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The composi t ion of the products  of the react ion of 2-vinylpyr idine  (I), 4-vinylpyr id ine  (II), 
and 2 -me thy i -5 -v iny lpy r id ine  (IID with p iperylene  and i soprene  as well as the composi t ion 
of ca t a ly sa t e s  obtained by dehydrat ion of the isolated adducts were  studied by means  of 
gas - l iqu id  ct~rom~tographic ana lys i s .  The react ion of I - I I I  with i soprene  f o r m s  only one 
1 , 4 - i s o m e r i c  adduct, which gives the cor responding  p- to ly lpyr id ine  on dehydrogenat ion.  
The react ion  of I - I I I  with p iperylene ,  however ,  f o r m s  a mix tu re  of 1,2- and 1 , 3 - i s o m e r i c  
adducts,  which give a mix tu re  of the cor responding  m- to ly lpy r id ines  on dehydrogenation;  
nat ion;  in the case  of I, the 1 , 2 - i s o m e r  p redomina tes  in the mix ture ,  while the 1 , 3 - i s o m e r  
p redomina tes  in the react ion  with II and III. 

In a previous  investigation [ 1] of this s e r i e s  we showed that v inylpyr id ines  a r e  act ive dienophiles in 
the reac t ions  with oxazoles .  Of the two possible  or ienta t ions  of the vinylpyridine with r e s p e c t  to the u n sy m-  
me t r i c a l  diene, only one is genera l ly  rea l ized .  3-Ethynylpyr id ine  also gave only one of the two poss ib le  
i s omer i c  pyr idy lpyrazo les  in 1 ,3-d ipola r  addition reac t ions  [2]. It was of in te res t  to ver i fy  whether  this 
rule  extends i t se l f  to the react ion of v inylpyr id ines  with u n s y m m e t r i c a l  diene hydroca rbons .  

This react ion  has been d i scussed  s e v e r a l  t imes  in the l i t e r a tu re ,  and it was found [3-5] that 2-vinyl-  
pyridine (I) and 4-vinylpyr id ine  (II) a r e  somewhat  m o r e  reac t ive ,  while 3-vinylpyr id ine  is equal in act ivi ty 
to s ty rene  in 1,4-cycloaddit ion reac t ions .  

The l i t e r a tu r e  indicates  that  only one of the poss ib le  s t ruc tu ra l  i s o m e r s  is fo rmed  in the react ion  of 
v inylpyr id ines  with such u n s y m m e t r i c a l  dienes as p iperylene  and i soprene .  In fact,  only the cor responding  
o- to ly lpyr id ines  were  detec ted  in the react ion  mix tu re  (after  its dehydrogenat ion over  pal ladium) in the r e -  
action of I and II with p ipery lene ,  while only p - to ly lpyr id ines  were  detected in the react ion  of the s a m e  
vinylpyr id ines  with i soprene  [5]. In addition, it is well known that  both poss ib le  s t ruc tu ra l  i s o m e r s  (1,2- 
and 1,3-)  were  isolated in a ra t io  of 6 : 1  in the reac t ion  of s tyrene ,  for  example ,  with p iperylene  [6-7]. 

We have studied the diene react ion of i somer i c  v inylpyr id ines  I and II and 2 -me thy l -5 -v iny lpyr id ine  
(III) with p ipery lene  and i soprene  by invest igat ing the composi t ion of the react ion products  by means  of gas -  
liquid ch romatography .  The analys is  was c a r r i e d  out before  and a f t e r  rec t i f ica t ion of the react ion  mix ture ,  
during which the analyt ical  data for  both the react ion  mix tu re  and the isola ted f rac t ions  did not d i f fer  
s ignif icant ly.  

The adduct f rac t ions  obtained were  dehydrogenated ove r  palladium, and the composi t ion of the ca ta l -  
y s a t e s  obtained was also de te rmined  by means  of gas- l iqu id  ch romatography .  

*See [2] fo r  Communication VIII. 
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T A B L E  i .  Overal l  Yields and Chromatographic  Char-  
a c t e r i s t i c s  of Adducts of Vinylpyridines with I soprene  
and The i r  Dehydrogenation Products  

Compound Tad j , min V, ml Yield, % 

IVa 
IVb 
IVc 
Va 
Vb 
Vc 

22 
36 
37 
66 
69 
73 

llO0 
1800 
1850 
3300 
3450 
3650 

53 
49 
60 
72 
82 
70 

Our invest igat ions  es tabl i shed that  the yie lds  of the adducts of the i somer i c  v inylpyr id ines  with both 
p ipery lene  and i soprene  a r e  only sl ightly dependent on the position of the vinyl group in the pyridine ring. 
Never the le s s ,  we also found that  III was a l i t t le  l e s s  r eac t ive  than I and II. 

