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6-Aryl-2,3-dihydro-4H-pyran-4-ones were prepared in one step by cyclocondensation of 1,3-diketone
dianions with aldehydes. The use of hydrochloric acid (10%) for the aqueous work-up proved to be very
important.
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2,3-Dihydro-4H-pyran-4-ones are present in many natural
products and in a great variety of pharmacologically relevant syn-
thetic molecules.1 2,3-Dihydro-4H-pyran-4-ones are available by
hetero-Diels–Alder reaction of aldehydes with Danishefsky’s
diene2 or related electron-rich dienes.3,4 Denmark and Heemstra
recently reported5 a catalytic asymmetric synthesis of 2,3-dihy-
dro-4H-pyran-4-ones by reaction of 1,3-bis(silyloxy)-1,3-butadi-
enes6 with aldehydes, using Lewis base-activated Lewis acids,
and subsequent TFA-catalyzed cyclization. Despite the great utility
of all these methods, the use of electron-rich dienes requires a spe-
cial handling, due to their unstable nature and rapid hydrolysis.
The synthesis of the dienes requires two or three steps, depending
on the substitution pattern. In addition, they cannot be stored for a
long period of time (not even at �20 �C). Other syntheses of 2,3-
dihydro-4H-pyran-4-ones include, for example, palladium(II)-cata-
lyzed oxidative cyclizations of b-hydroxyenones7 and reactions of
b-ethoxy-a,b-unsaturated lactones.8 Despite their great utility,
these methods have some limitations related to the preparative
scope.

Feng and co-workers have reported the synthesis of 2,3-dihydro-
4H-pyran-4-ones by LDA-mediated reaction of 3-methoxy-2-en-1-
ones with aldehydes and subsequent acid-mediated cyclization.9

This method requires the synthesis of the enone starting materials
which is sometimes not straightforward. Xian et al. reported the syn-
thesis of 2,3-dihydro-4H-pyran-4-ones by reaction of lithiated dithi-
anes with epoxides and subsequent deprotection, oxidation, and
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nger).
cyclization.10 Light and Hauser were the first to study the reaction
of 1,3-dicarbonyl dianions with aldehydes to give 5-hydroxy-1,3-
dicarbonyl compounds and their HCl/MeOH-mediated dehydration
or transformation into 2,3-dihydro-4H-pyran-4-ones.11,12 Hassner
et al. reported the application of this method on the synthesis of
the natural product stegobinone.13 Miller and co-workers reported
the transformation of 5-hydroxy-1,3-diketones into 6-alkyl-2,3-
dihydro-4H-pyran-4-ones using para-toluenesulfonic acid (p-TsOH,
CH2Cl2, 24 h, reflux, Dean–Stark trap, 3 Å MS).14 It is important to
note that the preparative scope of this method is limited to the syn-
thesis of 6-alkyl-2,3-dihydro-4H-pyran-4-ones (derived from ali-
phatic aldehydes) because of the competing dehydration in the
case of aromatic substrates. It is important to note that the reaction
of p-TsOH with 6-hydroxy-6-phenyl-hexane-2,4-dione (3),
prepared by condensation of the dianion of acetylacetone (1a) with
benzaldehyde (2a), has been reported14 to give 6-phenyl-hex-5-ene-
2,4-dione (4) rather than the desired pyran-4-one 5a (Scheme 1). The
facile formation of 4 is a result of the conjugation of the double bond
with the aryl group.

We were interested in a direct and convenient method for the
synthesis of 6-aryl-2,3-dihydro-4H-pyran-4-ones which are, as dis-
cussed above, not directly available so far. Therefore, we have rein-
vestigated the reaction of 1,3-diketone dianions with aldehydes
and preliminary results of our efforts are reported herein. We have
found that a variety of 6-aryl-2,3-dihydro-4H-pyran-4-ones can be
successfully prepared in good yields and in only one step by reac-
tion of 1,3-diketone dianions with aromatic aldehydes. Interest-
ingly, it proved to be very important to use hydrochloric acid
(10%) for the aqueous work-up.
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Scheme 1. Dehydration and cyclization of 3. Reagents and conditions: (i) (1) NaH,
THF, 0 �C, 15 min; (2) nBuLi, 20 min, 0 �C; (3) 2a, 15 min, 0 �C; (ii) NH4Cl (satd); (iii)
p-TsOH, CH2Cl2, 24 h, reflux, Dean–Stark trap, 3 Å MS; (iv) variant A: FeCl3�6H2O,
NO2CH3, 50 �C, 4 h; variant B: HCl (10%), THF, 15 min, 20 �C, then extraction
(EtOAc).
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Scheme 3. Synthesis of 5a–n. Reagents and conditions: (i) (1) LDA (2.5 equiv), THF,
0 �C, 1 h; (2) �78 �C, 1a–c, 1 h; (3) 2a–i, �78?20 �C, 12 h; (ii) addition of HCl (10%),
15 min, 20 �C, then extraction (EtOAc).

