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The olectran deasity distribution tn the crvstal of the Mceiseaheumner complen of
potassiumy S-methvl- S T -dinitro- 308 T -dihvdrospiron 1, 3 -onazolidine - 2.8 -quinolimdey (D
was studied based on the data of precision X-ray ditfiaction study. The expermmental data
were compared with the results of guantum-mechamcal calculavons. The electron density
distnibutions 1 the rezions of the pitro groups are substantally different 1n spite of the
stmularity i the yeometric parameters of these groups. In addinon. there is 2 discrepancy
petween the experimental and theoretical data on this distribution. The cffect of the caton
an the slectromic structiee of e aion @ the ervstallae phase is the most probable cause of
the differences nbserved. To reveal this etfect. ab imno calculayons of different anion 1—K7
systems were performed and a topological analysis of the electron density distributions wos
carried out Depending on the mode of coordinabon of the catton to the anion. the former
determines the contribution of alternative resonance forms to the structurs of the anion.
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Nucleophilic substitution reactions, which play a
great role in the chemistry of electron-deficient aro-
matic compounds. proceed according o two  major
mechamsms. b2 vz SyAr and vicarious nucleophitic
<ubstitution (VNS These reacnons afford various prod-
ucts depending on the structure and the electron density
distribution 1n the kev mtermediate, which 1s u nega-
uvely charged a-complex or a Meisenheimer compley
(MC).3-% Owing to this fact, molecular and electronic
structures of MC attracted mereased interest over the
fast decades =13 NXe-ray diffraction studies of a number
of MC =26 ;made it possible to reveal some characteris-
tic features of the spatial structure of the organic amon.
In particular. it was demonstrated that the nitro groups
in Memsenheimer complexes of 2.4.6-trinitrobenzene are
substantially ditterent. One of them (at the para position
with respect (o the saturted carban atom) has a shorter
C—N bond and longer N—O bonds compared 1o other
nitro groups. This fact reflects a large contribution of
the uci-resonance form 1o the structure of the nitro
group at the para position. This conclusion agrees well

with the noticeable alternation of the endocychic C—C
honds in the six-membered ning?3:-28 a5 well as with the
spectral data 27

Investigation of the electronic structure and the elec-
tron density distnibunon i MC is a more challenging
task. Presently, the results of expernimental studies of
these characteristics are limited primarily to spectral
data due to the low stability of MC. Many of these
compounds cannot be solated from reaction mixtures !
Calculations by semicmpirical and ab initio'3-24:38 quan-
tum-chemical methods ofien gave contradictory resufrs 3
Besides. in this case the effect of
the canlon on the molecular and
electronic  structure  of the
Meiscoheimer complen iy 12-
nored.

In the present work. experi-
mental data on the electron den-
sty distribution in the crystal of
potassium  3-methyl-3".7"-di-
nitco-3 .8 -dihvdrospiro(!.3-
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oxazolidine-2.8 -quinolinide) (1) were obtained for the
first time by X-ray diffraction analysis and the results
were compared with the data of ab initio quantum-
chemical calculations. These data were interpreted with
the use of the results of topological analysis of the
electron density function, which allowed us to state the
principal characteristic features of chemical bonding in
MC 1 in terms of the experimentally observed charac-
teristics of the electron density.

Experimental

Compound 1 was synthesized according to o procedure
reported previousty 2?2 Single crvstals were prepared by slow
cooling of a solution of 1 in MeCN.

X-ray diffraction study of compound L. Crystals of
Cy2H, NJO<K are monochinic at 1332) K. a = 25 118(3) A, 5
=T7.686(D A, c= 151784 A, B = 132.71(3)°, V= 2579(3) A,
crystal dimensions 0.3x03x0.2 mm, space group /e,
Z =8, doyge = 1702 2 em™3, FO00) = 1360, u = 0.445 mm™ L.

Intensities of 8134 reflections (8028 independent reflec-
tions, Ry, = 0.0638) were measured at 153(2) K on an auto-
mated four-circle Siemens P3/PC diffractometer equipped
with a low-temperature LT-2 unit (graphite monochromator,
Mo Ka radiation, 8/20 scanning technique, 28,,,, = 80°). The
results of preliminary X-ray structural analysis of compound 1,
which has been carried out with the use of the SHELXTL
PLUS program package.?® have been reported previously.?’