In the gas- l iqu id  ch romatograph ic  ana lys i s  of the i soprene  adducts with all t h ree  v inylpyr id ines  we 
always obtained one peak on the c h r o m a t o g r a m .  Moreover ,  while the retent ion t imes  (T) and retent ion vol-  
umes  (V) fo r  the adducts with 17 (IVb) and III (IVc) were  c lose ,  they were  cons iderably  lower  for  the adduct 
with I (IVa) (see Table 1). 

~/C[13 ~ /CH3 --2H2 /Q/C[13 

P~ PY IVa-c P~ Va=c 
Py = a) 2-pyridyl b) 6-methyl-3-pyridyl c) 4-pyridyl 

The i s o m e r i c  to ly lpyr id ines  were  obtained a f t e r  dehydrogenation of the adducts,  and the constants  of 
2- (Va) and 4- to ly lpyr id ine  (Vc) were  in a g r e e m e n t  with the l i t e r a tu r e  data. The m a s s - s p e c t r a l  c h a r a c t e r -  
i s t ics  and the c h a r a c t e r  of the decomposi t ion of the 2 -me thy l -5 - to ly lpy r id ine  (Vb) obtained were  analogous 
to the m a s s - s p e c t r a l  behavior  of Va and Vc, on the bas i s  of which we also ass igned  the 2 - m e t h y l - 5 - ( p - t o l -  
y l )pyr idine s t r u c t u r e  to it. 

Thus the l i t e r a tu r e  data on the s t ruc tu ra l  se lec t iv i ty  of the react ion  of v inylpyr id ines  with i soprene  
were  conf i rmed  in our  study. However ,  two peaks (see Fig. 1) with an a r e a  ra t io  of 3 :1  were  obtained by 
gas - l iqu id  ch romatograph ic  ana lys i s  of the adduct of I with p iperylene ,  and the product  of a romat i za t ion  of 
this adduct also contained two compounds,  viz . ,  2 - (o- to ly l )pyr id ine  (VIII a)and 2- (m- to ly l )pyr id ine  (IXa) in 
approx imate ly  the s a m e  ra t io .  This indicated that  the two compounds in the adduct can only be s t ruc tu ra l  
i s o m e r s  Via and VIIa. 

cns 
II+ "~ + + 

Py I J'y '~ Py CH 3 CH 3 
VIa-c VIIa-c VIIIa-c IXa-c 

In ass igning  the peaks in Fig. 1 to a definite compound we allowed for  the fact  that  the T and V values  
for  IVa, which is,  as  we es tabl ished,  pure  "para  adduct ~, were  cons iderably  l a r g e r  than those for  the peaks  
found; this could be explained by the min imum s t e r i c  hindrance of the IVa molecule .  In this case ,  TVI 
(VvI) should be l e s s  than TVH (VvII), and TVIII (VvIII) < TIX (VIx). In fact ,  the peak that  we ass igned  to 
VIIIa on the bas i s  of the above d iscuss ion  coincided with the peak of pure,  synthetic  2- (o- to ly l )pyr id ine ,*  
which conf i rmed  the c o r r e c t n e s s  of the peak ass ignments .  

The c h r o m a t o g r a m s  of the products  of the reac t ion  of p ipery lene  with II and III were  m o r e  complex  
and, in addition to the peaks for  the two m a j o r  compounds,  had additional peaks that  were  poorly sepa ra t ed  
f r o m  the m a j o r  peaks.  These  peaks apparent ly  co r responded  to secondary  s t e r i c  i s o m e r s  (cis o r  t r ans )  
of each of the s t ruc tu ra l  i s o m e r s  s ince the ca t a ly sa t e s  obtained by a romat iza t ions  of these  adducts con- 
tained only two i s om er i c  to ly lpyr id ines  (ortho and recta). The pe rcen tage  composi t ion and chromatograph ic  

*Compound VIIIa was synthes ized  by the method desc r ibed  in [8]. 
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TABLE 2. Composition* and Chromatographic 
Charac ter i s t ics  of the adducts of Vinylpyridines 
with Piperylene (VI and VH) and Their  Dehydro-  
genation Products  (VIII and IX) 

Compound 

Via 75 
VIIa 25 
VIb 32 

VIIb 68 
VIc 35 

VIIc 65 
vIIIa 67 

IXa 33 
VIIIb 75 
IXb 25 

VIIIc 64 
IXc 36 

Percentage 
in mixture Tad j , min v. ml 

13 
16 
22 
28 
23 
29 
32 
45 
37 
53 
37 
55 

650 
800 

1180 
1400 
1250 
1450 
1600 
2250 
2000 
2900 
2000 
2980 

*The sum of the cis and t rans  i somers  is given 
for  VI and VII. 

A 
T 

Fig. 1. Chromatogram of 
the products of the r e a c -  
tion of 2-vinylpyridine (I) 
with isoprene.  

cha rac te r i s t i c s  of the adducts with piperylene and 
their  dehydrogenation products a re  presented in 
Table 2. 

