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The chemical  shifts  and s p i n - s p i n  coupling constants  of the protons  of the vinyl and ethyl 
groups  and of the imidazole  r ing in the PMR spec t r a  of complexes  R4_ n �9 SnX n �9 roB, where  
l=t = C2H5, C4Hg;X= C1, Br,  I; B is  N-vinyl imidazole  or  N-ethyl imidazole ;  and n= 1 (m= 1) and 
2 (m= 2), a r e  compared .  The e lec t ronic  and g e o m e t r i c a l  s t r u c t u r e s  of these  complexes  a r e  
d iscussed .  

We have previous ly  desc r ibed  new complexes  R4_nSnX n (n= 1-4, X = halogen) with N-vinyl  de r iva t ives  
of imidazole ,  benzimidazole ,  and benzot r iazole  and a lso  with imidazole  and N-e thyl imidazole  [1]. In this 
case,  it was  shown that t r ialkyLhalostannanes (n = 1) f o r m  1 : 1 complexes  with these  he te rocyc les ,  while o r -  
ganochloros tannanes  (X = C1) with n= 2-4 give 1 : 2 complexes .  This  pape r  is  devoted to a study of complexes  
R4_n'SnX n (R= C2H 5 and C4H9, X=C1, Br,  I, and n= 1, 2) of N-vinyl i ra idazole  (I) and N-e thyl imidazole  (II) 
by PMR spect roscopy.*  These  invest igat ions  a r e  a continuation of the prev ious ly  init iated study of the hy- 
pe r  fine bond in f i v e - m e m b e r e d  ni t rogen-containing he te rocyc les  f r o m  PMR data [2, 3]. 

The study of the PMR s pec t r a  of complexes  of I and II with the a lkylhalostannanes  was c a r r i e d  out by 
compar i son  of the chemica l  shif ts  and s p i n -  spin coupling constants  (J). The calculated shifts  (r in the 

spec t r a  of the complexes  re la t ive  to the posit ion of the signals of the protons of the vinyl [ \ C - - c / H B ~ - -  - 
\Hx  / - -  NHA] 

and ethyl (CI-I 3 -  CI-I 2 -  ) groups  and of the imidazole  r ing in the spec t rum of the f r e e  ligand a re  p resen ted  in 
Table  1. It follows f r o m  Table  1 that the s ignals  of al l  of the protons  a r e  shifted to weak field on coordina-  
t ion of the imidazole  de r iva t ives  with the a lkylhalos tammnes .  Moreover ,  the ~ values  of the protons  of the 
vinyl  and ethyl groups  a r e  comparab le  to the shifts  of the s ignals  of the r ing protons .  An exception to this 
is  the signal of the 4-H proton,  the chemica l  shif ts  ofwhich in the spec t rum of the complex and f r ee  ligand 
a lmos t  coincide. An inc rease  in the length of the a lkyl  group (R) in the a lkylhalos tannane has  l i t t le r e f l ec -  
tion on the ~ values .  An inc rea se  in the number  of halogen a toms in R4-n- SnX n f r o m  1 to 2 apprec iably  
r a i s e s  the ~ values  of the s ignals  of all  of the r ing protons  but has v i r tua l ly  no effect  on the posit ion of the 
s ignals  of the protons  of the vinyl  and ethyl groups.  

The lowest  w value,  observed  for  the 4 - t t  proton,  the s ignal  of which has the g r ea t e s t  pa ramagne t i c  
shift in the PMR spec t r a  of complexes  of I with Mn, Fe,  Hi, Co, and Cu [3], is  apparent ly  assoc ia ted  with 
the per turba t ion  act ion of the unpai red  e lec t ron  in the pa ramagne t i c  complex; this per tu rba t ion  leads to the 
apprec iab le  contribution of the excited s ta tes ,  the mo lecu l a r  wave functions of which may  differ  f r o m  the 
wave functions of the ground s ta te .  

