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Theoretical descriptions of alkylidene chalcogen difluorides have been performed on their ptaBgarfid bent

(4—6) conformations. The planar T-shaped conformations were the most stable ones, from the calculations
performed (Gaussian-G2 and B3LYP/6-31G&*). The bonding nature of the T-shapeth{) structures has also

been analyzed by means of the atoms in molecules (AIM) theory and electron localization function analyses.

Introduction HF calculations warrant further investigation on the potential
energy surface for these structures, including a detailed descrip-
tion of the bonding nature. This theoretical bonding description
should include the electron correlation effects due to the nature

The bonding nature of pnicogen and chalcogen ylides has
been controversial for years, and recently Gilhéammas
reviewed the chemical bonding in phosphine ylides. In this .
context, our laboratory has performed calculations on pnicogen of the !:_S_F moiety. ) i .
and chalcogehoxides and sulfides, and very recently a general In this paper we present theqreucal evidence for_the s_tablhty
study on pnicogen and chalcogen ylides has been presented.?f Planar T-shaped Gz,) alkylidene chalcogen difluorides

Alkylidene chalcogen difluorides present special bonding togetherwnh the topology characterlza}tlor! of the elgctron charge
properties, and the sulfur derivatives were first synthesized by 94€nsity, p(r), and the electron localization function (ELF).
Seppelt et a%.in 1989, and as opposed to the ylide structures Accurate molecular orbital (MO) calculf'mons have been per-
they were characterized by a= double bond with two formed on.the.two conformers of the title compounds-6)
different isomers and a large rotational barrier. presented in Figure 1.

In the same work, Seppelt proposed two different conforma-
tions for alkylidene sulfur difluoride, a bent conformation with
Cs symmetry and a planar T-shaped one wi@) symmetry. (a) General Methods. Density functional theory (B3LYP) and
Moreover, preliminary HF calculations gave a small energy Gaussian-GZ calculations were performed with the_ G_aussian 98
difference between the two conformers, and the stability order Package of prog:arﬂé.AII the structures were fully optimized at the
was found to be dependent on the substituents. In addition, theB3L Y P/6-311G* level, with constrainedz,, or Cs symmetry, and

. . ! tested with frequency calculations (no imaginary frequencies). The
planar T-shaped conformation showed a thiocarbonyl moiety Bader analysis has been done with the AIMPAC series of progtams,

coplanar with a linear £S—F arrangement. Such kinds of qing the DFT density as input as was described in the atoms in

geometrical dispositions (FS—F linearity) have been postulated  molecules (AIM) theory51¢ The V2o(r) and ELF contour-map

experimentally for different alkylidene sulfur tetrafluoricfed? representations have been produced using the MORPHY98 prdgram.
The special geometrical arrangement of theS-bonds for The atomic charges have been calculated with use of the AIMPAC

the T-shaped structures and the small energy differences in the
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Figure 1. Alkylidene chalcogen (O, S, Se) difluoride ,&=XF;
structures1—6 and related parent compounds-9 (symmetry in

Dobado et al.

density,Eq(r), as a functional of the first-order density matrix:
Eq(r) = G(r) + V(r) 2

whereG(r) andV(r) correspond to local kinetic and potential energy
densities, respectively. The sign of E4(r) determines whether ac-
cumulation of charge at a given points stabilizing Eq4(r) < 0) or
destabilizing Eq(r) > 0). Thus, a value oEq(r) < 0 at a BCP presents

a significant covalent contribution and, therefore, a lowering of the
potential energy associated with the concentration of charge between
the nuclei.

The ELF functiont®!® which was first introduced by Becke and
Edgecombé? can be viewed as a local measure of the Pauli repulsion
between electrons due to the exclusion principle, allowing us to define
regions of space that are asociated with different electron pairs. The
ELF function is expressed by

ELF = 1/[1 + (D/D,)} €)
where

1 IVPI

| 2
2Z 4

— (3/10)(3_[2)2/3p5/3 (4)

N
p= sz
£

This definition gives ELF values between 0 and 1, with large values
where two antiparallel spin electrons are paired in space; on the contrary,
this value is small in the regions between electron pairs.

parentheses), together with the geometrical parameters, atomic chargeResults and Discussion

(in brackets), and total and relative energies calculated at the B3LYP/

6-311+G*//B3LYP/6-311+G* level.

series of program¥', by integration over the basin of every atom in
the Bader framework.

