tophenone V in 30 ml of methyl formate. After 10-15 min, the mixture was heated to 20-25°, and stirring was
continued for 4 h, after which the solvent was evaporated. A mixture of 1 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 material was
removed by filtration from the cold solution and washed free of acid to give 0.4 g (84%) of product.

2-Trifluoromethyl-3-(1-phenyl-4-pyrazolyl)-5-hexyl-7-alkoxychromones (XVIII, XIX). An acetone solu-
tion of 1 mmole of chromone X and 4-5 mmole of dimethyl sulfate or ethyl iodide was stirred at 50-60° with 3
mmole of freshly calcined potassium carbonate for 4-5 h (the end of the reaction was determined by means of
TLC), after which the hot solution was filtered. The solvent was evaporated, and the residue was washed with
a small amount of alcohol.

3=(1-Phenyl-4~-pyrazolyl)-7-acetoxychromones (XX, XXI). A 5-mmole sample of acetic anhydride was
added to a warm solution of 1 mmole of the chromone (XVI, XVI]) in the minimum volume of pyridine, and the
mixture was allowed to stand at room temperature for 24 h, after which the product was removed by filtration
and washed on the filter with ether.
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SYNTHESIS OF A?-IMIDAZOLINES IN ETHYLENE GYLCOL

V. B. Piskov, V. P. Kasperovich, UDC 547.781.3.07
and L. M. Yakovleva

The use of ethylene glycol as the solvent in the condensation of carboxylic acid and their deriv-
atives with ethylenediamine or its salts makes it possible to obtain various A’-imidazolines in
good yields. The ionization constants and the characteristic frequencies of the IR spectra of the
synthesized compounds are presented.

A’-Imidazolines have valuable pharmacological properties and are used as starting materials for the
preparation of medicinals [1, 2]. However, the physicochemical properties of A>-imidazolines have not been
adequately studied. The aim of the present research consisted in the development of a convenient method for

the synthesis of these compounds and the determination of their ionization constants and the characteristic fre-
quencies of their IR spectra.

A promising method for the synthesis of A?-imidazolines based on the condensation of carboxylic acids
with ethylenediamine (EDA) or its salts has certain disadvantages — the necessity of heatingtohightemperatures
or under pressure and the low yields of final products {3-5]. We have established that these difficulties can be
eliminated if the reaction is carried out in ethylene gylcol.
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—R'OH -H,0 C,/’)““"nﬂa
RCOOR’ + NH,CH,CH,NH,- nHCl “Rom ~ RCONHCH,CH,NH,. nHCI #,0 R \N_’
H

n=0,1; R"=H or Alk

A solution of the carboxylic acid and EDA or its hydrochloride in ethylene glycol is refluxed for several hours,
after which the resulting water and part of the solvent are slowly removed by distillation. The yields of the
A’-imidazolines are 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 esters and, under certain conditions, their nitriles.
Thus 2-phenyl-A?-imidazoline is formed in 92% yield when benzonitrile is heated with EDA in ethylene gylcol at
170°C (see [6]). When nitriles of acids that are stronger 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-dichlorobenzonitrile for this purpose were
unsuccessful. This phenomenon is evidently due to steric hindrance, since the similarly constructed 4-chloro-
phenylimidazoline (X) was obtained in good yield when the corresponding nitrile or acid was used. This method
makes it possible to synthesize various A’-imidazolines, including N-substituted derivatives. For example,
N-benzylimidazoline XXV was obtained in 919, yield from p-toluic acid and N-benzylethylenediamine.

The condensation of EDA with carboxylic acids can also be carried out in nitrobenzene or dichlorobenzene.
However, it was experimentally 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 order to obtain satisfactory results.

The yields and properties of the synthesized A2-imidazolines (I-XXV) and their salts are presented in
Table 1.

In a number of cases in the preparation of A’-imidazolines one obtains similar (with respect to the results
of elementary analysis and physicochemical properties) N-substituted amidines [6-8]. The characteristic fre-
quencies of the IR spectra of the imidazolines and their salts (Table 2)* make it possible to distinguish two types
of compounds (see [2, 8]).

