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Abstract. This review deals with the synthesis and properties of
1,2,4-triazine N-oxides and their annelated derivatives. Methods
for the incorporation of the N-oxide group in the 1,2,4-triazine
ring by direct oxidation and cyclisation involving nitro, nitroso,
and isonitroso groups are discussed. Reactions of 1,2,4-triazine
N-oxides with electrophiles, nucleophiles, and dienophiles are
considered. The effect of the N-oxide group on the chemical shifts
in the 'H, 13C, and "N NMR spectra and the specific features of
decomposition of 1,2,4-triazine N-oxides under electron impact
are analysed. The bibliography includes 107 references.

I. Introduction

The present review discusses methods for the synthesis of 1,2,4-
triazine N-oxides and reactions of these compounds. 1,2,4-Tri-
azine is a heterocycle incorporated in many natural and synthetic
compounds that possess biological activity and many practically
useful properties.

The presence of the N-oxide group in the azine ring makes it
sensitive both to nucleophilic and electrophilic attack and expands
substantially the synthetic prospects for modifying nitrogen-
containing heterocycles.! This is the reason for the ever increasing
interest of investigators in heterocyclic N-oxides. A series of
reviews on the chemistry of pyridine N-oxides,”> pyrimidine
N-oxides,?> and quinoxaline N-oxides* have been published in
the 90s. A monograph ® and several reviews °~° on 1,2,4-triazines
include special chapters on the chemistry of triazine N-oxides.
However, data on the methods for the synthesis, reactivity, and
properties of these compounds have not been systematised to date.
The goal of this review is to bridge this gap.

I1. Methods for the synthesis of 1,2,4-triazine
N-oxides

Two main approaches are used to synthesise azines containing the
N-oxide fragment. First, oxidation of nitrogen atoms of the ring
with organic peracids or hydrogen peroxide in acidic media and,
second, closing the azine ring with the participation of nitro,
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nitroso, or isonitroso groups to give an N-oxide group.! Both of
these methods are used for the synthesis of 1,2,4-triazine N-oxides.

1. Synthesis of 1,2,4-triazine 1- and 2-oxides by oxidation of
1,2,4-triazines
N-Oxides are formed rather readily in reactions of 1,2,4-triazines
with organic peracids or hydrogen peroxide in the presence of
carboxylic acids. In this case, only two of the three possible
isomers are formed, namely, 1- and 2-oxides. The ratio of these
isomers depends on the type of substituents in the starting 1,2,4-
triazine.

For example, oxidation of 3-amino-1,2,4-triazines 1 gives
mainly 2-oxides 2. 3-Alkoxy-1,2,4-triazines 1 react with organic
peracids to give solely 1,2,4-triazine 1-oxides 3.1~ 14

?
R'_ _N_ R'._ _N_ _O~ R!._ _NZ
Z N R*CO;H = NI Z N
QO e L X
R2 N R3 R2 N R3 R2 N R3
1 2 3
R! R?2 R3 Oxidising agent Yield (%) Ref.
2 3

H H NH; m-ClC¢H4COsH 80 0 10
H Me NH: m-ClICsH4COsH 80 0 10
H H NH(CH2)2C1 m-ClC6H4CO3H 51 0 10
H Me NH(CH»):Cl m-CICcH4COsH 77 0 10
H Ph NH(CH»)Cl m-CICcH4COsH 35 0 10
H H OMe m-ClICsH4CO3sH 0 30 11
Me Me NH; H>0,/AcOH 30 0 12
H Ph NH» H>0,/AcOH 37 0 13
H Ph NHCOMe H>0,/AcOH 45 0 13
H Ph NHCOEt H>0,/AcOH 41 0 13
Me Me H PhCOsH 0 30 14
Ph Ph H PhCOs;H 0 17 14
H Ph H PhCOs;H 0 26 14
H H OMe PhCOs;H 0 15 14
Ph Ph  OMe PhCOs;H 0 23 14
H Me OMe PhCOs;H 0 26 14
H Ph OMe PhCOs;H 0 39 14

Obviously, the possibility of amino—imino tautomerism
2a 2 2b in 3-amino-1,2,4-triazine N-oxides stabilises the products
of oxidation at position 2 of the triazine system.!?
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R! N. _O R! N.._ _OH
|
R2 \N)\ R2 \N/KNH
Oxidation of 3,5-diaryl-1,2,4-triazines 4 with m-chloroperben-
zoic acid gives 1,2,4-triazine 1-oxides 5 in 75% —98% yields.!>

O
/N\N
\N I m- C1C6H4C03H
20 °C
R! 4 R?

R! = H, 2-Me, 3-Me, 4-Me, 2-Cl, 3-Cl, 4-Cl, 3-CF3;
R? = H, 4-Br, 2-F, 3-F, 4-F, 4-Cl, 4-CF3.

5,6-Diamino-3-methylsulfonyl-1,2,4-triazine 1-oxides 7 were
prepared under the same conditions from 5,6-diamino-3-methyl-
thio-1,2,4-triazines 6 in 60% —80% yields.!®

o-
H-N_ N LN_ N7
~ N m-CIC¢H4COsH Z N
< 20 °C < J\
RHN N SMe RHN N SO,Me
6 7

R = H, CH,Ph.

Oxidation of 1,2,4-triazines containing the camphor (com-
pound 8) or methylcyclopentane fragments (compound 9)'7 with
m-chloroperbenzoic acid affords solely triazine 1-oxides 10
and 11.

(I),
Ns NS
| N m-CICgH4CO3H | N
_——
7 20 °C Pz
N C(,H4N02-}’n N C()H4N02-I‘ﬂ
8 10 (78%)
(I),
N\ N N
| SN m-ClICeH4COsH SN
—_—
)\ 20 °C |
C6H4N02-m C5H4N Oz-m
9 11 (73%)

The reaction pathway also depends on the temperature. The
reaction of 3-phenyl-1,2,4-benzotriazine 12 with peracetic acid
affords 3-phenyl-1,2,4-benzotriazine 1-oxide 13 at 50 °C and
2-oxide 14 at 20 °C.!8 Only the 1-oxide 16a was obtained in 28%
yield in the oxidation of 3-unsubstituted 1,2,4-benzotriazine 15a.
Oxidation of 3-methyl-1,2,4-benzotriazine 15b under the same
conditions gives a mixture of 3-methyl-1,2,4-benzotriazine
1-oxide 16b and 2-oxide 17b in 25% and 10% yields, respectively.

o-
N
50 °C -
LI
NJ N~ “Ph
7 N MeCOH 13(860/
B P
N° “Ph 20°¢c -
N )\
14 (48%)

o-
N. NZ N. O~
L~ K
| | |
\S NS N\
N)\R N~ "R N~ R
15a,b 16a,b 17h

R = H (a), Me (b).

2. Synthesis of 1,2,4-triazine 1-oxides by cyclisation
involving a nitro group

Aromatic and heteroaromatic nitro-compounds containing a
guanidine fragment at the ortho-position relative to the nitro
group readily undergo cyclisation in alkaline or acidic media to
give benzo- or hetero-annelated 1,2,4-triazine 1-oxides. For exam-
ple, 3-amino-1,2,4-benzotriazine 1-oxide 18 was obtained in 1913
by treatment of 2-nitrophenylguanidine 19 with an alkali.!®
Subsequently, this approach was used to synthesise a number of
3-amino-1,2,4-benzotriazine 1-oxides of the type 18.20-27 It is
noteworthy that compound 19 can be obtained either by the
reaction of guanidine with 2-nitrochlorobenzene 20 or by treat-
ment of compound 20 with sodium cyanamide and dimethylamine

(in the latter case, compounds 19 and 20 with R! = R? = Me are
formed).
NO NO
> HaN NH OH- orH*
+ >=NH —_— )]\ —_—
R'R2N 1R2
X Cl X I\IJ NR'R
20 H 19
o-
N+
2 \N
NN
> N~ ONRIR?
18
NO>
50 NaHNCN @: MeNH o
X NHCN

X = H, Mg, CI, Br, NO,, OMe, CN.

In a similar way, 3-amino-1,2,4-triazino[6,5-c]quinoline
4-oxides 22 were synthesised in 62% —95% yields by the reaction
of 4-chloro-3-nitroquinoline 21 with guanidine followed by cycli-
sation of substituted guanidines formed in an alkaline medium.?8

Cl
= NOZ H,oN
| + >=NH—>
SN RIR>N
21
NR!R? NR!R?
HN—< OH- N=<
— — NH —> — N
\ ) NO: / N+_
N 2 O

R! = H, Me; R? = H, Me, Et, Bu", n-CyoH>, Bn, (CH»)2NEt>.

