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Abstract—An efficient Heck coupling of 2-hydroxy-3-iodo-naphthoquinone with a series of electron-deficient alkenes in aqueous
solution has been accomplished. The method is characterized by simple conditions and facile work-up to isolate the products in
good to excellent yields. The products contain the motif present in several naphthoquinone pigments but with enhanced polarity.

© 2007 Published by Elsevier Ltd.

The 1,4-naphthoquinone nucleus is a common substruc-
ture in natural products.! The 2-hydroxy-3-alkyl substi-
tuted naphthoquinones are molecules of interest as
pigments> and for their wide range of biological
activities (this group is well known for its properties as
anticancer, antibacterial, antifungal, antimalarial,
antitrypanosomal, antileishmanial, insecticidal, and
immunostimulant agents).>*

Recently, pigment lindbladione (1) was isolated from a
Myxomycete.®> Lindbladione is a 3-alkenyl substituted
quinone, a motif of interest in our group. Similarly,
the insect pathogenic fungi Cordyceps unilateralis pro-
duces a substituted dienone quinone (2) which contains
a similar structure (Fig. 1).°

We are interested in expanding the variety of groups
found on the naphthoquinone nucleus with the hope
to increase the water-solubility of these compounds.
Our main focus was the modification of the quinone ring
of the naphthoquinone since less work has been directed
to this strategy. The classic method of synthesis of these
derivatives is through the Hooker condensation’ be-
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Figure 1. 3-Alkenyl-2-hydroxynaphthoquinones.

tween 2-hydroxynaphthoquinone (lawsone) and an alde-
hyde (Fig. 2), but this method is known for its poor
yields and the difficult isolation of the product.®

With the recent advent of metal catalyzed reactions, a
more efficient method was presented. Using a haloge-
nated naphthoquinone as the substrate in a palladium-
catalyzed Heck reaction,” a series of derivatives can be
formed in one step. Although several palladium-cata-
lyzed reactions with quinones or naphthoquinones are
known,'? to our knowledge this is the first example of
a Heck coupling on unprotected hydroxyhaloquinones
(some aromatic Heck products have been oxidized to
quinones).!!

0 0
SO g
.
Joe I
0 0

Figure 2. Hooker condensation.
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iodolawsone, 13

Figure 3. General reaction scheme for the Heck coupling.

To optimize the reaction, we first had to investigate the
conditions, the reagents and the substrates suitable for
the Heck reaction. We found that 2-hydroxy-3-iodo-
naphthoquinone (iodolawsone, 13)!? is the best sub-
strate for the model reaction with acrylic acid (Fig. 3).
Even though no reaction took place at room tempera-
ture, at 100 °C (reflux) the reaction was usually complete
within 4 h. We chose water as the perfect solvent as it
provided a safe and ‘green’ medium for the reaction
and, moreover, allowed the use of ‘ligandless’ conditions
(i.e., without expensive phosphine ligands that might
need to be eliminated at the end of the reaction).'3

The reaction was insensitive to the type of base, as long
as there were at least 2 equiv (one to deprotonate the
acidic OH in iodolawsone, the other for the catalytic
cycle). We were gratified to see that our choice of water
was justified by the complete solubility of the deproto-
nated iodolawsone during the reaction and the easy sep-
aration of the solid product during work-up by simple
acidification and filtration. However, this process lim-
ited our study to small, polar alkenes that would be easy
to remove after work-up. Our optimized results are
shown in Table 1.

In the reactions using carboxylic acids (Table 1, entries
1-4), an excess of base was required to neutralize the
acid. The sulfonic acid is commercially available as a
1 M solution of the sodium salt so we used this reactant
directly as the solution. The yield in this case was lower,
probably due to the high solubility of the product im-
parted by the sulfonic acid group. We had excellent suc-
cess with unsaturated amides (Table 1, entries 5-6) but
we were surprised to observe the sublimation of the

Table 1. Heck coupling between iodolawsone and unsaturated acids and amides

Entry Substrate Base Time (h) Yield (%) Product
0O
OH
/\H/OH
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(2 equiv) (e} (0]
3
(o}
Me OH
OH ) Me
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(2.5 equiv) 0 o
4
o
oy O
3 o) K2C03 (5 equiv) 71 = OH
(2.5 equiv) O Me O
5
()
OH
/\
4 SOgNa K,>CO; (3 equiv) 62 O‘ _—
(11 equiv) SOzH
)
6
0}
OH
/\[(NHZ
5 Io) K,COj; (3 equiv) 95 = NH,
(2 equiv) ) o
(o)

K,COs; (3 equiv)

H
N Me
6 /\[( \ﬁMe
O Me

(2 equiv)

OH
41 O =
o) o)
8

N_M
e
j<
MeMe

All reactions were conducted in reflux under a nitrogen atmosphere with 5 mol % Pd(OAc), as catalyst. All compounds were fully characterized by

'H and '3C NMR spectroscopy.

#Used as a 1 M solution in water directly without the addition of more solvent.
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Table 2. Heck coupling between iodolawsone and unsaturated esters
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Entry Substrate Base/co-solvent Time (h) Yield (%) Product
o)
Me OH
OMe Me
1 Hiinig (2.5 equiv) 50% MeOH 3 80 ¥z OMe
0]
(3 equiv) 0 o
9
0
Me\A(OEt OH
2 o) Hiinig (2.5 equiv) 50% EtOH 4 32 _ OEt
(3 equiv) O Me O
10
o)
Me OH
O~ Me
3 X OH Hiinig (2.5 equiv) 50% ethylene glycol 7 68 = o _~ OH
(3 equiv) 0 o)
11
(0]
OH
/\[(OEt
4 o) Hiinig (2.5 equiv) 50% EtOH 2.5 86 % OEt
(3 equiv) o) o)
12

All reactions were conducted in reflux under a nitrogen atmosphere with 5 mol % Pd(OAc), as catalyst. All compounds were fully characterized by

'H and '*C NMR spectroscopy.

tert-butylamide during the reaction, which may have
contributed to the low yield. In all cases, as expected
in the Heck reaction, the products only contain a trans
(or E) double bond, clearly identifiable in the spectro-
scopic data.

However successful these conditions were for acids and
amides, we could not use the same procedure to couple
acrylic esters or acrylonitriles to iodolawsone without
the presence of polymeric impurities and significant
hydrolysis of the ester to the carboxylic acid. Further
investigation revealed that a co-solvent'# was necessary
to dissolve the ester without forming polymer. The
greatest difference was seen in the selection of base!>-
with K,CO; complete hydrolysis to the carboxylic acid
was seen but with an amine base (N-ethyl-N, N-diisoprop-
ylamine, Hiinig’s base) we isolated only the ester.!® The
results are presented in Table 2.

In the case of the esters, the yield depends on the steric
hindrance at the B-position; ethyl crotonate (Table 2,
entry 2) gave much lower yields than the other sub-
strates. Hydroxyethyl methacrylate (entry 3) also gave
product in reduced yields, probably due to losses during
work-up because of the greater water solubility.

In summary, we have presented an efficient and practical
method to couple the 2-hydroxy-1,4-naphthoquinone
nucleus to a variety of polar groups. The catalytic reac-
tion does not require long reflux times, special ligands
nor protecting groups, and the product is isolated by
simple filtration, yielding pure compounds without the

need for chromatographic separation. We are contin-
uing our work in the field of naphthoquinones, using
other Pd-catalyzed reactions to form a variety of
substrates.
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