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ZrOCl,8H;0: a highly efficient catalyst for the
synthesis of 1,8-dioxo-octahydroxanthene
derivatives under solvent-free conditions

Hong-Yan Lij, Jian-Jiong Li and Zhan-Hui Zhang*

ZrOCl,-8H,0 has been found to be an efficient catalyst for the synthesis of 1,8-dioxo-octahydroxanthenes from aldehydes and
5,5-dimethylcyclohexane-1,3-dione under solvent-free conditions. Copyright (©) 2009 John Wiley & Sons, Ltd.
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Introduction

The development of new methods for the synthesis of xanthene
derivatives is an important area of synthetic research because
of the broad spectrum of their biological and pharmaceutical
properties such as antibacterial, antiviral and anti-inflammatory
activities as well as phototoxicity and antagonist activity.['3
Some xanthene derivatives are used in industry, such as florescent
material for visualization of biomolecules, in laser technologies
due to their useful spectroscopic properties®! and as dyes.!®
Xanthenedione derivatives are valuable synthons because of the
inherent reactivity of the inbuilt pyran ring.”’ They are also found
as core units in several natural products.[®!

Because of their wide range of pharmacological activity and
industrial and synthetic applications, many methods for their
preparation are reported in the literature. Of these meth-
ods, the acid-catalyzed condensation reaction of aldehydes
with 5,5-dimethylcyclohexane-1,3-dione is one of most simple
and straightforward approaches for the synthesis of 1,8-dioxo-
octahydroxanthenes. A variety of reagents such as InClz-4H,0,!
BiCl3,["” NaHSO, - Si0,,""! p-dodecylbenzenesulfonic acid,!'?
tetrabutylammonium  hydrogen sulfate,'®  polyaniline-p-
toluenesulfonate,'¥ silica sulfuric,"> Dowex-50W,['®! Amberlyst-
15,071 PPA-Si0,,'8 SbCl3/Si0; ['! and ethylene glycol?® have
been employed to accomplish this transformation. Although there
are currently a number of methods available, they have one or
more disadvantage, such as long reaction time, the use of expen-
sive reagents, low yields of products in some cases, high catalyst
loading, corrosive reagents, strongly acidic conditions and te-
dious workup procedures. Therefore, to avoid these limitations,
the development of a new readily available catalyst with high
catalytic activity, short reaction time and simple work-up for the
preparation of 1,8-dioxo-octahydroxanthenes is highly desirable.

In recent years, zirconium compounds have been used as
catalysts in organic synthesis because these compounds are rel-
atively non-toxic, easy to handle, low-cost and possess good
stability.”’2”) Among these, ZrOCl, - 8H,0 has gained special
attention because this compound not only is commercially avail-
able and inexpensive, but also has high stability and water
tolerance. Handling of ZrOCl, - 8H, O is easier than that of moisture-
sensitive ZrCly. ZrOCl, - 8H,0 has been reported to be an efficient
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Scheme 1. Synthesis of 1,8-dioxo-octahydroxanthenes.
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Scheme 2. Synthesis of bis(1,8-dioxo-octahdroxanthene).
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catalyst for many important organic transformations.?8-3%! |n

continuation of our previous work on the development of new
synthetic methodologies,?°~%3 we herein report the synthe-
sis of 1,8-dioxo-octahydroxanthenes from aldehydes and 5,5-
dimethylcyclohexane-1,3-dione in the presence of a catalytic
amounts of ZrOCl,-8H,0 (10 mol%) under solvent-free conditions
(Scheme 1).

Experimental

Melting points were determined on X-4 apparatus and are
uncorrected. IR spectra were obtained using a Shimadzu FTIR-
8900 spectrometer. "H NMR spectra were recorded with a Varain
Mercury Plus 400 spectrometer using TMS as internal standard.
Elemental analyses were performed on a Vario EL Il CHNOS
elemental analyzer.
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General Synthetic Procedure for Synthesis of 1,8-Dioxo-
octahydroxanthenes

A mixture of aldehydes (1 mmol), 5,5-dimethyl-1,3-
cyclohexanedione (2 mmol) and ZrOCl, - 8H,0 (0.1 mmol,
10 mol%) was ground and heated to 120°C. After completion
of the reaction (monitored by TLC), the mixture was cooled to
room temperature and dissolved in ethyl acetate (20 ml), then
washed with water (20 ml). The organic layer was then dried over
MgSO, and evaporated under vacuum. The crude product was
purified by short column chromatography (ethyl acetate/hexane
as eluent) to obtain pure product.

