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An efficient tandem aldol condensation/Michael addition process of unactivated aldehydes and 1,3-cyclo-
hexanedione is described. This transformation proceeds without any catalyst at room temperature with
high isolated yields. By a fine-tuning of reaction conditions an access to both the aldol condensation/
Michael addition products or to the dehydrated cyclized 9-substituted 1,8-dioxo-xanthenes is given.

� 2009 Elsevier Ltd. All rights reserved.
Table 1
Reactions of aldehydes with 1,3-cyclohexanedione

Entry R Compound Yield (%)

1 Cy 3a 81
2 iPr 3b 75
3 Ph 3c 69
4 PhCH@CH 3d 85
5 PhCH2–CH2 3e 87
6 (R)-Menthyl-CO2 3f 69
7 (S)-Menthyl-CO2 3g 78
8 ClCH2 4ha 43b, 73c
Introduction. Xanthenes are important compounds with antibac-
tericide-activities in agriculture,1 with anti-inflammatory effects2

and even with antiviral activities.3 They are being developed to
act as new clinical agents in cancer therapy.4 In addition, substi-
tuted xanthenes are structural key-units in several natural prod-
ucts.5 Many procedures exist for the synthesis of 1,8-dioxo-
xanthenes.6 However, many of these methods include strong acidic
reaction conditions,7 long reaction times,8 high temperatures9 or
they are dedicated only to the application of aromatic aldehydes.10

The important aldol reaction/Michael addition intermediates could
not be isolated under these reaction conditions. To avoid these
restrictions we have tested the scope of a new aldol addition devel-
oped in our laboratories. Herein, we describe results of these
investigations.

Results and discussion. Recently, we have reported a solvent- and
catalyst-free aldol addition of activated aldehydes to 1,3-dicarbonyl
compounds. Aldol condensation does not occurred under these
reaction conditions. This unexpected aldol reaction could be ex-
tended successfully to a variety of acyclic and cyclic b-dicarbonyl
compounds.11 In order to explore the scope and limitations of this
new aldol addition we have also used 1,3-cyclohexanediones as
substrates. In initial studies we were able to isolate xanthene-ad-
duct 4h from reaction of choroacetaldehyde with 1,3-cyclohexane-
dione 1 with 43% yield after 24 h at room temperature. When
CH2Cl2 was applied as solvent 4h was isolated with 73%. This
increasing of yield is caused by homogeneity of the reaction mix-
ture. Further studies revealed that a variety of even unactivated
ll rights reserved.
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enolizable aldehydes 2a–h react with 1,3-cyclohexanedione 1 to
give aldol condensation/Michael addition compounds 3a–g. Under
these catalyst-free reaction conditions we obtained the 2:1 adducts
3a–g at room temperature within 24 h in good to high isolated
yields (Table 1). When used with (R)- or (S)-configured menthylgly-
oxylates an access to optically active products 3f and 3g is given.
Dehydrations were accomplished by addition of catalytic amounts
of pyridinium p-toluenesulfonate to the reaction mixtures. Also
isolated aldol/Michael adducts 3a–g were dehydrated under these
catalytic conditions; the corresponding 1,8-dioxo-xanthenes 4a–g
were obtained in quantitative yields within 30 min (Scheme 1,
Table 1).

It is reasoned that by an initial aldol condensation 2-arylidene-
or 2-alkylidene substituted 1,3-cyclohexandiones 5a–h were
formed. These Knoevenagel products are highly reactive Michael
a In this reaction only xanthene-product 4b was detected.
b Neat, chloroacetaldehyde—50% solution in water.
c Reactions were conducted in CH2Cl2.
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Scheme 1. Reactions of aldehydes with 1,3-cyclohexanedione.
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acceptors capable for further reactions 1,3-cyclohexanedione 1 to
yield compounds 3a–h. Subsequent dehydration yield 1,8-dioxo-
xanthenes 4a–h. In no case were we able to detect Knoevenagel
products 5a–h (Scheme 2).

This behaviour concurs with reports found in the literature.12

Since 2-arylidene or 2-alkylidene adducts 5a–h of 1,3-cyclohexane-
dione are not attainable by aldol methodologies so far, there are
only a few other methods for the synthesis of these compounds.13

Also, these findings strongly contrast the results we described
in Ref. 11. When used with 1,3-dicarbonyl compounds of the acy-
clic series we have detected exclusively aldol adducts (e.g., 2,4-
pentanedione, 1,3-diphenyl-1,3-propanedione, ethyl acetoacetate
or ethyl 2-cyclohexanonecarboxylate). In addition, only aldol ad-
ducts of activated aldehydes and 1,3-dicarbonyl compounds were
formed in those transformations. No reactions were observed
when used with unactivated aldehydes as they were applied in
these reactions with 1,3-cyclohexanedione 1 (Table 1, entries 1–5).

