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1- I sopropeny lbenz imidazo lones ,  the alkylation of which with alkyl halides and 7 - b u t y r o -  
lactone proceeds  in the 3 posit ion, wore  obtained by reac t ion  of o-phenylenediamine  and 
its a roma t i c  r ing-subs t i tu ted  der iva t ives  with ace toacet ic  e s t e r .  

Benzimidazole  and its de r iva t ives  a r e  t radi t ional  objects in the s e a r c h  for  pes t ic ides  [1, 2], but 1-  
monosubst i tu ted benzimidazolones  have not been inves t iga ted  as he rb i c ides .  

We have used  the condensat ion of o-phenylenediamine and its de r iva t ives  with acetoacet ic  e s t e r  for 
the synthes is  of benz imidazolones .  It  is known that  the p roce s s  may  go in s e v e r a l  d i rec t ions ,  depending on 
the conditions [3, 4]. In the p r e s en t  r e s e a r c h ,  the condensat ion of o-phenylenediamine  and its 4 -ch loro ,  3,5- 
dimethyl ,  3 ,5-dichloro ,  and 4 ,5-dichloro  de r iva t ives  with acetoacet ic  e s t e r  was c a r r i e d  out under  conditions 
for  which one might  have expected  the fo rmat ion  of 1 - i sopropenylbenz imidazolones  (l-V). The highest  
yields could be obtained when the condensat ion was c a r r i e d  out in reflu_xing xylene in neutral  media  with r e -  
moval  of the l ibe ra ted  wa te r  and alcohol by dist i l la t ion.  In addition to benzimidazolones  I -V (Table 1), we 
isola ted  ethyl/3 - (o -aminoan i l ino)c ro tona tes :  

R~ R~ R ~ R ~ " 
p :  _~...hsN H 2 R 2 . . ~ N H .  R ~ / t : I Ctl3COCIt2CO2C2H~ ~=O R ' X  , ~ N  
R / ~ N H  ~ RS ~ / ~ J / ~ ' N  ~ 0  - -  _ R .~ ~ - " ' - ~ / , " - ~  N 

I I .  
CH3--C:CH 2 CH3--C=CH ~ 

I - V  

R, R~ 
-2 I i 

20 N H2SO 4 v, ~ N \  

R ; ~ - ~ . N / )  = 
O 

H 
VI-X 

The 5 - ch lo ro - l - i s op ropeny l benz i m i dazo lone  s t r u c t u r e  (II) was conf i rmed  by alkylation and subsequent  
hydro lys i s  to the known 6 - c h l o r o - l - e t h y l -  and ,1 -a l ly lbenz imidazo lones  [5], and also by the PMR s p e c t r a .  
The 4 ,6 -d ime thy l -  (III) and 4 ,6 -d i ch lo ro - l - i sop ropeny lbenz imidazo lone  (IV) s t r u c t u r e s  were  proved  by 
p repa ra t ion  of 3-acyl  der iva t ives  and c o m p a r i s o n  of the PMR s p e c t r a .  The signals  of the protons of the 
a roma t i c  r ing of III and IV a re  found at 6 6.71 and 6.66 ppm. The posit ion of the s ignals  of the a romat i c  
protons is re ta ined  for  the 3 -acy l  de r iva t ives .  This means that the al lyl  group does not en te r  the 1 pos i -  
tion, o therwise  one should have expected an apprec iab le  anisotropic  effect  of the acyl C = O  group on the 
shif t  of 7-H. The p r e s ence  of s ignals  of al lyl  methyl  groups at 2.15 and 2.20 ppm and of the s ignals  of vinyl 
protons at 5,05-5.20 ppm in the fo rm of two doublets with J = 1.5-2 Hz in the PMR s p e c t r a  of benz imidazo l -  
ones I-V proves  the fo rmat ion  of 1 - i sopropenylbenz imidazolones  and excludes the s t r u c t u r e  of subst i tu ted  
d ihydrobenzo-2-d iazep inones ,  in the s p e c t r a  of which the protons of the methylene group resona te  at s t rong  
field at 3.07 ppm [6]. Signals of a romat i c  protons at 6.7-7.3 ppm are  obse rved  in all  of the s p e c t r a .  The 
s ignals  of the protons of the two a roma t i c  methyl  groups f o r  IH f o r m  two sir~glets at 2.30-2.34 ppm. 
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TABLE 1. Substi tuted 1- Isopropenylbonzimidazolones  and The i r  
Alkylation Products  
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119--1203 
186-.-189 
215--218 
240--242 
220--222 
190--192 
184--1855 
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120--121 
172--1735 
8*--86 
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CloH,oN~O 
CIoH~CIN20 [ 56,914,31 13,8 
Ct2Htv'N~O [ 60,116,8113,7 
CIoHsCI~N20 I 49,013,0/12,1 
CIoHsCIsN20 / 50,3[ 3,6 / 11,5 
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13,4 60 57,5 4,3 41 
59,4 6.9 13,8143 
,9,3 3,311,5/57 
49,3 3,3 11,51 52 115,31 69 68 
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:I0,7 61 64,6 6,1 50 