Analytical Data of New Compounds

3,3,6,6-Tetramethyl-9-(3,4-dimethylphenyl)-3,4,5,6,7,9-hexahydro-
2H-xanthene-1,8-dione (3d)

IR (KBr): 2870 (-CHs), 1659 (=C-C=0), 1622 (C=C), 1456 (- CH3),
1201 (=C-0-C) cm~'; "THNMR (300 MHz, CDCl3) § ppm: 0.99 (s,
6H), 1.09 (s, 6H), 2.13-2.18 (m, 8H), 2.22 (d, / = 16.4 Hz, 2H), 2.45
(s,4H),4.67 (s, 1H), 6.95(s, 2H), 7.08 (s, 1H); anal. calcd for C55H3¢0s5:
C,79.33;H,7.99. Found: C, 79.51; H, 8.12.

3,3,6,6-Tetramethyl-9-(2,3,4-trimethoxyphenyl)-3,4,5,6,7,9-
hexahydro-2H-xanthene-1,8-dione (3j)

IR (KBr): 2957 (-CHs), 1678 (=C-C=0), 1654 (C=C), 1466 (- CH3),
1361 (~CH3) cm~"; THNMR (300 MHz, CDCl3) § ppm: 1.01 (s, 6H),
1.08 (s, 6H), 2.13 and 2.30 (AB system, J = 16.0 Hz, 2H, CH,CH},,CO),
242 (s,4H),3.74 (s, 3H), 3.77 (s, 3H), 3.93 (s, 3H), 4.79 (s, 1H), 6.53 (d,
J = 8.4Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H); anal. calcd for Cy6H3,04:
C,70.89; H, 7.32. Found: C, 70.71; H, 7.40.

3,3,6,6-Tetramethyl-9-(4-phenoxyphenyl)-3,4,5,6,7,9-hexahydro-2H-
xanthene-1,8-dione (3m)

IR (KBr): 2954 (-CHs), 2870 (-CHs), 1674 (=C-C=0), 1654 (C=CQ),
1591(C=C) cm~"; THNMR (300 MHz, CDCl5) § ppm: 0.96 (s, 6H),
1.09 (s, 6H), 2.18 and 2.24 (AB system, J = 16.0 Hz, 2H, CH,CH},,CO),
242 (s, 4H), 4.74 (s, 1H), 6.73-6.76 (m, 1H), 6.87-7.06 (m, 5H),
7.17-7.18 (m, 2H), 7.27-7.29 (m, 1H); anal. calcd for Co9H3004: C,
78.71; H, 6.83. Found: C, 78.62; H, 6.75.

3,3,6,6-Tetramethyl-9-(2-fluorophenyl)-3,4,5,6,7,9-hexahydro-2H-
xanthene-1,8-dione (3r)

IR (KBr): 2960 (-CHs3), 1681 (=C-C=0), 1662 (C=C), 1167
(=C-0-C), 1004 (C-F) cm~"; "THNMR (300 MHz, CDCl3) § ppm:
0.97 (s, 6H), 1.09 (s, 6H), 2.15 and 2.22 (AB system, J = 16.0 Hz,
2H, CH,CH,CO), 2.44 (s, 4H), 4.81 (s, 1H), 6.88 (t, J = 8.4 Hz, 1H),
7.02-7.12(m,2H),7.44(t,J = 7.6 Hz, 1H); anal. calcd for C;3H,5FO5:
C,74.98; H, 6.84. Found: C, 75.12; H, 6.68.