The spectra of the A’~-imidazolines contain a strong absorption band of a C=N group at 1585-1625 ecm™.
Its position is not changed in the case of salt formation. This distinguishes A’-imidazolines from amidines and
other compounds with a C=N group, the conversion of which to salts is accompanied by a characteristic shift
of the analogous band of 20-50 cm™ to the high-frequency region [2, 8-11]. For example, the spectra of KBr
pellets of 4-chlorophenylimidazolines (X) and its hydrochloride contain absorption bands of a C=N group at
1610 ecm™!; similar bands appear at 1675, 1680, and 1665 cm'i, respectively, in the spectra of 4~chlorobenzami-
dine hydrochloride and its N-methyl and N,N'~-dimethyl derivatives. The shift of the band under discussion in
the spectra of A2-imidazoline hydrochlorides to the low~frequency region is difficult to explain in terms of the
effect of hydrogen bonds, since the position of the bands does not change on passing from the solid state to
solution, and A’-imidazoline hexachloroplatinates, which are not inclined to form associated compounds [11, 12],
absorb over the same frequency range (Table 2).

The PMR spectra of Z—aryl-Az—imidazolines in trifluoroacetic acid (Table 1, footnote h) provide evidence
for the symmetrical structure of imidazolinium ion A.f The decrease in the vy N=“C*=N frequency of salts
of A’-imidazolines as compared with salts of amidines is therefore probably not explained by the formation of
cation B but rather 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 character of the C=N group.

H
N N—R
Sy bV \N—R
H AN H
H H
A B C R=H or Alk

* The results of deuteration of A’~imidazolines IIl and the hydrochlorides of V and X were taken into account in
the assignment of the bands. :
+ A similar conclusion was drawn during a study of the PMR spectrum of 2-alkyl-A’-imidazoline nitrate [13].
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TABLE 3. A*-Imidazolines

Empirical Found, % ] Calculated, %
Compound :
formula c | H , N l c l " [ <
11l ColHisNy 60,1 8.8 31.3 60.0 9.0 3.1
\% CiHpN: 72,3 12,0 15,5 72,5 12,2 15,4
VI EeHecmz 60,0 5.1 15,6 60,0 5,0 155
Picrate gHoCIN- - . -
VI - CgHsNO; 44,2 3.1 17,6 44,0 3,0 7.1
X1 CiHzN20O 68.3 7,0 16,0 68.2 5,9 15,9
XIv CoHuN3O5 36,5 +,9 22,2 56.5 4,7 22.0
VI CrgHieNe 749 7,5 17,5 75.0 7.6 17.5
XX | CoHsCloNs 50,0 3.9 13,4 50,3 38 13,0
XXI CsHsBrN;O, 40,4 3,2 15,8 40,0 3,0 15,6
XXII C1H N0, 64,3 6,7 13.8 64,1 6.8 13,6
XXIT1 CisH1NsO; 60,5 4.6 16,1 60.7 43 16,3
XXV Ci7H 5Ny 81.7 7.6 i L3 8l.6 7,3 11,2
TABLE 4. 3-X-5-Nitrobenzamides (XXVII) and Benzonitriles
(XXVII)
Com- | |5 °ce | Empirical Found, % Calculated, % |yie1q,
pound formula c | H l N c " N 1%
XXVilaj Cl 176—177 | C;H5CIN,Os | 42,1 2,7 139 | 41,9 2,5 14,0 85
XXVIib| Br 189—190 | C;HsBrN:Os | 34,1 2,0 112 | 343 | 2,1 11,4 92
XXVlic| I 188—189 | C;H;5IN;O; 29,1 1.9 9,5 | 288 1,7 9,6 92
XXVilla| Cl 82—83 | C;H,CIN:O, | 46,0 1,6 15,5 | 16,0 1,7 15,3 90
XXVIIIb| Br 84—85 |C;H3BrNO, | 37,0 1,4 12.2 | 37,0 1,3 12,3 80
XXVIIIc| 1 88—89 | C;H;IN,O, 30.6 1.1 99 | 30,7 1,1 10,2 97

* The crystallization solvent was 75% alcohol.

The fact that the basicities of A’~imidazolines are lower than the basicities of the similarly constructed ami-
dines evidently constitutes evidence for the greater stabilization of cation A. Thus the pK, value of 4-chloro-
phenylimidazoline (X) in 509 alcohol is 9.16, as compared with 11.41 for N,N'-dimethyl-4-chlorobenzamidine
(XXVID).

