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The products  of the addition of diazomethane to the double bond of a - ,  fl-, and 7 -v iny l -  
pyr id ines ,  2 -p ropeny l - ,  2 - s t y r y l - ,  and 2 - (p -n i t ros ty ry l )pyr id ines ,  and f i - (2 -pyr idy l )ac ry l i c  
acid were  obtained. When a hydrogen a tom or  alkyl or  phenyl group is p r e sen t  in the fl - p o s i -  
t ion of the vinyl group, 3 -pyr idy l -A 2- pyrazo l ines  a re  fo rmed  (they are  i so la ted  as the acetyl  
der ivat ives) ,  E l e c t r o n - a c c e p t o r  subst i tuents  (COOCH 3 and C6H4NO2) in this posit ion disrupt  
the polar izat ion,  and this  leads to the format ion  of a mixture  of two i somer i c  pyrazol ines .  
The p r i m a r y  fo rmat ion  of Al -pyrazo l lnes  was p roved  by means  of IR and UV spec t roscopy .  

The ease  and direct ion of 1 ,3-dipolar  addition of diazoalkanes to act ivated olefins is de te rmined  by 
both e lec t ron ic  and s t e r i c  f ac to r s  [2, 3]. However ,  in the case  of unsubst i tuted diazomethane,  the direct ion 
of addition is de te rmined  only by e lec t ron ic  effects ,  and s t e r i c  f ac to r s  affect only the reac t ion  ra te  [4-6]. 
When the po la r i ty  of the mult iple bond is ambiguous,  one should expect  the fo rmat ion  of a mixture  of i so -  
m e r i c  addition products  a lso  in the case  of diazomethane,  as ,  for  example ,  has been obse rved  for  subs t i -  
tuted vinyl sulfones [7]. 

Both unsubst i tuted [8] and s ide-cha in  subst i tuted [9] v inylpyr id ines  add nucleophllic agents  (amines,  
alcohols,  etc.) ,  and the t e rmina l  carbon a tom of the multiple bond is e lectrophl l ic .  If one d i s r ega rds  the 
communicat ion  [10] (published while the p re sen t  pape r  was being put into final form) regard ing  the poss ib i l i -  
ty  of the addition of diazomethane to 2-  and 4-v inylpyr id ines ,  v e r y  little study has been  devoted to the cyc lo-  
addition of diazomethane to vinylpyr idines .  However ,  Steward and c o - w o r k e r s  [10] were  unable to isolate  
the reac t ion  products  in the i r  individual s ta tes  and prove  the i r  s t ruc tures .  

In o rde r  to study the effect  of the degree  of conjugation of the multiple bond with the pyridine ring 
and the effect  of subst i tuents  in the fi -pos i t ion  of the double bond on the c h a r a c t e r  of its polar izat ion,  we 
inves t igated the reac t ion  of diazomethane with compounds of the genera l  fo rmula  P y - C H  = C H - R  (I-VI1).$ 
The reac t ion  was  c a r r i e d  out in the dark  at 5-7 ~ in e ther  solution, under  which conditions it gives high 
yields and is p rac t i ca l ly  complete  in 2-5 days. 

Invest igat ion of the reac t ion  m a s s  (after  r emova l  of the e ther  and excess  diazomethane) in the case  of 
I - III ,  VI, and VII demons t r a t ed  that  the p r i m a r y  products  of the reac t ion  are  A i -py razo l ines ,  since a b s o r p -  
t ion bands at 3300-3400 cm -1 (N-H)  were  absent in the IR spec t ra ,  and the re  was a weak absorp t ion  band 
at 1550 ~-5 cm -1 (N =N). In addition to an absorpt ion m a x i m u m  at 260 •  rim, which co r r e sponds  to the 
~, 7r* t rans i t ion  of the pyridine r ing,  the UV s p e c t r a  contained a m a x i m u m  at 320~- 5 m m ,  which is c h a r -  
ac t e r i s t i c  for  the n, v* t rans i t ion  typical  for  an azo group [11]. A c h r o m a t o g r a p h i c - m a s s  spec t r a l  inves t i -  

