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It was shown that cyanamide can successfully be used in reactions of nucleophilic 
substitution of hydrogen with 1,2,4-triazin-4-oxides in the presence of a base to give 
5-cyanoimino-1.2.4-triazines. It was found by 13C N MR spectroscopy that these compounds 
and their alkylation products at the cyclic nitrogen atom exist in the form of 5-cyanoimino- 
2,5-dihydro- 1,2,4-triazines. 
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Nucleophil ic substitution of  hydrogen (SN H) in 1,2,4- 
tr iazin-4-oxides makes it possible to perform one-step 
introduction of indole and phenol residues and the 
cyano group into the 1,2,4-triazine cyclel-2; amination 
in liquid ammonia affords 5-amino- l ,2 .4- t r iaz in-4-ox-  
ides, 3 and reactions with dialkylamines give the Sn H 
products at position 3 of  the 1,2,4-triazine cycle. 4 In a 
cont inuat ion of studies in this area, we found the first 
example s o f  using cyanamide in nucleophilic substitu- 
tion of  hydrogen in azines. The reaction of 6-phenyl- 
1 , 2 , 4 - t r i a z i n - 4 - o x i d e s  ( l a - - e )  with cyanamide  in 
the presence of a base results in the formation of 
5-cyanoimino-6-phenyl-1,2 ,4- t r iazines  (2a--e)  in mod- 
erate yields (Scheme 1). It is most likely that cyanamide 
enters into the reaction as the anion, and the yields of 
the products  are independent of the strength of the base 
used (tr iethylamine, sodium methoxide). 
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The reaction proceeds with the loss of  the N-oxide 
function. Evidently, after the addit ion of  cyanamide  to 
the C(5)  a t o m  o f  the  1 , 2 , 4 - t r i a z i n e  cyc le ,  t he  
autoaromatizat ion of  the ~H-adducts  A with the e l imina -  
tion of  a water molecule  occurs.  The elemental  analysis 
data and spectral parameters  correspond to structure 2. 

Cyanoiminotr iaz ines  2 can  be presented as three 
tautomeric  forms: 2A, 2B, and 2C. in the alkylation o f  
1,2,4-triazine 2a with ethyl iodide,  position 2 of  the 
heterocycle is the most react ive site, and this react ion 
affords only 5 - c y a n o i m i n o - 2 - e t h y l - 6 - p h e n y l - 2 , 5 - d i -  
hydro- l ,2 ,4 - t r iaz ine  (3) ( S c h e m e  2). In the I ;C N M R  
spectrum of  compound  3, the signal for the C(3) a tom is 
a doublet  o f  triplets due to spin-spin coupling (SSC)  
with the adjacent H a tom ( I JcH = 211.1 Hz) and 
protons o f  the CH2 group o f  the ethyl fragment (3JcNCH 
= 3.4 Hz), and the signal o f  the C(5) atom is only a 
doublet due to SSC with the H(3) atom (3JcNcH = 
8.5 Hz), which corresponds to structure 3 only. Acid 
hydrolysis o f  compounds  2a and 3 results in 6 -pheny l -  
1 ,2 ,4- t r iaz in-5f2 / - /3 -one  (4) and 2 - e t h y l - 6 - p h e n y l -  
1 ,2 ,4- tnaz in-5(2H)-one  (5). respectively_ 

Scheme 2 

Ph ~N...N Ph. ~. N,~. N Ph~ N.... N H 

CN CN CN 
2A 2 c ~  2C 

H20, H 

4 5 CN 3 

I Etl 

Compar ison of  the chemica l  shifts o f  the C a toms of  
the triazine cycle o f  cyanoiminot r iaz ine  2a, its alkylat ion 
prodt, ct 3, and tr iazinones 4 and 5 suggests that c o m -  
pound 2a exists in solution in the tautomeric form o f  
2 ,5-dihydro-  1.2,4-triazine 2C. 

Thus, the SN H me thodo logy  makes it possible to 
perform direct funct ional iza t ion  of  the 1,2,4-triazine 
cycle to form new heterocycl ic  derivatives of  cyanamide  
without preliminary, in t roduct ion  o f  good leaving groups 
into the heterocycle.  

Experimental 

I H  NMR spectra were recorded on a Bniker WM-250 
spectrometer (250. I M Ha) using Me4Si as the internal standard. 
13C NMR spectra were recorded on a Bruker DRX-500 spec- 

trometer (125.8 MHz) using DMSO-d 6 as the solvent and 
Me4Si as the internal standard. Purity of products was moni- 
tored by TLC on Silufol UV-254 plates using ethyl acetate as 
the eluent; spots were detected in UV light. Melting points were 
determined on a Boetius stage. Starting 1,2.4-triazin-4-oxides 
la--e  were synthesized as described preyiously. 6,7 

Synthesis of 5-eyanoimino-3- R-6-phenyl-2.5-dihydro- 1,2,4- 
triazines (2) (general procedure). A mixture of cyanamide 
(0.42 g, 10 retool) and the corresponding 1,2,4-triazin-4-oxide 
la- -c  (5 retool) was boiled for 30 rain in a solution of MeONa 
prepared from Na (0.23 g. 10 mg-at.) in anhydrous MeOH 
(5 mL). Then AcOH (I mL) was added to the reaction mixture. 
and the resulting solution was diluted with water (5 mL). The 
precipitate that formed was filtered off and washed with water 
and ethanol. 