The ionization constants of the A’-imidazolines are presented in Table 1. A linear dependence is observed
when the pK, values of 2-(XCgHy) -A%-imidazolines, in which substituent X is incapable of direct polar conjuga-
tion, with the corresponding Taft ¢° constants [14]. Treatment of the experimental data by the method of least
squares gave the following equation: pK,=9.68—2.19¢° (R=0.99; 5,=0.06).

EXPERIMENTAL

The ionization constants of the A’-~imidazolines were determined graphically with an automatic recording
pH-meter (Radiomeir, Denmark) with glass and saturated calomel electrodes. A solution of the substance in
509 alcohol (c 0,021 M) wastitratedwith0.1 N hydrochloric acid at 20 = 0.2°. The IR spectra of KBr pellets or
CHC13 and CCl, solutions (cuvette thickness 0.105 mm) were recorded with a UR-20 spectrometer. The hydro-
chlorides of V and X were deuterated by heating solutions of them in D,0 at 50° for 10 min, after which the
solutions were vacuum evaporated. AZ-Imidazoline III was deuterated similarly at 20°. The PMR spectra of
trifluoroacetic acid solutions of the compounds were recorded with a JNM-4H~100 spectrometer with tetra-
methylsilane as the internal standard.

A’-Imidazolines (I-XXV, Tables 1 and 3). Al) A mixture of 0.02 mole of the carboxylic acid, 0.011 mole
of 100% EDA, 0.011 mole of EDA dihydrochloride, 50 mg of p-toluenesulfonic acid, and ethylene gylcol (3-5 ml
of ethylene glycol per gram of carboxylic acid) was refluxed for several hours, after which half of the ethylene
glycol was slowly removed by distillation. The residual reaction mixture was evaporated to dryness at reduced
pressure, and the residue was mixed with three to eight volumes of water and acidified to pH 3-4. The resulting
solution was filtered, shaken with ethyl acetate, cooled with ice, and made strongly alkaline with 509 sodium
hydroxide solution. The precipitate was removed by filtration, washed several times with a small amount of ice
water, and dried in a vacuum desiccator over potassium hydroxide.

The A’~imidazoline that separated as an oil when the mixture was made alkaline was extracted with chloro-
form (four 20-ml portions).

The hydrochlorides of 2-aryl-A’-imidazolines were isolated by trituration with acetone of the residue
obtained after vacuum evaporation of the reaction mixture. The solid material was removed by filtration, dried
at 100-110°, and recrystallized.
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A2) An equivalent amount of EDA was used in place of its hydrochloride. The reaction mixture was
acidified with concentrated hydrochloric acid to pH 4 prior to vacuum evaporation.

A3) Ethylenediamine was used, but the ethylene glycol was replaced by an equal volume of nitrobenzene
or chlorobenzene. A third of the solvent was removed by distillation, after which 0.022 mole of EDA and an
amount of solvent equal to the amount removed by distillation were again added to the mixture. The refluxing
and distillation operation was repeated, after which the mixture was diluted with ether and extracted with dilute
hydrochloric acid solution. The A’-imidazoline was isolated from the solution by method Al.

Bl1) A mixture of 0.02 mole of the nitrile, 0.021 mole of EDA, 50 mg of p-toluenesulfonic acid, and 50 ml
of methanol was refluxed after which the solvent was removed by vacuum distillation, and the A%-imidazoline
was isolated in the form of the base or the hydrochloride by method Al.

B2) A mixture of 0.02 mole of the nitrile, 0.021 mole of EDA, 50 mg of p-toluenesulfonic acid, and 10 ml
of ethylene glycol was heated at 170°, after which it was evaporated to half its original volume at reduced
pressure. The concentrate was acidified to pH 3 with concentrated hydrochloric acid and vacuum evaporated to
dryness. The residue was worked up by method Al.

All of the synthesized A’-imidazolines were obtained as white crystalline substances. Compounds con-
taining a nitrophenyl group were yellow. The A’-imidazolines are capable of vacuum sublimation and, except
for I-III, are only slightly soluble in water.

