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The po la rographic  anode oxidation of 5-subst i tu ted  dihydrophenazines i n  an apro t i c  med ium and 
an aqueous acetone solution has one -e l ec t ron  or two-e l ec t ron  cha rac t e r .  I t  was  shown by means  
of the e lec t ron ic  and ESR s p e c t r a  that  the in te rmedia tes  in the anode oxidation of dihydrophena-  
zine and 5-methyldihydrophenazine  a r e  cation r ad i ca l s  and that  the products  of one -e l ec t ron  oxi-  

�9 dation of 1 ,3 -d in i t r o -5 -a ry l - subs t i t u t ed  dihydrophenazines a r e  phenazyl  r ad ica l s .  The final p rod-  
ucts of anode oxidation a r e  phenazinium sa l t s .  

The behavior  of phenazine and its de r iva t ives  under po la rographic  reduct ion conditions has been studied 
in detail  [1-4]. Except  for  the data in [5], there  is no information avai lab le  r ega rd ing  s i m i l a r  s tudies of dihy- 
drophenazines .  In a continuation of our study of the s t r u c t u r e  of 5,10-dihydrophenazine de r iva t ives  [6] we in- 
ves t iga ted  the po la rographic  oxidation of Ia -k .  

The po laxograms  of the  invest igated compounds a r e  in the f o r m  of one - s t ep  S-shaped curves  (Fig. 1), 
except  for the two- s t ep  p o l a r o g r a m s  for  unsubsti tuted dihydrophenazine (Ia) and 5-methyldihydrophenazine  {Ib). 
All of the po la rographic  waves  obtained have diffusion p r o c e s s  on a ro ta t ing  e lec t rode  [7]. 

The pathways of anode po la rographic  oxidat ion of 5-subs t i tu ted  dihydrophenazines can be hypothet ical ly  
r e p r e s e n t e d  by the following scheme:  
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R~ -H + N R., 
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I a R=R1=R~=H; b R=CHa, RI:R2=H; c R=COC~Hs, RI=R2=H; d R=CO-(4-NO2C~D, 
RI=R2=H; eR=COCH3, RI=R2=H: f R=Ph, RI=H,R~=NO2;g R=n-Bu, RI=R2=NO2; 
h R=4-CHsCoH,, Rr=R2=NO~; i R=C6Hs, RI=R2=NOz; j R=2,4-(NO2)zCsH3, Rl = 

=Rz=NO2; k R=2,4,6-(NO2)aC~H2, RI=R2=NO2 

To de te rmine  the number  of e lec t rons  par t ic ipa t ing  in the e l ec t rochemica l  oxidation we t r ea t ed  the p o l a r -  
ographic  curves  by m e a n s  of the Nerns t  equation for  a r e v e r s i b l e  anode wave [7]. I t  was obse rved  that both 
waves  of 5,10-dihydrophenazine and 5-methyldihydrophenazine  obey this equation and co r respond  to two one-  
e lec t ron  oxidation s teps .  
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1) dihydrophenazine (Ia), 5-methyldihydrophenazine  Fig. 1. P o l a r o g r a m s  of anode oxidation: 
(I]o); 2) the r ema in ing  5,10-dihydrophenazine der iva t ives  (Ic-k). 

Fig. 2. E lec t ronic  absorpt ion s pec t r a  (alcohol): The dotted line r e p r e s e n t s  phenazine; the 
solid line, phenazine methylsulfa te ;  the b roken  l ines ,  phenazine cation rad ica l .  
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Fig. 3. ESR spec t ra :  a) phenazyl r ad ica l  (HI); 
b) theore t ica l  s p e c t r u m  [16]. 

TABLE 1. Potentials  
of Anode Oxidation of 
5 D10- Dihydrophenaz ine 
Der iva t ives  

C o m  - 
pound e ~;2 ' V 
I 

a 0,20; 0,52 
b 0,25; 0,58 
c 0,76 
d 0.78 
e 0.80 
f 0,62 
g 0,76 
h 0,77 
i. 0,79 
J 028 
k 0,97 

TABLE 2. Oxidation Potentials  (El/,) and Number  of Elect rons  (n) 

for Ii as  a Function of the pH of the Medium 

pH ,.58 [ z,,o 5.65 6,8 1 s.o 1 ,2.0 
/ I 

E~/2, V 0,605 I 0,575 0,580 0,710 1 0,555 0,565 
n 2,38 l 2~60 2,30 0,96 { 1,34 1,03 

P repa ra t i ve  e l ec t ro lys i s  of a solution of dihydrophenazine Ia at the potential  of the f i r s t  po larographic  
waves  gav e a product  whose e lec t ronic  (Fig. 2) and ESR s p e c t r a  co r respond  to the phenazine cation rad ica l  
(IIa) [8, 9]. The e lec t ron ic  s p e c t r u m  of the final oxidation product  coincided comple te ly  with the s p e c t r u m  of 
phenazine [10, 11] (Fig. 2). 

