
Kinetics of the React ion of the Phenazyl  Radicals  with Carbazole .  Equal volumes of solutions of di-  
hydrophenazine Ia-d (10 -3 M) and ca rbazo le  (10 -2 M) in benzene and powdered lead dioxide were  placed in 
s epa ra t e  c o m p a r t m e n t s  of a cuvette.  Af ter  evacuat ion and generat ion of the radical ,  its solution was mixed 
with the ca rbazo le  solution, the mix tu re  was s t i r r ed  rapidly,  and the ESR signal was recorded  at 20-50 ~ as 
in the case  of the recombina t ion  p r o c e s s .  

P r e p a r a t i o n  of III. A 20-g  sample  of lead dioxide was added to 2 g (4.5 mmole)  of dihydrophenazine ! a  
in 4.5 l i t e r s  of d ry  benzene,  and the mix tu re  was s t i r r ed  at room t e m p e r a t u r e  for  1.5 h, a f t e r  which 1.1 g (9 
mmole)  of f r e sh ly  dist i l led monoethylani l ine was added to a thoroughly f i l tered (to r emove  the oxidizing agent) 
solution of the radical ,  and the solut ion was s t i r r ed  for  30 min.  It was then chromatographed  with a column 
filled with A1203. The eluate of the f i r s t  zone contained 1.3 g of dihydrophenazine Ie, and the eluate of the 
second zone contained 0.5 g of IH. Recrys ta l l i za t ion  of III f rom acetone gave violet c ry s t a l s  with mp 276 ~ in 
20% yield. Found: N 17.9%. C26HIgN?O 8. Calculated: N 17.6%. 
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Analysis  of the UV s p e c t r a  of the reac t ion  products  shows that in the ni t ra t ion of 4 -phenyl -2 ,3-  
d ihydro- lH-1 ,5-benzodiazep in-2-one  the ni t ro  group is d i rected to the benzodiazepine ring r a the r  
than to the phenyl r ing to give a 7 -n i t ro  der iva t ive .  

It has been shown that the ni t ra t ion of 4 -me thy l -2 , 3 -d ihyd ro - lH-1 , 5 -benzod i azep in -2 -one  leads to the 
fo rmat ion  of a 7 -n i t ro  der iva t ive  [1], i .e. ,  substi tut ion takes  place  in the p a r a  posi t ion re la t ive  to the amide 
group r a the r  than p a r a  to the ket imine group. The introduction of a phenyl group in the 4 posi t ion could, in 
view of the conjugation of the r e lec t rons  of the subst i tuent  with the c a r b o n - n i t r o g e n  double bond [2], c rea te ,  
on the one hand, conditions for  coplanar i ty  of the r ings and, on the other ,  substant ia l ly  r a i se  the e lec t ron  
densi ty on the C (8) atom. In addition, if protonat ion p roceeds  p r e c i s e l y  at this double bond, incorpora t ion  of 
a ni t ro  group in the benzene r ing of the subsi tuent  would be likely. 

It was found that n i t ra t ion of 4 -pheny l -2 ,3 -d ihyd ro - lH-1 ,5 -benzod iazep in -2 -one  (I) by the action of 
po ta s s ium ni t ra te  in concent ra ted  sulfur ic  acid gives nononitro compound II, the acid hydro lys i s  of which leads 
to 4 -n i t ro -o -pheny lened iamine ,  indicating that the ni t ro  group is at tached to C (~) or  C(8 ) of the diazepine por t ion 
of the molecule .  The cons iderable  yield of II and the absence  in the react ion  mix tu re  of o ther  substances  a re  
p robab ly  assoc ia ted  with protonat ion at the N s a tom,  as a resu l t  of which coordinated or ientat ion of the pro ton-  
ated ni t rogen a tom and the aee tamido  group is observed  [3]. The s t ruc tu re  of this substance as p r e c i s e l y  the 
7 i s o m e r  was conf i rmed by a l t e rna t ive  synthes is  f rom N-(2 ,4-dini t rophenyl)benzoylacetamide (IV), the reduct ive 
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Fig. 1. UV spectra of 4 -methy l -2 ,3 -d ihydro- lH-1 ,5 -benzod iazep in -  
2-one (1,2),  1H-2 ,3 ,4 ,5 - t e trahydro- l , 5 -benzod iazep in-2 -one  (3, 4), 
and styrene (5): 1), 3), and 5) in alcohol; 2) and 4) in 1 N HC1. 