The reaction of 4-methoxy-3-nitropyridines 23a,b with guani-
dine under similar conditions affords 3-aminopyrido|[3,4-¢]-1,2,4-
triazine 1-oxides 24a,b.2°

Z—O

_~__NO,
N | >=NH—>

N NoMe HzN
X 23a,b

)\

24a (83%),
24b (71%)
X = H (a), Cl (b).
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Cyclisation of N-(2-nitrophenyl)-N'-benzoylthiourea and its
derivatives (compounds 25) in an alkaline medium affords the
corresponding 1,2,4-benzotriazine-3(2H)-thione 1-oxides 26.3°

o
NO» N
NHBz  NaoH 7 "NH
/& N /K
R ITI S R N S
25 H 26

R = H (77%), 5-Cl1 (72%), 7-C1 (80%), 6-SH (40%), 7-Me (72%)),
7-OMe (75%).

The reaction of o-nitroaniline and its 4-substituted derivatives
(compounds 27) with cyanamide gives 3-amino-1,2,4-benzo-
triazine 1-oxides 28.22

O*

\@ * NONHy \©:

28 (95% — 8%
X = H, Me, OMe, Br, Cl, OPh, CN, NO-.

3. Preparation of 1,2,4-triazine 4-oxides by cyclisation
involving a nitroso or isonitroso group

Unlike 1- and 2-oxides, 1,2,4-triazine 4-oxides 29 are not formed
upon direct oxidation of the corresponding 1,2,4-triazines.

o~ 29

Therefore, the only possibility to prepare 1,2,4-triazines with
the N-oxide group at position 4 is to synthesise the triazine cycle
from compounds with nitroso or isonitroso groups. The synthesis
can be carried out in several ways.

The reaction of hydroxyamidrazone 30 with dimethylglyoxal
31 in methanol affords 5,6-dimethyl-3-phenyl-1,2,4-triazine
4-oxide 32.3!

NH O, Me N Me

N McOH N7

L ’ PNy

NOHH 07 “Me Ph”” N7 “Me
30 31

Ph
O~ 32(41%)

The condensation of amidrazone 33 with phenylglyoxal
monooxime 34 occurs through the formation of hydrazone 35.
The elimination of an ammonia molecule from compound 35 gives
3-methyl-6-phenyl-1,2,4-triazine 4-oxide 36 in a good yield.?!

HoN_

Ph_ _O Ny
N AcOH z
Lo L™ Ll
- 3
HoNT “Me SNOH Me
33 34

o NH:
Ph._ _Ng
T
N7

O~ 36(72%)

35

If aminoguanidine or S-methylisothiosemicarbazide 37 are
used instead of amidrazone, 3-amino-1,2,4-triazine 4-oxides are
formed. 3-Amino-5-methyl-6-phenyl-1,2,4-triazine 4-oxide 38
was synthesised in this way.3233

Ph._ _O HZN\N
Lo ey

Me NOH MeS 1?

37 O~ 38(35%)

5,6-Diphenyl-1,2,4-triazine 4-oxide 39 was obtained by the
reaction of diphenylglyoxal mono-2-ethoxymethylenehydrazone
40 with hydroxylamine.?! Obviously, formation of the intermedi-
ate 41 followed by its cyclisation to 1,2,4-triazine 4-oxide 39
occurs in this case.

PhI Ph Noy
‘s
'g et T I
" o
EL
N ‘
41 39(41%)

A more promising method for the synthesis of 1,2,4-triazine
4-oxides is the cyclisation of a-hydrazonooximes 42 with ortho-
carboxylates or iminoesters. Rather a wide range of 1,2,4-triazine
4-oxides 29 was synthesized using this method.3!-34-38

DY I L

R NOH
R! R? R3 Yield of 29 (%)  Ref.

“NH, RC(OEv;or
RPC(OE)=NH_

Reagent R3C(OEt)3

Me H Me 40 34
Me Me Me 80 34
Ph Ph Me 70 34
Me H Ph 53 34
Ph Me Me 70 34
Ph Me Et 60 34
Ph Me Ph 70 34
2-NO,C¢Hy H H 89 36
4-NO,C¢Hs H H 84 34
4-NO,C¢Hs H H 89 36
4-MeOC¢Hs H H 80 34
Ph H H 86 31
Ph H Ph 57 31
Ph Me H 27 31
Me Me H 51 31
Me H H 23 31
But! H H 59 38
But H Me 65 38
But! H Ph 43 38
Reagent R3C(OEt)=NH

4-MeOC¢Hs H 4-NO,C¢Hy4 16 34
Ph Me 4-NO,C¢H4 25 34
4-N02C6H4 H 4-MCOC6H4 16 34
Ph H 4-MeOCeHy 45 34
Ph H 4-NO,C¢Hy4 54 34
Ph H Me 51 31

Similarly, reactions of 5-isonitroso-1,3,3-trimethyl-2-oxabicy-
clo[2.3.3]octan-6-one hydrazone 43 and 4-isonitroso-2,2,5,5-tet-
ramethyltetrahydrofuran-3-one 44 with the corresponding
orthobenzoates afford 3-aryl-5,8-dihydro-6,6,8-trimethyl-5,8-
ethanopyrano[4,3-¢]-1,2,4-triazine 4-oxides 45 and 3-aryl-5,7-
dihydro-5,5,7,7-tetramethylfurano[3,4-¢]-1,2,4-triazine  4-oxides
46.%°
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Me Me I\I/Ie
NNH> N. Os_N_ _Ng
o) 4-XC¢H4C(OMe)s (0] Z N Y N
e sxencone, ST — 11X
NOH N7 “CeHsX-4 Me” NZ "R
Me Me | |
43 O~ 45 (O
Me Me 47
Me NNH, Me N
4-XCsH4C(OMe); 2 \N R Yield of 47 (%) Ref.
0 e o |
X Ph 68 44
Me \Me NOH Me Me lTT+ CeHsX-4 54 49
O~ 46
a4 4-CIC¢H. 50 44
43 49
X = Me, OMC, NOz, CF3, Cl, BI‘, F. 3,4-C12C6H3 65 44
61 49
Annelated 1,2.4-triazine 4-oxides, viz., 3-R-fervenulin = 4-MeOCsH4 63 49
4-oxides 47, were synthesised from 6-hydrazino-1,3-dimethyl-5-  4-Me,NCeHy 58 49
nitrosouracil 48.40-42 Orthoesters, formic acid, or DMF in the = 4-NO>CsHy4 45 44
presence of POCI; or dimethyl sulfate can be used as cyclisation
agents. FII I\I/Ie }II 1\{[6
Me Me (0] N No (0] N No
K (A Y | NH, RCHO ﬁ/ | N KNO;
OY SNH, X OY N _N _N. ”\ AcOH/H,SO,
| = | Me Me
N N A
Me N Me N7 R O 55 O 53
1 | Me
o O (0] o~ |
48 47a—c O N NQ
Y S N
X is cyclisation agent; R = H (a), Me (b), Et (c). N ~ J\
Me” N7 "R
Compound Cyclisation agent (X) Yield of 47 (%) Ref. 0O O|7
5
47a HC(OE; 7 40-42 Yield of 51 (%) Ref.
47 MeC(OEt)s 76 40-42
47c EtC(OEt); 85 40 56 48
47a HCOOH 54 40 Me 63 49
47a DMF -POCl; 72 40 Ph 51 48
47a DMF —Me,SOy4 43 40 4-CIC¢H4 46 48
3,4-ClL,C¢Hj3 67 48
A new, rather simple method for the synthesis of 1,2,4-triazine ~ 4-MeCsHy 54 48
4-oxides 49 was suggested recently. It involves the condensation of ~ 4-Me;NCgHy 50 49
isonitrosoacetophenone hydrazone 50 with aldehydes followed by =~ PhCH=CH 46 48
oxidation of the condensation product with lead tetraacetate. This =
is a simple way to obtain 1,2,4-triazine 4-oxides with almost any N 7 61 48

aliphatic, aromatic, and heteroaromatic substituents at position 3
“NH, L.RCHO RCHO

of the triazine cycle.*?
No
~
A ) e
NOH

Ph
50 O 49

R = Me, Et, Pri, C;H,s, Ph, 4-NO»CgHa, 4-BrCgHa, o;j.