3,3,6,6-Tetramethyl-9-(3,4-dichlorophenyl)-3,4,5,6,7,9-hexahydro-
2H-xanthene-1,8-dione (3x)

IR (KBr): 2962 (-CHjs), 1659 (=C-C=0), 1618 (C=C), 1465 (-CHj3),
1200 (=C-0-C) cm~'; "THNMR (300 MHz, CDCl3) § ppm: 1.00
(s, 6H), 1.10 (s, 6H), 2.17 and 2.24 (AB system, J = 16.0 Hz, 2H,
CH,CHpCO), 2.47 (s, 4H), 4.68 (s, 1H), 7.18 (dd, J = 8.0, 2.4 Hz, 1H),
7.28 (d, J = 8.0Hz, 1H), 7.32 (d, J = 2.4 Hz, 1H); anal. calcd for
Cy3H,4Cl,05: C,65.88; H, 5.77. Found: C, 65.67; H, 5.91.

Table 1. Investigation of the amounts of catalyst and temper-
ature effects on the reaction of 4-chlorobenzaldehyde and 5,5-
dimethylcyclohexane-1,3-dione

cl Cl

Lewis acid le) O fo) + l o)

) (L (]
o OH

3u

CHO

O

Cl
OH
1u 4
Catalyst Temperature

Entry loading (mol%) (°Q) Time (min) Yield (%)
1 No 25 8 h -b
2 No 120 4 h - ¢
3 10 60 90 75
4 10 80 90 85
5 5 120 90 85
6 10 120 40 95
7 15 120 40 95
8 20 120 40 93
9 10 120 40 95,93,92 944

2|solated yields. ® Compound 4 was formed in 30% yield. ¢ Compound
4 wasformedin 91% yield and 3u was not obtained. 9 The same catalyst
was used for each of the four runs.

9-(3-Bromo-phenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-2H-
xanthene-1,8-dione (3z)

IR (KBr): 2956 (- CH3), 1662 (=C-C=0), 1591 (C=C), 1471 (-CH,),
1203 (=C-0-C), 574 (C-Br) cm~"; "THNMR (300 MHz, CDCl3) 8
ppm:0.99 (s, 6H), 1.09 (s, 6H), 2.17 and 2.23 (AB system, J = 16.0 Hz,
2H, CH,;CHpCO), 2.46 (s, 4H), 4.70 (s, 1H), 7.05-7.10 (m, 1H),
7.21-7.25 (m, 1H), 7.27-7.34 (m, 2H); anal. calcd for C;3H,5BrOs:
C,64.34;H,5.87. Found: C,64.19; H, 5.98.

3,3,6,6-Tetramethyl-9-(4-hydroxy-3-nitrophenyl)-3,4,5,6,7,9-
hexahydro-2H-xanthene-1,8-dione (3ae)

IR (KBr): 2958 (- CHs3), 1638 (=C-C=0), 1629 (C=C(), 1537 (-NO5,),
1197 (=C-0-C) cm™"; "THNMR (300 MHz, CDCl3) § ppm: 1.01
(s, 6H), 1.11 (s, 6H), 2.17 and 2.25 (AB system, J = 16.0 Hz, 2H,
CH,CH,CO), 2.49 (s, 4H), 4.70 (s, 1H), 7.03 (d, J = 8.8 Hz, 1H), 7.69
(dd, J = 8.8,2.0 Hz, 1H), 7.88 (d, J = 2.0 Hz, 1H), 10.45 (s, 1H); anal.
calcd for Co3Ho5NOg: C, 67.14; H, 6.12; N, 3.40. Found: C, 67.00; H,
6.28, N, 3.38.

3,3,6,6-Tetramethyl-9-(3-trifluoromethyl-phenyl)-3,4,5,6,7,9-
hexahydro-2H-xanthene-1,8-dione (3ag)

IR (KBr): 2906 (—CH3), 1676 (=C—C=0), 1620 (C=C), 1473 (~CH,),
1002 (C-F) cm~"; THNMR (300 MHz, CDCls) § ppm: 0.98 (s, 6H),
1.11 (s, 6H), 2.16 and 2.24 (AB system, J = 16.0 Hz, 2H, CH,CH,CO),
2.48 (s, 4H), 4.79 (s, 1H), 7.34-7.40 (m, 3H), 7.61-7.63 (m, 1H); anal.
caled for Co4HasF30;5: C, 68.89; H, 6.02. Found: C, 68.98; H, 5.90.