The e s t ab l i shmen t  of the s t r u c t u r e  of unknown compounds I I -V showed that  in the ca se  of monosub-  
s t i tuted o-phenylenediamine ,  the reac t ion  proceeds  at the m o r e  basic  amino group through an in te rmedia te  
a ry laminocro tona te ,  which is cyc l ized  to the cor responding  1- i sopropenylbenzimidazolone  under  the r e a c -  
tion condit ions.  The reac t ion  p roceeds  at the less  basic  amino group fo r  3 ,5-disubst i tu ted compounds,  
p robably  because  of s t e r i c  h indrance  c r ea t ed  by the subs t i tuent  adjacent  to the m o r e  bas ic  amino group.  
The absence  of dihydrobenzodiazepinones is poss ib ly  explained by d i rec t  cycl iza t ion  of the a ry l aminoc ro ton -  
ate to 1 - i sopropenylbenz imidazolone  without i somer iza t ion  to the amide of acetoacet ic  acid. 

6 -Ch lo ro - l - a lky lbenz imidazo lones  VI-X (Table 1) were  obtained by alkylation of benzimidazolone  II 
with alkyl  ha l ides ,  as in [5]. 

We were  able to i so la te  1 - i sopropeny l -3 - (3 -ca rboxypropy l )benz imidazo lone  (XI) by reac t ion  of 1 - i s o -  
propenylbenzimidazolone  with 9/ -butyrolactone in d ry  d ime thy l fo rmamide  (DMF) : 

CH2CH~CH2COOH 

CH3--t=CH 2 
Xi 

Absorpt ion  bands of the C = O  group of the imidazolone ring (1680-1725 cm -l) and absorpt ion bands of 
1,2,4-  (810-820 cm-1) ,  1 ,2,4,5-  (850-855 cm- l ) ,  and 1 ,2 ,3 ,5-subst i tu ted (840 c m  -l) benzene r ings a re  ob- 
s e r v e d  in the IR s p e c t r a  of I -XI  and the 3 -acy l  de r iva t ives .  

Some of the synthes ized  compounds have se lec t ive  herb ic ida l  action [7, 8]. 

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

The PMR s p e c t r a  of ch lo ro fo rm (I-HI, XI) and deuteropyr id ine  (IV, V) solutions were  r eco rded  with a 
JNM-4H-100 s p e c t r o m e t e r  with t e t r amethy l s i l ane  as the in ternal  s t andard .  

5 -Ch lo ro - l - i sop ropeny lbenz imidazo lone  (II). A solution of 1.52 ml  (0.012 mole) of aee toacet ic  e s t e r  
(purified by the method in [9]) in 1 ml  of xylene was added dropwise  to a refluxing solut ion of 1.42 g (0.01 
mole) of 4 - ch lo ro - l , 2 -pheny l ened i amine  in 12 ml  of xylene,  and the mix ture  was heated until the wa te r  had 
been comple te ly  r e m o v e d  by dis t i l la t ion (2 h, with a D e a n - S t a r k  t rap) ,  a f te r  which it  was cooled to 35-40 ~ 
and t r e a t ed  with 15 ml  of 10% aqueous po tass ium hydroxide solut ion.  The sodium sa l t  of the condensat ion 
product  p rec ip i t a ted  on standing.  The prec ip i ta te  was s e p a r a t e d  and dissolved in water ,  and the solution 
was acidif ied to give 1.13 g (41%) of bonzimidazolone II with mp 186-189 ~ {from benzene).  Acidif icat ion of 
the alkaline f i l t ra te  gave an additional 0.1-0.15 g of II .  

