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The campound 1,2,4-triazoline-3,5-dione (2a) is of interest theoreticallyl but it has
never been isolated and characterized., Its preparation was first claimed by S‘b«:s].].e.2 Recently
it wes generated at low temperature and trapped in gitu with several dienes and the melting
points of the adducts reported.3 Recently, an ultraviolet spectrum of 2a was obtained but an
extinction coefficient was not reported.l We wish to report the results of our work on the

rreparation of 2a in solution, its spectral properties, and some preliminary dats on its

decomposition.
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The dropwise addition of a solution of N0, (4 mmol) in CHyClp (25 ml) to a suspension of
urazole (1a) (5 mmol) in CH,Cl, (250 ml) at O° resulted in the gradual formation of a deep pink
solution.u Addition of cyclopentadiene to this solution at 0°* immediately discharged the pink
color and the Diels-Alder adduct, 3a, was formed in 84% yield based on urazole consumed; mp,
210-212° dec (EtOAc) [lit.3 mp 214-216° (EtOH)]. The structure of 3a is consistent with
analytical and spectral d.s‘l’.a,.5 Similar results were obtained by using lead tetraacetate as the
oxidant, By analogy with the reported oxidation of substituted urazoles ,h the known
dienophilic character of triazolinediones>’® and the structure of sdduct 3a, we conclude that
2a is generated by both methods.

Qualitatively, the pink color of 2a persists in solution at 0® for several hours, suggest-
ing a greater stability than had been supposed from prior reports. We generated 2a in several
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solvents by adding N30y, to a urazole solution (or suspension) and recorded the ultraviolet
spectrum (Table 1),

Table 1. Spectral Data for 2a and 2b

= 2a (07) - 75 (25°)
Conditicns (c=0), et Amex (fmax), m® (c=0), cu™ | Amax (fmax), mm
DMF 523(209) 519(174)
DMF + NaoAeD?*® 52ksh, sk2, 562 520
DMF + NH3b 5258h, 543, 563 525gh, 541, 562
CH,CL, 1790 | 500sh, 518(203), 539(237), 562(199)] 1782 520, 53, 562
Diglyme 1778 | 515sh(182), 531(213), 552sh(159) 527
Diglyne + Nig 520sh, 537, 559 519, 538, 558
c1-l30Nd 1790 510sh, 529, 549
cen,” 548 54l (230)

(a) The concentration of 2a was determined by tit,fa.ting (0°) with a solution of cyclopentadiene
while concurrently recording the uv spectrum,’ € was thus caleculated and the average of
several determinations is reported. (b) 2a does not react with cyclopentadiene under these
conditions, uv data  attributed to 4. ~{c) DMSO gave similar spectra. (d) 25°.

(e) Ref. 1. -

In some cases, anhydrous Na230,+ or Mﬁou was added to remove any water generated by the
oxidation reaction.g These drying agents had no effect on the uv spectrum of 2a. However, in
other cases, noted in Table 1, anhydrous NaOAc was used both as a desiccant and as a buffering
agent for removing acidic oxidation prodncts? These spectra exhibit bathochromic shifts with
the appearance of additional bands. The effect also occurs with dlssolved emmonia, In the
pregence of NaOAc or ammonia, the pink oxidation procituct does not undergo immediate reaction
with cyclopentadiene, With the addition of concentrated HCl, however, the spectrum reverts to
its original form and reaction with cyclopentadiene then occurs rapidly., The spectrum of 2a
also exhibits a longer wavelength maximm with the appearance of additional bands in CHyCl,
(Table 1). However, reaction with cyclopentadiene is rapid under these conditions. These
various spectral forms exhibited by 2a are shown in Figure 1.

The spectral changes resulting from a change in solvent polarity are in the direction
expected for n-g* tra.nsitions.lo The extent to which these changes also reflect possible
changes in the position of keto-enol equilibrium for 2a has not been established unambiguously.

The spectral changes caused by the addition of base (NaOGAc or Nﬂg) must be due to something
other than s simple solvent effect, since this alone does not explain the poor reactivity
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Figure 1. Ultraviolet Spectra of
1,2,4-Triazoline-3,5-Dione; (a) in Methylene
Chloride, (b) in DMF, (c) in DMF Containing
Excess Anhydrous Sodium Acetate.
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towards cyclopentadiene., We interpret these results to mean that 2a 1s converted to its anion
(4), whose formation is reversed on addition of acid, The failure of anion 4 to react with
cyclopentadlene is not unexpected; dienophiles with electron-donating groups are generally
less rea.ctive.u In support of this, the ethyl-substituted triazolinedione, 2b, for which
neutralization is not possible, reacts with cyclopentadiene under all conditions listed in
Table 1.12

‘Infrared spectra were obtained for both 2a and 2b. Solutions of 2a were unstable in the
spectrophotometer beam at ambient conditions, permitting only a few rapid scans of the carbonyl
region (Table 1) before the material had completely decamposed,

The stability of 2a in solution (typically 0.01-0.03 M) is quite variable, At O to 3°, a
DMF solution of 2a, rrepared by the addition of 2,6 mmol. of Nzoh to 2.5 mmol of urazole in
50 ml of dry DMF, decamposes with a half-life of 200 min. Prepared the same way in diglyme at
0°, 2a is essentially unchanged after 2 hr; at 25° its half-life is spproximately 30 min, and
in the presence of a two-fold excess of NaOAc (anhyd.), its halfzlife 1s approximately one hr,
In water at room temperature, its decomposition is complete in a few minutes, In all solvents
investigated, the decomposition of 2a is accelerated by both acids and water, substances which
are difficult to exclude in the in situ preparations reported here.

The decamposition products from 2a were examined briefly by oxidizing urazole with N0y
at roam temperature and collecting the evolved gases, Urazole (50 mmol) in DMF or DMSO was
treated with Ny0, (55 mmol) to yield, typically, Np (37.5 mmol), CO, (20-35 mmol), and CO
(0.5-1.0 mmol). Cyanuric acid was also present among the nonvolatile products. In a
comparable experiment containing NaOGAc (100 mmol), product analysis gave K, (48 mmol), CO2
(17.5 mmol), €O (2.4 mmol), and a nitrate salt which was not further characterized,
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We expected 2a to follow the simple decomposition scheme of some cyclic ef-carbonyl azo
cmpoundl,a’n to yield N, CO, and HNCO, in equimolar amcunts. The high ylelds of CO,
strongly suggest that a hydrolysis reaction is occurring. Since.water and acids are
undoubtedly reactive by-products from the Ny0), oxidation, this result is not surprising. In
the presence of NaOAc, both neutralization of acids and ionization of 2a to 4 can occur, Most
of the resulting processes are not fully understood. It has not been possible to generate 2a
by the oxidation of urazole without introducing additional reactants. However, in work now in
progress, evidence has been found supporting a simple decomposition of 2a to N,, CO, and HNCO
under conditions not involving the use of oxidizing agents, This will be the subject of a
future report.,
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