COMPARISON OF THE CALCULATED QUANTUM~-
CHEMICAL CHARACTERISTICS OF SYDNONES AND
SYDNONIMINES WITH THE EXPERIMENTALLY
OBSERVED MOLECULAR PARAMETERS
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Approximate correlations of the interatomic distances, dipole moments, IR spectral fre~
quencies, and polarographic reduction potentials of sydnones and sydnonimines with the
quantum-chemical characteristics of these molecules, calculated by the Hiickel method

with four variants of parameters obtained from the Pariser—Parr—Pople method, were
found.

In [1], the electronic structure indexes of 23 substituted sydnones () and sydnonimines (I) were cal-
culated by the Hiickel method with two variants of parameters obtained from the Pariser—Parr—Pople
method (PPP). In this paper, we present a comparison of these indexes with experimental data on the inter-
atomic distances, dipole moments, polarographic reduction potentials, and IR spectra.
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Interatomic Distances. The following expressions were obtained in [2] on the basis of Badger's rule,
which relates the bond lengths with the force constants:

le—c=1.510—0.198 pc—c. (6)]
le-n=1458—0.175 po-x. @)
le-0=1.394—0.174 pc-o. (3)
In-n=1414—0.181 px-x. @)
In-0=1318—0.138 px—o . ()

where [ is the interatomic distance in angstroms, and P is the m-bond order.

The most accurate data on the interatomic distances in the sydnone ring are known for 4,4'-dichloro-
3,3'~ethylenebissydnone [3]. In Table 1 they are compared with the values calculated by means of Eqgs. (1)-
(5) from the sydnone ring bond orders computed by the Hiickel method with various parameter variants,

It is apparent that all of the variants for calculation of the m-electron shell of unsubstituted sydnone
by the Hiickel method lead to interatomic distances whose mean-square deviation from the experunental
values is approximately constant and appreciably exceeds the experimental error of 0.005 A, Moreover,
satisfactory correlation between the calculated and experimental values is observed for the Ng)— N¢y »
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TABLE 1, Lengths (Ipg, A) and Orders

(ppg) of Sydnone Ring Bonds

3N—1G*
N CQ
: ~0’s o
] é
Bonds Mean-sq.
Computational method t—o | o3 | s—s | 4—5 | 56 | 1—s5 |Geviation,
‘ A
! |
Exptl. interatomic distances in| 1, 1,389 |1,313 | 1,344 1_1,395{1,21511,407
4,4"~dichloro-3,3 -diethyl- ! , | ;
enebissydnone ; ;
Hii ckel method, »,, |0,268]0,532 0,696 | 0,469 0,58910,483}
Orgel parameters [4] 1, |1.282|1.3181,336 | 1,417 1,202 11,314 | 0,064
} l‘
Hiickel method, P, |0,3600,749 0,507 10,532 | 0,733 10,331 |
Pullman parameters [5] L, 11,186 4,279 14,369 ;1,405 1,267*1,337‘l 0,063
w Method [6] P, |0.22210,569 0,503 0,660 | 0,635 0,231
Ly |1,287 1,311 1,370 1,379 11,2841 4,354 | 0,035
]
Hiickel method, Py, |0,185 0,560 0,648{0,418]0,806}‘0,2251
variant A 1] 1, 11,231,313 1,345;1,427%1,254&1,355; 0,048
. |
Hiickel method, Ppe | 0,473 0,640 | 0,672 10,405 | 0,778 10,280 ;
variant B [1] Lo |1,294]1,208 1,340 1,430 {1,259 1,345 0,051

TABLE 2. Atomic Charges and Dipole Moment of the Sydnone Ring

sN-—C 4

? N\o/ 5\0
1 6

pexp= 1.2 D (for 3-methylsydnone)

Effective atomic charges, (k)
Computational method 8 ! pgD*
T B K | 5 | 6
Huckel method: ] I |
Orgel parameters [4] 0,217 | —0,430| 0,566 0,443| 0,243 |—0,709 7.4
Pullman parameters [5] | 0,200 | —0,105| 0,660 | --0,382| 0,160 | —0,533 7.9
w Method {6l. 0,080 | —0419 | 04211 0044| 0,100 | —0,530 6.8
Variant A [1] 0,087 | —0,389 | 0,549 | —0,065| 0,261 | —0,449 49
Variant B [1] 0,092 | —0,420| 0,739]—0,238] 0,347|—0,520] 6,0
9a . s
Del Re method {7} 0440] 0317| —0478| 0181] 047]-0501| 33
— —
Inio Hn+l‘a
Variant A [1], ! ]
Del Re method [7] 0,227 —0,072] 0,071| 0,116} 0,608 |~—0,950 6,7
‘g‘;}agg l:311[e1 10d 7] 0,232 —0,403| 0,261 | —0,057 | 0,694 | —1,030 8.4
ZD0/2 8] [—o0471| —0049] o0,52]—0,165] 0,405 | —0,366| 6,8

* The interatomic distances and angles between the bonds in the 4,4'-
dichloro-3,3'-ethylenebissydnone molecule [3] were used in the calcu-

lations of the dipole moment,

N@)—C @), and C @~ C ) bonds. There is considerably poorer correlation for the C 6) " Q) C )" Oq)- and,
especially, the O ) =N o) bonds.

