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t te teroonium salts  form molecular  compounds of  two forms with amines :  t rue ~ complexes 
(charge- t ransfe r  complexes) and complexes with a localized ~ bond between the components.  

The complex nature of the deep colorat ion [2] of mixtures  of heteroonium (quinolinium, acr idinium, 
and benzacridinium) salts with a romat ic  amines was shown in [1]. The result ing molecular  compounds 
were  classif ied as v complexes with a mesomer i c  (resonance) s t ruc ture  [in modern  terminology,  cha rge -  
t r ans fe r  complexes (CTC)], a cha rac te r i s t i c  feature of which is the dependence of their  absorption bands 
on the ionization potentials of the donors  and the electron affinities of the acceptors  [3]. Moreover,  it was 
found [1] that the absorption spec t ra  of the complexes a re  independent of the onium acceptor  components 
(AC) when p-dirnethylaminostyryl  der ivat ives  of quinoline or acridine are  used as the donor components 
(DC). 

We have studied the absorption spec t ra  of complexes using the onium salts  of n i t rogen- ,  su l fur - ,  and 
oxygen-containing he terocycles  - 1-ethylquinolinium (1), 10-methylacridiniurn (H), thioxanthylium (HI), and 
xanthyliurn (IV) perchlora tes  * - a s  the accep to r s ,  with allowance for the fact that the acceptor  proper t ies  
of the onium sal ts  increase  success ive ly  as the a rea  of the 7r sys tem increases  [3] and also when the n i t ro -  
gen he teroa tom is replaced by S and O in a se r ies  of related heteroonium cations (H-W). 

C2H 5 CH3 C[O4- CIO4" 

l, ~.~., 320 nlTl I I ,  ;,.,,,.~ 422 rllTl I l l ,  ~,.~ 515 r im IV, ~-m~x 435 D_m 

Aromatic  amines (for example,  dimethylaniline and p-dimethylaminoacetanil ide)  and amines contain-  
ing a quinoline o r  acr idine r ing [for example,  2-~--dimethylaminostyryl)quinoline (V,Xmax 392 nm) and 
9- (p-d imethylaminos tyry l )acr id ine  (VI, ~max 430 nrn)in the t rans  forms] were tested as donor components.  

All of the spect ra  were obtained f rom solutions in dry dichloroethane,  in which both components are  
stable. The complexes were obtained by mixing of separa te ly  prepared solutions of the components at room 
tempera ture .  

According to the concept of the formation of a CTC, the maximum of the absorption band should be 
shifted bathochromical ly  as the electrophilie p roper t i es  of the onium cation increase.  This shift is actually 
observed in complexes of onium salts with a romat ic  amines that do not contain quinoline or  acridine rings.  
Tfius the bathochromic shift of the maximum of the complex is 130 nm on passing f rom quinolinium salt I 
to acr idinium salt  II: ~max with dimethylaniline is, respect ively ,  430 and 560 urn, as compared with 500 

* Perch lo ra tes  have an advantage over  halides,  since their  absorption spec t ra ,  in cont ras t  to the spect ra  
of the halides [4], obey the L a m b e r t - B e e r  law. This will lead to stabilization of the position of the maxi -  
mum in the spec t rum of the complex. The problem will be examined in detail in a special  communication.  
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and 630 nm with p-d imethylaminoacetani l ide .  Consequently,  the complexes  of sa l t s  I - IV with these  amines  
mus t  be c lass i f ied  as t rue  r complexes  with a delocal ized bond between the components  (CTC); this is a lso  
conf i rmed by the de te rmina t ion  of the constants  [ 5]. 

A new broad  band that indicates  the format ion  of an a s soc i a t e  is a lso  obse rved  in the vis ible  region 
in the spec t ra  of solutions of sa l t s  I - IV with amines  that contain a quinoline (V) or  acr id ine  (VI) ring. How- 
eve r ,  the posi t ion of the m a x i m u m  does not change when the onium sal t  is rep laced:  the Xma x values of 
solutions of all of  the onium sa l t s  of I - IV with a single amine  coincide complete ly .  Thus the complexes  of 
2- (p-dimethylaminostyryl )quinol ine  (V) with accep tors  I-IV have Xma x 525 nm,  and the solutions a r e  c r i m -  
son-co lored ;  the complexes  of  9 - (p -d ime thy laminos ty ry l ) ac r id ine  (V1) have X max  612 nm,  and the solutions 
a r e  blue. The identical  c h a r a c t e r  of the spec t r a  in the long-wave region and the dependence of the posit ion 
of the absorpt ion  bands only on the donor components  cannot be explained by the concept of complex m e s o m -  
e r i s m  or  i n t e rmo lecu l a r  charge  t r a n s f e r .  The r eason  mus t  be sought in the possibi l i ty  of the format ion  
in the a s soc ia t e s  of chromophor ic  s t ruc tu re s  f r o m  the donor components  (DC), which would cor respond  to 
absorpt ion  in the v is ib le  region of the spec t rum.  

