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2 ,4 ,4 -Tr imethy l -5-phenyl -4H- imidazo le ,  4H-imidazole 3-oxide, and 4H-imidazole  1 ,3-di-  
oxide were  synthesized f rom 1-hydroxy-2 ,5 ,5 - t r imethy l -4-phenyl -3- imidazo l ine  and 3- 
imidazoline 3-oxide.  The action of hydrogen chloride on these  compounds and on 2,4,4- 
t r imethy l -5 -phenyl -4H- imidazo le  1-oxide gives products  of the addition of water  or  a lco-  
hol - der ivat ives  of 4-hydroxy-2- imidazol in inm chlor ides .  

In a previous  communicat ion [1] we demonst ra ted  that the acylation of 1 -hydroxy-2 ,5 ,5 - t r ime thy l -4 -  
phenyl-3- imidazol ine  3-oxide 6) and subsequent heating of the acetyl  der ivat ive  leads to 2 ,4 ,4 - t r imethy l -  
5-phenyl-4H-imidazole  1-oxide (II). S imi lar  products  were obtained under  the same conditions f rom other 
5,5-disubsti tuted 3- imidazol ine 3-oxides .  The action of aqueous alkali on 4H-imidazole 1-oxides leads to 
cleavage of the he te ror ing  and the format ion of oximes of a - acy l am in o  ketones.  

Since the information on 4H-imidazoles  and thei r  N-oxides is l imited [2-5], it seemed  of in te res t  to 
synthesize new der ivat ives  of this se r i e s ,  including compounds that do not contain oxygen, N-oxides ,  and 
N,N-dioxides,  and to study the i r  p rope r t i e s .  Convenient s tar t ing mate r ia l s  for  the synthesis  of 4H-imid-  
azoles are  ~-hydroxylamino  ketones and ~-hydroxylamino  oximes [1,6]. 

The condensation of a-hydroxylaminoisobutyrophenone with acetaldehyde proceeds  smoothly to give 
N- (1 -ke to -2 -methy l - l -pheny l -  2-propyl) -~  -methylni t rone (III) [6]. 1 -Hydroxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -3 -  
imidazoline (IV) is formed in quantitative yield in the react ion of IH with ammonia in anhydrous alcohol.  

T rea tmen t  of IV with acetic anhydride in ch lo roform leads to 1 -ace toxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -3 -  
imidazoline (V). When this compound is heated at 200~ in the p resence  of calc ium oxide, a molecule  of 
acetic acid is split  out to give 2 ,4 ,4- t r imethyl -5-phenyi -4H- imidazole  (VD (see [1]). 
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TABLE 1. PMR Data and IR Spectra  of the Compounds Obtained 

Comp. 

VI 

VII 

VIII 

IX 
X 

Xl 
XII 

XIII 
XVII 

XVIII 

XXI 
XXII 

Ch~ 

2-CH3 

8,54 b 
8,52 D 
7,67 

7,60 

7,60 

7,52 
7,60 
7,54 
7,49 
7,58 
7,58 
7,57 

7,76 

mical shifts (r), .ppm (in CD3OD) 

gem-(cl-hh c~II~ 

8,61; 8,64 
8,54 
8,56 

8,34 

8,21 

8,53; 9,26 
8,51; 9,25 
8,49; 9,16 
8,50; 9,09 
8,42; 9,12 
8,54; 9,23 
8,21; 9,31 

2,26--2,69 s 
2,3 i--2,72 c 
1,86--2,12 :e 
2,46--2,66 
2,02--2,29 e 
2,64--2,72 e 
1,39--1,63 
2,33--2,57 