To prepare fervenulin 4-oxides 47 or toxoflavine 4-oxides 51,
it is convenient to use the reaction of 1,3-dimethyl-2,4-dioxopyr-
imidin-6-yl hydrazone 52 or N-(3-methyl-2,4-dioxopyrimidin-
6-yl) N-methylhydrazone 53 with potassium nitrate in acetic
acid.**~ 4% Sometimes, diethylazo diformate is used instead of
potassium nitrate.*? In this case, cyclisation occurs simultaneously
with the formation of the NO group. Compounds 52 and 53 were
synthesised from the corresponding hydrazines 54 and 55 and
aldehydes.

H
Os. _N_ _N.
Y | NH> RCHO_ Y
N
Me”
0

KNOz
ACOH

3-Anilinofervenulin 4-oxides 47 (R = ArNH) were obtained
by the reaction of 6-hydrazino-1,3-dimethyluracil 54 with triethyl
orthoformate followed by substitution of the ethoxy group in the
resulting hydrazide 56 with an aniline residue and further cyclisa-
tion of compound 57 under nitrosation conditions.*¢

HC(OEY; Y\HJ/

Me

O N
7
Me/N

o 57

AI‘NHQ

R = ArNH = PhNH (5§1%), 4-CIC¢H4NH (63%), 4—BrC6H4NH (49%),
4-MeOCeH4NH (47%), 4-MeCcH4NH (56%).

KNOz

AcOH
NHAr

2-Nitrosophenols 58 react with aminoguanidine nitrate in the
presence of nitric acid. This method gave 3-amino-1,2,4-benzo-
triazine 4-oxides 59.%°
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R! OH H>oN_
Oy ety
R2 NO HN)\ ITI

58 HNO; 0

59 (73% —92%)
R! = (I, Br, Me; R2 = H, Me.

Reaction of 3-hydrazino-3-methylbutan-2-one oxime 60 with
aldehydes and ketones affords 3-R!'-3-R2-1,3.,4,6-tetrahydro-
5,6,6-trimethyl-1,2,4-triazine 4-oxides 61.3!

Pr Pr
Me 1{] Me I
Me “NH, RlR?CO Me NH )
“0C ~ +/kR
Me NOH N
| R!
60 61 O
R! = H, Me; R2 = H, Me, Pr'.

Condensation of 1-morpholino-6-oximinocyclohexene 62
with hydrazine hydrate and ketones gives 2,3,5,6,7,8-hexahydro-
1,2,4-benzotriazine 4-oxides 63. In the absence of a carbonyl
compound, this reaction leads to spiro compound 64.>>

N\
R!R2CO Z 'NH
= R2
N
— "R
N o 2t o
\ / 20 °C 63 (35% —60%)
NOH ¢2 / ~NH NOH
64 (71%

R], R2 = MC, CHzph; R] —R2 = (CH2)5, (CHz)(,.

4. Other methods for the synthesis of 1,2,4-triazine 4-oxides
There is a method for the synthesis of 1,2,4-triazine 4-oxides that is
fundamentally different from those discussed above.>* The reac-
tion of nitrones 65 with an excess of hydrazine afforded
4-hydroxy-2,3,4,5-tetrahydro-1,2,4-triazines 66. Subsequent oxi-

dation with Pb(1V) oxide resulted in the corresponding triazine
4-oxides 29.

i N R3
”/ NoHy \F PbO, N* \Ir
R! N ACOH NG
H R2 R! o~
65 R?
66 29
R! R2 R3 Yield of 29 (%)
Ph Me Et 57
Ph Me Ph 70
Me Me Ph 52
Ph H Ph 51
3-Methyl-1,2,4-benzotriazine 4-oxide 67 was obtained by the

reaction of benzofurazan oxide 68 with diethylamine.>* 5>

N
/N\O z N
N L
N+ N7 “Me

\
68 O~ 67 (20%)

EtoNH
—_—
o-

II1. Physicochemical characteristics
of 1,2,4-triazine N-oxides

The incorporation of an N-oxide fragment in the 1,2,4-triazine
molecule changes substantially the 'H, '3C, and N NMR
spectra.

In '"H NMR spectra of 1,2,4-triazine 1-oxides, the signals of
the protons at positions 3 and 6 are observed at 9.00 and
8.04 ppm, i.e., they are shifted upfield by 0.6-0.7 and
1.1-1.2 ppm, respectively, in comparison with those in the
1,2,4-triazines, but the signal of the H(5) proton (8.57 ppm)
remains almost unchanged. !0 14,56

A comparison of the '"H NMR spectra of 1,2,4-triazine
4-oxides with those of the corresponding 1,2,4-triazines shows
that the signals of the H(3) and H(6) protons have an almost
similar upfield shift (Ao = —0.8 ppm), and their chemical shifts
are 8.82 and 8.42 ppm, respectively. The signal of the H(5) proton
is also shifted upfield by 0.3 ppm (6 = 8.00 ppm) (Table 1).1°

Table 1 Chemical shifts of cyclic protons in the '"H NMR spectra of 1,2,4-triazines and their N-oxides in CDCl;.

Compound J/ ppm Ao/ ppm Ref.
H(3) H(5) H(6) HQ3) H(5) H(6)

1,2,4-Triazine 9.63 8.53 9.24 10
1,2,4-Triazine 1-oxide 9.00 8.57 8.04 —0.63 0.04 —1.20 10, 14
1,2,4-Triazine 2-oxide 8.82 8.00 8.42 —0.81 —0.53 —0.82 10
3-Methoxy-1,2,4-triazine 8.56 9.16 56
3-Methoxy-1,2,4-triazine 1-oxide 8.37 7.83 —0.19 —1.33 14
3-Methoxy-1,2,4-triazine 2-oxide 7.70 8.12 —0.86 —1.04 10
3-Amino-1,2,4-triazine # 8.53 8.88 10
3-Amino-1,2,4-triazine 2-oxide # 8.19 8.23 —0.34 —0.65 10
3-(N,N-Dimethylamino)-1,2,4-triazine 8.14 8.15 10
3-(N,N-Dimethylamino)-1,2,4-triazine 1-oxide 7.76 7.86 —0.38 —0.65 10
3-Morpholino-1,2,4-triazine 8.14 8.54 57
3-Morpholino-1,2,4-triazine 2-oxide 7.81 8.54 —0.33 —0.52 10
6-Methyl-1,2,4-triazine 9.55 8.55 31
6-Methyl-1,2,4-triazine 4-oxide 9.28 8.22 —0.27 —0.33 31
6-Phenyl-1,2,4-triazine 9.52 8.91 31
6-Phenyl-1,2,4-triazine 4-oxide 9.31 8.60 —0.21 —0.31 31

2 In [2Hg]DMSO.
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o
AR

7(1.171.4)E N
|

—(0.0-0.3) \N)—(oAﬁfo.t))
R_ _N._
A
|

~(0.1-0.3) \1712(0.10.3)
o-

The incorporation of an N-oxide group at position 4 of the
triazine system shifts the signals of the H(3) and H(5) protons
upfield by 0.1-0.3 ppm (the 9.28—9.47 and 8.55-8.90 ppm
regions). It should be noted that, unlike the case of 1,2,4-triazines,
these signals in 1,2,4-triazine 4-oxides appear as doublets
(J = 1.8 Hz) (see Table 1).3!

The 3C NMR spectra are also changed upon the introduction
of the N-oxide fragment. In 1,2,4-triazine 4-oxides, the signals of
the carbon atoms in the ortho- and para-positions with respect to
the N—O fragment are shifted upfield by 18-20 ppm for
1-oxides, 9—18 ppm for 2-oxides, and 10—15 ppm for 4-oxides

—(0.5-11) EN\NiO
—(03-0.9) %

NJ -08

ISN NMR spectroscopic data also allow the determination of
the position of the N-oxide group. On going from 1,2,4-triazines
to their 1-oxides, the maximum upfield shift is observed for the
nitrogen atom in position 1 [Aé = —(83—87) ppm]. The signals of
the N(2) and N(4) atoms are shifted upfield to a much smaller
extent [Ad = —(39-46) ppm and Ad = —(22—24) ppm, respec-
tively]. For 1,2,4-triazine 2-oxides, the situation is somewhat
different. The signals of the N(1) and N(2) atoms are shifted
upfield by almost the same value [Ad = —(70—75) ppm], but the
signal of the nitrogen atom in position 4 is almost not shifted
[A6 = —(13-23) ppm] (Table 3).63-65

The IR spectra of 1,2,4-triazine N-oxides,> as well as those of
N-oxides of other azines,! contain a characteristic band of
stretching vibration of the N—O group in the region near
1250 ecm— 1.

