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The title compounds have been synthesised by reaction of catechol with ketones and aldehydes catalysed by
Zr0,/S0,*" solid superacid in high yields. Ketones gave better yields than aldehydes.
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1,3-Benzodioxole derivatives are widely employed for theobtained in good to high yield except for anthrabrer(o reac-
protection of catechols compounds in multistep organic syntion), the result is summarised in Tables 1 and 2.
thesed:®> They were also applied as pesticides or pesticide We have developed an efficient and convenient procedure
intermediate$;® herbicides antioxidantsi®!1antimicrobial?  for the preparation of 1,3-benzodioxoles catalysed by
and medicinat®14 The acetal ring is stable to a variety of ZrO,/SO,?. The reactions were completed within 3.0-15 h to
commonly used reagents such as HNOPb(OAc)'® and give satisfactory yields in most cases. The crude products
BuLil?, and is cleaved by Nal-Ac¢}, boron tribromidé;? could be easily obtained by filtration of the catalyst followed
and NaN(SiMg), or Li(i-Pr).2% In general, 1,3-benzodioxoles by evaporation of the solvent. The present procedure gives
are prepared by protic or Lewis acid catalysed condensation akproducibly high yields but needs much shorter reaction time
carbonyl compounds with catechol. Several types of Lewishan withp-toluenesulfonic acid cataly¥tFor example, with
acid catalysts have been used previously for this purposea-toluenesulfonic acid catalyst and heating for 36, 24 and
including boron tribromidé? phosphorus pentoxidd,phos- 120 h,3a, 3d and3h were obtained in 83, 79 and 76% vyield
phorus trichloride? trimethysilyl chloridé® and protic acids  respectively. However, our procedure with Zt€,% catalyst
such agp-toluenesulfonic acié® These methods are not very and heating for 7, 6.5 and 15 h g&a 3d and3h in 86, 88
satisfactory due to the long reaction time (8—120 h, ref. 15)and 76% yield respectively.
low yields, tedious workup and the problem of corrosion and We found that the reaction rate is markedly influenced by
pollution. Some of the catalysts are not easily obtainedthe size of ring. Five and six-membered ring ketones gave
expensive and non-recoverable. More recently, montmoril-high yields of products. For example, cyclopentanbmgave
lonite clay* was also used for this reaction to obtain better3efor 3 h in 82% yield, and cyclohexanohiprovided3f for
results. 3 h in 88% yield. However, cycloheptanohg gave 3g for
Solid superacids have been recently used as efficient catd-0 h in 76% yield. The explanation for this result may be due
lysts for a variety of organic reactioffs?® We have recently  to the ring strain.
developed an easy procedure for the synthesis of diacetals We have also found that aldehydes gave an intractable mix-
catalysed by ZrgSO,*.?8 This suggested the use of ture of complex by-products in this reaction and acetals were
Zr0,/SO,> to catalyse the synthesis of 2,2-disubstituted andobtained only in moderate yields (22—-80%). This might be due
2-substituted 1,3-benzodioxoles from ketones and aldehyde® the aldehyde group being too reactive and accompanying
with catechol. Herein we wish to report an efficient and con-side reactions such as oxidation, polymerisation, and tar for-
venient procedure for the synthesis of substituted 1,3-benzanation, etc.
dioxoles by condensation of catechol with ketones and In conclusion, we have provided an efficient and convenient
aldehydes catalysed by ZfSO,* solid superacid in reflux- method for the synthesis of a variety of 2,2-disubstituted
ing benzene or toluene. and 2-monosubstituted 1,3-benzodioxoles catalysted by
When catecholl in the presence of Zrg80,* solid ZrO,/SO,>. Ketones give high yields while aldehydes give
superacid was heated with several ketones or aldefyoles moderate yields. The present method has operational simplic-
refluxing benzene or toluene, the corresponding 2,2-disubstiity, high yields, short reaction time and a non-corrosive and
tuted and 2-monosubstituted 1,3-benzodioxoBsvere environment friendly catalyst.
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Table 1 Synthesis of 2,2-disubstituted 1,3-benzodioxoles catalysed by Zr02/8042'
Mp/°C or b.p./torr

Entry Ketones Solvent/ Ratio? Products Isolated

reaction time (h) yield/% found reported
1a Acetone None/7 1:5 3a 86 80-82/30 50-51/2.5"
1b Butanone None/8 1:5 3b 85 95-97/30 64-65/2.5"°
1c Hexan-2-one Benzene/9.5 1:3 3c 82 125-127/30 84-86/1.5"%
1d Methyl-