Table 1
Synthesis of 5a–n

1 2 5 R Ar % (5)a

a a a Me Ph 86
a b b Me 4-MeC6H4 89
a c c Me 4-(MeO)C6H4 84
a d d Me 3-BrC6H4 67
a e e Me 2,4-(MeO)2C6H3 76
a f f Me 4-(HO)C6H4 78
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Our starting point was to find suitable conditions for the trans-
formation of 3 into 5a. The reaction of a nitromethane solution of 3
with catalytic amounts of FeCl3�6H2O (10 mol %) afforded the
desired 6-phenyl-2,3-dihydro-4H-pyran-4-one 5a in high yield
(Scheme 1). The same transformation could be induced in high
yield by employing hydrochloric acid (10%). This result suggests
that FeCl3 reacted as a Lewis or Brønsted acid. Based on these
observations, we developed a one-pot protocol for the synthesis
of 5a. We were pleased to find that the reaction of the dianion of
acetylacetone (1a) (generated by means of 2.5 equiv of LDA) with
benzaldehyde (2a) (�78?20 �C, 12 h), addition of hydrochloric
acid (10%) and, after 15 min, extraction of the mixture with EtOAc
afforded the desired pyran-4-one 5a in 86% yield (Scheme 2).15

The formation of 5a (rather than 4) can be explained by acid-
mediated attack of the hydroxyl group onto the carbonyl group
and subsequent elimination of water. The use of an aqueous solu-
tion of NH4Cl, as reported by Miller et al. for the synthesis of 3,14

did not result in formation of 5a. On the other hand, the reaction
of 3 with p-TsOH gave 4. This might be explained by the assump-
tion that this elimination is irreversible when p-TsOH (CH2Cl2,
reflux) is used (due to the absence of water) while it is reversible
when an aqueous solution of HCl (10%, 20 �C) is employed. On
the other hand, Denmark have reported that the cyclization pro-
ceeds in high yield when TFA (0.001 equiv in CH2Cl2, 0 �C) is used.5
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Scheme 2. Possible mechanism of the formation of 5a. Reagents and conditions: (i)
(1) LDA (2.5 equiv), THF, 0 �C, 1 h; (2) �78 �C, 1 h; (3) 2a, �78?20 �C, 12 h; (ii)
addition of HCl (10%), 15 min, 20 �C, then extraction (EtOAc).
While the above-mentioned reaction with p-TsOH was carried out
under reflux conditions, the reaction with TFA was carried out at
0 �C (16 h). Therefore, the temperature seems to play an important
role when an elimination or cyclization reaction occurs. The silica
gel chromatography of the products may also play a role to induce
a complete transformation of 3 into 5a.

The reaction of the dianions of acetylacetone (1a) and 1,1,1-tri-
fluoropentane-2,4-dione (1b) with aldehydes 2a–h afforded the 6-
aryl-2,3-dihydro-4H-pyran-4-ones 5a–j in very good yields
(Scheme 3, Table 1). The best yields were obtained for reactions
of 1a with more electron-rich aldehydes. This might be explained
by a slightly increased nucleophilicity of the hydroxy group. In
the case of 3-nitrobenzaldehyde (2i), only the open-chained 5-hy-
droxy-1,3-diketone (rather than 5k) was isolated. This can be
explained by the decreased nucleophilicity of the hydroxy group
of the open-chained product. The reaction of the dianion of benzo-
ylacetone (1c) with 2b,c,g resulted in the formation of 5l–n. The
synthesis of 6-alkyl-2,3-dihydro-4H-pyran-4-ones from aliphatic
aldehydes also proved to be possible. The novel trifluoromethyl-
substituted pyran-4-ones 5i,j are of special interest, due to the
great importance of fluorinated heterocycles in medicinal
chemistry.16
a g g Me 4-PhC6H4 80
a h h Me 2-Furyl 87
b a i CF3 Ph 78
b b j CF3 4-MeC6H4 75
a i k Me 3-(NO2)C6H4 0b

c b l Ph 4-MeC6H4 79
c c m Ph 4-(MeO)C6H4 73
c g n Ph 4-PhC6H4 78

a Isolated yields.
b The open-chained product was isolated in 75% yield.

Figure 1. Ortep plot of 5a (50% probability level).
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The structures of all products were established by spectroscopic
methods. The structure of 5a was independently confirmed by
X-ray crystal structure analysis (Fig. 1).17

In conclusion, a variety of 6-aryl-2,3-dihydro-4H-pyran-4-ones
were prepared in one step by cyclocondensation of 1,3-diketone
dianions with aldehydes and subsequent work-up using hydro-
chloric acid (10%). We currently study the preparative scope and
synthetic applications of the methodology reported.
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