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As part of our ongoing interest in the synthesis and utilization
of nitrogen-containing heterocyclic and heteroaromatic compotnds,
we had cause to explore the chemistry of 1,2,4-triaziheShe
inverse electron demand Diel#\lder reactions of these aromatic
compounds are well knowhand our research began with an
investigation of Boger’s in situ enamine proto@élusing polysub-
stituted triazines to prepare complex pyridines. We found that, in
our systems, the DielsAlder retro-Diels-Alder sequence, giving
2, proceeded smoothly, but in situ aromatization was not observed
and the dihydropyridine were isolated in excellent yieltis
(Scheme 1); oxidation and Cope elimination were then employed
to convert2 into the corresponding pyridin€s To overcome this
problem, we recently developed a novel tethered imigreamine
(TIE) methodology for the direct conversion of triazingésnto
highly substituted pyridine8.5

Scheme 1. Diels—Alder Reactions of 1,2,4-Triazine Systems
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We also, however, have a long-standing research program into
multistep in situ reactioddfand were therefore intrigued by the
possibility that dihydropyridines of typ2 could be exploited in
reaction cascades from 1,2,4-triazirles§ he s-cis2-azabutadiene
moiety found in2 is known to be a suitable substrate for Diels
Alder reactiong®” Our first foray into the cascade reactions of
1,2,4-triazinesl was to investigate the trapping of the dihydro-
pyridine intermediate? with an internal dienophile (Scheme 1).

Scheme 2. Conversion of la into Tetracycle 4a
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electron-deficient “diene”, followed by immediate extrusion of
nitrogen gives the dihydropyridine intermedi&a Spontaneous
intramolecular Diels-Alder reaction between one allyl moiety and
the 2-azabutadiene unit then gives the desired tetradglaith
complete diastereoselectivitylhe observed regioselectivity of the
initial Diels—Alder reaction is consistent with that reported for
3-substituted triazine%.

With this result in hand, we went on to study the scope of the
methodology, first with respect to the triazihgTable 1). As can
be seen, this chemistry is not limited to highly substituted systems,
with mono-, di-, and trisubstituted triazines proving to be acceptable
substrates. In all cases, the isolated yields are high and single
isomers are obtained.

Table 1. Scope of Triazine Unit in Tetracycle Formation

Diallylamine,
cyclopentanone,

R N',N 4A mol. sieves, |
CHCl, reflux R
1
Entry R' R’ R’ Isolated yield
i la Ph H 2-Pyridyl 4a, 95%
ii 1b | 2-Furyl | 2-Furyl | 2-Pyridyl 4b, 88%
iii 1c Ph H CO,Et 4c, 89%
iv 1d H H CO,Et 4d, 84%

The scope of this chemistry was also investigated with respect
to the carbonyl unit. The disubstituted 1,2,4-triazlimavas allowed
to react with a variety of ketones and aldehydes in the presence of
diallylamine (Table 2). Again, the isolated yields are all high. Cyclic
ketones with four-, five-, and six-membered rings work well (entries

Such an approach would lead to a dramatic increase in moleculari—iii), as does a more substituted example, bicyclo[3.2.0]hept-2-
complexity: the planar triazine unit being amplified to a tricyclic en-6-one (entry iv), which gave the desired product in quantitative
system (e.g.4) with the formation of four new €C bonds and yield with complete diastereoselectivity. Finally, we showed that
five new stereogenic centers, with potential control of diastereo- this methodology can be used on acyclic systems, valeraldehyde
selectivity. We now report our initial results. giving a single diastereomer (entry v).

In the first instance, 1,2,4-triazirfea was allowed to react with In addition, trans-5-decenal also proved to be a viable acyclic
cyclopentanone and diallylamine in CHG@It reflux in the presence  carbonyl unit for this chemistry (Scheme 3). This example also
of powdered 4-A molecular sieves. Formation of 7-allyl-(2-phenyl- shows that the intramolecular dienophile can be located elsewhere
10-(2-pyridyl)-7,11-diazatetracyclo[7.3.2:00519tridec-11-eneta in the molecule, tricycléi being isolated in 66% yield as a single
was observed in an excellent 95% isolated yield (Scheme 2). diastereomer.

In this multistep process, diallylamine and cyclopentanone react We then went on to examine the use of alternative amines in
in situ to give the corresponding enamine, an electron-rich this chemistry (Table 3). As shown, a more complex allyl unit,

dienophile, as described by Boger et@dhnverse-electron-demand
Diels—Alder reaction of this enamine with 1,2,4-triazide, an
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such asN-methylgeranylamine, works well (entriesiii). Conju-
gated alkenes have also been shown to be viable partners (entry
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Table 2. Alternative Carbonyl Units in Tetracycle Formation
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\[ : N P
N«,N 4A mol. sieves, R?
CHCl,, reflux Ph R!
1e 4 (R=CO,E1)
Entry Ketone R | R Yield
i cyclobutanone -CH,CH,- 4e | 100%
ii cyclopentanone -CH,CH,CH,- 4c | 89%
iii cyclohexanone -CH,CH,CH,CH,- | 4f | 86%
RN
. N
. bicyclo[3.2.0]hept ) _/> 4g | 100%
-2-en-6-one Ph
\ valeraldehyde n-Pr | H 4h | 92%

Scheme 3. Alternative Positioning of Intramolecular Dienophile
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Figure 1. ORTEP diagram oflj. Hydrogen atoms have been omitted for
clarity. Ellipsoids drawn at 50% probability. As shown, two orientations
of the 4-methylpent-3-enyl unit were observed.

or chemotherapeutic agents. We are currently exploring enantio-
selective variants of this methodold§yand their application to
natural product and analogue synthesis.
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iv). These results are notable as the amines used contain one vinyl

unit, compared to diallylamine with two, yet the efficiencies remain
undiminished.

Finally, the structure of these polycyclic compoundisvas
confirmed by X-ray crystallography afj, shown in Figure 2.

In conclusion, we present an operationally simple method for
the construction of complex polycyclic systedhi a cycloaddition
cascade sequence from 1,24-triazilesWe have shown the
flexibility of this chemistry by exploring its scope with respect to
the triazine, carbonyl, and amine units involved in the reaction.
The polycycles produced represent unusual scaffolds which may
lend themselves to a variety of applications, for instance as ligands
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