
2. A method for the quantitative determination of piperidyloxy-p-benzoquinones in the reaction mixture 
was developed, based on the chromatographic separation of these compounds and the determination of benzo- 
quinones in the extracts of the chromatographic zones by EPR. 
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S Y N T H E S I S  AND A C E T Y L E N I C  C O N D E N S A T I O N  OF 

IODINE D E R I V A T I V E S  OF N - M E T H Y L I M I D A Z O L E  

M. S. S h v a r t s b e r g ,  L.  N. B i z h a n ,  
A. N. S i n y a k o v ,  a n d  R. N. M y a s n i k o v a  

UDC 542.91:542.953:547.781 

To clarify the chemical properties of the acetylenic derivatives of imidazole, compounds are needed 
containing unsubstituted ethynyl groups in different positions of the heterocyclic ring. The most general method 
for synthesizing imidazolylacetylenes is the catalyzed nucleophilic substitution of halogen, usually iodine, in 
the aromatic ring by the action of terminal acetylenes [1-3]. The alkaline cleavage of the tert iary acetylenic 
alcohols thus obtained represents a preparative path to mono- and diethynylimidazoles [1, 2]. However, in 
many cases this synthesis of ethynylimidazoles is hindered by the absence of well,developed methods for 
preparing the initial iodides. In the present work, we examined the oxidative iodination of 1-methylimidazole 
(1) by 12 and HIO3, and certain other possible methods for preparing its iodine derivatives. From the results,  
we synthesized several ethynyl-N-methylimidazoles using an effective catalytic system. 

The iodination of (I) by 12 and HIO 3 leads to a mixture of (ID-iV), which can be separated by chromato- 
graphy on Ai203. 

i,,mo, N----W-I N ii  N I " N ~ I  
N 11 ~ I '~. 31 + "  II + I - - t~ ,9 - I  ~teco,m mso, \ / ~  + - !  \ f l - !  
\ N  / N N N N 

I i I ~ I 
Me (1) Me (II) Me (Ill) Me (IV) Me (V) 

The properties of neither of the two monoiodides formed correspond to those of 2-iodo-l-methylimidazole [2]. 
In the PMR spectra of the two isomers there is a signal corresponding to the proton in the 2 position (7.23 and 
7.51 ppm), and in a stronger field [4], to the 4-H or 5-H proton (6.90 and 7.00 ppm). Hence the iodides obtained 
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a r e  4 - l o d e - l - m e t h y l -  (II) and 5 - i o d o - l - m e t h y l i m i d a z o l e s  (III). It was  found a f t e r  convert ing the iodides into 
e thynyl imidazoles  (see below) that the lower -me l t ing  (rap 53-54~ high-boil ing i s o m e r  [bp 113-115~ (2 ram)] 
is the iodide (II). The 5-iodide (III) differs  apprec iab ly  f r o m  (II): mp 106-107~ in the PMR s p e c t r u m  the 2-H 
signal  is shif ted into the weake r  field by ~0.3 ppm than that of (II). Proofs  for the s t ruc tu re  of (IV) and (V) a r e  
given in [2]. 

During iodination with 1 - 3  equivalents of the iodinating mix ture  at 20-75~ imidazole  (I) p re fe ren t ia l ly  
fo rms  polyiodides (IV) and (V). The total  y ie ld  of (II) and (III) invar iab ly  r ema ins  low; pure  (V) is not fo rmed  
even in the reac t ion  with 3 equivalents of the iodinating agents at  75~ Continuous control  of the reac t ion  prod-  
ucts during the cour se  of iodination showed that the i r  en r i chment  with tr i iodide (V) occurs  a t  the initial per iod 
of the reac t ion  only. With the passage  of t ime,  the absolute  content of (V) in the reac t ion  mix ture  begins to 
d e c r e a s e ,  and a f t e r  fa i r ly  prolonged heating,  it is comple te ly  conver ted  into the 4,5-diiodide (IV), which then 
becomes  p rac t i ca l ly  the only reac t ion  product.  The deiodination p roces s  intensif ies  with the i nc rea se  in t e m -  
pe ra tu re :  in spec ia l  expe r imen t s ,  a f t e r  heating with MeCOOH for 16-18 h at 100~ or  65-70 h at  75~ c o m -  
pound (V) comple te ly  los t  iodine f r o m  posi t ion 2. Sulfuric acid and CC14 presen t  in the reac t ion  mixture  do not 
influence the r a t e  of reduction.  During deiodination, the fo rmat ion  of f ree  iodine is observed .  It  is c l ea r  that 
under the conditions of oxidative iodination of (IV), two compet ing reac t ions  take place: the d i rec t  one in which 
12 and H I e  3 a r e  consumed,  and the " r e v e r s e "  one in which the total iodine which init ially en tered  posit ion 2, 
s e p a r a t e s  out in the f o r m  of 12. Af te r  H I e  3 has been consumed,  the iodination of (IV) c e a s e s ,  and the deiodina- 
tion of (u proceeds  to complet ion.  The ro le  of the reducing agent  is probably played by the solvent  MeCOOH 

