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ABSTRACT

A copper-free palladium-mediated cleavage of O/N-propargyl bonds in aqueous media has been investigated, affording a mild and convenient
method for the deprotection of phenols and anilines. The methodology could be utilized for the selective removal of propargyl groups from
aryl ethers and amines without affecting a variety of unprotected functional groups present in the substrates. The mechanism and scope of
the reaction is discussed.

Protecting groups often play a crucial role in many complex
synthetic strategies. Therefore, proper selection and cleavage
of efficient protecting groups is invariably a prerequisite in
such processes especially in the synthesis of natural products
and polyfunctional molecules.2a The protection of aromatic
amino or hydroxyl groups as appropriate amine derivatives
or ethers and their subsequent cleavage constitute a useful
chemical transformation in organic synthesis. The propargyl
group is attractive due to the presence of two orthogonal
π-bonds, which perhaps help in its facile cleavage in the
presence of transition metal complexes.2b,c Besides, depro-
pargylation has considerable biological significance as is
exemplified by its role in aldehyde dehydrogenase (AlDH)
inhibitory activity in vivo.2d

A number of reports are available in the literature for the
cleavage of the carbon-oxygen3/carbon-nitrogen4 bond in
a variety of compounds such as allyl, vinyl, and benzyl
ethers/amines. Although the cleavage of C-O bonds in allyl

ethers/esters has been thoroughly investigated, only a few
examples are known dealing with the cleavage of the C-X
(X ) O, N) bond in propargyl ethers/esters or amines. These
include the use of low-valent titanium,5 hydrogenolysis of
propargyl esters with formic acid or formates,6 nickel-
catalyzed electroreductive cleavage of propargyl compounds,7

palladium-catalyzed reductive cleavage of propargyl esters
mediated by Bu3SnH or by SmI2,8a-c and cleavage of
propargyl ethers or propargyloxy carbonyl protected amines
with tetrathiomolybdate.8d,e All these methods involve mild
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reaction conditions but most of them require either the use
of multiple reagents or prior preparation of the actual
reagent.5,8 Moreover, a few of them were found to be
incompatible with several functional groups especially
halogens7 where dehalogenation was observed frequently.
Thus there is a continuing demand for the development of
alternative methods which depropargylate amines/ethers more
efficiently under mild conditions.

In connection with our studies on the development of
various diaryl heterocycles for biological testing in different
therapeutic areas, we have reported the synthesis of 3,4-diaryl
furanones,9 3,4-diarylmaleic anhydrides,10 and pyrrolo[1,2-
b]pyridazines.11 In further pursuance of our research under
the new drug discovery program a wide variety of ap-
propriately functionalized phenols and anilines were needed
for the synthesis of compounds of potential biological
interest. Therefore a general and straightforward method was
required for the cleavage of the C-X (X ) O, N) bond in
propargyl ethers/amines toward the synthesis of such com-
pounds. We have a long-term interest on palladium-catalyzed
reactions12 and now wish to present here our exploratory
work on the development of novel palladium-mediated
depropargylation of aromatic ethers and amines under mild
conditions.

The palladium-catalyzed coupling (Sonogashira coupling)
reaction of aryl halides with terminal alkynes provides a
powerful tool for the C-C bond formation reaction.12,13This
reaction is usually carried out in the presence of catalytic
amounts of a palladium(II) complex as well as copper(I)
iodide in an amine as solvent under inert atmosphere and
the methodology has been extended well for the coupling
of propargyl ether with aryl halides (Method A, Scheme 1).13c

On the other hand, this palladium-copper-catalyzed reaction
led to the dimerization of the terminal alkynes in the presence

of oxygen or other reagents.14 Since CuI in the presence of
excess amine base seemed to have a significant role in such
oxidative homocoupling of terminal acetylenes, copper-free
palladium-catalyzed reactions have been developed12a,15for
the coupling of aryl halides with terminal alkyne. However,
we have observed that cleavage of the C-X (where X) O,
N) bond16 occurs when the reaction was performed employ-
ing propargyl ether or amine as the terminal acetylene in
the absence of aryl halide in dimethylformamide (DMF) in
the presence of water (Method B, Scheme 1). Thus when
propargyl ethers/amines17 (I ) were treated with (PPh3)2PdCl2
in aqueous DMF in the presence of triethylamine at 80°C
for 2 to 3 h corresponding phenols/amines (II) were isolated
in good yields. The results of this study are summarized in
Table 1.

By use of this palladium-catalyzed depropargylation reac-
tion a wide variety of aryl propargyl ethers and amines were
cleaved to the corresponding phenols and amines (Table 1).
Various substituents on the phenyl ring of the starting ether
or amine (I) are well tolerated during the course of the
reaction. Ethers afforded good yields of products irrespective
of the presence of an electron-withdrawing group such as
aldehyde, ketone, nitro (entry 1-4, Table 1), or electron
donating group, e.g. chloro and methoxy (entries 7 and 9,
Table 1), on the phenyl ring. However, yields were satisfac-
tory in the case of amines (entries 14-16, Table 1). Halogens
were found to be well tolerated in this palladium-mediated
reaction, as no dehalogenated products were detected in
theses cases (entries 5, 8, 9, 11, and 16, Table 1). Also,
reducible functional groups present in the substrate remained
unaffected (entries 1-6, 8, and 14-15, Table 1).