Fig. 2. UV spectra of I (1, 2), st i lbene (3), benzylideneanil ine (4), and 
benzyl idenemethylamine (5): 1), 3), 4), and 5) in alcohol; 2) in 
1 N HC1. 

eycl izat ion of which led to 7 -amino-4 -pheny l -2 ,3 -d ihydro - lH-1 ,5 -benzod iazep in -2 -one  (V), which was identical 
to the product of reduction of diazepine IIo In addition, benzodiazepinone II was synthesized by cycl izat ion of 
ethyl 3-(4-nitro--2-aminophenylamino)cinnamate (VI) in the presence  of sodium ethoxide. 

~ /NH2 

NO2/~ / / r '~  N H--?=C HCOOC2H5 

C 6 H s 
Vl 

J ~ N  H COCH2COC6H 5 

NO2,~ ~ ' , ~ / ' N O  2 

IV 

O~ /C6Hs rs'y \ 
1~ I I  + CHo 

NOs ~ / " ~ / / ~ N H 2  I .~C / " 

I . Ill [ O~ \ O C 2 H  s 

~ N H - - ~  O NO 2 NH O 

II VII 

1 

N H2/~ '~ /XN-- \C6H 5 

V 

However,  the physical  constants of the compound obtained were not in agreement with those previously  
published [4]. Hideg and Hankovsky [4] adopted a structure without proof, whereas the react ion of diamine HI 
with benzoylaeet ic  e s ter  was carried out under severe  conditions,  for which i somerizat ion is fully l ikely. We 
reproducted their experiment,  obtained a substance with the constants described by them, and showed that it 
has 8 - i s o m e r  structure VH. 

In this connection,  we made a systematic  study of the e lectronic  spectra of a number of 1 ,5-benzodiazepin-  
2 -ones .  The origin of the spectra was investigated by analysis  of the structure into the component cochromo-  
phore sys tems  by the method in [5]. 

The existence of nonc0planarity and the appearance of bands of two quasi-autonomous sys tems - the Ka 
band for the f irst  case and the K band for the second - can be predicted in the spectrum of 4 - m e t h y l - l , 5 -  
benzodiazepin-2-one  (VIII) with al lowance for the poss ibi l i ty  of conjugation of the double of the nitrogen atom 
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Fig. 3. UV spec t ra  of IX (1, 2), VII (3, 4), and m-ni t roacetani l ide  (5): 1), 3), 
and 5) in alcohol; 2) and 4) in 50% sulfuric acid. 

Fig. 4. UV spec t ra  of X (1, 2), II (3, 4), and p-ni t roacetani l ide (5): 1), 3), 
and 5) in alcohol; 2), and 4) in 50% sulfuric acid. 

and the CH = N group with the e lect rons  of the benzene ring. On the basis  of a compar ison of the spectra  of 
VIII with the spec t rum of 1, 5- tetrahydrobenzodiazepinone [6], in which conjugation of the amino group with 
the benzene ring is realized,  and the spect rum of s tyrene,  in which the double bond is in conjugation with the 
ring Xmaxat  211 nm (e = 34,000) should be assigned to the Ka band. The hypsochromic shift (A~,+10 rim) is 
apparently connected with replacement  of the NHCH 2 group b y - N  = CH-, and the decrease  in intensity (A e = 
8000) is explained by competit ive conjugation of the double bond with the electrons of the benzene ring. The 
presence  in the spect rum of a smal l  inflection (~ ~ 230 rim), which is located close to the band of s tyrene 
(~max248 nm), can be assumed to be a manifestat ion of the K system.  The assignment of the bands is con- 
f i rmed by a study of the spec t rum of VIII in an acidic medium, in which protonation of the N 5 atom is likely. 
The absence of absorption in the region of the f i rs t  intense maximum charac ter i s t ic  for  the tetrahydrodiazepine 
sys tem provides evidence in favor of the co r r ec t  ass ignment  of this band, and the increase  in the intensity of 
the second band is evidently associated with the increase  in the coplanari ty of a sys tem of the s tyrene type, as 
well as with the superimposi t ion of the baud of a protonated Ka system (Fig. 1). 

