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SYNTHETIC COMMUNICATIONS, 29(2), 181-188 (1999) 

MONTMORILLONITE CLAYS CATALYSIS IX' : A MILD 
AND EFFICIENT METHOD FOR REMOVAL OF 

TETRAHYDROPYRANYL ETHERS 

Tong-Shuang Li,* Zhan-Hui Zhang** and Tong-Shou Jin 

Department of Chemistry, Hebei University, Baoding 071002, Hebei hovince, 

P. R. China 

Abstract: A variety of tetrahydropyranyl ethers of alcohols and phenols are 

easily removed in the presence of catalytic of amount of montmorillonite clays in 

methanol at 40-50 "C in excellent yield. 

Selective introduction and removal of protective groups is of great 

significance in organic synthesis.* Tetrahydropyranylation of hydroxyl groups 

has been recognised as a useful and representative method for protection of 

alcohols and phenols due to its easy installation and remarkable stability towards 

basic media, Grignard reagents and reactions involving oxidation and reduction 

by inorganic hydrides.' 

2-Tetrahydropyranyl ethers (THPEs) are usually transformed into their parent 

alcohols or phenols under acidcatalysed ~onditions.~ A wide variety of catalysts 

have been already applied for this conversion, including the use of 

* To whom correspondence should be addressed, e-mail: orgsyn@hbu.edu.cn 

** Also of Department of Chemistry, West Campus, Hebei Teachers' University, 

Shijiazhuang, 050091. Hebei Province, P. R. China 
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182 LI, ZHANG, AND JIN 

protic acids’ (acetic acid, p-toluenesulfonic acid, boric acid), Lewis acids6 

(magnesium bromide in ether, dimethylaluminium chloride), Lewis acids (copper 

sulphate and iron(II1) chloride) supported on silica gel: electrogenerated acid,* 

pyridinium p-tol~enesulfonate,~ ion-exchange resinslo (amberlyst H-15, Dowex 

50W-X8, Nafion-H), bentonitic earth,” organotin phosphate condensates,’* 

triphenylphosphine dibromide (PPh,Br2)I3 and 2,3-dichloro-5 ,6-dicyano-p- 

benzoquinone (DDQ) .I4 More recently, heteropoly acid,” lithium chloride,16 

expansive graphite‘’ and reductive cleavage using sodium cyanoborohydride and 

BF;OEt,” have been developed to this reaction. However, some of these 

procedures suffer from using expensive reagents, strongly acidic condition, 

formatting of considerable amounts of side products andlor the necessitate 

aqueous work-up. Consequently, there is still a demand to develop a mild and 

efficient alternative procedure for the deprotection of THPEs . 

Montmorillonite clays has been extensively used as efficient catalyst for a 

variety of organic reactions. l9  Previously we have developed efficient and 

convenient methods for preparation of 5(6)/5’(6’)-unsaturated 3P,3’P-disteryl 

ethers,20 preparation2’ and cleavage22 of acetals, protection and deprotection of 

aldehydes by formation23 and ~leavage’~ of 1, 1-diacetates, synthesis of 

triarymethene~~’ and coumarins26 and acylation of alcohols, thiols, phenols and 

a m i n e ~ ~ ~  under catalysis of montmorillonite clays. Hoyer and Laszlo have 

developed an efficient procedure for tetrahydropyranylation of alcohols and 

phenols catalysed by montmorillonite K However, the deprotection of 

THPEs with montmorillonite clays remains unreported. As a part of our work on 

Mont. K- 10 or KSF 

ROH 

2 

methanol, 40-50 OC 
0.3-2 h, 91-98% * 

r. RO 

Scheme 1 
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MONTMORILLONITE CLAYS CATALYSIS. IX 183 

montmorillonite clays catalysis, herein we wish to report an efficient cleavage of 

THPEs catalysed by montmorillonite K-10 and KSF under mild conditions. 

As summarised in Table 1, in the presence of montmorillonite K-10 or KSF, 

the deprotection of THPEs could be carried out rapidly in methanol to afford the 

corresponding parent hydroxy compounds (2) at 40-50 "C in high yields. The 

present procedure for deprotection of THPEs is quite general as a wide range of 

THPEs of primary (la-lc and lh), secondary (ld-li) and benzylic alcohols (lc,  

l g  and li) as well as phenols and naphthols (lj-lq) were cleaved in excellent 

yield. K-10 and KSF gave similar results in term of reaction time and yield. The 

acid-sensitive functionalities such as methoxy (11) is tolerated, double bond in 

steroid compound (le and If) remained unaffected in this procedure as well as the 

formation of THPE of cholesterol.28 Betulin diTHPE (lh) was not converted into 

allobetulin under these conditions. The reaction proceeds cleanly and the work-up 

is simple, involving only the filtration of the catalyst and the removal of solvent 

to obtain the product in high purity. 

