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The ,.qect:-. density di,,~rihtq~orl m the cr\',{al o( the \|,,'i':.e~thctlrrer complex of 
l)ola~,,;itlfll 3-mclhvl- ~, .7 "-dmitlo-5 '.8 " -dihydr,,~splro( 1,3-o\azolid.ne-2.:<'-qmn(qinidei t I 
was stud~cd based on rile data oi precision X-ray dill-iaclion study The cxpermlental data 
were compared with tile results of quantum-mcchan,cal calculations The eleclron dent, try 
di.,,trthut~ons m tile regJom, of rite nrro gloups are subt, lant~ally different m sp~te of the 
~mldarit,r m the eeemeHic parameters (ff the~e groups In addition, there is a di<crepancy 
between die experimental and theorcticA da~:~ on this di.-,tributlofl The cllcct t)f the catlou 
,)a the electromc ,,tractate Ol tl~r ani(~n m the cr?estalhue phase is ti~e moq probable cause of 
!he differences ob,ep, ed To re~eal Ihis effect ~;h [tD[lo c.HctflationS of dilferenl anion I - -K"  
s?,slems ,,,.ere perimm,:d md a topolcgical ,.lrlal}qh, of The clectr(m dora, it} di,qtrlhu[iorl8 was 
carried o,~t Depending on lhc mode of coordinatum of the cation 1o tilt: anion, tile former 
delcrl'nincS lht: cofltr~btitloo ol allernglll'.e resonance ti:,rrns to the structtir:? oi  the anic.n 

Key words: po(ast, mm 3-methyl 5",7 -dmltro-5",8 -dihyclrospiro(I,3-oxazoli(hne-2.8"- 
qtlillolinidel, Mcis,2ilh,21fller colnOle\ds, rllolecul,lw-tractate, dh tomb .dalccllai/ion, electron 
denxHy dP.;lrlblill,~FI. N-faly dilTrar ,,tlld_x, Buder~ thcOly, resoll:lilcc t ~ r ' n ~  �9 

Nucleophi l ic  subsli tutlon reactions,  ,ahich play a 
great role in the chemis,ry of  e l ec t ron-de f i c i en t  aro-  
t l lat ic c o m p o u n d s ,  proceed according  to two major  
mechan i sms .  12 vt,~. 5"vAr and v~carious nucleophi t ic  
,,ubstltutJon t V N S )  ] h e s e  reacuow,  afford various prod-  
ucts depend ing  on the .-,tructure and the e lectron dcn~,ity 
di>,tribution in the key intermediate ,  which is a nega- 
t i , ,eh  charged c~-complex or a M c i s e n h e i m e r  c o m p l e x  
( M C )  3 -9  Ow ing  to this fitct, mo lecu la r  and e lec t ron i c  
~trucmres o t  MC attracted increased interest over  the 
la~,t decades  "~-~3 X-ray difTracl~on q u d i e s  of a n u m b e r  
o( .%IC 14-26 made it posstbte to re',eal some charac te r i s -  
tic features of  the spatial ,;tructure off the organic anion.  
In particular,  il wa:, demonstrated that Ihe nitro groups  
in Mci : ,enheimcr  complexes  of 2 .4 ,6 - t r tn i t robenzene  are 
substantially dil/izrent. Ouc of thorn (at the para p o s m o n  
,,v~tb respect to the sa~uc~ted c;wbon a tomI  has a shor ter  
C - - N  bond and longer N - O  bonds  compa red  IO o the r  
nitro group~,. This fact reflects a large con t r ibu l ion  o f  
the ac i - r e sonance  |'ornl IO [he s t ructure  of  the nitro 
group at the para position. Thin conc lus ion  agrees well 

~ t h  the not iceable  al ternat ion oF the endoc.;,clic C ' - C  
bonds in the ~lx-membered  ring 23'2~ as well as with the 

Spect r31 data.  z? 
In, ,esttgatron of  the electronic  s t ruc tu re  and the e lec-  

tron dens i ty  dis t r ibut ion m MC is a more  ci~ailengmg 
task Present ly ,  the results of  e x p e r i m e n t a l  studies of  
these charac ter i s t ics  are limited pr imari ly  to spectral  
da:a due to tile low stability of  MC.  Many  of  these 
c o m p o u n d s  canno t  be isolated f rom reac t ion  mixtures. I 
Calcula t ions  by semicmpir ica l  and ab imrto la'2~ZS quan-  
t um-chemica l  melhb~ds often ga,,e con t r ad i c to ry  resuhs t3 

