THF was introduced at —78°. After warming at room temp, the tube
was centrifuged and the soln introduced in the NMR tube.

Quenching with methyl iodide. After the spectra had been
recorded. the tube content was alkylated with Me,l. The reco-
vered product (85-90% yiekd) was analyzed by NMR showing
quantitative methylation.

With the sulfide, a mixture of phenylethyl sulfoxide with
variable amounts of o-methylphenyl methyl sulfide was formed.
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