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The C-alkylation of esters of 2-methoxy-6-methylbenzoic acid and of the 4-methyl isomers affords a route to homologous
compounds of the natural anacardic acid series and of the unnatural isoanacardic acids respectively; w-alkenyl and
w-alkynyl compounds suitable for synthesising other natural phenolic lipids or for structure–activity studies are also
accessible.

C15 Anacardic acids (1; m = 15, n = 0, 2, 4, 6) occur in Ana-
cardium occidentale,2 C13 and C15 members (1; m = 13, 15,
n = 0, 2) in Pistacia vera3 and C17 members (1; m = 17, n = 6)
in Spondias mombin,4 to cite but a few sources of these widely
distributed phenolic lipids which generally all possess methyl-
ene-interrupted unsaturation but at different positions in the
side-chain.

Their range of properties found over many years has been
high-lighted in recent work on their action as inhibitory
agents5 towards methicillin-resistant Staphylococcus aureus
(MRSA), prostaglandin synthase,6 glycerol-3-phosphate
dehydrogenase7 and b-lactamase,4 as molluscicides,8 for the
potential control of schistosomiasis,9 for antimicrobial10 and
antitumour11 activity and application to many technical prob-
lems.2 Both the isolation of mixed anacardic acids (1; m = 15,
n = 0, 2, 4, 6) from natural cashew nut-shell liquid extracted12

from Anacardium occidentale, chromatographically by the
use of ammoniated solvent systems,13 organic base solvents14

and the separation of the unsaturated constituents by argen-
tation chromatography15 or HPLC8 are laborious. Thus their
synthesis and that of analogues for structure–activity
studies16 has become of interest.

The preparation of methyl ester methyl ethers (2a) has
been disclosed17 from 1-methoxycyclohexa-1,4-diene,
obtained by Birch reduction of methoxybenzene, conjugation
of the product, and Diels–Alder reaction with homologous
propiolic esters with loss of ethene from the adduct. The
method derives from an earlier use by others of methyl pro-
piolate. Thence, the homologous phenolic acids were
obtained. This has prompted us to describe some of our own
work on saturated, monoalkenyl dienyl compounds and ana-
logues completed some years ago and briefly reviewed.18

Saturated anacardic acids (2b) were first synthesised in low
to moderate yields by the thermolysis of basic copper salts of
2-alkylbenzoic acids.19 From 2- or 3-fluoromethoxybenzene,20

O-Me anacardic acids (2c) were readily obtained in improved
yield, a method which was applied to the synthesis21 of gink-
golic acid (1; m = 15, n = 2).

The synthesis of 2d has been described31 from but-2-enal
and methyl acetoacetate by Michael addition and the alkyla-
tion of its carbanion appeared in our work to offer a route
[Scheme 1(a)] to both saturated and unsaturated (alkenyl
and alkynyl) anacardic acids in higher potential yields then by
our original routes. The use of homologous a,b-unsaturated
aldehydes in similar Michael addition reactions [Scheme
1(b)] has not been exploited, probably because the starting
aldehydes are relatively inaccessible and the alkyl side chain
is vulnerable to attack in the usual aromatisation step with
bromine of the Michael adduct. For this reason also the
alkylation route from 2d is valuable since it permits the use of
alkenyl and alkynyl halides. Thus in this way compounds
3a–k were synthesised.

Although the methylation of 2d presented no difficulty37

the application of the alkylation initially to higher members
proved initially to have no useful outcome and a wide variety
of reaction conditions were examined. Of various aprotic
co-solvents, HMPA proved the most useful. A low tempera-
ture to prevent self-reaction of the carbanion and avoidance
of excessively concentrated reaction media were necessary. A
4–10% solution of the ester in THF itself containing 15%
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Scheme 1 Reagents and conditions: i, NaOEt, then HCl; ii, Br2,
heat; ii, Me2SO4, K2CO3, Me2CO; iv, LiNPri

2, µ70 °C, THF, HMPA,
RX; H3O+; v, LiSBut



HMPA represented optimum conditions for the reaction
mixture. In the alkylation of the carbanion of methyl or ethyl
2-methoxy-6-methylbenzoate with the halide (RX) the fol-
lowing yields (%) of compounds in the series (3a–k) were
obtained. With MeI (87%; 3a, R1 = Et), CH2¸CHCH2Br
(92%; 3b, R1 = Et), CH2¸CH[CH2]2Br (87%; 27% without
HMPA; 3c, R1 = Et), CH2¸CH[CH2]4Br (60%; 3d,
R1 = Et), CH2¸CH[CH2]8Br (94%; 3f, R1 = Et), CH2¸
CH[CH2]9Br (76%; 3g, R1 = Et), CH2¸CH[CH2]9OTs (45%),
EtO(Me)CHO[CH2]6Cl (78%; 3h, R1 = Me), HC¹C[CH2]6Br
(44%, 3e, R1 = Me), C3H7C¹CCH2C¹C[CH2]6I (78%),
(Z)-C3H7CH¸CH[CH2]9I (37%), (Z)-C6H13CH¸CH[CH2]6I
(30%; 3i, R1 = Et), (Z)-C8H17CH¸CH[CH2]8I (25%; 3k,
R1 = Et), and C14H29Br (34%; 3j, R1 = Et).

In the alkylation of the carbanion from ethyl dimethyl-
orsellinate (2j) with pentadecyl bromide under a variety of
conditions a yield of 5% resulted. Thus in that case it had
proved essential to employ the Michael addition procedure
for the synthesis of 2,4-dihydroxy-6-pentadecylbenzoic
acid.38

An attempt was made (Scheme 2) to use an a,b-alkynal,
undec-2-ynal, in a Michael addition with the anion of ethyl
acetoacetate to eliminate the aromatisation step for the for-
mation of 2i. Although the required product was formed the
procedure was erratic and it could not be repeated.

Hydrolysis of the alkylation products with aqueous etha-

nolic potassium hydroxide afforded low to moderate yields
with much unchanged material. Potassium tert-butoxide39

proved too mild and simultaneous ester cleavage and
demethylation was finally affected with lithium tert-butyl thio-
late40 as shown in Scheme 1(a).

The isomeric methyl 2-methoxy-4-methylbenzoate (8a),

obtained by esterification of 2-hydroxy-4-methylbenzoic acid
followed by methylation under anhydrous conditions with
dimethyl sulfate, was similarly alkylated. Thus, 11-bromo-
undec-1-ene afforded methyl 4-(dodec-11-en-1-yl)-2-meth-
oxybenzoate (8b), a compound in the unnatural iso-anacardic
acid series,2 members of which can also be semi-synthesised
by carbonation of natural 3-alkyl- and alkenyl-phenols.2

The alkylation only succeeds with 4-methyl and 2-methyl
compounds bearing an activating alkoxycarbonyl group elec-
tron-withdrawing substituent and 3-methyl isomers are
unaffected unless they have an electron-withdrawing sub-
stituent, or thio-activation, on the methyl group, both of
which are superfluous requirements for the 2- and 4-methyl
series. With alternative electron-withdrawing groups such as

nitro or cyano in these two series the range of synthetic utility
could probably be extended.

The w-hydroxyalkyl and w-alkynyl compounds accessible
by the application of the alkylation procedure described offer
potential routes to a wide range of polyunsaturated phenolic
lipids with side-chains differing in length and position of
unsaturation.

Techniques used: 1H NMR, MS, TLC, flash chromatography
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