When a phenyl ring is introduced in the 4 position, bands of three quasi-autonomous sys tems appear in 
the spectrum: the band at ~ a x 3 1 0  nm, which is close to the band of stilbene (Fig. 2), can be assigned to the 
band of a unified conjugated system,  the intense band a'~ Lma_x240 nm can be assigned to a K b sys tem because 
of its s imi lar i ty  to the C6HsCH=N-CH 3 band ( ~nax  246 nm), and the third band at 2~max212 nm can be assigned 
to the aniline sys tem of the molecule.  

I ka " ' ~  

�9 kb i k 

An increase  in intensity is observed as a result  of protoYiation, and this constitutes evidence for a change 
in the planar  cha rac te r  of the molecule and probably is associated with an increase  in the coplanari ty of the 
system. 

The introduction of a ni tro group leads to considerable changes in the spec t ra  (Fig. 3 and 4), in which 
additional absot~ption bands charac te r i s t i c  for  nitroanil ines and ni t roacetamides  appear. The bands of nitro-- 
acetamides ,  which are  retained in the case of protonation, are  the most  charac te r i s t i c  bands. The Xmax bands 
at 242 nm for 8 -n i t ro -4 -me thy l - lH-2 ,3 -d ihyd ro - l , 5 -benzod iazep in -2 -one  (IX) and 226 nm for  VII, which undergo 
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cons iderab le  changes when the molecu les  a r e  protonated,  can be ass igned to the absorpt ion  of the m - n i t r o -  
acetani l ide grouping, while the band at 310-320 nm is m o r e  c h a r a c t e r i s t i c  for  I I  and 7-ni t ro-4--methyl-2 ,3-  
dihyd ro-- 1H-1,5-~benzodiaz epin- 2-one (X). 

Thus the posi t ion of the n i t ro  group can be de te rmined  on the bas i s  of the UV s p e c t r a  of n i t rod iazep-  
inones in acidic media  f rom the appea rance  of a m-n i t roaee tan i l ide  band in the spec t ra .  

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

The IR s p e c t r a  of KBr pe l le t s  of the compounds were  r eco rded  With a UR-20 s p e c t r o m e t e r .  The UV 
spec t r a  of alcohol and sulfur ic  a c i d - w a t e r  (1:1) solutions of the compounds were  recorded  with an SF-16 
spec t ropho tomete r .  The PMR s p e c t r a  of ch lo ro form solutions were  recorded  with a Var i an  T-60 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 tandard.  The individuality of the compounds was moni tored  by means  
of th in - l aye r  ch roma tog raphy  (TLC) on a luminum oxide in a c h l o r o f o r m - a l c o h o l  s y s t e m  (20:1). 

Ethyl 3- (2-Aminophenylamino)c innamate .  This  compound, with mp 133-135 ~ (from e t h e r - h e x a n e ) ,  was 
obtained in 72% yield f rom o-phenylenediamine  and benzoylacet ic  e s t e r  in the p r e s e n c e  of catalyt ic  amounts of 
acid. Found: N 10.1%. CI~HIsN202. Calculated:  N 9.9%. PMR spec t rum:  1.30 (t, CH3), 4.13 (q, CH2), 5.00 
(s, 2H), and 3.63 ppm (s, NH2). 

4 -Phenyl -2 ,3 -d ihydro- -1H-1 ,5-benzodiazep in-2-one  (I). This  compound, with mp 205 ~ ffrom alcohol),  
was synthesized in 65% yield f rom ethyl 3- (2-aminophenylamino)c innamate  by the method in [7]. Found: N 
11.9~ CfsH12N202. Calculated:  N 11.9~ No mel t ing-point  dep res s ion  was observed for  a mix tu re  of this 
product  with the substance  obtained by the method in [4], and the i r  IR spec t r a  were  identical.  

