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Abstract - 3-Amino-1,2,4-triazine 2,4-dioxide (4} was prepared by
oxidation of 3-aming-1,2,4-triazine 2-oxide (3) with hydrogen
peroxide in polyphoesphoric acid, the first 1,2,4-triazine 2,4~
dioxide ever reported. Same starting material gave ring con-
tracted products as well as ring C-oxidation under a variety of
reaction conditions employed in the attempted synthesis of the
title compound {(4). T3¢ nmr proved to be a method of choice for
structural assignments of isomeric N-oxides., H/D isctope shifts
unequivocally established the structures of compounds which could

conceivably exist as several tavtomers.

In general, 1,3-diazines and polyazines are very susceptible to ring oxidation,
degradation, ring contraction, nucleophilic ring opening, and many other rear-

1-4 The high reactivity of these systems under very mild reaction

rangements.
conditions impcses severe limitations on their synthesis.

When key positions are blocked, suech as Cy(Cg) in pyrimidines (C5 in 1,2,4-
triazines), one can oxidize ring nitrogen atom{s) with moderate success. For
instance, 3-phenyl-5,5-dimethyl-1,2,4~triazine Y4-oxide (la) was oxidized with
peracetic acid to the 3-phenyl-5,6-dimethyl-1,2,4-triazine 1,4-dioxide {1p).%
However, 3,6-diphenyl-1,2,4-triazine 4-oxide (2a), under same reaction condi-
tions, is first oxidized to 3,6~diphenyl-1,2,4-triazin-5-cone 4-oxide (2B}, which
is then further oxidized to 3,6-diphenyi-1,2,4~triszin-5-one 1,4-dioxide (a_c_).5
To our knowledge, compounds 31b and 2¢c are the only other 1,2,4-triazine di-N-

oxides reported to date,
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Whep 3-amine-1,2,4-triazine 2-oxide (3) was treated with concentrated hydrogen
peroxide (90%) in polyphosphoric acid, it afforded 3-amino-1,2,4-triazine 2,4-
dicxide (4)., This was quite unexpected since Stanovnik and Tisler obtained only
3-nitropyridazines under similar reaction conditions.6 Possible explanation for
this could be that the exccyclic nitrogen atom of the amino group in 3 is much
less basic than the equivalent nitrogen in aminopyridazines. This, in turn,
could be attributed to the greater Tt -deficiency of 1,2,4-triazine ring {smaller
"A value) relative to pyridazine.7‘9 In such a case 1,2,4-triazine acts as a
powerful -I group to an extent that the ring oxidation is preferred.

The preparative method used is described in liter‘atur‘e.6 It is absclutely
essential that the suspension of 3 in pclyphosphoric acid is cooled before the
addition of hydrogen peroxide (See experimental). The peroxide was added drop-
wise over a period of 4h and temperature maintained at 24°C by external cooling
(water bath). The reaction mixture was left standing at room temperature for
48nh and worked up to yield a bright yeliow solid. The elemental analysis, mass
spectrum, T4 and 13¢ nmr established the structure of 4 to be that of 3-aming-

1,2,8-triszine 2,4-dioxide (see alsc the NMR section).

HZDZ [::N \;F,//O

NH,  PPA
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The reason why the five position in 3 is not oxidized is not yet clear. We have
observed earlier that low-température, "solid-state" chemical reactions with
strong oxidizing reagents could be carried out without decomposing the 1,2,4-

triazine ring.10 Polyphosphoric acid /HZOE medium may have similar advantages.
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It prevents covalent hydration by absorbing any water formed during the reac-
tion, yet it is strong enocugh oxidant toallow the oxidation of sites of rela-
tively low basiecity such as ring nitrogen atoms.

