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The ]?MR s p e c t r a  of vinyl e thers  of pyr idy learb inols  a r e  d iscussed .  The unusual p a r a m a g -  
netic shifts in the spec t r a  of these  e thers  induced by t r i s (d ip iva loy lmethana to)europ ium a r e  
analyzed.  

In the p r e s e n t  pape r  we r epo r t  the r e su l t s  of a study of the s t ruc tu re  of vinyl e the r s  of 2- ,  3- ,  and 4- 
pyr idy lcarb inols  (I-III).  Our analys is  of the ]?MR spec t r a ,  the p a r a m e t e r s  of which a r e  given in Table  1, 
showed that, despite  the quali tat ive ag reemen t ,  they do have cer ta in  dist inct ive pecul ia r i t i es .  

1. The r e sonance  line of the protons  of the CH 2 group in the spec t rum of e ther  I is shifted to weak field 
by 0.14 ppm with r e s p e c t  to its posi t ion in the spec t rum of ether  II. This  shift  may be the r e su l t  of a dif-  
fe ren t  contribution to the effect  of the magnet ic  anisot ropy of the ni t rogen a tom [1]. However ,  f i r s t ,  this 
shift  is less  than one should have expected,  and, second, the shifts of the s ignals  of the protons  of this group 
in the spec t r a  of II and III a r e  actual ly  identical .  The d i f fe rence  in the posit ion of the signal  of the protons 
of the CH 2 group of e the r s  I, II  and III is apparent ly  due not only to the effect  of the magnet ic  an iso t ropy  of 
the nitrogen atom. 

2. On pazs ing f rom e ther  I to e the r  IlI the resonance  lines of the H A and HB protons  change the i r  pos i -  
tions somewhat  in the PMR spec t ra ,  and the signal of the HA proton is shifted t o a g r e a t e r d e g r e e  than the 
signal  of the HB proton.  It is assumed [2] that the posit ion of the signals of fi-olefinic protons in the spec-  
t r a  of vinyl e thers  is de termined speci f ica l ly  by conjugation of the oxygen a tom with the double bond and is 
cha rac t e r i zed  by,he in ternal  chemica l  shift  8 "= 6 B - 5 A. The dec r ea se  in 6" observed in our case  on p a s s -  
ing f rom I to HI may  the re fo re  be a consequence of red is t r ibu t ion  of the e lec t ron density in the molecules .  
This  is a lso  indicated by the d i f ference  in the J values  of the protons  of the pyr id ine  ring (Table 1). In con-  
t r a s t  to e thers  H and III, the carbon a tom of the CH 2 group in e ther  I is s i m i l a r  to the meta  carbon a tom of 
the pyr idine r ing with r e s p e c t  to its posi t ion in the spec t rum.  This ,  together  with the c loseness  of the he te r -  
oa toms in the vinyl  e the r  of 2 -pyr idy lca rb ino l ,  is apparent ly  ref lec ted  in the e lec t ronic  s t ruc tu re  of the mol -  
ecules ,  including the c h a r a c t e r  of the conjugation of the oxygen a tom with the double bond. The la t ter  de-  
pends on the or ientat ion of the unshared pa i r  of the oxygen a tom and the 7r sy s t em of the vinyl  group [3, 4]. 

In o rde r  to study the s t ruc tu re s  of the vinyl de r iva t ives  of pyr idy lca rb ino l s  we used the method of 
pa ramagne t i c  addi t ives,  which is based on the pecul ia r i t i es  of the NM-R spec t r a  of pa ramagne t ic  sy s t ems .  
We used t r i s (d ip iva loylmethana to)europium [Eu(DPM)3] as the additive [5, 6]. It is a s sumed  [6] that  the e ther  
oxygen a tom coordinates  substant ia l ly  m o r e  weakly with Eu(D]?M) 3 than the pyridine nitrogen a tom.  We 
the re fo re  assumed  that  e thers  I - I I I  should coordinate  through the ni trogen a tom.  The ]?MR spec t r a  of vinyl 
e thers  of 2- ,  3- ,  and 4-pyr idy lcarb ino ls  with and without the Eu(DPM)3 addit ive a re  p resen ted  in Fig. 1. 

