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The react ion for the d i rec t  replacement  of halogen by acetylenic groups, catalyzed by copper, can be 
used to synthesize acetylenic derivatives of imidazole [1]. 

In order  to obtain ethynyl-N-methyl imidazoles ,  in the present  paper we used this method to insert  
one, two, or three moieties of the t e r t i a ry  acetylenic alcohol, 2 - m e t h y l - 3 - b u t y n - 2 - o l ,  into the imidazole 
ring. The hydroxyl group of the start ing alcohol had acetal  protection [1, 2]. We used 2-iodo- (I), 4,5- 
diiodo- (II), and 2 ,4 ,5 - t r i iodo-  1-methylimidazole (III) in the condensation 
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The monoiodide (I)was obtained by treating 1-methy l -2- imidazo ly l l i th ium with I2, while iodides (II) 
and (iII) were obtained by the iodination of 1-methylimidazole with a mixture of 12 and ItIO 3. The position 
of the halogen was established on the basis  of the NMR spectra  of these compounds. In order  to complete 
the react ion of imidazole (I) with 1.5 equivalents, and of imidazoles (II) and (III) with 3 equivalents of acetal 
(IV), under the usual conditions [1] it was necessa ry  to respect ively use 5, 35, and 70 h, while the yields 
of the acetylenic derivatives (V)-(VII) were 87-89%. In all cases  the removal  of the acetal  protection went 
in yields exceeding 90%. The mono- and dihydric imidazolylacetylenic alcohols (VIII) and (IX) were con- 
ver ted to the 2-ethynyl-  (XI) (70% yield) and 4 ,5-d ic thynyl -1-methyl imidazole  (XII) (44% yield) in the p r e s -  
ence of KOH, with a simultaneous removal  of the formed products .  2 ,4 ,5 -Tr ie thynyl -1-methy l imidazo le  
could not be obtained by the cleavage of tr iol  (X) under analogous conditions, apparently due to the fact that 
the r eve r s e  Favorski i  react ion at the acetylenie grouping in the 2 position proceeds  under much milder con- 
ditions than at the other side chains [1]. The intermediate substituted 2-ethynylimidazole, remaining in the 
reaction sphere, is po lymcr ized  on further  heating. The s t ructure  of all of the synthesized compounds was 
confirmed by the data of the IR and NMR spectra .  The method of paramagnetic  additives [3] was used to 
assign the lines of the acetylenic protons in the NMR spectrum of diacetylenc (XII). We used NiBr 2 as the 
complexing agent here,  and the measurements  were made at 50~ in CHCI 3. A shift of the signals of both 
of the acetylenie protons upfield by 3-4 Hz was observed in the presence  of the eomplexing agent, with a 
simultaneous change in their width (Fig. 1). The line of one of these protons (6 3.19 ppm) became much 
broader  than the lines of the other proton (5 3.61 ppm). Since in shifts of the same order  of magnitude the 
main contribution to the difference in the broadening of these lines is determined by dipole-dipole  
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T A B L E  1. Yields and Cons tan ts  of Synthes ized  Compounds  
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e l e c t r o n - n u c l e a r  in te rac t ion ,  which is i n v e r s e l y  p ropo r t i ona l  to the 
cube of the d i s tance  f r o m  the p ro ton  to the p a r a m a g n e t i c  ion in the c o m -  
plex, the s ignal  with the g r e a t e r  width undoubtedly belongs  to the p r o t o n  
of the ethynyl  g roup  in the 4 pos i t ion  of the imidazo le  r ing .  

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

N-Methy l imidazo le  was  syn the s i zed  by the methyla t ion  of imida-  
zole  with CH3I in a q u e o u s - m e t h a n o l i c  NaOH solut ion at 30-40~ [4]; 
y ie ld  57.5%; bp 80-81% (11 mm);  n ~  1.4975. NMR s p e c t r u m  
(in CC14)*: NCH 3 3.56 ppm, H of r ing  6.71, 6.78, and 7.15 ppm.  

2 - I o d o - 1 - m e t h y l i m i d a z o l e  {i). To a solut ion of N - m e t h y l - 2 -  
imidazoly l l i th ium,  obtained f r o m  4 g of 1 - m e t h y l i m i d a z o l e  and C4HgLi 
(1.5 g of Li and 14.4 g of C4HgBr ) in 120 ml  of e the r  at  - 15 to - 10~ 
was  added 18.5 g of 12 in 100 ml of e the r .  Af te r  12 h the r eac t ion  m a s s  
was  m a d e  a lkal ine  with 1.57o NaOtt solution, and the p roduc t  was  ex-  
t r a c t e d  with CHC13, d r ied  over  KzCO a, and dis t i l led .  The yie ld  of {i) 
was  8.1 g (79.57o); mp 89-90~ (from p e t r o l e u m  ether);  bp 97-98~ 
(0.5 mm) .  Found: I 60.937o. CtHsN2I. Calculated:  I 61.02%. NMR 
s p e c t r u m  (in CC14): NCH 3 3.50 ppm, H of r ing  6.80 and 6.88 ppm.  

