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Abstract: Novel (E)-3-aryl-4-benzylidene-8-hydroxy-3,4-dihydro-
1H-xanthene-1,9(2H)-diones are prepared by the cyclization of
(E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones efficiently cata-
lyzed with boron tribromide. The (E,E)-3-cinnamoyl-5-hydroxy-2-
styrylchromones are obtained from the Baker–Venkataraman rear-
rangement of (E,E)-2-acetyl-1,3-phenylene bis(3-phenylacrylate),
which is greatly improved under microwave irradiation.

Key words: xanthenediones, 3-cinnamoyl-5-hydroxy-2-styrylchro-
mones, microwave irradiation, cyclization, boron tribromide

Xanthones are a class of secondary metabolites widely oc-
curring in higher plant families such as Guttiferae and
Gentianaceae.1 The growing interest in this class of com-
pounds is associated with the important pharmacological
properties demonstrated by both natural and synthetic
derivatives, such as anti-inflammatory,2 antitumour,3 and
antioxidant activities.4 To the best of our knowledge, xan-
thenedione derivatives are scarce in nature; so far four
xanthene-2,9-dione derivatives have been found, garcin-
ianones A (1) and B (2), isolated from Garcinia multiflo-
ra,5 allanxanthone C (3a), isolated from Allanblackia
monticola Staner L. C.,6 and 1,2-dihydro-3,6,8-trihy-
droxy-1,1-diisoprenyl-5-(1,1-dimethylprop-2-enyl)xanthen-
2,9-dione (3b), isolated from Hypericum erectum
(Figure 1).7 Allanxanthone C (3a) demonstrated moderate
activity against two strains of Plasmodium falciparum.6

References to synthetic xanthenediones are more fre-
quent, however, the common type of substitution pattern
is the 9-aryl-3,4,5,6,7,9-hexahydro-1H-xanthene-
1,8(2H)-dione (4, Figure 1).8 Xanthene-1,9(2H)-diones
have not been found in nature and synthetic derivatives
also seem to be scarce, only 3,4-dihydro-1H-xanthene-
1,9(2H)-dione (5, Figure 1) has been described.9

2-Styrylchromones are also a scarce group of naturally oc-
curring compounds, only three derivatives have been iso-
lated [hormothamnione (6a) and desmeth-
oxyhormothamnione (6b), from the marine blue green
alga Chrysophaeum taylori,10 and (E)-5-hydroxy-2-
styrylchromone (6c), from the rhizomes of Imperata cy-
lindrical (Figure 1)].11 Even so, 2-styrylchromone deriva-
tives are associated with important biological properties,

such as antinorovirus,12 anti-inflammatory,13 and
antioxidant14 activities.

Following our interest in the synthesis of biologically
active compounds, especially polyhydroxy-2-styryl-
chromones, a program aimed at the synthesis of (E,E)-3-
cinnamoyl-5-hydroxy-2-styrylchromones 8 was initiated
(Scheme 1).

Figure 1 Naturally occurring xanthenediones and (E)-2-styrylchro-
mones

Knowing the importance of the catechol moiety to im-
prove the antioxidant activity of 2-styrylchromones,15 it
was decided to synthesize (E,E)-3-(3,4-dihydroxycin-
namoyl)-5-hydroxy-2-(3,4-dihydroxystyryl)chromone. In
order to achieve this we firstly obtained the corresponding
methoxy derivative 8g. Its synthesis could be accom-
plished in a two-step approach as previously reported16 or
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in one-pot sequence as recently described.17 Our choice,
due to the less expensive reagents and shorter reaction
time, was the two-step approach (bisesterification of the
appropriate 2¢-hydroxyacetophenone with cinnamoyl
chloride derivatives followed by the Baker–Venkata-
raman rearrangement of the formed diester),16 in combi-
nation with a great improvement achieved by using
microwave irradiation.18 This methodology was success-
fully employed for the rearrangement of (E,E)-2-acetyl-
1,3-phenylene bis(3-phenylacrylate) (7g) leading to
(E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromone (8g) in
good yield (86%, Scheme 1).19,20 Next, cleavage of the
methoxy group with boron tribromide was attempted, but
mixtures of compounds bearing methoxy and hydroxy
groups were obtained. Therefore, we decided to extend
the reaction time and after 22 hours, cleavage of the meth-
oxy group was complete and a pure yellow solid was ob-
tained. NMR analysis indicated that the expected
demethylation occurred but the compound obtained was
(E)-4-(3,4-dihydroxy-benzylidene)-8-hydroxy-3-(3,4-di-
hydroxyphenyl)-3,4-dihydro-1H-xanthene-1,9(2H)-dione
(9g, 81%). This result means that there was the expected
deprotection together with an unprecedented cyclization
of (E,E)-3-(3,4-dimethoxycinnamoyl)-5-hydroxy-2-(3,4-
dimethoxystyryl)chromone (8g, Scheme 1).21 This sur-
prising result and the reported important biological appli-
cations for similar derivatives prompted us to study this
synthetic methodology. We herein report an efficient and
concise synthetic route for (E)-3-aryl-4-benzylidene-8-
hydroxy-3,4-dihydro-1H-xanthene-1,9(2H)-diones 9a–g
(Scheme 1).22,23