Oxidation of 3 with perocetic acid or trifiuoroperacetic acid at 60°C for 1h
preoduced a white solid {mp>300°C). Elemental analysis and 1H mmr {d6—DHSO:

§ 5.10 ppm (broad, 1H) and & T7.05 ppm (2H;) exchange in Dy0; & 8.08 ppm (1H)]
prompted us to assign the structure of this product as that of 2-N-hydroxy-3-

amino=2,5-dihydro-1,2,4-triazin~5-one (5). Interestingly enough, the same

CH
N’/L NH,
5

s

product was obtained by careful hydrolysis of 3 with 0.2M warm sodium hydroxide,
Compound 3 was heated gently in the presence of NaOM for 15 min, cooled and
neutralized with glacial acetic acid accerding tc the procedure used for hydro-
lysis of 3-amino-1,2,4-triazine (Q).11 Refrigeration of the neutralized reac-
tion mixture precipitated a reddish-brown s0l1id which was filtered and recrys—
tallized from water to yield white crystals with physical properties identical
to those of compound 5. The addition across the C5~N4 bond compared to the
nucleophilie substitution at C3 may be explained in terms of intermediates 33
and 59 where the oxygen at Ny is able to better stabilize the negative charge
relative to the charge carried by Na(Nu) during the hydrolysis of §, Neverthe-
less, the addition of hydroxide icn to C5 of 3 and subsequent reduction to 2

without the loss of Np-oxide oxygen atom (as OH or H,0) suggests a more complex

mechanism. . _
0,2 M NaOH U7lfN\N/U_ AT
— | /k — - — 2
0
warm ) N NH2 NJ\NHZ
L 50 5 _
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In contrast to the above, when 3 was dissolved inwater and treated with excess
sodium hydroxide, vigorous exothermic reaction ensued with liberation of ammo-
nia. Dark, wine-red reaction mixture was acidified as before to yield 1,2,3-
triazole (7) as the major preduct and trace amounts of l1-acetyl-2,3-dihydro-2-

imidazolone (8).

COCHz
1) NaOH, a N ‘
=N
b — NH + ﬂ::—§>::0
2) AcOH 4 ﬁ
major minor

L £

Both products were expected since ring degradaticon and ring contraction of the

5-phenyl analogue of 3 were reported.w’13

NMR DATA

Proton nmr spectrum of 4 showed two doublets at § 7.67 and 8,19 ppm assighed to

Hg and Hg, respectively. The doublet at a higher field (H5) is shielded by 0,52
ppm as compared to compound 3, whereas H6 remains virtually unchanged. This is

exactly what we would expect if N-oxidation occurred at the four position.1q

{ o= -0.05 ppm ) 68.18 Hg /N\ﬁ/oﬂ

- /il\ b = 6empd. 3 - scmpd. 4
( 4= -0.52 pem ) §7.67 Hc NSO NH,
t

0

However, as pointed ocut Dy a referee, we cannot exclude the possibility of 1,2-
dioxide formation, since cxidation of Ny of 3 would cause similar upfield shift

in the nmr spectrum (i.e. § 8,19 ~ 8,18, A = -0.01 ppm; 6 8.23 » T7.67, A= -0.56
ppm). Therefore, we sought other means to obtain more decisive data for
unambiguous structural assignment of the 2,U-dicxide (4).

One such methad is to examine the 13¢C spectrum of 4 since 13¢ chemical shift
changes caused by N-oxidation weould be more pronounhced and more evident. 13¢
chemical shifts of few 1,2,4-triazine N-oxides have been reported.'"1% Tapie
lists the 3¢ chemical snhifts of some model 1,2,4=-triazines, 3-aminoderivatives,
their methyl analogues and their N-oxides. Of the three carbon rescnances

observed in the proton-decoupled 13¢ spectrum of 1,2,4-triazine 1-ocxide (3), the
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one at the lowest field at 158.5 ppm was assigned to C3 carbon by virtue of it
being adjacent to £Mo ring nitrogen atoms and slight broadening of the signal
due to additional quadrupolar relaxation by Ty nuclei. The other two reson-
ances at 152.7 and 129.7 ppm were assigned to C5 and Cg, respectively, based on
the anticipated large shielding effect of Cy (A= -21.1 ppm) by the N-cxide
group14 relative to the parent 1,2,4-triazine (J_Q}.16 Analysis of the 13¢
spectra and chemical shifts of S5-methyl (11) and 5,6-dimethyl-1,2,4-triazine
1-oxide (12) confirms these assignmentsa. It is well known that methyl group
substituent chemical shift changes (SCS effects) are very small and that only
the metnyl substituted carbon is significantly affected (8-10 ppm), 1719 There-
fore, the chemical shift of C3 carbon in 9 should not change significantly from
those of jl1 and 12. Indeed, we find this to be the case (Table I}. Similarly,
Cq signal of the parent N1—oxide {9) is the cnly other signal which has the
chemical shift almost identiecal to Cg carbon of 5-methyl derivative (11). Thus,
all our coriginal assignments of compound 9 are correct.