5 (IV) ~- 2I~ + ttI0~ --+ 5 (V) -t- 3tI~O 
t 

(v) + [ H ] ~  (IV) + ~-12 

Thus, by the action of a large (threefold) excess of 12 and HIe 3 at 100~ for 1.5-2 h, compound (IV) is 
almost completely converted into (V). If the reaction mixture is heated for another 20 h, product (V) is com- 
pletely reduced to the initial (IV). Under these conditions, 4,5-diiodide (IV) can also be deiodinated to (II) and 
01D, but much more slowly than triiodide (V). At 100~ and after 80 h, the reaction proceeds to less than 50%. 
By understanding the nature of the secondary process during the oxidative iodination of (1), we can easily deter- 
mine the conditions for the directed preparation of polyiodides (IV) and (V). 

The extremely slow reduction of (IV) on heating in MeCOOH, similarly as the direct iodination of (I), is 
unsuitable as a method for synthesizing monoiodoimidazoles (II) and (HI). However, it was found that (V) is 
gradually reduced to (IV), and then into the 4-iodide (ii) by a calculated amount of H 2 at atmospheric pressure 
and at 20~ over a Raney nickel catalyst in the presence of CaO. The 5-iodide (III) is not formed. 

lt~, CaO H2, GaO 
(v) -, (iv) :----~.(n) 

Raney Ni ~taney r41 

Hydrogenat ion can be used as a method for the se lec t ive  2-deiodinat ion of other  ha lo imidazoles  a lso ,  for  ex-  
ample ,  5 -ch io ro-2 ,4 -d i iodo imidazo le  (VI) 

N----ii--I H,, Cue N - - - g - - I  
i -j~ I I  ~ ,  ~ J' I ;  ~- 

\ . f f - - U R a n e y  Ni\  /v--t~1 
N NL 
[ I 

Me (Vl) Me (VII) 

It is known that iodoimidazoles unsubstituted at the nitrogen atom are reduced by Na2SO 3 in an aqueous- 
alcoholic solution [4, 5]. Compounds (IV) and (V) can be similarly reduced, but because of the sparing solubility 
in H20, a very prolonged boiling in a diluted solution of the iodide with a large excess of Na2SO 3 is necessary. 
Moreover, as in hydrogenation, the 4-iodide (If) is the only reaction product. There is another possible method 
for the preparation of the 5-iodide, namely, the me~hylation of 4 (5)-iodoimidazole (VIII), followed by the sepa- 
ration of isomers (Ill) and (II) 

] J -7  \ . ;  ~ (Ill) + (II) I-~Q 
N N 

H (IX) H (VIII) 

Compounds (IX) and (VIII) a r e  readi ly  avai lable ,  s ince the NH-imidazole ,  in con t r a s t  to i ts  N-subs t i tu ted  
der iva t ives ,  can be readi ly  exhaust ively C- iodinated  by 12 in an alkal i  o r  neutral  medium [6]. Methylation of 
(VIII) by MeI in an aqueous methanol  solution of NaOH at 25-35~ leads to a 90% yie ld  of a mix tu re  of (Ill) and 
(II) (1.4 : 1). Pu re  (IH) and (II) w e r e  i so la ted  by column chromatography  on AI203. 
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As methods a r e  avai lable  for  the introduction of iodine into any posit ion of the 1-subst i tu ted  imidazole  
r ing,  the p repara t ion  of 2,4- and 2,5-diiodo der iva t ives  r ema ins  the most  complex problem.  One of var ious  
solutions of this p rob lem can be demons t r a t ed  by the synthesis  of 2 ,4 -d i iodo- l -me thy l imidazo le  (X). During 
the reac t ion  of (ID with BuLl, at  l eas t  two competing reac t ions  can  be expected: meta l la t ion  in posit ion 2, 
and subst i tut ion of iodine by l i thium in posit ion 4. The possible  fo rmat ion  of 2 ,4-di l i th ium der iva t ive  and a lkyl -  
ation at posit ion 4, mus t  a l so  be considered.  The iodination of the above organol i th ium compounds should lead 
to the f o r m a t i o n  of the iodide (X) with regenera t ion  of (II) 