*See [1] for  communica t ion  IX. 
In all ca ses  where  R ~ H, we worked  with the t r a n s  i somer s .  
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I, VIII py='2-pyfidyl, R=H; If, IX Py=2-pyridyl, R=CH3; Ill, X Py= 2-pyridyl, 
R=C~Hs; IV, XIIIa, b Py= 2-pyridyl, R=C6H4NO~-p; V, XIVa, b py= 2-pyr/dyl, 
R=COOCHs; VI, XI Py=2-methyl-5-pyridyi, R=H; VII, XII P.y=4-pyridyl,- R=H. 

pyridine ring, the UV spec t r a  contained a m a x imum at 320 ~5 nm, which is c h a r a c t e r i s t i c  for  the n, v* 
t rans i t ion  typical  for  an azo group [11]. A c h r o m a t o g r a p h i c - m a s s  spec t r a l  invest igat ion of the reac t ion  
m a s s  obtained f rom III gave two pr inc ipa l  peaks  on the ch roma tog ram.  The appearance  of a second a 2- 
pyrazol ine  peak is due to par t i a l  i somer i za t ion  of the Al -pyrazo l ine  to a A2-pyrazol ine  under  the c h r o m a t o -  
graphic  conditions. The f ragmenta t ion  of the i somer i c  pyrazo l ines  is p resen ted  in Schemes 1 and 2. 
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The f ree  base  products  are  e x t r e m e l y  unstable,  and we the re fo re  t r e a t ed  the reac t ion  m a s s  with ex -  
cess  acet ic  anhydride (this resu l ted  in the i somer iza t ion  of the A L p y r a z o l i n e s  to A2-pyrazol ines)  and I so -  
la ted the A2-pyrazol ines  as the N:ace ty l  der iva t ives  (see Table 1). 
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Scheme 3 
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py= 2-pyridyl 

The pa t t e rn  of s ignals  typical  for  an ABX s y s t e m  was obse rved  at 3.5-5.5 ppm in the PMR spec t ru m 
of XIIIa in ch lo ro fo rm (the quar te t  of a proton of X in the 4 posi t ion and a multiplet  of AB protons  in the 
5 position),  and X had 8 5.00 ppm. Replacement  of the ch lo ro fo rm by t r i f luo roace t i c  acid (protonation of the 
pyridine n i t rogen atom) has  p rac t i ca l ly  no effect  on the posi t ion of the signal of this proton. 

Jus t  as in XIIIa,  the PMR spec t rum of XIIIb in ch lo ro fo rm contained signals  of the protons  of an ABX 
s y s t e m  with the cen te r  of the quar te t  of the methylldyne proton of X at 5.07 ppm. However ,  protonat ion of 
the pyr idine ni t rogen a tom (in t r i f luo roace t i c  acid) caused a pronounced shift of the quar te t  of X to w eak e r  
f ield (85.6 ppm). This  sor t  of change in the p a t t e r n  of the PMR spec t r a  in ch lo ro fo rm and t r i f luo roace t i c  
acid conf i rmed  the s t r u c t u r e s  of XIIIa and XIIIb. 

The adsorpt ion p r o p e r t i e s  of  XIVa and XIVb proved  to be c loser ,  and we the re fo re  were  able to isolate  
only XIVb in the individual s tate.  An absorpt ion max imum at 286 rim, which is c h a r a c t e r i s t i c  for  the 
- N  = C - C O O R  chromophore  [4], was  obse rved  in the UV spec t rum of XIVb. Two absorpt ion max ima  at 1720 
and 1680 cm -1, which co r r e spond  to the s t re tching v ibra t ions  of a conjugated e s t e r  and amide carbonyl  
groups,  were  obse rved  in its IR s p e c t r u m  (in chloroform) in the carbonyl  band region. On the other  hand, 
the re  w e r e  four  absorpt ion  bands in the IR s p e c t r u m  of the mix ture  in this region: 1735, 1720, 1680, 
and 1670 cm -1. This  makes  it poss ib le  to a s s e r t  that XIVa has the high v ibra t iona l  f requency of an uncon-  
jugated e s t e r  carbonyl  group at 1735 c m  -1 and of an amide carbonyl  group at 1670 cm -1. 