The literature '3C chemical shifts!# reperted for No-oxide (13) seem to be
incorrect since 13C chemical shift changes (A13C) do not mateh the predicted
values, However, if the assignments of C3 and C5 are reversed, the al3c or
-14.5, =37.1 and -7.8 ppm for C3, C5 and Cg, resepctively, fall well within the
predicted ranges. The authors must have inadvertedly made an error since 05 and
Cg resonances overlapped. (813¢ for C3, Cg and Cg would be -28.1, -6.6 and -7.8

ppm which are undoubtedly incorrect).

Table I, 13C NMR Chemical Shifts of Some 1,2,4=Triazines, 3-Amino-1,2,4-triazines
and Their N-Oxides.

Cmpd, Position __Substituent(g) _ 13C Chemical Shifts ( & ppm)2:P

No. Of N-Oxide Ry Rg Rg Ry Rg R& Other

10 None® H H H 158.1 146.56 150.8 -

Ao

9 Ny-oxide H H H 158.5  152.7  129.7 -

11 Nq-oxide H Cliy H 158,7 166.1  129.1 21.3

12 Ny-oxide H CHy  CHy 155.99 164.0 139.5  22.0, 5-Me;
Py 13.0, 6-=Me
13 Np-oxide H H H 143.5  132.5  146.0 -

132¢% 143 143 -

14 None N f H 163.3  149.8 140,56 -
2

1618 148 139 -




Table I. (Cont,)

Cmpd. Position Substityent(s)  13C Chemical shifts (< ppp)@:P

No. Of N-Oxide Ry e Rg Ry Rg R6 Other
15 None NeT cHy  oH 162.7 159.6 140.8  20.9
1618 157 139 20

16 None - NE,E H CHy 162.0 147.8 150.2  17.8

17 None NS cHy o CHy  162.1  158.9  T4T.1  21.1, S-Me;

o~ 18.0, 6-Me

18 None NH,T CgBg  H 163.0  154.8  137.2  133.9 (Cq"),

~ 127.2 (Cy*, Cg'),
129.0 (C3',C5),
131.7 (Cy")

19 None NE, T H CgHg 162.2  147.8  1T.7 1354 (Cq1),

1
124.9 (Cs',Cet)
12818 (£57,C00),

130.7 (Cy")

20 None NH, T CgHs  CgHg 161.7  156.1 148.6 136.5 (Cq'1),

e 136.2 (Cy'),
129, 8, 159.1,
128.9 and 128.1
(phenyl).

21 Nq-oxide ne, T W H 165.0  155.9  120.7 -

1628 153 119 -

22 Ny-oxide Mot cHy  H 166.0  164.3  119.4  20.8

23 Njy-oxide NHp £ CHy  CHy  164.3  162.1  127.6  21.7, 5-Me;

-~ 11.9, 6=Me

24 Np-oxide PR H 151.6  132.3  134.9 -

1518 132 134 -

25  Ny-oxide nHof  cHy  CHg  tB.9 180.2  1h4.2 7.7, 5-Me;

~ 20.0, 6-Me

26  Ny-oxide NHoT  CgHg  H 150.3  t41.2  133.6 130.2 (Cq1),

-~ 128.9 and 126.2
(phernyl).

27 Wp-oxide®  mH T coHg  CeHg M9 180.9 w203 13408 (0,

- 135.9 (Cq71),
128.2 and 128.2
{phenyl).

