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Cascade reactions of 1,2,4-triazines: direct thermochemical
access to functionalized 4,5-dihydroazocines
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Abstract—A rapid, facile approach to functionalized 4,5-dihydroazocines has been developed, exploiting a one-pot reaction cascade
from easily-prepared 3-(ethoxycarbonyl)-5-phenyl-1,2,4-triazine, cyclobutanone and secondary amines.
� 2004 Elsevier Ltd. All rights reserved.
4,5-Dihydroazocines are of interest to the organic chem-
ist as eight-membered nitrogen-containing rings are
found in many bioactive agents and naturally occurring
compounds.1 For example, in the site specific cocaine
abuse treatment agent 1,1c the anti-insectan natural
product supinine C 21e and the substituted dihydroazo-
cine 3,1f which displays anti-exploratory behaviour in
mice (Fig. 1).

As part of our ongoing interest in the synthesis and uti-
lization of nitrogen-containing heterocyclic and hetero-
aromatic compounds,2 we recently had cause to
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Figure 1. Bioactive compounds possessing eight-membered nitrogen-contain
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Scheme 1. From 1,2,4-triazines to polysubstituted pyridines.
explore Boger�s procedure for the conversion of 1,2,4-
triazines 4 into highly substituted pyridines 6.3 This
chemistry exploits the inverse-electron demand Diels–
Alder reaction of triazines and enamines. With highly
substituted triazines, however, we obtained only the
dihydropyridines 5, which could then be aromatized
via a Cope elimination (Scheme 1).4

The electrocyclic ring expansion of transient, strained
dihydropyridines 5, formed by the photochemical
[2 + 2]-cycloaddition of acrylonitriles to pyridines, to
give dihydroazocines has recently been reported.5 These
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reactions can, however, suffer from a lack of regioselec-
tivity.5b,c The formation of 4H-azepines from transient
dihydropyridines produced by the reaction of 1,2,4-tri-
azines with cyclopropenes is also known.6

In the light of these insights, and in view of the interest
in dihydroazocines, we reasoned that an enamine
derived from cyclobutanone and a secondary amine
would react with 1,2,4-triazines 4 to form a transient,
strained dihydropyridine 5a with good regioselectivity.
The mode of addition of enamines to 3-substituted
1,2,4-triazines is known to be highly selective.3c This
strained dihydropyridine 5a should then undergo elec-
trocyclic ring expansion to furnish the 4,5-dihydroazo-
cine 7 in a four-step reaction cascade. In pursuit of
this objective, triazine 4a was heated with cyclobuta-
none, pyrrolidine and 4Å molecular sieves in CHCl3
at reflux. Gratifyingly, after complete consumption of
4a, the desired 4,5-dihydroazocine 7a was isolated in a
yield of 56% (Scheme 2).7,8
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Scheme 2. Functionalized 4,5-dihydroazocines from 1,2,4-triazines.

Table 1. Conversion of 1,2,4-triazine 4a into 4,5-dihydroazocines 7.7,8
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The NMR spectroscopic data for 7a were consistent
with those expected and the structure was confirmed
by comparison of these data to those reported for anal-
ogous compounds.5a,b The cis stereochemistry of the C-
6/C-7 alkene (and hence that of the C-2/C-3 double
bond) expected from a disrotatory [4+2]-electrocyclic
reaction of systems such as 5a was confirmed by the
observation of an H–H coupling constant of �12Hz,
within the range indicative of cis alkenes. Furthermore,
1H NMR spectroscopy of the crude reaction mixture
showed none of the other regioisomer.

With this result in hand, we went on to investigate the
scope of this reaction with respect to the amine portion
and the results are summarized in Table 1.

As can be seen, a variety of cyclic amines can be utilized
under these conditions (entries i–iv), giving the 4,5-
dihydroazocines 7a–d in fair to good yields. Acyclic
amines, exemplified by diethylamine (entry v), have also
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been shown to be good partners in this reaction. To the
best of our knowledge, this cascade represents the first
use of the reaction between enamines and 1,2,4-triazines
as a thermochemical approach to 4,5-dihydroazocines 7.9

We have recently described the direct conversion of
1,2,4-triazines 4 into complex nitrogen-containing poly-
cyclic compounds 8 (Scheme 3).10 In this multi-step
process, carbonyl compounds and secondary allyl
amines are reacted in the presence of a 1,2,4-triazine 4
to give the corresponding enamines. These undergo a
Diels–Alder retro-Diels–Alder process to form the
dihydropyridines 5, which then undergo a spontaneous
intramolecular Diels–Alder reaction of the vinyl unit
to form the polycycle 8.
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Scheme 3. Conversion of 1,2,4-triazines 4 into nitrogen-containing polycyclic compounds 8.
As both the dihydroazocine-producing cascade dis-
cussed in this communication and the polycycle-produc-
ing cascade10 exploit a dihydropyridine intermediate 5,
we were interested in studying the competition between
[4+2]-cycloaddition and electrocyclic ring expansion. To
this end, the reaction of 4a and cyclobutanone was
repeated with diallylamine as the amine (Scheme 4).
The intermediate dihydropyridine formed 5b could then,
in principal, undergo either type of pericyclic reaction.
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Scheme 4. [4+2]-Cycloaddition versus electrocyclic ring expansion.
As shown, 7-allyl-11-phenyl-9-(ethoxycarbonyl)-7,10-
diazatetracyclo[6.3.1.0.2,606,9]dodec-10-ene 8a was iso-
lated in quantitative yield. This implies that, in this case
at least, the [4+2]-cycloaddition of an internal dieno-
phile is significantly faster than electrocyclic ring
expansion.

In conclusion, we have established a cascade reaction
sequence from 1,2,4-triazine 4a which, in a single, opera-
tionally simple manipulation, allows formation of 4,5-
dihydroazocines 7. This one-pot cascade sequence
comprises enamine-formation, inverse-electron-demand
Diels–Alder reaction, retro-Diels–Alder reaction and
electrocyclic ring opening. We are currently optimizing
this process, broadening the scope of the chemistry
and applying it to target syntheses. Furthermore, we
intend to assess the 4,5-dihydroazocines produced in
this work for bioactivity as part of an existing collab-
oration.
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