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ABSTRACT

A general synthetic strategy for long-chain ω-1 hydroxy fatty acids has been developed, which employs as a key reaction step a cross
metathesis between ω-unsaturated ester and 3-butene-2-ol. The resulting lipids were used for the preparation of lipid A derivatives of Rhizobium
sin-1, which have the ability to inhibit the E. coli LPS-dependent synthesis of tumor necrosis factor by human monocytes.

Lipopolysaccharides (LPS), which are important components
of the outer leaflet of the outer membrane of Gram-negative
bacteria,1 are major virulence factors of pathogenic bacteria2,3

as well as for symbionts such as the nitrogen-fixingRhizobia
of legumes.4 LPS consist of an O-chain polysaccharide, a
core oligosaccharide, and an amphiphilic moiety referred to
as lipid A. The structure of lipid A is largely conserved
among most enteric bacteria, consisting of aâ-(1-6)-linked
glucosamine disaccharide backbone with phosphate mo-
noesters at C-1 and C-4′ andâ-hydroxyl fatty acyl groups
and acyloxyacyl residues at positions 2 and 3, and 2′ and 3′,
respectively (Figure 1). The nitrogen-fixing symbiontRhizo-

bium sin-1has a structurally unusual lipid A (Figure 1),
differing in almost every aspect from those of enteric LPS.5

Its disaccharide backbone is devoid of phosphate, and the
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Figure 1. Structures ofE. coli andR. sin-1LPS.
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glucosamine phosphate is replaced by 2-aminogluconolac-
tone. Another unique structural feature is the presence of an
unusual long-chain 27-hydroxyoctacosanoic acid (27OHC28:
0) moiety, which in turn can be esterified byâ-hydroxy-
butyrate. It has been suggested that the presence of
27OHC28:0 fatty acid in the lipid A of many Rhizobial
species is required for maintaining the stability of the
bacterial membrane during endocytotic invasion and is
crucial for the survival of the bacterium within the plant-
derived symbiosome compartment.6-8 The 27OHC28:0 fatty
acid is also present among a number of facultative intra-
cellular pathogens that cause chronic infections such as
Brucella abortus, Bartonella henselae, andLegionella pneu-
mophila.6

Recently, we demonstrated that LPS fromR. sin-1inhibits
theE. coli LPS-dependent synthesis of tumor necrosis factor
(TNF-R) by human monocytes.9,10 An LPS-mediated over-
production of host-derived inflammatory mediators such as
TNF-R may result in septicemia, which is a life-threatening
syndrome for which currently no treatment exists but
supportive therapy in an intensive care unit setting.11,12Thus,
compounds such asR. sin-1LPS may have the potential to
prevent the deleterious effects of enteric LPS. As a result of
the inherent molecular heterogeneity ofR. sin-1 LPS, it
cannot be developed as a therapeutic agent for Gram-negative
sepsis. We have, however, demonstrated10 that a synthetic
analogue of the lipid A ofR. sin-1emulates the ability of
heterogeneousR. sin-1LPS to antagonize enteric LPS, albeit
with somewhat higher IC50 values. The synthetic compound
contained an octacosanoic acid moiety rather than the natural
hydroxylated 27-hydroxyoctacosanoic acid.

To determine the contributions of the hydroxylation of the
long-chain 27-hydroxyoctacosanoic acid moiety for antago-
nistic properties, an efficient preparation of this fatty acid
was required. Furthermore, it was necessary that a synthetic
procedure was developed that allowed the 27-hydroxyocta-
cosanoic acid moiety to be introduced at a late stage of
synthesis. The new synthetic approach would also need to
allow an easy incorporation of other fatty acids for structure-
activity relationship studies.

An efficient approach for the chemical synthesis of long-
chain ω-1 hydroxy fatty acids (>C18) has not yet been
reported. These compounds have been obtained by an
enzymatic hydroxylation of inexpensive saturated fatty acid,13

a procedure that gave, however, mixtures of compounds in
which ω-2 andω-3 were also hydroxylated.

We envisaged that olefin cross metathesis between an
ω-unsaturated ester (e.g.,6, Scheme 1) and 3-butene-2-ol

(7) would give access to anyω-1 hydroxyl fatty ester after
the reduction of the double bond. In general, high selectivity
in olefin cross metathesis can be achieved when the two
olefins have significantly different reactivities. In this respect,
it has been shown that secondary allylic alcohols are of lower
reactivity than terminal olefins.14 Thus, it was expected that
a metathesis reaction of6 with 7 would give a product in
good overall yield.