3,3,6,6-Tetramethyl-9-(pyridine-3-yl)-3,4,5,6,7,9-hexahydro-2H-
xanthene-1,8-dione (3ak)

IR (KBr): 2961 (~CH3), 1676 (=C-C=0), 1622 (C=C), 1471(~CH,),
1195 (=C-0-C) cm~'; "HNMR (300 MHz, CDCl5) § ppm: 0.99
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Table 2. Synthesis of 1,8-dioxo-octahydroxanthene derivatives catalyzed by ZrOCl,*8H,0

m.p. (°C)
Entry Aldehydes Product Time (min) Yield (%)? Found Reported
1 PhCHO 3a 50 93 202-203 200-2021"9
2 4-MeCgH4CHO 3b 50 92 215-216 210-2129
3 3-MeCgH4CHO 3c 50 93 206-208 205-207144
4 3,4-Me,CgH3CHO 3d 50 90 205-207
5 4-Me,CHCgH4CHO 3e 50 93 171-172 172-173%4
6 3-MeOCgH4CHO 3f 55 92 162-165 161-1621%
7 4-MeOCgH,CHO 3g 55 92 242-243 241-243
8 3,4-(Me0),CsH3CHO 3h 55 94 175-176 170-172120
9 3,4,5-(0Me)3CgH,CHO 3i 45 95 205-208 205-208!"8]
10 2,3,4-(0OMe)3CgH,CHO 3j 70 88 204-207
11 3,4-(0CH,0)CgH3CHO 3k 50 93 224-225 224-226!"2
12 3-Me0-4-OHCgH3CHO 3l 50 93 225-227 226-228012
13 3-OPh-CgH3CHO 3m 50 92 191-193
14 3-OHCgH4CHO 3n 50 92 213-215 215-218018]
15 4-OHCgH4CHO 30 50 91 247-248 245-2500'8]
16 4-Me;NCgH,CHO 3p 50 91 225-226 222-225018)
17 4-FCgH4CHO 3q 45 94 226-227 224-226
18 2-FCgH4CHO 3r 60 92 210-212
19 2-ClCgH4CHO 3s 70 87 226-227 225-2279
20 3-CICgH4CHO 3t 45 94 183-185 185-1871"8
21 4-CICgH4CHO 3u 40 95 226-228 228-230!"0
22 2,4-Cl,CgH3CHO 3v 70 88 248-251 253-254110]
23 2,6-Cl,CgH3CHO 3w 45 91 318-320 3204
24 3,4-Cl,CgH3CHO 3x 40 92 238-239
25 2-BrCgH4CHO 3y 80 85 226-229 226-228
26 3-BrCgH4CHO 3z 55 9 172-175
27 4-BrCgH4CHO 3aa 45 94 238-239 238-239010)
28 2-NO,CgH4CHO 3ab 70 86 260-262 258-2621"8)
29 3-NO,CgH4CHO 3ac 45 92 165-166 168-170112
30 4-NO,CgH4CHO 3ad 45 94 222-224 222-2241
31 3-NO,-4-OH-CgH3CHO 3ae 50 90 231-233
32 4-CNCgH4CHO 3af 40 93 217-218 218-218019
33 3-F3CCeH4CHO 3ag 40 95 192-194
34 PhCH=CHCHO 3ah 50 90 173-174 175-17712
35 2-Thiophene-carbaldehyde 3ai 50 91 164-165 163-1642
36 2-Pyridine-carbaldehyde 3aj 60 90 190-191 188-190"3
37 3-Pyridine-carbaldehyde 3ak 70 88 188-190
38 4-Pyridine-carbaldehyde 3al 45 85 212-214
39 3-CHOCgH4CHO 3am 80 75 238-240 236-238!"3
2 Yields refer to isolated products.

(s, 6H), 1.10 (s, 6H), 2.17 and 2.30 (AB system, J = 16.0 Hz, 2H,
CH,CH,CO), 2.48 (s, 4H), 4.73 (s, TH), 7.77 (d, J = 7.6 Hz, 1H), 7.79
(t,J = 6.4 Hz, 1H), 8.35-8.42 (m, 2H); anal. calcd for Cy5H,5NO3: C,
75.19;H,7.17;N, 3.99. Found: C, 75.02; H, 7.28, N, 3.87.

