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The s t ructure  of quaternary azo compounds containing an azo group and an acryl ic  acid r e s i -  
due attached to the exoeyclic nitrogen atom of adenine is proposed for the products of coupling 
of N~-furfuryladenine with resorcinol ,  orctnol,  and m - c r e s o l  after react ion of NCfurfuryl -  
adenine with nitrous acid on the basis of the UV, PMR, and IR spectral  data and the results  
of e lec t rochemical  reduction. 

The analytical application of the color imetr ic  react ion of NCfurfuryladenine &inetin) (I) with N- (1- 
naphthyl)ethylenediamine after  react ion of [ with nitrous acid was mentioned in [1]. We have reported s imi-  
lar  react ions of the natural compound N C (A2-isopentenyl)adenine [2] and zeatin [3] with aromatic  amines and 
phenols. These reactions have been suggested for analytical application [3, 4]. 

An assumption regarding the possible s imilar i ty  in the s t ructures  of the compounds formed and the prod-  
ucts of diazo coupling of 4-aminoimidazole-5-earboxamide  [5], which is formed in the acid hydrolysis  of the 
reduced adenine ring, was expressed in [1]. 

The UV spect ra  (Table 2) of the products  of coupling of reduced and unreduced N~-furfuryladenine I with 
aromat ic  compounds and the UV spectrum of the intermediate of the reaction of t with nitrous acid (Fig. 1) 
constitute evidence for retention of the purine system in the react ion products,  in contrast  to azo derviatives 
based on 4-aminoimtdazole-5-carboxamide;  this is in agreement  with the data obtained in a spectroscopic  
study of the diazo coupling reactions of reduced purine compounds [5]. Retention of the purine system in the 
products of the react ions of I is also confirmed by the presence  of charac te r i s t ic  signals of the protons at- 
tached to 2-C and 8-C in the PMR spect ra  (Table 1). 

These data and the conformity of the qualitative charac te r i s t i cs  of the substances obtained inthis study" 
and the azo compounds make it possible to assume that the react ion proceeds at the exocyclic ni trogen atom 
of adenine. According to our observations,  coupling with aromatic  compounds containing oriented +M sub- 
stituents (resorcinol,  m - c r e s o l ,  m-aminophenol,  orcinol, and fi-naphthol) is charac te r i s t i c  for the products 
of the reaction of I with nitrous acid. This sor t  of fusion could not be realized with phenol, pyroeateehol,  and 
c~-naphthol. It is unlikely that reactions of this sort  proceed via the mechanism of the Bamberger  reaction, 
which assumes the formation of a diazonium cation and is not charac te r i s t ic  for secondary amines [6]. One 
may assume the existence of an intermediate of the product of the react ion of I with nitrous acid in a form 
s imi lar  to the N6-isonitroso derivative of substituted adenine and subsequent direct  coupling with activated 

TABLE 1. PMR Spectra of [I 

Corn- Solvent 
pound 

l a  (CDflsSO 
I i b (CDs)zSO, 
Iic (CDs)~SO 
I [a CFoCOOH 
i la --SJ [CF~COOH 

Chemical shifts, 6, ppm [ S$CC, Hz 

l I I i Ji3. z2 gl~.I~ 
purine [ il'ozl ll~.,~ 
( 2 - ~ ,  I , , . .~  i~-H 12q, ~.~.I~ ~ - n  c . ,  i 
8-t5) 

t t/ ; i 
7,99:7.76[ ;,0~ s,78 8.lt 6,74 6,82 2,62 12,5 9,3 9,3 2,5 
8.06.7:8 6,~i ~.:0 8.0! 6,4r 6.40 - i2,5 9,4 9.4 2,~ 
; .96;  7,63 7,05 5,78 6.2l  6,39 9 6~ i I ,S  - -  - -  2,.t 

[7.08 6.3! I I2,4 
[7.02 6,24 I I]2,4 
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Fig.  1. UV s p e c t r a  of azo  compounds  of pu r ines  and i n t e r -  
m e d i a t e s :  1) N~-fur fury ladenine  (I), 0.1 N H2SO4; 2) in te r -  
med ia te  in the r e a c t i o n  of I with n i t rous  ac id* ;  3) [[c (eth- 
anol, pH 1.5); 4) 2 . 6 - d i h y d r o x T p u r i n e - 8 - a z o b e n z e n e - 4 ' -  
sulfonic  acid (0.1 N NaOH); 5) r educed  I; 6) azo compound 
of r educed  I with o rc ino l .*  

