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THE 1,4,2,3-DI0XADIAZINE RING SYSTEM

Dabney K. White dixon,™ Randy H. Weiss and William M, Nelson
Department of Chemistry, Washington University, St. Louis, MO 63130

Abstract: The 1,4,2,3-dioxadiazine ring has been synthesized by oxidation of the
corresponding 1,2-bishydroxylamine, When the nitrogen substituents are carbalkoxy groups,
theraolysis gives the biscarbonate,

The chemiluminescence of dioxetanes 1 is an area of continuing interest,l Entry into
the excited state is thougnt to involve homolysis of the peroxide bond to give a 1,4-dioxygen
diradical 2 followed by cleavage to give excited products. The factors which control the
activation energy, product triplet to singlet ratio, and distribution of energy between the
two fragments are still not well understood. One approach to this area is to create the
1,4-dioxygen diradical from a precursor other than the dioxetane, To this end, we have
synthesized the first 1,4,2,3-dioxadiazine 3. This paper reports the synthesis and thermal
decomposition of carbalkoxy derivatives of this class (R = COpMe, COoEt). These molecules
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are stable at room temperature but decompose when heated over 100°C in solution. The pro-
ducts are unexpected. Decomposition does not give two molecules of formaldehyde and the azo-
dicarboxylate ester but the biscarbonate 4.

Compound 3a was synthesized by condensation of 1,2-b1’s(am1’nooxy)ethane2 with methyl
chloroforinate to give the bisurethane 5a. This was treated with three oxidizing equivalents
of nickel peroxide3 in CHyClp at room temperature. Standard workup followed by recrystalli-
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zation from CHCly/hexane gave fine, hard, white crystals which decomposed at 50° and melted
at 85° (2°/min):4 IH NMR (100 MHz, CDC13) 3.88 (s, 6 H) and 4.31 (s, 4 H) ppm; 13¢ MR (100
MHz, CDCl3) 155.2, 73.3 and 54,8 ppm; IR (CHC13): 2960, 1758, 1438, 1275 and 907 ca-l: mass
spectrum m/e 176, 118, 103, 86 and 54.

The ethyl derivative 3b was synthesized in a manner similar to 3a: IH NWR (CDCI3) 1.31
(t, d =7 Hz, 6 H), 4.27 (9, J = 7 Hz, 4 H), 4.27 (s, 4 H) ppm; L3¢ nr (cncry) 15407, 73.1,
64.1, 14,2 ppm; IR (CHC13) 1760, 1373, 1270, 1060 cm’l; mass spectrum m/e 132, 117, and 89.

Few dialkoxynydrazines are known.5 The N,N'-dicarbalkoxy derivatives are stable to
distillation (~ 100° at ~ 1 torr), and can be refluxed in metnanol-water without noticeable
decomposition, but decompose rapidly in acid or base, @

Thermolysis of 3a in CgDgBr (137°C for 3 h) gave the corresponding biscarbonate in guan-
titative yield (NMR). Thermolysis of a mixture of the methyl, 3a, and ethyl, 3b, esters in
MeS0-dg (157°C, 3 h) gave dimethyl, 4a, and diethyl, 4b, carbonates but no methyl etnyl car-
bonate (glc would have detected > 1%).

When the reaction was followed by lH HMR (360 Mz, CgDgBr, 114°) asymnetric and complex
spectra were seen (Figure). In this solvent, these spectra appear to reflect only one major
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Figure. Methylene and methyl regions observed in the thermal decomposition of 3a. Lower
trace: after equilibrating at 114°C (~ 15 min). Upper trace: 4.5 h later. Peaks at 4.15
and 3.51 ppm are the CHp and CH3 groups, respectively, of 4a. Peaks are referenced to the
downfield resonance of CgDgBr at 7.30. The spectra have been resolution enhanced.

intermediate, I. Conversion of 3a to I is 5-10 times faster than conversion of I to 4a. A
similar result was found in Me,S0-dg. The half-life for the 3a to I conversion at 114°C is