It is apparent  f rom the data in Table 2 that the 
reaction of vinylpyridines with piperylene does not 
proceed completely specifically with respec t  to s t ruc -  

ture ;  while the major  component in the mixture f rom the reaction of piperylene with I is the 1,2 i somer  
(Via), the 1,3 i somers  (VIIb and VIIc) a re  formed in large  quantities in the reaction with H and III. 

However,  the percentage of 1,2 i somer  in the products of dehydrogenation of the adducts obtained in- 
c r ea se s ,  which indicates the different ra tes  for  their  dehydrogenation. It is perhaps precise ly  this that 
served  as a basis  for  the er roneous  opinion in the l i t e ra ture  that the 1 ,2 - i somer  predominates  in the r e a c -  
tion of piperylene with vinylpyridines.  

The elevated percentage of the "o r tho - i somer i c "  adduct observed in the case  of the reaction of I with 
piperylene should apparently be explained by the proximity of the nitrogen atom to the react ing multiple 
bond, which promotes  stabilization of the transit ion state.  

EXPERIMENTAL 

Gas-liquid chromatographic  analysis  was ca r r i ed  out with a "Tswett  '~ chromatograph with a 3-m long 
column on diatomaceous br ick  (TND-TS-M, 40-50 mesh), impregnated with polyethylene glycol (m-1500, 
15 wt. ~) at 200 deg and a g a s - c a r r i e r  flow rate  (helium) of 50-54 ml/min~ The reaction of I and II with 
piperylene and isoprene was accomplished by heating equimolecular  amounts o'f the components in xylene 
in a sealed ampule for 12 h at 170-175 deg. The result ing adducts were dehydrogenated by passage in a 
ni trogen s t r e a m  into a catalytic furnace at 300-310 deg over  palladium on carbon. 

The constants of IVa and b and Va and c and of mixtures  of VIa,c + a,c and VIIIa,c + IXa,c were in 
agreement  with the l i te ra ture  data [5]. 

4 - ( 6 - M e t h y l - 3 - p y r i d y l ) - l - m e t h y l - l - c y c l o h e x e n e  (IVb). A solution of 14 ml (0.11 mole) of 2-methyl-  
5-vinylpyridine and 12 ml (0.17 mole) of isoprene in 40 ml of xylene was heated in a sealed ampule at 175- 
180 deg for  36 h. The xylene was removed by distillation, and the res idue was vacuum distil led to give 
10.0 g (49%) of a product with bp 134-135 deg (7 ram) and nD2~ The picrate  had mp 186-187 deg 
(from alcohol). Found % : C 55.09, 55.01; H 5.10, 5.06; N 13.67, 13.79. Ci~H20N407. Calc. %: C 54.80; 
H 4.80; N 13.70. 

2-Methyl-5-(p- tolyl )pyr idine  (Vb). Compound IVc (7.5 g) was passed in a nitrogen s t r eam into a 
catalytic furnace over  7 g of 20% palladium on carbon at 300 deg. The catalysate (6.7 g) obtained was dis-  
solved in ether ,  and the solution was dried with anhydrous magnesium sulfate. The solvent was removed,  
the unchanged IVc was removed by vacuum distillation, and the crysta l l ine  residue was rec rys ta l l i zed  to 
give 82~ (based on converted IVc) of a product with mp 94-95 deg (from hexane). Found %: C 85~ 
84.97; H 7.34, 7.40; N 7.49, 7.64; C13H13N. Calc. %: C 85.16; H 7.18; N 7.85. The picrate  had mp194-195 ~ 
(from alcohol). 

Adduct of III with Piperylene (VIb + VHb)~ A solution of 4.6 g (0.038 mole) of HI and 4 ml (0.04 mole) 
of piperylene in 20 ml of xylene was heated in a sealed ampule at 175-180 deg for 36 h. The xylene was r e -  
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moved by distillation, and the residue was vacuum distilled to give 3.2 g (50.5%. based on converted III) of 
a product with bp 136-137 deg (13 mm) and nD 2~ 1.5375. The picrate had mp 158-159 deg (from alcohol). 
Found %: C 54.71, 54.97; H 5.05, 4.98; N 13.47, 13.46. CIsH20N40 ~. Calc. 70: C 54.80; H 4.80; N 13.70. 

Mixture of 2-Methyl-5-(o-tolyl)piperidine (VIIIb) and 2-Methyl-5-(m-tolyl)pyridine (IXb). The adduct 
described above (3.0 g) was dehydrogenated over palladium on carbon at 300 deg to give 0.9 g (53 %, based 
on converted adduet) of a product with bp 157-158 deg (20 ram) and nD 2~ 1.5723. The picrate had mp 163- 
164 deg (from alcohol). Found 70: C 54.98, 55o15; H 4,14, 4.07; N 13.83, 13.60. CisHI~N407. Calc. 70: 
C 55.30; H 3.93; N 13.60. 

1o 
2. 

3o 
4. 
5. 
6. 
7. 
8. 
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