TABLE 2. C h a r a c t e r i s t i c s  of II 

3 F~PI 
Ita 

lib 

.)80 

~10 

Iic1300 

Empirical 
formula 

C~sHtaN6Oa �9 
1 / 2 H 2 0  �9 
1/2(SO(--) 

=~4FIHX~O~ �9 
�9 I / 2H_~O,  
�9 1/2 ( S O a - - )  

CIsHIzN604 �9 
�9 i/2H~O - 

I / 2  ( S O 4 - - )  

Found, % 

( 
C I I {  N S 

46,8 t,I 2!,6 1,2 

43.6 3,7 21.4 4.I 

44.9 t.0 20.813,8 

Calculated, % 

C I[ N S 

47,1 3,7 21,9 4,2 

43.7 3,1 21,9 -t,2 

45.3 3.5 2 1 . 2  4,0 

UV speczrum, nm 
(in ethanol) 

) max ~ m a x  
(J~ ~) (Ig e) 
pH 1,5 pH 13 

272(4,18), 280(4,I1), 
327(4,1t), 347(4,14). 
443(4.22) 490(427) 

270(4.14), 282(4.16), 
328(4,10), 353(4,12), 
47814,35) 511(4.40) 

269(4,12), 282(4,04), 
328(4,04), 354(4,07i. 
471(4.3l) 520(4.42) 

IR spectrum, 
cm-1 (in 
mineral oil 
and hexa- 
chloro- 
butadiene) 

i 
1320.1385, 
1440, 1470. 
1490,1580, 
1615,1655. 
2380,2700, 
3120.3460, 
t350, 1390. 
1420,1480, 
1560,1610, 
1655 (sh.) 
2600, 314n. 
3410 
I320.1350. 
i395,1460, 
1490,1540. 
1570.1525, 
1650 (sh.) 
2400,2700, 
3120,3155. 
3350 

45 

50 

60 

a r o m a t i c  compounds .  The s t r u c t u r e  of the i n t e rmed ia t e s  of the r eac t i on  of I with n i t rous  acid was not s tudied 
expe r imen ta l ly  b e c a u s e  of the nonquant i ta t ive  c h a r a c t e r  of the r eac t ions ,  the l imi ted  poss ib i l i t i e s  of ex t r ac t ion  
of t hem f r o m  dilute s t rong ly  ac idic  r eac t i on  solut ions ,  and the i r  cons ide rab le  ins tabi l i ty  (rapid loss  of the 
abil i ty to undergo  coupl ing with a r o m a t i c  compounds  and res in i f i ca t ion  of the p roduc t s ) .  The confo rmi ty  be-  
tween  the p r o d u c t s  {of the p r e s u m e d  I! s t r uc tu r e )  of the r eac t i on  of N~-furfuryladenine  with n i t rous  acid and 
subsequent  coupl ing with ac t ivated  phenols  was ver i f ied  by a s tudy of the UV.* PMR, and IR s p e c t r a  and the 
r e su l t s  of e l e c t r o c h e m i c a l  reduc t ion  and e l e m e n t a r y  ana lys i s  of the final r e a c t i o n  p roduc t s .  

HII I0 
H 

NaNO 2 + H2SO 4 O~x',c)C=C(I~I/jN/R 
~ @ , .  R .o/  . L  

%Y--N/ /..-N ~)-.N?" 
H H I - 

~- SO~ 
! H 

~ H  

t;t13 I OH 14 OH 

I, h a R= --OH. b oH: c OH 

12 13 i2 I3 / 13 

The UV s p e c t r a  of II (Fig. 1 and Table  2) a r e  c h a r a c t e r i s t i c  fo r  conjugated h e t e r o c y c l i c  s y s t e m s ,  p a r -  
t i c u l a r l y  azo compounds  [7, 8], and display  a c e r t a i n  s i m i l a r i t y  to the UV s p e c t r u m  of 2 ,6 -d ihyd roxypur ine -  

* The UV s p e c t r a  w e r e  r e c o r d e d  for  di lute r e a c t i o n  solut ions  agains t  the app rop r i a t e  con t ro l s ,  and the log 
values  w e r e  found on the bas i s  of the m o l e c u l a r  weight  of I. 
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8-azobenzene-4 ' - su l fonic  acid, which was obtained in [9] by diazo coupling of diazosulfanilic acid with 

xanthine. 