Nitrogen he te rocyc les  of  the quinoline type,  which have an unshared pa i r  of e lec t rons  at tached to the 
ni t rogen a tom (nucleophfles) ,coordinately add Lewis acids  (e lec t rophi les ) to  give a complexes  [6]. 

Complexes of onium sal ts  I-IV with bases  of the V and VI type can be s imi l a r ly  r ep resen ted  as p rod-  
ucts of the addition of onium cat ions (electrophiles) to the unshared  pa i r s  of the e lec t rons  of the ni trogen 
a toms of  the he te ro r ings  of donor s y s t e m s  V and VI. The onium cat ions can be added coordinately in the 
fo rm of carbonium s t r u c t u r e s ,  for example ,  IIIb, with the fo rmat ion  of local ized ~ bonds,  i .e . ,  with the 
fo rmat ion  of ~ complexes  (VII, for example).* 

If the concept proposed by us is c o r r e c t ,  the ch romophore  s y s t e m  of the donor component  in the c o m -  
plex should be t r a n s f o r m e d  into the cation s t ruc tu re  with the conjugated s y s t e m  of a cyanine dye and should 
be blue. The long-wave band in the s pec t rum should be the absorpt ion band of the conjugated cation (halo- 
chromic  sal t  VII) r a t he r  than the band of charge  t r a n s f e r  f r o m  the donor component  to the accep tor  c o m -  
ponents [7]; 
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it should depend only on the s t ruc tu re  of the donor component; this  is  a lso  conf i rmed by a study of the s p e c -  
t r a .  The conclusion regard ing  the fo rmat ion  of a local ized a bond as  a resu l t  of coordinate  addition of 
he te roonium sal ts  to the amines  is  conf i rmed by an additional exper iment ,  namely ,  that the hemicyanine 
dyes obtained by condensation of p-d imethylaminobenzaldehyde  with 2-methylquinol inium sal ts  [1] or  9-  
methy lacr id in ium sal ts  have a color  and ma abso rp t ionband tha t  coincide with the color  and absorpt ion band 
of the molecu la r  compounds descr ibed .  We explain the identical  c h a r a c t e r  of the spec t r a  of complex VII 
and dye VIII in the long-wave  region by the identical  c h a r a c t e r  of the ch romophore  s t r u c t u r e s  of the cat ions.  
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A C  VIII, ~'mo= filg nr',D. 

* In view of the high labi l i ty  of the q bond in adduct VII, it is depicted by a dash line. 
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Fig. 1. Change in the optical density of  complex (iI + V) : 1) 4 
rain af ter  preparat ion;  2) af ter  7 rain; 3) af ter  12 rain. 

Pig. 2. Absorption spect ra  of solutions of melts  of IX and X in 
the presence  of amine V: 1) N-methylacr idinium iodide + V; 
2) IX (Y=NCtt3) + V; 3) X (Y= S) + V; 4) :~ (Y=O) + V. 

In addition, the spect ra  of the molecular  compounds (AC + DC) in the long-wave region are  identical 
to the spectra  of amines V and VI in solutions in protic acids.  Consequently, a s imi lar  chromophore  s y s -  
tem of a conjugated cation (complex of the addition of a proton, VIII, AC = H, Xma x 614 nm) is formed in 
the protonation of the nitrogen a tom of the heteroring.  

In this case ,  the complexes of heteroonium salts  with amines that contain a quinoline or acr idine ring 
do not have paramagnet ic  proper t ies .  Finally, the complex-f ree  components equil ibrium is not set  up in-  
stantaneously but gradually in the course  of severa l  hours (Fig. 1). It is due to the ease of heterolyt ic  c leav-  
age of the s t rongly polar ized cr bond in the associa te  between the te t rahedral  carbon atom and the nitrogen 
atom in the cationic immonium s t ruc ture .  In confirmation,  one can adduce the presence  (as established by 
us) of ext remely  labile ~ bonds in typical covalent compounds (for example, IX and X), which contain xanthyl, 
thioxanthyl, and 9,10-dihydroacridyl  radicals .  

In the crystal l ine state,  IX and X are  color less  substances that absorb at up to 320 am. However, their  
melts  _have the color  of the cor responding  cations of I I -W:  yellow when Y = NCH3, and red when Y = O, S. 
Solutions of the mel ts  initially also have a visible co lor ,  but they are  rapidly decolorized on standing. These 
observat ions at test  to dissociat ion of IX and X into ions at the C - S  or  C - C  bonds during melting and a s s o -  
ciation of the ions into covalent compounds in solutions. In view of the rapid transi t ion in solutions of the 
ionic (colored) forms into covalent (uncolored) fo rms ,  it is difficult to r ecord  the spect ra  of the colored 
forms.  We therefore  stabilized the cationic onium s t ruc tures  by the addition of amines V and VI and identi-  
fied them in the form of complexes (AC + DC). Melts of IX and X that contain heteroonium cations give the 
absorption bands charac te r i s t i c  for complexes of salts  I-IV (Fig. 2) with amines V and VI. 

