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A simple and efficient unusual coupling reaction of 9-(2-hydroxy-4,4-dimethyl-6-oxocyclohex-1-en-1-
yl)-3,3-dimethyl-2,3,4,9-tetrahydro-1H-xanthen-1-one and its derivatives was accomplished in the pres-
ence of Mn?*, Cu?*, Cd?*, Hg?*, Fe?, or La®*. The structure elucidation was accomplished by IR, '"H NMR, '3C
NMR, X-ray crystallography, UV-Visible and elemental analysis. A reaction mechanism is proposed.
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Organic molecules containing xanthene moieties are of biological
importance and are useful in drug discovery.! The xanthene
derivative, (9S)-9-(2-hydroxy-4,4-dimethyl-6-oxocyclohex-1-en-
1-yl)-3,3-dimethyl-2,3,4,9-tetrahydro-1H-xanthen-1-oneis a selec-
tive and orally active neuropeptide Y Y5 receptor antagonist.!”-¢
Chromenes are an important class of compounds, and are often
found as the main components of many naturally occurring products
employed as cosmetics, pigments, and as potential biodegradable
agrochemicals.'®' Some xanthene derivatives demonstrate photo-
activated insecticidal and pest-control activity,"'* and anticancer
properties.!!

Xanthenes are also very efficient laser dyes and show outstand-
ing photophysical properties.? For example, the aggregation
phenomena of xanthene dyes has been reviewed,® as has their
photochemistry,?® electron transfer,?’ triplet absorption spectra,®
and photodegradation.?” For the fluoresceins in particular, the
spectral properties and photochemistry have been reviewed,? the
photochemistry of rhodamines has been investigated” as has
hydrogen generation during the photolysis of water.? There have
been many new uses for xanthenes reported. These include as
nonlinear optical (NLO) materials,3® charge control agents in electro-
photographic toners (laser printers and photocopiers),*® and as
markers or biological stains.>® Rhodamines and rosamines, in
particular, have been used in inks for ink-jet printers. There has also
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Scheme 1. Coupling reaction of 1 in the presence of various metal cations giving 2.
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Scheme 2. Reaction of dimedone (4) with salicylaldehyde (5a) and its derivatives
5b-5e.

been a significant amount of activity on the use of xanthenes, and in
particular rhodamines, as laser dyes.>¢

As part of our ongoing studies on the synthesis of dimeric
xanthene derivatives, herein we report the unusual coupling
of 4-(3,3-dimethyl-1-0x0-2,3,4,9-tetrahydro-1H-xanthen-9-yl)-5-
hydroxycyclohex-4-ene-1,3-dione (1a) and its derivatives 1b-e in
the presence of various transition metal cations (Scheme 1).#

Our initial aim was to attempt the synthesis of a metal complex
3 via the reaction of 1 with transition metal cations originating from
MDC12-4H20, CUC[z-ZHzO, Cd(NO3)24H20, chlz, NI(NO3)26H20,
ZrCl4, FeCl3~6H20, LaCl3~7H20, Zn(N03)2-6H20, or AgNO3

However, this reaction was unsuccessful in the presence of all
these mentioned transition metal cations. The unusual coupling
reaction of la-e in the presence of MnCl,-4H,0, CuCly-2H-0,
Cd(NOs3),-4H,0, HgCl, FeCl3-6H,0, and LaCl3-7H,0 afforded dimers
2a-e in good yields (Scheme 1 and Table 1).

In the IR spectrum of 2a, the hydroxy frequency disappeared in
comparison with that of 1a at 3181 cm~'. The 'H NMR spectrum of
2a showed three singlets for the four methyl protons at 6 0.95, 1.11,
and 1.48, a singlet for the aliphatic C-H proton at § 4.85 and a mul-
tiplet for the diastereotopic methylene protons in the range 6 2.29-
2.64. In the aromatic region, a triplet at 6 6.87 (1H), two multiplets
at 6 6.94-6.98 (3H) and at § 7.05-7.10 (3H), and a triplet at 6 7.20
were also shown. The '3C NMR spectrum of 2a showed thirty dis-
tinct peaks. The UV-visible spectrum of 2a demonstrated absorp-
tion maxima at 469 nm in ethanol. These data confirmed the
structure of 2a. We performed these reactions in the presence of
FeCl3-6H,0 and LaCl3-7H,0 under the same conditions but the reac-
tion yield was low. No products 2a-2e were obtained in the pres-
ence of Ni(NOs3),-6H,0, Zn(NOs),-6H,0, ZrCl,, or AgNOs under the
same conditions. No explanation can be offered for this outcome.
We also performed the coupling reaction of ligands 1b-1e in the
presence of the above mentioned cations under the same condi-
tions giving compounds 2b-2e (Scheme 1 and Table 1).

