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The reaction of 4-nitro-o-phenylenediamine (I) with acetoacetic e ste r at room temperature un- 
der acid catalysis gives ethyt-3-(2-amino-5-nitrophenylamino)erotonate (I1), which is r e a d i l y  
cyclized to 7-nitro-4-methyl-2,3-dihydro-lH-1,5-benzo-2-diazepinone (HI) onheatingwithal-  
kaline agents. T h e  reaction of I with acetoaeetie es ter  in refluxing xylene gives isomeric 8- 
nitro-4-methyl-2,5-dihydro--1H-1,5-benzo-2-diazepinone (IVa) or  8-nitro-4-methyl-2,3-dihy- 
dro-lH-1,5-benzo-2-diazepinone (fVb), which are read i ly  interconverted. The synthesis of IV 
is complicated by the side formation of 5-nitro-2-methylbenzimidazole (V)and thermal rea r -  
rangement of IVa and IVb to 5-nitro-l-isopropenylbenzimidazolone (VI). 6 -Ni t ro- l - i sopro-  
penylbenzimidazolone (VII) is s imilarly obtained on heating III. 

It has been demonstrated [1] that 4-methyl-o-phenylenediamine reacts  with aeetoacetic es te r  (AE} un- 
der mild conditions to give-the arylaminocrotonate through the more basic amino group. This erotonate u n -  
dergoes closure to  a seven-membered ring under more severe conditions to form 4, 8-dimethyl-2,3-dthydro- 
1H-1,5-benzo-2-diazepinone. ~ t h e  process  i s  carr ied out with strong heating right f rom the start,  the iso- 
meric  4,7-dimethyl-2,3-dthydro-li i-1,5-benzo-2-diazepinone is formed, but the synthesis is complicated by 
rearrangement with ring contraction to give a benzimidazole derivative [2]. 

In the present  research we have made a similar investigation by introducing a strongly ~lectron-ac- 
ceptor group rather  than an electron-donor methyl group into the benzene ring, and this made it possible to 
expect the formation of pr imari ly  the 4 ,7- isomer  under mild conditions (where the rearrangement processes  
are  not yet realized). Our experiments confirmed that diamine I reacts with acetoaeetic es te r  at room tem- 
perature  under the influence of acid catalysis to give crotonate IT. A triplet (1.02 ppm) and a quartet (4.0 
ppm) of an ethyl group are seen in the I~IR spectrum of II. A broad singlet (due to an allyl interaction) of 
the protons of a methyl group (1.64 ppm) and a singlet of a vinyl proton {4.75 ppm) at strong field are also 
present, and this confirms the enamine structure of the erotonate. 

Crotonate II is quite readily cyelized on heating, especially in the presence of sodium ethoxide, to 7- 
nitro--4-methyl-2,3-dihydro-lH-1,5-benzo-2-dtazepinone (HI). When the lat ter  is heated to 220-230 ~ it i s  
isomerized to 6-nitro-l-isopropenylbenzimidazolone (VII). Acid hydrolysis of VII gives the previously de- 
scribed [3, 4] 5-nitrobenzimidazolone (VIII). The PIVLR spectrum of diazepinone HI contains singlets of methyl 
(2.93 ppm) and methylene (3.93 ppm) groups and signals of the protons of a benzene ring (7.50-8.47 ppm), 
which confirms structure HI. 

When I and A E a r e  heated in a large amount of xylene, the chief product is 8-nitro-4-methyI-2,5-di-  
hydro-tH-1,5-benzo-2-diazepinone (fVa). If the amount of solvent is halved, the yield of diazepinone tVa is 
reduced by 30%, diazepinone HI is formed in low yield (2-3%), and 11% erotonate IT and 38% 2-methyl-6-ni-  
trobenzimidazole {V) are obtained. Diazepinone IVa is isolated f rom dilute solutions in xylene or ace tone  
as a yellow crystalline substance. However, if the crystallization is car r ied  out with a concentrated solu- 
tion, a br ight-red substance (IVb) is precipitated; this substance is eoI/verted to IVa in acetone and pyridine 
solutions. Substances IVa and IVb have the same elementary composition and melting points (197-197.5 ~ 
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and behave identical ly during ch roma tog raphy  on a thin l a y e r  of a luminum oxide. The UV spec t ra  of IVa and 
IVb in d ime thy l fo rmamide  a r e  ident ical  but d i f fer  f r o m  the UV spec t rum of diazepinone III  (Fig. 1) in that 
the long-wave band in the s p e c t r u m  of IVa undergoes  a ba thochromic  shift  and is of high intensity, which is 
explained by the opposi te  effects  of the NO 2 and - N H -  groups  on the conjugated s y s t e m  of the molecule ,  in 
which the donor ( - N H - )  and a c c e p t e r  (NO2) subst i tuents  a r e  pa ra  to one another .  Refluxing IVa and IVb with 
dilute acids causes  c leavage  of the s e v e n - m e m b e r e d  r ing to give 2 - m e t h y l , 5 - n i t r o - 2 - b e n z i m i d a z o l o n e  (V), 
which is a l so  f o r m e d  quanti tat ively on heating I and AE to 180 ~ The the rma l  r e a r r a n g e m e n t  of benzodiazepi-  
nones Ira and YVb leads to the formation of the same l-isopropenylbenzimidazolone (VI), which, like VII, is 
converted to 5-nitrobenzimidazolone (VHI) on heating with acids. 