The hydrochlorides of the Al-imidazolines (Table 3) obtained from the bases and an alcohol solution of
hydrogen chloride, are soluble in water, less soluble in alcohol, and insoluble in acetone. The hydrochlorides
of IV and V are appreciably soluble in chloroform.

Platinum Salts of A’>~Imidazolines. These salts were obtained by mixing equimolar amounts of a 20%
alcohol solution of chloroplatinic acid hexahydrate with a 109 solution of the A?-imidazoline in alcohol. The
V - H,PtCl; salt had mp 169-170° (from ethanol), and X - HyPtC]; had mp 189-190° (from 509 ethanol).

N,N'-Dimethyl-4-chlorobenzamidine (XXVI). An 8.5~g (0.05 mole) sample of 4-chlorobenzoic acid methyl-
amide was added in portions to a refluxing solution of 9.5 g (0.046 mole) of PCl; in 50 ml of benzene, and the
mixture was refluxed for 6 h. It was then cooled, and filtered, and the filtrate was evaporated at reduced pres-
sure. The residual oil was vacuum distilled to give 7.6 g (81%) of the N-methyl-4-chlorophenylimidochloride
[bp 100-103° (2 mm) and np*® 1.5810], which was dissolved in 50 m1 of benzene and added with stirring to 40 ml
of ice-cooled 259 aqueous methylamine solution. The heterogeneous mixture was shaken for 2 h, after which
the organic layer was separated, and the aqueous layer was extracted with two 5-m1 portions of benzene. The
combined benzene extracts were washed with saturated sodium chloride solution (two 10-ml portions), dried
with anhydrous Na,SO,, and evaporated 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%. CyH,;CIN,. Calculated: C 59.2; H 6.1; N 15.3%. The hydrochloride of XXVI
had mp 283-284° (from ethanol), and XXVI-H,PtCl, had mp 200-201° (from 309% ethanol); these compounds were
obtained in the same way as the corresponding A’-imidazoline salts.

Like the other 3-X-5-nitrobenzonitriles (XXVIII) (Table 4), the starting 3-bromo-5-nitrobenzonitrile
(XXVIIb) was synthesized from 3,5-dinitrobenzoic acid, which was reduced to 3-amino-5-nitrobenzoic acid by
means of ammonium sulfide. Hydrogen sulfide is less convenient for the reduction [24]. The 3-halo-5-nitro-
benzoic acids obtained from 3-amino-5-nitrobenzoic acid [25] were converted to amides XXVII by heating with
sulfamic acid and fuming sulfuric acid [26]. The use of phosphorus oxychloride for the dehydration of amides
XXVI to nitriles XXVIII gave better results than thionyl chloride.

3-Amino-5-nitrobenzoic Acid. A total of 180 ml of 16-17% aqueous ammonium monosulfide was added
with stirring in the course of 3 h to a heated (to 80°) suspension of 71 g of 3,5-dinitrobenzoic acid in 300 ml of
water, after which the mixture was allowed to stand for 1 h. It was then cooled and filtered, and the filtrate was
acidified with concentrated hydrochloric acid to pH 3.5. The resulting precipitate was separated, washed on the
filter with 100 ml of cold water, and dissolved in a mixture of 250 ml of concentrated hydrochloric acid and 800
ml of water. The solution was decolorized with charcoal and filtered, and the filtrate was neutralized to pH 3.5
with sodium carbonate. The precipitate was removed by filtration, washed with two 100-ml portions of water,
dried at 100-110°, and recrystallized from a 25-fold amount of water to give 48 g (79%) of a product with mp
209-210° (mp 200-202° and 211-213° [24]).

3-Halo-5-nitrobenzamides (XXVIla~c, Table 4). A mixture of 0.1 mole of 3-halo-5-nitrobenzoic acid [25],
0.15 mole of sulfamic acid, and 80 ml of 20-30% fuming fulfuric acid was heated at 80-100° For 1.5 h, after
which it was cooled and poured into 400 g of ice. The resulting precipitate was removed by filtration, washed
successively with water, 8% ammonium hydroxide, and water, and dried at 100-110°.
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3-Halo-5-nitrobengonitriles (XXVIIla-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 pressure. The residue was triturated with ice water, and the mixture was filtered.
The solid material was vacuum dried over P,O; and crystallized.

(S o]
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