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The preparation and thermolysis of new stable heterocyclic precursors of 1,2-diaza-1,3-butadienes is described. The resulting reactive diazadienes
are trapped in situ with N-phenyldiazamaleimide. The effect of precursor structure on the temperature at which the diazadienes are generated
is discussed.

The chemistry of 1,2-diaza-1,3-butadierieor azoalkenes  hydrazonesor (2) oxidation of hydrazones with various
as these substances are also known, has been under activexidizing agents such as br HgO> While conjugated,
investigation for a number of yeatS he reactivity of these  electron-deficient examples &f(R, = EWG or Aror R =
intermediates, either isolated or generated in situ, has beeralkyl, Ar, or EWG) have been prepared (often in low yield
shown to include the addition of a variety of nucleophfles. and purity), those cases bearing assRuall alkyl or electron
Azadienes 1 also undergo ready cycloaddition with a donor groups tend to undergo ready dimerization unless
structurally diverse group of electron-rich and electron- intercepted by an appropriate coreactant (Figuré Thus,
deficient olefins, as well as 1,3-dipoles, and afford as the aforementioned synthetic methods become problematic
products a variety of heterocyclic ring systefns. in these latter cases, since the azadienes must often be
The usual methods of synthesis of azadienes such as generated in the presence of nucleophilic bases or solvents.
involve either (1) based-induced dehydrohalogenation of Byproducts from their generation can be difficult to remove

o-halohydrazones obtained either by halogenation of hydra- which can compromise subsequent transformations.

zones or conversion ai-halo carbonyl derivatives to the
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In connection with our interest in developing environ-
mentally benign methods for preparation of heterocyclic
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Figure 1.

systems using transition metal catalysis, we sought to develop

general methods for generation of the required azadignes
under controlled conditions in the absence of nucleophiles
and other undesirable byproducts.

We identified two general classes of precursors exempli-
fied by the 3,6-dihydro-1-oxa-3,4-diazin-2-on2end 2,5-
dihydro-1,2,3-thiadiazole-1,1-dioxidés (Figure 1), which
upon thermal extrusion of G&nd SQ, respectively, should
afford the reactive azadienéssuitable for further transfor-
mations. Examination of the literature revealed that few
examples of either clas® or 3 had been reportet? No
thermal chemistry had been reported for either, although
related derivatives d lacking substitution at position 3 were
reported to undergo thermal decomposition via tautomer-
ization to 5,6-dihydro-1-oxa-3,4-diazin-2-ones and loss of
both N, and CQ, affording olefins’

We have developed two general routes to the oxadiazi-
nones?2 via the N-carbethoxyhydrazone4 as shown in
Scheme 1. Acylhydrazones, prepared by either of the
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indicated routes from known hydazine derivatiVesgre
brominated with phenyltrimethylammonium perbromide
(PTAB), and the resulting sensitive bromo hydrazones

(7) Rosenblum, M. Nayak, V.; Das Gupta, S. K.; Longrow,JAAm.
Chem. Soc1963,85, 3874—78.
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underwent ring closure with expulsion of EtBr spontaneously
or upon mild heating in DMF. Several examples prepared
in this manner are depicted in Table 1.

Table 1. Oxadiazinone® and Diels—Alder Adduct$

" " R
_N N_-0O N
| COsEt N \f N EJ(N—Ph
R1)\ R/K( Ry ﬂ
Ro R, R, O
2a-i 6a-e
yield (%) yield (%)
substrate 2a—i T (°C) 6a—e

R1 = R,=Ph 72 140 84
R1=Ph 45 110 98
R, = OPh
R;=Ph 54 110 95
Rz = OTolo
R; =Ph 81 140 99
R, = OTolp
R1=Ph 82
R, = OPhClo
R: =Ph 86 162 79
R, = OPhNO20
R1 = Ph 60
Rz = SPh
R; =tBu 90
R> = CH3
R; = CH3 24
Rz = Ph

