
I R  A N D  UV S P E C T R A  O F  C O M P L E X E S  O F  N - V I N Y L A Z O L E S  

W I T H  O R G A N O H A L O S T A N N A N E S  

N.  N.  C h i p a n i n a ,  N.  I .  S h e r g i n a ,  
Y u .  N.  I v l e v ,  E .  S .  D o m n i n a ,  
D .  D .  T a r y a s h i n o v a ,  L .  M .  S i n e g o v s k a y a ,  
G .  G .  S k v o r t s o v a ,  a n d  M .  G .  V o r o n k o v  

UDC 547,781.1 + 547.785.5 + 547.791.8 

A n a l y s i s  of the  a b s o r p t i o n  b a n d s  in the  IR and UV s p e c t r a  of c o m p l e x e s  of N - v i n y l a z o l e s  
wi th  o r g a n o h a l o s t a n n a n e s  shows  tha t  c o o r d i n a t i o n  o c c u r s  only  th rough  the " p y r i d i n e "  n i -  
t r o g e n a t o m  of the l i gand .  The g r e a t e s t  sh i f t s  in the a b s o r p t i o n  b a n d s  in the  IR and UV 
s p e c t r a  and c h a n g e s  in t h e i r  i n t e n s i t i e s  a r e  d i s p l a y e d  in c o m p l e x e s  of N - v i n y l a z o l e s  wi th  
a l k y l t r i c h l o r o -  and p h e n y l h a i o s t a n n a n e s ;  t h i s  c o r r e s p o n d s  to  the i n c r e a s e d  e l e c t r o n - a c -  
c e p t o r  c a p a c i t y  of these  o r g a n o t i n  c o m p o u n d s .  

A s tudy  of the IR and UV s p e c t r a  of c o m p l e x e s  of N - v i n y l a z o l e s  wi th  ha logens ,  h y d r o g e n  h a l i d e s ,  and 
c h l o r i d e s  of t r a n s i t i o n  m e t a l s  e n a b l e d  us  to e s t a b l i s h  the d o n o r - a e c e p t o r  c h a r a c t e r  of the i n t e r a c t i o n  of 
t h e s e  h e t e r o c y c l i c  l i g a n d s  wi th  i n o r g a n i c  p a r t n e r s  (for e x a m p l e ,  s ee  [1; 2]). 

In the  p r e s e n t  s tudy  we have a n a l y z e d  the a b s o r p t i o n  bands  in the  IR and UV r e g i o n s  of  the s p e c t r a  of 
c o m p l e x e s  of N - v i n y l i m i d a z o l e  (I), N - v i n y l b e n z i m i d a z o l e  (II), N - v i n y l b e n z o t r i a z o l e  (III), and N - e t h y l i m i d -  
a z o l e  (IV) wi th  o r g a n o h a l o s t a n n a n e s  ( T a b l e  1). The  m e t h o d  u s e d  f o r  t h e i r  p r e p a r a t i o n  and the  c h e m i c a l  
p r o p e r t i e s  of the  c o m p l e x e s  w e r e  p r e v i o u s l y  d e s c r i b e d  in [3]. 

The f o r m a t i o n  of  c o m p l e x e s  wi th  h e t e r o c y c l i c  m o l e c u l e s ,  the e l e c t r o n - d o n o r  p r o p e r t i e s  of  which  a r e  
d e t e r m i n e d  by  the p r e s e n c e  of  a n i t r o g e n  a t o m  which  has  an u n s h a r e d  p a i r  of e l e c t r o n s ,  i s  m a n i f e s t e d  s p e c -  

TABLE i. 

starmane s 

No, 

I 
II 

III 

IV 
v 

vI 
vi i  

vi i i  
tx 
x 

Xt 
xII 

XtlI 
xIv 

N - V i n y l a z o l e s  and T h e i r  C o m p l e x e s  wi th  O r g a n o h a l o -  

Compound 

N-Vinyl!midazole 
N -Vinymenz- 

imidazole 
N-Vinylbenzo- 

triazole 
N-gthylimidazole 

I. (C~Hs)sSnC1 
t. (C2Hs) 3SnBr 
2I. (C2Hs) ~SnCI2 
21. (C2Hs)2SnBr2 
2I - C~HsSnC13 
I. (CsHT)sSnC1 
I. (C~Hg)sSnCI 
2I. (C4H9) zSnCI~ 
I. (C6Hs)3SnC1 
I. (C~Hs) ~SnBr 

rap, ~C 

80 (10)a 
130 (3) a 

102~-ai03 
7r 

I00 (12)a 
90 (6)a 

168 
183 
166 

67,5368 

125--126 
96--96,5 
99--100 

No. 