Dipole Moments. The 7-electron charges of the ring atoms, calculated under the approximation indi-~
cated above, are presented in Table 2. In order to somehow take into account the effect of the ¢ skeleton,
in calculating the dipole moment within the framework of the Hiickel method we used the ¢ charges of the
sydnone ring atoms that were calculated in [7] by the Del Re method. The dipole moment of the ¢ skeleton
calculated using this approximation is of considerable magnitude. It is apparent from Table 2 that calcula-
tions made with the parameters from the PPP method [1] predict the lowest value of the dipole moment of
the m charges. The overall dipole moments (7 + ¢) of the charges in both variants A and B are in complete-
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Fig.1. Dependence of the v frequencies
of the exocyclic carbonyl group of sydnones
(®) and the carbonyl groups of substituents
in substituted sydnones and sydnonimines

©) on the calculated C =0 bond orders for
computational variant A ¢he picture is sim-
ilar for variant B), The symbols correspond
to those in Table 3.
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Fig. 2. Dependence of the polarographic re-

duction potentials of substituted sydnones (@)

and sydnonimines (€) on the calculated LVMO
energies for variant A, (The picture is sim-
ilar for variant B.) The symbols correspond
to those in Table 3.

ly satisfactory agreement with the experimental value,
For comparison, Table 2 also contains data from the cal-
culation of the sydnone molecule by the ZDO/2 (zero dif-
ferential overlap) method, in which all of the valence
electrons are considered within the approximation of
zero differential overlap, allowing for the atomic dipoles,
which include the moments of the p electron pairs,

It follows from Table 2 that the distributions of the
total (7w + o) charges in the sydnone ring, calculated by
the simple method and the ZDO/ 2 method, are close, and
the greatest overall (7 + ¢) positive charge in the sydnone
ring is localized on the C ;) atom, and the greatest total
negative charge is localized on the O) atom. The
charges of the Og), N), Ng), and C () atoms are lower
in absolute value than the charges of the C(;) and O )
atoms, and a positive charge is found on the Ng) atom.

A negative charge is found on the N ) atom, while the
signs of the (7 + o) charges of the O() and C (;) atoms
change as a function of the computational method and
parameters. We note that in [9] the values of the total
(r + o) charges on adjacent carbon atoms, calculated by
the Hofman method, were contrasted with the chemical
shifts of the hydrogen atoms of a large number of five~
membered heterocycles. A small (~0.1) total positive
charge on C (4 corresponded to the point for Hy,) of syd-
none that lies satisfactorily on the general correlation
line.

IR Spectra. In [12], in a comparison of the v
frequencies with the C =0 bond orders, calculated by the
Hiickel method with Pullman parameters, it was noted
that the points for sydnones deviate considerably from
the general dependence toward the higher-frequency side,
A sufficiently distinct correlation between the v ¢ fre-
quencies and the pc bond orders was found directly for
five sydnones.

The pc bond orders for a number of sydnones and
N-acylsydnonimines, calculated in [1] with the parameters
obtained from the PPP method (T'able 3, variant A), are
contrasted in Fig. 1. The point for benzaldehyde is pre-
sented also for comparison. We could not use the data

for heterocycles with an exocyclic carbonyl group because of the absence of data calculated with the system
of parameters adopted in [1]. It follows from Fig. 1 that the v co frequencies for the exocyclic carbonyl
group of sydnones vary considerably, while the orders of this bond change only slightly, and these values do
not intercorrelate. A similar result was obtained in [1], in which it was shown that sydnones and sydnon-~
imines are weak conductors of 7 -electron effects from the 3 and 4 positions to the 5 and 6 positions; i.e.,
the calculated charges of the C 5) and O 6) atoms and the orders of the exocyclic C ()" O 6) bond of sydnones
I are almost independent of the R and R! substituents. This is in good agreement with the fact that the ef-
fect of substituents in the 3 and 4 positions on the vCQ frequency and intensity (AcQ) of the carbonyl band
is satisfactorily described by the oy constants of R and R' [11]. According to the calculated data [1], the
exocyclic carbonyl group has larger pc values than those for the carbonyl groups in the substituents,

which is in agreement with the fact that the higher vco values correspond to the former in the IR spectra
(Fig. 1).

Polarographic Reduction. In [12], the polarographic reduction potentials (E, ,2)of sydnones, sydnon~
imines, and sydnonimine cations (R" = NHR M) were compared with the energies of the lower vacant molecy-
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lar orbitals (LVMO) calculated with the Pullman parameters.* The mechanisms of the polarographic re-
duction of the indicated compounds have much in common, and we therefore had a right to expect that the
E;/;potentials of the latter can be described in the form of a single correlation scheme, However, it was
found that in calculations with the Pullman parameters the points for the sydnonimines and particularly the
sydnonimine cations deviate appreciably from the straight line for sydnones toward the lower E;/, side. In
this study, the LVMO energies calculated in [1] were contrasted with the latter. The points for the sydnones
and sydnonimines lie on the general correlation line (Fig. 2), the slope of which corresponds to Seff =4.1
eV (variant A in [1]) and 5.1 eV (variant B). Let us recall that in [1], § = 4.17 eV corresponded to variant
A, and B = 4.90 eV corresponded to variant B, The point for the sydnonimine cation diverges, since com-~
putation with the parameters from the PPP method predicts an LVMO energy for it that is too low,

Thus we have shown in this paper that the calculations of sydnones and sydnonimines by the Hiickel
method with parameters obtained from the PPP method make it possible to correctly describe the changes
as a function of the structure and polarographic reduction potential of sydnones and sydnonimines, as well
as the dipole moment of sydnone (with allowance for the o -skeleton charges calculated by the Del Re
method). It was shown that the C and O atoms of the exocyclic carbonyl group of sydnones are carriers of
large positive and negative (r + o) charges at high orders of the exocyclic C =0 bond in sydnones, which
is in good agreement with concepts regarding the high degree of double bond character and polarity of this
bond [15, 23, 24].
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