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(~-Iodopyridine in the p re sence  of copper  metal  condenses with t e rmina l  acetylenic hydrocarbons  and 
the aceta ls  of p r i m a r y ,  secondary ,  and t e r t i a r y  alcohols,  fo rming  substi tuted pyr idylace ty lenes  [1-3]. The 
t e r t i a r y  acetylenic  alcohols that a re  fo rmed  he re  a re  smoothly conver ted to the (~-ethynylpyridine under 
the conditions of the r e v e r s e  Favorsk i i  react ion.  

The synthesis  of the 7 -  and f i-ethynylpyridines (IT) and (Ifi) was accompl ished by a s i m i l a r  scheme 
in the p resen t  pape r  

I + HC-~C--C--OCH--OC2H 5 ~ I -4"{---C~-~-C--C--OCH--OC2Hs-'--'~I "-H--C~C--C ~ C~CH 
CH~[ (ll) Cu ~.~N/y ICHj (iiI) L~'N)3 (W) OIH'~CH3 (I) 

The t ime  for  the condensat ion of the 7 -  and fi- iodopyridines with acetal  (II) was 39-42 h, as compared  
to 6-7 h for  the a - i s o m e r  [3]. As a resul t ,  the "ortho effect"  of the he te roa tom is dist inct ly manifes ted  
when a halogen in the pyridine ring is rep laced  by an acetylenic  moiety .  The yields of the pyr idylacetylenic  
de r iva t ives  (III), despi te  the long heating during the react ion  course ,  exceeded 90%. Ethynylpyridines (IT) 
and (I t )  were  obtained in 60% yield by the c leavage of the alcohols (IV) when they were  vacuum-dis t i l l ed  
with t r a c e s  of KOH. Fo r  compar i son  it might  be mentioned that in the l i t e ra tu re  desc r ibed  syntheses  of 
T-ethynylpyr idine  (IT) by the c lass ica l  method f r o m  methyl  pyridyl  ketone the yield hardly  reached 5% [4, 
5]. 

Continuing our study of the applicat ion of the react ion  of ha loa romat ic  der iva t ives  with acetylenes ,  we 
used this method to d i rec t ly  inse r t  the N,N-dia lkylaminopropynyl  and N,N-dialkylaminopentadiynyt  groups 
into var ious  posit ions of the pyridine ring 

~ --I  + H(C~C)nCH2NR2 ~ ~ - - ( C ~ C ) a C H 2 N R 2  n ~- 1,2 

�9 (vH~x) 

ff-Iodopyridine was reac ted  with the p ropa rgy lamtnes  for  19-23 h, i .e. ,  the react ion  ra te  was 3-4 
t imes  s lower  than when reac t ion  was with the aeeta ls  of aeetylenie  alcohols.  With inser t ion of the d iaee ty-  
lenie grouping into the amine molecule  the condensation t ime dropped to 4 h, but this reac t ion  t ime stil l  
r emained  approx imate ly  the s ame  number  of t imes  longer  than when reaet ion  was with the aceta ls  of d i -  
aeetylenie  alcohols [3]. In the ease  of fl-iodopyridine the reac t ion  was re ta rded  notieeably less  (~ 1.5 
t imes) ,  while the T - i s o m e r  reac ted  with the p ropa rgy tamines  and aeeta l  (II) at approximate ly  the same  
ra te .  Such a not ieeable d i f ference  in the re la t ive  act ivi ty  of the p ropa rgy lamines  when substi tut ion is in 
the a -pos i t i on  can apparent ly  not be explained by the purely  e lec t ronic  effect  of the amino group. The r e -  
duction we observed  in the condensation ra te  of ff- iodopyridine with aeetal  (II) in the p re sence  of sa tura ted  
t e r t i a r y  amines  can also s e rve  as conf i rmat ion of this.  Thus,  when one mole of dimethylanil ine pe r  mole 
of iodopyridine was added to the reac t ion  m a s s  the condensation t ime,  with the other  conditions kept eon- 
stant,  inc reased  approx imate ly  double, which cor responded  to 7-10% of unreaeted iodide in 7.5 h af ter  the 
s t a r t  of react ion,  (In this t ime the r ep lacemen t  of iodine by the aminoaeetylenie  group goes to the extent 
of only 55-60%.) 
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The direct  synthesis  of pyridylacetylenic amines has undoubted advantages over the other methods 
[6], since it does not require  the pr ior  multistep preparat ion of the ethynylpyridines and proceeds in high 
yields (70-90%). 