BuLl) N - - L i  N----V- Li 
(II) ~I-~ k ~ + Li--'~N----~I~ Li--",.~N/I] 

Me Me Me 

N - - I  ) 
N 

1 
Me (X) " 

In fact ,  as the r e su l t  of the reac t ion  of (II) success ive ly  with BuLl and I2, a mixture  of products  with a p r e -  
dominant content of  (X) has been obtained. The m a x i m u m  yie ld  of (X) was 40% at a BuLl : (II) ra t io  of 3 : 1. 

Thus,  by the oxidative iodination of 1-methyl imidazole  and iodination of the imidazole  unsubsti tuted at 
the ni trogen a tom combined with reduction,  meta l la t ion and N-alkyla t ion  reac t ions ,  any mono-  and polyiodo-1-  
methyl imidazoles  can be synthesized.  All these compounds can be condensed with aee ta l ized  2 -me thy lbu t -3 -  
y n - 2 - o l  (XI), and a f t e r  r em ova l  of aceta l  protect ion (acid hydrolysis)  and alkal ine spli t t ing of the alcohol ob- 
tained, can be conver ted  into ethynyl der iva t ives  as follows [7] 

HC.~.C C (Me~)OC H(Me)OEt HsO+ 
HetI~ ~ Het[C~C(Me2)0CH(Me)OEt] n 

Her [C-~--CC(Mez)0H]~ ~ Het(C-~CH)n 

In [1, 2] we descr ibe  the condensat ion of aceta l  (XI) with s eve ra l  iodoimidazoles  in the p resence  of pow- 
dered  copper  and K2CO 3 in boiling pyridine.  This method was a lso  successfu l ly  used for  the condensation of (XI) 
with iodides (II) and (X) (Table 1, method A). Its main drawback is the long durat ion of the reac t ion ,  especia l ly  
in the case  of sl ightly r eac t ive  hal ides ,  including 4-  and 5-iodo der iva t ives  of imidazole  (not less  than 75 h). 
In r ecen t  y e a r s ,  new ca ta lys t s  have been proposed which cons iderably  intensify the p rocess  [8-11]. We used 
one of the mos t  effect ive ca ta lys t  s y s t em s :  (PH3P)2PdCI2-CuI in Et2NH [11] for  the p repa ra t ion  of imidazoly t -  
acetylenic  alcohols (XIV)-(XVI) and (XII) (see Table 1). In this s y s t e m ,  the subst i tut ion of iodine in the imid-  
azole r ing by the acetylenic  group takes place much more  rapidly than in the p re sence  of meta l l ic  copper:  the 
4-  (VII) and 5-iodide ffII) r eac ted  comple te ly  with (XI) at 45~ (method B) in the cour se  of 6-10 h. It is known 
that  with act ive ca ta lys t s  it is poss ib le  to introduce 2 -me thy lbu t -3 -yn -2 -o l  (XVII) into the reac t ion  with a r o -  
matic  halides without any protec t ion  of the hydroxyl  group [8]. To compare  this one - s t age  synthes is  with a 
two-s tage  one, the 4-iodide (II) and the much more  reac t ive  2 - i o d o - l - m e t h y l i m i d a z o l e  (XVIH) [2] we re  con-  
densed di rec t ly  with (XVII) (method C). The reac t ion  proceeded  much more  slowly than with aceta l  (XI), and 
a f te r  25-30 h of heating at 45~ the reac t ion  mixture  st i l l  contained a noticeable amount of the initial  iodide. 