-isobutylketone Toluene/6.5 1:3 3d 88 126-128/30 96-97/5%
1e Cyclopentanone Benzene/3 1:3 3e 82 130-132/2 114-115/4.5"%
1f Cyclohexanone Benzene/3 1:3 3f 88 46-48 45-4815
1g Cycloheptanone Toluene/10 1:3 3g 76 56-58 55-571°
1h Acetophenone Benzene/15 1:3 3h 76 168-170/10 122-124/1.0"°
1i 2-Chloro- Toluene/10 1:2 3i 84 49-50 49-5024

acetophenone
1j p-Methoxy- Benzene/11 2:1 3j 52 66-68 67-6824

acetophenone
1k p-Nitro- Toluene/11 2:1 3k 98 100-102 -
acetophenone
1l Benzophenone Toluene/10 2:1 3l 21 87-89 85-871°
Tm Dibenzyl ketone Toluene/10 2:1 3m 52 100-101 -
n Anthrone Toluene/12 2:1 3n 0 -
aCatechol:ketone (mol:mol).
Table 2 Synthesis of 2-monosubstituted 1,3-benzodioxoles catalysed by ZrO,/SO,*
Mp/°C or b.p./torr
Entry Ketones Solvent/ Ratio? Products Isolated
reaction time (h) yield/% found reported
10 n-Butylaldehyde Benzene/10 1:3 30 68 110-112/30 75-80/3.5"°
1p Benzaldehyde Toluene/7.5 1:3 3p 22 55-56 54-56'%
1q Cinnamaldehyde Toluene/6 1:3 3q 80 60-61 60-6124
r p-Methyl- Toluene/10 1:2 3r 52 57-58 57-5824
benzaldehyde
1s p-Methoxy- Toluene/s 1:2 3s 48 58-59 59-60'°
benzaldehyde
1t m-Nitro- Toluene/9 2:1 3t 34 85-87 88-8924

benzaldehyde

aCatechol:aldehyde (mol:mol).

Experimental
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spectra and comparison of their melting or boiling points with litera- Paper 01/703

ture values.

General procedure for the preparation of 1,3-benzodioxdlhe
catatyst ZrgySO,?" (200mg) was added to a solution of catechol
(2.00mmol) and ketone or aldehy2len benzene or toluene (15ml) as
indicated in Tables 1 and 2. The mixture was stirred under reflux for
the length of time as shown in Tables 1 and 2 and the water was sep2
arated from the reaction system by azeotropic distillation with a water 3
separator. The progress of the reaction was monitored by TLC. After4
completion of the reaction, the benzene or toluene was removed bys
distillation, EtO (10ml) was added, the catalyst was filtered off and
washed with EO. The solvent was evaporated under reduced pres- g
sure and the crude product was purified by column chromatography
on silica gel (light petroleum-diethy! ether as eluent) to give the cor- 5
responding produ@.

For 3i: 8, (300MHz), 4.00 (2H, s, 2-8,Cl), 6.81-6.89 (4H, m,
5,6,7,8H,), 7.40-7.64 (5H, m, pkt,); 3j: &, (300MHz), 1.97 (3H, s,
2-CH,), 3.80(3H,s, 4-0O€,), 6.79 (4H, s, 5,6,7,8t,), 6.89 (2H, d,
3,5'H,)), 7.52 (2H, d, 2,6 H,); 3k: 3, (200MHz), 1.987 (3H, s, 2-
CHE), 5.81-5.82 (4H, m, plt,), 7.75-8.24 (4H, m, 5,6,7,8;); 3l
d,, (200MHz), 6.79-6.92 (4H, m, 5,6,718;), 7.61-7.34 (10H, m, ph-
H,p; 3m: 3, (300MHz), 3.19 (4H, s, 2-1",2*di-CH,), 6.66 (4H, s,
5,6,7,8H,), 7.18-7.29 (10H, m, pht); 3q: &, (300MHz), 6.83
(4H, s, 5,6,7,84)), 6.60 (1H, d ,2H), 6.37 (1H, d, 1'H), 6.92 (1H,
d, 2'H), 7.31-7.47 (5H, m, phkt;); 3t: 5, (300MHz), 6.90 (4H, s,
5,6,7,8H,), 7.04 (1H, s, ), 8.46 (1H, t, 2'H), 8.31 (1H, d, 4H),
7.64 (1H,t, 5°H), 7.93 (1H, d, 6'H).
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