Besides, in this case the effect o f  
the c a t i o n  on t i le m o l c c u i a r a n d  ~o z, ;2 

e l e c t r o n i c  s t r u c t u r e  o f  the ^ _ ~ ,  
M e i s c n h e i m e r  c o m p l e x  ix ig- U ~ ' ' '~'Me 

In the present  work. cxperi-  2 ~ a ~ K 
mental data on the e lectron den-  
sity d is t r ibut ion  in the crystal o f  N202 
po t a s s ium 3-methy l -5" ,7 ' -d i -  
nitro-5 ',8 " - d i h y d r o s p i r o l  I .3- 1 
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o x a z o l i d i n e - 2 , 8 " - q u i n o l i n i d e )  ( I )  were  o b t a i n e d  f i)r t h e  

first  t i m e  by  X - r a y  d i f f r a c t i o n  a n a l y s i s  a n d  the  r e su l t s  

w e r e  c o m p a r e d  wi th  the  d a t a  o f  ab mitio q u a n t u m -  

c h e m i c a l  c a l c u l a t i o n s .  T h e s e  d a t a  were  i n t e rp re t ed  wi th  

t h e  u s e  o f  the  r e su l t s  o f  t o p o l o g i c a l  ana lys i s  o f  t he  

e l e c t r o n  d e n s i t y  f u n c t i o n ,  w h i c h  a l lowed  us  to s ta te  t he  

p r i n c i p a l  c h a r a c t e r i s t i c  f e a t u r e s  o f  c h e m i c a l  b o n d i n g  in 

M C  I in t e r m s  o f  t he  e x p e r i m e n t a l l y  obser , , ed  c h a r a c -  

t e r i s t i c s  o f  t he  e l e c t r o n  d e n s i t y .  

Experimental 

C o m p o u n d  ! was synthesized according to a procedure 
reported previot,sly !9 Single crystals were prepared by slow 
cool ing o f  a solution of I in M e C N  

X - r a y  d i f f rac t ion  s tudy  of  compound  1. Crystals  o f  
C I 2 H I I N 4 O s K  are monocl iu ic  at 15312) K, ,; =: 2511~,5)  A, h 
= 7.686(2) :~,. c =  18,178!4) 3,. 13 = 132.71(3P, V = 2579(3) A". 
crys ta l  d i m e n s i o n s  0 5 x 0 . 3 •  ram.  apace group C2/v, 
Z = 8. d,.al c = 1.702 g cm -3. F(000) = 1360, ~ = 0.445 mm - l ,  

Intensi t ies  of  8154 rat]actions (8028 independent reflec- 
t ions,  Rim '= 0068 )  were measured  at 15312) K on an auto-  
ma ted  four-circle  S iemens  P 3 / P C  diffractometer  equipped 
with a low- tempera ture  LT-2 unit  (graphite monochromator ,  
Mo Kct radiation.  0/20 scanning  technique.  2%,a~ = 80"1. The 
results o f  p r e l i m i n a ~  X-ray structural  analysis of  compound  1, 
wh ich  has  been carried out with the use of  the SI IELXTL 
P L U S  program package. -~~ have been reported previously. !s 

