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Phthalide derivatives represent an important class of
naturally occurring lactone! Some of these compounds
showed a biological activity? and also have been used in the
treatment of diseases® A lot of synthetic methods were
developed and reported for preparation of phthalide
derivatives as target molecules’ and starting materials for
preparation of other natural products® Among metal-
mediated allylation reactions,® indium-mediated allylation”®
has gained popularity in view of the possibility of carrying
out the reaction in water and showing different pattern of
diastereosdlectivity. The organic reaction in agueous
solution can save time and cost by evading a consuming
protection and deprotection sequence for certain functional
groups containing acidic moiety such as carboxylic acid and
alcohol.

Here we report an efficient alylation of hydroxyphthalides
la and 1b using various alyl bromides and indium in THF
in the presence of 1 equiv. of acetic acid (Scheme 1). The
alylations in agueous THF were atempted as well for
comparison. For the optimization of allylation, the ratio of
indium and cinnamyl bromide in the reactions was fixed in
1: 1.5 on the assumption of reactive species of allyl indium
as a sesquidimeric species® The alylation reaction of
hydroxyphthalide 1ain THF (entry 1, Table 1) was dow and
gave a cinnamylated phthalide in low yield even after 24 h
due to incomplete reaction. By the addition of water (entry
2), 1 equiv. of 1 N HCI (entry 3) or 0.5 equiv. of acetic acid
(entry 4) to THF reaction solution as a cosolvent or
additives, the allylation gave a cinnamylated phthalide in
guantitative yield with increased diastereoselectivity and
reduced reaction time as shown in Table 1. The reaction in
the presence of acetic acid isturned out to be faster than that
in aqueous solution. Acetic acid rather than 1 N HCI solution
was a choice of acid additive because of fast reaction rate,
easy handling and better diastereosdlectivity. 1 equiv. of

Indium,
1 equiv. of AcOH

Allyl bromide
o)
1a:R'=H, 2a:R'=H,
1b:R'=Me 2b:R'=Me

Scheme 1

Table 1. Allylation of hydroxyphthalide 1a with cinnamyl bromide
Time Ratioof Yied

Entry Additive Solvent h) isomers (%)
1 THF 24 1:11 47
2 THFHO(4:1) 24 1:34 98
3 1NHCI (1 equiv.) THF 6 1:28 99
4 AcOH (0.5 equiv.) THF 8 1:31 99
5 AcOH (1 equiv.) THF 5 1:37 99
6 ACOH (2 equiv.) THF 5 1:25 99

@The ratio of diasterecisomers was determined on the basis of *H NMR
spectrum: The stereochemistry of syn and anti diastereoisomers was not
determined. Plsolated yields.

Acetic acid was found to be optimum amount in both
reaction rate and diastereoselectivity (entry 5).

The reactions of 3-hydroxyphthalide 1a with various alyl
bromides in THF in the presence of 1 equiv. of acetic acid
were examined (Method B) and the results are shown in
Table 2. The reactions also were tried in aqueous THF (THF
: HO = 4: 1) for acomparison (Method A). Generdly, the
reaction under Method B is faster than that under Method A.
The allylations of hydroxyphthalide 1a with various alyl
bromides under two conditions gave the corresponding
products in high yields in the most cases (entries 1, 2 and 4-
6, Table 2), whereas the propargylation of hydroxyphthalide
lawith propargyl bromide in agueous THF did not gave any
product. The reaction with propargyl bromide in THF in the
presence of acetic acid gave the two products, propargyl and
alenyl phthaide in 46% and 27% yields, respectively (entry
3). The dlylation of phthalide 1a with crotyl bromide under
the reaction conditions amost did not show any diastereo-
selectivity (entry 5). In the reaction of alyl bromides with
subgtituents at y~position, only the product resulting from -
attack was produced (entries 2, 5 and 6).

The reaction did not seem to proceed through the
oxocarbenium ion C generated from a phthalide 1a under
the our present conditions but through alylation of carboxy-
benzaldehyde A in the equilibrium with 3-hydroxyphthalide
1a followed by lactonization.® Even if internal chelation
effect of indium reagent by carboxylate has been known, ™ it
is hot clear that it is operative in our phthalide system under
our reaction condition.

