
tophenone V in 30 ml of methyl formate.  After 10-15 min, the mixture was heated to 20-25 ~ and s t i r r ing  w a s  

continued for 4 h, after which the solvent was evaporated. A mixture of i ml of glacial acetic acid, 1.5 ml of 
concentrated hydrochloric  acid, and 1-2 ml of water  was added to the dry residue until the pH of the mixture 
was 0.5-1. The oil that formed initially solidified completely.  A solution or suspension of the product in 12 ml 
of alcohol was refluxed for 40 min with 0.2 ml of concentrated hydrochloric acid, and the solid mater ia l  was 
removed by fi l tration from the cold solution and washed free of acid to give 0.4 g (84%) of product.  

2 -Tr i f luoromethy t -3- (1-phenyl -4-pyrazo ly l ) -5 -hexyl -7-a lkoxychromones  (XVIII, XIX). An acetone solu- 
tion of 1 mmole of chromone X and 4-5 mmole of dimethyl sulfate or  ethyl iodide was s t i r red  at 50-60 ~ with 3 
mmole of f reshly calcined potassium carbonate for 4-5 h (the end of the react ion was determined by means of 
TLC), after which the hot solution was fil tered. The solvent was evaporated, and the residue was washed with 
a small  amount of alcohol. 

3 - (1 -Pheny l -4 -pyrazo ly l ) -7 -ace toxychromones  (XX, XXI). A 5-mmole  sample of acetic anhydride was 
added to a warm solution of 1 mmole of the chromone (XVI, XVII) in the minimum volume of pyridine, and the 
mixture was allowed to stand at room tempera tu re  for 24 h, after which the product was removed by filtration 
and washed on the filter with ether.  

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
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SYNTHESIS OF A2-IMIDAZOLINES IN ETHYLENE 

V. B. P i s k o v ,  V. P. K a s p e r o v i c h ,  
and L. M. Yakovleva  

GYLCOL 

UDC 547.781.3.07 

The use of ethylene glycol as the solvent in the condensation of carboxylic acid and their  der iv-  
atives with ethylenediamine or its salts makes it possible to obtain various A2-imidazolines in 
good yields.  The ionization constants and the charac te r i s t ic  frequencies of the IR spec t ra  of the 
synthesized compounds are  presented.  

A2-Imidazolines have valuable pharmacological  proper t ies  and are  used as start ing mater ia ls  for the  

preparat ion of medicinals [1, 2]. However, the physicochemical  proper t ies  of A2-imidazolines have not been 
adequately studied. The aim of the present  r e s e a r c h  consisted in the development of a convenient method for 
the synthesis of these compounds and the determination of their  ionization constants and the charac te r i s t ic  f r e -  
quencies of their  IR spectra .  

A promising method for the synthesis of A2-imidazolines based on the condensation of carboxylic acids 
with ethylenediamine (EDA) or its salts has cer ta in  disadvantages - t h e  necess i ty  of hea t ing toh igh tempera tu res  
or under p res su re  and the low yields of final products [3-5]. We have established that these difficulties can be 
eliminated if the react ion is ca r r i ed  out in ethylene gylcol. 
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if|-7 . .ct ~ 0 ~ I ~ ~0 

RCOOR' + NH2CH2CH2NH 2.nHCI ~ RCONHCH2CH2NH 2.nHCI H20 

H 
n = 0 , 1 ;  R ' = H  o r  AIk 

A solution of the carboxylic acid and EDA, or  its hydrochloride in ethylene glycol is refluxed for severa l  hours,  
af ter  which the resul t ing water and par t  of the solvent are  slowly removed by distillation. The yields of the 
A2-imidazolines a re  higher if EDA hydrochloride is used, since in this case N,N'-diacylethylenediamines are  
not formed.  