The product  of e l ec t ro lys i s  of a solution of 5-methyldihydrophenazine  Ib at the potential  of  the f i r s t  po-  
l a rograph ic  wave displayed the ESR signal c h a r a c t e r i s t i c  for the cation r ad ica l  of 5-subst i tu ted phenazine (IIb} 
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[12]. The final oxidation product  was found to be the 5-methylphenaz in ium sal t  (IVb), which was identified 
f r o m  its e lec t ronic  s p e c t r u m  [9] (Fig. 2). 

However ,  it was found to be imposs ib le  to de te rmine  the number  of e lec t rons  by means  of the Nerns t  
equation for the one - s t ep  po la rographic  curves .  The s imul taneous  solution of the Levich equation for a r o t a t i n g  
e lec t rode  and the equation of the diffusion p roce s s  on a s t a t ionary  e lec t rode  [13] was t h e r e f o r e  used for this 
purpose  in the case  of the r ema in ing  5,10-dihydrophenazine der iva t ives  (Ic-k). The number  of e lec t rons  t r a n s -  
f e r r e d  during anode oxidation in an ap ro t i c  med ium found in this way was two, and phenazinium sal t  IV should 
be cons idered  to be a product  of the e lec t rode  p r o c e s s ,  as in the case  of 5-methyldihydrophenazine.  

On compar ing  the oxidation potentials  of dihydrophenazines {Table 1), one may  note that acyl  subs t i tu-  
ents ,  which have an overa l l  e l e c t ron -accep t o r  effect ,  give r i s e  to an inc rease  in the potential.  The di f ference  
in the oxidation potentials  in the s e r i e s  of 5-acyldihydrophenazines  I c - e  is insubstantial ;  this is due to the 
blocking effect  of the carbonyl  grouping, which hinders  t r a n s m i s s i o n  of the effect  of the subst i tuent  to the r e a c -  
t ion center  of the dihydrophenazine sys t em.  The apprec iab le  shift of the oxidation potential  to the posi t ive r e -  
gion in the case  of Ig, h, i as compared  with Ia, b can be explained by the e l ec t ron -aceep to r  effect  of the ni t ro 
groups in the 1 and 3 posi t ions of the dihydrophenazine molecule .  However ,  the oxidation potentials  of Ig, h, i 
a r e  c lose  to one another ,  inasmuch as  the conjugation of a subst i tuent  in the 5 posi t ion with the reac t ion  center  
is weakened because  of the noncoplanar i ty  of the dihydrophenazine molecule  [14, 15]. The introduction of ni t ro  
groups in the 2' and 6'  posi t ions of the phenyl r ing  at tached to the ni t rogen a tom c r e a t e s a d d i t i o n a l  s t e r i e  hin- 
drance ,  which reduces  the effect  of these  s t rong  e l ec t ron -accep to r  subst i tuents  (Ii, j ,  k), whereas  a ni t ro group 
in the 1 posit ion gives r i s e  to a cons iderable  shift  in the potential  (If, i). 

In o rde r  to find the conditions for s tabi l izat ion of the product  of one -e l ec t ron  oxidation we undertook the 
po la rographie  oxidation of 1 ,3-din i t ro-5-phenyldihydrophenazine  (Ii) in aqueous acetone solution over  a b road  
range  of pH values  (1.5-12.0) (Table 2). 

The number  of e lec t rons  par t ic ipat ing  in the oxidation of Ii was a lso  found by s imul taneous solution of the 
equations of the diffusion p roce s s  on ro ta t ing  and s ta t ionary  e lec t rodes .  This number  was found to be two in an 
acidic medium,  whereas  the oxidation has one -e l ec t ron  cha rac t e r  in neutra l  and alkal ine media.  