Analysis of the electron density function in compound 1
was carried out within the framework of Hansen—Coppens's
multipole model.3! which allows one to analytically represent
this function as an expansion in terms of spherical harmonics,
as well as with the use of the topotogical approach proposed by
Bader.32-33 The multipole refinement based on F2 was per-
formed with the use of the XD program package3?d using 4198
reflections (438 parameters) to R = 0.032, GOF,, = 0.9&. For
the carbon, nitrogen. and oxygen atoms. the mulitipole expan-
sion was broken off" at the actupole level (/y,, = 3). For the
hydrogen and potassium atoms. the expansion was broken off
at the dipole level (/,,,, = D. It was assumed that the local
svmmetry m is true for all oxygen and carbon atoms. except for
the C(8) and C(12) atoms. for wiich the symmetries t and 3m,
respectively. were assumed. The local symmetry mm2 was used
for the nitrogen atoms of the nitro groups and the symmetry m
was used for the N(1) and N{3$) atoms. According to the
accepted local syminctries, restrictions reported previousiy?s
were imposed on the indices of spherical harmonics for the
above-mentioned atoms. The coordinates of the nonhydrogen
atoms in the siructure of 1 obtained by the multipole refine-
ment and the complete tables of the bond lengths and bond
angles were deposited with the Cambridge Structural Database.
The principal bond lengths and their electronic and topotogical
characteristics, in particular, the total electron density p(r). its
Laplacian V3p(r). and the cllipticity £ at the critical poimts of
the bonds (3, —1). are given in Table 1.

Ab initio quantum-chemical calculations of the wave func-
tions for anion I and the anion 1—K™ system (for five possible
positions of the cation, iz, K(1A)—K({1E)) were carried out
with the use of the GAMESS program3® in the HF/6-
311+ +G** approximation with fixed geometric parameters taken
from the X-ray structural data. The topological analysis of the
theoretically caltculated electron density distribution was per-
formed within the framework of Bader's theory32:33 using the

Table 1. Bond lengths and their topological characteristics at
the critical points (3, 1) in the crystal of compound 1
according to X-rav structural data {a multipole modeh

Bond d/A pir) Vip(r 3
Jer A3 leATS

N(2} =0t 12496114 3.315 -798 0.19
N(2)--0() 1.2494(14) 3515 ~14.25 0.12
N(3)—-0(3) 1.2432(14) 3.30% -14.70 0.17
N(3H-0H) 1.2510(13) 2.884 =204 .11
O(H—Ci(8) 1.433(2) 1.496 =577 0.16
03)—Ci 1)) 1.449(2) 414 —6.14 0.22
N(H=Cih) 1.335(2) 2.307 ~23.81 0.17
N{H—C(9) 1.3415(H 2332 ~28.14 0.15
N(2)—=C(5) 1.3995(14) 1.9135 -14.76 0.29
N3 —=C(7) 1.408(2) 2.044 -17.92 0.38
N(4)—C8) 1.476(2) 1.663 -6.27 0.19
N($H—=C(th 1.460(2) 1.689 -9.30 0.17
N —C(12) 1.434(2) 2012 -13.98 0.05
C{hH—C 1.383(2) 1.972 ~14.43 013
C(H—C3) 1.380(2) 2.152 -19.09 9.16
C(3)—C(h 1.402(2) 2.079 -17.33 0.19
C(hH—-C(H 1.458(2) 1.881 -14.25 0.23
C(4)—C(9) LA18(2) 1919 1349  0.24
C(5)—C(6) 1.392(2) 2.021 —18.30 0.31
C(6)—C(7T) 1.371(2) 2018 -~16.18 0.39
C(—-Ct8) 1.502¢2) 1.757 -11.93 0.13
C(8)—C(N 1.540¢2) 1.655 ~10.08 .15
C{lm—Ccab 1.315(2) 1.636 —3.98 0.16
O3 —K(1A) 2.83633(14) 0.071 1.375 0.56
O —K(1A) 2730 0.099 1.985 0.12
O(2)—K(1B) 2.655(2) 0113 2.180 0.03
O(H—-K(1C) 27480014 0.08% 1.703 0.02
O3)--K(D) 2772 0.092 1.799 0.03
OH—KUE) 2.750(2) 0.091 1778 0.02
Oi3)—KUE) 316012 0.036 0.681 0.43