3,3,6,6-Tetramethyl-9-(pyridine-4-yl)-3,4,5,6,7,9-hexahydro-2H-
xanthene-1,8-dione (3al)

IR (KBr): 2956 (-CHj3), 1681(=C-C=0), 1591 (C=C(), 1385 (-CH3),
1199 (=C-0-C) cm~"; "HNMR (300 MHz, CDCl3) § 0.98 (s, 6H),
1.11(s,6H), 2.17 and 2.25 (AB system, J = 16.0 Hz, 2H, CH,CH,CO),
2.49 (s,4H),4.75 (s, 1H), 7.32(d, ) = 5.6 Hz, 2H), 7.47 (d, J = 5.6 Hz,
2H); anal. calcd for CooHo5NO3: C, 75.19; H, 7.17; N, 3.99. Found: C,
75.06;H,7.02,N, 4.18.

Results and Discussion

First, we examined the reaction 4-chlorobenzaldehyde (1u) and
5,5-dimethylcyclohexane-1,3-dione (2) in the presence of 10 mol%
of ZrOCl,*8H,0 at 120°C under solvent-free conditions. The
reaction proceeded rapidly to afford the corresponding 1,8-dioxo-
octahydroxanthene in high yield. In addition, it was found that
at high temperatures, ZrOCl, - 8H,0 shows good catalytic ac-
tivity; a 95% vyield of 3u was obtained at 120 °C. However at
80 °C a lower yield was obtained even after longer reaction times.
With further optimization of the reaction conditions, we found
that a lower catalyst loading gave decreased yields (Table 1,
entry 5). Increasing the catalyst loading did not significantly
affect the yield (Table 1, entries 7 and 8). The reaction was
also examined in the absence of the catalyst. The obtained
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Table 3. Effect of different Lewis acids on the reaction of 4-
chlorobenzaldehyde and 5,5-dimethylcyclohexane-1,3-dione®

Entry Catalyst Conversion (%) Yield(%)®
1 ZrOCl,-8H,0 100 95

2 ZrO(NO3),-2H,0 95 88

3 ZrSO4-4H,0 920 86

4 ZrCly 90 55

5 ZTO(OC2H5)4 80 5

6 InBr3 920 82

7 In(OTf); 70 75

8 Co(NO3),-6H,0 60 41

9 LiClO4 80 43

10 LaCl3-7H,0 80 32

1 LaFs 80 0

12 La(N03)3~6H20 90 60

13 SrSO4 80 0
14 Mn(OAc);-4H,0 80 0

15 Cu(NOs),-3H,0 50 0
16 FeCls 52 0
17 SnCly-5H,0 48 0
18 CAN 90 53

19 Cdcl, 920 5
20 Ce(504)2(NH4)SO44H20 90 58
aThe reaction was carried out using 10 mol% of catalyst at 120°C.
b Isolated yields.

results showed that only the non-cyclodehydrated interme-
diate 9-(4-chlorophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-exahydro-
1H-xanthene-1,8(2H)-dione (4) was formed (Table 1, entries 1 and
2). The recovery and reusability of ZrOCl, - 8H,0 were investi-
gated. After completion of the reaction, the reaction mixture was
cooled to room temperature and the catalyst was filtered, washed
with chloroform and dried at 100 °C for 1 h before being used
with fresh 4-chlorobenzaldehyde (1u) and cyclohexanedione (2).
As indicated in Table 1 (entry 9), no considerable loss of effi-
ciency concerning reaction time and yield was observed after four
runs.