The absoption maximum in the UV spectrum of 3,4-diphenyl-
1,2,4-triazine 4-oxide is around 286 nm (loge = 4.57).%3

Table 3 Signals of cyclic nitrogen atoms in the N NMR spectra of
1,2,4-triazines and their N-oxides 3 in [2Hg]DMSO relative to MeNO,.

in comparison with those of the corresponding 1,2,4-tria- Compound &/ ppm AS/ ppm
zines, 3?3862 but the signal of the carbon atom in the meta-
position is almost not shifted (Table 2).10-3% N()  NQ) N@4) N(1) N@2) N@
Thus, comparison of the '3C NMR spectra of 1,2,4-triazines
and their oxides allows one to determine easily the position of the 1,2,4-Triazine 40.0 20  —62.0
N-oxide group. 1,2,4-Triazine —430 - - —83 - -
o- 1-oxide
I, o- 3-Methoxy- 360 —58.0 —124.4
—(18-27) " °N -(3-8) Z# N7 1,2.4-triazine
+(475)E j f0o4) 7(16—18)E j o1 3Methoxy-124- =500 —97.1 1480 —860 389 —236
N N triazine 1-oxide
N 3-Amino-1,2,4- 357 —61.0 —130.0
+(1-3)Z N triazine
7(15716)E J —a-11) 3—A‘mi.no—1,2,4.— —51.1 —107.0 —152.0 —86.8 —46.0 —22.0
ITM triazine 1-oxide
O 3-Amino-1,2,4- —39.0 —137.0 —153.0 —-747 —76.0 —23.0
triazine 2-oxide
Table 2 Chemical shifts of carbon atoms in the '3C NMR spectra of 1,2,4-triazine N-oxides in [?Hg]DMSO.
Compound o/ ppm Ad/ ppm Ref.
CB3) Ci) C(6) CB3) C(5) C(6)
1,2,4-Triazine 1-oxide? 158.5 152.7 129.7 —-0.4 3.1 —21.1 60
1,2,4-Triazine 2-oxide ? 143.5 132.5 146.0 —14.6 —17.1 —4.8 60
3-Methoxy-1,2,4-triazine 1-oxide? 166.5 154.0 124.5 2.5 4.0 —18.5 10
3-Methoxy-1,2,4-triazine 2-oxide 152.5 130.0 135.5 —11.5 —20.0 —-17.5 10
3-Amino-1,2,4-triazine 1-oxide 165.0 1559 120.7 1.7 6.1 —19.9 60
3-Amino-1,2,4-triazine 2-oxide 151.6 132.4 134.9 —11.7 —17.4 —5.7 60
3-(N,N-Dimethylamino)-1,2,4-triazine 1-oxide # 161.0 152.0 120.0 1.0 4.0 —18.0 10
3-(N,N-Dimethylamino)-1,2,4-triazine 2-oxide # 151.0 132.0 133.0 —-9.0 —16.0 —-5.0 10
3-Amino-5,6-dimethyl-1,2,4-triazine 1-oxide 166.0 164.3 119.4 3.9 5.4 —27.7 60
3-Amino-5,6-dimethyl-1,2,4-triazine 2-oxide 148.9 140.2 144.2 —13.2 —18.7 -29 60
3-Amino-5,6-dimethyl-1,2,4-triazine 4-oxide 154.4 143.0 148.7 —-7.7 —15.9 1.6 60
5-Methyl-1,2,4-triazine 1-oxide 2 158.7 166.1 129.1 1.7 5.6 —21.8 60
6-Phenyl-1,2,4-triazine 1-oxide 149.9 132.0 157.5 — — — 60
3-Methyl-6-phenyl-1,2,4-triazine 4-oxide 159.4 131.4 156.4 — - — 60
3,6-Diphenyl-1,2,4-triazine 4-oxide 156.2 132.8 155.6 — — — 60
3-Ethyl-6-phenyl-1,2,4-triazine 4-oxide 161.9 131.4 156.3 — — — 60
5-Ethyl-5-(indol-3-yl)-6-phenyl-1,2,4-triazine 4-oxide 161.0 135.5 156.7 - - — 62
5-(1-Methylindol-3-yl)-6-phenyl-1,2,4-triazine 4-oxide 149.0 139.4 157.3 - - — 62
3-Ethyl-5-(1-methylindol-3-yl)-6-phenyl-1,2,4-triazine 4-oxide 160.8 136.0 135.8 - - — 62
5-(1-Methylindol-3-yl)-3,6-diphenyl-1,2.,4-triazine 4-oxide 156.1 136.1 156.0 - - — 62
5-(2-Methylindol-3-yl)-6-phenyl-1,2,4-triazine 4-oxide 149.9 142.8 160.9 - - — 62
3-Methyl-5-(2-methylindol-3-yl)-6-phenyl-1,2,4-triazine 4-oxide 157.9 140.2 158.9 - - - 62

4 In CDCls.
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A molecular ion peak (often with the maximum intensity) and
intense [M—16]" and [M—17]" peaks typical of this class of
compounds are observed in the mass spectra of 1,2,4-triazine 1-
and 2-oxides. The fragmentation of 1,2,4-triazine 1- and 2-oxides
is similar, which prevents an unambiguous determination of the
position of the N-oxide group.6>9%-%7 However, a somewhat
different picture is observed in the case of 1,2,4-triazine 4-oxides.
The characteristic feature of their mass spectra is the existence of
an intense molecular ion peak and a very weak [M —16]* peak.3!

The X-ray diffraction data for 3,6-diphenyl-5-(indol-3-yl)-
1,2,4-triazine 4-oxide®? showed that the 1,2,4-triazine 4-oxide
fragment and the substituents are non-coplanar, the slopes of the
corresponding planes being within 30— 50 °.

IV. Chemical properties of 1,2,4-triazine-/NV-oxides

1. Tautomerism
The amino—imino tautomerism is typical of 3-amino-1,2,4-tria-
zine 4-oxides 2a. This is the reason for the formation of 2-oxides in
the oxidation of 3-amino-1,2,4-triazines 1.1°
3-Azido-1,2,4-benzotriazine 1-oxides 69 exist only in the form
of azides, both in the crystal state and in solution. This is also true
for 3-azido-1,2,4-triazine 1-oxides 70, which have not been found
in the tetrazole form in any aggregation state.®8~70

o- o-
N N
Z N E N
| |
NS NS
P g
69 70

Ring—chain tautomerism is observed for the series of 1,2,3,6-
tetrahydro-1,2,4-triazine 4-oxides 61.5! These compounds exist
solely as hydrazones 61b both in solution and in the crystal form.
In aprotic non-polar solvents (e.g., CCly), the fraction of the cyclic
form 6la is as high as 45%, depending on the nature of the
substituents R! and R2.

Pr Pr
Me | Me |
N. N.
Me NH 5 -~ Me 1|\I
N +/k - N R2
Me N Me N
| R! | R!
- OH
6la 61b
R! R? Proportion of the forms in CCly (%)
6la 61b
Me Me 25 75
H H 45 55
Me H 40 60
Pri H 10 90
p-ClICéHs H 0 100

Ring—chain transformations are also observed for 3,4-dihy-
dro-4-hydroxy-1,2,4-triazines 71. For example, compounds 71 in
DMSO-dg exist both in a cyclic form 71a and in an open form 71b.
It was found that aliphatic substituents at position 3 of 3,4-dihy-
dro-1,2,4-triazine 71 shift the equilibrium towards the cyclic form
71a, while aromatic and heteroaromatic substituents, towards the
open form 71b (Table 4). An increase in temperature increases the
fraction of hydrazone 71b. Analysis of high-resolution mass
spectra of these compounds made it possible to find out that the
cyclic form 71a prevails (70% —90%) in the gas phase.”!

| R2

R'_ N R'__N.
R3
N/k SN FR“
| R2
OH OH
71a 71b

Table 4. Ratio of the cyclic (71a) to the open (71b) forms of 3,4-dihydro-4-
hydroxy-6-phenyl-1,2,4-triazine 71 in [2Hg]DMSO and in gas phase.”!