2,62 
2,54 
2,55 
2,54 

2 35--2,85; 
2190--3,34 f 

2,52 
2,56 

5,4,4-(CH3)3-- 8,53; 8,68; 8.76 
8,39; 9,08 I 2,01 g 

, ,a 
CI!q "I 

1620 
1620 
1635 

1640 

1635 

1635 
1630 
1630 
1630 
1620 
1625 
1630 

1620 
1630 

aThe spec t ra  of IV, V, VII, and VIII were recorded  f rom KBr pel -  
lets,  the spec t rum of VI was obtained f rom a CC14 solution, while 
the remaining spec t ra  are  of minera l  oil suspensions,  bDoublet. 
The quartet  of the corresponding methylidyne hydrogen atom is 
found at 5.50 ppm (J = 6.6 Hz) for IV and at 4.88 ppm (J = 6.5 Hz) 
for V. CComplex band. dCH3CO at 7.94 ppm. eTwo complex bands 
with an intensity rat io of 2 : 3 .  fTwo complex bands of five phenyl 
protons,  gComplex band of two phenyl groups.  

The oxidation of imidazoline IV with lead dioxide in benzene gives 2 ,4 ,4 - t r imethy l -5 -phenyl -4H- imid-  
azole 3-oxide {VII). Compound VII is an i somer  of the previously descr ibed II [1] and differs f rom it only 
with respec t  to the position of the N-oxide oxygen in the r ing.  When it is oxidized under s imi la r  conditions, 
I fo rms  2 ,4 ,4- t r imethyl -5-phenyl -4H- imidazole  1,3-dioxide (VIII). 

The spec t ra l  cha rac t e r i s t i c s  of VI, VII, and VIII conf i rm their  s t ruc tu res .  An absorption band of a 
conjugated sys tem of multiple bonds, including a benzene ring, with a maximum at 282 nm (log e 4.0) is ob- 
served  in the UV spec t rum of VI. The maximum of the absorption band in the UV spect ra  of VII and VIII is 
found at 360 nm (log e 3.94 and 4.07, respect ively) ,  which is cha rac te r i s t i c  for conjugated ni t rones  [7] and 
dinitrones [8]. The IR spec t ra  of VI, VII, and VIII (Table 1) contain intense bands at 1560-1640 cm -~, which 
cor respond  to the s t re tching vibrations of the C = N  group in imines [9] and ni t rones [7]. The singlet of a 
methyl  group in the 2 position of the heteror ing at 7,5-7.7 ppm, the singlet of two geminal  methyl groups in 
the 4 position at 8.2-8.5 ppm, and two complex bands with an intensity rat io of 2 : 3  at 1.5-2.5 ppm from the 
five hydrogen atoms of the benzene ring [10, 11] are  observed in the PMR spec t ra  of these compounds (in 
CD3OD) (Table 1). 

On passing f rom 4H-imidazole VI to N-oxides VII and VIII, one observes  a sharp increase  in the 
melt ing points and the appearance of a yellow colorat ion,  which is apparently associated with the presence  
of the semipolar  N-oxide grouping. Compounds VI, VII, and VIII are  quite soluble in organic solvents 
(ether, benzene,  and alcohol) and somewhat less soluble in water .  They readi ly  sublime on heating. 

When hydrogen chloride is bubbled into ether solutions of VI, VII, VIII, and II, co lor less  crys ta l l ine  
IX-XII are  formed in quantitative yields;  these products cor respond  in composit ion to the products of the 
addition of one molecule of water  to the hydrochlor ides  of the s tar t ing compounds.  Compounds that differ 
f rom IX-XII are  not obtained when the react ion is c a r r i ed  out in dry  ether;  t r aces  of mois tu re  are apparent-  
ly sufficient for their  format ion.  The molecule of water  cannot be removed by prolonged drying of these 
compounds in vacuo. It should be noted that s tar t ing compound II is regenera ted  when solid product XI is 
added to aqueous alkali, which indicates retention of the heterocycl ic  skeleton. 

The UV spec t ra  of IX-XII differ sharply  f rom the spec t ra  of 4H-imidazoles .  The fine s t ruc ture  c h a r -  
ac ter i s t ic  for the unconjugated benzene r ing is observed at 250-260 nm (log e 2.0) in the UV spect rum of 
IX. In the UV spec t ra  of X and XI, apar t  f rom the absorption of an unconjugated benzene ring, absorption 
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m a x i m a  above 220 nm a re  absent ,  while the UV spec t rum of XII contains an absorpt ion band with ~ m a x  
256 nm (log e 3.83). These  data indicate that  products  IX-XII  a re  not 4H-imidazole  hydrochlor ides  that  con-  
tain a molecule  of c rys ta l l i za t ion  wa te r .  