In addition to the carboxylic acids, one can use their  es te rs  and, under cer tain conditions, their ni tr i les .  
Thus 2-phenyl-A2-imidazoline is formed in 92% yield when benzonitrile is heated with EDA in ethylene gylcol at 
170~ (see [6]). When nitr i les of acids that are  s t ronger  than benzoic acid are used, imidazolines are obtained 
in good yields even when the reactants  are refluxed in methanol. We were able to synthesize XX in low yield 
only from 2,4-dichlorobenzoic acid (Table 1). Attempts to use 2,4-dichlorobenzonitr i le  for this purpose were 
unsuccessful .  This phenomenon is evidently due to s ter ic  hindrance, since the s imi lar ly  constructed 4 -ch lo ro -  
phenylimidazoline (X) was obtained in good yield when the corresponding nitri le or acid was used. This method 
makes it possible to synthesize various A2-imidazolines, including N-substi tuted derivatives.  For  example, 
N-benzylimidazoline XXV was obtained in 91% yield from p-toluic acid and N-benzylethylenediamine. 

The condensation of EDA with carboxylic acids can also be car r ied  out in nitrobenzene or dichlorobenzene. 
However, it was experimental ly  established that the initially formed salt of the carboxylic acid and EDA must 
dissolve on heating in the indicated solvents and that refluxing and subsequent azeotropic removal  of the water 
by distillation must be effected twice in o rder  to obtain sa t i s fac tory  resul ts .  

The yields and proper t ies  of the synthesized A2-imidazolines (I-XXV) and their sal ts  are  presented in 
Table 1. 

In a number of cases  in the preparat ion of A2-imidazolines one obtains s imi lar  (with respec t  to the resul ts  
of e lementary  analysis and physicochemical  propert ies)  N-substituted amidines [6-8]. The charac te r i s t i c  f r e -  
quencies of the IR spec t ra  of the imidazolines and their  salts (Table 2)* make it possible to distinguish two types 
of compounds (see [2, 8]). 

The spect ra  of the A2-imidazolines contain a s t rong absorption band of a C = N group at 1585-1625 cm -1. 
Its position is not changed in the case of salt formation~ This distinguishes A2-imidazolines f rom amidines and 
other compounds with a C=N group, the conversion of which to salts is accompanied by a charac te r i s t ic  shift 
of the analogous band of 20-50 cm -I to the high-frequency region [2, 8-11]. For  example, the spect ra  of KBr 
pellets of 4-chlorophenylimidazolines (X) and its hydrochloride contain absorption bands of a C = N group at 
1610 era- l ;  s imi la r  bands appear at 1675, 1680, and 1665 cm -1, respect ively,  in the spect ra  of 4-chlorobenzami-  
dine hydrochloride and its N-methyl  and N,N'-dimethyl  derivatives.  The shift of the band under discussion in 
the spec t ra  of A2-imidazoline hydrochlorides to the low-frequency region is difficult to explain in te rms  of the 
effect of hydrogen bonds, since the position of the bands does not change on passing from the solid state to 
solution, and A2-imidazoline hexachloroplatinates,  which are  not inclined to form associated compounds [11, 12], 
absorb over the same frequency range (Table 2). 

The PMR spect ra  of 2-aryl -A2-imidazol ines  in t r i f luoroacet ic  acid (Table 1, footnote h) provide evidence 
for the symmet r i ca l  s t ructure  of imidazolinium ion A.$ The decrease  in the Was N .... C .... N frequency of salts 
of A2-imidazolines as compared with salts of amidines is therefore  probably not explained by the formation of 
cation B but r a the r  by the more  effective resonance conjugation in imidazolinium cation A as compared with 
amidinium cation C ; this leads to an additional decrease  in the double-bond charac te r  of the C = N group. 

H H 
N N--R 

'" --%N--R 
H /\ H 

H H 

A B C R = H  O~ AIk 

* The resul ts  of deuteration of A2-imidazolines III and the hydrochlorides of V and X were taken into account in 
the assignment of the bands. 