The t r ans fo rma t ion  of the spec t r a  of the vinyl  e thers  because  of the appearance  of a hyperfIne in te r -  
action s e e m s  unexpected to us.  In fact ,  the g r e a t e s t  shift  in the spec t rum of I r eco rded  with the Eu(D]?M)~ 
additive ( spec t rum b) is observed  for  the s ignals  of the CH 2 group and the a,-olefinic proton.  The 6' B and 
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TABLE 1. P a r a m e t e r s  of the P1VIR Spectra  of Vinyl E the r s  

a , \  _/o__c.2__7__.~(z~ 

Corn- Chemical shifts,. 5, ppm Spin-spin coupling 
pound %. ! 8~ 8x i ~ f 6~ t 6,"+"~---+.i +~ t 6cH~ constants, J, Hz 
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"+ 13 H-5 H~ H A 
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Fig. 1. PMIR spec t r a  of vinyl e thers  of 2- ,  3- ,  
and 4-pyr idy lcarb ino ls  without (a, c, e) and with 
(b, d, f) the Eu(DPM) 3 additive. 

6'~ values a r e  approx imate ly  equal and l a rge r  than the 5'A value by a fac tor  of two. The H-2,  H-4,  andH-5  
signals  a r e  shifted slightly,  and, in con t ras t  to the 6' values  of the remaining  s ignals ,  the 6'2 values  turn 
out to be negative (the pa ramagne t i c  shift  to weak field was assumed to be posit ive).  The paramagne t ic  
shifts  observed in the spec t rum of t cor respond  to coordination of it with Eu(DPM)~ through the e ther  oxygen 
atom. In cont ras t  to e ther  I, the H-2 and H-6 signal  undergoes the g rea t e s t  shift in the spec t rum of II (Fig. 
1, spec t rum d). Moreover ,  5'2 and 6' 6 > 5' 5 > 6'4, and ~'CH+ is lower than 5'5 by a fac tor  of ~1.5.  The 5 '  X 
and 6' B values  p rac t ica l ly  coincide and a r e  less  than 0.1 o~f the 6'2 and 6'6 values .  The lowest 6' value was 
observed for  the H A signal. It is cha rac t e r i s t i c  that  the 6' values  turn out to be different  for  H-2 and H-6.  
The signals of these protons a r e  eas i ly  ass igned,  inasmuch as one of them is a s!nglet  (H-2}, whereas  the 
other is a doublet (H-6). As in the preceding case ,  the g r ea t e s t  6' value in the spec t rum of e ther  III is ob- 
served for  H-2 and H-6 (Fig. 1, spec t rum f). However,  one should note the pecu l i a r i t yo f th i s  s p e c t r u m -  
the protons of the - C H  2 -  and vinyl groups each give two signals .  
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An analys is  of the t h r ee -d imens iona l  s t ruc tu re  of the vinyl  e thers  showed that in I, because  of s t e r i c  
hindrance,  fo r  a ce r t a in  conformat ion re la t ive  to the C - C H  2 bond, the pyr idine ring cannot be  situated in a 
plane that insures  conjugation of the v s y s t em of the double bond and the Pz e lec t rons  of the oxygen a tom.  
A different  or ienta t ion of the he te ro r ing  and the vinyl group is poss ib le  in e thers  II and IIL In the final ana l -  
y s i s ,  this  is re f lec ted  in the c h a r a c t e r  of the conjugation in the molecule  and a lso  in the coordination with 
Eu(DPM) 3. Insofar  as vinyl  e ther  of 4 -pyr idy lca rb ino l  is concerned,  two conformat ions  with different  o r ien ta -  
tions of the pyridine r ing  and the vinyl group a re  apparent ly  ene rge t i ca l ly  advantageous in it ,  Moreover ,  the 
s ignals  of the protons of both conformat ions  have identical  chemica l  shifts .  However,  when the vinyl e ther  
is incorpora ted  in the coordinat ion sphere  of the pa ramagne t i c  complex,  a different  or ientat ion of R in the 
ligand molecule  shows up, inasmuch as the 5' value is de termined speci f ica l ly  by the dis tance to the coor -  
dinating ion and the or ienta t ion of the resonat ing  nucleus [7]. This conf i rms  the nonidentical re la t ionships  
between the 6' value of the s ignals  of different  protons and the t e m p e r a t u r e  of the invest igated sample ,  dur -  
ing which the ra t io  of the in tegra l  intensi t ies  of the s ignals  of the c o n f o r m e r s  does not r ema in  constant  as  
the t e m p e r a t u r e  changes.  In fact ,  the effect  of Eu(DPM)3 reduces  to an inc rease  in the chemica l  nonequiva- 
l enceof the  resonat ing  nuclei  to such an extent that the i r  signals a re  not super imposed  in the spec t rum at 
a given r a t e  of the conformat iona l  t rans i t ions .  

