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An unusual by-product from a non-synchronous reaction between ethyl
1,2,4-triazine-3-carboxylate and an enamine
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The main product from the reaction of ethyl 1,2,4-triazine-
3-carboxylate 3 and the pyrrolidine enamine of N-tert-
butoxycarbonylpiperidone 2 was an azabicyclo[3.2.1]octane
4 which resulted not from a Diels–Alder reaction, but from a
series of non-synchronous steps, demonstrating a heretofore
unknown reaction pathway for the electron-deficient diene 3
and electron-rich dienophile 2.

Utilization of 1,2,4-triazines as electron-deficient dienes in
inverse electron demand Diels–Alder reactions with enamines
has found extensive use for the synthesis of substituted pyridine
derivatives. The work of Boger,1 Taylor,2 Snyder3 and others
have demonstrated the generality and utility of this approach to
functionalized pyridines. 

In a series of studies,4 Boger and Panek examined the
reaction of ethyl 1,2,4-triazine-3-carboxylate 35 with a variety
of enamines, and found those reactions to be relatively low
yielding and complicated by uncharacterized side products.
However, we desired the tetrahydronaphthyridine 1 (Scheme 1)
for a medicinal chemistry study and believed that the inverse
electron demand Diels–Alder reaction between 35 and the

enamine derived from N-tert-butoxycarbonyl-4-piperidone 2
would provide rapid access to the desired heterocycle 1
(Scheme 1). The necessary enamine 2 was directly available
from the reaction of pyrrolidine and N-tert-butoxycarbonyl-
4-piperidone in anhydrous Et2O in the presence of anhydrous
MgSO4, and the 1,2,4-triazine 3 was available from previous
studies.5 Reaction of 2 and 3 in CHCl3 at room temperature
provided only a trace (8%) of the desired tetrahydronaphthy-
ridine 1 (Scheme 1).6 The major component of the reaction
mixture (26%) was an unidentified product whose preliminary
spectral data suggested the incorporation of both components 2
and 3 from the reaction without the elimination of nitrogen as
would be seen in a Diels–Alder adduct. Extensive NMR studies
and mass spectral data suggested that the compound was a
tetrahydro-1,2,4-triazine fused to an azabicyclo[3.2.1]octane
core (4, Scheme 1).7 Crystals were prepared of this compound
(ethyl acetate–benzene) of sufficient quality that X-ray diffrac-
tion studies could be performed, and this experiment confirmed
the structure of the by-product as that depicted by 4 (Fig. 1).8

The azabicyclo[3.2.1]octane clearly was not the result of a
Diels–Alder reaction. A likely mechanism for its formation is
shown in Scheme 1. The electron-rich b-position on enamine 2
attacked the electron-deficient C6 position of 1,2,4-triazine 3 in
a vinylogous Michael reaction fashion. The negative charge
introduced into the 1,2,4-triazine ring was stabilized by the
electron-delocalizing carboxylate located at C3 of the hetero-
cycle. Probably because of this stabilized zwitterionic species 5,
the ammonium moiety that resulted from the vinylogous
Michael attack of the enamine underwent a proton transfer
reaction which protonated the enolate and reformed the
enamine, leading to 6. The enamine 6 then attacked the
proximate imine (Scheme 1) forming intermediate ammonium
species 7 which yielded 4 upon hydrolysis. 

These results, coupled with evidence from the literature,4,9,10

suggest that the presence of an electron-delocalizing substituent
at C3 of the 1,2,4-triazine can shift the balance of reactivity
from a concerted Diels–Alder reaction to a stepwise, non-
synchronous reaction which gives rise to the observed by-

Scheme 1 Fig. 1 Crystal structure of 4
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product 4, especially if the C6 position is unsubstituted. The
presence of the ethoxycarbonyl group provided resonance
stabilization of the negative charge introduced into the
1,2,4-triazine ring from the attack of the enamine. This and
possibly the steric hindrance of the ethoxycarbonyl group
discouraged further reaction of C3 of the 1,2,4-triazine with the
electrophilic iminium species in 5, leading to the creation of the
second enamine moiety. This newly formed enamine could then
react in a relatively unhindered fashion, leading to the
7-azabicyclo[3.2.1]octane moiety found in 4.

The result of this reaction might have general implications for
the reactions of enamines (and other electron-rich dienophiles)
with 1,2,4-triazines (or other electron-poor dienes) in attempted
inverse electron demand Diels–Alder reactions. Previous exam-
ples of enamines reacting with azadienes with electron-
delocalizing substituents on both carbon atoms involved with
the Diels–Alder reaction (i.e. diethyl 1,2,4,5-tetrazine-3,6-di-
carboxylate9 and triethyl 1,2,4-triazine-3,5,6-tricarboxylate4b)
are generally high yielding, suggesting that non-synchronous
side reactions are either minimal or nonexistent. For example,
triethyl 1,2,4-triazine- 3,5,6-tricarboxylate reacted with the
pyrrolidine enamine derived from phenyl n-propyl ketone to
afford the expected pyridine in 73% yield, whereas ethyl
1,2,4-triazine-3-carboxylate afforded only 10% of its expected
pyridine when reacted with the same enamine.4b Also, when
3-(dimethoxymethyl)-1,2,4-triazine was used in place of ethyl
1,2,4-triazine-3-carboxylate, the Diels–Alder reactions of the
acetal with enamines proceeded in higher yield.4a Therefore, it
would appear that only in those cases where a resonance
delocalizing group exists on one of the carbon atoms involved
with the Diels–Alder reaction and the other, para carbon atom
on the azadiene is unsubstituted, the balance of reactivity may
be sufficiently altered to allow for, or favor, non-synchronous
reactions such as vinylogous Michael reactions which would
limit the amount of Diels–Alder product seen from these
reactions. The result of these reactions would be products
analogous to 4. We are presently attempting to examine the
generality of this hypothesis, and the implications for inverse
electron demand Diels–Alder reactions.

The authors wish to thank Dr Paul Rosenberg for his efforts
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ments between Astra Arcus and the University of Rochester.
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