EXTREME program included in the AIMPAC program pack-
age.37

When interpreting the results, we used the following con-
cepts of Bader's theory32-33: the structure of the many-electron
system with a given nuclear configuration {R} is completely
determined by a set and tyvpes of critical points of the electron
density p(r,R) in which the gradient of the clectron density
vanishes (Vp(r) = 0). The second derivatives p(r) calculated at
these points comprise a real symmetrical Hessian matrix. Each
critical point is characterized by the rank p and the signature 4.
which arc determined by the eigenvalues of the Hessian X; at
this point. The rank is the number of nonzero eigenvalues, and
the signature is the algebraic sum of their signs. Four types of
nondegenerate critical points. ie., points with p = 3. are
possible, viz.. (3.-=3), (3. —1). (3. +1). and (3. +3). Critical
points of the (3. —1) type or saddle points of the electron
density. which determine bonding interactions between two
atoms of the molecular svstem, are of primc importance from
the chemical standpotnt. Their presence is a necessary condi-
tion for chemical bonding. It is believed that a bonding
interaction occurs between two atoms if there is a line (bond-
ing path) linking their nuclei. along which the electron density
is maximum with respect to any one side shift and which has a
minimum at the critical saddle point (3, —1). One of the
important topological charactenstics of the chemical bond is
its ellipticity £, determined by the ratio between two negative
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eigenvalues  and > normal to the direction of the bond (¢ =
M/ha = 1) The ellipticity of the bond 1s directly (and quantita-
tively) related to the vatue of its = component3® und. therefore.
this parameter is very useful in the analysis of the nature of
efectron conjugation. Yet another important characteristic of
the electron density p(A s its Laplacian Vp(r), viz, the sum of
three eigenvalues of the Hessian . (the second partial deriva-
tives of the eiectron density). Thus negative values of the
Laplacian determine regions of the molecular space, where the
local concentration of the electron charge occurs and bonding
covalent interactions between atoms prevail. The positive
Laplacian determines regions of the so-called interactions of
closed shells. which are realized, in particular, in iamc and
hvdrogen bonds as weil as in van der Waals molecules.

Results and Discussion

As is evident from the X-ray structural data (Fig. .
the C(6)—C(7) and C(4)—C(9) bonds (1.371(2) and
1.418(2) A. respectively) in the six-membered C(4)...C(%)
ring are clongated compared to the corresponding bonds
in the Meisenheimer complexes of 2.4.6-trinitrobenzene
derivatives (1.348(2) and 1.357(2) X33 and are similar
to bonds of the C(Ar)—C(Ar) type. The length of the
formally single C(8)—C(9) bond (1.340(2) A) is sub-
stantially larger than the average value (1.503 A3 for
bonds of the CIAN—C(sp”) type, due, apparently. to
the shortened intramolecular N(1)...C(11) contact (3.09
A: the sum of the van der Waals radit?® is 3.21 A). In
anionic g-complexes of trinitrobenzene in which such
shortened contacts are absent, the C{Ar)—C{sp?) bond
tength has a standard value 17-19.23

N K(1B)

. {
Kacy N
Fig. 1. Overall view of anion @ and the atomic numbering
scheme. Coordination of the potassium atoms by the oxygen
atoms of anion I in the crystal is indicated by dashed lines.

