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Methods have been developed for  the alkylation of imidazole  by unsa tu ra ted  compounds and 
w-bromoace tophenone  in the p r e s ence  of weakly alkaline agents .  Severa l  new alcohols and 
ketones  containing N- imidazo ly l  groups  were  obtained. 

The p r e s e n c e  of an imidazole  r ing and a hydroxyl  group is c h a r a c t e r i s t i c  for  the active cen te r  of 
many  hydrolyt ic  e n z y m e s - c h o l i n e s t e r a s e s ,  chymot ryps in ,  e tc .  [2]. This  evoked in te res t  in the crea t ion  of 
s i m i l a r  model  m o n o m e r i c  [2, 3] and po lymer i c  s t r u c t u r e s .  This  study is devoted to the p repa ra t ion  of 
a l i pha t i c - a roma t i c  alcohols of the I and II type which contain N- imidazoly l  groups .  Of the compounds of 
this type,  only 2- (N-imidazolyl )e thanol  [5] and some  polysubst i tu ted de r iva t ives  [6,7] have been previous ly  
descr ibed.~  

The s ta r t ing  compounds for  the synthes is  of alcohols I and II  were  the cor responding  ketones (III and 
IV), which were  obtained by alkylat ion of imidazole  with phenyl vinyl ketone and w-bromoacetophenone ,  r e -  
spec t ive ly .  
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l,[l III-V 

I, III n=2, R=C6Hs; II, IV n=l ,  R=C6Hsi V n=2, I(=OCH 3 

We have studied the reac t ion  of imidazole  with phenyl vinyl ketone,  phenyl isopropenyl  ketone,  and 
methy l  ac ry la t e  under  the conditions desc r ibed  in [9] for  the reac t ion  of benzimidazole  with acry l ic  acid 
de r iva t ives  in dioxane in the p r e s e n c e  of t e t r abu ty l ammonium hydroxide hydra te  (in the case  of l/I) or  t r i -  
e thylamine  (in the case  of V). The expec ted  compounds could be obtained in both c a s e s ,  but the yield was 
13-30% because  of the s imul taneous  po lymer iza t ion  of the s ta r t ing  unsa tura ted  compounds.  An at tempt  to 
obtain ~- (N- imidazo ly l ) i sobu tyrophenone  via a s i m i l a r  method was unsuccess fu l ,  s ince the product  of the 
addition of imidazole  to phenyl i sopropenyl  ketone decomposed  comple te ly  on dis t i l la t ion.  

The s t r u c t u r e  of I I / w a s  conf i rmed  by the IR s p e c t r u m ,  which contained a band f rom the valence v i b r a -  
t ions of the C = O  group at 1675 c m  -1 and bands at 1200-1600 c m  -1 which, on the one hand, a re  c h a r a c t e r -  
i s t ic  for  N-subs t i tu ted  imidazo les  [10, 11] and, on the other ,  for  a l ipha t i c -a romat i c  amino ketones [11]. A 
m a x i m u m  at 243 rim, which is c h a r a c t e r i s t i c  for  the C6H~CO eh romopbore  inamino ketones  [12], is obse rved  
in the UV s p e c t r u m  of I I I .  The s t r u c t u r e  of V was conf i rmed  by the IR and PMR s p e c t r a  (see Exper imenta l ) .  