~6H5 

IX K 

f ~ O, S, NCt i  3 

Especially high bond lability is observed for 1 -pheny l -3 -methy l -4 - (10-methy l -9 ,10-d ihydro-9-ae r idy l ) -  
5-pyrazolone (IX, Y = N - C  H3). Heterolytic cleavage of the bond between C-9 of the acridine portion of the 
molecule and C-4 of the pyrazolone ring is observed when this compound is dissolved in ethanol, acetone,  
nitrobermene, and other  polar  solvents at room tempera ture .  These observat ions are  in agreement  with in-  
vestigations of the products  of condensation of aminot r ia ry learbinols  with 1 -phenyl -3-methy l -5-pyrazo lone ,  
which in polar  solvents exist as an equil ibrium mixture of dissociated and undissociated forms [8]. 

Because of the presence  of labile bonds, IX and X are  ext remely  react ive and can be used as i n t e r -  
mediates  in synthesis ,  for example,  in alkylation [9]. 

It is also very  important  to note that the addition of absolute alcohol to solutions of complexes with 
onium salts HI and I"V in dichloroethane leads to the disappearance of the color  of the complex and r educ -  
tion of the color  of the amines.  With alcohol the onium acceptor  components give uncolored alcoholysis and 
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dispropor t iona t ion  products  and HC104 [10]. Amines V and VI a r e  s tab le  in alcohol solution. However ,  the 
resul t ing  acid p roves  to be inadequate for the format ion  of a cation of the VIII type.  Consequently,  the color  
in solutions of V and I - IV and a lso  VI and I-IV is not a consequence of hydro lys i s  and t rans i t ion  of amines  V 
and VI to a complex by addition of a proton.  

EXPERIMENTAL 

1 -Pheny l -3 -me thy l -4 - th ioxan thy l -5 -py razo lone  (IX, Y = S). A mix tu re  of 1.07 g (5 mmole)  of th io-  
xanthydrol  and 1.3 g (7 mmole)  of 1 -pheny l -3 -me thy l -5 -py razo lone  in 20 ml  of methanol  was refluxed for  
20 rain,  a f t e r  which it  was cooled,  and the p rec ip i ta te  was r emoved  by f i l t ra t ion and washed with alcohol to 
give 1.7 g (90%) of co lo r l e s s  c r y s t a l s  with mp 182 ~ (from alcohol).  Found: N 7.6; 7.5%. C23H18N2OS. Cal-  
culated: N 7.6%. 

1 - P h e n y l - 3 - m e t h y l - 4 - x a n t h y l - 5 - p y r a z o l o n e  (IX, Y = O). This compound was obtained as co lo r l e s s  
p la tes  with mp 210-212 ~ (from alcohol).  Found: N 8.1; 8.1%. C23HIsN20. Calculated:  N 7.9%. 

1- P h e n y l - 3 - m e t h y l - 4 -  (10-methyl -9 ,10-d ihydro-9-acr idy l )  -5 -pyrazo lone  (IX, Y = N -  CH 3). A mix tu re  
of 1.5 g (7 mmole)  of 10 -me thy l -9 -me thoxy-9 ,10 -d ihydroac r id ine  [11] and 2 g (12 mmole)  of 1-ph-enyl-3- - 
me thy l -5 -py razo lone  in 10 ml  of  methanol  was s t i r r ed  at r oom t e m p e r a t u r e  for 30 rain. The prec ip i ta te  
was removed  by f i l t ra t ion to give 1.85 g (72%) of product .  It was purif ied by two prec ip i ta t ions  f r o m  acetone 
solution by the addition of wa te r  acidif ied with acet ic  acid to give a g ray  substance  with mp 166 ~ IR s p e c -  
t r u m :  VC=O1640  c m  -1. Found: N l l . 7 ;  11.8%. C24H21N30. Calculated:  N l l . 2 % .  

p -To ly l  Xanthyl Sulfone (X, Y = O). A solution of 1.6 g (0.01 mole) of p- toluenesulf inic  acid in 5 ml of 
alcohol was added with s t i r r i ng  to a w a r m  solution of 2 g (0.01 mole) of xanthydrol  in 5 ml of alcohol.  The 
mix tu re  was then s t i r r ed  for  30 rain, and the p rec ip i t a te  was r emoved  by f i l t ra t ion and washed with wa te r  
to give 2.6 g (70%) of co lo r l e s s  p la tes  with mp 215-216 ~ (from alcohol) [12]. IR spec t rum:  1130-1140 and 
1320 c m  -1 (sulfonyl group).  
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