Analysis  of  the electron densi ty  function in c o r n p o u n d !  
was carried out within the f ramework of  Hansen- -Coppens ' s  
mul t ipole  model .  3l which allows one to analytically represent 
this  f tmct ion  as an expansion in te rms  of  spherical harmonics ,  
as well as with the use of  the topological approach proposed by 
E, adcr.  3z-33 The multipole re f inement  based on F z was per- 
fo rmed  with the use o f  the XD program package 34 using 4198 
reflect ions (458 parameters)  to R = 0.032, GOF,~ = 09s  For 
the  ca rbon ,  nitrogen, and oxygen a toms,  the multipole expan-  
s ion was broken off  at tile octupole  level lima x = 3i. For the 
hydrogen  and potassium atoms,  the expansion was broken off 
at the dipole level (/ma~ = I), h was assumed that the local 
s y m m e t w  m is true for all oxygen and carbon atoms,  except for 
the C18) and  C{12) utoms,  for which  the symlnetries 1 and 3m, 
respectively,  were -issumed. The  local symmetry  ram2 was used 
ebr the  nitrogen atom,~ of tile nitro groups and the symmetry  m 
was used for the N(I)  and N(4I atoms.  According to the 
accepted  local symmetr ies ,  restrict ions reported previously 35 
were imposed  on the indices o f  spherical  harmonics  lbr the 
a b o v e - m e n t i o n e d  a toms.  Tile coordinates  of  the nonhydrogen 
a t o m s  in the s tructure o f  I obta ined  by the multipole refine- 
men t  and  the complete  tables o f  the bond lengths and bond 
angles  were deposited with the Cambr idge  Structural Database. 
The  priimipal b o n d  lengths and thei r  electronic and topological 
character is t ics ,  in particular, the total electron density o(r), its 
Laplacian V2o(r), and the etlipticity e at the critical points o f  
the bonds  {3, - I ) ,  are given in Table I. 

Ab initio q u a n t u m - c h e m i c a l  calculat ions of  the wave func-  
t ions for an ion  1 and the anion I - - K  ~ system (for five possible 
posi t ions  o f  the cation,  we.., K ( I A ) - - K ( I E ) )  were carried out  
with the  use of  the G A M E S S  program 3~' in tile H F / 6 -  
311 + +G**  approximation with fixed geometric parameters taken 
from the X-ray structural data. The  topological analysis o f  the 
theoret ical ly  calculated electron densi ty distribution was per- 
[brined within the framework o f  gader ' s  theory 3z,33 using the 

Table I. Bond lengths and their  topological character is t ics  at 
the critical points (3, --I)  in the cry, sial of  c o m p o u n d  1 
according to X-my structural data (a multipole modcH 

Bond d/:k olr) V2p(r) ~: 
/ e .  ,X-~ !e" X -s 

N(2}--O{I) 1.2496( 14~ 3.315 - 7 9 8  O19  
Nl.2Y-O(2) 1.2494114) 3.515 -14 .25  0.12 
N(3)--O(3) 1.2452(14) 3.301 - 1 4 . 7 0  0.17 
N13)--O(4) 1.2510113) 2.884 --2.14 0.11 
O15)--C(8) 1.433(2} 1.4% - 5 . 7 7  0.16 
O{5)--C~ 10) 1.449(2) 1.414 - 6 . 1 4  0.22 
N ( I ) - C I I )  1.335{2) 2.307 -25.81 0.17 
N( I ) - -C(9 )  1,3415~, t4) 2.332 - 2 8 . 1 4  0 . t5  
N(2)--C(5} 1.3995114) 1.915 - 1 4 . 7 6  0.29 
N13)--C17) 1,408(2) 2.044 - 1 7 9 2  0 3 8  
N(4)--C~S) 1.47612) 1.663 - 6 . 2 7  0.19 
N(4}--C(I I) 1.46012) 1.689 - 9 . 5 0  0.17 
N14)-C{12~ 1 45412) 2.012 --13.98 0.05 
C(I)- -C(2} 1.385121 1.972 - 1 4 A 5  0.15 
C121--C(3) 1.38012) 2.152 -19_09 0.16 
C(3)--C14~ 1.40212) 2.079 - 1 7 . 3 3  0.19 
C ( 4 1 - C ( 5 )  1.45812) 1881 -14 .25  0.23 
C(4}--C(9} 1.418(2) 1.9t9 - 1 3 . 4 9  0.24 
C15)--C(6) 1.39212) 2.02I - 18 .50  0.31 
C16)--C17! 1,37112) 2.018 --16.18 0.39 
C17~--C~81 1,50212) 1.757 -11 .95  0.13 
C(8)--C(9~ 1,54012) 1.655 -- 10.08 0.15 
C( I0 ) - -C( I  1) 1.515(2) 1.636 - 8 . 9 8  0. lO 
O ( 3 ) - K ( I A )  2.8633(14) 0,071 1.375 0.56 
O(4)--K{IA) 2.731(2) 0.099 I 985 0.12 
O(2t- -KIIB~ 2.655(2) 0.113 2,180 0.03 
O ( I I - - K ( I C )  27480~ 14) 0.088 1.703 0.02 
O(5)---K( t D) 2.772(2) 0.092 1.799 0.05 
O ( 4 ~ - K ( I  El 2.750(2) 0.091 1 778 0.02 
OiS) - -KI IE)  3.16012) 0.036 0 s  0.~5 