A s imi la r  conclusion was drawn during a study of the PMR spect rum of 2-alkyl-A2-imidazoline nitrate [13]. 
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TABLE 3. A2- Imidazo l ines  

Compound 

III 
1V 

VIII 
Picrate 

V, III 
XI 

XIV 
XVI 
XX 

XXl 
XXII 

XXIII 
XXV 

Empirical 
form ula 

EgHE6N4 
CIIH2~N2 
CgHgCIN~ 
CgHgCIN~ �9 
�9 C6HaN307 
CmH,~N20 
CgHgNaO2 
EmH:2N_~ 
EgHsCI2N2 
CgHsBrN302 
CHHI4N202 
CI3HHN303 
C~THIsN2 

60,1 
72,3 
60,0 
44,2 
68,3 
"56,5 
74,9 
50,0 
40,4 
64,3 
60,5 
81.7 

Found, % 

[ H [ 

8,8 
12,0 
5,1 
3,1 
7,0 
4,9 
7,5 
3,9 
3,2 
6,7 
1,6 1,6 

31,3 
15,5 
15,6 
17,6 
16,0 
22,2 
17,5 
1 a,4 
15,8 
13,8 
16,t 
II,3 

Calculated, % 

c t H 

60.0 9,0 t 72,5 12,2 
60,0 ~,0 
44,,0 3,0 
68.2 6,9 
56.5 4,7 
75.0 7,6 
50,3 3,8 
4O,O 3,0 
64,1 6.8 
60.7 &3 
8 [.(i 7,3 

3I .1 
15,4 
15,5 
17.1 
15,9 
22.0 
17,5 
13,0 
15,& 
13,6 
16,3 
11,2 

TABLE 4. 
(XXVIII) 

Com - 
pound x 

XXVIIa CI 
XXVII b iBr 
XXVIIc 

XXVIIIa CI 
XXVIIIb iBr 
XXVIIIc 

3 - X - 5 - N i t r o b e n z a m i d e s  (XXVII) and B e n z o n i t r i l e s  

o , rap, C 

176--177 
189--190 
188--189 
82--83 
84--85 
88--89 

Empirical 
formula 

CrHsC1N203 
CrHsBrN203 
CzHsINeOz 
CrH3CIN202 
CrHaBrN202 
C7H~IN202 

Found, % 

c H 

42~ 1 2,7 
734,1 2.0 
29,1 1,9 
-t.6,0 L6 
37,0 1,4 
30.6 I, 1 

Calculated 

N C H 

1 &9 41,9  2,5 
ll,2 34,3 2,1 
9,5 28,8 1,7 

15,5 46,0 1,7 
12.2 37,0 1,3 
9,9 30,7 1,l 

% 

14,0 
11,4 
9,6 

15,3 
12,3 
I0,2 

Yield, 
% 

85 
92 
92 
90 
80 
97 

* The c r y s t a l l i z a t i o n  so lven t  was 75% alcohol .  

The fact that  the b a s i c i t i e s  of A2- imidazo l ine s  a r e  lower than the b a s i c i t i e s  of the s i m i l a r l y  c ons t r uc t ed  a m i -  
dines  ev iden t ly  cons t i t u t e s  ev idence  for the g r e a t e r  s t a b i l i z a t i o n  of ca t ion  A. Thus the pK a va lue  of 4 - c h l o r o -  
p h e n y l i m i d a z o l i n e  (X) in 50% a lcohol  is 9.16, as c o m p a r e d  with 11.41 for  N , N ' - d i m e t h y l - 4 - c h l o r o b e n z a m i d i n e  
(XXVI). 

The ion iza t ion  cons tan t s  of the A2- imidazo l ines  a r e  p r e s e n t e d  in Table  1. A l i n e a r  dependence  is obse rved  
when the pK a va lues  of 2 - (XC~H4)-A2- imidazo l ines ,  in which subs t i t ue n t  X is incapable  of d i r ec t  po la r  con juga -  
t ion,  with the c o r r e s p o n d i n g  Taft  o ~ cons t an t s  [14]. T r e a t m e n t  of the e x p e r i m e n t a l  data by the method of leas t  
s q u a r e s  gave the fol lowing equa t ion :  PKa= 9 . 6 8 - 2 . 1 9 o  ~ (R=0 .99 ;  s0=0.06) .  