28  Ny-oxide NH,  CHy  CHy 15A.4  143.0  188.7 12,6, 5-Mej

‘“‘ 19.2, 6-Me.

a. All spectra were recorded as 1.2 -~ 1.5 ¥ soluticons in CDCl, unless indicated
otherwise, b.d (ppm) downfield from TMS and using the solvent as double refer-
ence standard; CDC13 = 7.0 ppm., ¢c. Date taken from ref. 16. d. The upfield
shift of 2.6 ppm is ascribed to steric effects. e, The two assighments in ref,
14 should be reversed. f. Spectra were obtained in hexadeuterio-dimethyl-
sulfoxide; dg-DMS0 = 39.5 ppm. g. Data taken from ref. 14. h. Data reported in
ref. 20.
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3-Amino-2,3,4-triszines and the corresponding N;- and Ny-oxides also give 13g
spectra which are easily interpreted. Here too, in order to avoid any ambigui-
ties of our assignments, we prepared some aminomethyl and phenyl derivatives
which are also ineluded in Table I. The I3C signals can quickly by classified
inte twe groups, substituted and proton-bearing carbons, by coemparing proton-
coupled and proton-decoupled 13¢ spectra, Furthermore, amino-substituted carbon
sites are easily discernible since amino groups cause an increase in signal
broadening (3=-5 Hz} and 13¢c relaxation times. (In some instances interpul se
delays had to be increased from one to four seconds in order faor C3 carbon to be
observed). Thus, by comparing the T3¢ carbon spectra of C-methylated deriva-
tives we could easily make the assignments in the same manner as discussed feor
the N1-oxide. The 3-amino group causes the upfielded shift of Cg and it
deshields the substituted ipsg carbon (C3). This is in accordance with the
established chemical shift changes for the benzene series and other hetero-
cycles.17“19 The assignments of 3-aminophenyl derivatives have already been
determined by us and are reported elsewhere.20
13¢ chemical shiftsz of same alkyl and aryl Ny-oxides were reported21 and show a
considerable shielding of C3(-1D.ﬂ ppm) and 05(-15.8 ppm) and 5light deshielding
of C6(+3.0 ppm). This parallels the observations made for Ny- and Np-cxides.
That is to say, the shielding of a carbon atom between the two ring nitrogens is
less than the shielding observed for grtho/para carbons adjacent to only one
azine nitrogen and that positions geta to N-oxide are deshielded by 2-3 ppm
(Scheme I). The only exception to this is Cg carbon in Ny-cxide (13) which is
shielded by about 5 ppm. This may be attributed to "through" nitrogen shielding
also operative for proton chemical shifts (i.e. H3 in pyridazine N-oxide and H6
in 1,2,4-triazine 2—cxideL}u

Similar effects are operative in the N-oxides of 3-amino-1,2,4-triazine. This
suggests that substituent effects are additive. Table II ccntains the calcu-
lated and experimentally observed '3¢ chemical shifts of several methyl, phenhyl,
amino-1,2,4-triazines and 1,2,4-triazine N-oxides, The predicted values are in
good agreement {1-2 ppm) with the observed shifts. The SC3 used for methyl
groups are those reported by Braun and Frey16, and for the 3-amino group they
are: +5.2 ppm for ipsg carben (C3); +0.2 ppm for megta carbon (Cg); -10.2 ppm for
para carbon (Cg). AY3c values reported in Table II are probably even smaller if

one takes into account sclvent shifts, concentration effects and variance of
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other experimental conditions described in literature. a13¢ for C3 of compounds
with adjacent amine and N-oxide groups are probably also subjected to strong
nydrogen bonding {(i.e. compound 14) and Cy of F-amino-5,56-dimethyl-1,2,4-
triazine 4-oxide (28) is probably influenced by intramolecular H-bonding as well
as by steric effects. For the same reason, chemical shifts of 5,6-diphenyl

derivatives 20 and 27 were not calculated.

Scheme I. Comparison of 413¢ chemical shift changes? for the various ring

positions of some 1,2,4-triazine N-oxides with pyrimidine N-oxide,

-
4 | 1o 1
, g N N
O e AN
z\im 8 5 NS3¢ N 5\N+)3
Y 4 Y
- 0.
L
qrtne (%,3-disza) =12 (Cy) - -14.5(¢3) -10.4 (C3)
ortho -15 (C4) -21.1 (Cg) - ~15.8 (Cg)
para 14 (Cy) - 17,1 (C5) -
meta + 2 (C5) + 3.1 (C5) - + 3.0 (Cg)
meta (through N) - + 0.4 (C3) - 4.8 (CeP -

a. A13C(ppm) = 813¢ parent N-oxide - s 13 parent heterocycle

b. This value is -7.8 in ref., 14.

