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Summary: The structures and proton affinities of CH SRz ii9 = H,CH3), -CH$'OR (R = H,CH3) and 
-CH2S02R iR = H,CH3) have been found at the 3-21G* 7- d orbitah on sulfur) and 3-21G (no d-orbitals 
on suZfuri levels, using gradient optimization procedures. d-orbital effects are important in 
these optimized structures. Tke factors leading to the structures MOW found, and the role of 
the d-orbitals, have been evaluated by quantitative PM0 analyses of the wavefunctions. 

This Letter is concerned with sulfur-containing carbanions of the general structure 
-CH2Sabc, in which the sulfur moiety is sulfonium (a = b = H, c = lone pair: 1). sulfinyl (a = 
0, b = H, c = lone pair; z), sulfonyl (a = b = 0, c = H; A), methylsulfinyl (a = 0, b = CH3, 
c = lone pair; 51, methylsulfonyl (a = b = 0, c = CH3; S), and dimethylsulfonium (a = b = CH3, 
c = lone pair; 6). Such species may exist in a conformation of type 5, in which the carbanion 
lone pair is approximately perpendicular to the S-c axis, or in a conformation of type 2, in 
which the carbanion lone pair is parallel to the S-c axis. In addition, in each of a or 2, the - 
carbanionic centre may be planar or pyramidal. 
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'Ihe qualitative molecular orbital treatment of the model sulfonium ylide CHzSH2 (1) focus- 
es on orbital interactions associated with the non-bonding orbital on carbon (nC), which makes the 

dominant contribution to the HOMO of the molecule. In a structure of type &, in which the HCH 
plane bisects the HSH plane, nC is stabilized (two orbitals, two electrons) by charge transfer 
to an acceptor orbital having the same symmetry, in this case 7~;~~ (see Figure 1). Because 
sulfur is a second row atom and, in addition, carries a net positzve charge, the acceptor 
orbital is low-lying, and substantial charge transfer should exist. According to Walsh's yules, 1 
the resulting depopulation of nC will cause the carbon centre to tend towards planarity, just as 
charge transfer from nC to an adjacent nEo orbital causes an enolate anion to have a planar 
configuration at carbon,' and charge transfer from nN to ":R 
planar in the isoelectronic aminophosphine.3 

causes the nitrogen centre to be 
Rotation of ths HCH moiety by 90", 

inates the stabilizing orbital interaction, 
as in g, elim- 

and replaces it with a destabilizing interaction 
(two orbitals, four electrons) with ns, the non-bonding orbital on sulfur. It follows that la 
is more stable than 5; in addition, 
transfer from nC 

since there is no low-lying acceptor orbital in l&, charge 
is unimportant in &, and the carbon centre will remain pyramidal. 

The foregoing analysis constitutes a rationalization of the results of recent detailed ab 
initio calculations on CH2SH2:4 structure la is more stable than structure e, and the carbon - 
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centre is planar in la and pyramidal in lb. However, 
previous calculation7 

neither the qualitative analysis nor 
anticipated the importance of the d-orbital effects that became apparent 

only when all geometries were optimized fully using gradient techniques.6 Thus, for sulfonium 
ylides and related species, computations of at least 4-31G*7 or 3-21G** quality are needed to 
achieve agreement with known experimental information. In the case of CH2SH2, removal of the 
d-orbitals (4-31G* -t 4-31G; 3-21G 

(rcs 

* + 3-21G) convert: this species from a stable organic compound 
= 1.627 _% to a solvated carbene (rCS = 2.451 A), whose properties do not accord with 

reality. 

The nature of the d-orbital effects, and their role, are revealed b 
analyses' performed on structure la 

quantitative PM0 

_* In addition to the stabilizing n ' -TI interaction con- 
sidered initially, there is a destabilizing nC-nsH 

C SH2 

a- 
interaction with the occupied SH2 orbital 

of the appropriate symmetry, which dominates when orbitals are unavailable on sulfur. To 
avoid this destabilization the carbon-sulfur bond lengthens, and optimization of the structure 
without the d-orbitals leads to the aforementioned unacceptably long bond; On the other hand, 
when the d-orbitals are employed on sulfur, dxy 
depicted in Figure 1, 

mixes into the acceptor rsH2 orbital, as 
and distorts the electron density in the direction of the carbon. This 

leads to a large increase in the stabilizing orbital interaction, which now dominates. 

