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ABSTRACT

Palladium-free etherification and amination of mucohalic acid methyl carbonates 1e (3,4-dichloro-5-methoxycarbonyloxy-5H-furan-2-one) and
1f (3,4-dibromo-5-methoxycarbonyloxy-5H-furan-2-one) and mucochloric acid acetate 1h (3,4-dichloro-5-acetoxy-5H-furan-2-one) was achieved
to afford γ-functionalized r,â-unsaturated γ-butyrolactones in good to excellent yield.

Since Tsuji’s first report of the palladium-mediated allylic
alkylation many years ago,1 this type of reaction has been
extensively explored by Trost, Tsuji, and others2 and has
become an efficient and powerful method of forming
carbon-carbon,3 carbon-oxygen,4 carbon-nitrogen,5 and
carbon-sulfur bonds.6 Furthermore, this palladium-catalyzed

Tsuji-Trost reaction has made catalytic asymmetric trans-
formations possible. Recently, Trost finished an enantiose-
lective total synthesis of (+)-aflatoxin B1 and B2a employing
a chiral ligand in the etherification of butenolide1b to obtain
key intermediate2.7 A palladium-mediated enantioselective
formation of an optically active sulfide by using a Helm-
chen-Pfaltz-Williams ligand was also reported.8

Perhaps the most important application of this methodol-
ogy in medicinal chemistry is in carbon-nitrogen bond
formation, i.e., allylic amination. Among the naturally
occurring building blocks, nucleosides have played an
increasingly important role in the expedition of novel and
effective anti-HIV and antitumor agents. This is evident by
the recent approval of Abacavir for the treatment of AIDS.
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Synthetic and medicinal chemists have chosen natural
antibiotic nucleosides such as Noraristeromycin (3) and their
analogues as challenging targets.9 Palladium-assisted routes
to these compounds are well-documented and have recently
been reviewed.10 Considering the similarities between buteno-
lide 1b and mucohalic acid derivatives1c and 1d, we
imagined that a chemoselective reaction could be exploited
for the preparation of novel nucleoside analogues. Therefore,
we decided to study the application of1cand1d as building
blocks.11 Herein we report our initial results for the highly
regioselective nucleophilic displacement of a masked mu-
cohalic acid.

There are very few reported examples of selective
manipulation of both allylic and vinylic functional groups
within the same molecule. Many of these reports indicate
that palladium catalysis is necessary for differentiation of
allylic and vinylic units.12 It is known that, due to the vinyl
halides, masked mucohalic acids are very reactive toward
different nucleophilic reagents and undergo a Michael-
addition-elimination process (pathb in Scheme 1).13 Thus,

any attempt at directγ-substitution would seem without
merit. A plausible way to overcome this hurdle would be to

activate theγ-position via the formation of aπ-allyl-Pd
complex (from the corresponding carbonate or acetate).
Therefore, Trost’s etherification conditions (3% Pd2dba3 and
15% Cs2CO3)7 were applied to mucochloric acid methyl
carbonate (1e), which is easily prepared from1c in good
yield.14 Etherification of1ewith m-cresol gives the desired
product in excellent yield (Table 1, entry 1). A screening of

reaction conditions shows that a catalytic amount of base
(15-20%) is essential for the reaction (Table 1, entry 2) and
that Cs2CO3 or CsF gives the best results (Table 1, entries
1, 3, and 9). Upon noting the surprisingly short reaction
times, the reaction was attempted in the absence of a
palladium catalyst. Remarkably, these transformations pro-
ceeded equally as well (Table 1, entries 6, 7, and 9). To test
the generality of this finding, the optimized etherification
conditions were applied to1e employing a number of
differently substituted phenols, with good to excellent results
(Table 2).

In addition to 1e, etherifications involving1f-h are
equally successful. Interestingly, when mucochloric acid
acetate (1h) is employed as the starting material (Table 2,
entry 9), a catalytic amount of base (15-20%) is not
completely effective, but rather 1 equiv is required to drive
the reaction to completion.15 This is a significant deviation
from the methyl carbonate system. The reason for this
deviation may be that in the carbonate system, the majority
of the phenol is deprotonated by an alkoxy anion, generated
in situ by decarboxylation of the displaced carbonate anion,
while the acetate generated in situ from1h is not strong
enough to deprotonate the phenol.
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Figure 1. Maskedγ-hydroxy butenolides and related biologically
active compounds.