Table III gives the summation of predicted '3¢ chemical shifts of three isomeric
1,2,4~triazine di-N~-oxides {29=31) and the three possible 3-amino-1,2,5-triazine
dicxides {4,32,33). From this data it is evident that compound 4 has to be the
2,4-dioxide, Differences between observed and predicted values are given in

parentheses.

(-1.3) 138,1 — 2N~ 0

PR
(+0.4) 123,5 L

132.8 (-1.4)
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Table II. Calculated and Experimentally Observed 13¢ Chemical Shifts for Scme
Selected 1,2,4-Triazines and Their N-Cxides (ppm).

Cmpd. Molecular Chemical Shifts?® . al3¢ ¢(ppm)®
No. Formula C3 C5 Cé Other C3 C5 C6 Other
11 CyHgN30 157.4 163.6 129.8 22.2 -1.3 +2.5  +0.7 +0.9
~ (158.7) (166.1) (129.1) (21.3)
12 CgHpN30 155.9  162.6  137.6 22,0(5-Me} 0 -1.5  -2.0 0
- (155.9) (164.0) {139.6) (22.0)
13.0(6-Me) 0
(13.0)
15 CyHg Ny 162.2  160.7  140.7 - -0.5 -1.1 0.1 -
o (162.7) (159.6) (140.8)
16 CyHgNy 161.0  149.8  149.1 - -1.0 +2.0  -1.1 -
- {162.0) {147.8) (150.2)
17 CoHghy 159.9  160.7  149.2 - 2.2 +1.8  +2.1 -
- (162.1) (158.9) (147.1)
18 CoHghy 162.7 155.7 136.6 ~0.3 +0.9  =0.6
{163,0) (154.8) (137.2)
19 CgHgNy 161.3  146.8  147.5 -0,1 -1.0  +0.%
- (161.2) (147.8) (147.2)
21 CyHyNy0 163.7 153.9  119.5 -1.3 -2.0 +0.1
- (165.0) (155.9) (120.7)
22 CyHghiy0 163.1  162.7  119.4 21,3 -2.9%  -1.8 0 +0.5
-~ (166.0) (1564.3) (119.4) (20.8)
23 CgHgNyO 162.5 162.0 126.0 21.5(5-Me) -1.8 -0.1  -1.7 =-0.2
S {164,3) (162.1) (127.6) (21.7)
11.4(6-Me) -0.5
(11.9}
24 CoHyN,0 146.8  132.7 135.8 +2.8°  +0.3  +0.9
o (151.6) (132.4) (134.9)
25 CgHghyO0 147.6  141.8  142.3 - -1.3 +1.6 -1.9 -
~ (158.9) (140.2) (144.2)
26 CgHgNyO  148.5  137.7  132.4 -1.8 =349 -2
e (156.3) (141.2) (133.6)
27 CoHghiy0 151.7  143.%1  150.1 - -3.7%9 4001 s1.d -

(154.4) (143,0) (148.7)

a. Observed 13C chemical shifts are given in parentheses. b. a13c is to be
interpreted here as the difference between calculated and reported chemical
shifts. . May be due to hydrogen bonding. d. Steric effects.
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Table III. Predicted 13C Chemical Shifts for 1,2,4=Triazine Di-N-Oxides and
3-Amine-1,2,4-triazine Dioxides {in ppm).

Compound C3 Cg g
t,2-dioxide (29) 144,02 135.6 124.9
~ (143.9)° (135.6) (124.4)
1,4-dioxide Eig) 148.1 136.9 132.7
2,4-dioxide (31) 133.1 116.7 149.0
3-aminc- 150.5% 138.8 115.9
1,2-dioxide (32) (152.0)P (136.5) (113.8)
3-amino- 154.6 140.1 123.7
1,4-dioxide (33)
I~amino- 134,4 123.1 139.4
2,4-dioxide (4}

a, Calculations based on 1-oxide. b, Based on 2-cxide.

