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Abstract

Two mimetics of dec-9-enyl-D-galactopyranosyl-(2 4)- -D-mannopyranosyl phosphate containing the phos-
phodiester ) or phosphonatedj groups have been synthesized. © 2000 Elsevier Science Ltd. All rights reserved.
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The surface antigenic lipophosphoglycan (LPG) produced by the infectious promastigote stage of
all species of thd_eishmaniaparasite contains a polymeric section consisting of §)-linked -D-
galactosyl-(11 4)- -pD-mannosyl phosphate repeating units. The importance of the LPG for parasite
infectivity and survivat makes the enzymes responsible for the biosynthesis of this glycoconjugate
of great interest. The polymeric phosphoglycan region of the LPG was ghimvpe assembled in
vitro by the sequential action of theeishmania -D-Manp-phosphate transferase (MPT) ana-Galp
transferase (GT) using GDP-Man and UDP-Gal, respectively, as substrate donors. Since there are no other
mannosylphosphate transferases in mammalsl, ¢éishmaniaMPT seems to be a good drug target. A
fine substrate specificity of the MPT has been recently studied using synthetic oligo-phosphosaccharide
substratesand substrate analogu&d.he result®® showed that: (1) the phosphodisaccharidepre-
senting one repeating unit of the phosphoglycan is an efficient acceptor substrate for the MPT,; (2) the
negative charge of the phosphodiester group is essential for the enzyme recognition; (3) both the C-6
and C-8 primary hydroxyls ofl are essential for substrate recognition as well as th& I§xéroxyl (the
acceptor site) is essential for catalysis; and (4) C-2, C-3, G2’ and C-4 hydroxyls of1 make little,
or no contribution to the substrate recognition.
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Here, we report the synthesis of two structural mime8@nd4 of the MPT substraté containing
just the elements of the structure, which were shown to be necessary for the enzyme recognition (i.e.
both primary hydroxyls and the phosphate anion). To secure chemical stability of the mimetics, the
intersaccharidic oxygen (O-5 in the hypothetical mimetic and)ogas replaced with the CiHgroup and
the O—C—-0O-P segment (O-8—C-9—0-10-P in the stru@uneas replaced with either C-8—-C-9-0-10-P
(in 3), or O-8—C-9—-C-10-P (id) fragments. The data obtained from testBand4 as acceptor substrates
for the MPT will be used to gain more comprehensive information about the substrate specificity of the
enzyme and to design potential inhibitors. Both compounds contain either a dec-9-enyi;dacgl
moiety that assists biochemical assays.

The phosphoric dieste was obtained from the alcoh8l (Scheme 1) and dec-9-en-1-ol using the
H-phosphonate methddThe phosphonic estet was synthesized using the Arbusov readifmom
the alkyl bromidel2 (Scheme 2) and tm-decyl phosphite. A common intermediate for both targeted
compounds, the alcoh6| was prepared starting from commercially available 2-benzyloxyethanol and 5-
bromopent-1-ene. Their reaction in DMF in the presence of sodium hydride gave thé.eSnecessive
osmium tetroxide catalyzed hydroxylatfoof the double bond yielded the corresponding diol, which was
then selectively protected with benzyl bromide via a stannylene interm&tatafford the secondary
alcohol6 in 46% overall yield (based on 2-benzyloxyethanol).

OBn OBn

| o\/\/[ ii o
Bno/\/o\/\) — Bno” oH — Brno” N~ V\/%/\OH -
5

H
6 7

0Bz OR o
Il

1ii \/\L/\ v O\/\L/\ P
— g20"° OR > RN~ o o cHyT Y

O EtaNH*
8R=H 10R=Bz
iv C vi (
9 R =P(H)O, Et;NH* 3R=H

Scheme 1. Reagents: (i) (a) Os€at., NMO, acetone—water; (b) BBnO, PhCH, ; (c) BnBr, n-BusNI; (i) () n-PiuNRuO,
cat., NMO, MS 4 A, CHCl,; (b) NaH, (MeO)POCHCOOMe, THF; (c) LiAlH,, THF; (iii) (a) TBDMSCI, imidazole, DMF;
(b) Hz, Ra—Ni; (c) BzCl, pyridine; (dn-BusNF, THF; (iv) (a) tri-imidazolylphosphine, MeCN; (b) iHHCO;, water (pH 7);
(v) (@) dec-9-en-1-ol, MECCOCI, pyridine; (b) 4, pyridine—-water; (vi) NaOMe, MeOH