All the synthes ized  imidazolylacetylenic  alcohols w e r e  c leaved  by heating in vacuo at 120~ with pow- 
de red  KOH (10-15% by weight) under  conditions ensur ing a rap id  r emova l  of the products  fo rmed ,  i .e . ,  e thynyl-  
imidazole  and~ acetone,  f r o m  the reac t ion  sphere  (Table 2). To avoid local overheat ing leading to a reduct ion in 
yield,  the c leavage was usually c a r r i e d  out in a high-boil ing iner t  diluent [12]. Because  of d i f ferences  in the 
ra tes  of spli t t ing of the alkynol groupings at positions 2 and 4 [2], the yie ld  of 2 ,4 -d i e thyny l - l -me thy l imidazo le  
(XX) was lower  than that  of the o ther  ace ty lenes ,  and reached  only 25%. 

We have a l ready  noted that in the I~IVIR s p e c t r a  of e thynylpyrazoles ,  e thynyl imidazoles  and e t h y n y l - l , 2 ,  
4 - t r i a zo l e s ,  the proton signal of the acetylenic  group vicinal to the methyla ted  ring ni t rogen a tom,  is shif ted 
into the weake r  field re la t ive  to the proton of this group in other  posi t ions [13]. It  is t h e r e f r o m  c lea r  that  
e thynyl imidazole  with 5HC- = 3.08 ppm, synthes ized  f r o m  monoiodide with mp 53-54~ is 4 -e thyny l -1 -  
methyl imidazole  (XIX), while its i s o m e r  with 6HC-  = 3.52 ppm, obtained f r o m  the iodide melt ing at 106-107~ 
is 5 - e thyny l - l -me t hy l i m i dazo l e  ( ~ I ) .  Hence,  the initial iodides and all the compounds synthes ized  f r o m  them 
have a cor responding  s t ruc tu re .  
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T A B L E  1. I m i d a z o l y l a e e t y l e n i c  A l c o h o l s  Het[C -- CC (Me 2) OH] n 

Com - 
pound 

(XII) 

(XIII) 

(xlv) 

(XV) 

(XVI) 

Initia I 
n iodide 

Condematio}l "~ y ie ld 

oal  l 
57,6 

A [ 75 49,4 
! 

B 6 72.3 

B 10 95,0 

C 27 65,0 

i [  (H) 

(x) 

(VlI) 

i ] (m)  

t ~XVIII) 

mp , ~ 

126,5-t27 
(C1CH~CH~.C1) 

143-t43,5 
(EICH2CH~_C1) 

125-126 
[q  

1~ ~5 - 105.5 
(CC1j 

148,5-149 
[2] 

Empirical 
formula 

CgH,2N20 

C,~H,sN:02 

CgH~N:O 

N, ~ found / 
ca Icu ha ted* 

t7,t4 
i7,06 

ii,32 
~Ii,37 

i 6,97 
17,06 

*IR spectra of (XII)--(XVI) (CHC13, v cm'I) :2235--2247 (C~-C), 3595--3608, 3260--3350 sh(oH% 

T A B L E  2. E t h y n y l i m i d a z o l e s  H e t ( C -  CH) n 

Corn  - 

pound 

(xIx) 

,<XX) 

<XXl) 

(xxIi) 

 lYiol, t I"I 
t 70,0 

2 24.8 

i 66,0 

i 84,4 

rap, ~ 

82-82,5 
(CCI,~) 

1il,5-ii2 

nD ~"~ t,5295 

Empirical 
formula 

92-92,5 
[i] 

N,% 
found f 
calculated 

[Rspectrum J " 
:CCl~v.cm-] PMR spectrum 

c------c ~ct~/(CH~Clz,$ , ppm) 

CaHsN2 

CsHsN2 

CsHsN2 

*Diol (XIII) was cleaved in the absence of solvent. 