The PMR s pec t r a  (in CD3OD ) of IX-XII  (Table 17 a re  p rac t i ca l ly  identical  and contain four dist inct  
s ingle ts  at 9.2, 8.5, 7.5, and 2.5 ppm, respec t ive ly ,  of th ree  nonequivalent methyl  groups and of a phenyl 
group.  The shift  of one of the s ignals  of the geminal  methyl  groups to s t rong field can be explained by the 
anisot ropic  effect  of the benzene r ing at tached to a sa tu ra ted  carbon a tom.  In this case ,  the ca rbocyc l ic  

r f r agmen t  of the molecule  can be r e p r e s e n t e d  as cG.~-~-~-c~ 3. The equivalence of the hydrogen a toms of the 
CH~ 

benzene r ing is apparent ly  due in this case  to the e l e c t ron -accep to r  effect  of the imine and N-oxide g roup-  
ings [11]. 

The IR spe c t r a  of IX-XII  (Table 1) contain an intense band at 1620-1630 em -~, which, for  IX and X, is 
accompanied  by an intense band at 1590-1600 c m  - i .  On the bas i s  of l i t e ra tu re  analogies [12], these  data 
make  it poss ib le  to a s s um e  the p r e s e n c e  in the molecule  of an amidinium grouping,  where  X and X' = H or  
OH. 

Compounds IX-XII  a re  apparent ly  sa l t s ,  s ince they are  insoluble in nonpolar  organic  solvents  but 
r ead i ly  soluble in wa te r .  Salt XIII, which does not contain chlor ine ,  is fo rmed  in the reac t ion  of product  IX 
with aqueous sodium te t rapheny lbora te .  In addition to the s ignals  of th ree  methyl  groups  at 9.15, 8.42, and 
7.58 ppm and two complex  bands of five phenyl protons at 2.40-3.30 ppm, the PNLR s p e c t r u m  of sa l t  XIII (in 
deuteroacetone)  contains a dis t inct  singlet  of a hydroxyl  group at 3.61 ppm and a broad  signal of two NH 
groups cen te red  at 0~29 ppm (when CD3OD is added, the s ignals  at 3.61 and 0.29 ppm vanish).  Salts IX and 
XIII have s i m i l a r  IR s p e c t r a  at 400-1800 cm -1 . 

The data p re sen ted  above make  it poss ible  to ass ign the 4 -hydroxy-  (IX), 1 ,4-d ihydroxy-  ~ ) ,  3 ,4-  
d ihydroxy-  {X-I), and 1 ,3 ,4 - t r i hyd roxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -2 - imidazo l in inm chloride (XII) s t r u c t u r e s  
to the compounds fo rm ed  in the reac t ion  of HC1 with the 4H-imidazole  de r iva t ives .  

The l i t e r a tu r e  contains a n u m b e r  of examples  of the faci le  hydrat ion of he te rocyc l ic  cat ions that  is 
c h a r a c t e r i s t i c  for  compounds with a 1 ,3-or ientat ion of the ni t rogen a toms in the r i n g -  quinazolines,  
p te r id ines ,  1 ,2 ,4 - t r i az ines ,  e tc .  [13-16]. However ,  we were  unable to find data on the hydrat ion of imid-  
azole de r iva t ives .  Never the less ,  we did find a compound that  d i f fers  f rom sa l t s  IX and XIII only with r e -  
spect  to the anion. In a study of the r ing-expansion reac t ions  of az i r ine ,  Leonard  [17] observed  that the r e -  
action of 3 , 3 - d i m e t h y l - 2 - p h e n y l - l - a z i r i n e  {XIV) with ace toni t r i le  in the p resence  of pe rch lo r i c  acid does 
not give the expected pe rch lo ra te  of 4H- imidazole  VI but r a t h e r  the product  of its covalent  hydrat ion - 4 -  
hydroxy-2- imidazo l in ium sa l t  XV. Salt XV has an IR spec t rum that  is c lose  to the IR s p e c t r a  of sa l t s  IX 
and XIH, while the PMR s pec t r a  of sa l t s  IX, XIII, and XV are  p rac t i ca l ly  identical  in the region of the 
r e sonance  absorpt ion of the methyl  g roups .  Compound VI was not obtained by Leonard  and Zwanenburg [17]. 