Next, various aromatic aldehydes were tested under these opti-
mized reactions and the results are listed in Table 2. This catalyst
worked excellently for aromatic aldehydes bearing electron-
donating or electron-withdrawing substituents. For examples,
yields of product ranged from 88 to 95% (Table 2, entries 2-16)
for electron-rich substrates such as 4-methoxyaldehyde, piperonyl
aldehydes, vanillin and 3-phenoxybenzaldehyde. For the sterically
hindered 2,3,4-trimethoxybenzaldehyde, 2-bromobenzaldehyde
and 2-nitrobenzaldehyde, a prolonged reaction time was re-
quired to furnish products in 88, 85 and 86% yields (Table 2,
entries 10, 25 and 28). The system also worked well for «,8-
unsaturated aldehydes to afford the product in 90% yield (Ta-
ble 2, entry 34). The acid-sensitive heterocyclic aldehydes such
as thiophene-2-carbaldehyde, pyridine-2-carbaldehyde, pyridine-
3-carbaldehyde and pyridine-4-carbaldehyde (Table 2, entries
35-38) were also tested and the corresponding xanthene deriva-
tives were obtained in high yields. We also scaled up the reaction
of 4-chlorobenzaldehyde (1j) by 10-fold without any significant
decrease in the product yield (94% yield).

The efficacy of various Lewis acids was tested for this conversion,
and the results are shown in Table 3. Among these catalysts,

ZrOCl; - 8H,0 was found to be superior in terms of yield and
reaction rates.

Furthermore, this reaction was further explored for the synthesis
of bis(1,8-dioxo-octahydroxanthene) by the reaction of m-
phthalaldehyde (1am) and 4 equiv. of 5,5-dimethylcyclohexane-
1,3-dione (2) under similar conditions in good yields (Scheme 2).

Conclusion

In conclusion, ZrOCl; - 8H,0 has been employed for the first
time as a novel and efficient catalyst for the synthesis of 1,8-
dioxo-octahydroxanthenes by the reaction of aldehydes with
5,5-dimethylcyclohexane-1,3-dione. This method is applicable to
a wide range of aldehydes, including aromatic, «,8-unsaturated
and heterocyclic substrates. The salient features of this protocol
are mild reaction conditions, high yields of products, cheapness
and easy availability of the reagent, low catalyst loading and short
reaction times.

Acknowledgment

We are grateful for financial support from National Natural Science
Foundation of China (20872025), Nature Science Foundation of
Hebei Province (B2008000149), Natural Science Foundation of
Hebei Education Department (2006318) and Research Foundation
for the Doctoral Program of Hebei Normal University (L20061314).

References

[11 H.Wang, L.Luy, S.Y.Zhu, Y.H.Li, W. M. Cai, Curr. Microbio. 2006,
52, 1.
[2] Z.-H.Zhang, X.-Y. Tao, Aust. J. Chem. 2008, 61, 77.
[3] A.Naya, M.lIshikawa, K. Matsuda, K. Ohwaki, T. Saeki, K. Noguchi,
N. Ohtake, Bioorg. Med. Chem. 2003, 11, 875.
C. G. Knight, T. Stephens, Biochem. J. 1989, 258, 683.
G. Pohlers, J. C. Scaiano, Chem Mater. 1997, 9, 3222.
S. A. Hilderbrand, R. Weissleder, Tetrahedron Lett. 2007, 48, 4383.
Y. M. Shchekotikhin, T. G. Nikolaeva, Chem. Heterocycl. Comp. 2006,
42, 28.
[8] S.Hatakeyama, N.Ochi, H.Numata, S.Takano, Chem. Commun.
1988, 1202.
[9] X.S.Fan, X.Y.Hu, X.Y.Zhang, J. J. Wang, Can. J. Chem. 2005, 83, 16.
[10] J.-J.Li, X.-Y.Tao, Z.-H. Zhang, Phosphorus, Sulfur, Silicon 2008, 183,
1672.
[11] B.Das, P.Thirupathi, K. R. Reddy, B. Ravikanth, L. Nagarapu, Catal.
Commun. 2007, 8, 535.
[12] T.-S.Jin,J.-S. Zhang, J.-C. Xiao, A.-Q. Wang, T.-S. Li, Synlett 2004, 866.
[13] H.N.Karade, M. Sathe, M. P. Kaushik, Arkivoc 2007, xiii, 252.
[14] A.John, P.J.P.Yadav, S. Palaniappan, J. Mol. Catal. A: Chem. 2006,
248,121.
[15] M. Seyyedhamzeh, P. Mirzaei, A. Bazgir, Dyes Pigm. 2008, 76, 836.
[16] G.l.Shakibaei, P. Mirzaei, A. Bazgir, Appl. Catal. A: Gen. 2007, 325,
188.
[17] B.Das, P. Thirupathi, |. Mahender, V.S. Reddy, Y. K. Rao, J. Mol. Catal.
A: Chem. 2006, 247, 233.
[18] S.Kantevari, R. Bantu, L. Nagarapu, J. Mol. Catal. A: Chem. 2007, 269,
53.
[19] Z.-H.Zhang, Y.-H. Liu, Catal. Commun. 2008, 9, 1715.
[20] S.-J.Tu, J.-F.Zhou, Z-S.Lu, X.Deng, D.-Q. Shi, S.-H. Wang, Synth.
Commun. 2002, 32, 3063.
] G.Smitha, S. Chandrasekhar, C. S. Reddy, Synthesis 2008, 829.
] H.Firouzabadi, M. Jafarpour, J. Iran. Chem. Soc. 2008, 5, 159.
] Z.-H.Zhang, T.-S. Li, Curr. Org. Chem. 2009, 13, 1.
[24] Z.-H.Zhang, J.-J. Li, T.-S. Li, Ultrason. Sonochem. 2008, 15, 673.
] J.Lin, L--F. Zhang, Monatsh. Chem. 2007, 138, 77.
] S.Singh, C. D. Duffy, S. T. A. Shah, P. J. Guiry, J. Org. Chem. 2008, 73,
64209.
[27] G.Tocco, M. Begala, G. Meli, G. Podda, Tetrahedron 2008, 64, 6755.