26,45 
26,40 

21,69 
2i,53 

26,19 
26,40 

2130 2320 

(in CHCID 
2~25 3305 

2i20 3324 

3,57 (MEN), 
3,08 (4-C------CH), 
7,05(5-H), 
7,26(2-H) 
3,63 (MEN), 
3,36 (2-C--=CH), 
3,0i (4-C~-CH), 
7,08(5-H) 
(in CDCIs): 
3,74) (MEN), 
3,52 (5-C~CH), 
7,30(4-H), 
7,42(2-H) 

EXPERIMENTAL 

Iodination of 1-Methylimidazole (I). A 10-g portion of (1), 39 g of I2, and 13 g of HIO 3 in a mixture with 
300 ml of MeCOOH, 55 ml of 30% H2SO4, and30 ml of CC14 were heated for 40 h at 90-92~ (bath temperature 
110-120~ After cooling, the reaction mixture was neutralized by ~450 ml of 50% KOH, and extracted with 
CHCI3, and the extract was dried over K2CO 3. After distillation of the solvent, 25 g of a partially crystallized 
mixture of iodides and the initial (1) was obtained. The crystals, consisting mainly of 4,5-diiodo-l-methyl- 
imidazole (IV), were filtered (12.6 g) and recrystallized from CCI 4 to give 10.2 g of pure (IV). The recrystal- 
lization mother liquors were evaporated, and the residue was combined with the liquid part of the products. 
Further separation was carried out by chromatography on AI203 (activity grade V), with elution with petroleum 
ether-benzene, and CHCl3-ether mixtures. Thus, 1 g (1.8%) of (V), mp 149.5-150.5~ [2]; 3.3 g of (IV) (total 
yield of (IV) being 33.1%, mp 141.5-142.5~ [2]); 3.5 g (13.8%) of a mixture of 4-iodo-l-methyl- (II) and 5-iodo- 
1-methylimidazole (Ill) (4:1 according to GLC); and 1.5 g (15%) of (1) were isolated. The mixture of (If) and 
(Ill) were separated by distillation into fractions bp 100-112~ (2 ram) and 113-115~ (2 ram), enriched with 
(III) and (II), respectively, followed by chromatography and recrystallization. Compound (II), mp 53-54~ (from 
CCl4-petroleum ether). Found: C 23.22; H 2.42; I 60.75%. C4HsIN 2. Calculated: C 23.10; H 2.43; I 61.02%. PMR 
spectrum (CH2CI2, 5, ppm): 3.60 (MEN), 7.23 (2-H), 6.90 (5-H). Compound (HI), mp I06-107~ (from CCI4). 
Found: C 22.91; H 2.30; I 60.76%. C4HsIN 2. Calculated: C 23.10; H 2.43; I 61.02%. PMR spectrum (CH2C12, 5, 
ppm): 3.51 (MEN), 7.51 (2-H), 7.00 (4-H). 

When the iodination temperature was decreased to 75~ and the time reduced to 3 h, the yield of (V) 
increased to 17.7%, and that of (IV) decreased to 13.7%. 
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Deiodination of 2 , 4 , 5 - T r i i o d o - l - m e t h y l i m i d a z o l e  (V). A 0.5-g port ion of (V) in 25 ml of MeCOOH was 
heated for  18 h at 100~ and 12 vapors  we re  evolved. When the reduct ion was comple te  (TLC), the reac t ion  
mixture  was made alkaline with ~40 ml of 50% KOH to pH 10, ex t rac ted  with CHC13 and dr ied over  K2CO 3. 
Yield, 0.3 g (82.7%) of (IV). At 75~ the reac t ion  was prolonged to 67 h. 

Deiodination of 4 ,5 -Di iodo- l -me thy l imidazo le  (IV). A 0 .5 -gpor t ion  of (IV) in 25 ml of MeCOOH was 
heated at 100~ After  20 h, the fo rmat ion  of (II) and (III) was  dist inctly noted by TLC. After  82 h of heating, 
the reac t ion  mixture  was t r ea ted  in conventional manner ,  and the products  were  s epa ra t ed  by chromatography.  
Yield 0.1 g (32.3%) of a mixture  of (II) and (III), and 0.2 g (40%) of (IV) w e r e  recovered .  

2 , 4 , 5 - T r i i o d o - l - m e t h y l i m i d a z o l e  (V). a) A 1-g port ion of (IV) was iodinated for  5.5 h at 75~ with 0.9 g 
of 12 and 0.3 g of HIO 3 i n l 0  ml of MeCOOH, 1.8 ml of 30% H2SO4, and 2 ml of CCI 4. After  a lkal izat ion of the 
reac t ion  mixture ,  the ch lo ro fo rm ex t rac t  was f i l tered through A1203 (activity grade  V), and then through basic  
A1203. Yield of (V) 1.3 g (94%). 

