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The cor responding  2- (2-furyl) -  and 2- [ fl- (2-furyl)viny]] phenanthr[9 ,10] imidazoles  w e r e  ob-  
tained by the condensation of 9,10 phenanthrenequinone with fur fura l ,  fi - (2 - fu ry l )ac ro le in ,  and 
the i r  5 -bromo and 5-ni t ro de r iva t ives  in the p re sence  of ammonium aceta te  in glacia l  ace t ic  
acid. The i r  meta l la t ion,  acetylat ion,  ni trat ion,  and r e p l a c e m e n t  of halogen by a ni t ro group 
were  studied. 

Continuing our  invest igat ions of 2-subs t i tu ted  imidazo les  that  contain a furan r ing [1-3], we set  out to 
study methods for the synthes is  and the reac t ions  of 2- (2-furyl )phenanthr[9 ,10] imidazoles  (I) and 2- [ f l - (2 -  
furyl)vinyl]phenanthr[9,10]imidazoles  (II). It seemed of in t e re s t  to a s c e r t a i n  the effect  of the polynuclear  
a r o m a t i c  phenanthrene s y s t e m  in these  compounds on the reac t iv i ty  of the imidazole  and furan r ings .  

At tempts  to obtain I and II f rom 9,10-diaminophenanthrene by the Weidenhagen [4] and Phil l ips [5] m e -  
thods were  unsuccessful .  They were  synthes ized in high yie lds  by the condensation of 9 ,10-phenanthrenequi-  
none with the appropr ia t e  aldehyde of the furan s e r i e s  and ammonium aceta te  in glacial  ace t ic  acid [6]. 

O ~ N 

+ 2c,3cootIN, + ~ - (c,=cn)~ x 
0 H \ 0  / 

1 a - c ;  I I  a - c  

+ 2CtL, COOH + 3H20 

I n -0; II n.l: a X=II; bBr: C NO 2 

The a l te rna t ive  synthes is  of I I a -c  was accompl i shed  by the condensation of 2-methylphenanthr[9,10] 
imidazole  with fur fura l  and with 5 - b r o m o -  and 5 -n i t ro fur fu ra l s ,  r e spec t ive ly ,  in the p r e sence  of bo r i c  acid 
[2] or  in acet ic  anhydride [81. 

Compounds I a - e  and I Ia -c ,  in cont ras t  to the cor responding  fu ry l -  and fury lv inylbenz imidazoles  [1,2], 
do not fo rm N-methyl  de r iva t ives  (Id and IId) readi ly ,  and the la t te r  quaternize  weakly.  This is a conse-  
quence of the reduct ion in the bas ic i ty  of the imidazole  r ing of the indicated comPOunds induced by the phe-  
nanthrene s y s t e m  (the pK a values  for  Ia,b and IIa,b a re ,  r e spec t ive ly ,  4.26, 4.27 and 4.23, 4.05) and also by 
the apparent  s t e r i e  hindrance.  

The reac t ion  of Ib and IIb with excess  sodium ni t r i te  in glacia l  ace t ic  acid p roceeds ,  in con t ras t  to 2-- 
(5 -ha lo -2 - fu ry l )benz imidaz01es  [7], to f o r m  two' r eac t ion  products ,  of which the m a j o r  products  a re  mono-  
n i t roso  compounds (Ic and I Ic) .  We did not elucidate the s t r u c t u r e s  of the side products .  In con t ras t  to 2-  
[ f i - (2-furyl)vinyl]benzimidazoles ,  which a r e  smoothly n i t ra ted  in the f ree  a -pos i t ion  of the furan  r ing by a 
mix tu re  of n i t r ic  acid and acet ic  anhydride [3], under these  conditions Ia f o r m s  a mononi t ro  product  that  
contains a nitro group in the phenanthrene r ing,  while IIa gives IIc (70%) and IIe (15%). 

Like 2 - ( 2 - f u r y l  }benzimidazole [3], Ia is not acetyla ted  by acet ic  anhydride in the p r e sence  of ca ta ly t ic  
amounts  of pe rch lo r i c  acid. Compound IIa, on the other  hand, f o r m s  2- [ f l - (  5 - ace ty l -2 - fu ry l )v iny l ]ph en an th r -  
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[9,10]imidazole acetate under the same conditions [3], which is converted to a base (IIf) on t rea tment  with 
ammonia  in alcohol. 

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

2- (2-Furyl)phenanthr[9,10]imidazole  (Ia) .  Ammonium acetate ( 0.2 mole)  and 0.014 mole of furfural  
in 10 ml of glacial  acetic acid were added rapidly to a solution of 0.01 mole of 9,10-phenanthrenequinone in 
30 ml of hot glacial acetic acid. The mixture was refluxed for 1 h and allowed to stand at room tempera ture  
for 2-3 h. The precipitate of side product was removed by fi l tration and washed with 10 ml of acet ic  acid. 
The fi l trate was poured into 100 g of crushed ice and neutralized with ammonium hydroxide to pH 7 at 0-5 
deg. The c rys ta l s  of Ia were fil tered, dried, and purified by rec rys ta l l i za t ion  or  separat ion with a ch roma-  
tographic column filled with aluminum oxide with chloroform as the solvent. Compounds Ib and Ic were  
s imilar ly  obtained ( Table 1). 

2-[f i - (2-Furyl)vinyl]phenanthr[9,10]imidazoles  (Ha-e) .  A) The compounds were obtained by the m e -  
thod used to synthesize Ia-c .  

B) A mixture of 0.01 mole of 2-methylphenanthr[9,10]imidazole,  0.01 mole of furfural ,  and 0.05 g of 
bor ic  acid was heated for 4-5 h at 190-195 deg. IIa was leached f rom the melt  with boiling alcohol. 

C) A mixture of 0.01 mole of 2-methylphenanthr[9,10]imidazole and 0.01 mole of 5 -b romo-  or  5-n i t ro-  
furfural  was refluxed in acetic anhydride for 4 h. The acet ic  anhydride was removed by distillation, and the 
residue was t reated with 1 N hydrochlor ic  acid. 

1-Methyl-2-  ( 5 -b romo-2- fu ry l  )- (Id) and 1-Methyl-2-[fi  - ( 5 -b romo-2 - fu ry l  )vinyl]phenanthr[9,10] im-  
idazoles (IId).  A solution of 0.005 mole of Ib or  IIb, 0.56 g (0.01 mole)  of potassium hydroxide, and 1.42 g 
(0.01 mole) of methyl iodide in 25 ml of methanol was refluxed for 6 h and allowed to stand overnight.  The 
solvent was removed by distillation, and the residue was extracted with chloroform.  The extract  was wash-  
ed with water,  dried with anhydrous potassium carbonate,  and passed through a column filled with aluminum 
oxide. The react ion products were crys ta l l ized  from chloroform or benzene. 

The nitration and acetylation of Ia and IIa were ca r r i ed  out by the methods descr ibed in [3]. The halo- 
gen atom in Ib and IIb was replaced by a nitro group via the method in [7]. The react ion products  were sep-  
ara ted with a chromatographic  column filled with aluminum oxide. Chloroform was used as the solvent. 

The UV spect ra  of methanol solutions of the compounds were recorded  with an SF-4A spectrophoto-  
meter .  The ionization constants of the compounds were determined in 50% ethanol at 21 deg. 
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