Similar results were obtained when extending this method to
other substrates. Using with 5,5-dimethyl-substituted 1,3-cyclo-
hexanedione 6 we were able to obtain aldol/Michael adducts 7a
and 7b with good to high yields (Scheme 3). Dehydrations to the
corresponding 1,8-dioxo-xanthenes 8a and 8b were carried out
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Scheme 2. Reaction mechanism.
in the presence of catalytic amounts of pyridinium p-toluenesulfo-
nate as described above. In this reaction we were able to isolate
highly differently substituted and functionalized xanthene 8a in
high yields—a valuable intermediate for further transformations
to higher-substituted xanthenes.

In conclusion, the non-catalysed aldol addition of 1,3-cyclohex-
anedione with enolizable and unactivated aldehydes has been
investigated. Under catalyst-free reaction conditions we were able
to isolate aldol addition/Michael adducts of 1,3-cyclohexanediones
with high yields. This catalyst-free method should be of great
interest especially for natural product synthesis, since no compara-
bly mild access to aldol/Michael adducts of 1,3-dicarbonyl com-
pounds exists.

Experimental. General experimental procedures: NMR spectra
were recorded at 300 MHz (1H NMR) and 75 MHz (13C NMR) in
CDCl3, respectively, using an AC-300 spectrometer. Chemical shifts
are given in ppm. Purification of products was accomplished by
flash chromatography. Thin layer chromatography was performed
with Merck Silica Gel 60 F254 TLC plates. Melting points were deter-
mined in open capillary tubes on a Sanyo Gallenkamp melting
point apparatus and are uncorrected. Mass spectra were obtained
using a Hewlett–Packard GCMS 5995-A mass spectrometer operat-
ing at 70 eV.

General procedure of 1,8-dioxo-xanthenes 4a–h and 8a,b. (1) Aldol
condensation/Michael addition: 2.5 mmol of appropriate aldehydes
and 5.0 mmol of 1,3-cyclohexane-dione were stirred for 24 h at
room temperature in 2.0 ml CH2Cl2. The reactions were completed
after that time (DC-control) and the reaction mixture was purified
by column chromatography without any further extraction
procedures.

(2) Cyclization: 0.5 g of corresponding Michael adducts 3a-h or
7a,b were stirred in 2.0 ml CH2Cl2 at room temperature in the pres-
ence of 5 mg pyridinium p-toluenesulfonate. After 300 the reaction
mixtures were extracted three times with saturated aq NaHCO3-
solution. The organic layers were separated, dried (Na2SO4),
filtrated and evaporated i. vac.

2,2’-(2,2-Dimethoxyethane-1,1-diyl)bis(3-hydroxy-5,5-dimethyl-
cyclohex-2-enone) (7a). Yield 76%; mp 104 �C (hexane/ethyl ace-
tate); 1H NMR: d = 12.16 (br, 2H, OH), 5.58 (d, 1H, J = 9.1 Hz, CH),
4.14 (d, 1H, J = 9.5 Hz, CH), 3.27 (s, 6H, CH3), 2.28 (s, 8H, CH2),
1.06 (s, 12H, CH3); 13C NMR: d = 190.0, 114.2, 100.6, 53.2, 46.4,
33.3, 31.3; HRMS: calcd for C20H30O6 + H+: 367.2115; found:
367.2114.
3,3,6,6-Tetramethyl-1,8-dioxo-2,3,4,5,6,7,8,9-octahydro-1H-xan-

thene-9-carbaldehyde (8a). Yield 98%; mp 112 �C (hexane/ethyl
acetate); 1H NMR: d = 9.90 (d, 1H, J = 0.8 Hz, CHO) 4.45 (d, 1H,
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Scheme 3. Aldol additions to 5,5-dimethyl-1,3-cyclohexanediones 6.
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J = 0.7 Hz, CH), 2.38 (s, 4H, CH2), 2.26 (s, 6H, CH3), 1.06 (s, 6H,
CH3); 13C NMR: d = 198.9, 196.6, 164.1, 111.0, 50.0, 40.6, 32.2,
28.9, 27.4; HRMS: calcd for C18H22O4 + H+: 303.1591; found:
303.1593.
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