Compounds II a re  readily reduced by zinc dust and SnC12 and, after  reduction, give positive reactions 
with p-dimethylaminobenzaldehyde and bindone. After diazotization, the products  of reduction of II are capa- 
ble of coupling with aromat ic  compounds, and this conf i rms the presence  of an azo group in the investigated 
compounds [10. 11]. Compounds II display revers ib le  shifts of the absorption maxima in the visible region 
of the UV spect rum (Table 2) as the pH changes.  Compounds fib and IIc have complexing proper t ies  withCu ~+, 
Co 2+, U 5+, and Fe a+ ions at pH 4-6, values that are  charac te r i s t ic  for o-hydroxyazo compounds. Compound 
IIa has the selective complexing proper t ies  with the Hg 2# ion that are  charac te r i s t ic  for heterocyelie  azo com- 
pounds with s imi la r  s t ruc tures  [12]. 

Three waves corresponding to the number of equilibrium ionic forms with El/2 values of, respectively,  
--0.33. --0.75, and - 1 . 0 4  V relative to a saturated calomel electrode (for IIc) are charac ter i s t ic  for the polaro-  
graphic reduction of II in anhydrous dimethylformamide (DMF). The low reduction potentials, the substantial 
differences in the heights of the waves, and the effects of the addition of strong and weak proton donors con- 
stitute evidence in favor of the azonium s t ruc ture  of II [13]. 

The PMR spect ra  of II (Table 1) display charac te r i s t i c  singlets of 2-H and 8-H protons of the purine 
system, absorption signals of aromat ic  protons with chemical  shifts and s p i n - s p i n  coupling constants (SSCC) 
corresponding to substitution of the 1 2 - H -  14-H type. and signals of methyl groups (IIa, Hc). In addition, two 
charac te r i s t i c  doublets related to the signals of protons attached to the 10-H and l l - H  double bond are  present  
in the PiXIR spectra .  The chemical  shifts and SSCC of these signals are  in complete agreement  with the sig- 
nals of the e is-e thylene protons of c~.fl-unsaturated carboxylic acids [14, 15]. No other signals than those p re -  
sented in Table 1 are present  in the PMR spectra  of II at 5 15 ppm. The PMR spect ra  in the strong-field 
region were recorded from pyridine solutions in order  to exclude the possibil i ty of overlapping with the sig- 
nals of the protons of the methyl groups of the phenols and dimethyl sulfoxide (DI~ISC). It follows from the 
PMR data that the most  likely s t ructura l  unit that fastens the ethylene grouping is the carboxyl group. 

The possibil i ty of the existence of quinonehydrazone form II, which includes, in par t icular ,  possible 
cycl izat ion of the ethylene grouping with respect  to the N(t) atom of purine, was verified by a study of the 
PMR spect ra  of II and their  silyl derivat ives in CFaCOOH. The PM1R spect rum confirms the presence  of a 
t r imethyls i lyl  group (6 9.51 ppm) in silylated IIa. The silylation of the hydroxyl group of the phenol is con- 
firmed by the 5 value of the t r imethyls i ly l  group relat ive to te t ramethyls i lane (TMS), the pract ical ly  coin- 
ciding 6 values of the charac te r i s t i c  doublets of the ethylene 10-H and l l - H  grouping of IIa and its silylated 
derivative (Table 1). and the shifts of the 6 values of the aromat ic  protons of the latter,  which, however, do 
not yield to p rec i se  ass ignment  with the additional signals of protonation [16] of the heterocyclic  sys tem of 
purine in CF3COOH in the region of aromat ic  proton absorption. Thus s t ruc ture  [Ia is confirmed for the in- 
vestigated compound, and this assignment  also cor responds  to the results  of polarographic  reduction of azo-  
nium and quinoid s t ruc tu res  [13]. 

