Electrostatic Properties of 3-(p-Ethoxyphenyl)sydnone *
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The bonding type and characteristic chemical reactions of the sydnone ring have been rationalized
by examination of the deformation electron density distribution and electrostatic potential from
both experiment and theory. The net atomic charges, bond lengths and bond orders of the title
compound confirm the semiaromatic bonding type for the sydnone ring. The highly negative net
atomic charge of C4 suggests its susceptibility to electrophilic substitution at this position. The well
known 1,3-dipolar cycloaddition reaction of the sydnone ring can be understood by the analysis of
the n-orbital wavefunctions, which give rise to similar deformation densities as the experimental
ones. The good agreement between the experimental and theoretical (ab initio calculation using
3-21G basis sets) deformation density distribution of the title compound justifies the use of the same
basis set to derive the electrostatic potential. The electrostatic potential map reveals all the possible
protonation sites of the sydnone ring at O1, N2 and O6 with the deepest hole at O6 (84.6 kcal/mole).
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The molecular structure of 3-(p-ethoxyphenyl)syd-
none [1] is shown in Figure 1. The phenyl ring plane
and the sydnone ring plane are nearly coplanar (di-
hedral angle of 2°). A deformation density study of this
compound is presented here using both experimental
X-ray diffraction data at 110 K and a split valence
basis ab-initio calculation. The deformation densities
examined are Agy_x, 40m-., and 49.,,_.,, Where
Aox_x is from conventional X-X (high angle [2],
A0, -, is from a multipole model [3], 4¢.,, - ., is from
an ab-initio calculation using a 3-21G basis set [4].
The bond lengths, bond orders and net atomic charges
of this compound are presented in Table 1 with com-
parison between experimental and theoretical results.
Bond lengths and bond orders indicate C5-06 to be
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Fig. 1. Molecular drawing with thermal ellipsoids at 110 K.

essentially a double bond with C5—-01, N2—-0O1 single
bonds. As for the net atomic charge derived from the
multipole model, N2 and N3 are neutral, C4, O1 and
06 are negative and C5 is positive; the calculated
theoretical net atomic charges using Mulliken popula-

Table 1. Bond lengths, bond orders and net atomic charges
of the sydnone ring as part of 3-(p-ethoxyphenyl)sydnone
(X-ray diffraction geometry).

Bond lengths (in A)

O1-N2 N2-N3 N3-C4 C4-C5 C5-06 C5-O1 N3-C7

1.379(1) 1.317(1) 1.345(1) 1.414(1) 1.224(1) 1.411(1) 1.345(1)

Bond orders (AM1)
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O1-N2 N2-N3 N3-C4 C4-C5 C5-06 C5-0O1 N3-C7
1.178 1.375 1.164 1.156 1.804 0.787 0.926
Net atomic charges
o1 N2 N3 C4

Multipole, =0 —0.08(2) 0.02(2) 0.04(2) —0.28(2)
AM1 —0.18 0.04 0.06 —0.39
ab-initio —0.51 0.14 —0.75 —0.02

C5 06 C7 H(C4)
Multipole, [I=0 0.19(2) —-026(2) —0.13(2) 0.26(1)
AM1 0.32 —0.28 —0.03 0.22
ab-initio 0.81 —0.64 0.36 0.31

Multipole, /=0: multipole model (refined to monopole, /=0).
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Fig. 2. Deformation density maps of 3-(p-ethoxyphenyl)sydnone through the C8—C7- N3 plane; solid lines positive, dashed
and dotted lines zero and negative, respectively. Contour interval: 0.1 eA 3. a) dox_x, b) 40m—as ©) 40mo—ao-
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Fig. 3. Wave functions of the four occupied m-orbitals of the sydnone ring from the title compound; contours at the

plane 0.5
—0.31595 hartrees (HOMO).

tion definition are also listed for comparison. All the
theoretical results are based on the geometry obtained
from the X-ray diffraction data. The deformation den-
sities are shown in Figure 2. It is obvious that dgx_x,
A0 -a, and Adg,. _,, are consistent. They show agree-
ment not only along the bonding regions, but also
around lone-pair regions. Because of the good agree-
ment in Figs. 2b and 2c it is justified to use the orbital
wavefunctions obtained from such an ab-initio calcu-
lation (3-21G basis set) for the analyses of the bonding
type and of the possible chemical reactions. In order
to understand the bonding type of the sydnone ring
from this study, the wavefunctions of the p-n orbitals
of the sydnone ring are analyzed. There are four occu-
pied m-orbitals shown in Fig. 3, which conforms to the
semiaromatic character [S]. The HOMO of the com-

above the sydnone plane. a) n1: —0.58551 hartrees, b) n2: —0.50555 hartrees, c) n3: —0.48832 hartrees, d) n4:

pound (Fig. 3d) has large coefficients on both C4 and
N2 with opposite sign; this is in accord with the well-
known 1,3-dipolar cycloaddition reaction [6] of the
sydnone ring according to the frontier orbital con-
sideration. The electrophilic substitution reaction at
C4 can be rationalized with its high electron density
(Table 1). In addition, the electrostatic potential V(r)
map [7] of the molecule can be derived in the same
ab-initio calculation according to the definition

Z
V=X

(et dr
=’

where Z , is the charge on nucleus g, located at R,, and
o(r) is the electronic density function. The electrostatic
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Fig. 4. Calculated electrostatic potential (kcal/mole) of 3-(p-ethoxyphenyl)sydnone, contour interval: 12.73 kcal/mole. The

most negative potentials are indicated; 4 : 84.6 kcal/mole.

potential map (Fig. 4) shows three negative regions
around the sydnone ring near O1 (63.6 kcal/mole), N2
(50.9 kcal/mole) and O6 (84.6 kcal/mole). Considering
that the process of protonation is started as a long-
range electrostastic interaction [7], the negative
regions of the potential should imply the probable
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