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Depending on the react ion conditions, 4 -methyl - l ,2 -phenylenediamine  reac ts  with acetoacet ie  
es te r  to form 4,7 (or 8) -d imethyl -2 ,3-dihydro- lH-1,5-benzodiazepinones  or  5 (or 6)-methyl-  
1-isopropenylbenzimidazolones.  During acid catalysis  under mild conditions, the more  basic  
diamine group initially reac t s  with acetoacet ic  es te r  to form ethyl 3- (2-amino-4- to lu id ino)-  
crotonate,  which subsequently can be converted to the corresponding benzodiazepinone and 
2,5- dimethylbenzimi dazol e. 

The reac t ion  of fi-keto es ters  with a romat ic  diamines has been studied in quite some detail in the case 
of o-phenylenediamine [1-3]. It has been shown that dihydrobenzo-2-diazepinones and, in the case of aceto-  
acetic es te r  (AAE), 1- isopropenyl-2-benzimidazolone are  formed in neutral and alkaline media [2, 3]. The 
format ion  of arylaminoerotonates  and 3-a lkyl -  or  3-arylbenzimidazoles  is observed in acidic media [1]. 
According to the data in [4], however,  2-( tr i f luoroacetonyl)benzimidazole was obtained as the chief product  
f rom the reac t ion  of t r i f luoroacetoacet ic  es te r  with o-phenylenediamine in acid media. A s imi la r  s t ruc ture  
for ketones of the benzimidazole ser ies  was assigned,  without special  proof,  to the substances formed in 
the react ion of 1,2- and 2,3-naphthylenediamineswith acetoacet ic  and benzolyacetie  es ters  [5, 6]. 

In the case of diamines that have nonequivalent amino groups,  one can expect the format ion of two 
i somer ic  dihydrobenzodiazepinones or  a p rocess  that favors one of the i somers .  In fact, 2,3-diaminopyridine 
reacts  with AAE to form a ra the r  complex mixture of products  [7-9]. However,  it is possible that this is 
in some measure  determined by the specifics of the pyridine component. On the basis  of general  concepts 
regarding the t rend of this react ion,  it was assumed that the f i r s t  act  in the reac t ion  is the format ion of the 
corresponding arylaminocrotonic  es ter ,  which subsequently cyclizes to a dihydrobenzodiazepinone. More-  
over,  the more  basic amino group par t ic ipates  in the format ion of the es te r  [7-9]. 

This assumption compelled us to study this reac t ion  in the case of a simple model - 4 - m e t h y l - l , 2 -  
phenylenediamine. In the course  of our experimentation,  Acheson and Tully published a paper  [10] in which 
they repor ted  the s imi la r  condensation of 4 -ch loro- l ,2 -phenylenediamine  with AAE and concluded that the 
formation of the a ry laminocrotonic  es te r  proceeds at the expense of the less  bas ic  ra ther  than the more  
basic  amino group. However,  they did not vary  the conditions and did not sea rch  for i somer ic  substances.  

We were  able to show that the react ion of 4-methyl - l ,2 -phenylenediamine  with AAE under the mildest  
conditions in neutral  media  or in the presence  of small  amounts of acid yields ethyl 3 - (2 -amino-4- toh id ino) -  
crotonate (V), the UV spec t rum of which is ex t remely  s imi la r  to the spec t rum of ethyl 3-(2-aminoanil ino)-  
crotonate [3]. 

The PMR spec t rum of crotonate V contains signals f rom the protons of an ethyl group (triplet at 1.17 
and quartet  at 3.88 ppm), singlets f rom methyl groups (1.6 and 2.06 ppm), a broad signal f rom NH protons 
(9.42 ppm), and a signal f rom a proton attached to a vinyl group (4.44 ppm). The la t ter  is evidence that the 
double bond is not shifted to the ni trogen atom. There are  signals in the a romat ic  proton region at 6.26, 
6.60, and 6.66 ppm. 
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When erotonate V is heated in the presence of sodium ethoxide v ia the method in [2], i t  iS converted 
to eompound I w i th  mp 174-175~ and emp i r i ca l  fo rmu la  C~IH~2N20 (see the above scheme). Compound I is 
r ea r r anged  to another substance (lid of the same composit ion with mp 159-160 ~ C on heating at 155-160 ~ C 
for 2 h. The la t te r  is converted to the known [11, 12] 5-methyI-2-benzimidazolone (VII} on heating with di- 
lute hydrochlor ic  acid. The PMR spec t rum of III contains signals f rom two methyl groups (2.23 and 2.28 
ppm), an unresolved multiplet f rom methylene protons (5.22 ppm), and signaIs f rom aromat ic  protons (6.65, 
6.84, and a doublet at 6.89 ppm). On the basis  of these resu l t s ,  the 5 -me thy l - l - i sopropeny l -2 -benz imidazo l -  
one s t ruc ture  can be assigned to substance III. The presence  of an enamine grouping in III expIains its 
ease of convers ion to the corresponding imidazolone (VII). Isopropenylbenzimidazolones are  usually formed 
during the thermal  r ea r r angemen t  of d thydro- l ,5-benzodiazepinones  [2, 7]. This was the basis for  assuming 
the 4 ,8-d imethyl -2 ,3-d ihydro- lH-1 ,5-benzo-2-d iazep inone  s t ruc ture  for  I. The synthesis of eompoundswith 
the same physical  constants was descr ibed in 1970 by Japanese chemists  [13] f rom 4-methy l - l ,2 -phenylene-  
diamine and diketene. However, the s t ruc ture  of I was not established, and two possible positions (7 or  
8) were only conjecturaIIy proposed for  the methyl  group. 