Two signals  of methyl  groups were  also obse rved  inthe PMR spec t rum (in CC14) of a mix ture  of XIVa 
and XIVb: an acetyl  group (8 2.26 and 2.30 ppm) and a ca rbomethoxy  group (83.61 and 3.67 ppm). In t eg ra -  
tion of these  s ignals  made it poss ib le  to es tab l i sh  that  these compounds are  p r e sen t  in a 3:7 ra t io  in the m i x -  
tu re ,  s ince individual XIVb had two signals  of protons  of methyl  groups at 8 2.3 and 3.67 ppm in its PMR 
spec t rum.  

Thus the pyr idine r ing displays  r a the r  s t rong e l e e t r o n - a c c e p t o r  p r o p e r t i e s  with r e spec t  to the olefin 
double bond, and these  p r o p e r t i e s  a re  mani fes ted  even in the case  of der iva t ives  of the 3-vinylpyr id ine  ring. 
The introduction of e l e c t r o n - a c c e p t o r  groups into the fi-posit ion of the double bond of 2-vinylpyr idine  makes  
it poss ib le  to marked ly  change i ts  polar izat ion.  In this  case ,  the e l e c t r o n - a c c e p t o r  effect  of the 2 -pyr idy l  
group is approx imate ly  equal to the effect  of the p-ni t rophenyl  group but l e s s  than the effect  of the ca rb o -  
methoxy group. 

The change in or ienta t ion of the addition of diazomethane in the cases  p resen ted  above is consequently 
de te rmined  only by the change in bond po la r i ty  and not by s t e r i c  fac tors .  

E X P E R I M E N T A L  

The UV spec t r a  of ch lo ro fo rm solutions w e r e  r e c o r d e d  with a Cary  spec t rome te r .  The IR spec t r a  of 
minera l  oil suspens ions  were  r eco rded  with an IKS-22 s p e c t r o m e t e r .  The PMR spec t r a  of pyridine solu-  
t ions were  r eco rd ed  with a Var ian  T-60 s p e c t r o m e t e r  with hexamethyldisf loxane as the in ternal  s tandard.  
The chromatograph ic  m a s s - s p e c t r a l  invest igat ion was p e r f o r m e d  with a Var ian  Mat CH-8 appara tus :  the 
column was 1 m long, the packing was si l icone oil, the column t e m p e r a t u r e  was 200 ~ and the v a p o r i z e r  
t e m p e r a t u r e  235 ~ . 
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TABLE 1 

I 
COCH a 

C o m -  R R' rap, "C Empirical formula 
pound 

VIII 
IX 
X 

XI 
XIl 

XllIa 
Xll16 
XIV5 

2- Pyridyl 
2-P ridyl 
2- PyYridyl 
2-~eth~l-5-pyridyl 
4- Pyridyl 
2-Pyridyl 
4,NO~6H~ 
CHaOCO 

H 
CHs 
CeH5 
H 
H 
4-NO%6H4 
2-Pyridyl 
2-Pyridyl 

132--133 
95--96 

128--129 
115m116 
161--162 
166--167 
214--215 
87--88 

CIoHnN30 
CuH,3N30 
C,6H,sN30 
CuHtaN~O 
C,6HIoNaO 
C,6HI4N403** 
C,6HI4N4Os 
CI2HI3N30~ 

TABLE I (continued) 

C0m- I Found, 
pond I-Z ii 

} 
VIII 

IX i -- 
X 15,7 

XI i 20,8 
X I I 22,2 

XIIla 
XIIlb 17,6 

I 
XIVb 117,3 

63,7 6,0 
65,0 } 6.8 
72,8 I 5,8 

63,8 [ 5,6 

62,3 4,6 

58,6 I 5,4 

C I H 

63,5 5,9 
65,0 6,5 
72,4 5,7 

63__5[ 5,9 

61,9 } 4,6 

58,3 I 5,3 

Calc., 

-- I 1650 
1640 

1~,8 1650 
20,7 I 1645 
22,2 1660 

1660 
18,0 1660 

17,0 1680 
1720 

N 1 vc~ ~max'  n m  (Ig g) 

306 (4,56) 
306 (4,43) 
3oi (4,o7) 
304 (4,34) 
306 (4,30) 
297 (4,65) 
238 (3,96), 
346 (4,15} 
286 (4,4o) 

Yield, % 

9o 
65 
75 
7o 
85 
85* 

65* 

* The overa t l  yield for  mix tu res  of XIHa, b and XIVa, b is p resen ted .  
t Found: mol .  wt. 310 {mass spectrum}.  Calculated: tool. wt. 310. 