R! R2 R3 Isomer ratio (%)
solution gas phase
71a 71b 71a 71b

Ph H Me 100 0 72 22
Ph H Et 100 0

Ph H Pri 100 0 90 10
Ph H C7H;s 90 10 80 20
Ph H Ph 23 77 82 18
Ph H 2-NO,CsHy4 5 95

Ph H 4-NO>CsHg4 8 92

Ph H 4-HOC¢H4 7 93 75 25
Ph H 3,4-(HO)>CsH3 35 65 85 15
Ph H 4-BrCe¢Ha 15 85 11 89
Ph H 4-NM€2C(,H4 0 100

Ph H COxH 100 0

O S

Ph H ;;’ 7 93

Ph Me Me 90 10

Ph Me Ph 50 50

Ph Me CH,CO2Et 0 100

Ph —(CHa)s— 96 4

Ph —(CHz)s— 82 18

Me H 4-NO,CsHg4 0 100

Me H 4-HOC¢H4 0 100

Me H 4—NM62C6H4 0 100

2-Phenyl-1,2,4-benzotriazin-3(2H)-one 1-oxide 72, which
exists in the cyclic form 72a when in the crystal, undergoes ring
opening in solution to give 2-isocyanatoazoxybenzene 72b.7>
(O3 (O

i
@NgN/Ph

NCO
72a 72b

2. Deoxygenation

Elimination of oxygen (deoxygenation) occurs in 1,2,4-triazine
N-oxides, as well as in other azine N-oxides, upon treatment with
reducing agents.

The reaction of 1,2,4-triazine N-oxides 29 with triethylphos-
phine or PCl; resulted in the corresponding 1,2,4-triazines 1 (in
65% —95% yield), which were impossible to synthesise by other
methods.3!-3 If POCI; is used in this reaction, deoxygenation is
accompanied by chlorination of 1,2,4-triazine. For example,
5-chloro-6-phenyl-1,2,4-triazine 73 was obtained in 37% yield

from 6-phenyl-1,2,4-triazine 4-oxide.”?
N\
X
|
e

Rl
R! N.
I —_—
e Ay

N7 SR3  |R!=Ph, Ph. N

PEI3 or PC13
—————

R3

| 2R3 = Z° N
o : PORCI > I |
N\
29 : 1 N
73
R! = H, Me, Ph, 4-McOC¢H.: R? = H, Me, Ph, @j/ .
N
R3 = H, Me, Ph. H
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Sodium dithionite can be used for the reduction of 1,2,4-
triazine 4-oxides. This method has been used in the synthesis of
fervenulins 74 from fervenulin 4-oxides 474! and 3-bromo-1,2,4-
benzotriazines 76 from 3-bromo-1,2,4-benzotriazine 4-oxides
75.% Boiling of fervenulin 4-oxide 47 in DMF results in its thermal
deoxygenation to form fervenulin 74.40

I\I/Ie I\I/Ie
(0) N Ns (0) N Ns
Y | N aorb ﬁ/ | N
N . TN A
Me N7 R Me N
47

R! No
T e II A
|
S
R?> N7% Br

|
75 O~ 76 (70% —75%)
(a): Naz$204 (55% —90%); (b): DMF, 150 °C (60%).
The reaction of 3-morpholino-1,2,4-benzotriazine 4-oxide 77

with zinc in hydrochloric acid afforded 3-morpholino-1,2,4-ben-
zotriazine 78.74

N\ N\
I} g
| Zn/HCl ©: |
S —_— NS
77 O~ k/o 78 (0]

UV  irradiation of 3-aminopyrido[4,3-¢]-1.2.4-triazine
1-oxides 24a,b or 1,2,4-triazine 4-oxides 29 is also accompanied
by the loss of the N-oxide group 7> 76 and gives the corresponding
3-aminopyrido[4,3-¢]-1,2,4-triazines 79a,b or 1,2,4-triazines 1.

CI),
Ni N\
N7 N °N o N7 Y7 )N\
| - |
NS NS
N N~ “NH, N N~ “NH,
X 24ab X  79ab
X = H (a), Cl (b).

29 Mg

The reaction of 2,3-dihydro-6-phenyl-1,2,4-triazine 4-oxide 80
with acetic anhydride leads to deoxygenation and aromatisation
of the former to give 6-phenyl-1,2,4-triazine 81.77

Ph. _N. Ph. _N_
Z 'NH Ac0 Z N
N /k H X J
N N
| H
80 (O)s 81

3. Reaction with electrophilic agents

a. Alkylation

The reaction of 3-amino-1,2,4-triazine 1-oxide 82 with methyl
iodide in the presence of sodium bicarbonate results in methyl-
ation of the amino group to give 3-methylamino-1,2,4-triazine
1-oxide 83. In neutral media, the N(3) atom of the cycle in 1,2,4-
triazine 1-oxide 82 undergoes methylation resulting in 3-imino-2-
methyl-1,2,4-triazine 1-oxide 84. It is interesting that 1-oxide 83
undergoes rearrangement to 1-oxide 84 in methanol in the
presence of methyl iodide.

o-
N
Mel z {\I
NaHCO; )\
(o) N~ “NHMe
N+ 83
Z N | lMeI
- J\ l\j[eOH
N~ "NH, C|>
82 NI _Me
Mel ~ N
]
MeOH E/K
N~ NH
84

3-Methoxy-1,2,4-triazine 1-oxide 85 undergoes the same rear-
rangement under the same conditions and transforms into
2-methoxy-1,2,4-triazin-3-one 86.7%

N _
(Y ()
|
S MeOH
N /K
85

An abnormal nucleoside, 4-(B-D-ribofuranosyl)-1,2,4-triazin-
3(4H)-one 1-oxide 87, was obtained in 38% yield by the reaction
of  2,3,5-tri-O-benzoyl-pB-D-ribofuranosyl ~ bromide  with
3-methoxy-1,2,4-triazine 1-oxide 88 followed by the removal of
the benzoyl protective groups with sodium methoxide.!!

o-
B BzO o Br llli

1. q_P [ SN
BzO OBz HO N /go
R
)\ 2. MeONa, MeOH (0)
Me

88
OHOH 87

The reaction of the sodium salt of pyrido[2,3-¢]-1.2.4-triazine-
3(4H)-one 1-oxide 89 (X = N) or 1,2,4-benzotriazine-3(4H)-one
l1-oxides 89 (X = CH) with acetobromoglucose allows one to
obtain the tetraacetyl derivatives of B-D-glucopyranosides 90,
the deacetylation of which affords nucleosides 91.7°

X N O (6]
Na OAc
89(R:H,X:N) AcO
90 OAc

Ni
;é\EAC ’ \(j:

2 Et,NH, MeOH O
OH

HO

91 OH
R = Me; X = CH.

The reaction of compounds 89 (X = CH; R = H, Me) with
2-chloromethoxyethyl acetate results in N-alkylation products
92a,b. Their subsequent hydrolysis affords 4-(2-hydroxyethoxy-
methyl)-1,2,4-benzotriazin-3(4 H)-one 1-oxides 93a,b.”°
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OAc CI)* (I)*
N

[ R R g
OCH,Cl N HCl N
89 —» —
/g MeOH /g
)N ’ )N °

7+

AcO(CH>),0O HO(CH»),O
92a (21%) 93a (94%)
92b (19%) 93b (75%)

R = H (a), Me (b).

3-Amino-1,2,4-benzotriazine 1-oxide 94 undergoes the Chi-
chibabin reaction with bromoacetaldehyde to give imidazo[2,1-c]-
1.2.4-benzotriazine 1-oxide 95.8°

z—0

IlIiN \tN

- BrCH,CHO

CIC N memene (7Y
N~ "NH, N” N
9 l—

95 (50%)

Reactions of 3-hydrazino-1,2,4-triazine 1-oxide 96 or 3-hydra-
zinopyrido[2,3-c]-1.2.4-triazine 1-oxide 97 with diethoxymethyl
acetate or triethyl orthoformate followed by cyclisation afford the
corresponding pyrazolo[3,4-c]-1.2.4-triazine 6-oxides 98 and
99 81-83

o- o-
Ng Ng
[ N AcOCH(OEt), [ N
—_—
A A
N~ "NHNH, NN
96 _11]
98 (90%)
Q i
NI NI
| XY N HC(OEt)s | X N
z )\ z )\
N~ °N” "NHNH, N~ °N \I\II
97 N
99 (70%)

b. Electrophilic substitution of hydrogen

Halogenation of 3-R-1,2,4-triazine 1- and 2-oxides has been
described.®”-84 The reaction of 3-methoxy and 3-amino(alkyla-
mino)-1,2,4-triazine 1-oxides 100 with chlorine or bromine in
CCly in the presence of triethylamine results in the corresponding
6-chloro- or 6-bromo-1,2,4-triazine 1-oxides 101.

\ \
N X_ N
E N Xo, NEg Z N
| CCly o |
N A
100 101

X = Cl, Br; R = OMe, NH,, NHMe, NMe..

Halogenation of 3-methoxy- and 3-methyl(dimethyl)amino-
1,2,4-triazine 2-oxides 102 occurs in a similar way to give 6-halo-
derivatives 103.

