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We reported recently that the pent-4-enoyl and tetra-
chlorophthaloyl (TCP)1 groups serve as protecting devices
for amine functionalities that can be removed orthogo-
nally and chemoselectively.2 TCP belongs to the class of
cyclic imidic protecting groups including the parent
phthaloyl,3 maloyl,4 and dithiosuccinoyl5 that have served
synthetic organic chemists well,6 and hence, we have
invested additional effort in examining its potential. In
this paper, we report that the TCP group offers a wealth
of advantages in synthetic manipulations where a pri-
mary amine must be carried in protected form. Of special
importance is the survival of carboxylate esters during
TCP cleavage. Our examples are chosen mainly from the
carbohydrate domain in view of the current high interest
in glycoproteins7 and amino glycans.8
The TCP group has been found to be stable to a wide

range of reagents normally used in standard oligosac-
charide transformations (vide infra)2,9 which therefore
makes it possible to install this inexpensive protecting
device at the outset of a major synthesis with confidence
about its survival prospects.10 That TCP is able to
exercise neighboring group participation in spite of being
deactivated is demonstrated in eqs i-iii, and the proce-
dure for direct N-linkage of amino acid residues devel-
oped in our laboratory11 is effectively applied to 8, leading
to high yields of 9 as a single diastereomer (eq iv). Thus,
Phth and TCP are comparable from the standpoints of
ease of installation3a and stereodirecting properties.
Furthermore, there is no substantial reactivity difference

between these protected donors when NIS/TESOTf12 is
used as promoter, as both react to completion within
minutes.

It is with respect to the conditions for its removal that
the attractiveness of the TCP group is accentuated.
Hindsgaul and co-workers have shown that cleavage of
the parent phthalimide function can be achieved with
ethylenediamine.13 However, the reagent must be used
literally as cosolvent at temperatures of 80-100 °C up
to 20 h, conditions so harsh that amino acids may be
racemized and other base sensitive functionalities af-
fected.

We have found that the TCP group can be removed
with as little as 1.5 equiv of ethylenediamine for sensitive
substrates. However, in most cases, 2-4 equiv can be
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safely used, under which conditions cleavage is completed
within reasonable periods of time. It is worth noting that
the cleavage byproduct is insoluble in many commonly
used solvents (CH2Cl2, DMF, DMSO, acetone, EtOAc,
MeOH, etc.) and is therefore conveniently removed by
filtration.14

The TCP group may also be placed on the acceptor
molecule as illustrated with 11 (eq v) forming the
differentially protected chitobiose derivative 12. The
latter compound has been used to demonstrate an
advantage of TCP in the chemoselective cleavage leading
to product 13 in 64% yield.
The survival of esters under the conditions for TCP

cleavage was of primary interest to us. The C4-OAc
group in 14 (eq vi) is hindered, and hence, its presence
in product 15might have been fortuitous. Indeed, when
triacetate 2a was treated under comparable conditions,
product 16 (eq vii) was obtained in only 30% yield. An
increase in yield to 54% was experienced with MeCN/
THF/EtOH (2:1:1), indicating that a change in solvent
can have a salutary effect. However, exploration of this
promising possibility was rendered less urgent by the
experiment in eq viii which showed that benzoate esters
in 3 survived the cleavage conditions very well. Thus,
the yield of 82% over two steps for 17 was most encour-
aging.
Reasons for our emphasis on ester survival are appar-

ent in eq ix. With respect to the glycosyl serine 4
prepared in eq ii, treatment with ethylenediamine in a
solvent of MeCN/THF/EtOH (2:1:1) followed by acetyla-
tion provided the N-acetylated glycopeptide 18 without
racemization or transesterification. The importance of
solvent should be noted, because when the reaction was

carried out in the presence of MeOH complete trans-
esterification and significant racemization were observed.

In cases where the synthetic plan requires that an
ester be preserved, the susceptibility of the TCP group
to bases as mild as ethylenediamine is advantageous.
However, for the opposite selectivity, it is worthwhile to
note that where ready removal of an ester is desired,
chloroacetyl groups can be utilized. Thus, chloroacetyl
esters can be removed efficiently with thiourea in the
presence of a TCP group as exemplified in eq x.
In view of the importance of benzyl protecting groups

in oligosaccharide synthesis, note should be taken of eq
xi, which shows that acidic-benzylation15 can be carried
out on suitable TCP derivatives in quantitative yield.16
However, as is obvious from eq xi, there may be a
decrease in reactivity for TCP acceptors as compared to
the Phth counterpart.17
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