The use of (E,E)-3-cinnamoyl-5-hydroxy-2-styryl-
chromones 8a–g as starting materials is very attractive
due to the fact that their reactivity has never been reported
and we could also study the scope of the Baker–Venkata-
raman rearrangement of (E,E)-2-acetyl-1,3-phenylene
bis(3-phenylacrylates) 7a–g under microwave irradia-
tion.19 This strategy proved to be excellent since almost all
compounds were obtained in very good yields (over 80%)
and in less than 20 minutes reaction time. Furthermore,
purification procedures were needed only for derivatives

8d and 8f, which were obtained in good yields (over
60%). These results, together with the fact that all at-
tempts to obtain nitro derivatives failed, indicate that
withdrawing groups do not favor the Baker–Venkata-
raman rearrangement.24

The next step in our strategy was the cyclization of (E,E)-
3-cinnamoyl-5-hydroxy-2-styrylchromones 8 with boron
tribromide as Lewis acid catalyst. After three hours at
room temperature the starting material 8a was completely
consumed, and (E)-4-benzylidene-8-hydroxy-3-phenyl-
3,4-dihydro-1H-xanthene-1,9(2H)-dione (9a) was ob-
tained in good yield (66%). The scope of this reaction was
investigated and it was demonstrated that, in the case of
8d and 8f, eight hours were needed to complete the reac-
tion and in the case of 8c and 8e one-pot cyclization and
demethylation occurred furnishing hydroxy derivatives 9c
and 9e in moderate yields (over 40%).21

The described cyclization reaction presumably proceeds
by the activation of (E,E)-3-cinnamoyl-5-hydroxy-2-
styrylchromones 8a–g through a chelation with BBr3 (in-
termediate A), which promotes the subsequent cyclization
and deprotonation reactions (intermediate B and C). Fi-
nally, the treatment with water performs the cleavage of
the oxygen–boron bond to give the desired compounds
(Scheme 2).25

The stereochemical assignment of compounds 9a–g was
based on the analysis of 1H–1H coupling constants and of
the NOESY spectra (Figure 2). Taking into account that
there are no NOE between the benzylidene proton with
those of the 3-phenyl ring or with H-3, but there is a small
NOE between H-5 and the benzylidene proton and be-
tween H-3 and the aromatic protons of the benzylidene
group, we conclude that the benzylidene double bond of
compounds 9a–g has the E-configuration.

In summary, we have established a successful methodol-
ogy to perform the Baker–Venkataraman rearrangement
of (E,E)-2-acetyl-1,3-phenylene bis(3-phenylacrylates)
into the corresponding (E,E)-3-cinnamoyl-5-hydroxy-2-
styrylchromones. The beneficial effect of using micro-
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wave irradiation was the shortening of the reaction time
from 1 hour to 17 minutes. We have also developed a nov-
el efficient synthesis of (E)-3-aryl-4-benzylidene-8-
hydroxy-3,4-dihydro-1H-xanthene-1,9(2H)-diones. Good
yields of the novel products and experimental simplicity
are the main advantages of this method.
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necessary; 8a, 378 mg, 96%; 8b, 409 mg, 97%; 8c, 445 mg, 
98%; 8d, 301 mg, 65%; 8e, 422 mg, 93%; 8f, 287 mg, 62%; 
8g, 443 mg, 86%.