N.. O~ X N, O~
Z 'N% X>, NEt3 ~ N5
—_—
S J\ CCly S J\
N R N R
102 103

X = Cl, Br; R = OMe, NHMe, NMe,.

c¢. Other reactions

1-(Dimethylamino)-1-ethoxyethylene acts as an electrophilic
agent in the reactions with 1,2,4-triazine 4-oxides 104 and 105
containing a methyl group at position 5 and/or 6. The addition of
an olefin to the methyl group followed by elimination of ethanol
results in the corresponding (2-dimethylamino)-1-propenyl-1,2,4-
triazine 4-oxides 106 and 107.8>

MezN

Me\EN\N OEt Me /N\N
| + =< —_— | —_—
N OEt \
TTH)\Ph NMe, ITM)\Ph
O~ 104 o~
Me No
\(\E N
- |
NMe: Y
’ l\lh)\Ph
O~ 106
Me No Me No
2N OFEt EtO Z N
N J + = — Me - J —
Me N~ NMe; N7
| Me,N |
105 O~ (O
Me N
MezN ~ N
— N
Me 1\II+
107 O~

The reactivity of the hydrogen atoms of the methyl group in
1,2,4-triazine 4-oxide 36 allows one to make this compound react
with nitrobenzaldehydes. This reaction gave 3-[2-(R-nitrophenyl)-
vinyl]-6-phenyl-1,2,4-triazine 4-oxides 108.7¢

Pho _N. CHO Ph_ _N.
Z "N ~ N
T A LT
e Q)
(02 (O}
R
36 108 R
R = 2-NO» (27%), 3-NO; (47%), 4-NO> (48%).
The reaction of 3-hydrazino-1,2,4-triazine 1-oxides 109 with
nitrous acid affords 3-azido-1,2,4-triazine 1-oxides 110.68-84
- ’
R _NZ R_ _N
2N [HNO,] 27N
-
\E BN \E A
N NHNH> N Ns
109 110

/ +

R = H (80%), Me(82%), Ph (85%).

4. Reactions with nucleophilic agents

a. Nucleophilic substitution of readily leaving groups

Substitution of nucleofugal groups is a widespread method for the
modification of 1,2,4-triazine N-oxides. The reaction of
3-methoxy-5-phenyl-1,2,4-triazine 1-oxide 111 with ammonia
afforded 3-amino-5-phenyl-1,2,4-triazine 1-oxide 112. The reac-
tion of 3-methoxy-1,2,4-triazine 1-oxide 87 with hydrazine results
in 3-hydrazino-1,2,4-triazine 1-oxide 113.'4

(0}l (O

N N

Z "N NH; Z "N

sk P NEN
Ph”™ "N~ “OMe Ph” "N~ "NH,

111 112 (51%)
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O* (02
N\
[ NH,NH, E jl\
|
)\ \N NHNH,
87 113 (94%)
7-Methyl-1,2,4-benzotriazin-3(4H)-one 1-oxide 114 can be

obtained in a good yield by replacement of the diazo group by
OH in 3-diazo-7-methyl-1,2,4-benzotriazine 1-oxide 115, which is
formed upon the reaction of the corresponding amino derivative
116 with nitrous acid.”

¢ Q-
Me N& Me NI
Z N [HNO-] Z N H-O
—_— —>
X J\ X J\
N7 ONH, N7 ONT
116 115
?
Me N&
\@ 1
/g
N
|
114 (88%)

Similarly, diazotisation of 3-amino-1,2,4-triazine 2-oxides 117
or 1-oxides 118 results in the replacement of the diazo group by a
halogen on treatment with hydrochloric or hydrobromic acids and
affords the corresponding 2-oxides 119 '° or 1-oxides 120.9°

AN O mxamNog  AN©
X J\ NH3, MeOH X J\
RSN N, N RTSNTX

117 119

X = CL: R = H (34%), Me (32%), Ph (26%); X = Br, R = H (47%).
o o

NdNOﬁ

R2 120(30%7 5%)
R!, R? = H, Me.

In turn, the halogen atom can be replaced by a different
functional group. 3-Methoxy-1,2,4-triazine 2-oxide 85 (R = H)
was obtained by the reaction of 3-bromo-1,2,4-triazine 2-oxide
119 with sodium methoxide. When secondary amines are used as

nucleophiles, 3-amino-derivatives of 1,2,4-triazine 2-oxides
121a—e are formed. 3-Hydrazino-1,2,4-triazine 2-oxide
N. O~
MeONa I N7
—— I
NS
R" °N OMe
85
N. O~
HNR3 Z N3
o |
N O R N7 TNR}
~ + 121a-e
LI~
1 N\ /07 N\ /07
+  MnO, - +

| Rt
R NH RN
122 1\IIH2 123
NaNj /N\Nio
L
R” N7 ON;
124

R' = H, Me; X = Br.

Compound R! NR3 Yield (%) Ref.
85 H 10 10
121a H N 95 10
121b Me N 90 10
121¢ H N 93 10
/N
121d H N o 95 10
/
121e H NMe, 93 10
122 H 69 10
123 H 27 10
124 H 86 68

122 was synthesised by the replacement of bromine in 2-oxide 119
by hydrazine. The subsequent oxidation of compound 122 with
Mn(1v) oxide afforded 1,2,4-triazine 2-oxide 123,'° but the
reaction of compound 119 with sodium azide gave 3-azido-1,2,4-
triazine 2-oxide 124.98
Reactions of 3-chloro- or 3-methylthio-1,2,4-benzotriazine

1-oxides 125a,b with amines result in 3-amino-derivatives of
1,2,4-benzotriazine 1-oxides 126.2%74.86-87 Replacement of the
halogen in 3-chloro-1,2,4-benzotriazine 1-oxide 125a upon the
reaction with methyl 2-(4-hydroxyphenoxy)propionate proceeds
in a similar way. For example, compound 127 was synthesised by
this method.83-8°

(02 o~

| |

NG
2 z N
—_—
X
N NRIR?2

125a.b 126

O. Me
K>CO
125a + \r e~
COzMe
HO
NI O Me
Z "N \r
N J\ CO,;Me
N O

127
X =Cl (a), SMe (b).

Replacement of chlorine in the 3-chloro-derivative 125a on
treatment with sodium cyanide in methanol affords 3-methoxy-
1,2,4-benzotriazine 1-oxide 128.%°

o-
NJr I
NaCN A\
McOH < J\
N OMe
125a 128 (49%)

b. Nucleophilic substitution of hydrogen
The mechanism of the nucleophilic substitution of hydrogen
(SnH) in 1,2,4-triazine N-oxides has been studied in most detail
using 1,2,4-triazine 4-oxides 29 as an example. This mechanism is
common to all 1,2,4-triazine 4-oxides. The reactions of nucleo-
philic substitution of hydrogen in 4-oxides 29 occur according to
the ‘addition—elimination’ scheme; the process can stop at the
step of addition to form adducts 129. Due to the low probability of
the elimination of such a particle as a hydride ion,”' aromatisation
of these adducts can follow several paths.

Oxidative aromatisation leads to products of the SyH-reac-
tion of the type 130 [Scheme 1, pathway («@)]. Auto-aromatisation
of the cH-adducts in two directions is also possible. For example,
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z EX z NuH
Rl 1
l\ | — RZ J “HX
) NS
o~ OE
29
lR2R3CHX
L »

N\ N\
- N Rl b g N 1
e
H N 1 X R R
A [
24\ OH R® O

131
E = H, COR*.

1,2-elimination of HX is possible in nucleophiles carrying a
vicarious nucleofugal group X. In this case, a hydrogen atom is
eliminated from the substrate and the X group is eliminated from
the reactive fragment of the oH-adduct 131 [Scheme I, path-
way (b)]. Makosza °> named such reactions vicarious nucleophilic
substitution.

Another variant of auto-aromatisation is the elimination of
the HOE molecule from the oH-adduct 129 which is formed from
the cationic derivatives of 1,2,4-triazine N-oxides [Scheme 1,
pathway (c)]. In this case, SxH-substitution is accompanied by
the loss of an oxygen atom. It should be noted that both the
hydrogen atom and the vicarious OE group are eliminated from
the substrate fragment of the intermediate. Conceptually, medi-
ated (vicarious) nucleophilic substitution of hydrogen atom is
observed in this case. Sometimes, the cH-adducts exist in a non-
cyclic form. The ring opens readily after the addition of a
nucleophile to the 1,2,4-triazine 4-oxide. This process is reversible
and the equilibrium is shifted towards the open form 132
[Scheme 1, pathway (d)]. In this way, the cH-adduct is eliminated
from the reaction; however, it exists in quasi-steady-state concen-
trations and can be easy oxidised to the corresponding 1,2,4-
triazine 4-oxide.