Steric factors  [the possibi l i ty of interact ion of the N(1 ) atom of purine with the carboxyl hydroxyl group] 
or  even unsuitable select ion of the reagent and silylation conditions probably hinder the formation of the t r i -  
methylsi lyl  e s te r  of the carboxyl group. In par t icular ,  we were also unable to real ize the N-silylat ion of both 
!Ia and 6-chloropurine,  

The interpretat ion of the IR spec t ra  of II (Table 2) is hindered because of the presence  of heterocycl ic  
and aromat ic  sys tems,  considerable conjugation, and the possibil i ty of the formation of hydrogen bonds. The 
absorption of the azo group in the IR spec t ra  of aromat ic  compounds of complex s t ruc ture  also cannot be 
p rec i se ly  assigned [17]. The absorption bands at 3410-3500 cm -1 are charac te r i s t i c  for hydroxyl groups with 
in termolecular  hydrogen bonds. The broad bands at 2600-2800 cm -1 are  charac te r i s t i c  for the VOH bands of 
earboxyl groups with strong hydrogen bonds. The bands at 1560-1580, 1610-1625, and 1650 em -1 correspond 
to ~'C=C and VC= O bands (the p rec i se  assignment  is hindered because of the possibil i ty of considerable lower- 
ing and part ial  "mixing" of the absorpt ion frequencies of such s t ruc tures  [18]). Because of the strong meso-  
mer ic  effect of conjugation between the sys tems  of double bonds, the charac te r i s t i c  carbonyl absorption may 
also be absent [19]. 

With respec t  to the format ion of an acry l ic  acid residue during cleavage of the furan ring, it should be 
noted that react ions of this sort  involving acid cleavage of the furan ring are  well known [20]. One cannot 
exclude the possibi l i ty that the inductive effect of the purine sys tem and nitrosat ion of the furan ring promote 
this. 
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It might be assumed that the subsequent cleavage is associated with the subsequent ~-C-n i t rosa t ion  re la -  
tive to the carboxyl  group, which promotes  decarboxylat ion [21], with subsequent t ransformat ions  of the C- 
ni t roso (or isonitroso) derivat ives to a carboxyl group with simultaneous migra t ion  of the double bond to give 
a stabilized s t ructure ,  in this ease an acry l ic  acid residue, which forms an enamine grouping with the exo- 
cyclic ni trogen atom of adenine. A large  diversi ty of react ions,  tau tomer ic  t ransformat ions ,  and phys icochem-  
ical pecul iar i t ies  [18] are  charac te r i s t i c  for this grouping, and this generates  interest  in a fur ther  study of 
heterocycl ic  compounds of this type. 

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

The UV spec t ra  of ethanol solutions of the compounds were recorded with a Specord UV-vis spec t ro-  
photometer  [the appropriate  pH values (Table 2) were established by the addition of 1 N HCI and 1 N NaOH] 
in 0.1 N NaOH and in 0.1 N HC1. The UV spect ra  of the intermediate  in the react ion of I with nitrous acid and 
of the products of reduction of I (Fig. 1) were recorded in dilute (1 : 10-1 : 40) react ion solutions using the re -  
action solutions of corresponding concentrat ions that did not contain I as the control.  The IR spec t ra  of min-  
eral oil and hexachlorobutadiene suspensions of the compounds were recorded with IKS-14 and UR-20 spec-  
t rome te r s .  The PMR spect ra  of 7-10~ solutions in dG-DMSO, pyridine, and CF3COOH were obtained with a 
P e r k i n - E l m e r  R-12A spec t rometer ;  the chemical  shifts were measured  relat ive to TMS (the internal standard). 

Compounds II. A total of 50 ml of 10 M H2SO 4 and 15 ml (2.5 mmole) of 1% NaNO 2 were added to a solu- 
tion of 0.215 g (1 mmole) of N6-furfuryladenine (Chemapol, Czechoslovakia) in 100 ml of 0.1 N H2SO 4. The 
color  of the mixture changed to greenish-yel low after  35-40 rain, after  which 15 ml (7.5 mmole) of 5% sulfamic 
acid solution was added to remove the excess nitrous acid (test with s tarch- iodide paper), and 10 ml (2 mmole) 
of a 2~c solution of the a romat ic  compound in alcohol was added. The result ing precipi ta te  was centrifuged. 
washed with small  portions of water,  ethanol, and acetone, and purified by reprecipRat ion by the addition of 
water  to concentrated DMF solutions and crys ta l l iza t ion  from a large volume ~f ethanol (with removal  of the 
excess solvent by distillation). Compounds II (Table 2) were o range- red  (Ila) and red (lib, c) powders that 
were prac t ica l ly  insoluble in nonpolar solvents and acids, slightly soluble in alcohol and water,  and quite sol-  

uble in DMF. DMSO, pyridine, and alkalis.  