(b) Overview of the p(r) and ELF Topologies. The topology of
the electronic charge density(r), as pointed out by Badé?,is an

accurate mapping of the chemical concepts of atom, bond, and structure

The principal topological properties are summarized in terms of their
critical points (CPs}>¢ The nuclear positions behave topologically
as local maxima ip(r). A bond critical point (BCP) is found between
each pair of nuclei, which are considered to be linked by a chemical
bond, with two negative curvatured;(and 1) and one positive
curvature £s) (denoted as (3;-1) CP). The ellipticity.¢, of a bond is
defined by means of the two negative curvatures in a BCP as

e=A1J/A,—1 where |1, < |4 (1)

The ring CPs are characterized by a single negative curvature. Each

(3, —1) CP generates a pair of gradient pathegnich originate at a CP

and terminate at neighboring attractors. This gradient path defines a

line through the charge distribution linking the neighboring nuclei.
Along this line, p(r) is a maximum with respect to any neighboring
line. Such a line is referred to as an atomic interaction 1#&The
presence of an atomic interaction line in such equilibrium geometry

Calculations have been performed on both conformations of
methylene sulfur difluoride and on the corresponding chalcogen
derivatives (structure$—6; see Figure 1).

Density functional theory (B3LYP) calculations, which
include electron correlation, have been done using the high-
quality 6-31HG* basis set. The results are summarized in
Figure 1. All the calculations showed the T-shaped conformers
to be the most stable ones, compared to the Bgphes (26.2,
8.2, and 12.9 kcal/mol fot, 2, and3, respectively).

The bent structures4{-6) present a disposition on the X
atoms (O, S, and Se) which is almost tetrahedral, with the plane
formed by the CHbisecting the S—F angle. All the general
geometrical features (planarity of the glubunit, short CX
bond lengths, and almost trigonal bond angles at the C atom)
were compatible with the existence of a=& double bond.
The G=X bond distances showed noticeable characteristics; for
4, this bond length was larger than in formaldehyde. However,
these double bonds f@&and6 were shorter than those of their
corresponding parent compounglsind9 (1.588 and 1.728 A
vs 1.612 and 1.756 A, respectively), showing=X bond
stabilization®

The planar T-shaped structures have aCHX moiety

satisfies both the necessary and sufficient conditions that the atoms bevery close to those of the corresponding carbonyl analogues

bonded together.

The Laplacian of the electronic charge densip(r), describes
two extreme situations. In the firg(r) is locally concentrated@p(r)
< 0), and in the second it is locally depleted?p(r) > 0). Thus, a
value of V?p(r) < 0 at a BCP is unambiguously related to a covalent

bond, showing that a sharing of charge has taken place. While in a

closed-shell interaction, a value ®fp(r) > 0 is expected, as found in

noble gas repulsive states, ionic bonds, hydrogen bonds, and van der

(7, 8, and 9), with a F—X—F lineal arrangement in the
same plane, compatible withF—X—C angles close to 90
(96.¢°, 90.6", and 89.4 for 1, 2, and 3, respectively). The
XF bonds were longer than standard single XF bohds,

(18) Silvi, B.; Savin, A.Nature1982 371, 683.
(19) Bader, R. F. W.; Johnson, S.; Tang, T.-H.; Popelier, P. L1.&Rhys.
Chem.1996 100, 15398.
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Table 1. Charge Densityp(r), Laplacian of the Charge Density?p(r), Ellipticity, ¢, and Electronic Energy Densit¥q(r), for the BCPs of
1-9 and XF, Related Structures, at the B3LYP/6-31G&*// B3LYP/6-311+G* Theoretical Level

p(r) V2p(r) p(r) V2p(r)

structure (e/asd) (¢/a®) € Eq(r) structure (e/asd) (¢a’) € Eq(r)
(1) H,C=OF, (4) H,C=OF,

C-0 0.380 0.167 0.081 —0.613 C-O 0.386 0.499 0.068 —0.619

O—F 0.092 0.422 0.001 0.007 - 0.092 0.423 0.019 0.008
(2) H.C=Sk, (5) H.C=Sk

C-S 0.262 —0.520 0.765 —-0.351 C-S 0.271 —0.680 0.458 —0.280

S—F 0.132 0.092 0.061 —0.069 S-F 0.166 —0.082 0.033 —0.133
(3) Ho.C=SeR (6) H:.C=SeR

C—-Se 0.206 —0.166 0.403 —0.162 C-Se 0.211 —0.204 0.377 —0.168

Se-F 0.108 0.279 0.047 —0.033 Se-F 0.128 0.283 0.014 —0.050
(7) H,.C=0 OR

C-0 0.414 0.080 0.040 —0.696 O-F 0.291 0.304 0.094 —0.179
(8) H.C=S Sk

C-S 0.240 —0.107 0.045 —0.302 SF 0.177 0.000 0.568 —0.172
(9) H.C=Se Sek

C—-Se 0.193 —0.047 0.128 —0.146 Se-F 0.137 0.344 0.195 —0.060

2

Figure 2. V?o(r) (a) and ELF (b) contour maps, in the molecular plane for structlisesd2 at the B3LYP/6-313G* level. The V?p(r) contours

begin at zero and increase (dashed contours) and decrease (solid contours) in st@f?f0.04,+0.08,4+0.2, 0.4, +0.8, 2.0, 4.0, and

+8.0. The thick solid lines represent the molecular graph that joins the nuclei (solid circles) and the BCP (solid squares), and also the zero flux
surface. The ELF contours range from 0 to 1 and increase in steps of 0.02.

particular for structurd. The differences were ca. 0.42, 0.16, The T-shaped special disposition resembles those found for
and 0.12 A for1—3, respectively. the fluorine axial substituents in methylene sulfur tetrafluoride
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compound$:2! However, the lack of additional equatorial standard %-F single bonds despite the special geometrical
fluorine atoms forl—3 gave noticeable geometrical features arrangement. Also, the charges on both F atoms were large and
which deserve to be reviewed. negative forl—3.