Oxidative aromatisation [see Scheme 1, path (a)] is achieved
by the amination of 6-phenyl-1,2,4-triazine 4-oxide 133 with
liquid ammonia in the presence of potassium permanganate as
the oxidising agent. The reaction affords 5-amino-6-phenyl-1,2,4-
triazine 4-oxide 134.%3

Ph No Ph No
Z N NH; Z N
~ J KMnO4 X~ J

1\|1+ H>N I\IJ+

() (02

133 134

The reaction of 6-aryl-1,2,4-triazine 4-oxides 135 with phenol,
2,6-dimethylphenol, resorcinol and phenetol in the presence of
trifluoroacetic acid results in stable cH-adducts, 6-aryl-2,4-dihy-
dro-4-hydroxy-5-Nu-1,2,4-triazines 136  (Nu = 2-hydroxy-,
2-ethoxy-, 4-ethoxy- or 2,4-dihydroxyphenyl). The reaction of
resorcinol (R? = R* = OH, R? = R> = H) with a twofold excess
of triazine N-oxide 135 (R' = H, Ar = Ph) affords 4,6-bis(4-
hydroxy-6-phenyl-1,2,4-triazin-5-yl)resorcinol 137.94

The formation of cM-adducts in SyH-reactions of azine
N-oxides was confirmed directly for the first time by the isolation
and identification of compounds 136. Before that, it was only
postulated in the discussions of the mechanism of such reactions.

Scheme 1

132
N\
o e gy
|
(0] S
©l ]\II+ Nu

No
a - N
——> R! J
S
Nu N+

|
130 O~

c . /N\N
OE —HoE R
129 Nu N

Dihydro-1,2,4-triazines 136 are rather stable compounds. Boiling
in butanol, DMF, or trifluoroacetic acid does not result in their
thermal dehydration [see Scheme 1, pathway (¢)]. At the same
time, their oxidative aromatisation [pathway (b)] occurs readily
and in high yields. For example, compounds 136 react with
potassium permanganate in acetone to form 6-aryl-5-(4-hydrox-
yphenyl)-1,2,4-triazine 4-oxides 138.94

RZ
Ar N\N
s
\[ J\ + RS CF;CO,H
NS
N7 R!
& R* RS
135
R2 Ar
KMnOy =N
MexCO \ /N
% N
RS OH Rl R4 O_ R]
136 (70% —90%) 138 (60% —70%)
_N. _Ph Ph_ _N_
N N -z
H H
135 + 136 SPCOH (L J
) )
HO OH
HO OH
137 (95%)

Ar = Ph, p-CIC¢H4; R! = H, Me; R% R3, R4 R® = H, OH, OEt.

3-R'-6-phenyl-1,2,4-triazine 4-oxides 49 react with indole or
its 1- or 2-methyl derivatives in a similar way. When the reaction is
carried out in the presence of trifluoroacetic acid, stable
4-hydroxy-5-(indol-3-yl)-6-phenyl-4,5-dihydro-1,2,4-triazines are
formed.®? They were isolated both as trifluoroacetates 139 and as
free bases 140. Oxidative aromatisation of the of-adducts
obtained with potassium permanganate in acetone affords 3-R!-
5-(indol-3-yl)-6-phenyl-1,2,4-triazine 4-oxides 141.6%

Ph N
-
e

49 CF3C02H
139 (70% —95%)

~

N IndH

J\ CF.COH Indl )\ _>Indq: )\

7OR!

b
0

140 (70%790%)
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139 Ph No
KMnO,4 ~ N
NN
40 Ind lTh R!
141 (55% —85%)

R! =H, Me, Et, Ph; Ind = @j .R2,R? = H, Me.
NOR

RZ

The reaction of 3-methoxy-1,2,4-triazine 1-oxide 87 with
chloromethyl phenyl sulfone gives an intermediate adduct,
whose further aromatisation [see Scheme 1, path (b)] leads to
3-methoxy-5-(phenylsulfonyl)-1,2,4-triazine 1-oxide 142 in 70%
yield.”?

o- o-
N N
Z N CICH,SO-Ph Z N
Ek RS N G e
N~ “OMe N~ “OMe
87 PhO.S &
o-
N+
L
|
PhO-S N
? N)\OMe
142

Another variant of auto-aromatisation occurs in the reaction
of 3-amino-1,2,4-triazine 2-oxides 143 with alcohols in the pres-
ence of HCl or acetyl chloride. Elimination of water or acetic acid
from the adduct 144 results in 3-amino-6-alkoxy-1,2,4-triazines
145a—e.84

It should be noted that 1,2,4-triazine 1-oxides do not react
with alcohols under these conditions.*

6-Chloro(bromo)-3-amino-1,2,4-triazines ~ 146a—f  were
obtained on passing gaseous hydrogen chloride or hydrogen
bromide through a solution of 3-amino-1,2,4-triazine 2-oxide
143.67

RPO_ N,
R2OH Z
— I
_HCI, _EOH N 1
N+ EX_ N NOR
)\X* — 145a—e
144 xS
L
—na-mo
N7 R!
146a—f

R! = NH,, NHMe, NMe,, N N O;E=H,Ac;X = Cl, Br;
R2 = Me, Et, Pri.

Compound  R! R20 X Yield (%) Ref.
145a NH» OMe 71 84
145b NH,» OEt 64 84
145¢ NHMe OMe 50 84
145d NMe, OMe 51 84
145e NH» OPr 65 84
146a NHMe Cl 85 68
146b NMe; Cl 64 67
/~\
146¢ N O Cl 80 67
—/
146d N\/:> Cl 50 67
146e NHMe Br 25 67
146f NMe; Br 41 67

Acyl salts of 1,2,4-triazine 4-oxides 147 synthesised by the
reaction of benzoyl chloride with the corresponding 1,2,4-triazine
4-oxides 148 react with water according to pathway (c)
(Scheme 1). It is evident that after addition of the nucleophile at
position 5 of the triazine ring, auto-aromatisation of the adduct
occurs with elimination of benzoic acid and formation of 1,2,4-
triazin-5-ones 149.76

Z N Bl Z "N H,0
X T
N7 OR2 NT OR2
I G~
(02 OBz
148 147
R N
;E I
—
H | —B7OH I
- S
HO | |
OBz H 149

R!, R? = H, Me, Et.

The reaction of 1,2,4-triazine 4-oxides 49 with acetone cyano-
hydrin in the presence of triethylamine affords 5-cyano-1,2,4-
triazines 150.%¢

Phe _N.
NEt; ~ N
R N R
| H |
(02 (O}

- Ix = L

150 (80% —90%)
R = H, Me, Ph.

If potassium cyanide in alcohols (ethanol, propanol, isopro-
panol) is used as a cyanating agent, 5-alkoxy-1,2,4-triazines 151
are formed in 80% —90% yields. Their formation can be explained
by replacement of the cyano group by an alkoxide. In fact,
5-cyano-1,2,4-triazines 152 slowly react with ethanol at room
temperature to give 3-R!-6-phenyl-5-ethoxy-1,2,4-triazines 151.%¢

Ph N KCN
R20H

*I

R0 N

152
R! = H, Me, Ph; R? = Et, Pr'.

The reaction of 1,2,4-triazine 4-oxide 153 with indole or
2-methylindole in boiling butanol in the presence of trifluoro-
acetic acid is accompanied by auto-aromatisation of the products
of addition of the nucleophile to the 1,2,4-triazine 4- oxide and
results in 5-(indol-3-yl)- and 5-(2-methylindol-3-yl)-3,6-diphenyl-
1,2,4-triazines 154.97

R R

Ph_ _N_ HN Ph

Z N N CF5CO,H \
J\ + HN — S
S BuOH, 117 °C N
e A
& Y
153 154 Ph

R = H (30%), R = Me (55%).
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The reaction of 6-aryl-1,2,4-triazine 4-oxides 155 with dialkyl-
amines or cycloalkylamines occurs by pathway (d) (Scheme 1).%8
The adducts 155a, which are in equilibrium with the open-chain
form, N,N-disubstituted 3-aryl-1,4,5-triaza-1,3,5-hexatrien-1-ols
155b, are formed in the first step. In this case, the equilibrium is
shifted towards the compounds 155b. In spite of the low concen-
tration of the form 155a, oxidation of the compounds 155 with
potassium permanganate in solution affords 3-amino-6-aryl-
1,2,4-triazine 4-oxides 156. It is noteworthy that it is possible to
withdraw the cyclic tautomer from the reaction zone, which allows
one to obtain the products of hydrogen substitution at position 3
of the triazine system when the position 5 is free. Such a
substitution has been carried out for the first time. Note that all
the experimental data obtained until now have indicated that
position 5 is the most reactive in 1,2,4-triazines and their
oxides.> 3