The PMR spec t rum of diazepinone I in pyridine contains signals f rom two methyl groups (2.17 and 
2.20 ppm) and a signal f rom methylene protons (3.18 ppm), which does not contradict  our assumed s t ructure .  
However, in o rder  to establish the position of the substituent in the benzene ring and to more  accura te ly  
prove the s t ruc ture  of I, we accomplished the al ternative synthesis of this compound by heating 2 -n i t ro -4 -  
toIuidine with crotonic acid via the method in [10] to give 3-(2-ni t ro-4-toluidino)butyric  acid (VIII). The 
reductive cyelization of VIII under mild conditions resul ted in the formation of 2 ,3 ,4 ,5 - te t rahydro- lH-1 ,5 -  
benzo-2-dtazepinone (IX), which was also obtained by the catalytic hydrogenation of dthydrodiazepine I. 
Thus it can be assumed that, under the conditions that we selected,  the more  basic  amino group of the a ro -  
matic  diamine reac ts  during the format ion of the arylaminocrotonate  in the react ion with AAE under mild 
conditions, and this also subsequently determines the posit ion of the substitutent in the benzene ring of the 
oxobenzodiazepine. 

The situation is different if the condensation is ca r r i ed  out by heating the s tar t ing substances in r e -  
fluxing xylene. Two substances with mp 165-166~ (II) and 125-126~ (IV), which have the same composition 
as I and II, are  isolated f rom the react ion of the diamine with AAE. The amounts of substances formed de- 
pend on the heating t ime and the degree of dilution of the solution. When the react ion is ca r r ied  out in very  
dilute solutions, II is formed in 80% yield, while only t races  of IV are formed. Raising the reagent  con- 
cent-rations leads to a decrease  in the yield of II and to an increase  in the yield of IV. An increase  in the 
heating time also promotes  an increase  in the yield of IV. Like diazepinone I, II is converted to IV on heat-  
ing, and the acid cleavage of IV leads to 5-methyl -2-benzimidazolone  (VII). On the basis of this, the 4,7- 
d imethyl -2 ,3-d thydro- lH-1 ,5-bermo-2-diazepinone  s t ruc ture  can be assigned to II, and the 5-methyl -3-  
i sopropenyl-2-benzimidazolone s t ruc ture  can be assigned to IV. 

If the s tar t ing substances are  heated in the absence of a solvent at 100 or  180~ the major  product 
proves  to be 2,5-dimethylbenzimidazole (VD, which is also formed during the recrys ta l I iza t ion  of crotonate 
V f rom water .  This sor t  of format ion of 2-methylbenzimidazole  f rom the corresponding crotonate was also 
described in [14]. 
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Thus the more  bas ic  amino group of the a romat ic  diamine reac ts  with the keto group of AAE under 
mild conditions, especial ly under the influence of an acid catalyst .  The aminocrotonic  es te r  that is formed 
is cycl ized on heating to 2-methylbenzimidazole  or  dthydrobenzodiazepinone, while the la t ter  is converted 
to 1- isopropenyl-2-benzimidazolone under more  severe  conditions. If the condensation is ca r r i ed  out all 
at once under severe  conditions, then, as in the C o n r a d - L i m p a c h  synthesis ,  the ary laminocrotonate  is i som-  
er ized to an amide of acetoacet ic  acid [15, 16] with simultaneous (or subsequent) cyc l iza t ionleading  to 
the dihydrobenzodiazeptnone and the 1-isopropenylbenzimidazolone of i somer ic  s t ruc ture .  

EXPE R lIVf E NTAL 

The purity of the substances was monitored by chromatography in a thin layer of aluminum oxide. The 
PMIR spectra of pyridine and chloroform solutions were recorded with an RS-60 spectrometer with hexa- 
methyldisiloxane as the internal standard. The UV spectra of 96% alcohol solutions were recorded with an 
SF-4A spectrophotometer. 