At 100~ the reac t ion  was comple te  a f te r  1.5-2 h. Fur the r  heating for 20 h led to comple te  convers ion  
of (V) fo rmed  into the initial (IV). 

b) A 1-g port ion of (i) was iodinated with 5.2 g of 12 and 3.9 g of HIO 3 (70-75~ 3 h). Yield of (V), 3.6 g 

(64%). 

4-1odo-l-methylimidazole (II). a) A 30.5-g portion of (V) in 900 nd of MeOH was hydrogenated at atmo- 
spheric pressure and at 20~ in the presence of 18.5 g of CaO and Raney nickel catalyst to the absorption of 
the calculated amount of H 2 (3.25 liters). The precipitate was then separated, MeOH distilled, and the resi- 
due in CHCI 3 passed through AI203 (activity grade V). The product, consisting of (If) with a small admixture 
of (IV) and (I), was distilled. The fraction boiling at 108-112~ (i mm) is practically pure (If) (9.6 g); after 
reerystallization from a CCI 4- petroleum ether mixture, the yield of (II) was 8.7 g (63.2%). 

Similarly, by the reduction of (IV), 690/0 of (If) were obtained. 

b) A 2-g portion of (V) and 19.2 g of Na2SO 3 in a mixture of 200 ml of alcohol and 160 ml of water was 
heated for 50 h at 100~ and then evaporated in vacuo. The residue was extracted with CHCI 3. The product 
(0.9 g), consisting of (H) and (IV), was ehromatographed on Al203 (activity grade V) in a mixture of benzene 
and ether (3 : 1). Yield, 0.6 g (61%) of (II). 

An8.6-gportionof (IV) was similarly reduced in the course of 80 h with 40 g of Na2SO 3 in 170 ml of 
alcohol and 200 ml of water. Yield, 3 g (56%) of (If). 

5-Chloro-4-iodo-l-methylimidazole (VII). A 39.4-g portion of (VI) [i] in 2 liters of MeOH was hydro- 
genated in the presence of 30 g of CaO and Raney nickel catalyst at atmospheric pressure and 20~ with a cal- 
culated amount of H 2 (2.6 liters). After separation of the residue and distillation Of MeOH, the residue was 
dissolved in 800 ml of CHCI 3, washed with aqueous NH 3 and water, and dried over K2CO 3. Chromatography on 
anhydrous AI203 in an ether-petroleum ether mixture (1 : i) gave 17.8 g (68.7%) of VII, mp 75.5-76~ [1]. 

Methylation of 4(5)-Iodoimidazole (VIII). A 9.6-g portion of Mel was added in the course of 1 h at 25~ 
to 12.4 g of (VIII) [4] in 5 ml of MeOH and 7 ml of 40% aqueous NaOH. The mixture was stirred for 1 h at 30- 
35~ and water and MeOH were distilled. After chromatography on anhydrous AI203 in an ether-petroleum 
ether mixture (2 : I), 5.1 g (38.3%) of (II) and 6.9 g (51.9%) of (Ill) were obtained. 

2,4-Diiodo-l-methylimidazole (X). A 2.l-g portion of (II) in 20 ml of ether was added a t - 5  t o -  10~ in 
the course of 15 min to a solution of BuLl (prepared from 0.5 g of Li and 4.1 g of BuBr) in 50 ml of ether. The 
mixture was stirred for 45 min without cooling. After cooling to-5~ 7.6 g of 12 in 50 ml of ether were grad- 
ually added. After 2 h, the reaction mixture was diluted with CHCI3, and alkalized with 50 ml of 40% NaOH to 
the disappearance of the iodine color. From the chloroform solution, 2.8 g of a mixture of iodides was ob- 
tained. After chromatography oh Al203 (activity grade IV), followed by elution with petroleum ether-benzene 
and ether-CHCl 3 mixtures, the yield was 1.3 g (38.9%) of (X), mp 122.5-123.5~ (from CC14). Found: C 14.35; 
H 1.05; I 75.88%. C4H412N 2. Calculated: C 14.39; H 1.21; I 76.01%. PM.R spectrum (CH2C12, 5, ppm): 3.50 (MEN), 

7.05 (5-H). 