XV 
XVI 

XVII 
XVIII 

XXI 
XXII 

XXIII 
XXIV 
XXV 

XXVI 
XXVII 

XXVIII 
XXIX 
XXX 

Compound . rap, ~ 

2I . (C6Hs)2SnC12 170 
2I. CsH~SnCI~ / 208 
I. (CH2=CH)3SnC1] 100 (6) a 
21 �9 SnCl4 261--262 
2II - (C~Hs)~SnC 2 99 
2II. (C2H~) 2SnBr2 
2II �9 C2HsSnC13 
21I. (C6Hs)zSnCI~ 
2II �9 CeHsSnCI3 

�9 SnCI4 

2Itl �9 C6HaSnCI~ 
2IlI �9 SnC14 
IV- (C~Hs)~SnCl 
]V-(C2Hs)3SnBr 
2IV. SnCI4 230 

113 
196 
143 
275 

280--281 c 
I15 
169 

245--248 
90 (4) a 
99 (4) a 

a T h i s  i s  the bo i l i ng  po in t  in d e g r e e s  c e n t i g r a d e  (ram). b T h i s  c o m -  
pound d e c o m p o s e d  d u r i n g  v a c u u m  d i s t i l l a t i o n  at  1 m m . C w i t h  d e c o m -  
p o s i t i o n .  
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l a t e d  f r b m  K h i m i y a  G e t e r o t s i k l i c h e s M k h  Soed inen i i ,  No. 12, pp.  1676-1681,  D e c e m b e r ,  1973. O r i g i n a l  
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t roscopica l ly  by a shift in the frequencies  of the s tretching vibrations of the ring (1580-1625 cm -1) to the 
long-wave region of the spec t rum [4]. In the spec t ra  of N-ethyl and N-vinyl derivat ives of azoles these 
bands become very weak and in mos t  cases  are  overlapped by the intense band of the s tretching vibrations 
of the CH2=CH group at 1640 cm -l .  In addition to this, the spec t ra  contain intense bands of the stretching 
vibrations of the he teror ing  at 1480-1510 cm -1, f rom the shift of which one can judge the cha rac te r  of the 
complexing. The shift of the absorption bands in the spec t ra  of the investigated complexes as compared 
with the spec t ra  of the free ligands is presented in Table 2. The charac te r i s t i c  shifts of the frequencies 
of the ring vibrat ions caused by the d o n o r - a c c e p t o r  interaction appear most  distinctly in the spec t ra  of 
complexes of ethylimidazole (IV) with (C2Hs)3SnX (X =C1, Br, I). In this case, one observed an increase in 
the frequency of the s tretching vibrations of the heteror ing f rom 1510 (in the ligand) to 1520 cm -1 (in the 
complex), in the frequency of the skeletal vibrations of the ring f rom 1077 to 1093 cm -1, and in the defor-  
mation vibrations of the ring CH groups f rom 816 to 826 cm -1 and f rom 906 to 935 cm -1. The shift in the 
816 cm -1 band is more  significant for  the complex of ethylimidazole (IV) with SnC14 (Av =39 cm -~) than for  
complexes XXVtII and X X I X  (Av = 9 cm-1). In the spec t ra  of complexes of vinylimidazole I, a single band~ 
at 1510-1530 cm -1 appears  in most  cases  in place of the intense doublet at 1510 and 1493 cm-l ;  there is 
also a doublet only in the spec t ra  of X, XIII, and XIV, but this doublet has maxima that have higher values 
than in the spec t rum of Io The bands of the r ing skeletal  vibrations a re  also shifted f rom 1323 to 1340 cm -1 
and from 1105, 1078 to 1100, 1090 cm -1, and the frequency of  the deformation vibrations of the ring CH 
groups is shifted f rom 902,883 to 925-940,890-900 cm -1. As in the case  of complexes of I with t ransi t ion-  
metal  halides,  the observed changes in the spec t rum of I make it possible to conclude that the coordination 
interaction is rea l ized with the part icipation of the "pyridine" nitrogen atom of the ligand. The interaction 
of the e lec t ron-donor  and e l ec t ron-accep to r  molecules  in Complexes of vinylazoles II and IiI is apparently 
s imi la r ly  real ized.  The bands of the s t re tching and deformation vibrations of the ring (1503, 1460, 1234, 
1160, and 885 cm -1) a re  also shifted in the spec t ra  of the complexes of vinylbenzimidazole II. In the s e c -  
ond case,  a shift in the bands f rom 1168 to 1212 and f rom 887 to 915-923 cm -1 is observed.  In addition to 
this,  the presence  of a band of s t re tching 9ibrations of the CH 2 = CH group and the same position of its f r e -  
quency (1648 cm -1) as in the spec t rum of the ligand are  common to the spec t ra  of all of the complexes of 
N-vinylazoleso This is evidence for the absence of polymerizat ion during the react ion of N-vinylazotes  even 
with SnCI~ and also evidence that the adducts formed in the react ion are  not ~ complexes with the pa r t i c ipa -  
tion of the electrons of the vinyl group. 