* See [1] for  communica t ion  VIII.  
t i n  patent  [8] t he re  is a r e f e r e n c e  to the p r epa ra t i on  of 2 - (N- imidazo ly l ) - l -pheny ie thano l  (II), but no con-  
s tants  wha t soever  a re  p resen ted .  
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To obtain N-imidazolylacetophenone (IV), we used the reaction of imidazole with o~-bromoacetophen- 
one in the p resence  of excess  t r ie thylamine.  The s t ruc ture  of IV was conf i rmed by the IR and UV spectra,  
which are  s imi l a r  to the spec t ra  of III. The use of the s t ronger  alkaline agents general ly  used in the alkyla-  
tion of substituted imidazoles  [13], viz. ,  sodium amide or  sodium ethoxide, despite the data in [8], did not 
resul t  in the format ion of IV but induced pronounced resinif icat ion of the mixture .  In these cases ,  only a 
substance cha rac t e r i zed  by absorption at 260 nm in the UV spect rum and at 1627 cm -I in the IR spect rum 
(and by the absence of absorption at 1700 cm -l) could be isolated f rom the react ion mixture by chromatog-  
raphy with a column filled with A1203. This product  apparently a r i ses  as the resul t  of cleavage of the imid-  
azole r ing under  the influence of alkaline agents to the initiall formed quaternary ammonium salt [14]. Its 
s t ruc ture  could not be accura te ly  established.  

We obtained alcohols I and II by reduction of ketones III and IV with sodium borehydride.  Both a lco-  
hols are  white, c rys ta l l ine  substances with IR spec t ra  containing bands at 3200-3300 cm -1, which are c h a r -  
ac ter i s t ic  for  the valence vibrations of the OH group, and the fundamental bands of the imidazole and benz-  
ene r ings;  the i r  spec t ra  did not have any absorption at 1700 cm -~, which is charac te r i s t i c  for the s tar t ing 
ketones.  

EXPERIMENTAL* 

The IR spectra of mineral oil suspensions were obtained with a Perkin-Elmer 257 spectrophotometer 

(I-IV) or  with a UR-10 spec t rophotometer  in the case of V (in a thin layer) .  The UV spect ra  in alcohol were 
obtained with an SF-4A spec t rophotometer .  The PMR spect rum of a CC14 solution was obtained with an RS- 
60 spec t rome te r .  Th in- layer  chromatography was ca r r i ed  out on activity II A1203 with ethyl a c e t a t e - m e t h a -  
nol (15 : 1) as the mobile phase; the spots were developed with iodine. 

3- (N-Imidazoly l ) - l -phenylpropanol  (i). A suspension of 0.35 g (0.0092 mole) of sodium borohydride 
in 1 ml of water  was added at 0 ~ to a solution of 0.9 g (0.00465 mole) of Ill in 15 ml of methanol, and the mix-  
ture was allowed to stand at 20 ~ for  12 h and refluxed for 10 h. It was then vacuum evaporated,  and the 
residue was washed with water  and rec rys ta l l i zed  f rom acetone to give 1.8 g (55%) of I with mp 103-104 ~ . 
Found %: C 71.8; H 7.2; N 13.9. CI2HI4N20. Calculated %: C 71.3; H 6.9; N 13.9. IR spec t rum (cm-1): 
3150-3250 s,b (~OH), 1600 m, 1512 s, 1486 s, 1450 s, 1355 s,  1280 s, 1230 s, 740 s, and 723 s . t  

2 - (N-Imidazoly l ) - l -phenyle thanol  (iI). This was s imi la r ly  obtained in 67% yield and had mp 146-148 ~ 
(from acetone). Found %: C 69.8; H 6.5; N 15.0. CI1HI2N20. Calculated %: C 70.2; H 6.4; N 14.9. IR spec -  
t rum (era-l): 3100-3200 s,b (~OH), 1590 m, 1510 s, 1450 s, 1344 m, 1280 m, 1230 s, 752 s, and 720 s. 

f l -(N-Imidazolyl)propiophenone (iII). A total of 4 g (0.03 mole) of phenyl ketone and 0.3 g of t e t r a -  
butylammonium hydroxide were added to a solution of 2 g (0.03 mole) of imidazole in 10 ml of dioxane, the 
mixture was s t i r r ed  for  1 h, vacuum evaporated,  and water  was added to the residue to give 0.8 g (13%) of 
III with mp 96-98 ~ (from acetone). Found %: C 71.6; H 6.1; N 14.2. Ci2HI2N20. Calcula ted%: C 72.0; H 
6.0; N 14.0. IR spec t rum (cm-1): 1675 vs (VCO) , 1588 m, 1575 m, 1445 s, 1372 s, 1227 s, 1206 s, and 749 s. 
UV spec t rum;  )tmax 243 nm, e 8750. 