~ 1 nr in CgbgBr and ~ 3 hr in Me,S0-dg. The similarity of these rates argues against an ionic
reaction, The lack of any cross product indicates either a concerted reaction or a radical
rearrangemnent,

We propose that the reaction proceeds through intermediates 6 and 7, and that 6 is the
major intermediate seen by 1y R, Cooley et al. have postulated that 8 decomposes through
an alkoxydiazene.5f 7Tne complexity of the 4 NMR spectra in the thersal decomposition of 3a
argues against 7 as the only intermediate. If thermolyis begins by homolytic cleavage of the
N,0 bond to give 9, rearrangement could give 6 as shown below. Formation of & demands either
a 1,2-acyl shift or a cleavage-recombination reaction. Alkoxycarbonyl radicals add to aroma-
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tic solvents,® and usually escape the cage to a significant extent.? The high yield and lack
of crossover product in this system argue against the free alkoxycarbonyl radical.

Compound 6 nas a 1,l-dialkoxyhydrazine structure. 1,1-Dialkoxyamines are pyramidal at
nitrogen, and invert slowly on the NMR time scale.B Hydrazines generally adopt a confor-
mation with the lone pairs perpendicular to one another. Rotation and/or inversion of the
nitrogens is often stow, 9 Compound 6 also has the 1,l-dicarbalkoxyamine group, in which the
two carbalkoxy moieties can adopt syn,syn; Exﬂ,anti; and anti,anti conformations., If inver-

sion at the dialkoxyamine and rotation around the N-N bond are slow, and the dicarbalkoxy
nitrogen is planar (one conformation shown below), there should be eight methyl resonances.
Other conformations or intermediates would increase this number, The resonances observed in
the Figure reflect both solvent (CgDgBr) and field (360 MHz). In MepSU-dg at 100 MHz only

two methyl singlets were seen throughout the reaction.
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When the reaction was followed by 13C NMR (25 MHz, 137°C, DMS0-dg), two intermediate
peaks that belonged to neither 3a nor 4a were seen. 0One was appropriate for a CHpCHoONRCO,R
group (~ 72.5 ppm) and the second for a CHpCHo0COoR group (~ 64.5 ppm). The methyl peaks
were not resolved, and it is possible that there are other accidentally equivalent peaks.
This was found to be the case in a similar thermolysis experiment using CgDgBr as solvent.

When the reaction was followed by IR (CgHgBr, 114°) changes in the carbonyl (1765+1754
cm‘l) and N-0 (12751272 cm‘l) regions were seen, No absorptions with intensity > 10% of
that of the carbonyl were seen in the 1480-1700 em-1 region, Asymmnetric azo compounds have
vg frequencies in the 1540-1600 em-1 region.10 If 7 is present in substantial amounts, the
extinction coefficient of the N=N stretch is low.

We expect the RCO-N=N-OR (7) moiety to be more thermally labile than the (R0O)2N-N{COR)»
(6). Tne former should be intermediate in stability between a hyponitrite [e.g.

(CH3) 3CON=NOC(CH3) 3, aH¥ = 27.9 kcal mol-l and aS¥ = 8.2 eu; 1172 (calc.) = 10 sec at

114°c]!! and an azodicarboxylate diester [e.g. CH30pCN=NCOoCH3, k = 6.4 x 10-6 s-1 at 162°,
gas phasel.1Z Tne (RO)pN-N(COR)p moiety is likely to be reasonably stable., Dialkoxyamines
(including some 1,3,2-dioxazo]id1ne58b) and 1,1-diacylhydrazines are distillable compounds.
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In summary, bisurethanes 5 can be oxidized to the dioxadiazines 3. lpon thermolysis

this new ring system gives, not formaldehyde and the dialkyl azodicarboxylate, but the

biscarbonate 4. Intermediates 6 and 7 are proposed,
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