(20) Physical Data of 5-Hydroxy-3¢,4¢-dimethoxy-3-(3,4-
dimethoxycinnamoyl)-2-styrylchromone (8g)
Mp 208–211 °C. 1H NMR (300.13 MHz, CDCl3): d = 3.93 
(s, 4 × 3 H, 3¢,4¢,3¢¢,4¢¢-OCH3), 6.84 (dd, 1 H,  J = 0.7, 8.2 
Hz, H-6), 6.88 (d, 1 H, J = 8.3 Hz, H-5¢¢), 6.89 (d, 1 H, 
J = 8.3 Hz, H-5¢), 6.90 (d, 1 H, J = 15.8 Hz, H-a), 7.02 (dd, 
1 H, J = 0.7, 8.2 Hz, H-8), 7.07 (d, 1 H, J = 1.8 Hz, H-2¢), 
7.10 (d, 1 H, J = 15.8 Hz, H-a¢), 7.13 (d, 1 H, J = 1.8 Hz, 
H-2¢¢), 7.20 (dd, 2 H, J = 1.8, 8.3 Hz, H-6¢,6¢¢), 7.59 (t, 1 H, 
J = 8.2 Hz, H-7), 7.62 (d, 1 H, J = 15.8 Hz, H-b¢), 7.75 (d, 1 
H, J = 15.8 Hz, H-b), 12.50 (s, 1 H, 5-OH) ppm. 13C NMR 
(75.47 MHz, CDCl3): d = 56.0 (3¢,4¢,3¢¢,4¢¢-OCH3), 106.7 
(C-8), 109.9 and 110.1 (C-2¢ and/or C-2¢¢), 110.5 (C-10), 
111.0 and 111.1 (C-5¢ and/or C-5¢¢), 111.8 (C-6), 115.1 (C-
a), 120.3 (C-3), 123.1 (C-6¢), 123.8 (C-6¢¢), 125.4 (C-a¢), 
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127.3 (C-1¢¢), 127.8 (C-1¢), 135.8 (C-7), 140.7 (C-b), 145.3 
(C-b¢), 149.2 and 149.3 (C-3¢ and/or C-3¢¢), 151.5 and 151.7 
(C-4¢ and/or C-4¢¢), 155.4 (C-9), 161.0 (C-5), 162.6 (C-2), 
181.6 (C-4), 190.9 (C=O) ppm. MS (ESI+): m/z (%) = 515 
(60) [M + H]+, 537 (100) [M + Na]+, 553 (45) [M + K]+. 
HRMS (EI): m/z calcd for [C30H26O8]

+: 514.1628; found: 
514.1639.

(21) Optimized Experimental Procedure
A CH2Cl2 solution of BBr3 (2 mmol) was slowly added to a 
solution of the appropriate (E,E)-3-cinnamoyl-5-hydroxy-2-
styrylchromone 8a–g (0.4 mmol) in anhyd CH2Cl2 (20 mL) 
at low temperature (–78 °C). After the addition, the cooling 
system was removed, and the reaction mixture was stirred at 
r.t. for 3 h (8 h for 8d and 8f and 22 h for 8g). Then, H2O 
(80 mL) was added, and the resulting reaction mixture was 
stirred at r.t. for 3–4 h. The mixture was extracted with 
CHCl3 (3 × 80 mL) and the combined extracts evaporated 
and purified by TLC, using CH2Cl2 as eluent (except in the 
case of compound 9g which was filtered off): 9a, 99 mg, 
63%; 9b, 150 mg, 89%; 9c, 118 mg, 69%; 9d, 95 mg, 51%; 
9e, 70 mg, 41%; 9f, 69 mg, 37%; 9g, 148 mg, 81%.

(22) Physical Data of (E)-8-Hydroxy-4-(4-hydroxy-
benzylidene)-3-(4-hydroxyphenyl)-3,4-dihydro-1H-
xanthene-1,9 (2H)-dione (9c)
Mp 319–320 °C. 1H NMR (300.13 MHz, DMSO-d6): 
d = 2.69 (dd, 1 H, J = 2.2, 14.8 Hz, H-2trans), 3.23 (dd, 1 H, 
J = 5.9, 14.8 Hz, H-2cis), 4.66 (dd, 1 H, J = 2.2, 5.9 Hz, H-3), 
6.72 (br d, 2 H, J = 8.6 Hz, H-3¢,5¢), 6.83 (d, 2 H, J = 8.7 Hz, 
H-3¢¢,5¢¢), 6.84 (dd, 1 H, J = 0.9, 8.3 Hz, H-7), 7.12 (br d, 2 
H, J = 8.6 Hz, H-2¢,6¢), 7.29 (dd, 1 H, J = 0.9, 8.3 Hz, H-5), 
7.37 (d, 2 H, J = 8.7 Hz, H-2¢¢,6¢¢), 7.72 (t, 1 H, J = 8.3 Hz, 
H-6), 8.18 (s, 1 H, H-7¢¢), 9.57 (s, 1 H, 4¢-OH), 10.50 (s, 1 H, 
4¢¢-OH), 12.71 (s, 1 H, 8-OH) ppm. 13C NMR (75.47 MHz, 
DMSO-d6): d = 39.2 (C-3), 46.4 (C-2), 107.7 (C-5), 110.4 
(C-8a), 111. 9 (C-7), 112.5 (C-9a), 116.0 (C-3¢¢,5¢¢), 115.9 
(C-3¢,5¢), 125.2 (C-1¢¢), 125.7 (C-4), 128.1 (C-2¢,6¢), 130.8 