The isomeric 5 (and 6)-nitro-l-isopropenylbenzimidazolones (VI and VII) have three absorption max- 
into at 224, 251-253, and 338 nm in their UV spectra (Fig. 2). The high intensity of the long-wave band of 
VI is explained by the different positions of the isopropyl and nitro groups in VI and VII. The PIV[R spectra 
of VI and VII contain singlets of methyl groups at 2.10 and 2,16 ppm, which are broadened due to the allyl 
interaction with the protons of the vinyl group. The signals of the vinyl protons of VII (5.06 and 5.13 ppm) 
undergo a diamagnetic shift as compared with the position of the signals for the vinyl protons of imidazolone 
V[ (5.10 and 5.26 ppm), which is evidently due to the different orientation of the isopropyl group relative to 
the benzene ring. 

Thus the condensation of diamine [ with AE proceeds specifically to a considerably greater degree 
than was observed for 4-methyl-o-phenylenediamine. The influence of a nitro group is exerted substantially 
in the facile shift of the double bond in IV and facilitates isomerization to benzimidazolone derivatives VI 
and VII. 

E X P E R I M E  NTA L 

The PMR spec t r a  of pyr idine and t r i f luo roace t i e  acid solutions were  r eco rded  with an RS-60 spec-  
t r o m e t e r  with hexamethyldis i loxane as  the ex te rna l  s tandard.  The se lec t ion  of the reac t ion  conditions and 
moni tor ing  of the individuality of the s u b s t a n c e s  was  accompl i shed  by means  of ch romatography  in a thin 
l a y e r  of a luminum oxide [ c h l o r o f o r m - a l c o h o l  (20 : 1)]. 

Ethyl  3 - (2 -Amino-5-n i t ropheny lamino)c ro tona te  (17). Two drops  of concent ra ted  hydrochlor ic  acid 
were  added to a mix tu re  of 3.06 g (0.01 mole) of 4 - n i t r o - l , 2 - p h e n y l e n e d i a m i n e  (I) [5] and 12 ml  (0.1 mole) 
of AE, and the mix tu re  was s t i r r e d  at  r oom t e m p e r a t u r e  fo r  20-30 rain. The liquid mix ture  gradual ly  began 
to solidify. The solid m a s s  was  washed with e ther  to give 4.85 g (91%) of II  with mp 138-139 ~ (from e t h e r -  
pe t ro l eum ether) .  E s t e r  II was a l ight-yel low c rys ta l l ine  subs tance  that was  quite soluble in the cold in ace -  
tone, dioxane, ch loroform,  and dichloroethane,  as  well  as  in hot alcohols ,  benzene,  and e ther .  Found: C 53.9; 
54.0; H 5.5; 5.6%. C12HisN304. Calculated:  C 54.3; H 5.7%. 

7 - N i t r o - 4 - m e t h y l - 2 , 3 - d i h y d r o - l H - 1 , 5 - b e n z o - 2 - d i a z e p i n o n e  (HI). A mix tu re  of 2.9 g (0.011 mole) of 
crotonate  II and sodium ethoxide (from 0.49 g of sodium and 20 ml  of ethanol) was  heated on a wa t e r  bath 
fo r  30 rain. The mix tu re  was then cooled, 20 rnl of wa t e r  was  added, and the aqueous mix tu re  was neu t ra l -  
ized with acet ic  acid to p rec ip i t a t e  the product.  The p rec ip i t a te  was r emoved  by f i l t ra t ion to give 1.7 g (71%) 
of a product  with mp 227-228 ~ (from d imethy l formamide) .  Found: C 55.0; 54.9; H 4.4; 4.1; N 19.1; 18.8%. 
Ci0HoNaOs. Calculated: C 54.8; H 4.1; N 19.2%. 
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Fig.  1. UV spec t r a  of 5 (and 6)- 
n i t r o - 4 - m e t h y l -  1, 5-dibenz o- 
2-diazepinones:  1) IVa; 2) 
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Fig. 2. UV spectra of isopro- 
penyl-2-benzimidazolones: 
1) VI; 2) v i i .  