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

When interpreting the results, we used the following con-  
cepts of  Bader's theory3Z,33: the structure of  the many -e l ec t ron  
system with a given nuclear  configuration {R} is comple te ly  
determined by a set and types o f  critical points of  the e lectron 
density 9(r,R) in which the gradient  of  the e lectron densi ty  
vanishes (V0(r) = 0). The second derivatives o(r) calcula ted  at 
these points comprise a real symmetr ica l  Hessian matrix,  Each 
critical point is characterized by the rank p and the s igna ture  q, 
which are determined by the eigenvalues of  the Hessian )'-i at 
this point, The rank is the n u m b e r  of  nonzero e igenvalues ,  and 
tile s~gnature is the algebraic sum of  their signs, Four  types  of  
nondegenemte critical points,  i.e., points with p = 3. are 
possible, vi,,.., 13,-~3), (3, - I } ,  (3, +1),  and. (3. 4-3). Critical 
points of  the (3, - I )  type or saddle points o f  the e lec t ron 
density, which determine bonding  interactions be tween two 
atoms of the molecular system,  are of  prime impor tance  from 
the chemical standpoint.  Thei r  presence is a necessa~ '  cond i -  
tion for chemical b o n d i n g  It is believed that a bond ing  
interaction occurs between two a toms if there is a line (bond-  
ing path) linking their nuclei,  along which the electron densi ty  
is maximum with respect to any one side shift and which  has  a 
min imum at the critical saddle point (3, - I ) .  One  o f  the 
important topological characterist ics of  the chemical  bond  is 
its elliptictty ~, de termined by the ratio between two negative 
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eigenv:flues h i and ;,., normal  to the direction of the bond O; = 
"tq/;. 2 - I). The  ellipticit? o f  the bond is directly land quant i ta-  
tively) related to the vahle o f  its ,-r componen t  3~ and. therefbre. 
this pa rame te r  is veQ, usefid in �91 analysis oF)he  nalure o f  
electron conjugat ion.  Yet ano the r  important  characteristic o f  
the electron densi ty p(rt is its kaplacian V2plr), vt:.., the sum of  
Ihree e igenvalues  of  the Hessian k. (the second partial deriva- 
tive~ o f  the electron density).  Thus  negative values o f  the 
Laplacian de te rmine  regions of  the molecular  space, where the 
local concen t ra t ion  of  the electron charge occurs and bonding 
covalent  in terac t ions  between a toms  prevail. The positive 
Laptacian de te rmines  regions o f  the so-called interactions o f  
closed shells,  which are realized, in particular, in ionic and 
hydrogen bonds  as well as in van der Waals molecu les  

R e s u l t s  a n d  D i s c u s s i o n  

As is evident from the X-ray structural data (Fig. 1), 
the C(6; - -C(7)  attd C(4)--C(9) bonds (I.371(2) and 
1.418(2) A, respectively) in the six-membered C(4)...C(9) 
ring are elongated compared to the corresponding bonds 
in the Meisenheimer complexes of 2,4,6-trinitrobenzene 
derivatives (I.348(2) and 1.357(2) ..\)23 and are similar 
to bonds of the C(Ar)--CtAr) type. The length of the 
formally single C(8)--C(9) bond (1.540(2) :~,) is sub- 
stantially larger than the average value (I.503 .~,)3'~ for 
bonds of the C(Ar)--C(sp 3) type, due, apparently, to 
the shortened intmmolecular N(I ) . . .C( I I )  contact (3.09 
,.\: the sum of the van der Waals radii 4~ is 3.21 A). tn 
anionic cy-complexes of trinitrobenzene in which such 
shortened contacts are absent, the C(Ar)--C(sp3t bond 
length has a standard value. 17-1923 

C( I0) 
~,,) C~ I ~ ) 

