
NITROAZINES. 

9.* CHARACTERISTIC FEATURES OF NUCLEOPHILIC 

SUBSTITUTION OF THE NITRO GROUP IN DIHYDROAZOLO[5,I-c] 

[I,2,4]TRIAZINES 

V. L. Rusinov, E. N. Ulomskii, O. N. Chupakhin, 
A. Yu. Petrov, and E. A. Sharonov UDC 547.877'792.9.07 

The reaction of 6-nitro-7-oxo-4,7-dihydroazolo[5,l-c]-l,2,4-triazines with O-, N-, 
and S-nucleophiles leads to the corresponding 6-substituted compounds. In the reac- 
tion of 2,4-dimethyl~6-nitro-7-oxo-4,7-dihydro-l,2,4-triazolo[5,l-c][l,2,4]triazine 
with hydrazine hydrate, 3-methyl-5-(N-methylamino)+l,2,4-triazole is formed. 

The nucleophilic substitution of the nitro group in the series of nitroarenes has been 
studied quite extensively (see, for example, review [2]). Much less information is available 
on transformations of this type among the heterocyclic compounds. A substitution of the 
nitro group by a halogen, alkoxy, alkylthio, or amino fragment has been described for nitro- 
pyridine derivatives [3-7]. Individual examples of these reactions are also known in the 
diazine series, pyrazines [8, 9] and pyriridazines [10-13]. We have given a brief report on 
the substitution of the nitro group by a halogen in condensed nitro-l,2,4-triazine deriva- 
tives - 6-nitro-7-oxo-4,7-dihydro-l,2,4-triazolo[5,l-c][l,2,4]triazines [14]. In continua- 
tion of the investigations in this field in order to develop effective methods of synthesis 
of the azolo[5,l-c]-[l,2,4]triazone derivatives (among the compounds of this class, com- 
pounds exhibiting high cardiovascular, [5, 16], antiviral [17, 18] and psychotropic activity 
[19,20] were found), we have examined the behavior of 2-R-6-nitro-7-oxo-4,7-dihydro-l,2,4-tri- 
azolo[5,l-c][l,2,4]triazines Ia-d in reactions with anumber of N-, 0-, and S-nucleophiles. 

It was found that the nitro compounds studied react readily with nucleophiles having an 
acid character. On being treated with hydrogen halides in alcohol, the nitro group is sub- 
stituted by halogen with the formation of chloro- or bromo derivatives IIa-d, IIIa, c, d, 
which previously have not been obtainable by other methods. It is probable that in such 
cases, the replacement of the nitro group proceeds as a nucleophilic substitution with the 
participation of a Hal- ion. 

0 [ ' " ~  0 r - - O  0 0 

X 
- -  ~ - LL - -  

H ~a / I S 
~ /S,s~' lib,d, llla,e,d 

o -]- p N,OR' IVa-c,Va,VIa,c 
: F 

~ / N O ~  + 11 X--'C1; HI X--Br; IV X=SCH~; 
I --f:N~ Cat v X=SC2Hs: Vl X=S-~-C~H7; Vll K.t=N.: 
~.~>N /---X 

vIB-dvIIla viii Xat= H2Nxk___/O ; a R=H; DR=CH~; C R=CsHs,d R=SCH 3 

When compound Ia was boiled in benzene with KCI and 18-crown-6 ether, despite the very 
low solubility of potassium chloride in this system, the formation of a choride could be 
detected by the TLC method [20]. Heating azolotriazine Id with KBr and dibenzo-18-crown-6 
ether in DMFA leads to the formation of bromide IIId in a quantitative yield. 

*Article 8, see [i]. 
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6-Alkylthio-7-oxo-4,7-dihydro-l,2,4-triazolo[5,l-c][1,2,4]-triazines IV-VI are formed 
in the reaction of compounds Ia,c with alkyl mercaptans. A similar substitution of the 
nitro group in the benzene [2], pyridine [4, 5], or pyridazine [I0, 12] ring occurs by the 
action of an anionic form of the reagent - a thiolate ion. In this case, the reaction pro- 
ceeds with a nonionized form of the thiol, which indicates the high mobility of the nitro 
group bound to an as-triazine ring. 

The reaction of compounds Ia-c with nucleophilic bases leads to deprotonation with the 
formation of anions stable towards nucleophilic attack. Thus, when sodium thiolates are used 
in the reaction, only sodium salts of triazolotriazine VII are formed, the physical constants 
of which coincide with those previously described in [20]. Substitution also can not be 
carried out with nucleophilic reagents such as alcoholates: when nitrotriazines Ia-c were 
heated with sodium ethylate, sodium salts VIIa-c were also obtained. 