4 , 5 - D i i o d o - 1 - m e t h y l -  (II) and 2 , 4 , 5 - T r i i o d o - 1 - m e t h y l i m i d a z o l e  {III). The iodination of 2 g of 1- 
me thy l im idazo l e  was  run  in the s a m e  m a n n e r  as  that  of 1 - m e t h y l - 5 - c h l o r o i m i d a z o l e  [1], us ing a mix -  
t u r e  of 5.1 g of 12 and 2.1 g of HIO 3 in 60 ml of g l ac ia l  ace t i c  ac id  at  75~ The  obtained iodides (5.6 g) 
w e r e  s e p a r a t e d  by c h r o m a t o g r a p h i n g  on AI203 (V act ivi ty) ,  us ing m i x t u r e s  of p e t r o l e u m  ether ,  benzene ,  
CHC13, and e ther  as  e luants .  The y ie ld  of (II) was  1.7 g (20.57o), nap 141.5-142.5~ (from CC14). Found: 
I 75.65%. CtH4N2I 2. Calcula ted:  I 76.027o. NMR s p e c t r u m  (in CH2C12): NCH 3 3.58 ppm, 2-H 7.49 ppm.  
The  y ie ld  of {iII) was  3.3 g (28.87o), mp 149.5-150.5~ (from CCI4). Found: I 82.62%. C4H3N2I 3. Cal-  
cula ted:  I 82.807o. NMR s p e c t r u m  (in CHzC12): NCH 3 3.68 ppm.  

Ace ty len ic  Condensa t ion .  The r eac t i on  of iodides  (I)-(III) was  run under  s t anda rd  condi t ions ,  as  d e -  
s c r i b e d  in [1] . In the case  of (I) we used  a 507o excess ,  while  in the c a s e  of (II) and {iII) we used  a 200% ex-  
c e s s  of ace ta l  {IV). The  cons tan t s  and y ie lds  of the obtained imidazo ly lace ty len ic  a lcohol  ace ta l s  (V)-(VII) 
a r e  given in Table  1. 

Hydro ly s i s  of Ace ta l s  (V)- (VII). The  h y d r o l y s i s  of (V)- (VII) was  run in ac id i f ied  aqueous dioxane so -  
lution at 20CC [1, 2]. The r e s u l t s  a r e  given in Table  1 [compounds (VIII)- (X)]. 

*The NMR spec t r a  w e r e  taken on a J N M - 4 - H - 1 0 0  high reso lu t ion  s p e c t r o m e t e r  at a f r equency  of 100 MHz, 
at 26~ and us ing  hexamethy ld i s i loxane  as  the in te rna l  s t andard .  
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2 - E t h y n y l -  1 -methy l im[dazo le  (XI). Two g r a m s  of (VIII) was dist i l led over  30 mg of powdered KOH 
f rom a Favorsk i i  f lask at 1-2 m m  and a bath t e m p e r a t u r e  of 145-155~ A slight amount of (VIII) in the 
product  was sepa ra ted  by chromatographing  on A1203 (V activity) in CHC13. We obtained 0.9 g (70~) of (XI); 
n~  1.5442. Found: N 26.71%. C6HGN 2. Calculated: N 26.41%. N'MR spec t rum (in CC14)- NCH 3 3.63 ppm, 
2-C~-  C H 3 . 3 8 p p m ,  H - of r ing 6.76 and 6.79 ppm.  In f ra red  spect rum:  C =  C 2130, C-=- C - H 3 3 2 0 c m  - l .  

4 , 5 - D i e t h y n y l - l - m e t h y l i m i d a z o l e  (XII). A finely ground mix tu re  of 300 mg of (IX) and 15 mg of KOH 
was charged  into a subl imat ion appara tus  andea re fu l lyhea ted  in vacuo at 85-110~ and a res idual  p r e s s u r e  
of 1 ram. The subl imed (XII) was f reed  of t r a c e  impur i t i es  by chromatographing  on A1203 (V activity) in 
CHCI~, and then re sub l imed .  The yield of (XII) was 70 mg (44%); mp 129-129.5~ (decompn.) .  Found 
N26.71%. C6H6N2. Calcula ted:N 26.41%. NMRspectrum(inCH2C12):NCH33.59ppm , 4-C -~ CH3.75ppm,  
5-C ~ CH 3.25 ppm,  2-H 7.31 ppm.  In f r a r ed  spec t rum:  C -  C 2130 (shoulder 2120), C -~ CH 3312 cm -1. 

C O N C L U S I O N S  

1. One, two, or th ree  3 -me thy l -3 -hyd roxybu tyny l  groups were  inser ted  into the N-methyl imidazole  
r ing by the d i rec t  r ep l acemen t  of iodine, ca ta lyzed  by copper .  

2. 2-Ethynyl-  and 4 ,5 -d i e thyny l -1 -me thy l imidazo l e  were  synthesized by the c leavage of the obtained 
imidazolylacetylenic  a lcohols .  
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