A c h a r a c t e r i s t i c  p rope r ty  of sa l t  XV is the format ion  f rom it  of 4-e thoxy der iva t ive  XVI on heating in 
alcohol for  5 h. When 3 ,4 -d ihydroxy-2- imidazo l in ium chloride (XI) is  heated in alcohol for  30 rain, 4 -  
e thoxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -2 - imidazo l in ium chloride (X-VII) is a lso fo rmed .  I t  is in te res t ing  that  the 
products  of the addition of alcohol (XVII and XVIII) a re  fo rmed  without heating in the react ion  of hydrogen 
chlor ide with alcohol solutions of 4H-imidazole  1-oxide II and 4H- imidazole  VI. The convers ion  of sa l t s  
XV and XI to 4-e thoxy de r iva t ives  apparent ly  p roceeds  through the initial  fo rmat ion  of VI and II.  

Other  4H-imidazole  de r iva t ives  r eac t  with hydrogen chlor ide  to give products  with s i m i l a r  s t r u c t u r e s .  
Thus 2 ,4 ,4 ,5 - t e t r ame thy l -  (XIX) and 4 ,4 -d imethy l -2 ,5 -d ipheny l -4H- imidazo le  1-oxide (XX) give 3 ,4 -d i -  
hyd roxy -2 ,4 ,5 ,5 - t e t r ame thy l -  (XXI) and 3 ,4 -d ihydroxy-5 ,5 -d imethy l -2 ,4 -d ipheny l -2 - imidazo l in ium chloride 
(XXII). (See scheme  on following page.) 

Thus,  r e g a r d l e s s  of the p r e s ence  and position of an N-oxide oxygen and the c h a r a c t e r  of the groups 
in the 2 and 5 posi t ions,  4H- imidazole  de r iva t ives  have a capac i ty  for  covalent  hydrat ion on reac t ion  with 
hydrogen chloride and give 2- imidazol in ium sa l t s .  The s t r u c t u r e s  and t r a n s f o r m a t i o n s  of the products  of 
the neutra l iza t ion of these  sa l t s  will be examined in subsequent  communica t ions .  
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/C~N nClO4 .~;+,,N. c l o 4 -  X--N?;-~N--X' 
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(+H~O) 
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XIX, XX XXI, XXII 

XVI X=X'=H, A=CIO4; XVII X=OH, X'=H, A=CI; XVIII X=X'=H, A=CI; " 

XIX R=CHz; XX R=CsH~; XXI R=CHz; XXII R=C~H s 

EXPERIMENTAL 

The IR spectra of KBr pellets (0.25%, pellet thickness I ram), mineral oil suspensions, and CCI 4 
solutions (5%) were recorded with a UR-10 spectrometer. The UV spectra of alcohol solutions were re- 
corded with a Unicam SP-700C spectrometer. The PMR spectra of 5-7% solutions in CD3OD and in 
(CD3)2CO were recorded with a Varian A-56-60A spectrometer. Hexamethyldisiloxane (9.96 ppm) was used 
as the internal standard, and the chemical shifts are presented on the T scale in parts per million. The 
yields, melting points, results of elementary analysis, and IR and PMR spectral data are presented in 
Tables 1 and 2. 