In the reaction with morpholine under mild conditions, ammonium salts VIII are formed, 
and only under conditions of prolonged boiling in an excess of morpholine, was it possible to 
obtain the substitution product of the nitro group (compound IXa). 

The 4-methyl analogs Xa-e, which are not capable of forming anions, react more readily 
with nucleophile bases. Thus, in DMFA, on passing ammonia through at 90-100~ a substitu- 
tion of the nitro group by an amino group is observed (compound (XI). Primary amines 
(benzylamine, ethanolamine, cyclohexylamine) also react redily with alkylated azolotriazines, 
as a result of which 6-aminoderivatives XII-XIV are formed in high yields. 

0 

NO~ 

0 ~y / / i . . .  N 
,~ ! !  l 

N O 

X -. = . [ --," 

~.N -N I 
I Y N2II4"I120 ~'N/NI 
CH3 CH 3 

N - - N I t  
XVIIIb II .~l~ XIb, XIIa,b,c 

Crlf "~N "Nticn~ XIIIb,XlVb, fl, C 
XVb,d,XVId,XIXe xvli 

XI X=N!I2; XII X=NttCII2CsIt6; XlII X=NItCattI~; XIV X=NH(CFt~j2OII; XV X= 
-morpholyl XVI X=Diperidyl XlX X=SC4H,; a R=H. Y=N: b R=CII~. Y=N; 

3~;=5CH3, Y=N; e R=Iq, Y=CCO2C~H~ 

The reaction with cycloalkylimines - morpholine or piperidine - proceeds under more 
rigorous conditions. Only on prolonged boiling can a good yield of compounds Xu and Xu be 
obtained. At the same time, diethylamine was found under such conditions to be incapable 
of substituting the nitro group in several of the compounds studied. Primary aromatic amines, 
such as for example aniline, p-toluidine, p-anisidine, also do not react with alkylated azolo- 
triazines because of insufficient nucleophilicity. 

In reaction with the substrates studied, the reducing properties of hydrazine predomi- 
nate over the nucleophilic properties. On heating nitroazolotriazine Xb with hydrazine hy- 
drate in ethanol, a reductive decomposition of the triazine ring takes place, and 3-methyl-5- 
(N-methylamino)-l,2,4-triazole (XVII) is formed. The nitro compound Xb can react with sodium 
ethylate with the formation of 6-ethoxytriazolotriazine XVIII. However, the same azolotria- 
zine does not react with potassiumtert-butylate even after prolonged treatment in DMFA, which 
is possibly the result of a steric hindrance of the reagent. Prolonged boiling of the sub- 
strafe in an alcoholic alkali leads to the decomposition of the heterocyclic system with the 
formation of a complex mixture of compounds. Thiols and thiolates are capable of substituting 
the nitro groups in compounds X under extraordinarily mild conditions, which leads to the for- 
mation of the corresponding derivatives XlX. No difference was observed between the thio- 
alcohols and their anions in their substituting ability. 

In the IR spectra of all the compounds obtained there is a stretching vibration band of 
carbonyl in the region of 1710...1740 and bands are present in the 1320...1350 and 1520... 
1550 cm -I regions, belonging to the nitro group [20] (Table i). In the PMR spectra proton 
signals are recorded of the azole fragment, the N-methyl group (compounds XI-XIX) and the 
corresponding substituting groups - amino-, alkylamino (compounds XI-XVI), alkylthio (com- 
pounds IV-VI, XIX), and ethoxy groups. It should be noted that when the acceptor nitro group 
is replaced by halogen, amino, alkylamino, alkylthio or an alkoxy fragment, the chemical shifts 
of signals belonging to the azolotriazine protons undergo shift of a strong field. Thus, 
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introduction of halogen into a triazolotriazine molecule (compounds IIa, IIIa) leads to a 
0.3 ppm shift of the azole proton signal to the strong field. Replacement of the nitro group 
in the alkylated azolotriazines X by any of the above fragments causes a 0.2...0.3 ppm shift 
of the three-proton singlet of the N-CH 3 group to the strong field. The signal of the 2-H 
proton in the spectra of compounds XIIa,e, XIVe is also shifted by 0.4 ppm to the strong field, 
compared with the similar signals of the starting compounds. 

EXPERIMENTAL 

The IR spectra were recorded on a UR-20 spectrophotometer in mineral oil. The PMR spec- 
tra were run on a Perkin-Elmer R-12B spectrophotometer (60 MHz) in DMSO-D6, using TMS as 
internal standard. The TLC was carried out on Silufol I/V-254 plates in ethyl acetate, with 
development by iodine vapors. The data of the elemental analysis for C, H, and N correspond 
to the calculated values. 

