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Pro tec tion and deprotection of al co hols and phe nols as tetrahydropyranyl ethers (THP ethers) us ing an hy -
drous FeSO4  un der mi cro wave ir ra di a tion with out sol vent is car ried out. 

IN TRO DUC TION

Hydroxyl groups are pres ent in a num ber of com pounds 
of bi o log i cal and syn thetic in ter est in clud ing nu cleo sides,
car bo hy drates, ste roids and the side chain of some amino ac -
ids. Dur ing ox i da tion, acylation, halogenation and de hy dra -
tion re ac tions of these com pounds a hydroxyl group must be
pro tected.1 THP ethers are one of the most widely used pro -
tect ing groups em ployed in chem i cal syn the sis be cause of its
low cost, the ease of in stal la tion, gen eral sta bil ity to most
non- acidic re agents and ease with which it can be re moved.1

Protic and Lewis ac ids,1 other re agents such as iodotri meth -
yl silane,2 triphenylphosphinehydrobromide,3  mont mo ril lo -
nite clay,4 envirocat EPZG, 5 lith ium per chlor ate-diethyl
ether,6  ion ex change resin,7 zir co nium sulfophenyl phos -
phonate8 and alu mina im preg nated on zinc chlo ride9  have
been used to ef fect the tetrahydropyranylation of al co hols. In
spite of sev eral ef forts, the meth ods avail able for se lec tive
pro tec tion and deprotection of THP ether with out touch ing
ep oxy func tion al ity pres ent else where in the mol e cule are
lim ited.10

We re port here use of FeSO4 as an in ex pen sive cat a lyst
for pro tec tion and deprotection of al co hols and phe nols as
THP ethers un der mi cro wave ir ra di a tion with out sol vent
(Scheme I).

RE SULTS AND DIS CUS SION

We first ex am ined tetrahydropyranylation of a se ries of

pri mary, sec ond ary, benzylic, al lyl ic al co hols and phe nols. A 
mix ture of al co hol or phe nol, 3,4-dihydro-2H-pyran and a
cat a lytic amount of an hy drous FeSO4 was ir ra di ated with mi -
cro waves. The re ac tion was com pleted in a few min utes to
give the cor re spond ing THP ethers in good yields. The re sults 
are pre sented in the Ta ble 1. At tempts to carry out tetra -
hydropyranylation of hydroxyl groups us ing an hy drous
FeSO4  in di chloro methane un der mild con di tions (25 C)
failed. Tetrahydropyranylation of pri mary as well as sec ond -
ary al co holic groups of 1,2-octanediol took place si mul ta -
neously un der these re ac tion con di tions. This in di cates that
the pres ent method is not se lec tive for tetra hydro pyranyla -
tion of pri mary al co hols in the pres ence of sec ond ary al co -
hols.

We next ex am ined deprotection of THP ethers us ing
FeSO4 and mi cro waves with a few drops of wa ter. Var i ous
THP ethers of pri mary, sec ond ary, benzylic and al lyl ic al co -
hols and phe nols un der went smooth clevage un der these re -
ac tion con di tions. The re sults are summerized in the Ta ble 1.
It is im por tant to note that other func tional groups such as
C C, C C, methoxy, methylenedioxy and epoxide re main
un al tered dur ing pro tec tion and deprotection of THP ethers
un der these re ac tion con di tions which de picts the ap pli ca bil -
ity of this pro to col.

In con clu sion the pres ent re sults dem on strate the nov -
elty of FeSO4  which shows some se lec tiv ity and con sti tutes a
use ful al ter na tive to the com monly ac cepted pro ce dures of
pro tec tion and deprotection of THP ethers.

EX PER I MEN TAL

Gen eral Pro ce dure for Tetrahydropyranylation
A mix ture of al co hol or phe nol (5 mmol), 3,4- dihydro-

 2H-pyran (5 mmol) and an hy drous FeSO4 (1 mmol) was thor -
oughly mixed in a 25 mL glass beaker and ir ra di ated by mi -
cro waves (Kelvinator, In dia make, model T-37 at 2450 MHz
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with 100% power) for a spec i fied time (Ta ble 1). Af ter com -
ple tion of the re ac tion (TLC), the prod uct was ex tracted with
ethyl ac e tate ( 2  10 mL). Re moval of the sol vent un der re -
duced pres sure gave crude prod uct which was pu ri fied by
col umn chro ma tog ra phy (pet. ether: ethyl ac e tate = 9:1).

Spec tro scopic data of some se lected com pounds: 2f:
I.R. (cm-1): 680, 730, 790, 810, 950, 1022, 1120, 1202, 1353,
1440, 1484, 1560, 1679, 2871, 2944, 3020; 1H NMR: 1.25-
 1.85 (m, 6H); 3.92 (t, 2H); 4.37 (d, 2H); 4.71 (t, 1 H); 6.26 (m, 
1H); 6.65 (d, 1H); 7.24 (m, 5H).

2g: I.R. (cm -1): 845, 950, 1025, 1097, 1260, 1365,
1450, 2856, 2933; 1H NMR: 0.7-0.85 (m, 9H); 1.2-1.6 (m,
14H); 2.0-2.1 (m, 1H); 3.4 (t, 2H); 3.8-3.9 (m, 1H); 4.75 (br,
1H).

2h: I.R. (cm -1): 740, 820, 880, 940, 970, 1034, 1058,
1080, 1120, 1210, 1320, 1352, 1450, 1498, 2870, 2948; 1H
NMR: 1.25-1.74 (m, 6H); 3.56 (m, 1H); 3.92 (dd, 1H); 4.51
(d, 1H); 4.65 (t, 1H); 4.72 (d, 1H); 7.31 (m, 5H).

Gen eral Pro ce dure for Deprotection of Tetrahydro -
pyranyl Ethers

A mix ture of THP ether (5 mmol) and FeSO4  (1 mmol )
with two drops of wa ter was ir ra di ated by mi cro waves for the
time pe riod in di cated in the Ta ble 1. Af ter com ple tion of the
re ac tion (TLC) the prod uct was ex tracted with ethyl ac e tate
(2  10 mL) and dried over an hy drous Na2SO4 . Re moval of
the sol vent un der re duced pres sure gave a prod uct which was
pu ri fied by col umn chro ma tog ra phy (pet. ether: ethyl ac e tate
= 9:1).

1m: I.R. (cm-1): 702, 740, 1011, 1025, 1203, 1450,
1510, 1605, 2975, 3041, 3410; 1H NMR (CDCl3, 300 MHz):
4.3 (d, 2H, CH2); 4.7 (s, 1H, OH); 4.9 (m, 1H); 5.5 (d, 1H);
7.2 (s, 5H, Ar-H) .
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Table 1. Protection and Deprotection of THP Ethers Using FeSO4

and Microwave

Sr. Alcohols/Phenols Product Protection Deprotection
No. Time Yielda,b Time Yielda,b

(min) (%) (min) (%)

1a 2a 1.0 84 1.5 80
1b 2b 1.0 88 1.0 83

1c 2c 3.0 79 1.2 97

1d 2d 4.0 85 1.4 84

1e 2e 3.5 97 1.0 97

1f 2f 3.5 78 1.0 89

1g 2g 3.0 84 2.0 82

1h 2h 3.5 81 1.0 87

1i 2i 1.0 84 1.2 81

1j 2j 0.5 84 1.3 97

1k 2k 0.5 81 1.5 83

1l 2l 0.5 84 1.3 87

1m 2m 3.0 82 1.0 87

a Yields of pure products; bProducts are characterized by spectral
analysis.


