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Abstract—Enaminones undergo inverse electron demand Diels–Alder reaction with 1,3,5-triazine, allowing access to functionalised
quinazolinones as intermediates in the synthesis of CNS agents. This reaction is highly dependent of the solvent: 1,3,5-triazine
undergoes single or double [4+2] cycloadditions with enaminones, and quinazolinones or acridinediones can be selectively
obtained. © 2002 Elsevier Science Ltd. All rights reserved.

For some time we have been interested in the utilization
of cyclohexanedione 1 being a versatile synthon in the
preparation of condensed heterocyclic systems as inter-
mediates in the synthesis of CNS agents.1 In connection
with this, we want to study its utilization in the synthe-
sis of quinazolinones 2, as part of our program con-
cerning the elaboration of aza-analogues of the
antipsychotic butyrophenones.2 The synthetic strategy
would consist of the conversion of 1 in the enaminone
3 and subsequent treatment with 1,3,5-triazine (4) in an
inverse-electron demand Diels–Alder reaction. This
process could serve as a useful and regiospecific pyrim-
idine annulation applicable to our current synthetic
studies.

The inverse-electron demand Diels–Alder (IDA) reac-
tion is controlled mainly by the interaction of
HOMOdienophile and LUMOdiene and it requires an elec-
tron-rich dienophile and an electron-poor diene. The
chemistry of IDA has been the subject of recent inten-
sive investigation and is widely used in the synthesis of
heterocyclic compounds.3 The IDA reaction of 1,3,5-

triazines (electron-poor dienes) with enamines (electron-
rich dienophiles) has been extensively investigated, and
the latter have proven to be good substrates for the
synthesis of substituted or condensed pyrimidines.4

However, the use of electron-poor enamines (such as
enaminones) as dienophiles in these IDA reactions has
been poorly explored, and these compounds only
undergo IDA reactions with triazines having electrodo-
nating groups.5 Here we report our investigations on
the behavior of 1,3,5-triazine towards simple enam-
inones derived from dimedone (Scheme 1), and the
utility of such cycloaddition reaction for the synthesis
of our CNS agents precursor.

The synthesis of enaminones from 1,3-diketones is well
known, and enamino ketones 5a (R=1-morpholinyl)6

and 5b (R=1-pyrrolidinyl)6 could be obtained in high
yields by refluxing dimedone and the amine in THF in
the presence of molecular sieves. The enaminone 5c
(R=NH2)7 was quantitatively obtained by refluxing
dimedone with ammonium acetate in benzene/acetic
acid.8

Keywords : Diels–Alder reactions; enamino ketones; quinazolinones; triazines.
* Corresponding author. Tel.: +34 981 594 628; fax: +34 981 594 912; e-mail: qojcfm@usc.es
† This is the 26th paper in the series ‘Synthesis and CNS Activity of Conformationally Restricted Butyrophenones’; for preceding paper, see Ref.

1a.

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )00563 -4

mailto:qojcfm@usc.es


E. R. Bilbao et al. / Tetrahedron Letters 43 (2002) 3551–35543552

Scheme 1.

The results of the assays are summarized in Table 1.
First attempts of reaction between enaminones 5a–5c
with 1,3,5-triazine afforded only traces of quinazoli-
none 6; attempts of increasing cycloaddition yields
failed, even when long times, different solvents, high
temperatures, or pressure were used (Table 1, entries
1–3). Neither the addition of HCl to the reaction
mixture (entry 4) did enhance the amount of compound
6 obtained.9 No cycloaddition intermediates were
detected, proven that dienophiles 5 are not sufficiently
reactive to participate in productive [4+2] cycloaddition
reactions with the triazine.10

However, when the hydrochloride salt of the enam-
inone was used, the quinazolinone was obtained
regiospecifically in acceptable yields (35–40%, entries 5
and 8).11 The presence of the protonated nitrogen atom
in the enaminone should reduce the electronic density
in the double bond and hence its HOMO level, increas-
ing the HOMOdienophile−LUMOdiene gap and making the
cycloaddition more difficult: according to calculations
using the AM1 semi-empirical method12 (Table 2), the
protonation of the enaminone increase the gap in about
5.4 eV (from 8.01–8.43 to 13.62–13.87 eV). The relative
basicity of both diene (triazine) and dienophile (enam-
inone) could explain this unexpected behavior. Triazine,

Table 2. Energy values of the HOMO of dienophiles cal-
culated by the AM1 semiempirical method, and
LUMOdiene−HOMOdienophile energy differences (�E)

EHOMO �E (eV)Dienophile
(eV)

(ELUMO 4a (ELUMO 4a·H+

−EHOMO dienophile)
a −EHOMO dienophile)

b

−8.891 8.3395a 2.127
13.6255a·H+ –−14.177

1.7978.009−8.5615b
5b·H+ −14.110 13.558 –

8.4345c −8.986 2.222
−14.427 13.875 –5c H+

a ELUMO 4a=−0.552 eV.
b ELUMO 4a·H+=−6.764 eV.

which is probably more basic than enaminones 5a–c,
can be protonated by 5a–c hydrochloride. The conse-
quence is a better LUMO–HOMO interaction: the cal-
culated energy differences (�E) between LUMO of
protonated triazine and HOMO of enaminone comprise
from 1.80 to 2.22 eV, in comparison with �E=8.01–
8.43 eV for triazine-enaminone LUMO–HOMO inter-
action (Table 2).