2-R-6-Ha!o-7-oxo-4,7-dihydro-l~2~47triazolo[5,1-c][l.2,4]-triazines (!Ia-d ~ IIa,c~d). 
A. A 0.01 mole portion of compound I is suspended in 20 ml of absolute ethanol and a moderate 
current of the hydrogen halide is passed through for 2 h with ice-cooling of the reaction 
flask. The precipitate is filtered, washed with cold water, and crystallized. 

B. A 0.02 mole portion of KBr and 0.5 g of (0.001 mole) of dibenzo-18-crown-6 ether are 
added to a solution of 0.01 mole of ~d in 1 ml of DMFA The mixture is boiled for 1 h, 
cooled, and the solvent is distilled fn vacuo. The dry residue is extracted with CHCI 3 
(2 • 5 ml), and bromide IIId is crystallized. 

C. Synthesis of azolotriazine IIa, see in [20]. 

The physicochemical and spectral characteristics of the compounds synthesized are given 
in Table i. 

2-R-6-Alkylthio-7-oxo-4~7-dihydro-l,2,4-triazolq[5~!-c][l,2~4]-triazines (IVa-c, Vat 
VIa~ c). A 0.01 mole portion of azolotriazine I is suspended in 20 ml of ethanol, 0.05 mole 
of alkyl mercaptan is added, and the mixture is heated for 7 h at 130...140~ in an auto- 
clave. The reaction mixture is evaporated to dryness, and the residue is crystallized with 
the addition of carbon. 

Sodium salts of 2-R-6-nitro-7-oxo-4~7-dihydro-l~2~4-triazolo-[5~l-c][l~2~4]triazines 
(VIIa-c). A 20 ml portion of 10Z sodium ethylate or mercaptide is added to a solution of 
0.01 mole of compound Ia-d in 30 ml of absolute ethanol, and the mixture is boiled for 6 h. 
The reaction mixture is cooled and salts VIIa-c are filtered. 

Morpholiniu m salt of 6-nitro-7-gxo:4,7-dihydro-l,2~4-triazolo-[5,l-c][l~2,4]triazines 
(VI!Ia ~ C~HIINTO~). A 1.8 ml portion (0o02 mole) of morpholine is added to a solution of 
0o01 mole of Ia in 50 ml of ethanol, and the mixture is boiled for 15 min. The reaction mix- 
ture is evaporated to 2/3 of its volume, the residue is cooled with ice, the precipitate 
that separates is filtered, and crystallized from ethanol~ Y~eld 1.2 g (50%), mp 163~ Rf 
0.6. IR spectrum: 1340, 1520 (NO2), 1710 cm -l (C-O). PMR spectrum (DMSO-D6): 3.0...3.2 
(4H, m, CH2-N); 3.6..~ (4H, m, CH2-O) , 8.3 ppm (IH, s, 2-H). 

6-Morpholyl-7-oxo-4,7-dihydro-l~2,4-triazqlo[5,!-c][!~2,4]-triazine(IXa , C~H~oN~O~). 
A 0.01 mole portion of azolotriazine Ia is suspended in 20 ml of morpholine and the mixture 
is boiled for 3 h. The reaction mixture is evaporated in vacuo, the residue is ground with 
15 ml of acetone, and crystallized from ethanol. Yield 0.4 g (20%). Rf 0.7. IR spectrum: 
1700 cm -l (C=O). PMR spectrum (DMSO-D6): 2.80...3.10 (4H, m, N-CH2); 3.60...3.90 (4H, m, 
O-OCH2); 7.97 ppm (IH, s, 2H). 

2~4-Dimethy!-6-amino-7-oxo-4,7-dihydro-l,2,4-triazolo[5,l-c][l,2,4]triazine (XIb). 
A solution of 0.01 mole of triazolotriazine Xb in 1 ml of DMFA is heated to 100..o120~ and 
ammonia is passed through for 3 h. The reaction mixture is cooled, the precipitate is fil- 
tered and crystallized. 

2-R-4-methyl-6-alkylam!no-7-oxo-4~7-dihydro-l~2t4-triazolo-[5,1-c][l,2~4]triazines 
(XIIa~b~e. XIIIb~ XIVb~d~e). A solution of 0.i mole of compound X in 2 ml of DMFA is held 
for 2 h at 100~ After cooling, the precipitate is filtered and crystallized. 