Ethyl 3- (2-Amino-4-toluidino) erotonate(V). 4-1V[ethyl- 1,2-phenylenediamine [17] [3.66 g (0.03 mole)] 
was mixed with 4.56 ml (0.036 mole) of acetoacetie ester. The diamine dissolved at the outset, and the mix- 
ture solidified after 20-30 min to give 6.73 g (96%) of colorless cyrstals of crotonate V with mp 82-83~ 
The product was soluble in alcohols, chloroform, ether, acetone, and benzene, hot water, and hot petroleum 
ether. UV spectrum: ~tma x 242, 288 nm, log ~ 4.08 and 4.27. Found: C 66.9; H 7.6; N 12.3%. CI3HIsN202. 
Calculated.- C 66.7; H 7.7; N 12.0%. 

4,8-Dimethyl-2,3-dihydro-IH-l,5-benzo-2-diazepinone (I). A mixture of 5.85 g (0.025 mole) of cro- 
tonate V and sodium ethoxide (from 0.58 g of sodium and 25 ml of alcohol) was refluxed for 1 h, and evap- 
orated to dryness. The residue was diluted with 50 ml of water and neutralized with acetic acid to pH 6 to 
give 3.1 g (66%) of a product with mp 174-175~ (from benzene-petroleum ether) (rap 174-175~ [13]). 
Found: C 70.5; H 6.5; N 15.3%. CIIHI2N20. Calculated C 70.2; H 6.4; N 14.9%. 

5-Methyl-l-isopropenyl-2-benzimtdazolone (III). A 1.41-g (0.0075 mole} sample of diazeptnone I was 
heated at 155-160~ for 2 h. The product was dissolved in ether, and the ether was removed to give 1.25 g 
(89%) of III with mp 159-160~ (from aqueous ethanol). Found: C 70.1; H 6.3; N 15.1%. CIIHI2N20. Cal- 
culated: C 70.2; H 6.4; N 14.9%. 

5-1V[ethyl-2-benzimidazolone (VII). A) A mixture of 0.56 g (0.003 mole) of benzimidazolone III and i0 
ml of 2 N hydrochloric acid was refluxed for 1 h, cooled, and neutralized to pii 8 with ammonium hydroxide. 
The resulting precipitate was removed by filtration and washed with water to give 0.42 g (95%) of a product 
with mp 297-298~ (after sublimation) (rap 293-296~ [II] and 302-304 ~ C [12]). 

B) Similarly, 0.42 g (95%) of VII with mp 297-298~ (after sublimation) was obtained from 0.56 g (0.003 
mole) of benzimidazolone IV. Imidazolone VII did not depress the melting point of the substance obtained 
in Method A nor that of a sample synthesized from the diamine and urea via the method in [12]. 

3-(2-Nitro-4- toluidino)butyr ic  Acid (VIII). A mixture  of 4.56 g (0.03 mole) of 3-ni t ro-4- toluidine  and 
10.3 g (0.12 mole) of crotonic acid was heated at 160~ for 18 h. The mixture  was cooled, and 100 ml of 2 
N sodium hydroxide was added. The insoluble solid was removed  by fil tration, and the f i l t rate was diluted 
with a tenfold quantity of water  and acidified to pH 6 with concentrated hydrochlor ic  acid to give an orange 
precipi tate  of acid VIII. This was removed by fi l t rat ion and washed with water  to give 4 g (56%) of a product  
with mp 134-135~ (from aqueous alcohol). Found." N 12.0%. CliH14N204. Calculated N 11.8%. The product 
was soluble in alcohol, ch lo roform,e ther ,  benzene, hot water ,  and hot carbon te t rachlor ide.  

4 ,8 -Dimethy l -2 ,3 ,4 ,5 - t e t r ahydro- lH-1 ,5 -benzo-2-d iazep inone  (iX). A) A mixture  of 0.47 g (0.025 
mole) of benzodiazepinone I in 20 ml of absolute ethanol was hydrogenated at room tempera ture  over  Raney 
nickel. The calculated amount of hydrogen was absorbed in 7-8 h. The solution was fi l tered,  the alcohol 
was removed in vacuo, and the residual ,  color less  solid was crys ta l l ized  f rom b e n z e n e - p e t r o l e u m  ether 
to give 0.42 g (87%) of IX with mp 196-197~ Found: C 69.0; H 7.5; N 15.0%. CliHltN20. Calculated: C 69.5; 
H 7.4; N 14.7~. 