The bands of the ligands at 800-900 cm -1 are the most  sensitive to complexing. The maximum value 
of their shifts (Av = 32-42 cm -1) is observed in the spec t ra  of complexes VII, IX, XVI, XVIII, XXI-XXIV, 
and XXVII. This indicates that the tin atom has great  aceeptor  capacity in SnC14 and organot r ichlorosfan-  
nanes.  This capaci ty decreases  as the number  of organic substituents attached to the tin atom increases ;  
this is manifested in the sma l l e r  shifts in the IR spec t ra  of the complexes.  On passing f rom organohalo-  
stannanes to their complexes,  the bands of the s tretching and deformation vibrations of the alkyl and phenyl 
groups bonded to the tin atom at 600-3000 em -1 do not change with respect  to ei ther  frequency or  intensity. 
The stretching vibrations of the S n - C  bond inthe alkylhalostannanes a re  charac te r ized  by bands at 650-680 
cm -1 (rocking), 500-530 em -1 (asymmetrical) ,  and 480-490 em -1 (symmetr ical  vibrations) [5]. Complexing 
with vinylazoles I-III  does not lead to an appreciable shift in these bands. This is apparently evidence for  
the insensit ivity of the vibrations of the S n - C  bond to the interaction under considerat ion.  The band of the 
S n - C  stretching vibrations at 440-450 cm -1 in the spec t ra  of phenylhalostannanes is shifted to higher f r e -  
queneies by 12-20 cm -1 as a resul t  of complexing. Investigation of the UV spect ra  of the organot inmole-  
eules provides evidence that the S n -  Car  bond has part ial  double bond charac te r  [6]. The d o n o r -  acceptor  
N ~ S n  interact ion in the presence  of the ionizing effect of the halogen atom apparently promotes  an increase 
in the degree of double bond cha rac te r  of the Sn--C~H 5 f ragment  in phenylhalostannanes during the fo rma-  
tion of complexes by them. This also leads to the increase  in the frequency of the vibrations in the IR spec-  
t ra .  The shift in the USn_C band to the long-wave region of the spect rum that is usually observed in the 
spec t ra  of complexes of alkylhalostannanes is explained by the decrease  in the force constant of the S n - C  
bond due to the s trong interact ion in the N ~ S n - C 1  sys tem [7]. 

Although the CH 2 = CHgroup fo rms  a conjugated sys tem [8] with the heteror ing of N-vinylazoles,  its 
frequency in the spec t ra  of their  complexes never theless  remains  unchanged as compared  with the spec t ra  
of the ligands themselves .  To asce r t a in  the possibil i ty of t r ans fe r  of the effect of the N ~ S n  coordination 
interact ion to the vinyl group, we measured  the integral intensities of the absorption band at 1648 cm -1 by 
the method of logar i thmic  t r ansparency  [9] (Table 3). The A values were calculated with allowance for  the 
composit ion Of the complex per  single vinyl group. Dioxane, dimethyl sulfoxide (DMSO), and - in paral lel  
manner  for the liquid complexes of mono- and dichloroorganostannanes - carbon tetrachloride were used 
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TABLE 3. Integral  Intensit ies of the VC= C Band of the CH 2 = CH 
Group (1648 cm -1) in the IR Spectra of N-Vinylazoles and Their  
Complexes with Organohalostannanes (dioxane solutions} 

Compound 

I 
V 

VII 
IX 

XIII 
XVI 

A �9 I 0  , m o l e  - I  �9 l �9 c m  "z 

1,20 
1,08 
1,21 
0,93 
2,13 
0,96 

Compound 

II 
XIX 
XXII 

III 
XXV 

XXVI 

I 
A - 104 triple -I �9 I �9 c m "  2 

1,11 
0,86 
0,89 
0,67 
0,68 
1,36 

TABLE 4. Absorption Bands in the UV Spectra of N-Vianyl- 
azoles and Their  Complexes with Organohalostannanes 

Corn- X . . . .  nm (s) I Co rn -  x . . . .  r im(s) 
pound ] pound 

I 

v 

vI 

VII 

IX 

x 
XIII 

xv 

XVl 

aWith an SFD-2 spectrophotometer ;  
corded f rom ethanol solutions. 

230 (12350) II 

230 (14850) XIX 

230 (14550) XXI 

226 (24800) XXII 

218 (26500) XXlII 

230 (17700) E 
216 (37200) [ III  

I 

218 (38600) [ XXVI 
L 
I 

216 (39800) ! 