2-R-4-methyl-6-cyc~a~ky~amin~-7-~x~-4r7-dihydr~-~2~4-triaz~[5~-c][~2~4]triazines 
(XVbtd ~ XVId). A 0.06 mole portion of morpholine or piperidine is added to a solution of 0.01 
mole of triazolotriazine X in 2 ml of DMFA, and the mixture is boiled for i0 h. The reaction 
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mixture is cooled, 4 ml of ethanol are added, the precipitate is filtered and crystallized. 

2~4-Dimethyl-6-ethoxy77-oxp-4~7-dihydro-l,2~4~triazolo[5,17c]-[l~2~4] triazine (XVIIIb). 
A 0.01 mole portion comopund Xb is added to 20 ml of a 10% solution of sodium ethylate in 
ethanol and the mixture is boiled for 1 h. It is then cooled, the precipitate is filtered 
and crystallized. 

3ICarbeth~xy-4-methy~-6-(n-buty~thi~)-7-ox9-4~7-dihydr~pyraz~-[5~-~][~2~4]triazine 
(XIXe). A 0.02 mole portion of n-butyl mercaptan is added to a solution of 0.01 mole of 
pyrazolotriazine Xe in 1 ml of DMFA and the mixture is boiled for 2 h. After cooling, the 
precipitate is filtered and crystallized. 

3-Methyl-5-(N-methylamino)-l~2~4-triazole (XVII~ C~H~N4). A 0.03 mole portion of hydra- 
zine hydrate is added to a solution of 0.01 mole of compound Xb in 10 ml of ethanol, and the 
mixture is boiled for 15 min. After cooling, the precipitate is filtered and crystallized 
from ethanol. Yield 0.72 g (70%). PM_R spectrum (DMSO-D6): 2.05 (3H, s, 3-CH3); 2.68 (3H, 
d, J = 5 Hz, N-CH3) ; 5.80 (IH, br.m, NH); 11.80 ppm (IH, br. s, NH). 

LITERATURE CITED 

i. T. L. Pilicheva, V. L. Rusinov, A, A. Tumashov, and O. N. Chupakhin, Khim. Geterotsikl. 
Soedin., No. 9, 1251 (1988). 

2. J. R. Beck, Tetrahedron, 34, 2057 (1978). 
3. G. I. Migachev and V. A. Danilenko, Khim. Geterotsikl. Soedin. No. 7, 867 (1982). 
4. A. Dondoni, J. Heterocycl. Chem., ~, 143 (1969). 
5. C. Jonwersma, A. A. van der Wal, and E. C. C. Willebrund, Rec. Trav. Chim., 6, 275 

(1949). 
6. Yu. A. Azev, G. A. Mokrushina, and I. Ya. Postovskii, Khim. Geterotsikl. Soedin., No. 6, 

792 (1974). 
7. K. M. Dyumaev and E. P. Popova, Khim. Geterotsikl. Soedin., No. 3, 382 (1975). 
8. G. D. Hartman and J. E. Schwaring, J. Heterocycl. Chem., 20, 947 (1983). 
9. E. C. Taylor, C. P. Tseng, and J. B. Rampal, J. Org. Chem., 47, 552 (1982). 

i0. A. Hydin and H. Fener, Chem. Acta Turc., 8, 113 (1980). 
ii. H. E. Baumgarten, J. Am. Chem. Soc., 7-7, 5109 (1955). 
12. T. Novinson, R. K. Robins, and D. O'Brian, J. Heterocycl. Chem., i0, 835, (1973). 
13. T. Itai and S. Natsume, Chem. Pharm. Bull., i_~i, 343 (1963). 
14. A. Yu. Petrov, V. L. Rusinov, and O. N. Chupakhin, Khim. Geterotsikl. Soedin., No. 9, 

1277 (1982). 
15. Z. Hauptman, L. Reiner, and E. Tenor, GDR Parent No. 110662; Ref. Zh. Khim., 10201 (1976). 
16. V. L. Rusinov, A. Yu. Petrov, T. L. Pilicheva, O. N. Chupakhin, G. V. Kovalev, and E. R. 

Komina, Khim.-farm. Zh., 2-0, 178 (1986). 
17. C~ Critescu, Roumanian Patent 55867; Ref. Zh. Khim. 70157P (1975). 
18. E. De Clerq and A. Haly, J. Med. Chem., 2_~2, 510 (1979). 
19. G. B. Bennet, US Patent 3631040; Ref. Zh~ Khim., 40143P (1977). 
20. V. L. Rusinov, A. Yu. Petrov, and I. Ya. Postovskii, Khim. Geterotsikl. Soedin., No. 9, 

1283 (1980). 

213 