Scheme 1. Possible Nucleophilic Additions to1

Table 1. Etherification under Different Reaction Conditionsa

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

1 3% Pd2dba3 15% Cs2CO3 4 83
2 3% Pd2dba3 none 65 nrc

3 3% Pd2dba3 20% CsF 7 87
4 3% Pd2dba3 20% KF 48 50
5 3% Pd(PPh3)4 15% Cs2CO3 2.5 69
6 none 15% Cs2CO3 0.5 75
7 none 15% Cs2CO3 7.5 87
8 none 50% Na2CO3 48 nr
9 none 20% CsF 7 89

a Reaction conditions: 1 equiv (2.0 mmol) of1e, 1.1 equiv ofm-cresol,
catalyst, base, 20 mL of CH2Cl2, room temperature. Reaction times were
not optimized.b Isolated yields.c No reaction observed.
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This reaction can be viewed as a simple nucleophilic
substitution.16 Thus, in contrast to a great number of reports
regarding etherification of allylic carbonates, palladium is
not required for the mucohalic acid system. A palladium-
free process would be of significant benefit in the later stages
of drug development.17 While some asymmetricπ-allyl
palladium reactions compete with uncatalyzed background
reaction, more often the concentration of theπ-allyl pal-
ladium species is decreased in order to increase the enanti-
oselectivity.18 This indicates that in general, the uncatalyzed
reaction is quite slow; however, in this system, the palladium-
free reaction is as fast as the catalyzed reaction.

Unlike many palladium-free processes, where other transi-
tion metals such as copper salts and iridium complexes are
used,19,20 under our palladium-free conditions, nucleophilic
displacement of1ewith benzylamine successfully gives the

γ-substitution product7a in good yield without using other
transition metals (Table 3, entry 1). Furthermore, reactions
of 1e, 1f, and1h with select amines under similar conditions
give moderate to good yields of the amination products.
Although reaction of1e with aniline fails to give the
γ-substitution product,21, 22a simple change to a more polar
solvent (NMP) results in an excellent yield of8 (Scheme
2). Thus, by careful choice of reagents and reaction condi-

tions, masked mucohalic acids can be converted to desired
products by nucleophilic substitution in a highly regioselec-
tive manner. With this ability to control regiochemistry and
reactivity, one might view this masked mucohalic acid as a
useful tool for custom designed synthesis. Since the Br and
Cl atoms at theR- andâ-positions are unaffected under these
reaction conditions, they remain available for further trans-
formations.

In summary, we have found conditions to selectively
control reaction of compounds of the type1e-h at theâ-
and γ-positions. This is a palladium-free process and is
catalyzed by weak base under mild reaction conditions.
Further investigation, including mechanistic study and exten-
sion of the use of these building blocks, will be reported in
due course.
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Table 2. Etherification under Optimized Reaction Conditionsa

entry X R R1; R2 reaction time (h) 4 yield (%)b

1 Cl CO2Me p-OMe; H 7 b 91
2 Cl CO2Me 3-OCH2O-4 7 c 86
3 Cl CO2Me H; H 7 d 88
4 Cl CO2Me m-F; H 23 e 72
5 Cl CO2Me 3-Cl, 5-Cl 23 f 70
6 Cl CO2Me m-Br; H 24 g 62
7 Br CO2Me m-Me; H 6 h 91
8 Cl CO2tBu m-Me; H 6 a 81
9 Cl COMe m-Me; H 22 a 75c

a Reaction conditions: 1 equiv (2.0 mmol) of1, 1.1 equiv of substituted
phenol, 0.20 equiv CsF, 20 mL of CH2Cl2, room temperature. Reaction
times were not optimized.b Isolated yields.c Used 1.1 equiv CsF.

Table 3. Amination under Different Reaction Conditionsa

entry X R R1; R2 reaction time (h) 7 yield (%)b

1 Cl CO2Me Bn; H 5 a 79
2 Cl CO2Me allyl; H 2 b 74
3 Cl CO2Me nPr; nPr 17 c 61
4 Cl COMe nPr; nPr 25 c 54
5 Br CO2Me Bn; H 5 d 65
6 Cl COMe Bn; H 8 a 46

a Reaction conditions: 1 equiv (2.0 mmol) of1, 1.0-2.0 equiv of amine,
20 mL of toluene, 2-17 h, 0°C to room temperature. Reaction conditions
were not optimized.b Isolated yields.

Scheme 2. Example of 1,4-Addition/Elimination Reaction
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