~-(N-Imidazolyl)acetophenone (IV). Triethylamine [8.8 g (0.087 mole)] was added to a solution of 5 g 
(0.074 mole) of imidazole in 150 ml of benzene, and 14.7 g (0.074 mole) of r in 20 ml of 
benzene was then added with s t i r r ing .  The react ion mixture was refluxed for 1 h, the hot solution was f i l -  
tered,  �9 e precipi ta te  was washed with hot acetone, and 6.8 g (50%) of IV with mp 97-99 ~ (from acetone) was 
precipi ta ted f rom the f i l t rate with ether.$ Found%: C 70.0; H 5.5; N 15.0. CIlHIoN20. Calcula ted%: C 
70.9; H 5.4; N 15.0. IR spec t rum (cm-1): 1690 (~CO), 1592 s, 1575 s, 1500 s, 1446 s, 1353 s, 1339 s, 1220 
vs, 758 s, 740 s.  UV spect rum.  Xma x 245 rim, ~ 10,700. 

Methyl 3-(N-Imidazolyl)propionate  (V). Methyl acryla te  [8.6 g (0.1 mole)] was added to a solution of 
6.8 g (0.1 mole) of imidazole in 16 ml of t r ie thylamine,  and the mixture was allowed to stand for 6 days at 
room tempera tu re  and heated for 2 h on a boi l ing-water  bath. The t r ie thylamine was removed,  and the 
residue was vacuum distilled to give 4.6 g (30%) of V with bp 89-90 ~ (0.15 mm) and n~ 1.4925 [15]. Found %: 

�9 With the part icipat ion of N. V. Soboleva. 
Only the mos t  charac te r i s t i c  bands are  indicated in all of the IR spec t ra .  

$ In [8] the product  obtained by the react ion of bromoacetophenone with imidazole in the presence  of sodium 
ethoxide had mp 117-118 ~ 
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C 54.7; H 6.8; N 18.4. CTHIoN202. Calculated %: C 54.5; H 6.5; N 18.2. IR spectrum (cm-l): 1737 vs 
(VCO), 1532 s, 1445 s, 1368 s, 1296 s, 1266 s, 1234 vs, 1216 vs, 1181 s, 755 vs. PMR spectrum (6, ppm, 
hexamethyldisiloxane standard): 2.78 (CH2-CO, triplet ,  J 6.7 Hz); 3.60 (OCH3); 4.28 (N-CH2, triplet,  J 6.7 
Hz); 7.03, 7.17 (4-H, 5-H); 7.68 (2-H). 

Reaction of r with Imidazole in the Presence  of Sodium Ethoxide. Imidazole [3.4 
g (0.05 mole)], followed by 4 g (0.02 mole) of r in 20 ml of alcohol, was added to a solu- 
tion of sodium ethoxide (from 1.3 g of sodium in 60 ml of alcohol) and the mixture was refluxed for 2 h. The 
precipitate was filtered, the fil trate was evaporated to dryness in vacuo, and the residue was chromatographec 
with a 600 • 30 mm column filled with A1203 using benzene, followed by benzene -e the r  (1 : 1), as the eluant. 
The product isolated (0.8 g) had mp 163-164 ~ (from acetone). Found %: N 7.4. IR spectrum (c'm-1): 1638 vs, 
1595 s, 1542 s, 1480 s, 1442 s, 1350 s, 1306 s, 727 s. UV spectrum: ~max 260 nm, e 6320. The hydrochlo- 
ride had mp 221-223 ~ (from alcohol). Found %: N 6.0; C110.0. 

The authors thank M. A. Belousova and T. N. Dyumaeva for obtaining the IR spectra and A. I. 
Chernyshev for obtaining the PMR spectra.  
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