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SYNTHESIS OF N-CARBOXYLALKYLBENZIMIDAZOLIN-2-ONES 

S. S. Khalikov, Ch. Sh. Kadyrov, 
A. T. Ayupova, and L. V. Molchanov 

LDC 547. 785.5:542.951.1:632.9.52 

The corresponding N-mono- and N,N'-dicarboxylalkylbenzimidazolin-2-ones were pre- 
pared by the reaction of the sodium salts of benzimidazolin-2-one and its 1,5,6- 
substituted derivatives with chloroacetic acid, acrylonitrile, and u 
one. 

N-Alkyl-substituted benzlmidazolin-2-ones are of interest as potential pesticides: they 
include substances which have growth-regulating [I] and fungicidal [2, 3] properties. Benzi- 
midazolyl-N-acetic acid also exhibits some auxin activity [4]. The activity of these com- 
pounds could be explained by concepts of the mechanism of 8-oxidation [5], where arylhydro- 
oxycarboxylic acids with an odd number of methylene groups can he transformed into active 
acetic acid homologs, while acids with an even number of methylene groups yield phenols, 
which have no growth-stimulating activity. 

We synthesized N-carboxylalkylbenzimidazolin-2-ones (IIa-f--IVa-f) and studied the condi- 
tions of the reaction of the sodium salts of benzimidazolin-2-ones (Ia-f) with halogenated 
aliphatlc acids (chloroacetic, a-chloro- and 8-bromopropionic, and B-chlorobutryic) to de- 
termine the effect of the length of the carboxylalkyl substituent on the manifestation of 
pesticida! activity and the basicity of benzimidazolin-2-ones during the reaction of N- 
carboxyla!kylation. 

The products of carboxylalkylation of IIa-f (Table i) could only be obtained with 
chloroacetic acid after modification of the conditions in [6]. In N-alkylatlon of compound 
Ie with bromoacetic acid ethyl ester in a solution of sodium ethylate [7], l-carhoxymethyl- 
benzimidazolin-2-one ethyl ester was separated. However, in the alkylation of compounds Ie 
and f with chloroacetic acid, the isopropenyl group is preserved, and the corresponding l- 
isopropenyl-3-carboxTmethyl derivatives of Ile and f were obtained, which form benzimida- 
zolin-2-ones Ilg, h. Unsuhstituted in position 1(3). 

The negative results in the carboxylation of benzimidazolln-2-one salts Ia-f by other 
halogenated aliphatic acids are probably due to the higher reactivity of chloroacetic acid 
in comparison to the a-chloropropionic and B acids, despite the relatively higher basicity 
of benzimidazolin-2-one* (pKa = 10.85 [8]) in comparison to benzoazolin-2-one (pKa = 9.34 
[9]) and benzoxazoline-2-thione (pKa = 6.70 [9]) (products of N-carboxyalkylatlon with 8- 
bromopropionic and 8-chlorobutyric acids are nevertheless obtained with the latter [I0]). 

N-Carboxyethylhenzimidazolin-2-ones IIIa-f (Table i) were prepared by cyanoethylatlon 
of compounds Ia-f in the conditions in [i0] with subsequent hydrolysis of N-mmno- and N,N'- 
di-(B-cyanoethy/) derivatives with concentrated hydrochloric acid. It was previously ob- 
served [ii] that cyanoethylatlon of benzimidazolin-2-one only takes place in the presence 
of trimethylphenylammonium or triethylbenzylammonlum hydroxide. 1,3-Dicyanoethylbenziml- 

*We will hypothesize that the basic~ty of the anions of benzimldazolin-2-ones ll-f is in 
agreement with the basicity of the corresponding bases. 
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dazolin-2-one, which is hydrolyzed into 1,3-dicarboxyethylbenzimidazolin-2-one Ilia, was 
obtained in this way. 

The corresponding l(3)-mono- and 1,3-dicarboxypropylbenzlmidazolin-2-ones (IVa-f) were 
prepared by alkylation of the sodium salts of benzimidazolin-2-ones Ia-f with y-butyrolac- 
tone in dry D~fF with a ratio of compounds Ia-f--y-butyrolactone of 1:2.2. 

The formation of l(3)-mono- and 1,3-dicarboxylalkylbenzimidazolin-2-ones IIa-f to IVa-f 
takes place according to the scheme 

l.a-f o 

Ia,e  Rl=H;b,d R~=CH3;c,f R~=Cl;a--c,e,fR~=H;d R~=CH3;a-d R3=Na; 
e~f Ra=-C(CH3)=CH2; II--IVa-fl Ra=(CH2)~COOH;e, f R3=C(CH3) =CH2; 

II n = l ,  III n=2, IV n--3 

Cleavage  o f  t he  i s o p r o p e n y l  group t a k e s  p l a c e  i n  t h e  h y d r o c h l o r i c  a c i d  h y d r o l y s i s  o f  
compounds lie, fiVe, f, and the corresponding i- and 3-carboxylalkylbenzlmidazolin-2-ones 
llg,h--IVg,h are formed : 

R I 

i I- l~.e ~f  ~ NtI 

R2 o 
I 

(CH2)nCOOH 
n-wg~h 

I I - - I V  g R'=H;h R*=Clig,h R2=H 

The structure of compounds lla-h--IVa-h is demonstrated by the findings of elementary 
analysis, IR and PMR spectroscopy, and mass spectrometry, The IR spectra of compounds lla- 
h--IVa-h contain bands ~,C=O of the carboxyl group (1735-1720 cm -~) and the imidazolinone ring 
(1690-1680 cm -~) [12]. In the PMR spectra of compounds lla-h--IVa-h, the protons of the ~-, 
~-, and y-methylene groups are manifested by the corresponding signals (Table i). 