Silylation of IIa. Compound IIa was silylated by refluxing for 2 h with a fourfold excess of hexamethyl-  
disiloxane (HMDS), after  which the HMDS was removed by distillation. 

Reduction and Diazo Coupling of the Products  of the Reduction of I. Zinc dust (1 g) was added to 0.005 g 
(2.5 �9 10 -5 mole) of I in 20 ml of 2 N HC1, and the mixture  was heated on a boi l ing-water  bath for 15 min. It 
was then fil tered, and 5 ml of the fi l tered react ion solution was diazotized by the addition of 1 ml of a 1% of a 
1% NaNO 2 solution in the course  of 30 rain. The mixture  was then t reated with 1 ml of 5~c sulfamic acid solu- 

tion and 2 ml of a 0.5% solution of orcinol in alcohol. 

The author s incerely  thanks his co -workers  of the Institute of Organic Synthesis of the Academy of Sci- 
ences of the Latvian SSR, V. T. Glezer  and Yu. Yu. Popelis for their  valuable ass is tance  in this research .  
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H E T E R O C Y C L I C  N T T R O  C O M P O U N D S  

XX.* KETONES OF THE 1,2,4-TRIAZOLE SERIES 

T .  P .  K o f m a n .  T.  L.  U s p e n s k a y a ,  
N. Yu .  M e d v e d e v a .  a n d  M.  S. P e v z n e r  

U DC 547.792.3.5 : 542.953.943 

A number of t r iazolylpropanones  were  synthesized by oxidation os 1-(2-hydroxypropyl)-3-  
n i t ro -5 -R-1 ,2 ,4 - t r i azo le s  obtained by condensation of 3 -n i t ro -5 -R-1 ,2 ,4 - t r i azo les  with 
p ropylene oxide. Similar t r iazolylbutanones were  obtained by react ion of 3 -n i t ro -5-R-1 ,2 ,4 -  
t r iazoles  with methyl vinyl ketone. 

it has been previously shown that the react ion of 3 -n i t ro -5 -R-1 .2 ,4 - t r i azo les  with substituted a-oxides  
gives secondary alcohols, which can be oxidized with dichromate in sulfuric acid to the corresponding ketones 
[2. 3]. We obtained a number of 1 - (2 -oxopropy l ) -3 -n i t ro -5-R-1 .2 .4 - t r i azo les  in high yields via this scheme 
by using mi lder  oxidation conditions (chromic anhydride in acetone): 

N ~ N O 2  C H ' - - C H E H  3 /NO 2 

H 
CH2CH (OH)CH 3 

l - l l I  

N /NO~ 

I 
CH2CCH 3 

O 
V VII VIII-X 

I.V, VIII R NO1; II, VI, IX R=Br;  I[I, VII, X R=H 

Oxidation with d ichromate  at elevated t empera tu res  gives lower yields of ketones IX and X. 

The alkylation of t r iazoles  T-TIT with propylene oxide to alcohols V-VII occurs  under conditions deter-  
mined by the pK a value of the s tar t ing t r iazole .  A change in the alkylation mechanism and conditions is ob- 
served on pass ing from 3,5-dini t ro-  and 3 - n i t r o - 5 - b r o m o - l , 2 , 4 - t r t a z o l e  (pK a of I 0.66 [4] and of II 3.05 [2]), 
the acidities of which are  sufficient for  real izat ion of the p rocess  in the absence of ex-ternal catalysts  [2, 3], 
to the less acidic 3 -n i t ro - l , 2 ,4 - t r i a zo l e  (pK a of TIT 6.05 [4]). The react ion of t r iazoles  IIT with propylene 
oxide proceeds  in pro ton-donor  (water and alcohols) and aqueous aprotic solvents (acetonitrile and dioxane) 
at room tempera tu re  only in the p resence  of bases .  The mechanism of the alkylation is s imi la r  to that ob- 
served for 3 ,5-dichloro-  1.2,4-tr iazole.  

Alcohols VI and VII [2] were obtained as unerystal l izable oils, which were subjected to oxidation with- 
out purification. 

*See [ 1] for communicat ion XIX. 
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