The vicinal  s p i n - s p i n  coupling constants  of the protons  of the vinyl (JAX and JBX) and ethyl 
(JCH2_CH3) groups in the  s p e c t r a o f  the complexes  and the f r ee  ligand actual ly coincide. However ,  the geminal  

* The PMR spec t r a  we re  r eco rded  with a BS487B s p e c t r o m e t e r  at r o o m  t empera tu r e .  The solvents  we re  
carbon t e t r ach lo r ide  and ch loroform,  and the in ternal  s tandard was  hexamethyldis i loxane.  
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TABLE 1. Shifts of the Signals of the Protons of the Vinyl and Ethyl 
Groups and of the Imidazole Ring in the Spectra  of Complexes 
R4-nSnX n �9 m_B as Compared with the Spectra  of B 

C o m -  

p o u n d  

llI 
IV 
V 

VI 
VII 

VIII 
IX 

X 
XI 

XII 

B R x 

in=l, m=l 
C2Hs i CI 
C2Hs Br 
C~H5 J 
C4Hg CI 
C2Hs C1 
C2H~ Br 
C2Hs I 

I n=2, m=2 
C2H5 F CI 

I C4H9 Ct 
] C2H5 CI 

~2 

0,27 
0,22 
0,23 
0,20 
0,36 
0,28 
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0,66 
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Chemical shifts, w, pprn 
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0,01 0,20 
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0 0,13 
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Fig. I. Fragment of the PMR spectrum of N-ethylimidazole (1) and of 
a mixture of it with (C2Hs)~SnCI (2-5). 

Fig, 2. Signals of the ~-olefin protons in the PMR spectrum of N- 
vinylimidazole (1)' and mixtures of it with (CzHs)3SnCI (2, 3). 

coupling constant of the ~-olefin protons change f rom 1.5 to 1.9 Hz in the case of 1 : 1 complexes with t r i -  
a]kylhalostannanes (n=l) and u p t o  2.2 Hz when n= 2 (1 : 2). This at tests  to a change in the charac te r  of the 
C - H  bonds of the p -ca rbon  atom of the vinyl group in the complexes [4]. 

It follows f rom a compar ison of the spec t ra  of the f ree  and coordinated I and II that complexing also 
affects the J values of the ring protons.  The lower spec t rum in Fig. 1 per ta ins  to the signals of the ring 
protons of f ree  II, while the other four upper spect ra  are  the spectra  of II containing added t r ia lkylchloro-  
stannane. It is seen f rom Fig. 1 that the charac te r  of the splitting of the signals of the 2-H and 4-H protons, 
which is due to s p i n - s p i n  coupling, actually does change. The signal of the ring 4-H proton is shifted slightly 
as  compared with the signals of the 2-H and 5-H protons.  

The PMR spect ra  of I and II (Figs. 1 and 2) show that there is long-range s p i n - s p i n  coupling (LRSSC) 
of the 2-H proton with the protons of the vinyl and ethyl groups,  which leads to additional broadening of the 
signals of these protons,  since jLP~SC <0.5 Hzo A portion of the PMR spect rum of I pertaining to the fl- 
olefin protons is depicted in Fig. 2. The lower spec t rum corresponds  to the f ree  ligand, while the other 
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Fig. 3. Shape of the s~nal of the 
2-}{ proton in the PMR spectrum of 
complex X]I without additional exci- 
tation (i) and with additional exc i ta -  
tion of the sample  at the f requency 
of the signal  of the CH 2 protons  (2). 

II. In complexes  of II, J2_CH2 LRSSC 

two cor respond  to different  ra t ios  of mix tu re s  of the ligand with 
the t r ia lkylchloros tannane .  The re sonance  l ines  of the H B proton 
in the spec t rum of f r ee  I (Fig. 2) a r e  n a r r o w e r  than those  of HA; 
this is  due to the LRSSC of the l a t t e r  with 2-H. F igure  2 a t tes t s  
to the fact  that the J2~ LRSSC value in the case  of I .  (C2Hs)3SnC1 

dif fers  f r o m  J2~ LRSSC in the spec t rum of I. 

