
2~Mathy~thi~-4-ch~r~-6-methv~-7-butY~-8-~x~-7'8-dihydr~pyrimid~[5~4-d]pyrimidine (XII). A 1.2-g 
(3.8 mmole) sample of XI was refluxed with 20 ml of POCl3, after which the resulting solution was vacuum 
evaporated, and the residue was treated with ice. The aqueous solution was neutralized with dry NaHCO 3 and 
extracted with chloroform. The chlorofom was vacuum evaporated, and the residue was tri turated with petrol-  
eum ether to give 0.5 g of XII. 
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The kinetics of the recombination of phenazyl radicals and their  reaction with secondary 
amines were studied by ESR spectroscopy. A relationship between the reactivtties of the radi-  
cals andthe character  of the substituent in the 5 position was observed. The possibility of the 
addition of secondary amines to the dihydrophenazine system was shown during a study of the 
reaction of phenazyl radicals with the former.  

Continuing our study of the free  radicals of a number of 5-substituted dihydrophenazines [1], we made a 
kinetic study of their  recombination and reaction with secondary amines. 

The radicals were generated by oxidation of dihydrophenazines Ia-d with lead dioxide in benzene, and the 
formation of paramagnetic part icles was recorded with an R]~-1301 radiospectrometer.  The observed decrease 
in the intensities of the ESR signals with time (Fig. 1) provided evidence for recombination of the free radical 
part icles and was accompanied by conversion of the green color characterist ic  for a solution of the free radical 
to violet. 

~ H5 

[ 
I a R~.-C4Hg; b R=CsH5; Cell5 

C R = 2,4-(NO2)2CsH3; i i  

d R = 2,4,6-(NO2)~CGH 2 

To study the structure of the transformation product we undertook the preparative oxidation of Ib with 
subsequent exhaustive recombination of the generated radical and chromatographic separation of the resulting 
solution on A1203. 

S. M. Kirov Ural Polytechnic Institute, Sverdlovsk 620002. Translated from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 4, pp. 521-524, April, 1977. Orig~n,] art icle submitted May 7, 1976. 

This material is protected by copyright registered in the name of  Plenum Publishing Corporation, 227 West 17th Street, New York, N. If. 10011. No part I 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I 
microfilming, recording or'otherwise, without written permission o f  the publisher. A copy of  this article is available from the publisher for $7.50. ] 

420 



10 20 30 

,.o~ ~/~ 

I 

0"51 
O.z 

,,mm ,oo ' 2bo :~6o'"* m--~n 

Fig. 1. Kinetic curves  of the recombination of radicals  of Ia-d in 
a i r :  1) In; 2) Ib; 3) Ic; 4) Id; 5) curve of the recombination of the 
radical  of Ib in vacuo ( I / I  0 is the intensity of the ESR signal of the 
radical  r e fe r red  to the intensity of the signal of a standard sample). 
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Fig. 2. Kinetic curves  of the react ion of 
radicals  of Ib-d with carbazole  at 50~ in 
vaouo: 1) Ib; 2) Ic; 3) Id (I/I 0 is the inten- 
s i t yo f the  ESR signal of the radical  r e f e r -  
red to the intensity of the signal of a 
standard sample). 

The compound isolated in this manner  did not display absorption in the region of the frequencies of the 
s t re tching vibration of the N - H  bond, but its e lementary  composit ion corresponded to the s tar t ing 1,3-dinitro-- 
5-phenyldihydrophenazine fib). An ESR signal was not observed when the recombination product was heated 
for  a long t ime in solution in the presence  of o~,~-diphenyl-fl-picrylhydrazine, selected as a paramagnet ic  
par t ic le  "trap."  This fact constitutes evidence that a stable substance that is not inclined to undergo thermal  
dissociat ion is formed as a resul t  of the recombination.  A 10,10 '-bis  (1,3-dinitro-5-phenylphenazyl) s t ructure  
(II) can therefore ,  be assumed for  the product.  The possibi l i ty of the formation of this sor t  of d imer  was 
demonstrated in [2] 

To obtain a comparat ive  evaluation of the ra tes  of recombination of the investigated radicals  we studied 
the kinetics of this p rocess  by means of ESR spect roscopy in the presence  of a i r  oxygen and in vacuo. The 
kinetic curves  obtained are  presented in Fig. 1, and the rate constants calculated from a second-orde r  equation 
[3] are  presented in Table 1. 

As seen f rom Table 1, recombinat ion in vacuo is slowed down markedly;  this is in good agreement  with 
the l i te ra ture  data on the effect of dissolved oxygen on the stabilit ies of free radicals  [4, 5]. 