5-Cyanoimino-6-phenyl-2,5-dihydro- 1,2,4-triazine (2a). 
Yield 54/%, m.p. 253--254 ~C (decomp.). IH NMR. (500 MHz), 
~5:7.48 (m, 3 H, Ph); 7.92 (m. 2 H, Ph); 8.85 is, I H, H(3)): 
14.7 (br.s, I H, NH). t3C NMR (JMOD), 5:115.91 (CN); 
t27.84 (Ph): 128.92 (Ph); 130.30 (Phi: 132.11 (Ph): 149.32 
(C(6)); 149.42 (C(3)); 161.71 (C(5)). IR, v/cm-f:  2170 (CN). 
Found (%): C, 60.91; H, 3.88: N, 35.36. Ci0HTN 5. Calculation 
(%): C, 60.91; H, 3.58; N, 35.51. 

5-Cyanoimino-3-ethyl-6-pbenyl-2,5-dihydro- 1,2,4-tri-  
azine (2b). Yield 47%, m.p. 274--275 ~ (decomp.). IH NMR, 
6:1.29 (t, 3 H, Me, 3j = 7.5 Hz); 2.72 (q, 2 H, CH 2, 3j = 
7.5 Hz); 7.50 (m, 3 H, Ph); 7.95 (m, 2 H, Ph); 14.51 (br.s, I H, 
NH). Found (%): C. 64,07; H, 4.86; N. 30.94. CIaHjINs. 
Calculated (%): C, 63.99; H, 4.92: N, 31.09. 

5-Cyanoimino-3,6-diphenyl-2,5-dihydro~ ! ,2,4-triazine (2r 
Yield 38%, m.p. 264--266 ~ (decomp.). IH NMR., 6:7.48 
(m, 3 H. Ph); 7.65 (m, 3 H, Ph); 8.04 (m, 2 H, Ph); $.25 
(m. 2 H. Ph); 14.96 (br.s. I H, NH). Found (%): C, 70.34, 
H, 3.92. N, 25.48. Cl6HliN 5. Calculated (%): C, 70.32; H, 4.06; 
N, 25.62. 

5-Cyanoimino-2-ethyl-6-phenyl-2,5-dihydro- 1,2,4-triazine 
(3), Etl (0.48 mL, 6 retool) was added to a mixture of triazine 
2a (I g, 5 retool), DMF (3 mL), and triethylamine (0.83 mL, 
6 retool), and the mixture was boiled for 30 rain. After cooling. 
the reaction mass was diluted with ethanol (5 rnL), and the 
precipitated crystals were filtered off and washed with ethanol 
(5 mL). Yield 0.89 g (79%); m.p. 241--242 ~ IH NMR, 5: 
1.44 (t, 3 H. Me, J =  7 Hz); 4.22 (q, 2 H, CH~, J = 7 Ha); 7_51 
(m, 3 H, Ph); 7.97 (m, 2 H, Ph): 8.89 (s, I H, H(3)). 13C NMR 
(JMOD), (3:13.67 (Me); 51.54 (CH~); 115.54 (CN); 127.66 
(Ph): 128.77 (Ph); 130.28 (Ph); 131.63 (Ph); 148.6t (C(6)); 
149.79 (C(3)); 160.33 (C(5)). Found (%): C, 63.98. H, 4.97, 
N, 31.13, CI2HI~N 5. Calculated (%): C. 63.99: H, 4.92: 
N, 31.09, 

6-Phenyl-l,2,4-triazin-5(2/-/)-one (4). Triazine 2a (0.3 g, 
1,5 retool) was dissolved with heating in concentrated HCI 
(3 mL). and the resulting solution was boiled for 20 rain. The 
precipitate that formed after cooling was filtered off. Yield 0.19 g 
(72%); m.p. 205--206 ~ (~f. Ref. 8:203--205 ~ IH NMR, fi: 
7.48 (m, 3 H, Ph); 8.8 (m, 2 H, Ph); 8.87 (s, 1 H, H(3)); 14.1 
(br.s, I H. NH). t3C NMR, ~5:127.60 (Ph); 128.13 (Ph); 129.71 
(Ph): 132.73 (Ph); 149.19 (C(6)); 150.97 (C(3)): 159.16 (C(5)). 
Found (%): C, 62.22: H, 4.02: N, 24.06. CgHTt"q30. Calcu- 
lated (%): C, 62.42: H, 4.07; N, 24.26. 

2-Ethyl-6-phenyl-l,2,4-triazin-5(2/-/)-one (5). Triazine 3 
(0.45 g, 2 mmol) was dissolved with heating in concentrated 
HCI (3 mL), the resulting solution was boiled for 20 rain, and 
the reaction mixture was cooled and neutralized with a 25% 
solution of ammonia. The precipitate that formed was filtered 
off, Yield 0.32 g (80%): m.p. 114--116 ~ IH NMR, 5:1.47 
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(t, 3 H. Me, J = 7 Hz); 4.14 (q, 2 H, CH 2, J = 7 Hz);  7.4 
(m. 3 H, Ph): 8.1 (m, 2 H, Ph) 8.73 (s, 1 H, H(3)). 13C NMR, 
8:14.31 (Me); 50.88 (CH~); 128.00 (Ph)" 128.46 (Ph); 130.22 
(Ph); 132.58 (Ph): 148.60 (C(6)): 151.93 (C(3)): 160.85 (C(5)). 
Found (%): C, 65.52: H, 5.42; N, 20.65. CItHILN30. Calcu- 
lated (%): C, 65.66: H, 5.51; N, 20.88. 
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