Ethyl  3 - (2 -Amino-5 -a i t ropheay lamiao )c inaama te  (VI). Two to th ree  drops  of concentrated hydrochlor ic  
acid were  added to a m i x t u r e  of 3.06 g (0.02 mote)  of  4 -n i t ro -o-pheny lened iamine  in 14.5 ml  (0.1 mole) of 
benzoylacet ic  e s t e r ,  and the mix tu re  was allowed to stand for  15 days.  The resul t ing prec ip i ta te  was washed 
with methanol  and c rys ta l l i zed  f rom benzene to give 2.9 g (45%) of a product  with mp 203 ~ (from benzene). 
Found: N 12.6%. CtyHi?N304. Calculated.. N12.8%. PMR spec t rum:  1.1 (t, CH3) , 4.28 (q, CH2) , and 5.29 ppm 
(s, CH). 

�9 7-Ni t ro -4 -pheny l -2 ,3 -d ihydro - lH-1 ,5 -benzod iazep in -2 -one  (II). A) A 2.3-g (0.01 mole) sample  of I was 
dissolved in 10 ml  of concentra ted sulfur ic  acid,  the solution was cooled to -15% and a solution of 1.01 g (0.01 
mole)  of po ta s s ium ni t ra te  in 7 ml  of concent ra ted  sulfur ic  acid was added dropwise .  The mix tu re  was s t i r r ed  
a t - 1 0  to +6 ~ for  2 h, a f t e r  which it was  poured into cold water ,  and the p rec ip i t a te  was removed  by  f i l t ra t ion to 
give 2 g (71%) of a product  with mp 254 ~ [from d ime thy l fo rmamide  (DMF)]. 

B) A 0.98-g (0.003 mole} sample  of e s t e r  VI was refluxed with sodium ethoxide (from 0.22 g of sodium 
and 8.5 ml  of alcohol} for  1 h, a f t e r  which the solvent  was removed,  the res idue was diluted with 10 ml  of water ,  
and the mix tu re  was neutra l ized to p H 6. The resul t ing  prec ip i ta te  was removed by f i l t ra t ion and c rys ta l l i zed  
f rom DMF. No mel t ing-poin t  depress ion  was observed  for  a mix tu re  of this product  with the substance obtained 
in method A, and the i r  IR and UV s p e c t r a  were  identical.  Found: C 63.5; H 4.5%. Cl~HiiN303. Calculated: 

C 63.6; H 4.6%. 

N-(2 ,4-Dini t rophenyl)benzoylacetamide  (IV). A solution of 6 g (0.033 mole) of 2 ,4-dini t roani l ine in 
xylene was added dropwise  in the cour se  of 24 h, with s imul taneous r emova l  of xylene by dist i l lat ion,  to a 
refluxing solution of 20 ml  (0.14 mole) of benzoylacet ic  e s t e r  in 40 ml  of xylene at 145-150 ~ The mix tu re  
was then cooled, and the p rec ip i t a t e  was removed  by f i l t ra t ion and washed with acetone to give 3.4 g (32%) of 
a product  with mp 165 ~ (from chloroform}.  Found: C 54.8; H 4.1%. C15HllN306. Calculated:  C 54.7; H 3.3%. 

7 -Amino -4 -pheny l -2 ,3 -d i hyd ro - l H-1 ,5 -benzod i azep in -2 -one  (V). A) A solution of 0.56 g (0.002 mole)  of 
I Ia  in 25 ml  of absolute alcohol was hydrogenated over  Raney nickel.  After  the calculated amount of hydrogen 
had been absorbedi  the ca ta lys t  was removed  by f i l t ra t ion,  and the solvent was removed  f rom the f i l t ra te  to 
give 0.35 g (70%) of a product  with mp 217 ~ (from alcohol). Found: C 71.5; H 5.8%. C15H13N30. Calculated: 

C 71.7; H 5.1%. 