The vinyl e thers  were  obtained by reac t ion  of the appropr ia te  pyr idy lca rb ino l s  with acetylene under 
p r e s s u r e  at 160-200 ~ in the p r e s ence  of a ca ta lys t  [8]. The i r  s t ruc tu res  were  proved by the i r  IR and PMR 
spec t ra .  Thus the IR s p e c t r a  of the vinyl  e thers  of the pyr idy lcarb inols  contain bands at 3120-3125, 1640, 
1195-1200, 1150-1156, and 959-960 cm -1 due to v ibra t ions  of the vinyloxy group. 

EXPERIMENTAL METHOD 

The IR spectra of thin layers of the compounds were reeored with a UR-20 spectrometer. The PIVIR 
spectra of CCI 4 solutions of the compounds were obtained with a BS 487B spectrometer (80 MHz) with tetra- 
methylsilane as the internal standard. 

2-(Vinyloxymethyl)pyridine (I). A rotating autoclave was charged with i0 g of 2-pyridylcarbinol, 4.88 g 
of Cd(CH3COO)2 �9 2H20 , and 70 ml of dioxane. The initial acetylene pressure was 15 atm. The mixture was 
heated at 160-170 ~ for 1 h, after which it was dried with potassium carbonate. The dioxane was then re- 
moved by vacuum distillation to give 8.5 g (69%) of ether I with bp 74 ~ (7 ram), n~ 1.5130, and d~ ~ 1.0264. 
Found: C 70.9; H 6.8; N 10;4%o CsHgNO. Calculated: C 71.1; H 6.7; N 10.4%. 

3-(Vinyloxymethyl)pyridine (If). A total of 19.7 g (80%) of ether If, with bp i00 ~ (17 ram), n~ 1.5210, 
and d 2~ 1.0368, was obtained from 20 g of 3-pyridylcarbinol, 3.08 g of KOH, and Ii0 ml of dioxane by heat- 
ing with acetylene in an autoclave at 200 ~ for 1 h. Found: C 70.7; H7.0; N 10.4%. CsHgNO. Calculated: 
C 71.7; H 6.7; N 10.4%. 

4-(Vinyloxymethyl)pyridine (III). This compound was obtained by heating I0 g of 4-pyridylearbinol 
with acetylene in the presence of 1.54 g of KOH. The reaction was also carried out in dioxane at 180-190 ~ 
for 1 h. Workup gave 4.6 g (37%) of ether III with bp 85 ~ (7 mm), n~ 1.5160, and d~ ~ 1.0321. Found: C 71.1; 
H 7.1, N I0.5%. C8H9NO. Calculated: C 71.1; H 6.7; N 10,4%. 
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