K( ID)  ~ . . ~  K(i E) 
_ 0 ( 5 }  " = ~ - - " ~  ' 

@ - -  "" = = ~ ' ~ ( N ( 4 ) " . -  0(4) K(IA, 

~ r  ~ ~ . _ ~ c ( 6 ~  

C(3) y C ( 5 }  

O ( ~  2) 

t! g 

// ,6 
II \\ 

K(IC) II \\ KS l B) 

Fig. 1. Overall view of anion I 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(5)--N(2) and C(7) - -N(3)  bonds in anion i 
(1.400{I) and 1.408(2) ,~. respectively: see Fig. t) are 
substantially shorter than those in the anionic c~-comp- 
[exes of 2,4.6-trinitrobenzene derivatives 17'19'23 but are 
essentially longer that] the C - - N  bond (I .36!2)/~) in the 
Meisenheimer complex of the 9-nitroanthracene derivati- 
ve_ z4 This may be indicative of a substantial enhance-  
ment of the partially double character of the C--NO~ 
bond upon extension of the ,'t-system of the anion.  
Hov, ever, the nitro groups in anion I. unlike those in 
the MC of trinitrobenzene, are virtually 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. Consequently, in tile case of i ,  the preference of the 
contribution of any one of structures ! - - I I I  (Scheme I) to 
the electronic structure of the anion cannot be stated 
based only on the geometric data. In this case, the use 
of the topological attatysis of the electron density distribu- 
tion in compound I for studying the electronic structure 
of the anion (the contributions of forms l - - I l l )  seems 
to be particularly fruitful. In particular, the ellipticity of 
the bond is considerably superior to the molecular geom- 
etry in sensitivity witt~ respect to the conjugation effects. 

S c h e m e  1 

0/•/Me ( - - ~ / M e  
0 

.o2 

~N. ~ ' ~  .-,'.NO 2- 
NO2- L"~ Z / J  NO2 

I -'~'/ T i i i  
NO 2 

II 

The nitro groups in compound I are 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(5)--C(6) torsion angles are - 7 . 3 ( I )  ~ and -6.1 ( I)~ 
respectively) in spite of the shortened intramolecular 
contacts O(1)...C(3) (2.77 A; the sum of the van der 
Waals radii 4~ is 3.00 A). 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 .'~). (The contbrmations of the 
rings in molecule ! and the factors determining these 
conformations have been considered in detail previ- 
ously, zS) 

In the crystal of compound 1, the potassium cations 
form infinite zigzag chains along the (0 I 0) direction. In 
these chains, the distances between the metal atoms are 
equal (4.172(2) A). Tile chains are linked to each other  
through coordination of tile 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 I determined 
on the basis of coefl]clents of monopole populations. 

five-membered ring and the nitro groups at the orrho 
positions are coordinated to three successively linked 
potassium atoms of one chain (the distances are as fol- 
lows: O(3)--K(IA),  2.863(I) A; O(4)--K(IA), 2.731(2) .~: 
O(5)- -K(ID) ,  2 .772(2 ) , \ :  O(4)--K(IE),  2.750(2)~,:  
and O ( 5 ) - K ( I E ) ,  3. 160(2) a), whereas 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),  2.655(2) .~: 
and O{I ) - -K( tC) ,  2.74g(I) ,~,L Therefore, each anion is 
coordinated to five cations Ki IA)--K(IE) (see Fig. I). 
Each potassium ion. in turn. is coordinated by five 

oxygen atoms o f  five anions to form seven coordination 
bonds. Apparently, the coordinat ion number of  the po- 
tassium atom can be taken equal to 6 and the coordina- 
tion polyhedron can be considered as an octahedron 
since the O ( 5 ) - - K ( I E )  distance is substantially longer 
than the remaining K - O  distances. 

Precision X-ray dif l ract ion study made it possible to 
perform the analysis of the distribution of the electron 
density function in the cD, stal of complex I. The experi- 
mental charge distribution in anion I calculated on the 
basis of coefficients 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 iso- 
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 0(5) atom in the five-membered 
ring. Therefore, the absence of the concentration of a 
negative charge on the carbon atoms of the six-men~- 
bered ring indicates that the contribution of structure I l l  
to the structure of tl}e anion is insignificant. 