The increase  in the stabil i t ies in the se r ies  of radicals  can be explained, on the one hand, by an increase  
in the degree of delocalization of the unpaired electron as the e l ec t ron-accep to r  proper t ies  of the substituent 
in the 5 posit ion inc reases  and, on the other ,  by the increase  in the degree of solvation of the molecules  of the 
radicals  as their  polar i t ies  change. However, a study of the electronic spec t ra  of the phenazyl radicals  in a 
number  of solvent with different die lectr ic  constants [benzene, dioxane, acetone, acetonitr i le ,  and dimethyl-  
formamide (DMF)] showed that the visible portion of the spec t rum charac te r i s t ic  for these sys tems  [1] retains 
its configuration. The solvation effect in this case can therefore ,  be disregarded,  and the change in the stab- 
ilities of the investigated radicals  can be explained by the effect of the substituent in the 5 position. 
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TABLE 1. Rate Constants  
of Recombinat ion of the 
Radicals  of Ia-d 

K, liter �9 mole -t .min -~ 

Radical in the pre- }in vacuo, 
sence of air, IK.IO 4 
IK .10 3 I 

Ia 67,3 21,8 
Ib 52,6 11,1 
Ie 7,21 7,57 
Id 3,99 4,12 

TABLE 2. Rate Constants  
and Activation Energ ie s  (E A) 
for  the React ion of Phenazyl  
Radicals  with Carbazo le  at 
50~ 

K'IOZ' I EA' 
Radical min-1 " kcal/mole 

I6 
IB 
Ir 

6,38 1 t O , 9 0  2,81 I 1.20 
!,03 10,10 

To obtain m o r e  detai led informat ion  regard ing  the reac t iv i t i e s  of the phenazyl  rad ica l s  we undertook a 
study of the kinetics of the i r  reac t ion  wi th  secondary  a roma t i c  amines  [6]. 

�9 The  kinetics of this p r o c e s s  were  studied by means  of ESR spec t roscopy  of benzene solutions under  
vacuum conditions. The kinetic curves  a r e  p re sen ted  in Fig. 2, and the ra te  constants  for  the reac t ion  of the 
phenazyl  r ad ica l s  with ca rbazo le  at 50 ~ calculated f rom a f i r s t - o r d e r  equation [3] (in the case  of excess  
secondary  amine) ,  and the act ivat ion energ ies  a r e  given in Table  2. 

The  ra te  of reac t ion  of the rad ica l  of Ia with ca rbazo le  was found to be comparab le  to the ra te  of r e c o m -  
bination of this radical .  

As a resu l t  of a study of the kinetics of both p r o c e s s e s  it can be concluded that,  despi te  the noncoplanar -  
i ty of the molecules  of the inves t igated compounds [7], the subst i tuent  in the 5 posi t ion has  a sufficiently s t rong 
effect  on the reac t iv i ty  of the dihydrophenazine sys t em.  

A compar i son  of the E A values  (Table 2) in the phenazyl  rad ica l  s e r i e s  shows that the i r  reac t ions  with 
secondary  amines  a r e  cha rac t e r i zed  by approx imate ly  the s ame  act ivat ion b a r r i e r s  that co r respond  to p r o c e s s e s  
with the par t ic ipa t ion  of f r ee  rad ica l s  [6, 8]. 

I n  a study of the s t ruc tu r e s  of the products  of the reac t ion  of the phenazyl  rad ica l s  with amines  we ob- 
se rved  that the p r o c e s s  does not stop at f i r s t  s tep - the fo rmat ion  of the cor responding  dihydrophenazines Ia-d .  
Thus Il l ,  the e l e m e n t a r y  composi t ion  of which co r r e sponds  to the addition of the resu l t ing  aminyl  rad ica l  to 
this dihydrophenazine,  was isola ted along with the eas i ly  identifiable dihydrophenazine Ic by chromatographic  
separa t ion  of the products  of the reac t ion  of the radica l  of Ic and monoethylanil ine.  Compound HI is c h a r a c t e r -  
ized by the p r e s e n c e  in i ts  m a s s  s pec t rum  of the cor responding  molecu la r  ion (m/e  557) and d isp lays  a band 
of the s t re tch ing  vibrat ion of the N - H  bond (3300 cm -1) pecu l i a r  to dihydrophenazines Ia -d  in its IR spec t rum.  
We were  unable to es tab l i sh  the exact  s i te  of a t tack,  but it can be a s sumed  that the aminyl  rad ica l  a t tacks  the 
unsubst i tuted phenylene r ing of the phenazine sy s t em,  i .e. ,  the reac t ion  p roceeds  via the scheme  

. N NO.o C-"Hs /  

NO 2 ] NO 2 NO2 
I l l  

IC 

+ It" 

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

Genera t ion  of Phenazyl  Radicals  and Kinetics of T h e i r  Recombination.  A solution of dihydrophenazine 
I a -d  in dry  benzene (10 -3 M) and a 20-fold excess  of powdered lead dioxide were  placed in a specia l  cuvette.  
Af ter  evacuat ion of the a i r  to P r e s  ~- 10-4 m m  of Hg, the powdered lead dioxide and solution were  mixed and 
shaken for  5-60 rain. The g reen  solution of the rad ica l  was decanted into a capi l la ry ,  which was placed in the 
the rmos ta t t ed  r e s o n a t o r  of an Rt~-1301 s p e c t r o m e t e r .  The ESR signal  of the rad ica l  was recorded  at 20 ~ 
re la t ive  to the s ignal  of a s tandard  sample  up to a deg ree  of convers ion  of ~ 70%. 
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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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S Y N T H E S I S  A N D  N I T R A T I O N  O F  4 - P H E N Y L - 2 , 3 - D I H Y D R O -  

1 H -  1 , 5 -  BE NZ O D I A Z E  P I N - 2 -  O N E  

T .  S. C h m i l e n k o ,  Z .  F .  S o l o m k o ,  a n d  
A.  N.  K o s t  

UDC 547.892.07:542.958.1 

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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