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The chemistry of nitrene intermediates, which are generally obtained

by & loss of nitrogen from an azide, has been the subject of considerable
interest in recent years (1). The present report describes the thermolytic
decompositions of 4-amino-3azido-s-triazoles to yiéld 3-amino-g~-tetrazines.
This decomposition reaction is a convenient route for the synthesis of 3-
amino-g-tetrazines whose usual methods of preparation have inherent limi-
tations.

The treatment of h-amino-3-bydrazino-5-mettwl-g-triazole hydrochloride
(2) with nitrous acid produced k-amino-3-azido-5-methyl-g-triazole, (3),
Ie, m.p. 84-86° dec.; vgi 2150 cm'l(N3). Anal. Caled. for CJHN;: C,
25.90; H, 3.63; N, 70.48. Found: C, 25.78; H, 3.90; N, 70.31. The structure
of this compound was established by reduction with thiophenol to the known
3,4-diamino-5-methyl-s-triazole (4). Hesting Ia in chlorcbenzene at 110°
smoothly liberated & mole of nitrogen to yield the bright red 3-amino-6-methyl-
s-tetrazine, IIa, 95% yield, (m.p. 171-173°). Anal. Caled, for C3H5N5: c,
32.43; H, 4.54; N, 63.04; mol. wt., 111. Found: C, 32.51; H, 4.h7; N, 63.10;

mol. wt., 116 (5). Its infrared spectrum (KBr) exhibited strong absorptions

p-diox.

at 3325, 3160, 1625, and 1515 em™t. Compound IIa showed a meximum (A mox

530 my, ¢ 735) in the visible which is characteristic of s-tetrazines (6).
The proton n.m.r. spectrum (7) in acetone~d, showed a broad peak at 6.90

(amino) and a second peak at 2.73 p.p.m. (methyl) from tetramethylsilane in
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the ratio of 2:3 respectively. Catalytic hydrogenation resulted in & rapid
disappearance of the bright red color to form the 3-amino-6~methyl-l,2-
dihydro-s-tetrazine, IIla, which was readily oxidized (8B) back to Ila or was
thermally rearranged to 3,i-diamino-S-methyl-s-triazole (4). IIa is readily
acetylated and this product undergoes a 1,k-addition with styrene with a loss
of nitrogen to yield IIIa and 3-acetamido-6-methyl-4{or 5)-phenylpyridazine,
{9) m.p. 155-158°. Anal. Calcd. for CyH N0 C, 68.71; H, 5.76; N, 18.49.
Found: C, 68.66; H, 6.01; N, 15.33. With cyclohexene, the tetrazine yielded
IITa and & tetrahydrophthalazine derivative, m.p. 20&-‘560. Anal. Calcd. for
CuH15N3°‘ C, 64.36; H, 7.37; N, 20.48, Found: C, 64.12; H, 7.42; N, 20.70.
The reaction of acetylated IIa with olefins initially forms the dihydropyrida-
zines, which undergo a redox reaction with the unreacted tetrazine, thereby,
producing & mixture of dihydrotetrazine and pyridazines.

Similarly, the thermal decomposition of h-amino-3-azido-5-phenyl-§-
triazole, Ib, yielded 3-amino-6-phenyl-s-tetrazine, IIb (96%) [m.p. 226-2280,
AS&E‘SOH 530 my, (¢ 506)]. [Lit. value {10): m.p. 226-227°, A;{Sm 530-535
oy, ¢ 513]. Anal. Caled.for CBHTN5: C, 55.48; H, 4.08; N, 4o.4k, Found: C,
55.58; H, 1&.2.6; N, 40.39. The dihydrotetrazine, IITb, formed by the reduction
of ITb with thiophenol, wes rearranged by heat to the 3, Y-diamino-5-phenyl-s-
triazole (4). IIb after acetylation reacted with styrene to produce IITb and
3-acetamido-b{or 5), 6-diphenylphridazine, (9) m.p. 264-266°. Anal. Calcd.
for 018H15N30: C, T4.72; H, 5.22; N, 14.52, Found: C, Th.61; H, 5.4k4; N,14.67.