The theoretical level used (B3LYP/6-31G*//B3LYP/6- The overall description of the bonding nature was made by
311+G*) has proved its ability to describe related hypervalent analyzing thev2p(r) and ELF topologies. In Figure 2, contour
compounds:In addition, the geometric features have also been maps ofV2p(r) and ELF were depicted fat and 2, together
tested at a higher level (CCSD/6-311G*//CCSD/6-311G*), with their corresponding bond path lines and the interatomic
yielding similar geometrical parameters fbr Moreover, the  surfaces. The representations Sowere completely similar to
stability order, obtained at the B3LYP level, has been carefully those for2.

tested by performing Gaussian-G2 calculatiérs structures There is charge concentration along the)XChond (negative
2 and5, and the results stabilized structuten 3.7 kcal/mol V2p(r) region), and thev2p(r) contour maps for the ¥C=X
(G2 energy—636.397 551 hartrees f@). subunit were very similar to those of the formaldehyde

The electronic analysis and that for the bond nature on the yglecule?s The main difference betweehand?2 was that the
T-shaped planar structure$—+3) have been performed using  gjectronic charge concentration along theXCbond belongs

the “atoms in moleculéstheory'>1®and electron localization g the O atom for, and on the contrary to the C atom faras

resemble those of their corresponding parent compoudn®s
and two different situations were described. First, strucfure
showed very small differences with respect to formaldehyde

itself (positive V2p(r) val_ues and smad values). Hzowever, the located pointing away from X and along the-® axis. The
C—X BCPs fqrz and3 increased for the(r), —v<p(r) a.ndé. existence of only two maxima ir-V2p(r), located along the
values, showing a larger electron charge concentration in theC_X axis, was also confirmed numerically

X—C bond, together with a multiple bond character reinforce- The ELF representations confirmed tr.1e above bonding

ment. Moreover, thé&(r) values were larger and negative, for scheme. The bonding attractors in the XCbond belong to the

1-3. All the above were compatible with the proposea@ ; ; . -
double-bond stabilization experimentally detected for the related O atom int, and to the C atom i@. There is also an additional
nonbonded attractor (electron pair) along the->C bond.

compounds.

On the other hand, the bonding scheme for theXFF Ho(\j/vev(;er, thertlal were n? attragtprshaI%% th:)Fbond path,
subunits is defined as follows: the—X bonding region is and a deep valley was located in the X BCP.
mainly a positive V2p(r) one. In addition, the FX BCPs
presented very low(r) values, and smaller than did the standard
X—F single bonds. Th&?2p(r) values were all positive and the Calculations on both planar and bent alkylidene chalcogen
Eq(r) ones low or even positive, compatible with a closed-shell difluorides showed the planar structures as the preferred ones,
type of interaction. However, the-FX bond length deviations,  at the B3LYP/6-313G* level for structuresl—3. In addition,
from the standard single bonds, were larget than in2 or 3, the planar structur@ was also the most stable at the G-2 level.
in agreement with the numerical BCP values (see Table 1). The overall bonding nature described above, the molecular

Furthermore, the calculated Bader atomic charges supportedyyaphs displayed (T-shaped arrangement) Vihér) and ELF
all the previous considerations (see Figure 1). Edhe charges  onoogical analyses, and the calculated atomic charges on F
on the O and C atoms were smaller than the corresponding onegyng X atoms all agreed with a three-center four-electron
in the formaldehyde molecule, yielding a weaker electrostatic pon4.25 for the F-X—F arrangement.
interaction. The opposite was found f@rand 3, in which the
charges on the C atom were similar to thosé iand9, while Acknowledgment. Computing time was provided by the
the charges on X atoms were larger. The charges on the O andJniversidad de Granada. We are grateful to Professor R. F. W.
F atoms were both negative, explaining by means of electrostaticBader for a copy of the AIMPAC package of programs. We
repulsions the longer+0 bond. However, foR and3, the F thank David Nesbitt for reviewing the language of the manuscript.
and X atoms had opposite charges, giving bonds closer to the

Both representations showed electronic charge depletion along
the =X bonds, indicating a closed-shell type of interaction.
Furthermore, an additional lone pair, on the X atoms, was

Conclusions
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