www.interscience.wiley.com/journal/aoc

Copyright (© 2009 John Wiley & Sons, Ltd.

Appl. Organometal. Chem. 2009, 23, 165-169



ZrOCI38H,0
|

311
(32]

[33]
[34]

A. K. Chakraborti, A, Kondaskar, Tetrahedron Lett. 2003, 44, 8315.
A.R.S. Babu, R. Raghunathan, Tetrahedron Lett. 2007, 48, 305.

V. Mirkhani, |. Mohammadpoor-Baltork, M. Moghadam,
S.Tangestanninejad, M. Abdollahi-Alibeik, H.Kargar, Appl.
Catal. A: Gen. 2007, 325, 99.

J. C. Rodriguez-Dominguez, D. Bernardi, G. Kirsch, Tetrahedron Lett.
2007, 48, 5775.

B. Eftekhari-Sis, A. Abdollahifar, M. M. Hashemi, M. Zirak, Eur. J. Org.
Chem., 2006, 5152.

S. Bhagat, A.K. Chakraborti, J. Org. Chem. 2008, 73, 6029.

W. Shen, L.-M. Wang, J.-J. Feng, H. Tian, Tetrahedron Lett. 2008, 49,
4047.

Applied
Organometallic
Chemistry

hosh, S. Maiti, S. K. Maity, S. Roy, Synth. Commun. 2008, 38, 1958.
Liu, Q. S. Liu, Z.-H. Zhang, Tetrahedron Lett. 2009, 50, 916.
Li

Y iu, Z.-H. Zhang, T.-S. Li, Synthesis 2008, 3314.

G
-H.
-H.
-H. Zhang, J.-J. Li, Y.-Z. Gao, Y.-H. Liu, J. Heterocyclic Chem. 2007,
509.

Zhang, T.-S. Li, J.-J. Li, Monatsh. Chem. 2007, 138, 89.

R.

Y.

Z.
44
Z-H.
Z.-H. Zhang, J. Lin, Synth. Commun. 2007, 37, 209.
Y.-H.
P.

Z.

E.

R.

—_

Liu, Q-S. Liu, Z.-H. Zhang, J. Mol. Catal. A: Chem. 2008, 296, 42.
Zhang, Y.-D. Yu, Z.-H. Zhang, Synth. Commun. 2008, 38, 4474.
-H. Zhang, S.-T. Yang, J. Lin, Synth. Commun. 2006, 36, 1645.
C. Horning, M. G. Horning, J. Org. Chem. 1946, 11, 95.
J. Cremlyn, D. Saunders, Phosphorus, Sulfur Silicon 1993, 81, 89.

Appl. Organometal. Chem. 2009, 23, 165-169

Copyright (© 2009 John Wiley & Sons, Ltd.

www.interscience.wiley.com/journal/aoc