We next examined dlylation of 3-hydroxy-3-methylph-
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Table 2. Allylation of 3-hydroxyphthalide with various alyl bromides

Allyl Time Method A% Method B®
B pomide () PN vidd ) vied (06)°
24 N 98
1 /\/Br o)
5 S 94
“ 24 9 98
2 WBF A
s CIp 99
O
24 0
O
3 ///\Br
.
24 @:(C 46 (27"
Q
24 94
4 )\/Br
7 s 98
24 N 96 (1:1.2)
5 NAAB
7 s 95(1: 1y
24 \ 95
6 /k/\Br
7 ( 98

aMethod A: in THF (2.4 mL) and water (0.6 mL). "Method B: in THF
ngL) in the presence of 1 equiv. of acetic acid. “Isolated yields.
Isolated yield of allenylated compound. ®Diastereoisomer ratio.

thalide 1b with various alyl bromides under two conditions
(method A and B) and the results are shown in Table 3. The
dlylations of 3-hydroxy-3-methylphthalide are turned out to
belessreactive and efficient than that of 3-hydroxyphthalide
la. Yields of the reactions in THF in the presence of acetic
acid are generaly better than that obtained from the reaction
in agueous THF solution in al cases. In addition, the
diastereosdlectivity of the reaction is better in THF in the
presence of acetic acid than that of the reaction in agueous
THF (entry 4). The alylation with cinnamyl bromide gave
only one diasterecisomer under two reaction conditions
(entry 2). The reactions with propargyl bromide (entry 5)
and prenyl bromide (entry 6) did not give any identifiable
product and the starting material was recovered.

In conclusion, 3-hydroxylphthaide la was alylated
using indium and various dlyl bromides in THF in the
presence of 1 equiv. of acetic acid to give the corresponding
dlylphthalides. However, dlylations of 3-hydroxy-3-methyl-
phthalide gave the corresponding alylated phthalides in
relatively low yields. Addition of acetic acid as an additive
increased yield and diastereoselectivity and accelerated
reaction rate.
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Table 3. Allylation of 3-hydroxy-3-methylphthalide with various
alyl bromides

Allyl Product Method A*  Method BP
bromide Yield (%)°  Yield (%)°

=
1 A Qng 66 74
&)

. &
» g o SO 93

Entry

3 Joe 56 70
O
B =
4 e @i?\/m(zs:l)f 63 (4.5: 1y
]

50 ke 0 0

6 z B 0 0

*Method A: The reactions were conducted with substrate (0.3 mmol)
and indium (1.1 equiv.) in THF (2.4 mL) and water (0.6 mL) a room
temperature for 24 h. "Method B: The reactions were conducted with
substrate (0.3 mmol) and indium (1.1 equiv.) in the presence of acetic
acid (1 equiv.) in THF (3 mL) a room temperature for 24 h. °Isolated
yields. Only one diasterecisomer formation under two conditions.
*Diastereocisomer is ratio (syn and anti): The stereochemistry of two
diastereoisomers was not determined yet.

Experimental Section

Atypical procedure: Allylation of 3-hydroxyphthalide with
cinnamyl bromide. Method A: The reaction in solution of
THF (2.4 mL) and water (0.6 mL) for 24 h at room temper-
ature followed by the same work-up as Method B gave a
cinnamyl phthalide in 98% yield. Method B: To a solution
of 3-hydroxyphthalide in THF (3 mL) was added cinnamyl
bromide (76 wL, 0.50 mmal), indium (42.1 mg, 0.37 mmol)
and acetic acid (19 wL, 0.33 mmol) at room temperature
under argon. The resulting solution was irred for 5 h,
concentrated under reduced pressure and chromatographed
on slicagel (ethyl acetate : hexane = 1 : 10). The concent-
ration gave acinnamyl phthalide in 99% yield (82.7 mg).
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