The C(H—Ni2) and C(7T)—N(3) bonds in anion 1
(1.400(1) and 1.408(2) A. respectively; see Fig. 1) are
substantially shorter than those in the anionic g-comp-
fexes of 2.4.6-trinitrobenzene derivatives!?1%23 but are
essentially longer than the C—N bond (1.36(2) A) in the
Meisenheimer complex of the 3-nitroanthracene derivati-
ve.2* This may be indicative of a substantial enhance-
ment of the partially double character of the C—~NO,
bond upon extension of the m-system of the anion.
However, the nitro groups in anjon 1. unlike those in
the MC of trimitrobenzene. are virtwally identical in
geometry (see Table 1). It is also difficult to draw a
conclusion about the character of localization (delocali-
zation) of the C—C bonds in the central six-membered
ring. Consequentiy, in the case of 1, the preference of the
contribution of anv one of structures I—H1 (Scheme 1) to
the electronic structure of the anion cannot be stated
based only on the geometric data. In this case, the use
of the topological analysis of the electron density distribu-
tion in compound 1 for studying the electronic structure
of the anion (the contributions of forms 1—II) seems
to be particularly fruitful. In particular, the ellipticity of
the bond is considerably superior to the mofecular geom-
etrv in sensitivity with respect to the conjugation effects.

Scheme 1
_Me / ‘ Me
0 0 -
N NO, N NO,
r / \ ~Me
x o _ox
N NO,
-
NO, - | NO,
R o
I 111
NO,
11

The nitro groups in compound I arc coplanar with
the plane of the conjugated system of the C(4)...C(9)
ring (the O(3)--N(3)—C(7)—C(6) and O(2)—N(2)—
C(3)—C(6) torsion angles are —7.3(1)° and —6.1(1)°,
respectively) in spite of the shortened intramolecular
contacts O(1)...C{(3) {(2.77 A; the sum of the van der
Waals radiid® is 3.00 &), O(1)...H(3) (2.18 A; the sum of
the van der Waals radii is 2.45 A). O(2)...H(6) (2.33 A).
and O(3)...H(6) (2.29 A). (The conformations of the
rings in molecule 1 and the factors determining these
conformations have been considered in detail previ-
ousty.2%)

In the crystal of compound 1, the potassium cations
form infinite zigzag chains along the (0 1 0) direction. In
these chains, the distances between the metal atoms are
equal (4.172(2) A). The chains are linked to each other
through coordination of the metal ions by the oxygen
atoms of the anions to form a stack structure along the
(0 1 0) direction. As a result, the oxygen atoms of the
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Fig. 2. Experimental charge distribution in anion 1 determined
on the basis of coeffictents of monopole populations.

five-membered ring and the nitro groups at the ortho
positions are coordinated to three successively linked
potassium atoms ot one chain (the distances are as fol-
lows: O(3)—~K(1A). 2.863(1) A; O(4)—-K(1A). 2.73 () A;
O3)—K(ID), 2.772(2) A: O(4)—K(IE), 2.750(2) A;
and O5)—K(1E). 3.160(2) A), whercas the oxygen at-
oms of the nitro group at the para position of this anion
are coordinated to two successively located potassium
atoms of the adjacent chain (O(2)—K(IB). 2.635(2) A:
and O(H—K{1C), 2.748(1) A). Therefore, each anion is
coordinated to five cations Ki1A)—K(IE) (sce Fig. 1).
Each potassium 1on. in turn, is coordinated by five

oxygen atoms of five anions to form seven coordination
bonds. Apparently, the coordination number of the po-
tassium atom can be taken equal to 6 and the coordina-
von polvhedron can be considered as an octahedron
since the O(3)—K(1E) distance is substantially longer
than the remaining K—O distances.

Precision X-ray diffraction study made it possible to
perform the analysis of the distribution of the electron
density function in the crystal of complex 1. The experi-
mental charge distribution in anion 1 calculated on the
basis of coetficients of monopole populations (Fig. 2)
demonstrated that the negative charge is localized pri-
marily on the oxygen atoms of the nitro groups and the
oxazolidine ring. On the whole, the results of quantum-
chemical calculations of the charge distribution in 1s0-
lated anion 1 (Fig. 3) agree well with the experimental
data. However, these calculations gave higher negative
charges on the oxygen atoms of the nitro groups and a
lower charge on the O(3) atom in the five-membered
ring. Theretore, the absence of the concentration of a
negative charge on the carbon atoms of the six-mem-
bered ring indicates that the contribution of structure I1
to the structure of the anion is insignificant.