Table 1. Inverse-demand Diels–Alder reaction of triazine (4) with dimedone derivatives (5)a

Entry Yield (%)Diene ProductSolventRDienophile

5a4 b1 Morpholino 6 �5
42 5b 6Pyrrolidino b �5

b3 NH25c �564
5b44 Pyrrolidino Dioxane/HCl 6 �5

DioxanePyrrolidino5b HCl45 346
4 5b HCl Pyrrolidino6 DMF 6 5

7 5a HCl4 226DMFMorpholino
48 6Dioxane 38Morpholino5a HCl

– 6+79 8/124·HCl 5b Pyrrolidino
Dioxane 710 304·HCl 5a Morpholino

166DMEPyrrolidino11 5b4·HCl
4·HCl NH2 DME 6+7 30/3612 5c

13 407H2ONH25c4·HCl
6AcOHNH2 585c4·HCl14

5a HCl Morpholino CH3CN 6 10415
4 5a HCl Morpholino16 DME 6 34

NH25c HCl417 75/96+7DME
4 6518 75c HCl H2ONH2

19 5c HCl4 NH2 AcOH 6 87

a Reactions were conducted with 1 equiv. of the dienophile and 1.5 equiv. of the diene (4 or 4 HCl).
b Dioxane, acetonitrile, dimethoxyethane (DME), dimethylformamide (DMF), or toluene were used as solvent.
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Scheme 2.

In order to optimize the yields of the cyclization, differ-
ent solvents, enaminones as hydrochlorides, and reac-
tion conditions were assayed. Also, triazine as
hydrochloride was reacted with different enaminones in
dioxane, dimethoxyethane or in absence of solvent
(entries 9–12).

Heating triazine hydrochloride with enaminone 5b in
the absence of solvent at 130°C (entry 9) led to the
formation of two products. One of them (8% yield)
proved to be the quinazolinone 6, and the other (12%
yield) was identified as the product of double cycloaddi-
tion, the 3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8-octahydro-
acridine-1,8-dione (7).13

Also, mixtures of quinazolinone 6 and acridinodione 7
were obtained when the reaction was carried out with
5c in dimethoxyethane (entry 12), or when the enam-
inone 5c as hydrochloride salt was treated with triazine
4 in dimethoxyethane (entry 17).

The acridinodione 7 was obtained in 65% yield as the
only product when H2O was used as the solvent (entries
13 and 18). Few examples of IDA reactions performed
in H2O have been reported so far,14 and, to our knowl-
edge, this is the first example of a double [4+2] cycload-
dition reported in this solvent. Both, the enaminone
hydrochloride and the triazine were soluble in H2O
(entry 18); on the contrary, the acridinodione 7 precipi-
tated in this solvent, and was isolated in pure form by
simple filtration.

However, when glacial acetic acid is used as the solvent
(entries 14 and 19), the reaction occurs under homoge-
neous conditions, and the quinazolinone 6 is obtained
as a single product in excellent yield (87%, entry 19),
showing the high influence of the solvent in this [4+2]
cycloaddition. This different behavior of triazines
in [4+2] cycloadditions has been previously found
by Rykowski and colleagues: 5,5�-bi-1,2,4-triazines
undergo IDA reactions with cyclic enamines by differ-
ent pathways if the reactions are carried out in the
presence or absence of solvent.15

From the comparison between reactions with a proto-
nated diene or dienophile carried out in the same
solvent (entries 8 and 10; 12 and 17; 13 and 18; 14 and
19), we can conclude that reactions using dienophile
hydrochloride give better yields than those using tria-
zine hydrochloride. With regard to the dienophiles, the
best results were obtained with the primary enaminone
(5c), probably due to the smaller steric hindrance of the
NH2 group in comparison with the morpholino or
pyrrolidino groups.

As application of this IDA reaction methodology to the
synthesis of our CNS agents precursor, we submitted
the enaminone 3 (NRR=NH2)2 as hydrochloride,
obtained in 80% yield from 1, to [4+2] cycloaddition
reaction with 1,3,5-triazine in acetic acid (Scheme 2),
affording 7-methoxymethyl-5,6,7,8-tetrahydro-5-quina-
zolinone (8) in 66% yield.16

In summary, we have demonstrated that enaminones
undergo inverse electron demand Diels–Alder reaction
with 1,3,5-triazine, allowing access to functionalised
quinazolinones as intermediates in the synthesis of CNS
agents. This reaction is highly dependent of the solvent:
1,3,5-triazine undergoes single or double [4+2] cycload-
ditions with enaminones, and quinazolinones or
acridinediones can be selectively obtained.
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