Analysis of the static deformation electron density 
maps in the section passing through the C(4), C(6), and 
C(9) atoms (Fig. 41 demonstrated that the peak heights 
of the deformation electron density in these bonds are 
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Fig. 3. Charge distribution (according to Levdin) in anion l and in the anion I -K  r s},'slems (A--E) ba~d on the data ofab inifio c~alculadons 
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Fig..t. Siatic deformation electron density map in the section 
passing d~rough the C(4), C{6). and C(O) atoms. The map is 
contoured at inter,.,als o1" 0 I e - A-". 

approx imate ly  equal  in spite of  a not iceable  dif l 'erence 
in the bond  lengths  in the  con juga ted  por t ion  of  the  six- 
m e m b e r e d  ring. However .  the  topological  analysis  o f  the  
e lec t ron  densi ty  func t ion  revealed that  the e lec t ron  d e n -  
sit'.,' at the crit ical po in ts  (3. - I )  in the C ( 4 ) - - C ( 5 )  and  
C ( 4 ) - - C i 9 )  bonds  is s o m e w h a t  lower t han  that  in the  
C ( 5 ) - - C 1 6 )  and C ( 6 1 - - C ( 7 )  bonds  and  the el l ipt ic i t ies  o f  
the lat ter  bonds  are subs tan t ia l ly  larger, which  is also 

cons is tent  with the i r  sma l l e r  lengths  (Table  2). The  data 
o f  theoret ical  topo log ica l -ana lys is  ca lcu la t ions for the 
dihydrocyc le in an ion ! agree not only qual i ta t ive ly  but 
also v i r tua l ly  quan t i ta t i ve ly  w i th  the exper imenta l  data 
(see Table 2). 

Accord ing to the de fo rma t ion  electron density maps 
(Figs. 5 and 6), two n i t ro  groups are not iceably dif ferent 
irl spite of the s imilar i ty in the i r  geomet r i c  characterist ics,  
The peak height  o f  the  de fo rma t ion  e lec t ron  density in 
the C ( 7 ) - - N ( 3 )  bond  is actual ly twice as large as thai in 
the C ( 5 ) - - N ( 2 )  bond .  The  topological  analysis conf i rmed 
this nonequiva lence .  The  C i 7 ) - - N ( 3 )  bond  is charac ter -  
ized by somewha t  larger values of  the e lect ron density 
and its Laplacian at the cri t ical  poin t  (3, - 1 )  in the C - - N  
bond and the el l ipt ici ty o f  this  bond  is substant ia l ly  larger 
than that  o f  the C ( 5 ) - - N ( 2 )  bond  ('see Table 1). However. 
the topological  analysis  o f  the  theoret ical ly  calculated 
electron densi ty  d i s t r ibu t ion  in isolated an ion  I gave 
opposite results (see Fable 2). The e l l ip t ic i ty  o f  the 
C ( 5 ) - - N ( 2 )  bond (0.67) is larger than that  o f  the 
C ( 7 ) - - N ( 3 )  bond (0.45). The same is true for  the values 
o f  the electron densi ty at the cr i t ica l  points (3, - I )  in the 
above-ment ioned bonds (.see ] 'ab le 2). This cont rad ic t ion 
seems to be of" t 'undamental  impor tance  because the 
el l ipt ic i ty o f  the bond gives an est imate o f  its x charac- 
ter 38 and al lows one to judge the con t r ibu t ion  o f  reso- 
nance forms [ and [ ]  to the structure o f  anion 1. 

It can be suggested that  the observed con t rad ic t ion  
between the  theo re t i ca l  and  expe r imen t a l  da ta  s tems 
from the polar iz ing  effect  o f  the po tass ium ca t ions  that  
coord ina ie  the  oxygen a t o m s  of  the  an ion .  To verily' this 
suggestion,  we car r ied  out  the  topologica l  analysis  of  the 
theoret ical ly  ca l cu la t ed  e l ec t ron  dens i ty  d i s t r ibu t ion  in 
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Fig. 5. Static deformation electron density maps m tile sections passing through the O( I ) ,  N(2), and O(2) atoms (a) and through 
tile O(31, N(3), and 0(4) atoms (b), The maps are contoured at inlervals of  0. I e-,&-3. 
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Table 2. Topological  characteristics of  the bonds at the critical points  (3, - t }  and the orders of these  bonds  (n) in anion 1 and 
in the an ion  I - K "  system according to the data of  ab inino catculal ions taking into account possible positions of  the cation.  
vi: ,  K( IA) - -K( t  E 