The study of the pesticide activity of the synthesized compounds showed that the fungi- 
cidal activity (for example, against Verticill~um dahliae Kleb.) of compounds lla-f and IVa- 
f is on the whole greater than the activity of compounds llla-f. At the same time, the ac- 
tivity of compound IVa is higher than the activity of compound lla, which is apparently due 
to an increase in the llpophilic character of the first compound. A similar dependence is 
also observed for the inhibiting action of the compounds on wheat coleoptiles. We thus 
experimentally confirmed that N-carboxylalkylbenzimidazolin-2-ones lla-f and IVa-f with an 
uneven number of methylene groups are more active than compounds lla-f with an even number 
of these groups; this is in agreement with the well-known mechanism of 8-oxidation [5] which 
accounts for the biological activity of some compounds. 

EXPERIMENTAL 

The mass spectra were made on a MX-1303 spectrometer with an ionizing voltage of 30 eV 
and at a temperature of 150-210~ with direct introduction of the sample in the ion source; 
the IR spectra were made on a UR-20 spectrometer (KBr pellets), and the PMR spectra were 
made on a Joel-C-60H 4/60 instrument in deuterated methanol (HMDS internal standard). TLC 
was conducted on Silufol UV-254 plates in the propanol-smmonia-ethyl acetate system, 1:3:6; 
the developer was a 1% solution of KMnO, in a 4% solution of sulfuric acid. 

The characteristics of compounds II-IV are reported in Table I. 

1,3-DicarboxYmethylbenzimidazolin-2-one (lla). Here 3.8 g (0.04 mole) of chloroacetic 
acid dissolved in 50 ml of water with 3.5 g NaHCO~ was added to a solution of disoldium salt 
la prepared from 2.68 g (0.02 mole) of benzimldazolin-2-one and 1.6 g (0.04 mole) of sodium 
hydroxide in 50 ml of water, and the solution was heated for 4 h at 90-95~ After 15 h, 
the precipitated sediment of unreacted benzimidazolln-2-one was filtered off, and the fil- 
trate was acidified with a 4 N solution of hydrochlorid acid. Product IIa gradually precipi- 
tated from the acid solution. An additional amount of compound Ila was obtained on concen- 
tration of the acid solution. Yield of 3.85 g (77%), mp 280-282~ (from ethanol) (according 
to the data in [6], mp of 282-283~ R~ 0.40.. 
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Compounds llb-f were  p r e p a r e d  i n  t h e  same way. 

1,3-Dicarboxyethylbenzimidazolin-2-one (Ilia). Over 10-15 mln, 4.24 g (0.08 mole) of 
acrylnotrile (containing 0.01% hydroqulnone) was added by drops at 80'C to a solution of 
the potassium salt of benzimidazolin-2-one prepared from 2.68 g (0.02 mole) of benzlmida- 
zolin-2-one and 2.4 g (0.04mole) of potassium hydroxide in 50 ml of water. The reaction 
mixture was held at this temperature for 4 h and was acidified with hydrochloric acid after 
cooling. Then 4.4 g of compound Ilia (80%) were obtained, mp of 187-189"C (from ethanol) 
(according to the data in [ii], mp of 188-189.5*C), R t 0.31. 

Compounds lllb-f were prepared similarly. 

Benzimidazolin-2-one Disodium Salt (la). Here 4.6 g (0,2 mole) of metallic sodium was 
�9 added in portions to 80 ml of absolute ethanol. While stirring, 13.4 g (0.01 mole) of 
benzimidazolln-2-one was added over 20 mln and the ethanol was distilled off. Then 17.8 g 
of benzimidazolln-2-one disodlum salt la were obtained with a quantitative yield. 

Mono- and disodium salts Ib-f were prepared in the same way. 

1,3-Dicarboxypropylbenzimidazolin-2-one {IVa). A mixture of 8.9 g (0.05 mole) of dry, 
flnely ground dlsodium salt la, I0 ml (0.ii mole) of freshly dlstilled 7-butyrolactone, and 
20 ml of dry DMFwere heated for 2 h at 150-160"C while stirring and left overnight. The 
excess DMFwas dlstilled off in an oil bath at 150"C. The solid sediment was hydrolyzed 
with 50 ml of a 4 N solution of hydrochloric acid. After cooling, compound IVa was separ- 
ated. When the filtrate was boiled, an additional amount of product IVa was obtained. The 
yield of compound Ira was 3.0 g (20%), mp 98-99~ 

Compounds IVb-f were prepared in the same way. 

l(3)-Carboxymethylbenzlmidazolln-2-one (llg). A mlxture of 2.32 g (0.01 mole) of com- 
pound IIe and 25 ml of a 4 N solution of HCI was heated for 6 h in a boiling water bath. 
After cooling, 1.92 g of compound fig, mp 237-239"C (from ethanol) (according to the data in 
[7], mp of 237-240~ Rt 0.31, was obtained with a quantitative yield. 

i- ~d 3-carboxyla!kylbenzimidazolin-2-ones (IIh~ IIIg: h~ IVgo h) were prepared in the 
same way. 
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