Compounds I and I I I -V were  s i m i l a r l y  obtained (Table 1). 

6 -Ch lo ro - l -me thy lbenz imidazo lone  (VI). A 2.08 g (0.01 mole) s ample  of d r y  benzimidazolone II was 
added to  a solution of sodium ethoxide, p r e p a r e d  f rom 0.23 g (0.01 g-a tom)  of sodium and 10 ml of absolute 
ethanol,  a f t e r  which 7.6 ml  (0.12 mole) of methyl  iodide was added dropwise  with s t i r r i n g .  The mix ture  was 
then ref luxed for  4 h, cooled, t r ea t ed  with 20 N sul fur ic  acid (1.4 ml),  and allowed to s tand at  r oom t e m p e r a -  
tu re  for  3 h. An equal vo lume of wa te r  was added, and the mix tu re  was evapora ted  to half  its volume on a 
wa te r  bath to p rec ip i t a te  1.2 g (60%) of benzimidazolone VI with mp 190 ~ ( f rom aqueous alcohol).  
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Compounds VII-X were  s i m i l a r l y  obtained (Table 1). 

1 - I sop ropeny l -3 - (3 -ca rboxypropy l )benz imidazo lone  (XI). A mix ture  of 9.8 g (0.05 mole) of dry ,  finely 
ground sodium sa l t  of 1 - i sopropenylbenz imidazo lone ,  4.75 g (0.055 mole) of f resh ly  dis t i l led 7 -bu ty ro l ac tone ,  
and 7-10 ml  of d ry  d ime thy l fo rmamide  was heated with s t i r r i ng  at 150-155 ~ for  2 h, a f te r  which it was 
cooled to about 100 ~ and decomposed  with an equal volume of hot wa te r .  The solution was cooled and made 
weakly acidic with hydrochlor ic  acid,  and the reac t ion  product  was ex t rac ted  with e the r .  The ex t r ac t  was 
washed with wa te r  and t r ea t ed  th ree  t imes  with sa tu ra t ed  sodium b icarbona te  solut ion.  The alkaline ex-  
t r ac t s  were  combined and acidif ied with hydrochlor ic  acid to give 6 g (50%) o fbenz imidazo loneXIwi th  mp 
84-86 ~ (from aqueous alcohol).  PMR s p e c t r u m :  6 3.91 (tr iplet ,  J = 6 Hz, a - cH2)  , 2.33 (triplet,  J = 6 Hz, 

-CH2), 2.00 (multiplet,  fl -CH2) , 10.54 ppm (singtet,  C OOH). 

I .  
2. 
3. 
4. 

5. 
6. 

7. 

8. 

9. 

L I T I i ~ R A  TU R E  C I T g D  

A. M. l~fros and M. P .  Fedoseeva ,  Dokl. Akad. Nauk SSSR, 146, 236 (1962). 
J .  J .  S ims ,  H. Mee, and D, C. Erwin,  Phytopathology,  5__99, 1775 {1969). 
G. A. A r c h e r  and L. H. Sternbach,  Chem.  Rev.,  6._88, 747 (1968). 
A. N. Kost,  Z. F .  Solomko, N. P .  Pr ikhod 'ko ,  and S. S. Teteryuk,  Khim. Gete ro t s ik l .  Soedin., 1556 
(1971). 
J .  Davoll ,  and D. H. Laney,  J .  Chem.  Soc., 308, 314 (1960). 
A. N. Kost,  Z.  F .  Solomko, N. P .  Pr ikhod 'ko ,  and A. P .  T e r e n t ' e v a ,  Khim. Gete ro t s ik l .  Soedin., 787 
(1971). 
Ch. Sh. Kadyrov, A. T. Ayupova, and A. A. Rakhimov, USSR Author's Certificate No. 235,510 (1969); 
Byul. Izobr., No. 5 (1969). 
Ch. Sh. Kadyrov, M. N. Kosyakovskaya, A. T. Ayupova, A. A. Rakhimov, A. Khikmatov, and 
K. Akbarov, Agrokhimiya, 1_~I, 161 (1969). 
S. Coffey, J. K. Thomson, and F. J. Wilson, J. Chem. Soc., 856 (1936). 

209 