E X P E R I M E N T A L  M E T H O D  

The s tar t ing iodopyridines were synthesized by the diazotiZation of the aminopyridines,  with subse-  
quent replacement  of the diazo group by iodine [7], while the propargylamines  were prepared by the r e a c -  
tion of propargyi  bromide with the appropriate  secondary  amines [8, 9]. 5-Diethylamino- l ,3-pentadiyne 
was obtained by the alkaline cleavage of 7-d ie thylamino-2-methyi -3 ,5-heptadiyn-2-ol  [10], which was syn-  
thesized in 50% yield by the Chodkiewics-Cadio t  react ion f rom diethylpropargylamine and 1 -b romo-3 -  
me thy l - l -bu tyn-3 -o l .  

Acetylenic Condensation of Iodopyridines. A mixture of 0.02 mole of the iodopyridine, 0.03 mole of 
the acetylenic compound, 1 g of activated copper powder [3], and 5.2 g of finely ground anhydrous K2CO 3 
in 50 ml of anhydrous pyridine was refluxed in an N 2 a tmosphere  until the s tar t ing iodide disappeared.  The 
end of reaction was determined employing TLC (Al203, II activity) and GLC (Pye chromatograph equipped 
with an ionization detector,  column length 110 cm, d iameter  6 ram, 0.05% of poly(ethylene glycol adipate) 
deposited on glass beads, c a r r i e r  gas = argon, and tempera ture  70~ After cooling, the react ion mass  
was diluted with 500 ml of ether,  the precipitate was separated,  and the ether  solution was washed several  
t imes with 10% aqueous NH 3 solution and water ,  or else it was filtered through a thin layer  of A1203 (II 
activity). After removal  of the solvent, the residue was vacuum-dist i l led.  The yields and constants of 
the obtained compounds are  given in Table 1. 

Pyridylacetylenic  Alcohols. A mixture of 4.2 g of acetal (IIIfl), 4 ml of dilute HCI solution (1 : 3.5), 
and 5 ml of dioxane was s t i r red  at 20 ~ for 1-2 h, checking the course  of the hydrolysis  by TLC. At the end 
of react ion the mass  was diluted with 100 ml of e ther  and neutralized with finely ground K2CO 3. After d is -  
tillation we obtained 2.4 g (83%) of the acetylenic alcohol (IVfl), mp 56-57 ~ (from petroleum ether), and bp 
122-123 ~ (2.5 mm) [6]. IR spect rum (~, cm -1 in CCI4): 2235 ( C - C ) ,  3615 (OH) (broad band of the hydrogen 
bond with a maximum at 3280 cm-1). 1 - 7 - P y r i d y l - 3 - m e t h y l - l - b u t y n - 3 - o l  (IVy) was obtained in the same 
manner in 84% yield, mp 111.5-112.5 ~ (from CC[4). Found: N 8.99%. C10HllNO. Calculated: N 8.69%. 
Infrared spect rum (v, cm -1 in HCCI3): 2240 (C ~C) (shoulder at 2250 cm-1), 3600 (OH) (broad band of hy- 
drogen bond with a maximum at 3210 cm-1). 

Ethynylpyridines (Ifi) and (I7). A mix ture  of 2 g of (IVfl) and 0.08 g of powdered KOH was cautiously 
melted in a distillation flask and, gradually lowering the p ressure  f rom 85 down to 25 ram, the acetone and 
acetylene (Ifi) were distilled off. After repeated sublimation the yield of the chromatographical ly  pure (Ifi) 
was 0.8 g (61%), rap 37.5-38.5 ~ [6]. Infrared spect rum (v, cm -1 in CCl4): 2125 (C =- C); 3320 (C-= C - H ) .  
NMR spect rum (in CCI4; hexamethyldisiloxane used as the standard): C ---C-H 3.18 ppm, H of ring - 
8.61 ppm (singlet), a T 8.42 ppm, and y 7.62 ppm (doublets with additional hyperfine splitting), and fl' 7.10 
ppm (doublet of doublets). 

(IT) was obtained in a s imi la r  manner  in 62% yield, mp 96-96.5 ~ [4]. Infrared spect rum (v, cm -1 in 
CCIa): 2125 (C-=C); 3310 ( C = C - H ) .  NMR spect rum (in CH2Cl2): C - = C - H 3 . 3 4 p p m ,  H o f r i n g -  a 8.50 
ppm and fi 7.29 ppm (doublets). 

CONCLUSIONS 

1. An iodine atom in any position of the pyridine ring is easily replaced by an acetylenic moiety when 
reacted with terminal  acetylenic compounds in the presence of copper and potassium carbonate.  In their  
react ivi ty  the i somer ic  iodopyridines fall into the order :  a >> 3 ~ >- ft. 

2. A method for  the synthesis of ethynylpyridines and their  N,N-dialkylaminomethyl derivatives was 
developed on the basis  of the acetylenic condensation. 
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