The only reac t ion  products  in the reac t ion  of d iazomethane with I-III ,  VI, and VII a r e  1 - a c e t y l - 3 -  
py r idy l -4 -R-A2-pyrazo l ines .  The absorpt ion band of the % v * - t r a n s i t i o n  of the pyridine ring in the i r  UV 
spec t r a  undergoes  a ba thochromic  shift  due to conjugation with the C =N bond, and all of the compounds 
obtained had one absorpt ion m a x i m u m  at  301-306 nm.  

The PMR s pec t r a  of VII I -XII  (In CC14) did not contain the s ignals  of the vinyl proton in the 3 posi t ion 
of the pyrazol ine  at 7 ppm [11] that  should have been obse rved  for  1 - ace ty l -5 -py r idy l -4 -R-A2-py razo l i ne s .  
At the same t ime,  the PMR spec t r a  of VIII, XI, and XII did contain s ignals  f r o m  four  al iphatic protons  (in 
the 4 and 5 positions}, which c o m p r i s e  the, typica l  s y m m e t r i c a l  pa t t e rn  of an A2B 2 s y s t e m  with a cen te r  of 
s y m m e t r y  at ~ 3.5 ppm. The signal f r o m  the protons  of the 4-CH 3 group (~ 1.08 ppm) in the PMR sp ec t ru m 
of IXis  spli t  into a doublet (J 7 Hz), and th is  co r responded  only to s t ruc tu re  IX. In the case of X, the PMR 
spec t rum is the pa t t e rn  typica l  for  an ABX s y s t e m  (the quar te t  of a proton of X in the 4 posi t ion at 64.9 ppm 
and a complex  mult iplet  of AB protons  in the 5 posi t ion at 3.8-4.5 ppm). The integral  intensi t ies  c o r r e s -  
ponded to the expec ted  values .  

The m a s s  spec t r a l  dis integrat ion of X also conf i rms  the s t ruc tu re  p roposed  for  it {Scheme 3). 

Thus,  in the case  of unsubst i tuted 2- ,  3- ,  and 4-v inylpyr ld ines ,  and when the re  is an alkyl or  phenyl 
in the fl -pos i t ion  of the double bond of 2-vinylpyr idine,  the pyridine ring displays a r a t he r  s t rong e l e c t r o n -  
accep tor  effect ,  and this impar t s  e lec t rophf l ic  c h a r a c t e r  to the fi carbon atom of the olefin bond. 

However ,  ch romatograph ic  analys is  of the reac t ion  mix tu res  obtained f r o m  both IV and V af te r  ace ty l a -  
t ion of them demons t ra ted  that  they each contain two subs tances .  We were  able to isolate  i somer i c  com-  
pounds XIIIa  and XIIIb In a 1:1 ra t io  by means  of p r e p a r a t i v e  th in - l aye r  chromatography .  Compound XIIIa  
was  obtained as c r e a m - c o l o r e d  c rys t a l s ,  the UV spec t rum of which had an absorpt ion max imum at 297 nm 
( s imi l a r  to the pyrazo l ines  desc r ibed  above). At the s a m e  t ime,  two absorpt ion m a x i m a  at 238 and 346 nm 
were  obse rved  in the UV spec t rum of XIIIb, which was obtained as b r igh t -ye l low c rys ta l s ;  this  indicated 
the p re sence  of an unconjugated pyridine ring and a p-n i t rophenylazometh ine  grouping, since a s i m i l a r  
m a x i m u m  ~ 347 nm) was also obse rved  in the case of p-n i t robenzaldehyde  hydrazone [12]. 
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The 2-  and 4 -v iny l -  and 2 -me thy l -5 -v iny lpy r id ines  were  pur i f ied  by dist i l lat ion of the t echn ica l -  
grade products ,  and the degree  of pur i ty  (95-99%) was moni tored  by gas- l iquld  ch romatography  (GLC) 
[Tswet t -1  chromatograph ,  column 3 m long and 0.4 em in d iamete r ,  TND-TS-M dia tomaceous  b r i ck  (40- 
50 mesh)+8% polypropylene glycol adipate,  c a r r i e r  gas (helium) flow rate  10 m l / m i n ] .  2 -Propenylpyr id ine  
was obtained by aknown  method [13, 14], and the pur i ty  was moni to red  by GLC (98%). 2 - S t y r y l -  and 2 - (p -  
n i t ros ty ry l )pyr id ines  [15] we re  obtained f r o m  plcoline,  and the pur i ty  was moni to red  by th in - l aye r  c h r o m a t o -  
graphy on A1203 with a b e n z e n e - m e t h a n o l  (10:1) sys tem,  f i - ( 2 -Py r idy l ) ac ry l i c  acid was obtained f rom 2-  
formylpyr id ine  [16]. 