Another unusual feature of compounds reported thus far is that many 13¢ absorp-
tions showed coupling to nitrogen. Fully proton-decoupled 13¢ spectra had peaks
which appeared as pnarrow triplets which we ascribed to Ty _13¢ spin-3pin inter-
actions. Usually Wy nueleus is effectively deccupled. Because of the high
symmetry of the bonding arrangement, the quadrupolar relaxation mechanism is
very effective and thus Ty =13 coupling constants cannot be observed directly
from the 13¢ spectra. Furthermere, no such spin-spin coupling was ever reported
for any other azine system. We believe that because 1,2,4-triazines are very
electron deficient, the electric field gradients at ring nitrogens are very
small and make it possible for J 14y _13. to be observed. This is especially
true for the two adjacent nitrogens (N,-N,) and for carbon atoms when the
nearest proton is in excess of 2.03 away22 (i.e. compound 16-Table IV) and which
have no alternative dipolar relaxation mechanisms. Table IV shows some typical
Thy -3¢ coupling constants for a few 1,2,4-triazines and respective N-oxides.
Ho attempt was made to determine their sign, but we assumed that they are
positive since "N nucleus has a positive gyromagnetic ratio.

Finally, Wwe sought evidence which would establish the structure of compound §.
It is clear that 5 could conceivably exist as 2,5- or U4,5-dihydro tautomer. 13¢
chemical shifts alone would be of little help since AI3C induced by hydrogen at
N, and/or Ny would be insignificant. However, use of deuterium isctope effects

on 3¢ nuclear shielding unambiguously identifies 5 as the 2,5-dihydro compound.
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Table IV. %N -'3¢ Spin-spin Coupling Constants for Same 1,2,4-Triazines
and Their N-Oxides (in Hz).

Compound JMN -13¢

3-amino (lﬂ) 9.1 N{1)-C(6) 8.6 N(4)-c(5)
3-amino- 9.4 N(1)-C(6)

S-methyl (lé)

3-amino- 16.5 N(1)-C(6)

6-methyl (16)

3-amino- 6.2 N(1)-C(6)

5-phenyl (18)

3-amino 6.9 N(1)-C(6) 9.4 N(L)=C(5)
1-oxide (27)

3-aminc-5-methyl 7.1 N{(1}=C(6}

1-oxide (22)

3-amino- 7.9 N(1}-C(6) 8.7 N(4)-C(5)
2-oxide (2&}

3,5-dioxo (ii) 8.3 N(1)-C(8)

3-amine 8.5 N(1)=C(6)

S-oxo (34)
1,2,3-triazele (7) 9.0 N(1)-C{2)

The 13¢ spectrum of & shows three different ring carbon singlets in the aromatic
region at 155.9, 165.0 and 138.5 ppm, ascribable to C3, Cy and Cg, respectively,
by the analogy with 3-amino-S-oxo-1,2,4-triazine (34) and 3,5-dioxo compound 35
{Table V). There are three exchangable protons which could be replaced by
deuterium atoms and if the exchange 15 slow enough on the nmr time scale this
should yield doublets or multiplets for ~NH, group (isotopic triplets due to
-NH,, -NED and -ND, forms), Since H/D exchange for phenols and amides is much
slower than for the amino groups,23 presence of deuterium at N 1is expected to
show a "doublet" for the carbonyl carbon (C5). On the other hand, if deuterium
exchanges at Np-hydroxy site, C5 would not be affected, Addition of three
equivalents of deterium oxide did not show isotopic doublets for any of the
three carbons, thus verifying the structure of & as depicted by us as the
correct one., Appearance of C3 as a singlet indicates a complete and rapid
exchange of amino protons so that no partly deuterated intermediates are
observed. Contrary to this, all three protons in compound 3% exchanged, includ-
ing the one at position six. This, in turn, caused Cq signal to appear as a
narrow triplet {(JCgD = 7.8 Hz) and C5 and Cy as "doublets"; 2AC3(D) = -0.08 ppm,

2AC5(D) = -0.035 ppm.
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Table V. 13¢C Chemicai Shifts of Same Dihydro=1,2,4-Triazines and Reference
Compounds.

