Tatrehadron. Vol. 34, pp. 1231 to 1233,  Pergamon Press 1978, Printed in Groat Britsin
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DECOMPOSITION OF TRIALKYLPEROXY TRIAZINES
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Abetract—The kinetics of the decomposition of tri-t-butylperoxy-1,3,5-triazine (from trichloro-1,3,5-triazine and
barium t-butyl peroxide i sitx) follows the 1-order with an activation energy of 24.6 kcal/mole. Isolated products
are cyanuric acid and acetone. The reaction of trichloro-triazine with potassium cumyl peroxide yields cyanuric
acid, isopropenyl phenyl ether, dicamyl peroxide, acetone and phenol, with barium 2-benzyl-2-propyl peroxide

cyanuric acid, benzaldehyde and 2-benzyloxy-2-{2-benzyl-2-prop:

decomposition is discussed.

In 1972 Sokolov et al? reported the synthesis of the
surprisingly stable tri-t-butylperoxy-1,3,5-triazine - (1a)
(90% decomposition after 2hr in nonane at 140°). Tri-
cumylperoxy-1,3,5-triazine (1b) was not isolable. It was
completely destroyed after 12hr at 20°. Reaction
products (after acidification) were acetone (75%) and
phenol (82%). A mechanism analogous to the Criegee
rearrangement was proposed for the decomposition of
1b.
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Contrarily we have proved a radical cage reaction for
the rearrangements of 4-t-butylperoxy-6-methyl-pyrimi-
dine (2a), 4-t-butylperoxy-2-chloro-6-methylpyrimidine
(2) and ethyl 4-t-butylperoxy-2-chloro nicotinate (2c)
(from barium t-butyl peroxide and the corresponding
4-chloro heterocycles) to the pyrimidones 3a and 3b and
to the pyridone 3¢ (3 weeks at 20°; yield $5-85%)°
respectively.
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In the reaction of the 4-chloro beterocycles with
sodium cumy! peronde we obtained onlythesqmwn
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yiperoxy}-propane. The mechanism of the
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Because of the different results relative to the stability
of the peroxides (with the same alkyl group) and to the
mechanism of the rearrangement we have reexamined
the work of Sokolov et al,’> and we also tested the
reaction of trichloro-1,3,5-triazine with barium 2-benzyl-
2-propy! peroxide.

Compound 1a was obtained by the method described®
in 80.5% yield from trichloro-1,3,5-triazine and barium
t-buty! peroxide in situ (m.p. 57-58° lit.2 48-50°; in the IR
spectrum we observed considerable shifts of the peaks
relative to the reports of Sokolov ef al.?). The kinetics of
the decomposition of 1a (co = 1 mmole/1 in o-dichloro-
benzene; followed by the disappearence of the '"H NMR
signal of the methyl protons at 7 =8.72ppm, simul-
tancously a new signal appearing at r =8.09 ppm ori-
ginating from acetone as decomposition product) could
be ascertained only above 100°. The reaction followed
the 1-order with the rate constants

ko= 2.53x107°[sec™")
Kizs = 9.94x 107% [sec™']
Ky3s =23.18 X 107 [sec™"]
Kieo=45.29x 107 [sec™]
Kise = 58.65 % 107° [sec™*].

The activation energy was calculated as
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24.6kcal/mole. A decomposition to radicals was not
demonstrable by ESR spectroscopy. Isolated decom-
position products were cyanuric acid (60.8%) and
acetone (37.2% as 2,4-dinitrophenylhydrazone).

In the reaction of trichloro-1,3,5-triazine with
potassium cumyl peroxide (0° in petrol ether) a peroxide
could not be isolated but shown as intermediate by TLC
analysis (DC-alufolie, Kmelgel 60F 254, with spray
reagent for peroxides‘—violet colour after a few
minutes). Isolated products were cyanuric acid (88%),
isopropenyl phenyl ether (47.5%), dicumyl peroxide
(8.9%), acetone (38.6% as 2,4-dinitro phenyl hydrazone)
and phenol (6.8%, bromometric determined).

Also in the reaction of mchloro-l.3,5-mmne with
barium 2-benzy}-2-propyl peroxide in situ we observed a
perondlc product by TLC analym, which decomposed
in the course of the reaction giving another peroxide
identified as 2-benzyloxy—2-[2-benzy|-2—propylperoxy]—
propane 4° (33.1%). In addition, we isolated cyanuric
acid (63.49%) and benzaldehyde (65.5%).
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DESCUSSION

In confirmation of the results of Sokolov et al? alkyl-
peroxy triazines proved to be more stable then perom
derived from pyrimidine, pyridine® and benzene:*

N(g\"‘/oan > @YO,R

_ "@/OgR> 2R

Likewise the relation of ionic to radical rearrangement
respectlvely decomposition shifts. From alkylperoxy
triazines products of an ionic decomposition were
obtained as main products. Withllkylperoxypymrdmu
andpyndmesthendmlaaemmnpment prepon-
derated;’ alkylperoxybenzenesdeeomposedexclwvely
in a radical manner.

Indeed radicals were not detetted in the decom-
position of 1a by ESR spectroscopy, however a partly
radical reaction is not to be excluded since 1b reacts 109
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in this manner. But 1b should tend more to the Criegee
rearrangement than 1a. The partly radical decomposition
of 1b was demonstrated by the formation of dicumyl
peroxide.”