l-Hydroxy-2,5,5-trimethyl-4-phenyl-3-imidazoline (IV). A 12.5-mi sample of concentrated ammoni- 
um hydroxide was added to a solution of 13.0 g (0.063 mole) of N-(l-keto-2-methyl-l-phenyl-2-propyl)- 
methyinitrone (iII) [6] in 90 ml of anhydrous alcohol. The solution was held at 20 ~ for 2 days, and the alco- 
hol was evaporated. Trituration of the residual oil in diethyl ether precipitated crystalline IV. UV spec- 
trum: kmax 240nm (loge 4.01). 

l-Acetoxy-2,5,5-trimethyl-4-phenyl-3-imidazoline (V). A 2.8-mi (0.032 mole) sample of acetic an- 
hydride was added to a solution of 4.3 g (0.019 mole) of IV in 25 ml of chloroform, and the mixture was re- 
fluxed for i0 rain. The solution was washed with 3% aqueous sodium carbonate solution and water and dried 
over magnesium sulfate. The chloroform was evaporated, and the residual oil was triturated in ether to 
give crystalline V. UV spectrum: kmax 242 nm (Ioge 4.03). 

2,4,4-Trimethyl-5-phenyl-4H-imidazole (VI). A 2.0-g (8.1 mole) sample of V was triturated with 
2.0 g of calcium oxide, and the mixture was heated in a sublimator at 190-200 ~ for 30 rain. The reaction 
mixture sublimed at 180 ~ (10-20 ram). The sublimed oily product was chromatographed on aluminum oxide 
with ether. Removal of the ether and cooling of the oil to 0 ~ gave crystalline VI. UV spectrum: kmax 282 
n m  (log ~ 3 .99 ) .  

2 , 4 , 4 - T r i m e t h y l - 5 - p h e n y l - 4 H - i m i d a z o ! e  3 - O x i d e  (VII) and  1 , 3 - D i o x i d e  (VIII).  A s u s p e n s i o n  of 3 .0  g 
(0.015 m o l e )  of IV and  24 .0  g (0.105 m o l e )  of l e a d  d i o x i d e  and  90 m l  of  b e n z e n e  w a s  s t i r r e d  f o r  24 h .  T h e  

T A B L E  2. S y n t h e s i z e d  C o m p o u n d s  

Comp. 

IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XVII 

XVIll 
XXI 

XXII 

rap, ~ Empirical 
formula 

70,5 
68,4 
77,6 
71.2 
66,6 
60,4 
56,7 
55,7 
52,9 
82,4 
59,1 
62,3 
43,3 
64,1 

Found, % 
H C1 

Gale., % Yield 
-s i~-ci- V- %' 

a F r o m  
d F r o m  

105--107a 
65--67 a 
15---17 

138--140 a 
138--140~ 
220--222 
168--170e 
153--154q 
149--I50 a 
147--148. 
124--125 d 
164--166e 
145--146 d 
160--161d 

13,7 
11,3 
16,0 
13,8 
12,9 
11,7 
1,0,9 
I0,9 
1,0,3 
5,4 
9,9 

10,5 
1,4,4 
8,8 

Cj2}II6N20 
Cz4HIsNzO2 
CIzHt4NR 
C~2HI4N2,O 
CI~HI4N~O2 
CI2H~7C1NaO 
CI2HI7C1N202 
Ci2HI7CIN202 
C~2H~TC1NzO3 
Ca6H37Ng3B 
CI4H21CIN~O2 
C~2,H2tN20 
CrHIsCIN202 
C~TH~gC1N20~ 

7,8 --  13,7 
7,4 11,2 
7,6 14,6 
7,I 13,8 
6,4 - -  13,0 
7,5 15,0 11,6 
6,7 13,6 10,9 
6,6 13,9 11,2 
6,2 13,0 10,3 
6,9 5,2 
7,4 1~,8 10,1 
7,8 10,7 
7,7 18,4 14,4 
6,0 11,0 8,7 

[ 

70,5 7,8 i ~ 68,3 7,4 
77,6 7,5 
71,4 7.0 
66,2 6,4 
~0,0 7,8 1~-.8 
56,3 6,7 '13,8 
563~ 6,7 13,8 ' I 
52,9 i 6,3 113,0 
S2.5 J 7,1 
59,1 I 7,4 ! 
325] 7,8 i133 
t3,2 7,7 118:3 