Analysis of the static deformation electron density
maps 1n the section passing through the C(4), C(6), and
C(9) atoms (Fig. 4) demonstrated that the peak heights
of the deformation efectron density in these bonds are

015 007 013 007 -0.14_-0.07
H"OCZQ G nes
ERN K
-0.10

NoC16 O |
5.1 03,/
N

Fig. 3. Charge distribwion (according to Levdin) in anion 1 and in the anion 1—K™ systems (A—E) based on the data of ab inirio calculations.
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Fig. 4. Static deformation electron density map in the section
passing through the Ci{4), C(6), and C(9) atoms. The map is
contotred at intervals of 0.1 2+ A7

approximately equal in spite of a noticeable difference
in the bond lengths in the conjugated portion of the six-
membered ring. However, the topological analysis of the
electron density function revealed that the electron den-
sity at the critical points (3. —1) in the C(4)—C(5) and
C{4)—C(9) bonds i1s somewhat lower than that in the
C(3)—~Cy6) and C(6)—C(7) bonds and the ellipticities of
the latter bonds are substantally larger, which s also

consistent with their smaller lengths (Table 2). The data
of theoretical topological-analysis calculations for the
dihvdrocycle in anion 1 agree not only qualitatively but
also virtually quantitatively with the experimental data
tsce Table 2).

According to the deformation electron density maps
(Figs. 3 and 6), two nitro groups are noticeably different
in spite of the similarity in their geometric characteristics.
The peak height of the deformation electron density in
the C(7)—N(3) bond s actually twice as large as that in
the C(3)—N(2) bond. The topological analysis confirmed
this nonequivalence. The C(7)—N(3) bond 1s character-
ized by somewhat larger values of the electron density
and its Laplacian at the critical point {3. —1) in the C—N
bond and the ellipticity of this bond is substantially larger
than that of the C(5)—N(2) bond (see Table 1). However.
the topological analvsis of the theoretically calculated
electron density distribution in isolated anion 1 gave
opposite results (see Table 2). The ellipticity of the
C(5)—N(2) bond (0.67) is larger than that of the
C(7)—N(3) bond (0.43). The same is true for the values
of the electron density at the critical points (3, — 1) in the
above-mentioned bonds (see Table 2). This contradiction
seems to be of fundamental importance because the
ellipticity of the bond gives an estimate of its = charac-
ter3® and allows one to judge the contribution of reso-
nance forms [ and 1 to the structure of anion 1.

1t can be suggested that the observed contradiction
between the theoretical and expenimental data stems
from the polarizing etfect of the potassium cations that
coordinate the oxygen atoms of the anion. To verify this
suggestion, we carricd out the topological analysis of the
theoretically calculated electron density distribution in

! ’ B
N
BRI
N
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N1y =
1N

i
1
N
Y
N

Fig. 5. Static deformation electron density maps in the sections passing through the O(1), N(2), and O(2) atoms (a) and through

the O(3). N(3). and O¢d) atoms (5). The maps are contoured at intervals of 0.1 e- A

=3
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Table 2. Topological characteristics of the bonds at the critical points (3, —1) and the orders of these bonds (n) in anion 1 and
in the anion 1—K™ system according to the data of ab initio calculations taking into account possible positions of the cation.
viz., K(TA)—K(IE))