Methyl 25-hexacosenoiate (6), which is a starting material
for the cross metathesis reaction, was prepared from com-
mercially available bifunctional starting materials of ap-
propriate chain lengths (Scheme 1). Thus, reaction of
9-decen-1-ol (1) with CBr4 and PPh3 gave bromide2 in a
yield of 92%, which was converted into a cuprate by reaction
with magnesium followed by transmetalation with dilithium
tetrachlorocuprate (Li2CuCl4). Condensation of the cuprate
with bromide4 gave 25-hexacosenoic acid (5),15 which was
transformed into the corresponding methyl ester6 by
treatment with freshly prepared diazomethane. A cross
metathesis reaction14 of ω-unsaturated ester6 and 3-butene-
2-ol (7) using Grubbs first generation catalyst gave8 in a
low yield of 15%. Fortunately, when Grubbs second genera-
tion catalyst was employed, compound8 was isolated in a
much improved yield of 65% as mainly thetrans-isomer (E/Z
) 20:1). A significantly lower yield of the cross metathesis
product was obtained when the hydroxyl of7 was protected
as an acetyl ester or benzyl ether. Next, the double bond of
7 was reduced by hydrogenation over Rh/alumina to give8.
Finally, benzylation of theω-1 hydroxyl of 8 by treatment
with benzaldehyde, TMS2O, TMSOTf, and Et3SiH (f 9)
followed by saponification of the methyl ester with LiOH
gave10 in a 73% overall yield (two steps).
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Scheme 1. Preparation of 27-Hydroxy-octacosanoic Acid
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Having successfully prepared 27-benzyloxy-octacosanoic
acid10, attention was focused on the preparation of lipid A
derivative 26 (Scheme 2), which contains this fatty acid
moiety. Lipid A derivatives are usually prepared by first
synthesizingâ-hydroxy acyl- and acyloxoacyl acids, which
are then condensed with amines or alcohols of an ap-
propriately protected saccharide. We envisaged that an
acylation of theâ-hydroxyl of the C-2′myristate moiety of
20with 27-hydroxyoctacosanoic acid10would offer a more
convergent approach and efficient use of expensive starting
material. Furthermore, the hydroxyl of this advanced inter-

mediate can be acylated with other fatty acids (e.g., octa-
cosanic acid leading to compound25), thus creating an
opportunity for the convenient preparation of a library of
compounds for structure-activity relationship studies.

Compound20 could easily be prepared from the selec-
tively protected disaccharide1110 and Lev ester or benzyl
ether protectedâ-hydroxy fatty acids13,16 16, and1817
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Scheme 2. Synthesis ofR. sin-1Lipid A
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(Scheme 2). Thus, removal of the phthalimido group and
acetyl esters of11 by treatment with ethylenediamine in
refluxingn-butyl alcohol followed by selectiveN-acetylation
of 12 with 13 in the presence of DCC gave14 in an overall
yield of 88%. Reduction of the azido moiety of14was easily
accomplished by reaction with 1,3-propanedithiol in a
mixture of pyridine, triethylamine, and water,18 and the amine
of the resulting compound15 was acylated with16 using
DCC as the activating reagent to give17 in an overall yield
of 55%. The C-3 and C-3′hydroxyls of17 were acetylated
with 18 using DCC and DMAP to give19 in 67% yield.
Thus, by employing the DDC-mediated acylation in the
presence or absence of DMAP, selectivity between O- and
N-acylation could be accomplished.

Selective removal of the Lev ester of19 could easily be
achieved by treatment with hydrazine acetate19 to give the
advanced intermediate20 in an excellent yield. The hydroxyl
of 20 was then acylated with octacosanic acid or 27-
benzyloxy-octacosanoic acid10 using DCC and DMAP as
the activating reagent to give21 and 22, respectively.
Hydrolysis of the thiophenyl moiety of21 and 22 was
accomplished with NIS in wet dichloromethane in the
presence of TfOH.20 The corresponding lactols (R/â mix-

tures) were then oxidized with PCC to the lactones23 and
24, respectively. Finally, the benzyl ethers and benzylidene
acetal of23and24were removed by catalytic hydrogenation
over Pd/C to afford the target compounds25 and 26,
respectively.

In conclusion, an efficient synthetic approach forω-un-
saturated ester has been developed by olefin cross metathesis
between anω-unsaturated ester and 3-butene-2-ol followed
by a reduction of the double bond of the resulting product.
Furthermore, it has been demonstrated that an acylation of
theâ-hydroxyl of the myristate moiety of a lipid A precursor
(e.g., 20) gives easy access to a range of compounds for
structure-activity relationship studies. In this study we have
employed two different fatty acids, namely, the octacosanoic
acid and 27-hydroxyoctacosanoic acid, to clarify the effect
of the ω-1 hydroxyl group to antagonistic properties of
natural Rhizobial lipid A. The results of these biological
studies will be reported elsewhere.
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