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

The ion iza t ion  cons t an t s  of the A2- imidazo l ine s  were  d e t e r m i n e d  g raph ica l ly  with an au tomat ic  r e c o r d i n g  
p H - m e t e r  (Rad iomet r ,  Denmark)  with g l a s s  and s a t u r a t e d  c a l o m e l  e l e c t r o d e s .  A so lu t ion  of the s u b s t a n c e  in 
50/% alcohol  (c 0 . 0 2 1 M ) w a s t i t r a t e d w i t h 0 . 1  N hydroch lo r i c  acid at 20 • 0.2 ~ The IR s p e c t r a  of KBr  pe l l e t s  o r  
CHC13 and CC14 so lu t ions  (cuvette t h i cknes s  0.105 mm) were  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  The h y d r o -  
ch lo r ides  of V and X were  deu te ra t ed  by hea t ing  so lu t ions  of t hem in D20 at 50 ~ for 10 rain, a f t e r  which the 
so lu t ions  were  vacuum evapora t ed .  A2- Imidazo l ine  III was deu te ra t ed  s i m i l a r l y  at 20 ~ The PMR s p e c t r a  of 
t r i f l u o r o a e e t i c  acid so lu t ions  of the compounds  were  r e c o r d e d  with a JNM-4H-100  s p e c t r o m e t e r  with t e t r a -  
m e t h y l s i l a n e  as the i n t e r n a l  s t anda rd .  

A2- Imidazo l ine s  (I-XXV, Tab le s  1 and 3). A1) A mi x t u r e  of 0.02 mole  of the ea rboxy l i c  acid ,  0.011 mole  
of 100% EDA, 0.011 mole  of EDA d ihydroch lo r ide ,  50 mg of p - t o l ue ne su l f on i c  acid,  and e thy lene  g3,1col (3-5 ml  
of e thy lene  glycol  pe r  g r a m  of ca rboxy l i c  acid) was re f luxed  for  s e v e r a l  hours ,  a f t e r  which half of the e thylene  
glycol  was s lowly  r e m o v e d  by d i s t i l l a t ion .  The r e s i d u a l  r e a c t i o n  m i x t u r e  was evapora ted  to d r y n e s s  at reduced  
p r e s s u r e ,  and the r e s i d u e  was mixed with th ree  to eight vo lumes  of wa te r  and acidi f ied to pH 3-4 .  The r e s u l t i n g  
so lu t ion  was f i l t e red ,  shaken  with e thyl  ace ta te ,  cooled with ice,  and made s t rong ly  a lka l ine  with 50% sodium 
hydroxide  so lu t ion .  The p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i on ,  washed s e v e r a l  t i m e s  with a s m a l l  amount  of ice 
wa te r ,  and d r ied  in a vacuum d e s i c c a t o r  over  p o t a s s i u m  hydroxide .  

The A2- imidazo l ine  that  s e p a r a t e d  as an oi l  when the mi x t u r e  was made  a lka l ine  was ex t r ac t ed  with c h l o r o -  
f o r m  (four 2 0 - m l  po r t i ons ) .  

The h y d r o c h l o r i d e s  of 2 - a r y l - A 2 - i m i d a z o l i n e s  w e r e  i so la ted  by t r i t u r a t i o n  with ace tone  of the r e s i d u e  
obta ined  a f t e r  v a c u u m  e v a p o r a t i o n  of the r e a c t i o n  mix tu re .  The sol id  m a t e r i a l  was r e move d  by f i l t r a t ion ,  d r ied  
at  100-110 ~ and r e c r y s t a l l i z e d .  
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A2) An equivalent  amount of EDA was used in p lace  of i ts hydroch lor ide .  The r eac t ion  mix ture  was 
ac id i f ied  with concen t ra ted  hydroch lor ic  acid to pH 4 p r i o r  to vacuum evapora t ion .  

