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A mild activation of N-(phenylselenomethyl)phthalimide by iodonium ion in the presence of alcohols to
give the corresponding O-phthalimidomethyl derivatives (Pim-ethers) is provided. Simple cleavage of the
phthalimido group with ethylenediamine is also reported thus making this approach a new and efficient
method of protecting alcohols.
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Nowadays organoselenium reagents are widely employed in
many synthetic transformations due to their wide availability, to
the numerous chemical manipulations which can be effected by
the selenium moiety before or during its removal, and to the mild
reaction conditions required in various steps.1 Despite many types
of organoselenium compounds available, mixed N,Se acetals have
been scarcely employed as intermediates.2

For example, mixed N,Se acetals 1 were used as good a-amid-
oalkyl radical precursors for the stereoselective preparation of deu-
terated and allylated products 2 (Scheme 1).3 More recently, there
has been a report of the treatment of functionalized N,Se acetal 3
with triflic acid to generate N-acyliminium ion which after tandem
intramolecular isomerization/cyclization produced new fused
N,Se-heterocyclic system 4 (Scheme 1).4

Herein, we report the heterolytic cleavage of the C–Se bond on
the mixed N,Se acetal 5 by the action of iodonium ion. In the pres-
ence of an alcohol 6 in the reaction medium, the corresponding N,O
acetal 7 can be obtained thus performing the protection of the hy-
droxyl group as phthalimidomethyl (Pim) ether derivative (Scheme
2). As in the case of the activation of MOM- and MEM-phenyl
selenides5 the reaction probably proceeds by the attack of iodoni-
um ion, generated from N-iodosuccinimide, to the selenium atom
to give the a-imidocarbenium ion together with the phenylselenyl
ll rights reserved.
iodide and the succinimide intermediates. Then the imidocarbeni-
um ion reacts with the oxygen atom of the alcohol to give the cor-
responding N,O acetal while phenylselenyl iodide is converted into
diphenyl diselenide and iodine

To our knowledge there are only two procedures to perform the
phthalimidomethylation of alcohols which use N-bromomethylph-
thalimide6 or O-phthalimidomethyl trichloroacetimidate.7 The
known4 and stable N,Se acetal 5 can be easily prepared in excellent
yield from N-chloromethylphthalimide.8 Initially, a variety of
selenophilic activators such as copper(II) chloride, silver triflate,
N-bromosuccinimide, and N-iodosuccinimide in different solvents
R= Alkyl
Z= D or CH2=C(CO2Me)CH2-

Scheme 1. Use of N,Se acetals 1 and 2.
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Scheme 2. Reaction of alcohols 6 with phthalimidomethyl phenyl selenide 5.

Table 2
Phthaloyl group cleavage of some representative Pim-ethers 7 with 5 equiv of
ethylenediamine in methanol at RT

Entry Pim-ether 7 Time (h) Alcohola 6 Yieldb (%)

1 7a 10 6a 82
2 7b 8 6b 77
3 7d 8 6d 84
4 7h 9 6h 90c

5 7i 8 6i 88c

a All products were characterized by 1H and 13C NMR.
b Yields of isolated products; P97% pure material by 1H NMR.
c Yield estimated on the crude mixture by 1H NMR relative to internal standard.
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have been used to evaluate their ability to promote the phthalymi-
domethylation of alcohol 6a under a standard set of reaction con-
ditions (0.1 M, RT, 1.2 equiv of 5 and 1.2 equiv of activator). We
found that N-iodosuccinimide (NIS) was the most effective pro-
moter in dichloromethane solution and in the presence of TMSOTf
as catalyst. Consistent results were obtained with 1.4 equiv of NIS,
1.4 equiv of 5, and 0.07 equiv of TMSOTf in dichloromethane at
�15 �C with reaction times ranging from 1 to 2 h.9 The reaction
of 5 with primary, secondary, and tertiary alcohols, such as 6a–i,
in the presence of TMSOTf as catalyst, gave the corresponding
phthalimidomethyl derivatives 7a–i (Table 1). The NMR spectral
analysis of the products agreed with the assigned structures.

The results reported in Table 1 clearly demonstrated that the
protection reactions proceeded smoothly to afford the correspond-
ing Pim-ethers 7a–i in good to excellent yields (68–92%). The var-
ious functionalities present in the substrates (e.g., carbon–carbon
triple bond, tosylamino, ether, ester, acetal, nitro, and carbonyl
groups) were compatible with the mild reaction conditions em-
ployed. The yields of compounds 7d and 7e were comparable with
those obtained by using O-phthalimidomethyl trichloroacetimi-
date.7 The hydroxy group of a-hydroxyketone 6f as well as of the
b-hydroxy nitro compound 6c were successfully protected as
Pim-derivatives 7f and 7c in excellent yields (86% and 83%, respec-
tively). It should be noted that tertiary alcohols 6h and 6i, that
might be subjected to dehydration reaction,6 gave the correspond-
ing Pim-ethers 7h and 7i in good yields (83% and 74%, respectively)
establishing the first examples of the protection of tertiary alcohols
as Pim-ether derivatives. The use of the phthalimidomethyl moiety
Table 1
Phthalimidomethylationa of alcohols 6 with phthalimidomethyl phenyl selenide 5 promot

Entry Alcohol 6b Prod

1
OH

CF3
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2 NHTs
OH

6b N

3 O2N OH 6c O2N

4
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OMeBnO
BnO
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BnO 6d Bn

BnO

5
OH

6e

6 Ph Ph
OH

O
6f Ph

O

7 Cl CO2Et
OH

6g Cl

8 OH 6h O

9 OH 6i

a Reaction times ranging from 1 to 2 h.
b All products were characterized by 1H and 13C NMR and mass spectroscopy.
c Yields of isolated products; P97% pure material by 1H NMR.
d A similar yield was obtained with O-phthalimidomethyl trichloroacetimidate.7
for the hydroxy group protection has been scarcely employed10

although the Pim-derivatives of thiol and carboxylic acid are well
documented.11 However the phthalimidomethyl group is compat-
ible with and orthogonal to all important hydroxy protecting
groups.7 It offers selective removal with nucleophiles particularly
in the carbohydrate chemistry thus complementing the repertoire
of the available hydroxy protecting groups which are sensitive to
acids, bases, or hydrogenolysis. In this context we found that the
phthalimidomethyl group could be smoothly removed in a one-
pot reaction without the use of carcinogenic hydrazine hydrate.11

The simple treatment of compounds 7a, 7b, 7d, 7h, and 7i with
an excess of ethylenediamine (5 equiv) in methyl alcohol at room
temperature gave the starting alcohols 6a, 6b, 6d, 6h, and 6i,
respectively in excellent yields (Table 2). The reaction performed
ed by NIS and catalytic TMSOTf

uct 7 Pim = phthalimidomethyl Yieldc (%)
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in isopropyl alcohol12 or in ethanol at reflux13 did not give better
yields.

The easy and efficient removal of phthalimidomethyl group to
give the starting alcohols makes this approach a new and efficient
method of protecting alcohols.

In conclusion a general and mild procedure for the activation of
phthalimidomethyl phenyl selenide 5 with iodonium ion and sub-
sequent reaction with alcohols to give the corresponding Pim-
ether derivatives 7 has been described. Phthalimidomethyl phenyl
selenide 5 can be stored at +4 �C for a long period of time without
any detectable decomposition. Furthermore, the selenium atom
can be recovered at the end of the procedure as diphenyl diselenide
and then reused for the synthesis of compound 5. Reported limita-
tions on the use of the phthalimidomethyl protecting group have
also been overcome by introducing a new cleavage procedure.
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