226 (9500), 232 (9750), 250 (6200) 
280 (3050), 288 (2550) 
226 (30700), 236 (40500), 
282 (11500), 290 (10000) 
228 (32200), 235 (32300), 
281 (9000), 291 (7650) 
223 (59000), 282 (13300), 
291 (11800) 
220 (42300), 281 (10500), 
291 (8000) 

220 (15000), 262 (6600), 
270 (6350) 
215 (41900), 262 (12300), 
270 (11400) 

the spec t ra  were re -  

as solvents for vinylazoles I-III  and thei r  complexes.  A change in the solvent does not cause substantial 
changes  in the intensities of the bands in e i ther  the spec t ra  of the ligands or  in the spec t ra  of the complexes.  
Compar ison of the intensity of the absorption band of the vinyl group of vinylazoles I-III  and their  complexes 
shows that in most  cases  the change in this value is within the limits of experimental  e r r o r  (~20%). An in- 
c rease  in the integral  intensity of the bands occurs  only in complexes of vinylazoles I arid III with phenyl- 
halostannanes (X-III, XXVI). 

The 3~ band at 230 nm (e 12,350) in the e lect ronic  absorption spec t rum of vinylimidazole I is associated 
with ~r ~Tr* e lec t ron  t ransi t ions  (Table 4). The value of its maximum is retained in complexes ofimidazole 
I with t r ialkylhalostannanes (V, VI, X) with a small  increase  in the extinction coefficient. An increase  in 
the number  of chlorine atoms in the organohalostannane molecules (VII, IX) leads to a hypsochromic shift 
in hmax and a fur ther  increase  in e. The maximum shifts (by 12-14 nm) are observed in the spec t ra  of 
complexes of vinylimidazole I with phenylhalostannanes (X-III, XV, XVI) and ethyl tr ichlorostannane (IX). 

The grea tes t  effect in the UV spec t ra  of complexes of vinylazolesII  and III is also detected in the case 
of phenylhalostannanes (XXII, XXIII, and XXVI) - a hypsochromic shift of kmax and an increase in the e val-  
ues of the bands. Only an increase  in the ~ values at constant hmax occurs  in the spec t ra  of complexes of 
alkylhalostannanes.  The maxima of the long-wave absorption bands are not shifted as a resul t  of complex- 
ing, but an increase  in the i r  extinction coefficients is observed.  

Thus complexing of N-vinylazoles with organohalostannanes is manifested in a change in the v ibra-  
tional frequencies in the IR spec t ra  that, in analogy with the preceding investigations, makes it possible to 
conclude that coordination occurs  through the "pyridine" nitrogen atom of the ligand and that there is a free 
vinyl group in the complex. The increase  in the integral intensity of the absorption band of the stretching 
vibrations of the CH 2 ---- CHgroup in the spec t ra  of the complexes as compared  with the ligands is evidence 
for  the effect of the coordinated ni trogen atom on the vinyl group through the e lec t ron sys tem of the here to-  
ring. However, the changes in the integral  intensity do not make it possible to a r r ive  at a definite conclusion 
regarding the mechanism of this t rans fe r .  A hypsochromic shift of the short -wave band of the ligands and 
an increase  in the absorption coefficient of the bands of the 7r--*Tr* e lec t ron  t ransi t ions  are observed in the 
e lect ronic  absorption spec t ra  of the complexes.  The grea tes t  effects are manifested in the complexes of 
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N-vinylazo les  with a l ky l t r i ch l o ro -  and phenylhalostannanes;  that is in conformi ty  with the i r  inc reased  e lec -  
t r o n - a c c e p t o r  capaci ty .  The fo rmat ion  of two types  of complexes  of 1 : 1 and 2 : 1 composi t ion  by N-vinyl-  
imidazole  I is a s soc ia ted  with the rea l iza t ion  of tin coordinat ion numbers  of five and six.  Complexes  of I 
with t r io rganoha los tannanes ,  which have the e l e c t r o n - a c c e p t o r  capaci ty  that is typical  in the R4_nSnX n 
s e r i e s  (n=1-4) ,  have the 1 : 1  composi t ion.  Complexes  of vinylazoles  I - I I I  with a t in coordinat ion number  
ofs i •  mos t  l ikely have an octahedra l  s t ruc tu re .  The change in the composi t ion of the complexes  in the 
invest igated spec t r a l  range (400-3600 c m  -~) does not cause shifts  in the vibrat ional  f requencies .  The anal-  
yses  of the f requenc ies  of the s t re tching v ibra t ions  of the Sn-C1 and S n - N  bonds that make it poss ible  to 
identify the geome t r i ca l  s t ruc tu re s  of the complexes  will be the task  of our subsequent s tudies .  
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