(C-1¢), 132.7 (C-2¢¢,6¢¢), 136.4 (C-6), 139.4 (C-7¢¢), 154.6 (C-
4b), 156.5 (C-4¢), 160.0 (C-4¢¢), 160.6 (C-8), 169.9 (C-4a), 
179.8 (C-9), 191.8 (C-1) ppm. MS (ESI+): m/z (%) = 427 
(15) [M + H]+, 449 (100) [M + Na]+, 465 (10) [M + K]+. 
HRMS (EI): m/z calcd for [C26H18O6]

+: 426.1103; found: 
426.1116.

(23) Physical Data of (E)-4-(4-Chlorobenzylidene)-3-(4-
chlorophenyl)-8-hydroxy-3,4-dihydro-1H-xanthene-1,9 
(2H)-dione (9d)
Mp 110–113 °C. 1H NMR (300.13 MHz, CDCl3): d = 3.05 
(dd, 1 H, J = 2.5, 15.5 Hz, H-2trans), 3.15 (dd, 1 H, J = 5.6, 
15.5 Hz, H-2cis), 4.68 (dd, 1 H, J = 2.5, 5.6 Hz, H-3), 6.84 
(dd, 1 H, J = 0.6, 8.4 Hz, H-7), 7.02 (dd, 1 H, J = 0.6, 8.4 Hz, 
H-5), 7.19 (br d, 2 H, J = 8.4 Hz, H-2¢,6¢), 7.26 (d, 2 H, 
J = 8.6 Hz, H-2¢¢,6¢¢), 7.30 (br d, 2 H, J = 8.4 Hz, H-3¢,5¢), 
7.37 (d, 2 H, J = 8.6 Hz, H-3¢¢,5¢¢), 7.59 (t, 1 H, J = 8.4 Hz, 
H-6), 8.06 (s, 1 H, H-7¢¢), 12.54 (s, 1 H, 8-OH) ppm. 13C 
NMR (75.47 MHz, CDCl3): d = 39.8 (C-3), 45.5 (C-2), 
106.8 (C-5), 111.0 (C-8a), 112. 9 (C-7), 113.6 (C-9a), 128.3 
(C-2¢,6¢), 129.3 (C-3¢¢,5¢¢), 129.6 (C-3¢,5¢), 129.7 (C-4), 
130.7 (C-2¢¢,6¢¢), 132.4 (C-1¢¢), 133.7 (C-4¢), 136.2 (C-6 and 
C-4¢¢), 137.9 (C-7¢¢), 138.3 (C-1¢), 154.7 (C-4b), 161.7 (C-8), 
168.7 (C-4a), 180.0 (C-9), 190.7 (C-1) ppm. MS (ESI+): 
m/z (%) = 463 (70) [(M + H)+, 35Cl], 465 (40) [(M + H)+, 
35Cl37Cl], 467 (7) [(M + H)+, 37Cl], 485 (75) [(M + Na)+, 
35Cl], 487 (45) [(M + Na)+, 35Cl37Cl], 489 (8) [(M + Na)+, 
37Cl], 501 (15) [(M + K)+, 35Cl], 503 (10) [(M + K)+, 
35Cl37Cl], 505 (2) [(M + K)+, 37Cl]. Anal. Calcd (%) for 
C26H16Cl2O4·0.5H2O (456.32): C, 66.12; H, 3.63. Found: C, 
66.05; H, 3.58. HRMS (EI): m/z calcd for [C26H16

35Cl2O4]
+: 

462.0426; found: 462.0406; m/z calcd for [C26H16
35Cl37ClO4]

+: 
464.0396; found: 464.0374; m/z calcd for [C26H16

37Cl2O4]
+: 

466.0367; found: 466.0384.
(24) (a) Baker, W. J. Chem. Soc. 1933, 1381. (b) Gualati, K. C.; 

Venkataraman, K. J. Chem. Soc. 1933, 942.
(25) Bellur, E.; Langer, P. J. Org. Chem. 2005, 70, 3819.