Bond Anion, pir) T2p(r) I3 n Bond Anion, ptr) V2o(r) € n
System Jer AT fee AT system Jer ATY jerATS
Ni2)y—C(3) i 1.899 —0.99 0.67 L4 CR)y—-C 1 1.770 ~17.664 0.06 .40
1K) 1.914 ~-2.393 0.30 .08 1—K(1A) 1771 —17.65] 0.06 0.39
1—K(1B) 1.879 0.193 073 119 1—-K(1B) 1770 —17.673 0.05  0.42
1—K(IC) t.877 0.272 30120 1—K{O) L7700 —17.679 005 041
1—K(1D) 1.912 -1.983 063  1.12 1I-K(1D) 1.768  —17.377 0.06 .51
1—K(IE) 1.913 -2.337 053 1.09 I—K{{E) 1772 —17.639 006 0.39
N(H—C(7) ! 1.866 -1.234 043 LR CH—Co) 1 2079 =22.267 0.24  1.39
1—K(1A) 1.823 2.207 N6l 1.20 1—-K(14) 2076 —22.000 0 0.250 139
1—K(1B) 1.881 =2.640 .32 108 1—-K{IB) 2077 -=22.139 0.25 1.41
1I—K(1O) 1.889 -=3.293 030 107 —K{1O) 2078 -22.21 025 1.3
1—K(tD) 1.876 ~2.040 048 1.09 1—KiiD 2079 —=22.32 0.24  1.44
1—K(IE) } 849 0.946 .60 116 1—K{1E) 2.075 ~22.100 .25 1.41
Cih—C(3) i 1912 —19.668 219 10 N()-~0otl) 1 3291 -28.077 0.1 202
—K(1A) 1915 ~19.904 0.17 {08 1I—K(lAa 3.292 —27.647 0.12 2.06
1—K(1B) 1914  —19.899 0.17 g 1—K(iB) 3.288 —27.783 0.11 2.01
t—Ki{1C) 1915 —193836 017 1.09 1—K(IO) 3280 —=30.0632  0.10  1.85
I—-K(iD 1910 —19.32] 021 114 1-K{lD) 3292 =27.812 011 2.02
I—-K(IE)Y 1915 19821 018 1.07 1—-K(IE) 3292 =27676 012 205
Ci3)—C(6) 1 21538 —24072 0.27 131 N0 1 3.293  =27.522 0.1t 2.09
1-K(1A) 2132 =23469 032 1351 1—K(l1A) 5.294 =27.292 011 210
1—-K(1B) 2,167 —24.676 023 1.23 1—K(1B) 3280 —298%4 0.09  1.69
I—Ki1C) 2169 —24.837 021 123 1-K{IC) 3291 -27.673 0.11  2.00
1—K(1 DY 2,156 =23.953 0.28  1.32 1I—K{D) 3293  -27.087 012 2.12
1-K(E) 2,133 —23.540 0.32 145 1—K(IE) 3294 270187 012 211
Ciey—C(7y t 2,229 —24.804 .35 1.36  N(3)—0(3) 1 1326  ~28.402 0.1 2.12
I— KA 2.242 —25767 027 130 1—K(IA) 3.326 -29.505 0.1 2.04
1—K(1B) 2227 —24.481 038  1.69 1—-K{1B) 3325 28436 011 2.09
1-K(1C) 2,226 24413 (.38 171 1—K(1Cy 3.326 —28.147 0.12 2.13
T— K1 2,228 —24.813 0.34  1.5% I—-K(1D) 3.326 —27.978 042 214
1—K(1E) 2237 -25.503 0.29  1.46 1—-K({IE) 3327 —28.206 0.t 2014
C(7)~-C(8) 1 1837 —19.2138 009 087 N3)—=OH o 3282 ~27.299  0.12 2.8
I—K(1A) 1.§54  —19.303 Dos 08 1—K{1A) 3,280 —28.383 011 2.08
I—K(1B) 1.837  ~19.425 0.08 0388 I—K{IB) 3282 —-26.953 0.13  2.22
1-K(1C) 1.839 —19.431 008  0.59 1—-K(1O) 3282  —26.986 013 221
[—-K(1Dy 1.857  —19.083 011 084 1—-K{iD 3,282 --27.271 012 213
1—K(IE) 1855  —19.133 0.10 056 1—-K(1E) 3279 ~28.455 0.10 193
a b
4
L B