Bond Anion.  o(r} V2p(r} c n Bond Anion.  p(r) V2p(r) c n 
s .~tem /e - , \ -3  ,/r system /e - ,.\-3 /e  �9 , \ -5  

N I 2 ) - - C ( 5 )  C(8)-+C(9)  

N I 3 ) - - C ( 7 )  

C14}--C{5} 

C{5)- -C{6)  

C{6) - -C(7}  

C ( 7 ) - - C ( S )  

! 

I - - K ( I A )  
I--K{ 1 B) 
l - - K (  IC} 
! - -  K( I D )  
I - -K<IE)  

I 
I - -K { IA )  
I --K( t B} 
I--K{IC~ 
I - - K ( I D )  
I - - K ( I E )  

1 
i - - K ( I A )  
I - -K( I  B) 
l - -K(  ICI 
I - - K l l  D)  
I - -K( I  El 

I 
I - - K ( I A )  
l - -K{  I B) 
I - - K ( I C )  
I - - K ( I D }  
I - - K ( t E }  

I 
l - - K (  IA} 
l--K{ I B) 
I - - K i I C }  
1- -K{ID} 
I - -K{IE)  

I 
l - -K(  I :\) 
I - -Kt  1 B) 
i - -K{ IC) 
I - -K( I D~ 
I - - K ( I E )  

1.899 
1.914 
I 879 
1.877 
1912 
I .~t5 

1.866 
1.823 
.88t 
.~89 
.~76 
.840 

.912 

.915 

.914 

.915 
1.911 
1.915 

215:3 
2.152 
2.167 
2.169 
2.156 
2.153 

2.229 
2.242 
2.227 
2.226 
2.228 
2.237 

1.857 
I.g54 
1.857 
1.859 
1857 
1.855 

- o . q  {} I 0.67 
-2 .393 0.50 

0.195 0.73 
0.272 0.75 

-- 1.983 0.65 
-2 .357 0 53 

--I.234 0.45 
2.207 0 6 l 

-2 .040  0.32 
--3.293 030  
- 2.040 0.48 
t).946 0.60 

-19.068 0.19 
- 1 9  904 0.I7 
- I Q 8 9 9  i).t7 
-19856  0.17 

-19.521 0.21 
--I9 ~21 0.18 

-24.072 0.27 
-23 .469  0.32 
-24.676 0.23 
-24 .837 0.21 
-23.953 0.28 
-23 .540  0.32 

-24.~(14 0.35 
-25.767 027  
-24.481 0.3{{ 
-24 .413  (I.38 
-24.813 0.34 
-25.503 (}.2q 

-19.218 009 
- 1 9  305 00~ 
- 1'}.425 0.0~ 
-19.431 0.08 
-19 .083  0.11 
-19 .  f33 0.10 

1.t4 
1.08 
119 
1.2(! 
112 
1.0q 

1.12 
1.20 
1 08  
1.07 
1 09  
1.16 

I. 10 
[.08 
1.14 
1.09 
1.14 
1.07 

1.31 
1.51 
1.23 
1.25 
1.32 
1.45 

.56 
40  
.60 
.71 
.55 
.46 

0.87 
084  
0.88 
0.89 
0.84 
0S6  

I 
I--K{ IA) 
I - - K ( I B )  
1- -K(IC} 
I - - K { I D )  
I - -K( I  E} 

C{4) - -C(9)  I 
i - - K ( I A )  
I--K{1B} 
I - -K{IC)  
I - -K{ID} 
i - - K i l E )  

N(2)- -O{ I} 1 
l - -K(  IA} 
i ~ K ( I B )  
l - -K{ IC) 
I - - K ( I D )  
I--K{1 E) 

N(2 ) - -O(2 )  l 
I - -K{ IA) 
I - -K(1B)  
I - - K { I C )  
I - -K{ID}  
I - - K ( I E )  