The formation of 4 in the reaction of trichlosotriazine
with barium 2-benzyl-2-propyl peroxide follows an ionic
mechanism analogously to the reaction of the peroxide
with benzenesulfonyl chloride.” The mechanism of the
formation of bennldehyde is not yet clarified. Indeed
benzaldehyde is a product of the thermal decomposition
of 2-benzyl-2-propyl hydroperoxlde, but we did not ﬁnd
dibenzyl in this case as expected.’

It is to be remarked, that the relative stability of the
grhlkylperoxy triazines and their tendency to an ionic
decomposition is not related to the pK-values of the
eon‘espondmg phenols or a blocking effect of the o-,

o'-positions.”

EXPERIMENTAL

The 'H NMR spectra were recorded with the Varian T 60 and
NV 40 with TMS as internal standard. The IR spectra were taken
with a Perkin-Elmer 257.

Tvi-t-butylperoxy-1,3,5-triazine (1s). To a stirred suspension of
barium oxide (9.7g) in 50 ml petrol ether (30-50°) was dropped
under ice cooling a soln of t-butyl hydroperoxide (1.5g:
16.6 mmoles) in 20 ml petrol ether and then at room temp. &
stirred mixture of t-butyl hydroperoxide (5.25 g: 58.3 mmoles) and
trichlorotriazine (4.6g; 25 mmoles) in 60 ml petrol ether. After
3hr no trichlorotriazine was detected by TLC. The mixture was
filtered, the solvent removed and the residue dissolved in di-
chioromethane. Dilution with petrol ether and standing in a
refrigerator gave 2.72g tri-t-butylperoxy-1,3,5-triazine (80.5%)
m.p. §7-58°; IR spectrum see Fig. 1. (Found: C, 52.16; H, 7.80; N,
12.24. Cak. for C;;HO¢N;: C, 52.17; H, 7.82; N, 12.17%)

Decomposition of 1a. A soln of 1a (1g; 2.9 mmoles) in 30 ml
o-dichlorobenzene was heated in a slow N, stream for 4 br at
140°. After a short time the mixture turoed light yellow, then light
brown, while a ppt deposited. After cooling to room temp. one
half of the mixture was extracted 4x with 10 m] water and in the
collected water phases acetone was determined as 2,4-dinitro-
phenylhydrazone: 194 mg (total 37.4%) m.p. 125-6°. The second
half of the mixture was filtered and the residue recrystallized
from EtOH: 228 mg cyanuric acid (total 60.8%) m.p. 350° (d).

Reaction of trickloro-13.5-triazine with potassium cumyl
pmde.Toaltnedandwecooledmnpenmnofpomm
cumyl peroxide® (10.2 g: 60 mmoles) in 50 ml petrol ether a stirred
suspension of trichlorotriazine (3.6 g; 20 mmoles) was added dur-
ing 1hr. TLC analysis showed a peroxidic product as inter-
mediate. After 3br the trichlorotriazine had reacted completely.
The mixture was filtered. Recrystallisation of the residue from
EtOH yielded 1.3 g cyanuric acid (88%), m.p. 350° (d). The filtrate
was diluted in a volumetric flask with petrol ether. Acetone was
determined in an aliquot part as 2.4-dinitrophenyl hydrazone:
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Fig. 1. IR spectrum of tri-t-butylperoxy-1,3,5-triazine (KBr).
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38.6% m.p. 125°, phenol bromometric: 6.8%. The remaining soin
was extracted repeatedly with 20% NaOHaq, the water phases
acidified and extracted with ether. After drying and removing the
ether phenol was obtained, m.p. 39°. The petrol ether phase was
dried and the petrol ether removed. Distillation of the residuc
yielded 1.9 g isopropenyl phenyl ether (total 47.5%) b.p. 18°/0.08
Torr, identified by IR and NMR spectra). Chromatography of the
residue on silica yielded 460 mg dicomy! peroxide (tou! 8.996)

- 1 €0
m.p. o,

Reaction of trickloro-1,35-triazine with barium 2-bemzyl-2+
propyl peroxide. To 3 stirred suspension of barium oxide (6.0g;
40 mmoles) in 50 m] petrol ether (30-50%) a soln of 2-benzyl-2-
propy! hydroperoxide (0.3g; 2.3 mmoles) in 30m! petrol cther
was added under ice cooling, then simultancously at room temp.
2 solnofbydmperonde (2.1;, 12.6 mmoles) in 50 ml petrol ether

and a stirred susnansion of trichlorotrinzine Ie A2 53 L4 mmnhc\ in

80 ml petrol ether. TLC showed a peroxide, whchdmppcamdu
the reaction proceeded and, another peroxide was observed.
After 10hr the reaction was fitiered. Extraction of the residue
with EtOH vielded 408 mg cyanuric acid (63.4%) m.p. 350° (d).
From the filtrate the solvent was removed. Distillation of the
residue vielded benzaldehyde (2.1 g; 65.6%) b.p. 176-178°, m.p. of
the 24-dinitrophenyl hydrazone 230-233°. The residuc was
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cleaned by LC yielding 520 mg 2-benzyloxy-2-{2-benzyl-2-pro-
pyiperoxy}-peopane (33.1%), identified by IR and NMR spectra.
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