Compounds 1a-1e were synthesized based on the literature
procedures® by the reaction of dimedone (4) with salicylaldehyde
(5a), 2-hydroxy-1-naphthaldehyde (5b), 2-hydroxy-3-methoxy-
benzaldehyde (5c¢), 2-hydroxy-5-bromobenzaldehyde (5d), and

Scheme 3. Proposed mechanism for the formation of 2a.
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Table 1
Reactions of 1a-1e with various metal cations
Entry Metal salt Yield (%)
2a 2b 2c 2d 2e
1 MnCl,-4H,0 60° 55 75 60 40
2 CuCl,-2H,0 50 45 60 45 30
3 Cd(NO3),-4H,0 50 45 60 40 30
4 HgCl, 45 40 50 45 35
5 Ni(NO3),-6H,0 —b — — — —
6 ZrCly —b — — - -
7 FeCl3-6H,0 35 30 30 35 30
8 LaCl3.7H,0 30 25 35 30 30
9 Zn(NOs),-6H,0 b - - — —
10 AgNO; b — — - _
¢ Isolated yield.
b No reaction.
35 - —_— 1a Table 2
UV-visible data of 2a-2e in ethanol
3 - —12a Compound Jmax Log émax
— 1b 2a 243, 288, 443 3.074, 2.994, 0.771
25 . 2b 244, 285, 488 2.639, 2.642, 1.130
o 2b 2c 242,279, 464 2.648, 2.664, 0.617
g 1c 2d 244, 282, 451 2.730, 2.832, 1.747
g 2 4 2e 244, 284, 335, 398 2.704, 2.769, 2.771, 2.433
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Figure 1. UV-visible spectra of 1a-1e and 2a-2e in ethanol.

2-hydroxy-5-nitrobenzaldehyde (5d) in acetic acid under reflux
(Scheme 2).

The proposed reaction mechanism for the formation of 2a is
shown in Scheme 3. It seems that after formation of complex 3a,
it cleaved to intermediates 6 and A. Then the Michael addition of
A with the B-position of other A affords intermediate B. This inter-
mediate (B) can exist in two mesomeric forms B[I] and B[II]. The
proton capture of these forms affords intermediate C. Finally, inter-
mediate C converts into 2a by loss of a proton. In Scheme 3, the
nucleophilic attack of fragment A was enforced by the lone pair
on the oxygen atom. There is some evidence that the bis-dimedone
derivative fragmented into two parts on attack of a nucleophilic
carbon on a methine carbon.® All attempts to isolate and character-
ize 6 failed.

The UV-visible spectra of 1a-1e and corresponding dyes 2a-2e
are shown in Figure 1. The Ay,.x and corresponding log ¢, data are
summarized in Table 2. The /.« of ligands 1a-1e appeared in the
ultraviolet absorption region. In contrast, the corresponding prod-
ucts 2a-2e absorbed in both the ultraviolet and visible regions.
Obviously, in dye 2b the t—n* (K-band) undergoes a small batho-
chromic shift due to expansion of the conjugated system involving
the naphthyl. In 2e, this band was hypsochromically shifted due to
the electron-withdrawing nitro group on the phenyl rings. The
presence of methoxy and bromine substituents on the phenyl rings
in 2c and 2d, respectively, caused a bathochromic shift with re-
spect to 2a and 2e (Fig. 1 and Table 2).
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Figure 2. ORTEP drawing of the molecule 2a. Thermal ellipsoids are shown at 30%
probability level.

X-ray diffraction analysis of 2a was undertaken.” The results
of this study confirmed unambiguously the proposed structure

(Fig. 2).
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