N(3~--O(3)  1 
I - - K ( I A )  
I - - K ( I B )  
l - -K(  IC} 
I - -K(  I D} 
I - - K ( I E )  

N(3}--O(41 ! 
I - -  K{ IA} 
I - -KI lB}  
I--K{ IC) 
I - - K ( I D )  
I - -K{IE)  

.770 

.771 

.770 

.770 

.768 

.772 

2.079 
2.076 
2.077 
2.078 
2.079 
2.075 

3.291 
3.2q2 
3.288 
3.280 
3_292 
3.292 

3.293 
3.294 
3.280 
3.291 
3.293 
3.294 

3.326 
3.326 
3.325 
.3.320 
3.326 
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Fig. 6. Static deformation electron densi ty maps  in the sections perpendicular  to the 
C(5)---N(2) {a) and Ct7") -N(3)  {b) bonds  and  passing through their midpoin ts .  The 
maps  are contoured at intervals of  0.1 e " A - ) .  
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the anion i - - K  + systems tbr five possible positions of 
the cation, viz., K(IA) - -K( IE)  (see Table 2 and Fig. 3). 

The effect o f  the cation in the systems A and E on 
the electronic structure of anion I is very similar. In 
parlicular, a slight increase in the negative charges on 
the O(3) and O(4) atoms con]pared to those in 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 exampIe, the C(7)~N(3)  bond 
order (I.20) in the system A is substantially larger than 
the C(5) - -N(2)  bond order (I.08) although the inverse 
ratio is observed in isolated anion I. In addition, the 
CI5)--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 demons t ra ted  that the elliptJcity of the 
C(7)--N(3)  bond in the systems A and E (0.01 and 0.60. 
respectively) is larger than that of the C(5)--N(21 bond 
(0.50 and 0,53, respectively) although, as mentioned 
above, the opposite situation is observed in isolated 
anion I (see Table 2). Interestingly, the topological 
characteristics of  the N--O bonds in this case remain 
virtually unchanged ,  while the el l ipt ici ty of the 
C(5)--C(61 bond increases and the ellipticity of the 
C(6)--O,7)  bond decreases compared to the values ob- 
served in anion ! q'see Table 2). Therefore. the character 
of the changes in the order and etlipticity of the bonds 
indicates that the cation in the systems A and E causes 
an increase in the contribution of resonance form 11 (see 
Scheme II to the structure of  anion I. 

In the systems B and C, the negative charge on the 
oxygen 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 I (see Figs. 3 and 4). In 
addi t ion ,  the ratio between the C(5)--N!21 and 
C(7)- -N(3)  bond orders as welt as the ratio between the 
C(5)--C(6)  and C(6)--C(7)  bond orders are identical to 
those obse~'ed in anion I (and opposite to those ob- 
served ill the System A), but tile.difference in t.hese 
values is more pronounced  However, the topological 
analysis of  the electron density distribution demon- 
stinted 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(5)--CI6) 
and C(6) - -C(7)  bonds. Note that the etlipticities of the 
C(5) - -N(2)  and C(6)--C(7) bonds increase and the 
ellipticities of  the C(7)--N(3)  and C(5)--C(6) bonds 
decrease compared to those observed in anion 1. tn 
these systems, the contribution of resonance form 1 to 
the structure of  anion i, apparently, increases. 

tn the system D, the C(8'~--O(5) bond order de- 
creases substantially, the C(sp3)--C bond orders are 
somewhat increased, and the C - - N  bond orders in both 
nitro groups are slightly decreased. Apparently, the last- 
mentioned tact is indicative of  a slight increase in the 
contribution of  form [II. At the same time, the topo- 
logical characteristics of the electron density function 
tbr the dinitroquinoline fragment of  the molecule are 
virtually identical to those for the isolated anion. 

Theretbre. it can be concluded that the effect of  the 
field generated'by the potassium cations leads primarily 
to noticeable changes in the order  and ellipticity of  the 
C - - N  bonds of  the nitro groups and of  the C(5)--C(6)  
and C(6)--C(7)  bonds in anion 1, which are responsible 
for the contributions of resonance forms ! and II 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 artion 1. whereas these changes in the systems t3 and 
C lead to an increase in the contr ibution of  resonance 
form 1. Evidently, 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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