A3) Ethylenediamine  was used,  but the e thylene glycol  was r ep l aced  by an equal  volume of n i t robenzene  
or  ch lorobenzene .  A th i rd  of the solvent  was r emoved  by d is t i l l a t ion ,  a f t e r  which 0.022 mole of EDA and an 
amount of solvent  equal  to the amount r emoved  by d i s t i l l a t ion  were  again added to the mixture .  The ref luxing 
and d i s t i l l a t ion  opera t ion  was r epea ted ,  a f te r  which the mix ture  was diluted with e the r  and ex t r ac t ed  with dilute 
hydroch lor ic  acid solution.  The A2-imidazol ine  was i so la ted  f rom the solution by method A1. 

B1) A mix ture  of 0.02 mole of the n i t r i l e ,  0.021 mole of EDA, 50 mg of p- to luenesul fonic  acid,  and 50 ml 
of methanol  was ref luxed a f t e r  which the solvent  was removed  by vacuum dis t i l l a t ion ,  and the A2-imidazol ine 
was i so la ted  in the form of the base  or  the hydroch lor ide  by method A1. 

B2) A mixture  of 0.02 mole of the n i t r i l e ,  0.021 mole of EDA, 50 mg of p- to luenesul fonic  acid,  and 10 ml 
of e thylene glycol  was heated at 170 ~ , a f te r  which it was evapora ted  to half its o r ig ina l  volume at reduced  
p r e s s u r e .  The concen t ra te  was ac id i f ied  to pH 3 with concent ra ted  hydroch lor ic  acid and vacuum evapora ted  to 
d r y n e s s .  The r e s idue  was worked up by method A1. 

All  of the synthes ized  A2- imidazol ines  were  obtained as white c r y s t a l l i n e  subs tances .  Compounds con-  
raining a n i t rophenyl  group were  yellow. The A2- imidazol ines  a re  capable  of vacuum subl imat ion  and, except  

for  I-III ,  a r e  only s l ight ly  soluble in water .  

The hydroch lo r ides  of the A2- imidazol ines  (Table 3) obtained f rom the b a s e s  and an a lcohol  solution of 
hydrogen ch lo r ide ,  a r e  soluble  in water ,  l e ss  soluble in alcohol,  and insoluble in acetone.  The hydroch lor ides  
of IV and V a re  app rec i ab ly  soluble  in ch lo ro fo rm.  

Pla t inum Salts  of A2-Imidazol ines .  These sa l t s  were  obtained by mixing equ imola r  amounts of a 20% 
alcohol  solut ion of ch loropla t in ic  acid hexahydra te  with a 10% solution of the A2- imidazol ine  in alcohol.  The 
V'H2PtC16 sa l t  had mp 169-170 ~ (from ethanol),  and X'H2PtC16 had mp 189-190 ~ (from 50% ethanol).  

N , N ' - D i m e t h y l - 4 - c h l o r o b e n z a m i d i n e  (XXVI). An 8 .5-g  (0.05 mole) sample  of 4 -ch lorobenzo ic  acid methy l -  
amide was added in por t ions  to a ref tuxing solut ion of 9.5 g (0.046 mole) of PCl~ in 50 ml of benzene,  and the 
mix ture  was ref luxed for  6 h. It was then cooled,  and f i l t e red ,  and the f i l t r a te  was evapora ted  at reduced p r e s -  
sure .  The r e s i d u a l  oi l  was vacuum d i s t i l l ed  to give 7.6 g (81%) of the N-me thy l -4 - ch lo ropheny l imidoch lo r ide  
[bp 100-103 ~ (2 mm) and nD 2~ 1.5810], which was d isso lved  in 50 ml of benzene and added with s t i r r i n g  to 40 ml 
of i ce -coo led  25% aqueous methy lamine  solut ion.  The heterogeneous mixture  was shaken for 2 h, a f t e r  which 
the organic  l aye r  was s epa ra t ed ,  and the aqueous l a y e r  was ex t r ac t ed  with two 5 - m l  por t ions  of benzene. The 
combined benzene e x t r a c t s  were  washed with s a tu ra t ed  sodium chlor ide  solution (two 10-ml  por t ions) ,  d r ied  
with anhydrous Na2SO4, and evapora ted  to give 5.8 g (65%) of amidine XXVI with mp 163-164 ~ (from benzene).  
Found: C 58.8; H 6.2; N 15.4%. CgHI1C1N 2. Calcula ted:  C 59.2; H 6.1; N 15.3%. The hydroch lor ide  of XXVI 
had mp 283-284 ~ (from ethanol),  and XXVI'H2PtC16 had mp 200-201 ~ (from 30% ethanol);  these compounds were  
obtained in the same  way as the co r r e spond ing  A2- imidazol ine  sa l t s .  