Ar No
Z N
~— - |k
Ar__Ng Are_ Ny N NR;
| N HNR, | N OH
N) - N/kH 155h
I | NR, Are_ _Ng
O- OH KMnOy4 N
155 155a | J\
1\II+ NR»
o-

156 (40% — 60%)

NR2:NM62,NEt2,Nij,N N NHN  0:Ar = Ph, p-CICeHs.
NI AN

c. Reaction of 1,2,4-triazine N-oxides with nucleophiles
accompanied by destruction of the ring

In addition to the formation of nucleophilic substitution products,
the reaction of 1,2,4-triazine N-oxides with nucleophiles results in
the opening, narrowing, or fragmentation of the 1,2,4-triazine
ring. For example, the reaction of 3-methyl-1,2,4-benzotriazine
1-oxide 16b with phenylmagnesium bromide affords 2-phenyl-
azoacetanilide 157.%°

o-
NI AN
Z N PhMgBr NPh
< COMe
N~ "Me 1Iw/
16b H 157 (20%)

The reaction of fervenulin 1-oxides 158 with secondary amines
results in narrowing of the triazine ring and formation of 2-amino-
5,7-dimethylimidazo[4,5-e]pyrimidine-4,6(5 H,7H)-diones ~ 159.
The reaction of the same N-oxide with ammonia affords 1,3-
dimethyl-5-imino-6-isonitrosouracil 160.!°

I\I/Ie
O N
HNRIR? ﬁ/ | N
) N M
Me OI Me” N NRIR2

|

(6] H

159

1\I/Ie
(0] N. NOH
NH; Y
L
_N
Me NH
O 160

1,2,4-Triazine 4-oxides undergo hydrolysis both in acidic and
basic media. For example, in the presence of 2 M KOH, opening of
the triazine ring in 1,2,4-triazine 4-oxides 29 occurs with the
formation of N’-(2-hydroxyiminoethylidene)hydrazides of car-
boxylic acids 161. Hydrolysis of the 4-oxides 29 in acid media

O N _Ng
Me/N N/

O 158

results in narrowing of the 1,2,4-triazine ring to 1,2,3-triazole, in
particular, in the formation of the compound 162.7°

R! N

. _H
B I N~
H,O
TR N\FR3
0

R'_ _N._ |
Z N OH
< 161
R? N7 "R? Ph
' N
o~ H" 7B\
29 H,O N/N
|
H 162

The reaction of fervenulin 4-oxide 47a with hydrogen chloride
in ethanolic solution leads to the opening of the triazine ring and
the formation of 1,3-dimethyl-5-nitroso-6-hydrazouracil 48. In
fact, this reaction is reverse to that for the synthesis of the
fervenulin 4-oxide.40- 101

I\I/Ie Me

|
(0) N N O N NHNH-
ﬁ/ N HCl Y
BE |
_ P2 EtOH /N
Me N+ Me NO
47a O (O O 48

Reactions of the fervenulin 4-oxide 47a with CH-active
compounds are also accompanied by the destruction of the

triazine ring. M H
€

| |

XCH,Y OYN N\NH
— |
_N Y
Me NO
O 163 X

Yo !
O _N.__Ng Os. _N_ _N.
ﬁ/ N  |HNRIR? Y N
g L
Me” NO ~NR!R2

O 164

ve 1
/t@ O _N_ _N.

HN ﬁ/ N

—aa |

HCI N |
-~
Me NO |
O 165 N4

X,Y = COEt, COMe; X = NO,, Y = COzEt.

In this case, 1,3-dimethyl-5-nitroso-6-(N'-ethen-1-ylhydr-
azino)uracils 163 are formed.!*> Fervenulin 4-oxide 47a reacts
with amines or indoles in a similar way. The nucleophilic attack is
accompanied by opening of the 1,2,4-triazine ring and formation
of 6-aminomethylenehydrazino-1,3-dimethyl-5-nitrosouracil
164193 or 1,3-dimethyl-5-nitroso-6-[N'-(indol-3-yl)methylidene-
hydrazino]uracil 165.104.105

The reaction of 3,6-diphenyl-1,2,4-triazine 4-oxide 153 with
benzoylacetone under basic catalysis conditions (DMSO, NEts)
affords 1,2,4-triazine 166 in 9% yield and bis(1,2,4-triazin-5-
ylmethane) 167.°7 According to literature data,”” the 1,3-di-
methyluracil derivative 168 with two reactive centres reacts with
the N-oxide 153 at the uracil fragment only to form compound
169.

Ph
z
T

NN 0O O
R N i
o Ph Me Ph

Y
O—- 153
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Ph
Ph No
ZON WWITI
—_— +
PhOC NJ\Ph N__N N__N
N b

166(9% 167(10%
COEt
153 + )\ . )\
H Me M Hli}
€
168 %\COEt
169 Me

5. Reactions with dienophiles

The direction of the reaction of 1,2,4-triazine N-oxides with
dienophiles differs substantially from that for 1,2,4-triazines.
1,2,4-Triazine 4-oxides 147 act as 1,3-dienes only in the reaction
with N,N-diethyl-N-(1-propynyl)amine giving 2-R2-5-methyl-4-
(dimethylamino)pyrimidines 170. The reaction of these 1,2,4-
triazine 4-oxides with 1-(dimethylamino)-1-ethoxyethylene occurs
as 1,3-dipolar cycloaddition to produce the corresponding
5-methyl-1,2,4-triazines 171.%°

EtN
R! N NEt, Me
\N R2
+ — N- —
T — | )k
N3 "R? N*
| Me \O—
147 O~ R!
NEt;
Me N
—
sk
N R2
170 (35% —42%)
R! No
Z N
NMez J\
147 + — SN R ——
| —Me>,NCO,Et
OEt o)

~"

171 (47% —80%)

The reaction of the fervenulin 4-oxide 47a, which is not
substituted at position 3, with dimethyl acetylenedicarboxylate
in various solvents affords compounds 172—174.

COQMG
A [
C6H5Me
N
Me H 172
(0} N No CO,;Me
ﬁ/ Z N A | |
—_——
/N S | C¢HsMe (abs.)
Me 1|w+ E COCO‘)MC
le} o- 173
47a CO:Me
A
L
EtOH (abs.) | |
N COx:Me
H 174

If methyl propionate is used as the reagent, 6-formyl-
7-(methoxycarbonyl)-1,3-dimethylpyrrolo[3,2-d |pyrimi-
dine-2,4(1H,3H)-dione 175 is formed.

COzMe

l\I/Ie
OYN Ny 5
_ >
N N J CeHsMe (abs.) |
Me” N7 N~ “CHO
o ¢ H 175

oO-
47a
A similar reaction of 3-substituted fervenulin 4-oxides 47

(R = Me, Et, Ph) with alkyl acetylenecarboxylates gives com-
pounds 176.

I\I/Ie
OYN /N\N AcC CO,Me
, C¢HsMe or
_—»
N S J\ B, CcHsMe (abs.) | |
Me” 1I\I+ R ﬁ R
o 07 176
47

A — MeO,CC=CCO,Me; B— MeO,CC=CH.

The reaction of fervenulin 4-oxides 47 with ethyl phenyl-
propionate also follows the pathway described above to give,
depending on the presence of a substituent at position 3, 6-ben-
zoyl- or 6-R-5-benzoyl-7-(ethoxycarbonyl)-1,3-dimethylpyr-
rolo[3,2-d]pyrimidine-2,4(1 H,3 H)-diones 177 and 178,
respectively.106. 107

Y CO2Et
EtO,CC=CPh
4] ——
Y CO2Et
Bz 178

V. Conclusion

A variety of methods for the synthesis and subsequent trans-
formations of 1,2,4-triazine N-oxides makes these compounds
very promising for the preparation of new 1,2,4-triazines with or
without the N-oxide group. Methods of direct functionalisation of
unsubstituted triazines (SnxH-processes) and their transforma-
tions under the action of nucleophilic agents and dienophiles
resulting in azapyrines are of undisputable interest for the syn-
thesis of new biologically active compounds.

This review was written with the financial support by the
Russian Foundation for Basic Research (Project No. 96-33412a).
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