Cmpd Chemical Shifts?rP
No. Substituent(s) C3 C5 Cg
35 3,5-dioxo 149.0 157.3 135.4
~ 149,5° 158. 1 137.1
34 3-amino-S-oxo 156.1 163.4 139.0

5 Ny-hydroxy-3-amino 155.94 165.0 138.5
. S5«0%0
36 K,-hydroxy-3-oxo 151,69 132,3 134.7

a, All spectra were obtained on 1.5 molar solution in dg-DM30 unless indicated
otherwise (dg-DMSO = 39.5 ppm served as double reference), b, § (ppm) downfield
from TMS, <. Data from ref. 24, d. Recorded in 50:50 mixture of dﬁ-DMSO/HMPA
and with coaxial nmr tube containing TMS as external standard,

N
T
O = T
: N
o @ 0
352

N,-hydroxy-2,3-dihydro-1,2,4-triazin-3~one (36a) is also a correct representa-
tion for the compound we prepared earlier,1? Upen the addition of DG ne H/D
isotope shifts were observed and therefore established 36a as the predominant
tautomer (K¢ > 108), Ir 36b and 36¢ were present, €3 in 38b and €3 and Cg in

36¢ would have appeared as isotopie doublets,

/OD N\ﬁ | Nag
Do
360 3eb 36¢

It is alsc important to point cut that structure of 4 may not be best repre-

sented as a doubly charged di-N-oxide. We feel that structure 37 may be more
appropriate. Due to insufficient quantities and low solubility of 4, we have
not yet been able to determine whether tautomers 37a and/or 37b play an impor-

tant role in stabilizing this highly charged molecule., However, it does seem
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logical that in view of high T7-~deficiency of 1,2,4-triazine mono-H-oxides? it

would be very difficult for a ring to carry an additional charge.

g, [Nﬁ/o
. -
“I‘+ i "}‘)\JH
0. Oi
370 37b

oyt

One way to answer this is to examine 15N chemical shifts and compare them with
those of mono-N-oxides which we reported in ancther communication.25 Further

studies are in progress.

EXPERIMENTAL
Starting Materials. All amines and amino-N-coxides were available from a pre-
vious study.2® S5-Methyl-{il) and 5,6-dimethyl-1,2,4-triazine l-oxide {12) were

prepared by a procedure described elsewhere.26

m=Chloroperbenzcic acid was used
as the oxidant instead of perbenzoic acid to yield 11, mp 65-67°C (1i¢.26 mp 65-
67°C) and 12, mp B4-86°¢C (1it.26 mp 84-85.5°C). Parent 1-oxide (9} was prepared
from 3-methoxy compound (3¢ nmr in dg-DMS0: C3, 167.2; C5, 156.3; Cg, 125.7;

OCHS, 55.7 ppm) which was converted to 3-hydrazino derivative and oxidized with

activated MnOp, to yield a white solid, mp 63-64°C (litu25 mp 61.5-64°C).

3¢ NMR Measureggnts. 13¢ spectra of compounds 9, 11, 12, 13 and 28 were ob-

tained as 1M solutions inCDCl3 also used for field frequency locking ($ = 77.0
ppm) and TM3 as a double reference internal standard. All other spectra were
recorded as 1.2-1.5M sclutions in d6~DMSO (&= 39.5 ppm) with solvent peak as
reference, The spectra were recorded on a WP 200-8Y Bruker spectrometer cper-
ating at the frequency of 200.130 MHz for proten and 50.327 MHz for 13¢ nuclei,
respectively, and operating in a Fourier transform mode. The spectrometer was
equipped with Winchester 24 MFD data system and a PTS 160 frequency synthesizer.
Standard spectral parameters for the proton-ncise decoupled spectra were: data
set = 3500; pulse width 10u s (30% flip angle); interpulse delay 1-4s, typically
2.0 seconds; sweep width = 10 KHz; line broadening = 0.3 Hz; acquisition time =
0.5407 seconds; data size = 16K (8K real). Expanded spectra with smaller spec-
tral widths (2.5 KHz; 0.31 Hz resolution) were used for evaluation of spin-spin

coupling constants,
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1"‘N-L”C coupling constants were observed only in DMSO sclution at the settings
indicated abecve.

o] udies. In a typical experiment, 150 mg (1.0 mmol) of a
sample was dissolved in 2,0 ml of dB—DMSO‘ The amount of deterium oxide added
to observe isotopic doublets was egual to the number of equivalents of exchang-
able protons plus one equivalence as excess of deuterium source, Sample was
left standing overnight, dried over several pellets of nonindicating Drierite
and recorded. To ensure that exchange did take place, samples of 34 and 3§ were
heated and periodically run over a time spah of three weeks,