1 -Ace ty l -3 - py r i dy l -4 -R -A2-py razo l i ne s  (VIII-XID. A fivefold excess  of diazomethane [17] in e the r  
was  added to an e the r  solution of 0.01 mole  of the appropr ia te  vinylpyridine,  and the mixture  was allowed 
to stand in the cold (5-7 ~ in the dark  for  s e v e r a l  days.  The e ther  and excess  diazomethane were  vacuum 
evapora ted ,  the res idual  oil was  t r e a t ed  immedia te ly  with acet ic  anhydride (a threefo ld  excess) ,  and the 
mix ture  was allowed to s tand at room t e m p e r a t u r e  for  1 h, a f te r  which it was heated on a wa t e r  bath for  2 
h. The excess  acet ic  anhydride was vacuum evaporated;  the res idue was t r e a t ed  with sodium carbonate  
solution until it was alkaline. The resul t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and r e c r y s t a l l t z e d  f rom 
a nonpolar  solvent.  The physical  constants  and yields of the ace ty lpyrazo l ines  are  p resen ted  in Table 1. 

React ion of Diazomethane with 2 - (p -Nl t ros ty ry l )pyr id ine .  This  reac t ion  was accompl i shed  as des -  
cr ibed above. The prec ip i ta te  that f o rm ed  when the mixture  was made alkaline was dissolved in ch lo ro-  
form,  the solution was f i l t e red  through a l aye r  of a luminum oxide, and the f i l t ra te  was vacuum evapora ted  
to give a mix ture  of aee ty lpyrazo l ines  XIIIa and XIIIb in 85% yield. The i s o m e r s  were  sepa ra t ed  p r e p a r a -  
t lve ly  in a thin l aye r  of a luminum oxide (activity II) with a b e n z e n e - m e t h a n o l  (10:1) sys tem.  A 1.3-g sample  
of the mix ture  of i s o m e r s  was used  for  the separa t ion.  A 500-mg sample  of XlIIa was i so la ted  f rom the 
band with R f  0.7, and 500 mg of XIIIb was isolated f rom the band with R f  0.55. The physica l  constants  of 
the subs tances  a re  p r e sen t ed  in Table 1. 

React ion of Diazomethane with f i - ( 2 - P y r i d y l ) a c r y l i c  Acid. This  react ion  was accompl ished  by the 
genera l  method with a tenfold excess  of diazomethane.  The res inous  prec ip i ta te  that  was  obtained a f te r  
alkal izat lon was d isso lved  in benzene,  and the solution was f i l te red  through a l aye r  of a luminum oxide. 
The f i l t ra te  was evapora t ed  to d ryness  to give a mix ture  of ace ty lpyrazo l ines  XIVa and XIVb in an overa l l  
yield of 65%. To isolate XIVb, the mixture  was r e c r y s t a i l i z e d  f rom hexane with the addition of methanol  
and then f rom h e x a n e - c y c l o h e x a n e  (2:1). The yield was 200 mg. The physical  constants  are  p re sen ted  in 
Table 1. 
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