The PMR spec t rum of complex H.  (C2I-Is)2SnC12 shows that 
the re  is LRSSC between 2-H and the CH 2 group, since additional 
excitat ion of the sample  at a f requency corresponding to the chem-  
ical  shift  of the methylene group (the double-resonance  method) 
changes the shape of the 2-H signal (Fig. 3). 

However ,  when double resonance  was used, we were  unable 
to es tabl ish  the protons of the vinyl and ethyl groups  in molecu les  
of f r ee  I and II with which the 2-H pro ton  couples. It is poss ib le  
that the LRSSC of 2-H is  rea l i zed  by both the t% and o~olefin p r o -  
tons of I and also with the protons  of the CH 2 and CH~ groups  of 

apparent ly  becomes  substant ia l ly  l a r g e r  than J2_CH3 LRSSC, and the 
use  of the double-resonance  method in the analys is  of the spec t rum of XII is unsuccessful .  

To elucidate the s t r u c t u r e s  of the synthesized complexes ,  we used  the assumpt ion  [5] that coordina-  
tion of pyridine with (C2Hs)3SnC1 and (C2Hs)2SnC12 br ings  about an inc rease  in JSn-C-I-I and JSn-C-C-H. In 
our  case,  the JlnSn_C_C_H constant in complexes  HI and IX inc rea se s  as  compared  with (C2Hs)3SnC1 (91.8 

Hz) to 96.3 and 97.0 Hz. On pass ing  f r o m  ethyldichlorostannane to i t s  complex,  JIITSn_C_C_ H i n c r e a s e s  

f r o m  136.8 to 180.0 Hz. This  can be explained by the fact  that the tin a tom in 1 : 1 complexes  of t r i a lky l -  
halos tannanes  has sp3d hybridizat ion,  and the th ree  alkyl  groups  s t r i ve  to become  coplanar,  combining with 
the approx imate ly  sp 2 orb i ta l s  of tin. The two other  bonds of t in should be of the dp form.  However ,  in 1 : 2 
complexes  of dialkyldihalostannanes,  in which the tin a tom has sp3d 2 hybridization,  the two alkyl  groups  oc-  
cupy axia l  bonds, using the approximate ly  sp orbi ta ls  of tin for  this.  The four  other  bonds cor respond  to 
the d2p 2 type. The s cha rac t e r  of the S n - C  bond i n c r e a s e s  in the o rde r  sp 3, sp 2, sp, and the J S n - C - C - H  con 
stant t h e r e f o r e  inc reases .  At the s ame  t ime,  the coordinat ion of I with t in via dp and d2p 2 bonds has  an ap-  
p rec iab le  effect on the s ignals  of the protons  of the vinyl group, which, as  quan tum-chemica l  calculat ions 
have shown [6], is conjugated with the v s y s t e m  of the he terocycle .  This  should explain the comparab le  va l -  
ues  of the shifts  of the protons  of the vinyl  group and the protons  of the heteror ing.  Coordination of II with 
(C2I-Is)4_nSnX n via  the dp and d2p 2 bonds leads to a change in the contributi~)n of the resonance  s t ruc tu r e s  of 
the XIII type,  which desc r ibe  the par t ic ipa t ion  of the Pz e lec t rons  of the 1-N a tom in the lr s y s t e m  of the 
ring, i .e. ,  to a change in the e lec t ron  density on this atom; this is re f lec ted  in the e lec t ronic  envi ronment  
of the protons  of the ethyl group bonded to the 1-N atom. This  explains the obse rved  r va lues  of the p ro -  
tons of the CH 2 - C H  3 group in the s p e c t r a  of complexes  of II. The above reasoning  r e l a t ive  to the c h a r a c t e r  
of the bonds of tin a toms  with I and II makes  it poss ib le  to unders tand  why the 2-H proton has the l a rges t  
r value in the case  of both 1 : 1 and 1 : 2 complexes .  

I 
s ~ 

XIII 

Thus both the lr and r s y s t e m s  of the he te rocycl ic  compounds a r e  involved in the coordinat ion of I 
and H with a lkyl lmlostannanes.  
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