For the preparation a3, the derivativeé was first oxidized! to the corresponding ketone witk-
methylmorpholineN-oxide (NMO) in the presence of-PsNRuO; followed by the Horner—-Emmons
olefinatior? with trimethyl phosphonoacetate and reduction with LiAlid produce the allylic alcohol
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Scheme 2. Reagents: (i) (a) NaH, allyl bromide, DMF; (b) @s@., NMO, acetone—water, then }0;, then NalQ; (c)
NaBH;,, EtOH; (ii) (a) MeSQCI, EtN, CHyCl,; (b) n-BusNBr, PhCH;, ; (iii) P(OEt);, , for 13; P(OGgH21-n)s, , for 14;

(iv) (@) Hz, Pd(OH}/C, MeOH; (b) BzCl, pyridine; (v) NaOH, dioxane—water, (vi) TMSI, CHCl,; (vii) H,, Pd(OH)/C,
MeOH; (viii) EtsN, MeOH

7 (87%) as a mixture of two isomers. It was then converted to the al®li@9%) (representing the
disaccharide fragment in the mimetic struct@jeby consecutiveD-protection with TBDMS—chloride,
hydrogenation of the double bond and both benzyl ethers over a nickel catalyst, conve@ional
benzoylation and desilylation with TBAF. Phosphitylatidr of 8 with tri-imidazolylphosphine (prepar-
ed in situ from P, imidazole and EN) followed by mild hydrolysis gave the H-phosphon@tevhich
produced the protected phosphoric died®¢73%, p 0.46) upon condensatidf’with dec-9-en-1-ol

in pyridine in the presence of trimethylacetyl chloride and oxidation of the resulting phosphorous diester
with iodine in ag. pyridine. Debenzoylation @ with 0.1 M methanolic sodium methoxide provided the
phosphodieste3!® quantitatively.

For the preparation gf (Scheme 2), the alcoh6lwas first allylated with allyl bromide in the presence
of sodium hydride to give the corresponding allyl ether, which was then transformed to the alcohol
11 (93% based or6) by consecutive hydroxylation with OgQperiodate cleavage of the resulting
diol and reduction of the intermediate aldehyde with NaBB8onventional mesylation of the alcohol
11 followed by bromination of the mesylate witikBusNBr led to the key 2-alkoxy-ethyl bromid&2
(95%). The Arbusov reaction of the bromid@ with tri-n-decyl phosphit¥ (neat, 170°C) afforded the
phosphonic diester4 (73%, p 28.7), which was selectively hydrolyz&€y refluxing with 2% NaOH
in dioxane—water to produce (after neutralization with 0.5 M HCI) theecyl phosphonat&7 (H*-
form, p 30.8) in 56% vyield (93% based on recovefed). Final debenzylation 0f7 by hydrogenation
over Pd(OH)/C (¥ 18)16 followed by neutralization with triethylamine provided the phosphonic acid
monoested!’ quantitatively.

Alternatively, we attempted to prepare the edtera the phosphonic acitls. The Arbusov reaction of
the bromidel 2with triethyl phosphité® (neat, 150°C) led to the diethyl phosphonasd p 28.8) in 92%
yield. The dibenzyl ethet3was therO-reprotected by catalytic hydrogenation followed by conventional
benzoylation to give the dibenzodlts (88%, p 28.5). Subseque-deprotection ofl5with TMSI8 in
CH,ClI, at 0°C afforded the phosphonic aci6'® (100%). Regrettably, all attempts to convert it to the
corresponding mona-decyl phosphonate by esterificatf8nvith n-decanol in the presence of DCC, or
other condensing agents (TPS-NT, MS-NT, HATU, etc.) failed.
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The carbohydrate mimetic3 and 4 are being tested as substrates for tleéshmania -D-Manp-
phosphate transferase and the results will be published elsewhere in due course.
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