These findings indicated that the results and conclusions of earlier computations on alpha- 
sulfinyl" and alpha-sulfonylcarbanions" required reexamination. For the sulfinylcarbanion 

-CH2SHO CL), structures 2a and 2b correspond, respectively, to la and lb. Since the sulfur atom 
retains one lone pair, Zbshouldbe less stable than 2a by the same qualitative reasoning as 

su1fuFi.s a chiral centre in &, - before. However, and the carbon centre of this structure can 
be non-planar. A non-planar carbanion in which one methylene hydrogen of 2a moves away from 
the sulfinyl oxygen corresponds to 2, in which the carbon lone pair is an=-periplanar to S-H 
or, equivalently, lies on the bisector of the oxygen:sulfur:sulfur lone pair angle. Alterna- 
tively, a non-planar carbanion in which one methylene hydrogen of 2a moves in the direction of 
the oxygen atom corresponds to 2, in which the carbon lone pair isanti-periplanar to oxygen. 
Structure 2c was found to be preferred in the earlier calculations, which employed the minimal 
basis setsnd limited geometry optimization in use at that time. 

For the sulfonylcarbanion -CH2SH02 CL), structures &and 2 correspond, respectively, to 
la and lb. However, 3b differs from its congeners lb and 2b in one important respect: the 
sulfur i&e pairs of lb and 2b have become a bond in3b. The destabilizing lone pair-lone pair 
interaction present irlb anF2b is, therefore, absentin 3b. 

to 5gH' 
Indeed, 3b may now exhibit 

charge transfer from nC which has the proper symmetry for such astabilizing inter- 
action. The meaning of this analysis is that a qualitative choice between 3a and 3b is diffi- - - 
cult. In the earlier calculations, 3b was found to be preferred. - 

In the present work, the structures of -CH2SHQ and -CH2SH02 have been found using gradient 
optimization procedures, and both the 3-21G (no d-orbitals on sulfur) and 3-21G* (d-orbitals on 
sulfur) basis sets, to determine whether the geometrical effects of the 3d-orbitals parallel 
those seen previously with CH2SH2; and quantitative PM0 analyses have been performed on the 
global minima, to determine the factors responsible for these preferred structures. The work 
has also been extended to include the chemically more relevant structures, proton affinities 
and PM0 analyses of methyl sulfinyl carbanion (A), methyl sulfonylcarbanion (2) and dimethyl- 
sulfonium methylide (6). Table 1 summarizes the principal results, and A-D show the dihedral 
angles found, respectively, for CH3SH0, (CH3)2S0, -CH2SH0 and -CH2SOCH3 (3-21G* basis set). 
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Table 1. Structuresand energy relationships of sulfur containing carbanions and 

their protonated precursors 

System 

Bond Length (i) Relative Energy Orbital Interactions in the HOMO= 

(X2-s CB3-s s-o (Kcal/mole) Stabilizingb Destabilizing 

CB3SHO 1.794 1.490 0.0 
(1.869)' (1.707) 

2 1.675 1.523 403.2 17.7 13.8 - 
(1.940) (1.711) 

(CH312S0 1.791d 1.490d 0.0 

4 1.672 1.810 1.524 406.5 16.1 15.2 

CH3SH02 1.749 1.434 0.0 
(1.828) (1.599) 

2 1.613 1.459 386.2 36.6 34.9 

(1.826) (1.606) 

(cH3)2s02 1.756e 1.43Ee 0.0 

5 1.618 1.797 1.462 390.4 30.3 24.6 
_ 

CH3SH2+ 1.828 0.0 
(1.944) 

1 1.627 269.0 61.3 41.9 _ 

(CH3)3S 
+ 

1.806 0.0 

6 1.630 1.842 287.0 52.5 36.1 _ 

a 
In KCal/mOl. 

b 
See text and Figure 1 for the nature of these interactions. ' Data in 

parentheses refer to 3-21G calculations; all other data refer to 3-21G* calculations. 
d The experimental values are 1.799 and 1.485 A. See Ref 8,12. 
are 1.771 and 1.435 b. See Ref 8,13. 