The facile thermal isomerization of dihydrotetrazines to triazoles has
been well established (8). In fact the compounds reported to have been the
dihydro derivatives in early reports have later been proven to be the triazoles.
Furthermore, the reactions of s-tetrszines with olefins to yield dihydropyri-
dazines have been described by Carboni and Lindsey (11). These workers reported

that unsaturated compounds having electron-donating groups reacted more readily
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with 3,6-bis-(polyfluoralkyl)-s-tetrazines. In the case of II, decreasing
the electron-density of the s-tetrazine (the diene portion) by acetylation
of the 3-amino group facilitated the reaction. The above results are con-
sistent with the assignment of the s-tetrazine structure for II.

The decamposition of heamino-3-azido-s-triszoles may proceed via two
possible mechanisms. In one process, nitrogen is eliminated from the azido
group to form the nitrene intermediate (12) for which several canonicael forms
mey be written in analogy to the thermolysis product of S-szido-l, Lk-diaryl-
_v-triazoles described by Smith, Krbechek, and Resemann (lh). The amino group
in structure C adds across the nitrile forming an imino compound which read-
1ly tautomerizes to yield II.
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An slternative mechanism involves & concerted process in which the
nitrogen elimination andthe rearrangement occur simultanecusly. The k-
amino group on the starting azidotriazole would then be expected to assist
the removal of the nitrogen., However, the fact that h-acetamido-3-azido-
S-methyl-s-triazole also decomposed at lloo tends to favor the nitrene mech-
anism. In a concerted process this compound would require a higher ther-
molysis tempersture due to the decreased nucleophilicity of the 4-amino
group by acetylation. Further study is required before the mechanism of the
decomposition of h-amino-3-azido-§-triazales is established.

In addition, 3-amino-s-tetrazine and 3-amino-6-ethyl-g-tetrazine have
also been prepared from the corresponding azidotriazoles. Detailed work on

the thermolyses and reactions of the tetrazines will be reported later.

Acknowledgment - The authors are indebted to Dr. L. Schieler for his
helpful interest in this work. The authors are also grateful to Mr. S, Hotta
for infrared and ultraviolet spectral measurements and assistance in the

laboratory.
REFERENCES

1. (a) R. M. Moriarty end M. Rahmen, J. Am. Chem. Soc., 88,

842(1966). (b) D W. Cornell, R.”S. Berry, snd W. Lwowski,
ibid,, 88, 544(1966). (c) A. G. Ansstassiou, ibid., 87,
5512(1985). (d) F. D. Marsh and B. E. Sivmons, ibid. . 87,
3529(1965). (e) J. H. Hall, ibid., 87, 1147(1965). (£T J.I.G.
Cadogan, M. Cameron-Wood, R. K. Mackie, and R. J. G. Searle,

J. Chem. Soc., U4831(1965). (g) A. Reiser and V. Frazer,
Nature, 208, 682(1965). (h) P. A. S. Smith, L.O. Krbechek

and W. Resemann, J. Am, Chem. Soc., 86, 2025(196%). (i) G.
Smolinsky end B. I. Feuer, J. Org. Chem., 29, 3097(1964).

2. H. H. Takimoto, G. C. Denault, and 5. Hotta, J. Org. Chem,
30, 111(1965).

3. Caution! An acetonitrile solution of this azide exploded in
one case during solvent removal on a water bath under reduced
pressure.



No. &4

10.

5373

REFERENCES (Continued)

H. Gehlen and H. Elchlepp, Amn., 594, 14(1955).

Rast molecular weight determination gave values of 119, 113,
and 116.

(a) E. Muller and L. Herrdegen, J. Prakt, Chem., 102, 113
(1921). (b) C. H. Lin, E, Liecber, and J, P. Horwitz,
J. Am. Chem. Soc., 76, L27(1954).

We are indebted to Dr. N. S. Bhacca of Varian Associates for
obtaining these spectra on a Varian A-60 spectrometer.

For a review of s-tetrazines see J. G. Ericksonm, P. F. Wiley
and V., P. Wystrach, "The Chemistry of Heterocyclic Compounds,"
Vol. X, "The 1,2,3,-and 1,2,4-Triazines, Tetrazines, and
Pentazines," Interscience Publishers, Inc., New York, N. Y.,
1956, Chaper V.

The position of the phenyl group depends on the orientation
of styrene during addition.

V. A. Grakauskas, A, J, Tomasewski, and J. P. Horwitz, J. Am.

Chem. Soc., 80, 3155(1958).

R. A. Carboni and R. V. Lindsey, Jr., ibid., 81, 4342(1959).

R. A. Abramovitch and B. A. Davis., Chem. Rev., Q, 149
(1964).



