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Evidence, based on '*N-labelling studies, has been obtained that the amino-dechlorination of 3-chloro-
1,2,4-benzotriazine by potassium amide in liquid ammonia occurs according to an SAE)™* process, while
the amino-dechlorination of 3-chlorophenanthro[9,10-e}-1,2,4-triazine reacts for more than 90% according to
a process involving a ring opening reaction [SM(ANRORC)** substitution].

J. Heterocyclic Chem., 21, 433 (1984).

Detailed studies of the mechanism of the amination of
5-R-3-X-1,2,4-triazines with potassium amide in liquid am-
monia have shown [1,3] that the formation of the corres-
ponding 3-amino-1,2,4-triazines proceeds according to two
competitive routes: i an S{ANRORC) pathway [4], invol-
ving as initial step the addition of the amide ion at C-5,
yielding 5-amino-3-X-dihydro-1,2,4-triazinide (1), & an
SMAE)*® substitution at C-3, involving intermediate 2.
The character of the leaving group X determines the con-
tribution of each of the competitive pathways [3]. In case
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X = Cl, Br, I, SCH;, the S{ANRORC) mechanism is the
main pathway, while in case X = F, *N(CH,),, the SWAE)
substitution is strongly favored. The S{(ANRORC) mecha-
nism also occurs as main reaction pathway, when a phenyl
group is present at C-5; evidently this bulky group does
not prevent addition of the amide ion to that position.
These results induced us to study the occurrence of the
SMANRORC) process in the amination of two annellated
1,2,4-triazines i.e. 3-chloro-1,2,4-benzotriazine (3a) and
3-chlorophenanthro[9,10-e}-1,2,4-triazine (4a).
Scheme 2
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Treatment of the compounds 3a, 4a with four equiva-
lents of potassium amide in liquid ammonia (—33°, 30

minutes) gave the corresponding 3-amino-1,2,4-triazines
(3b, 4b) in yields of 35 and 85% respectively. In order to
investigate whether in these amination reactions an S,-
(ANRORC) mechanism would be involved we reacted 3a
and 4a with '*N-labelled potassium amide in '*N-labelled
liquid ammonia containing about 4.5% excess of *N, and
converted the labelled 3-amino compounds obtained [we
refer to these compounds as 3*b and 4*b (* = '*N)] by di-
azotization in concentrated hydrochloric acid into the cor-
responding 3-chloro compounds 3*a and 4*a. It is evident
that 3*a and 4*a do not contain excess of nitrogen-15, if
the SWAE) process (route I) is operative in the amination,
while amination according to the S{AANRORC) process
(route II) would give 3*a, 4*a being nitrogen-15 labelled
in the heterocyclic ring and having the same percentage of
nitrogen-15 as present in the 3-amino compounds 3*b,
4*b.
Scheme 3
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From the results of the mass spectrometric measure-
ments of the starting materials 3a, 4a, and 3-amino com-
pounds 3*b, 4*b and the 3-chloro compounds 3*a, 4*a
(see Table) it is clear that, surprisingly, the amination of
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3a occurs nearly exclusively by route I [S/(AE)] and the am-
ination of 4a nearly exclusively by route II [SHANRORC)]
[5]. It has been established [6] that the addition of the am-

ide ion to an azine is charge-controlled and consequently

Table

Percentage of Excess of **N in 3a, 4a, 3*b; 4*b, 3*a and 4*a
as Established by Mass-spectrometric Measurements [a]

Compound % '5N-excess % SMANRORC) mechanism
3a 0.0
3*b 4.4 45+ 5
3*a 0.2
4a 0.0
4*b 43 93[b] = 5
4*a 4.0

[a] Accuracy + 0.2%. [b] The experiment was carried out in duplicate.

the addition preferably takes place at the position with the
lowest electron density. Calculations show [7] that position
3 in benzo-1,2,4-triazine has the lowest electron density. In
the og-adduct formed from 3a, ie. 5, the 6wr-aromatic
benzene ring is still maintained.

Scheme 4
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Both arguments lead to the conclusion that addition at
C-3 in 3a is strongly favored. That the preferred formation
of adduct 5 rather than 6 is not primarily due to the steric
hindrance is convincingly demonstrated with the 3-chloro
compound 4a, which reacts, as we have seen, to 94% ac-
cording to the SHANRORC) mechanism vie adduct 7. The
steric environment on that particular bridge carbon atom
is not very different in 3a and in 4a. The preferred forma-
tion of 7 certainly reflects the decreased aromatic charac-
ter of the central ring in 4a.
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EXPERIMENTAL

The following starting materials and reference compounds were pre-
pared by procedures given in the literature: 3-chloro-1,2,4-benzotriazine
(3a) [8], 3-chlorophenanthro[9,10-e}1,2,4-triazine (4a) [9], 3-amino-1,2,4-
benzotriazine (3b) [10] and 3-aminophenanthro[9,10-¢}-1,2,4-triazine (4b)
11}

Amination Procedure.

To 25 ml of dry liquid ammonia in a 50 ml three-necked flask, equip-
ped with a dry ice/acetone condensor, were added a few crystals of ferric
nitrate and 160 mg (4 mmoles) of potassium. After the mixture was stir-
red for 30 minutes, I mmole of 3a or 3b was added with the exclusion of
moisture. The reaction was terminated by addition of 220 mg (4 mmoles)
of ammonium salt. After the ammonia was evaporated the residue was
thoroughly extracted with warm chloroform. The residual material, after
evaporation of the solvent, was purified by column chromatography (sili-
ca, chloroform-acetone in the ratio 10:1).

The amination with '*N-labelled potassium amide in '*N-labelled am-
monia was caried out in the same manner. '*N liquid ammonia was pre-
pared from *N-labelled ammonium nitrate by treatment with a concen-
trated solution of potassium hydroxide.

Conversion of Components 3*b and 4*b into 3*a and 4*a Respectively.

Both conversions were performed by the procedure as described for
the conversion of unlabelled 3b and 3a [8].
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