e The experimental values 

The following comments pertain to the structures and energies of these species: (i) 1, 2 
and 3 and their protonated precursors are reliable model systems; (ii) d-orbitals are needed 
on &fur to achieve acceptable bond lengths.4b Their effect is most transparent when the 
deprotonation CB3Sabc -f -CH2Sabc is considered: without the d-orbitals, deprotonation leads to 
a longer C-S bond, for reasons discussed previously.4 With the d-orbitals, this bond shortens 
(strengthens) considerably, as is observed experimentally;14 (iii) the preferred structure of 
an a-sulfinylcarbanion corresponds to g, and is non-planar at carbon. As seen in A-D, Hl, the 
methyl proton that is nearly anti-periplanar to oxygen, is lost from both CH3SH0 and DMSO. 
Because the angles at sulfinyl sulfur are not tetrahedral, the dihedral angles in A and B are 
not ethane-like. Thus, in A, Hl is 9.9O from the anti-periplanar position and, in B, it is 4.4'. 
The corresponding dihedral angles in the anions C and D are 20.1 and 24.4O, respectively. As 
will be seen, this twisting of the CH2H3 moiety minimizes lone pair-lone pair repulsion, and 
maximizes charge transfer from nc to both S-O and S-R antibonding regions; (iv) when conforma- 
tional constraint is absent, the carbanions corresponding to removal of H2 or H3 from A or B 
optimize to C and D, respectively. To obtain an estimate of the energies of these structures 
relative to those of C, Hl, H2 and H3 were removed from A, and the C-S and S-O bond lengths of 
the resulting anions were optimized, but C;;S rotation was not permitted to occur. The relative 
energies and C-S bond lengths (Kcal/mole, A) are: C (0.0, l-675), A-H1 (6.6, 1.7181, A-H2 (16.5, 
1.737), A-H3 (17.2, 1.754); (v) the preferred structure of an cx sulfonylcarbanion corresponds 
to z, and has a planar configuration at carbon; (vi) the structure of dimethylsulfonium methyl- 
ide corresponds to &, and it is also planar at carbon; (vii) in the gas phase, the relative 
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acidities of protons adjacent to various sulfur-containing moieties are sulfonium >a sulfone > 
sulfoxide, and the 3-21G* difference in the gas phase acidities of DMSO and DMS02 is 16.1 kcal/ 
mole, compared to the experimental difference of 8.2 kcal/mole.'5 The principal reason for the 
great difference between the sulfonium system and the other two is that deprotonation of a 
sulfoxide or sulfone creates a charged species, but deprotonation of a sulfonium cation creates 
a neutral species. 

The HOMO's of the a-sulfonylcarbanions 2 and 5 are T-bonding in the CH2-S regions and 
@antibonding in the S-R (R = H,CH3) regio;s. These observations suggest that these HOMO's are 
stabilized by charge transfer from nC to ~7 . This stabilizing orbital interaction is shown in 
Figure 1, and is reminiscent of the anomer% effettl16 as are the shortening of the CH2-S bond 
and the lengthening of the S-CH3 bond of 5 that result from deprotonation of dimethylsulfone. 
The magnitude of the (nC-a*) interactions-are given in Table 1, together with those of the 
destabilizing (nc-o) interactions associated with the occupied cSR orbitals. Most importantly, 
as depicted in Figure 1, the dx, orbital of sulfur mixes into 0*. 
effect)17 lowers the energy of the acceptor orbital, 

This mixing-in (polarization 
and increases its overlap with nC. Both 

effects cause an increase in the stabilization of the system, and are essential to achieve net 
stabilization of the HOMO. 

An analogous d-orbital polarization effect (not shown) is found in the a-sulfinylcarbanions 
2 and 4. Here, the acceptor orbital contains contributions from both U& and UgR. Rotation of 
the ca&on lone pair (nC) towards R (see C and D) maximizes the stabilizing effect of UgR, and 
concomitantly, minimizes the (nC-n,) destabilizing interaction. Indeed, in the HOMO's of 2 and 
4, the dominant destabilizing interaction corresponds to (nC-a).'" 
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