B) A mixture of 1.2 g (0.'005 mole) of 3 - (2 -n i t ro -4 - toh id ino)bu t ry ic  acid in 50 ml of absolute ethanol 
was s imi la r ly  reduced. The alcohol was removed,  the residue was dissolved in 120 ml of water ,  and 2.5 ml 
of concentrated hydrochlor ic  acid was added. The mixture  was refluxed for 30 min on a water  bath, cooled, 
and neutralized with 2N sodium hydroxide to give 0.43 g of IX. Evaporat ion of the fi l trate and extract ion 
with benzene gave an additional 0.27 g of product  for  an overal l  yield of 70% of a substance with mp 196- 
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197~ The product  did not depress the melt ing point of IX obtained in Method A. Both substances had R~ 
0.40 [ c h l o r o f o r m -  ethanol (20 : 1)]. J 

3-(2-Amino-4-toluldino)butyr ic  acid (X). A mixture  of 1.2 g (0.005 mole) of VIII in 50 ml of ethanol 
was s imi la r ly  reduced. The alcohol was removed,  and the residue was crysta l l ized from b e n z e n e - p e t r o -  
leum ether  to give 0.95 g (91%) of X with mp 121-122~ Found: N 13.7%. C11H16N202. Calculated: N 13.5%. 

4 ,7-Dimethyl -2 ,3-d ihydro- lH-1 ,5-benzo-2-d iazep inone  (II). A heated solution of 4.56 ml (0.036 mole) 
of AAE in 50 ml of xylene was added dropwise to a refluxing solution of 3.66 g (0.03 mole) of diamine in 
500 ml of xylene, and the mixture  was refluxed with water  separat ion for 1 h. A total of 15 ml of an azeo-  
tropic mixture of alcohol, water ,  and xylene was separated.  The xylene was removed to give 4.55 g (87%) 
of diazepine II with mp 164-165~ (from b e n z e n e - p e t r o l e u m  ether). Found: C 70.5; H 6.5; N 15.1%. 
CllH12N20. Calculated C 70.2; H 6.4; N 14.9%. 

Condensation of 4-1Viethyl-l,2-phenylenedtamine with Acetoacet ic  Ester .  A solution of 7.8 ml (0.06 
mole) of AAE in 10 ml of xylene was added dropwise to a refiuxing solution of 6.1 g (0.05 mole) of diamine 
in 50 ml of xylene, and the mixture was refluxed with water  separat ion for 1 h. It was then cooled and 
poured into 70 ml of 20% sodium hydroxide and the mixture was s t i r r ed  at 10 ~ C for 15 min. The result ing 
precipi tate  was removed by filtration, diluted with water ,  and neutralized with glacial acetic acid. The r e -  
sulting substance was washed with water  to give 1.68 g (18%) of 5 -methy l - l - i sopropenyl -2-benz imidazo lone  
(IV) with mp 125-126~ (from water) that was identical to the benzimidazolone obtained by the thermal  r e -  
a r rangement  of 1I. Isopropenylbenzimidazolones HI and IV are soluble in alcohols,  acetone, chloroform, 
benzene, carbon te t rachlor ide ,  and hot water ,  and insoluble in hexane and petroleum ether. 

The aqueous alkaline l ayer  was separa ted  f rom the xylene, cooled, and neutralized with acetic acid 
to pH 6-7 to give 4 g (42%) of 4 ,7-d imethyl -2 ,3-d ihydro- lH-1 ,5-benzo-2-d iazep inone  (II), which was iden- 
tical to the II obtained in a large  volume of xylene. Diazepines I, II, and IX are  soluble in alcohols,  acetone, 
chloroform,  hot water ,  hot benzene, and hot carbon tetrachloride,  and insoluble in ether,  hexane, and pe t ro-  
leum ether. 

The xylene solution was washed severa l  t imes with water ,  dried over  MgSO4, and evaporated to dry-  
ness to give 1.78 g (15%) of V, which was identical to the acid obtained above. 

6 -Methyl - l - i sopropenyl -2-benz imidazolone  (IV). A 0.38-g (0.002 mole) sample of diazepinone II was 
heated at 125-130~ for 2 h and cooled. The mel t  was dissolved in 6 ml of 20% sodium hydroxide, and the 
solution was fil tered. The insoluble solid was dissolved in water  and neutral ized to pH 6 with acetic acid 
to precipi tate  0.2 g (52%) of IV with mp 125-126~ (from water).  Found: C 70.1; H 6.4; N 14.7%. CI1H12N20. 
Calculated: C 70.2 H 6.4; N 14.9%. 

2,5-Dimethylbenzimidazole (VI). A mixture  of 2.44 g (0.02 mole) of diamine and 3.04 ml (0.024mole) 
of AAE was held on a boi l ing-water  bath for 3 h. It was then washed with ether to give 2.3 g (79%) of VI 
with mp 203-204~ (from water) (mp 203~ [18]). 
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