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Abstract: Simpk synthetic apptuachca for novel phoephonate analogs 1 and 2 (TS analogs) of liiid X arc 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. 1 Apart from its endotoxic pmperty, lipid A has 

also been shown to exhibit beneficial properties such as immunostimulation, antitumor and antiviral 

activities.2 Lipid X, a biosynthetic imamediate of lipid A has some of the beneficial propertits of lipid A, 

but is non-toxic. For this reason many studies have been perfornm?d on the biological activities of lipid X 

and lipid A analogs.23 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 analogp We themfom 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.5 

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 fmt. 
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Figun 2 

Preparation of TS analog 1 was achieved by the following sequence of reactions (Scheme 1). The 

hydroxy compound 3 was condensed with 4 @CC, DMAP) to give the caresponding ester, which, after 

deprotcction of acctonide, yickkl the dio19. The primary hydroxyl of dio19 was sekctively protected as 

the tcr-butyklimcthyLsily1 ether (TBS)which, on hydmgenadon (W-C, mhanol), afforded the amino 

compound 10. condensation of compound 10 with acid 5 in the prcscnce of 1-(3- 

dimcthylamiqropyl)-3-cthylca&&mi& @DC) fumishal the ami& 11. 
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Scheme 1 
(a) DCC, DMAP. CH2Cl2.82%, (b) TFA, CH2Cl2.84%, (c) TBSCl(1 q). imidazole. DMF, 8796, (d) H2. W-C (10%). 
Methanol, 96%. (e) EDC, HOBT 49%. (f) N,N-diisoprqylamino dibex~yl phosphite. tetrazole, CH2Cl2 (g) m-CPBA, 91%. 
(h) H2, Pd-C (lo%), Methanol, 90%. (i) HP-pyridine, 51%. 



The hydroxyl of compound 11 was phosphorylated using N.N-dii~~propylamino dibenzyl phosphiteg 

followed by oxidation (m-CPBA) to give the dlbenzyl phosphonate 12. The phosphonate 12 was 

~~nvcxted to compound 1 by hydrogenation followed by desilylation (HP-pyridine). 

The requisite phosphonochloridate 7 for the preparation of TS analog 2 was prepared starting from 

dimethyl methylpbosphonate (Schem 2). Dimethyl methylphosphonate was tteated with n-butyllithium 

at -78 uC followed by reacting with methyl laurate to give the corresponding ketophosphonate which, 

after reduction (NaBI& methanol) afforded the hydroxy phosphonate 8. Hydtoxy phosphonate 8 was 

condensed with laurlc acid @CC. DMAP) to give the dimethyl phosphonate ester. The phosphonate ester 

was demethylated (TMSI) to yield the phosphonic diacid which was selectively monobenzylatedtu 

(BnOH, CCl3CN. pyrldine) to give the monoacid. Ihe resulting monoacid compound was reacted with 

PC15 to furnish the phosphonochlorldate 7. 
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scheme 2 

(a) n-BuLi, THP, -78 OC, Methyl laurate, 64%. (b) NaBILj, MeOH, 94%. (c) Latuic Acid, DCC. 

CH2C12, 82%. (d) TMSI, CH2Cl2, 82%. (e) BnOH, CC13CN. CHC13, Pyridine, 64%, (f) PCl$ 

CHC13. 

Compound 2 was prepared starting from the amino compound 6 (Scheme 3). The amino compound 6, 

on condensation with 4 @DC, 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 dlol was first converted to tosylate (TsCl) and subsequently 

to azide (NaN3, DMP) to afford azido compound 14. The hydroxyl group of 14 was phosphorylated9 to 

give dibenzylphosphate 15. Compound 15, after desilylation (PTSA, MeOH,O oc>, yielded the hydroxy 

compound 16. Compound 16 was coupled with phosphonochlorldate 7 @MAP) to give the 

phosphonate which, after hydrogenation affotded 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 estemse 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. Imidaxole, DMF, 84%. (c) TFA. CH2CI2.938. (d) TsCI. DMAP. CH2Cl2, 
83%. (e) NaN3. DMF. 788, (fl N,Ndiisopropylamino dIInayl phosphite. tetmzole, CH2C12 (9) m-CPBA, 82%. (h) 
PTSA. Methanol, 59%, (i) DMAP, Bt3N, CH2Cl2,56%. (i) H2, Pd-C (lO%), ethyl acetate, 78%. 
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