The palladium-catalyzed C-X bond cleavage was found
to be regioselective as alkoxy groups such as methoxy
remained unaffected during the course of the reaction (entries
5-7, Table 1). However, propargylic ester along with the
ether was cleaved under the conditions employed in the
reaction (entry 13, Table 1).

The depropargylation reaction of ether/amine was usually
carried out in DMF-H2O (2:1) with use of triethylamine as
a base. The advantage in the use of DMF as solvent is its
ability to solubilize a wide variety of substrates and palladium
catalyst as well as its miscibility with water, which therefore
facilitates the cleavage of the C-X bond. Nevertheless, the
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use of other solvents such as acetonitrile and dioxane is under
investigation. The role of triethylamine was also investigated
and the reaction did not proceed in the absence of base (entry
2, Table 2). The reactions were usually carried out at 80°C
for 2-3 h. Lowering the temperature was found to be
ineffective in terms of the yield of products. The presence
of water seemed to have a crucial role in the depropargylation
reaction [the minimum amount of water required for the

successful depropargylation reaction was found to be DMF:
H2O ) 43:1(entry 1, Table 2)] and therefore further study
on the influence of water on the rate of the reaction as well
as product yields is in progress.

The depropargylation reaction proceeds well in the pres-
ence of (PPh3)2PdCl2 and no reaction was observed in the
absence of this catalyst (entry 3, Table 2). Use of other
catalysts such as (PPh3)4Pd was also investigated and was

Table 1. Deprotection of Aryl Propargyl Ethers/Amines in the Presence of Palladium Catalysta

a Reactions were carried out by usingI (1.0 equiv), PdCl2(PPh3)2 (0.04 equiv), Et3N (8 equiv) in DMF-H2O (2:1) for 2 h (entries 1-3) or 3 h (entries
4-16). b Identified by1H NMR, IR, mass.c Isolated yields.
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found to be equally effective (entry 4, Table 2), implying
the participation of Pd(0) in the C-X bond cleavage.18 Use
of a mild inorganic base such as NaHCO3 along with
(PPh3)4Pd was also found to be satisfactory when applied
for a longer period of time (entry 5, Table 2). Since the
procedure does not involve the use of copper salts, no
oxidative homocoupled product of terminal alkynes was
detected in these cases. This is in sharp contrast to the result
disclosed for the depropargylation of thioether earlier where
CuI was found to be essential along with the palladium
catalyst and no depropargylation took place in the absence
of either of the catalysts.2b,16

While the precise mechanism of the palladium-catalyzed
depropargylation reaction is not clear at this stage, presum-
ably the C-X bond cleavage proceeds via generation of an
allenylpalladium intermediateA (Scheme 2).19 Thus the aryl

propargylamine or ether reacts with palladium(0), generated
from palladium(II) complex,20 leading to the formation of
intermediateA with the cleavage of the C-X bond. This
allenylpalladium intermediate then undergoes nucleophilic
attack on the central sp carbon by a water molecule thereby

releasing the desired aniline or phenol with the regeneration
of Pd(0) species which then completes the catalytic cycle.
Further investigation on this SN2′-type reaction of the Pd
complex with the propargyl derivatives is in progress.

We have shown that a variety of aryl propargyl ethers and
amines (I) can be deprotected in the presence of palladium
catalyst under a copper-free condition without affecting
the other functional groups. To demonstrate the generality
and scope of this approach an azole derivative, i.e., 1-{4-
[2-(5-methyl-2-phenyl-1,3-oxazol-4-yl)ethoxy]phenyl}-1-
ethanone required for the synthesis of doxadiazolidine-
dione of biological interest21a,b was prepared withIIb and
commercially available 2-(5-methyl-2-phenyl-1,3-oxazol-4-
yl)ethan-1-ol according by the procedure21b described in the
literature. Also, ketonesIII (RCOC6H4OH-p; R ) Et, n-Pr),
prepared viaO-propargylation17 of phenol followed by
Friedel-Crafts acylation and finally deprotection accord-
ing to the method B (Scheme 1), have been utilized for
the synthesis of potent and selective H3 recepter antag-
onists.21c

In conclusion, we have described a palladium-mediated
facile and mild procedure for the deprotection of aryl
propargylamines and ethers in aqueous media. To the best
of our knowledge this is the first example of the cleavage
of propargylamines/ethers under palladium catalysis. The
procedure does not involve the use of copper salt as co-
catalyst and therefore precludes the dimerization of the
acetylene moiety of the propargyl group. The present
deprotection methodology certainly has advantages over the
existing methods in terms of operational simplicity and
functional group tolerability and therefore holds promise in
protecting group chemistry. Further research is ongoing to
investigate the mechanism of the reaction and applications
of this methodology to other systems.
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Table 2. Effect of Reaction Conditions on Depropargylation
reactiona

entry catalyst base (reaction time) yield (%)b

1 (PPh3)2PdCl2 Et3N (4 h) 75c

2 (PPh3)2PdCl2 no Et3N (12 h) n.d.
3 No (PPh3)2PdCl2 Et3N (48 h) n.d.
4 (PPh3)4Pd Et3N (2 h) 80
5 (PPh3)4Pd NaHCO3 (12 h) 49
6 No (PPh3)4Pd NaHCO3 (24 h) n.d.

a Reactions were carried out by usingIb (1.0 equiv), Pd catalyst (0.04
equiv), base (8 equiv) in DMF-H2O (2:1). b Isolated yields.c DMF-H2O
(43:1). n.d.) not detected.

Scheme 2. Proposed Mechanism for the Palladium-Catalyzed
Depropargylation Reaction
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