Imidazolylacetylenic  Alcohols (XII)-(XVI). Method A. The reac t ion  of 4.2 g of (II) with 4.7 g of (XI) was 
c a r r i e d  out under the conditions desc r ibed  in [1]. E t h y l - [ 4 - ( l ' - m e t h y l i m i d a z o l y l - 4 ' ) - 2 - m e t h y l b u t - 3 - y n - 2 - y l ] -  
ace toace ta l  was  i so la ted  by chromatography  on anhydrous A1203, and eluted success ive ly  with benzene,  a 
b e n z e n e - e t h e r  mixture  (3 : 1) and CHCI 3. Yield, 2.4 g (50%); n}~ 1.5050. Found: N 12.00%. C13H20N202 . Cal-  
culated: N 11.86%. IR s p e c t r u m  (CC14, v, cm-1): 2248 ( C - C ) ,  1165, 1145, 1080, and 1060 (COCOC). 
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Similar ly,  3.9 g of (X) were  condensed with 10.9 g of (XI). Yield, 3.2 g (68.1%) of acetal ized (XIII); n~ 
1o5052. Found: N 7.15%. C22H33N202 . Calculated: N 7.17%. IR spec t rum (CC1 o v, cm-1): 2235 (C=C), 1160, 
1125, 1080, 1056 (COCOC). 

The acetal  derivat ives obtained were  hydrolyzed in an acidified aqueous dioxane solution at 20~ [1]. 

Method B. A 7.3-g portion of (VII), 5.2 g of (XI), 105 mg of (Ph3P)2PdC12, and 50 mg of CuI in 90 ml of 
Et2NH were  heated for 6 h at 45~ in a N 2 atmosphere.  The mixture was diluted with ether,  f i l tered,  and the 
solvent was distilled. The residue was dissolved in 10 ml of dioxane, and then 5 ml of water  and 2 ml of con- 
cent ra ted  HC1 were  added. The mixture was s t i r r ed  for 3 h, and alkalized; compound (XIV) was extracted with 

CHCI 3. 

Compound (XV) was obtained in a s imi la r  manner. 

Method C. A 7.2-g portion of (XVIII) and 3.1 g of (XVII) were  condensed under the conditions given in 
method B. Compound (XVI) was isolated by chromatography on anhydrous A1203 in a mixture of e t h e r - p e -  
t ro leum ether  (1 : 1). 

Similar ly ,  compound (XII) was synthesized f rom (II) and (XVII). The propert ies  and yields of compounds 
(XII)-(XVI) are  l is ted in Table 1. 

4 -E thyny l -5 - ch lo ro - l -m e thy l im idazo l e  (XXII). A 150-mg portion of {XIV) and 25 mg of powdered KOH in 
1-2 ml of m-pentaphenyl ether was heated in a subl imator  in vacuo (1 mm) at 120~ The sublimed (XXII) was 
separa ted  f rom the smal l  admixture of the initial (XIV) by chromatography and sublimation. 

Ethynylimidazoles (XIX)-(XXI) were  obtained s imi lar ly  (see Table 2). 

C O N C L U S I O N S  

1. Methods for the prepara t ion of iodine derivatives of 1-methylimidazole have been developed. 

2. When heated in acetic acid, iodo- l -methy l imidazo les  are  deiodinated, and in this react ion the iodine 
atom in the 2 position is substituted by hydrogen much more  readily than in other cases .  The reduction of 
t r i iodo- l -methy l imidazo le  with Na2SO ~ or  hydrogen in the presence of Raney nickel catalyst  and a base pro-  
ceeds gradually. Depending on its position in the ring, the react ivi ty of the halogen atom decreases  along the 
se r i es :  2 > 5 > 4. 

3. A catalytic condensation of the iodoimidazoles obtained with 2 -methy lbu t -3 -yn-2-o l  was ca r r i ed  out 
with both pre l iminary  protect ion of the hydroxyl groups in the lat ter ,  and without it. By cleavage of the imid- 
azolylacetylenic alcohols,  4-e thynyl- ,  5-ethynyl- ,  and 2 ,4-d ie thynyl - l -methyl imidazoles  were synthesized. 
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