Condensation of 4 -Ni t ro - l , 2 -pheny lened iamine  with Acetoacet ic  E s t e r .  A. A solution of 1.76 ml  (0.014 
mole) of ace toace t ic  e s t e r  in 40 ml  of xylene was added dropwise in the course  of 2 h to a heated mix tu re  of 
2 g (0.013 mole) of 4 -n i t ro -o -pheny lened iamine  in 300 ml  of xylene. The mix tu re  was heated with a wa t e r  
s e p a r a t o r  fo r  6 h. A total of 240 ml  of xylene was r emoved  by distil lation, and the res idue  was cooled to 
p rec ip i ta te  2.4 g (88%) of 8 - n i t r o - 4 - m e t h y l - 2 , 3 - d i h y d r o - l H - 1 , 5 - b e n z o - 2 - d i a z e p i n o n e  (IVa) with mp 197- 
197.5 ~ {from acetone).  Benzodiazepinone IVa was only slightly soluble in the cold in chloroform,  benzene,  
e ther ,  and hexane. Found: C 54.9; 55.0; H 4.2; 4.1; N 19.7; 19.0%. C10HsN30 ~. Calculated: C 54.8; tt 4.1; 
N 19.2%. 

When IVa or the reac t ion  product  was c rys ta l l i zed  f r o m  concent ra ted  alcohol solution, b r i g h t - r e d  
8 - n i t r o - 4 - m e t h y l - 2 , 3 - d i h y d r o - l H - 1 , 5 - b e n z o - 2 - d i a z e p i n o n e  (IVb) with mp  196-197 ~ was obtained. Found: 
C 54.7; 54.8; H 4.2; 4.3; N 19.8; 19.1%. C10HgN303. Calculated: C 54.8; H 4.1; N 19.2%. 

B. A mix tu re  of 6.12 g (0.04 mole) of I and 7.6 ml  (0.06 mole) of ace toace t ic  e s t e r  in 500 ml  of xylene  
was heated with a wa te r  s e p a r a t o r  for  4 h. The mix tu re  was cooled, and the prec ip i ta te  was r emoved  by f i l -  
t ra t ion  to give 5.9 g (67%) of a substance,  which was washed with th ree  por t ions  of hot alcohol to give 3.5 g 
{40%) of IVa. The res idue left  a f t e r  r emova l  of the alcohol was c rys t a l l i zed  f r o m  d ime thy l io rmamide  to give 
0.2 g of III with rap 227-228 ~ The addition of wa t e r  to the d imethy l fo rmamide  prec ip i ta ted  2.4 g (38%) of 
2 -me thy l -6 -n i t robenz imidazo le  (V) with mp 222-224 ~ (221 ~ [3]). The p ic ra te  had mp 201 ~ (201 ~ [3]). Vacuum 
evapora t ion  of the xylene solution with a wa t e r  a s p i r a t o r  gave 1.1 g (11%) of e s t e r  II with mp 138-139 ~ 

6 -N i t ro - l - i s op ropeny l -2 -benz i m i dazo l on e  (VII), A 0.219 g (0.001 mole) sample  of benzodiazepine III 
was  heated at 220-230 ~ for  15 rain to give 0.216 g (98%) of VII with rap 229-230 ~ (from aqueous alcohol). 
Found: C 55.2; H 3.8%. C10HgN303. Calculated: C 54.8; H 4.1%. 

5 - N i t r o - l - i s o p r o p e n y l - 2 - b e n z i m i d a z o l o n e  (VI). A 0.2 g (0,001 mole) sample  of benzodiazepine IV was 
heated at 185-189 ~ for  20 rain. Cooling of the mix ture  gave 0.19 g (95%) of VI with mp 244-245 ~ {from aque-  
ous alcohol). Found: C 54.4; 54.6; H 4.6; 4.8%. Ci0H9N303. Calculated: C 54.8; H 4.1%. 

5 (6)-Nitrobenzimidazolone (VIII). A 0.2 g (0.001 mole) sample  of i sopropenylbenzimidazo!one VI or  
VII was ref luxed with 3 ml  of 2 N hydrochlor ic  acid fo r  1.5 h. The mix tu re  was  then cooled and neutra l ized ~ 
with ammonium hydroxide to give 0.12 g (75%) of VIII with mp 307 ~ (306 ~ [3]). The product  did not dep re s s  
the mel t ing  point of 5-n i t robenzimidazolone  obtained f r o m  4-n i t ro -o -pheny lened iamine  and u rea  [3]. 

5 -Ni t ro -2 -me thy lbenz imidazo le  (V). A. A mix tu re  os 0.42 g (0.002 mole) of benzodiazepine III or  IV 
and 8 ml  of 2 N sulfuric  acid was refluxed for  30 min.  Neutra l iza t ion  of the mix tu re  with 2 N NaOH gave 
0.17 g (50%) of V with mp 222 ~ {from water)  (221 ~ [6]). 

B. A mix tu re  of 1.53 g (0.01 mole) of diamine I and 1.95 ml  (0.015 mole) of AE was heated to 180 ~ for  
20 rain. The me l t  was  cooled and washed  with e ther  to give 2.05 g (98%) of V with mp  222-224 ~ The prod-  
uc t  did not dep re s s  the mel t ing point of the benzimidazole  obtained in exper imen t  A. 
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