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The synthesis of 2-C-methyl-p-erythritol 2,4-cyclopyrophosphate, a biochemical intermediate in the deoxyxylulose pathway of isoprenoid
biosynthesis, was accomplished in four steps. Bisphosphorylation of 2-C-methyl-p-erythritol 1,3-diacetate, followed by carbodiimide cyclization
and deprotection, led to the title compound in 42% overall yield.

2-C-Methyl-p-erythritol 2,4-cyclopyrophosphaté)(was first lulose and2.57 In this communication we report the chemical
isolated fromDesulfovibrio desulfuricangnd Corynebac- synthesis ofL.

terium ammoniagendsacteriat Its structure was elucidated

by NMR spectroscopy, and its absolute stereochemical OH OH

configuration was determined by hydrolysis to the known KKCOH HOVH/\OH
2-C-methylp-erythritol (2)2 Due to its accumulation in o 6 “OH

bacteria under conditions of oxidative stress, its role in the 'O:Fk\ /|ID\<O_ 2

bacteria was interpreted in terms of a protective function. g © o

More recently,1 was shown to be an intermediate in the 1 T

newly discovered deoxyxylulose pathway of isoprenoid ’

biosynthesis. This pathway coexists with the mevalonate J\ o

pathway in plants and replaces it altogether in many baceria. o0 H* J%(
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Scheme 1. Synthesis of 2-C-Methyb-erythritol 2,4-Cyclopyrophosphate £1)
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a(a) 3 equiv of (BNO)PNI-Pr, tetrazole, CHCI,, rt, 50 min; (b)m-CPBA, rt, 45 min; (c) K 10% Pd/C, MeOH/1% NKEHCGO; 4:1, rt,
3 h; (d) excess EDC, #0, rt, 3 d; () 1.36 M NHOH, 30°C, 4 h; (f) 1.1 equiv of (BnQPNi-Pp, tetrazole, CHCl,, rt, 50 min.

diphosphaté,2 which upon hydrogenolysis gave@methyl- raphy (2-propanol/acetonitrile/1% aqueous ammonium ac-

p-erythritol 1,3-diacetate 2,4-diphosphatg (This compound etate 1:1:1). A similar isomer df0 has been isolated together

could be converted into Z-methyl-p-erythritol 2,4-diphos- with 1 as an enzymatic product from the malaria pardSite.

phate B) in 75% yield by saponification of the acetate esters Although a biochemical synthesis afinvolving up to 15

with 0.6 M ammonium hydroxide. enzymes has previously been publiskettis represents the
An attempt to form1 by carbodiimide cyclization o8B first chemical synthesis df.

failed as could be expected. However, carbodiimide coupling  In an attempt to prepare 2-C-methylerythritol 4-phos-

of 7 smoothly led to the formation of the protected cyclic phate, another intermediate in the deoxyxylulose pathway,

pyrophosphat®. In these reactions, the carbodiimide used diol 5 was treated with 1.1 equiv of dibenzyl diisopropyl

was not dicyclohexylcarbodiimide as in the synthesis of the phosphoramidite. This did not lead to the desired product;

cyclic pyrophosphate methanophosphatjeut rather a large  however, a monobenzylated product was isolated in moderate

excess of the water-soluble carbodiimide EBThe sub- yield. A doubling of signals in the NMR spectra suggested

stituted urea byproduct of the reaction was removed by cationthat the product was a 1:1 diastereomeric mixture of cyclic

exchange chromatography (DOWEX 50WX8-200). The monophosphates with a chiral center at phosphotus. (

product (9) thus obtained was mixed with ammonium Hydrogenolysis of the mixture led to a single product

chloride and could be further purified by silica gel chroma- interpreted as being @-methylo-erythritol 2,4-cyclophos-

tography (2-propanol/acetonitrile/1% aqueous ammonium phate 1,3-diacetate (12).

acetate 4:1:1), or used directly for the next step. Deprotection
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