6,0 34,0 I :11,1 

98 
81 
66 
88 
90 
95 
94 
90 
90 
81 
80 
94 
90 
90 

c y c l o h e x a n e ,  b F r o m  10% HC1. C F r o m  a l c o h o l - e t h e r .  
a c e t o n i t r i l e ,  e F r o m  c h l o r o f o r m - e t h e r .  
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f i l te red  solution was evapora ted ,  and the res idua l  oil was t r i tu ra ted  in e the r  to give c rys ta l l ine  VII.  UV 
spec t rum:  X m a  x 360 nm (logs 3.94). Oxidation of 3- imidazol ine  3-oxide (I) [1] under  s i m i l a r  conditions 
gave VIII .  UV spec t rum:  k m a x  3 6 0 n m  (logs 4.07). 

4 -Hydroxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -2 - imidazo l in ium Chloride (IX). Hydrogen chlor ide  was pas sed  
into an e ther  solution of 1.5 g (0.081 mole) of VI for  1 rain. Crys ta l l ine  IX prec ip i ta ted .  3 ,4-Dihydroxy-  
2 ,5 ,5 - t r ime thy l -4 -pheny l -2 - imidaz  olinium chloride (XI) was fo rmed  under  s i m i l a r  condit ions.  

1 ,4 -Dihydroxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -2 - imidazo l in ium Chloride (X). A 0.4-g (0.002 mole)  sample  
of VII was dissolved in 50 ml  of e ther ,  and hydrogen chlor ide was bubbled through the solution until it was 
deeolor ized .  The e ther  was evapora ted ,  and the res idue  was c rys t a l l i zed  f rom ace toni t r i le .  1 , 3 , 4 - T r i -  
hyd roxy -2 ,5 ,5 - t r ime thy l -4 -pheny l -2 - imidazo l in inm chloride (XII), 3 ,4 -d ihydroxy-2 ,4 ,5 ,5 - t e t r ame thy l -2 -  
imidazol in ium chloride (XXD, and 3 ,4 -d ihydroxy-5 ,5 -d imethy l -2 ,4 -d ipheny l -2 - imidazo l in ium chloride 
(XXII) were  s i m i l a r l y  obtained.  

4 -Hydroxy -2 ,5 ,5 - t r ime thy l -4 -pheny l -2 - imidazo l in ium Te t raphenylbora te  (XIII). An aqueuous solution 
of 0.2 g C0.001 mole) of IX was added to an aqueous solution of 0.32 g (0.001 mole) of sodium te t r apheny l -  
bora te ,  and c rys ta l l ine  XIII prec ip i ta ted  f r o m  the solution. 

3 -Hydroxy -4 -e thoxy -2 ,5 ,5 - t r ime thy l -4 -pheny l -2 - imidazo l in ium Chloride (X'VII). A 0.3-g (0.001 
mole) sample  of XI was dissolved in 5 ml  of anhydrous alcohol,  and hydrogen chlor ide was bubbled into the 
solution for  1 rain. The mix tu re  was then refluxed for  30 rain. The solvent  was r emoved  by dist i l lat ion,  
the res idue  was t r ea t ed  with ace toni t r i le ,  and the prec ip i ta ted  XVII was r emoved  by f i l t ra t ion.  A 0.2-g 
C0.001 ~nole) sample  of II was  d isso lved  in 3 ml  of anhydrous alcohol,  and hydrogen chlor ide was bubbled 
into the solution for  3 rain. The solvent  was r emoved  by dist i l lat ion,  the res idue  was t r ea t ed  with ace to -  
n i t r i l e ,  and the prec ip i ta ted  XVII was r em oved  by f i l t ra t ion.  Under  s i m i l a r  conditions,  4 -e thoxy-2 ,5 ,5 -  
t r ime thy l -4 -phen y l -2 - i m i dazo l i n i nm  chloride (XVIII) was fo rmed  f r o m  VI. 
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