B) A 1.6-g (0.005 mole)  sample  of IV was s i m i l a r l y  hydrogenated.  The ethanol was removed,  and the 
res idue  was sepa ra ted  on a luminum oxide (elution with chloroform)  to give 0.45 g (34%) of a product  with mp 
217 ~ The IR and UV s pec t r a  of the product  and the compound obtained in exper iment  A were  identical.  
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M A S S  S P E C T R A  O F  T R I S U B S T I T U T E D  1 , 2 , 3 , 4 - T E T R A H Y D R O -  

1 , 5 -  B E N Z O D I A Z O C I N - 2 -  O N E S  

P .  A .  S h a r b a t y a n ,  P . B .  T e r e n t ' e v ,  
S. A.  A n d r o n a t i ,  A.  V.  B o g a t - s k i i ,  
O. P .  R u d e n k o  a n d  V .  V.  D a n i l i n  

UDC 543.5'422.4.6:547.895 

The m a s s  s pec t r a  of 1 ,5 -benzod iazoc in -2-ones  a re  cha rac t e r i zed  by multi l ine c h a r a c t e r  due to 
the la rge  n u m b e r  of pathways of f ragmenta t ion  of the mo lecu l a r  ions. In a number  of cases  the 
s a m e  signal in the high m / e  region co r r e sponds  to ions with different  composi t ions .  The p r in -  
c ipal  f ragmenta t ion  pathways were  de te rmined  by h igh- reso lu t ion  m a s s  s p e c t r o m e t r y .  The 
poss ib le  s t r u c t u r e s  of the f r agmen t  ions and the m e c h a n i s m s  of the i r  fo rmat ion  a re  d iscussed .  
The m a s s  s p e c t r a  of model  compounds were  a l so  invest igated for  this purpose .  

In o rde r  to compare  the m a s s  s p e c t r o m e t r i c  behav ior  of benzodiazepinones [1, 2] with the i r  eight-  
m e m b e r e d  analogs we studied the m a s s  s p e c t r a  of a s e r i e s  of t r i subs t i tu ted  1 ,2 ,3 ,4 - t e t r ahydro - l , 5 -benzod iazo -  
c in -2 -ones  (Table 1}. The compounds were  synthesized under  conditions close to those descr ibed  in [3]. The i r  
s t r u c t u r e s  were  proved  by IR and UV spec t roscopy  and po la rography .  Thus absorp t ion  bands of C = O (1670 
cm -1} and C = N (1615 cm -1) bonds a r e  obse rved  in the IR spec t rum of II (solution in CC14}. The UV spec t rum 
of this compound in ethanol is c h a r a c t e r i z e d  by absorp t ion  at 249 nm. Like the cor responding  lh -2 ,3 -d ihydro -  
1 ,4 -benzod iazep in-2-ones  [4], these  compounds a r e  reduced on a dropping m e r c u r y  e lec t rode  and give one 
po la rograph ic  wave at 950-1020 mV, which evidently co r r e sponds  to reduction of the N~ = C 6 bond. 

The m a s s  s p e c t r a  of the invest igated compounds and the calculated s tabi l i t ies  with r e spec t  to e lec t ron  
impac t  (W M} a re  given in Table  2, and the r a t ios  of the intensi t ies  of some  of the c h a r a c t e r i s t i c  ions a r e  
given in Table  3. 

The W M values demons t r a t e  that the s tabi l i t ies  of the benzodiazocine molecu les  with r e spec t  to e lec t ron  
impac t  a re  lower  by a fac tor  of 2-2.5 than the s tabi l i t ies  of benzodiazepinones  [2]; this is apparent ly  due to the 
i nc r ea se  in the number  of poss ib le  f ragmenta t ion  pathways.  It is in te res t ing  to note that the s tabi l i t ies  of N- 
a lky l - l , 5 -benzod iazoc ine  molecu les  with r e spec t  to e lec t ron  impact  approach  the s tabi l i t ies  of 3- a lkyl-  sub- 
sti tuted benzodiazepinones  [2]. 

The [M - HI + ion peaks  have h igher  in tens i t ies ,  and in all  ca ses  the i r  in tensi t ies  exceed the intensi t ies  
of the m o l e c u l a r  ion peaks  (with a co r rec t ion  for  the monoisotope effect}. The JM_i /M ra t ios  for  I -XI  range 
f rom 1.02 to 1.87, whe reas  J M _ i / J  M is 3.56 for  I (R 1 = H}. The J M _ 2 J J M  value for  this compound also d i f fers  
substant ia l ly .  Whereas  it is 0.79-1.57 for  the ent i re  s e r i e s  of compounds,  i t  is 3.05 for  I. 

The m a s s  spec t r a  of I obtained with an MKh-1303 s p e c t r o m e t e r  a re  p re sen ted  in Fig. 1, and the high- 
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