With respect to the thiadiazole dioxid8swe employed
the method of Mazak, involving P&€induced ring closure
of hydrazones of3-ketosulfonic acid salt$, as shown in
Scheme 2.The precursor salts are readily available from
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o-bromo ketones via treatment with p&O;. Several ex-
amples prepared in this manner are depicted in Table 2.
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Table 2. 1,1-Dioxides3 and Diels—AIder Adductﬁ Scheme 3
Ph Ph Ph Ph
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Ry 2 R1 Fh COEt R+ 110°-162°C R1)ﬁ
SOsNa Ra solvent Ro
3a-e 6a-c 2
Ry =Ry = Alk, Ar, OAr, SAr
yield (%) yield (%) solvent = PhCHg, Ph(CHg)p, of PhCI
substrate 3a-e 6a—c yield (%) o
R1=CHs 60 74 34 nA e
Ul -
R, = H N\‘(N Ph
Ri=Ph 78 92 59 0 NN N//<
= & i
2 2
Ri1=Ph 80 85
Rz = Ph
R1 = PhClp 70 6
R,=H
Rl = Ph 20
R, = OPh can result in catalyst decomposition. Since it was apparent

that the synthetic route to the oxadiazinones was more

general and robust, we chose to prepare the dithio and mixed
With routes to substrate class@sand 3 in hand, we oxygen and sulfur analogue®,(X =S or O and Z= O or

examined their thermal chemistry. On the basis of EI mass S). We hypothesized that the weaker C—S bonds might

spectroscopy of a number of derivatives2and3, all of reduce the temperature required for onset of the extrusion
which exhibited abundant fragment ions (often the base peak)reaction.
corresponding to loss of GOor SG respectively, we The thio analogues were prepared on the basis of the least

believed that generation of derivatives bfwould prove  reactive derivative of2 (R, = OPhNGp) as shown in
facile. Since the classes of azadiedesf major interest to Scheme 4.

us were expected to be too unstable for isolation, we decided

to assess the efficiency of generation of the azadiérn®ss _

effecting thermolysis in the presence of suitable dienophiles

as has been commonly employed in previous stulies. Scheme 4

When oxadiazinon€ (R; = R, = Ph) is heated in the Ph Lawesson's fn
presence ol-phenylmaleimide (5 equiv) at 14T in xylene AN R L
followed by chromatographic purification, the Diellder - l_o PhCHg Bh l_o
Z;iducﬁ (R.= R, = Ph) was obtained in 84% yield (Scheme OPhNOyp 201? OPhNOp

Likewise, the other examples listed in Table 1 afforded ! s °
the expected adducts in 799% vyield. The onset of " ”CI)LS/\ Eh s
decomposition of derivatives o appeared somewhat Nl’NH DMAP Nl’ T( ~
sensitive to the structure of,RThe more conjugating and/ Ph 2)PTAB Ph S B
or electron-deficient R the slower the loss of COneces- OPhNOp  THF OPhNOgp
sitating use of higher temperatures, as would be expected 12 98% 9
for such electronically stabilizing substituents. in NaWO, "

The dioxides3 underwent extrusion of SOsomewhat _DME__ N’N\(s - . N’N\fo

. . . 75°C I H20; I

more readily than the oxadiazen2sAs shown in Table 2, 0sh  ph 8 2% o s
heating the dioxides3 in toluene readily generated the o7 OPhNO,p OPhNOp
intermediate azadieneswhich were trapped in excellent : 10 11

yields (74—92%) withN-phenylmaleiimide, as well as with
ethyl acrylate (34—59% unoptimized).

However, our principal goal in undertaking the chemistry  Treatment of7 with Lawesson’s reagent afforded thione
was to identify methods of generation btompatible with 8 in 61% yield (unoptimized! Dithio derivative 10 and
transition metal catalysts (e.g., Pd(0)). Thus, we attemptedthjolactam11 were obtained from hydrazorig by analogy

to lower further the temperature at which the generation of to 2. Acylation of 12 with ethyl chlorodithioformate followed
the azadiene& would take place, since high temperatures

(11) (a) Yde, B.; Yousif, N. M.; Pedersen, U.; Thomsen, I.; Lawesson,
(10) Allcock, S. J.; Gilchrist, T. L.; King, F. DTetrahedron Lett1991, S. O.Tetrahedronl984,40, 2047—52. (b) El-Barbary, A. A.; Lawesson,
32, 125-8. S. O.Indian J. Chem., Sect. B984,23B, 655—7.
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