Fig. 6. Static deformation electron density maps in the sections perpendicular to the
C(3)—N(2) (@) and C(7y—=N(3) (b) bonds and passing through their midpoints. The
maps are contoured at intervals of 0.1 ¢+ A7
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the anion T—K?* svstems tor five possible positions of

the cation, viz., K(1A)—K(1E) (sce Table 2 and Fig. 3).
The effect of the cation in the systems A and E on
the clectronic structure of anion 1 is very similar. In
particular, a slight increase in the negative charges on
the O(3) and O(4) atoms comparcd to those n the
isolated anion is observed. However, the charge distribu-
tion as a whole remains fundamentally the same (see
Fig. 3). Note also a substantial decrease in the N—O
bond orders and an increase in the C—N bond order in
the nitro group at the ortho position as well as a decrease
in the C—N bond order in the nitro group at the para
position. As a result, for example, the C(7)—N(3) bond
order (1.20) in the svstem A is substantially larger than
the C(5)—N(2) bond order (1.08) aithough the inverse
ratio is observed in isolated anion 1. In addition, the
C(51—C(6) and C(6)--C(7) bond orders in the central
ring change substantially and the equalization of these
bond orders in the system E occurs (see Table 2). The
orders of the remaining bonds in the systems under
consideration remain virtually unchanged.

The topological analysis of the electron density dis-
tribution demonstrated that the ellipticity of the
C(7)—N(3) bond in the svstems A and E (0.6) and 1.60.
respectively) is larger than that of the C(3)—N(2) bond
{0.30 and 0.53, respectively) although. as mentioned
above. the opposite situation is observed in isolated
anion 1 (sce Table 2). Interestingly. the topological
characteristics of the N—O bonds in this case remain
virtually unchanged, while the ellipticity of the
C(3)—C(6) bond increases and the ellipticity of the
C(6Y—C(7) bond decreases compared to the values ob-
served in anion 1 (see Table 2). Therefore. the character
of the changes in the order and ellipticity of the bonds
indicates that the cation in the systems A and E causes
an increase in the contribution of resonance form I (see
Scheme 1) to the structure of anion 1.

in the systems B and C, the negative charge on the
oxvgen atom of the nitro group bound to the potassium
atom increases substantially and the order of the corre-
sponding N—O bond decreases compared to the values
observed in isolated anion 1 (see Figs. 3 and 4). In
addition. the ratio between the C(3)—N(2) and
C(7)— N(3) bond orders as well as the ratio between the
C(3)y—C(6) and C(6)—C(7) bond orders are identical to
those observed in anion 1 (and opposite to those ob-
served in the system A). but the difference in these
values is more pronounced. However, the topological
analvsis of the electron density distribution demon-
strated that, as in the cases of the systems A and E,
noticeable changes are observed only for the C-—N
bonds of the nitro groups as well as for the C(3)—Ci6)
and C(6)—C(7) bonds. Note that the ellipticities of the
C(5)—N(2) and C(6)—C(7) bonds increase and the
cHipticities of the C(7)-—N{3) and C(5)—C(6) bonds
decrease compared to those observed in anion 1. In
these systems. the contribution of resonance form 1 to
the siructure of anion 1, apparently. increases.

in the system D. the C{§)—O(5) bond order de-
creases substantially, the C(sp>)—C bond orders are
somewhat increased. and the C—N bond orders in both
nitro groups are slightly decreased. Apparently. the last-
mentioned fact is indicative of a slight increase in the
contribution of form IIL At the same time. the topo-
logical characteristics of the electron density function
for the dinitroguinoline fragment of the molecule are
virtually identical to those tor the isolated anion.

Thercfore, it can be concluded that the effect of the
ficld generated by the potassium cattons feads primartly
to noticeable changes in the order and ellipticity of the
C—N bonds of the nitro groups and of the C(3)—C(6)
and C(6)—C(7) bonds in anion 1, which are responsible
for the contributions of resonance forms I and I{ to its
structure. In this case, the ellipticities of the C—N
bonds vary in wider ranges than those observed for the
bond orders. For the C—C bonds, the opposite situation
is observed. Changes in the bond orders and their
ellipticities in the systems A and E result in an increase
in the contribution of resonance form I to the structure
of anion 1. whereas these changes in the systems B and
C lead to an increase in the contribution of resonance
form I. Evidentlv, the experimental data on the elec-
tronic structure of compound 1 are characterized by a
superposttion of the field effects generated by each
potassium atom bound to the anion. It was demon-
strated that these effects are not consistent but favor the
contribution of alternative resonance forms to the struc-
ture of the anion.
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