=Amipo- - i -Rioxi . Suspension of 3 (1,12 g; 10 mmol) in
polyphesphoric acid {17 g) is heated slowly until the amine dissolves and then
cooled to room temperature before the addition of hydrogen peroxide (1.3 ml =
2.0 g of 90%). Peroxide was added dropwise over a perioed of 4 h and
temperature mszintained at 24°C by external cooling (water bath). Thick, sticky
slurry was stirred constantly with the glass rod to prevent excessive frothing.
Reaction mixture was left standing at room temperature for 48 h, 50 ml cf water
added (caution), neutralized with solid Na2C03, and extracted successively with
acetonitrile/methabol mixture (4 x 150 ml), Evaporation of the splvent yielded
a bright yellow solid (460 mg, 35.9% yield) which was recrystallized from 50:5C
ethancl/dicxane {mp > 300°C). Anal. Caled. for C3H4N402: C, 28.12; H, 3.15;

N, 43.74., Found: C, 28.08; 4, 2.99; N, 43.85.

Qxidation of 3 with Peracetic Acid. A soluticn of 2.0 g (18 mmol) of 3 was dis-
solved in 50 ml of hot glacial acetic acid, yellow solution brought to room tem-
perature and te it added 4.0 ml of 27% hydrogen peroxide in severzl portions
over a peried of % h. This mixture was warmed to 60°C, kept there until

bright yellow solution turned deep wine-red {1 n), and concentrated in

vacuo (below 45°C) toone third of the original volume. Remzining seluticn was
diluted with same volume of water and concentrated to a brown residue which was
recrystallized from minimum volume of acetone-alcohol mixture to yield 5 {mp >
3009C), 511 mg, 22.2% yield. Anal. Caled. for CqHyNu0,: C, 28.12; H, 3.15; N,
43.74, Found: C, 28.25; H, 3.18; N, 43.56.

The same product was obtained in 18% yield vy careful hydrolysis of 3 with 0.2M
NaOH. 3-Amino-1,2,4-triazine 2-oxide (3) was heated gently in the presence of
NaOH for 15 min, cooled and neutralized with glacial acetic acid to give a white

solid which was identical in all respects with compound 5 isolated from the
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previous procedure.

Alkaline Hydrelysis of 3, Formaticn of 1,2,3-triagzole (7}. 3.0 g (26.8 mmol)
of 3 was placed in 50 ml round bottom flask containing 20 ml of water and 4 g of
NaCH. Whole mixture was heated on a steam bath for 2 h during which time
vigorous exothermic reaction ensued with liberation of ammonia (wet lithmus
paper turned basic), After this time, the reaction mixture was cocled and
reutralized with glacial acetic acid (~4 ml). Refrigeration of this solution at
4°¢C for 5 h yielded reddish-brown sclid which on recrystallization from
acetone/water gave white crystals (mp 204-206°C) identified as 1,2,3-triazole
(1) (s'3C = 130.6 ppm in dg-DMSO) by comparison with an authentic sample.??
Mother liquor zlso contained some N-acetyl-2,3~dlhydro-2-imidazolone (&) which
was not isolated (§13C in dg-DM50: 160.9, 156.5, 152.8 and 172.8, 22.6 ppm -
acetyl).

—Aminc— -diliydro— =triazin=5- . 10 g of 3 was suspended in 100 ml
of glacigl acetic acid and treated slowly with 20 ml of 30% HpC5, The reaction
is exothermic and refluxes spontanecusly. When all of the starting material is
consumed (30 min) the yellow solution is ccoled with running water., The white
powdery solid which precipitates out is filtered, rinsed with 30 ml of celd
water and dried to afford pure 34 (mp > 300°C); 'H in dg-DMS0: & 7.49, Hg;
§5.22, NHp-broad, exchange in D50; in quantitative yield and was identical with
an authentic sample prepared by literature method,28
3,5-Digxo-2,3,4,5=-tetrahydro-1,2,4-trjiazine (35). This compound was prepared by
a literature procedurezg; mp 267-268°C (lit..29 mp 268-270°C).
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