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The cell-wall lipopolysaccharide (LPS) of
Gram-negative bacteria contains a unique,
hydrophobic component called lipid A.
Chemical investigations1>2) have shown that

the general, fundamental structure of lipid A
from Salmonella and Escherichia coll is a /?-
(l,6)-linked disaccharide of 2-deoxy-2-(D-3-
hydroxytetradecanoylamino)-D-gluco-
pyranose esterified with fatty acyl and
phosphoryl groups. The amide-linked d-3-

hydroxytetradecanoic acid3) is a characteristic
marker of lipid A. In addition to the pecu-
liarity of structure, it has been suggested that
the lipid A component plays an important role
in a variety of biological actions (endotoxicity,
immunoadjuvancyand antitumor activity etc.)of LPS.4) In view of this fact, the synthetic

work5~7) of lipid A and related compounds
should be important in elucidating the re-
lationship between chemical structure and ac-
tivity, as well as in possible providing a new
source of biologically-active carbohydrates. In
this communication, we wish to Report some
interesting results regarding the chemical
structure and biological activity of lipid A.

2-Deoxy-2-(D- and L-3-hydroxytetradeca-
noylamino)-D-glucose [6(d) and 6(l)],*1 i.e.

diastereoisomers of the fundamental, mono-
saccharide skeleton of lipid A have been
synthesized, stepwise, from l,3,4,6-tetra-(9-
acetyl-2-deoxy-2-(DL-3-hydroxytetradecanoyl-
amino)-/?-D-glucopyranose (I)*2 as shown in
Fig. 1. We found that the one-step glycosy-

lation9) of benzyl alcohol (5mol equiv.) with
compound1 (1 mol equiv.) in the presence of
anhydrous ferric chloride (1.5mol equiv.) in
dichloromethane gave the corresponding /?-
glycoside 2 in a quantitative yeild. When the
treatment of 1 with ferric chloride was con-

ducted without benzyl alcohol, a new oxazo-
line 7 was obtained in an excellent yield [a
syrup, NMR8$£& at 90MHz: 0.88 (3H, t,
CH3), l.l~1.8(20H, m, CH2),2.08,2.ll (9H,
2s, OAc), 2.35-2.55 (2H, m, a-CH2 of the N-
acyl moiety), 4.90 (1H, dq, /45=9.0, J2A=
1.5Hz, H-4), 5.25 (1H, ~t, /2,3-^4=

2.0-2.2Hz, H-3), 5.96 (1H, d, /1>2=7.4 Hz,
H-l)]. Conversion of compound 2 into 6(d)
or 6(l) was achieved by the procedure re-

ported previously.6b)The disaccharide derivative 8 and 2-de-
oxy-2-(hexadecanoylamino)-D-glucose

(GlcNPam)5) were readily prepared by depro-
tection of benzyl 6-O-[2-(DL-3-acetoxy-
tetradecanoylamino)-3,4,6-tri-O-acetyl-2-
deoxy-jS-D-glucopyranosyl]-2-(DL-3-aceto-
xytetradecanoylamino)-3,4-di-O-acetyl-2-
deoxy-^-D-glucopyranoside6c) and benzyl

3,4,6-tri-0-acetyl-2-deoxy-2-(hexadecanoyl-
amino)-D-glucose,6a) respectively.

Endotoxic activity of the synthetic, lipid A
analogs [6(d), 6(l), 8 and GlcNPam] was

examined by limulus test. As shown in Table I,
compounds 6(d) and 8 had potent gelation
activity comparable to that of LPS in spite of
lacking both 0-esterified fatty acyl and phos-
phoryl groups. On the other hand, GlcNPam
was 10~3~10~5 times less active in this assay
than the others. Interestingly, the gelation
sensitivity appears to correlate with the sup-
pression activity of tumor growth in mice

** (d) or (l) indicates the configuration around the
asymmetric carbon (C3) of th 3-hydroxytetradecanoyl
group.

*2 Compound1 was easily prepared by treatment of
l,3,4,6-tetra-0-acetyl-2-amino-2-deoxy-/?-D-gluco-
pyranose8) with ./V-(DL-3-hydroxytetradecanoyloxy)-

succinimide6b) in anhydrous tetrahydrofuran (THF).
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Table I. Gelation Sensitivity by
Limulus Test

CompoundNo.
Concentration Gug/ml)

io- 10" 10"
10"

6(D)
6(L)

8
GlcNPam"
LPS (E. coli, 055:B5)

H2O (Endotoxin-free)

+

+

+

+

±

+

GlcNPam, 2-deoxy-2-(hexadecanoylamino)-D- glucose.

(Table II). Among synthetic glycolipids, 6(d)

and 8 showed significant activities and in the
mice treated with the latter, the growth of
reinoculated (rechallenged) tumor cells was

suppressed completely. These experimental re-
sults strongly suggest that the amide-linked 3-
hydroxytetradecanoic acid seems to be criti-
cally important for the manifestation of the
activity of lipid A. Especially, it is noteworthy
that the D-3-hydroxytetradecanoic acid deriv-
ative showed higher activities in both biologi-
cal tests than the corresponding L-derivative.
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(R=fatty acyl residue or H)

Table II. Suppression of Tumor (Meth-A
Fibrosarcoma) Growth in BALB/c

Mice with Synthetic
Glycolipids"

Compound No. Dose (fig)
No. of tumor-free

mice/No, of
mice survived*7

Exp. 1
6(D)
6(L)
GlcNPam
ControF

Exp. 2
8
Control0

100

100

100

100

6/10
1/10
4/10
0/10

8/10
2/10

a A mixture of tumor cells (2x105 in Exp. 1, and
1 x105 in Exp. 2) and glycolipids suspended in

phosphate buffer solution was inoculated intrader-
mally in ten BALB/cfemale mice, and tumor growth

at the inoculated site was measured.
b At 4 weeks after inoculation.
c Only tumor cells were inoculated.

Further, synthetic and biological, investi-

gations of lipid A and related compounds10'11*
are nowprogressing.
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