The reaction was studied in a variety of solvents and the results are shown in 

Table 2. The deprotection of the THPEs in non alcoholic solvents has been 

reported, for example, in ~hloroform,~" in hexane-methylene chloride,6b in 

acetone,'' in DMS0,16 in a~etonitrile,'~ and in dry etc. However, there 

are no reports about the mechanism of the reaction. As dihydro-4H-pyran was 

detected by GC in our non alcoholic deprotection of the THPEs. We presume that 

the deprotection of THPEs in non alcoholic solvents undergoes a pyrolysis to 

furnish the corresponding hydroxy compounds and dihydro-4H-pyran. From 

Table 2, it is clear that methanol is the best solvent system in this procedure in 

which methanol performs a trans-etherification reaction. 

The reaction rate is markedly dependent on temperature. We found that at 

room temperature the reaction proceeds much more slowly, for example, 

complete conversion of a-naphthyl THPE (In) to a-naphthol (2n) needed 8 h, 

cholesteryl THPE (le) only was cleaved 74% in methanol under catalysis of 

..* 
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Table 1. Deprotection of THPES of alcohols and phenols catalysed by 

Entry Substrate Catalyst Time@ Yield (46)” 

montmorillonite clays 

1 
n-CSH,,-OTHP K-10 0.8 94 

KSF 
n-C Jlz1-OTHP K-10 
C,H&H,-OTHP K-10 

KSF 

KSF 

KSF 

KSF 

KSF 
Lup-20(29)-en-3p,28-diyl-dioTHP K-10 

KSF 

KSF 

KSF 

KSF 

KSF 

KSF 

n-C,H&H(OTHP)CH, K-10 

Cholestery 1-OTHP K-10 

p-Sitosteryl-OTHP K-10 

(C&)tCH-OTHP K-10 

C$lH,CH(OTHP)COC&IH, K-10 

C,H,OTHP K-10 

p-CH,C,H,OTHP K-10 

p-CH,OC&OTHP K-10 

Resorcy 1-(OTHP), K-10 

a-Naphthy 1-OTHP K-10 

p-Naphthy 1-OTHP K-10 
m-OZNC&OTHP K-10 

KSF 

KSF 
p-O,NC,jH,OTHP K-10 

1 .o 
0.8 
0.5 
0.6 
1.2 
1.2 
1.2 
1.5 
0.5 
0.5 
0.8 
0.8 
2.0 
0.8 
1 .o 
0.4 
0.4 
0.3 
0.4 
0.5 
0.7 
0.6 
0.7 
0.6 
0.7 
1 .o 
0.4 
0.5 
0.4 
0.4 

91 
92 
95 
94 
94 
96 
% 
92 
96 
94 
94 
93 
95 
92 
93 
98 
97 
96 
97 
94 
92 
94 
92 
96 
94 
94 
96 
94 
98 
96 

Isolated yield. 
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MONTMORILLONITE CLAYS CATALYSIS. IX 185 

Table 2. Deprotection of cholesteryl-OTHP in various solvents catalysed by 

Entry Solvent TemperatureqC) Time(h) Conversation rate Net yield( %) 

montmorillonite K-1O" 

1 MeCN 50 8 42 88 
2 MeNO, 50 8 80 82 
3 EGO reflux 8 84 94 
4 CH,Cl, reflux 8 48 90 
5 DMF 50 8 6 80-85 
6 DMSO 50 8 5 90-95 
7 n-Hexane 50 8 24 95 
8 EtOAc 50 8 46 98 
9 Acetone 50 8 12 82 
10 MeOH 50 1.2 100 96 
11 MeOH 25 24 74 95 

Reaction was carried out using 20 mg K-10,S ml solvent and 50 mg cholesteryl-OTHP. 

monunorillonite K-10. The catalyst was easily regenerated by washing with 

ethanol followed by drying at 120 "C for 1 h. The catalyst could be reused four 

times for the deprotection of cholesteryl THPE (le) without any loss in catalytic 

activity. 

In conclusion, the present procedure provides a general methodology for the 

deprotection of THPEs from a variety of primary, secondary and benzylic 

alcohols and phenols. The operational simplicity, use of inexpensive, non- 

corrosive and reusable catalyst, high yields and short reaction time can make this 

procedure a useful and attractive alternative to the currently available methods. 

Experimental 

Montmorillonite K-10 and KSF were purchased from Aldrich and all solvent 

were analytical grade and employed directly for this reaction. THPEs were 

synthesised from the corresponding hydroxyl compounds (2) according to our 
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186 LI, ZHANG, AND JIN 

recent report.29 The products were characterised by IR and ‘I3 NMR spectra and 

by comparison of their TLC and mps or bps with authentic samples. 

General procedure for deprotection of THPEs: 

A mixture of THPE (2 mmol), methanol (5 ml) and montmorillonite K-10 or 

KSF (100 mg) was stirred at 40-50 “C for the length of time indicated in Table 1. 

The progress of the reaction was monitored by TLC. After completion of the 

reaction, the catalyst was removed by filtration and washed with CH,Cl, (5 ml). 

Evaporation of the solvent gave the corresponding essentially pure parent 

hydroxyl compound (2). Further purification was performed by flash column 

chromatography on silica gel with light petroleum-diethyl ether as eluent 

wherever necessary. 

*- 
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