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Synthesis Of Phosphonate Analogs Of Lipid X

K. Balreddy*#, L. Dong, D. M. Simpson and R. Titmas.
IGEN Inc, 1530 East Jefferson Street, Rockville, MD 20852,

Abstract: Simple synthetic approaches for novel phosphonate analogs 1 and 2 (TS analogs) of lipid X are described.

Lipid-A, a constituent of lipopolysaccharides of gram negative bacterial cell wall, has been shown to be a
major causative agent in the induction of septic shock.! Apart from its endotoxic property, lipid A has
also been shown to exhibit beneficial properties such as immunostimulation, antitumor and antiviral
activities.? Lipid X, a biosynthetic intermediate of lipid A has some of the beneficial properties of lipid A,
but is non-toxic. For this reason many studies have been performed on the biological activities of lipid X
and lipid A analogs.2-3 These studies have shown that the number and position of the fatty acyl groups
of lipid A play an important role in the induction of septic shock. Catalytic antibodies capable of
hydrolyzing esters have been generated using haptens in which the ester group has been replaced with a
phosphonate analog.# We therefore synthesized phosphonate analogs 1 and 2 of lipid X so as to generate
catalytic antibodies that will cleave the fatty acyl groups from lipid A and so reduce its endotoxic activity.3
In addition, these novel compounds may exhibit other interesting biological activities.
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Figure 1

For the synthesis of transition state analogs 1 and 2 (Fig. 1) building units 3,6 4,7 5, 68 and 7 (Fig. 2)
were prepared first.

3037



3038

[o] O\ OBn
% Hmcv/\/lo H"'c’WP
o OTBS
Ho=] Hyg G~ COM H1909/\)\’002H
3

4 5
(o]
P—CI
H ch‘o/W
NH2  OMe
6 7
Figure 2

Preparation of TS analog 1 was achieved by the following sequence of reactions (Scheme 1). The
hydroxy compound 3 was condensed with 4 (DCC, DMAP) to give the corresponding ester, which, after
deprotection of acetonide, yielded the diol 9. The primary hydroxyl of diol 9 was selectively protected as
the ter-butyldimethylsilyl ether (TBS)which, on hydrogenation (Pd-C, methanol), afforded the amino
compound 10. Condensation of compound 10 with acid 5§ in the presence of 1-(3-
dlmethylunmopropyl)-B-ethglcarbodumxde (EDC) furnished the amide 11.
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Scheme 1

(a) DCC, DMAP, CH2Cly, 82%, (b) TFA, CHaCl2, 84%, (c) TBSCI (1 cq), imidazole, DMF, 87%, (d) Hp, Pd-C (10%),
Methanol, 96%, (¢) EDC, HOBT 49%, (f) N.N-diisopropylamino dibenzyl phosphite, tetrazole, CH2Cl2 (g) m-CPBA, 91%,
(h) Hp, Pd-C (10%), Methanol, 90%, (i) HE-pyridine, 51%.



The hydroxyl of compound 11 was phosphorylated using N,N-diisopropylamino dibenzyl phosphite?
followed by oxidation (m-CPBA) to give the dibenzyl phosphonate 12. The phosphonate 12 was
converted to compound 1 by hydrogenation followed by desilylation (HF-pyridine).

The requisite phosphonochloridate 7 for the preparation of TS analog 2 was prepared starting from
dimethyl methylphosphonate (Scheme 2). Dimethyl methylphosphonate was treated with n-butyllithium
at -78 0C followed by reacting with methyl laurate to give the corresponding ketophosphonate which,
after reduction (NaBH4, methanol) afforded the hydroxy phosphonate 8. Hydroxy phosphonate 8 was
condensed with lauric acid (DCC, DMAP) to give the dimethyl phosphonate ester. The phosphonate ester
was demethylated (TMSI) to yield the phosphonic diacid which was selectively monobenzylated10
(BnOH, CCI3CN, pyridine) to give the monoacid. The resulting monoacid compound was reacted with
PCls to furnish the phosphonochloridate 7.
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(a) n-BuLi, THF, -78 0C, Methyl laurate, 64%, (b) NaBH4, MeOH, 94%, (c) Lauric Acid, DCC,
CH2Cl3, 82%, (d) TMSI, CH2Cl2, 82%, (¢) BnOH, CCI3CN, CHCI3, Pyridine, 64%, (f) PCls,
CHCl3.

Compound 2 was prepared starting from the amino compound 6 (Scheme 3). The amino compound 6,
on condensation with 4 (EDC, HOBT, 68%), gave the corresponding amide which was silylated to
obtain compound 13. Deprotection of the acetonide group of compound 13 with TFA furnished the
corresponding diol. The primary hydroxyl of diol was first converted to tosylate (TsCl) and subsequently
to azide (NaN3, DMF) to afford azido compound 14, The hydroxyl group of 14 was phosphorylated? to
give dibenzylphosphate 15. Compound 15, after desilylation (PTSA, MeOH,0 0C), yiclded the hydroxy
compound 16. Compound 16 was coupled with phosphonochloridate 7 (DMAP) to give the
phosphonate which, after hydrogenation afforded compound 2.

In conclusion we have prepared the new phosphonate analogs of lipid X 1 and 2,11 which will serve as
transition state analogs for eliciting catalytic antibodies having esterase activity with the potential to
detoxify lipid A.12 The biological activities of these compounds will be published elsewhere.
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Scheme 3

Reagents: (a) EDC, HOBT, 68%. (b) TBSCI, Imidazole, DMF, 84%. (c) TFA, CH2Cl2, 93%, (d) TsCl, DMAP, CHaClp,
83%, (¢) NaN3, DMF, 78%, (f) N,N-diisopropylamino dibenzyl phosphite, tetrazole, CH2Cl3 (g) m-CPBA, 82%, (h)
PTSA, Methanol, 59%, (i) DMAP, Et3N, CH2Cl2, 56%, (i) H2, Pd-C (10%), cthyl acetate, 78%.
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