Like the other  3 - X - 5 - n i t r o b e n z o n i t r i l e s  (XXVIII) (Table 4), the s t a r t i ng  3 - b r o m o - 5 - n i t r o b e n z o n i t r i l e  
(XXVIIIb) was syn thes ized  f rom 3 ,5 -d in i t robenzo ic  acid,  which was reduced  to 3 - a m i n o - 5 - n i t r o b e n z o i c  acid by 
means of ammonium sulf ide.  Hydrogen sulf ide is l e ss  convenient  for the reduct ion  [24]. The 3 - h a l o - 5 - n i t r o -  
benzoic acids  obtained f rom 3 - a m i n o - 5 - n i t r o b e n z o i c  acid [25] were  conver ted  to amides  XXVII by heating with 
sul famic  acid and fuming sul fur ic  acid [26]. The use of phosphorus  oxychlor ide  for  the dehydrat ion of amides  

XXVII to n i t r i l e s  XXVIII gave be t te r  r e s u l t s  than thionyl ch lor ide .  

3 - A m i n o - 5 - n i t r o b e n z o i c  Acid. A to ta l  of 180 ml  of 16-17% aqueous ammonium monosulfide was added 
with s t i r r i n g  in the cou r se  of 3 h to a heated (to 80 ~) suspens ion  of 71 g of 3 ,5-d in i t robenzoic  acid in 300 ml of 
water ,  a f te r  which the mix ture  was allowed to stand for 1 h. it was then cooled and f i l t e red ,  and the f i l t r a t e  was 
ac id i f ied  with concen t ra ted  hydroch lo r ic  acid to pH 3.5. The r e su l t ing  p r e c i p i t a t e  was s epa ra t ed ,  washed on the 
f i l t e r  with 100 ml of cold water ,  and d i sso lved  in a mixture  of 250 ml  of concent ra ted  hydroch lor ic  acid and 800 
ml of water .  The solution was deco lo r i zed  with c h a r c o a l  and f i l t e red ,  and the f i l t r a t e  was neu t ra l i zed  to pH 3.5 
with sodium carbona te .  The p r ec ip i t a t e  was removed  by f i l t ra t ion ,  washed with two 100-ml  por t ions  of water ,  
d r ied  at 100-110 ~ and r e c r y s t a l l i z e d  f rom a 25-fold amount of wate r  to give 48 g (79%) of a product  with mp 

209-210 ~ (mp 200-202 ~ and 211-213 ~ [24]). 

3 - H a l o - 5 - n i t r o b e n z a m i d e s  (XXVIIa-c, Table 4). A mix ture  of 0.1 mole of 3 -ha lo -5 -n i t robenzo i c  acid [25], 
0.15 mole of su l famic  acid,  and 80 ml of 20-30% fuming fulfuric  acid was heated at 80-100 ~ Fo r  1.5 h, af ter  
which it was cooled and poured  into 400 g of ice .  The r e su l t i ng  p r ec ip i t a t e  was r emoved  by f i l t ra t ion ,  washed 
s u c c e s s i v e l y  with water ,  8% ammonium hydroxide,  and water ,  and dr ied at 100-110% 
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3-Halo-5-ni t robenzoni t r i les  (XXVIIIa-c, Table 4). A 0.01-mole sample of amide XXVII was heated with 
3-5 ml of phosphorus oxychloride at 100 ~ for 2-3 h, after which the excess phosphorus oxychloride was removed 
by distillation at reduced p ressure .  The res idue was t r i turated with ice water, and the mixture was filtered. 
The solid mater ia l  was vacuum dried over P205 and crystal l ized.  
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