The oxidation potent ia ls  change only sl ightly as the pH of the medium changes.  The discontinuity in El/~ 

in the posi t ive  region at pH 6.8 accompanies  the t rans i t ion  f r o m  a two-e lec t ron  to a one -e l ec t ron  p roces s  and 
the fo rmat ion  of a pa ramagne t i c  compound, which can be obtained by p r e p a r a t i v e  e lec t ro lys i s  of Ii in alkaline 
media  (pH 12.0). This is accompanied  by a r a t he r  pe r s i s t en t  g reen  colorat ion of the solution and a poor ly  r e -  
solved f ive-component  ESR signal (Fig. 3) due to the fo rmat ion  of phenazyl r ad ica l  IIIi.  The s t ruc tu re  of this 
s p e c t r u m  can be descr ibed  by coupling of the spin of the unpaired e lec t ron  p r i m a r i l y  with two equivalent n i t ro -  
gen nuclei [16]. A s i m i l a r  e lec t ron ic  s p e c t r u m  [6] and a s i m i l a r  ESR signal  we re  obse rved  when rad ica l  IIIi 
was genera ted  in benzene by means  of lead dioxide. 

A pa ramagne t i c  product  having the seven-component  ESR s p e c t r u m  cha rac t e r i s t i c  for the phenazine ca -  
t ion r ad ica l  [8] was unexpectedly detected as a resu l t  of the e l ec t ro lys i s  of 5-acyldihydrophenazines  (Ic-e) in 
aqueous acetone solution. The e lec t rode  reac t ion  in this case  apparent ly  p recedes  hydrolyt ic  spl i t t ing out of 
an acyl  subst i tuent  [17]. 

E X P E R I M E N T A L  M E T H O D  

Anode po la rographie  oxidation was ca r r i e d  out with an LP-7  po la rograph  (Czechoslovakian SSR) f r o m  0 
to +1.3 V re l a t ive  to a sa tu ra ted  ca lomel  half cell.  A ro ta t ing  graphi te  disk e lec t rode  impregnated  with p a r a f -  
fin was used as the anode, The exper iments  we re  c a r r i e d  out in a he rme t i ca l ly  sea led  the rmos ta t t ed  cell  at 
25 ~ in anhydrous acetone at a depo la r i ze r  concentra t ion of 10 -4 m o l e / l i t e r  with a l i thium pe rch lo ra t e  base  e l ec -  
t ro ly te  (concentration 5" l0 -~ m o l e / l i t e r  in solution). 

Data on the synthes is  of the invest igated compounds were  p resen ted  in our preceding  paper  [6]. 
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AND P U R I N E  MONO-  

AND P O L Y N U C  L E O T I D E S  

V.* PREPARATION OF 9-(1,5-DIHYDROXY-3-PENTYL)- 

PURINES 
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A number of 6-substituted 9-(1,5-dihydroxy-3-pentyl)purines were obtained from 5-amino-4,6- 
dichloropyrimidine. 5-Amino-4~6-dichloropyrimidine reacts  with 2-hydroxymethylpyrrolidine to 
give 4-chloro-5-amino-6-  (2-hydroxymethylpyrrolidino)pyrimidine. 

As previously reported in [2], the synthesis Of analogs of oligonucleotides with a modified pentose residue 
seems of interest in order  to study the effect of such oligomers on biologically important systems, the function- 
ing of which is associated with nucleic acids. Replacement of the ribose or deoxyribose of natural polynucleo- 
tides by dihydroxyalkyl groups of corresponding length and conformation may lead to analogs of nucleotides 
that to a greater  or lesser  extent are capable of complexing with natural polynucleotide matrices.  

The synthesis and subsequent polycondensation of l'SV-diphosphates of 1T,5'-dihydroxypentylpurines also 
seems of definite interest,  since it is possible that synthetic polynucleotides containing a pentamethylene chain 
instead of a r ibose (deoxyribose) residue will prove to be conformationally closer to natural prototypes. 

9-(1,5-Dihydroxy-3-pentyl)purines, the synthesis of which is possible by two methods - b y  alkylation of 
purine derivatives (for example, see [3, 4]) or by adding an imidazole ring to the corresponding pyrimidine 
derivatives (for example, see [5]) - can be used as the starting materials for the preparation ofsuchcompounds. 

Our attempts to alkylate 6-fluoropurine with diethyl a -  or fl-bromoglutarates in the presence of sodium 
hydride or potassium carbonate [4, 6] in dimethylformamide (DMF) with subsequent reduction of the ester  

* See [1] for communication IV. 
t Deceased. 
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