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A TOTAL SYNTHESIS OF GPI ANCHOR OF TRYPANOSOMA BRUCEI!)
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Abstract: A first total synthesis of GPI anchor of Trypanosoma brucer is achicved by employmng
H-phosphonate strategy to introduce two phosphodiester functions into the glycoheptaosyl core
intermediate,

In order to develop an efficient synthetic route to the glycophosphatidylinositol (GPI)
anchor 12 we have described stereocontrolled approaches to both glycoheptaosyl core3 2 and
glycobiosyl phosphatidylinosxtoll part structure of 1 As part of our project on synthetic studies
on GPI anchors, we describe here a first total synthesis of GPl anchor 1 of Trypanosoma bruce:

Strategic bond disconnection of 1 may be designed esther at the dotted hine (2) or (b) in
order to ntroduce regioselectively two different kinds of phosphodiester functions to the two
hydroxyl groups at C-65 and C-1/ of the glycoheptaosyl core structure 2 In harmony with this
retrosynthetic  consideration, we have already reponed3 the synthesis of a properly protected

glycoheptaose derivative §
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To start with, we planned to introduce a phosphodiester function at C-6° hydroxyl group of
6 that was quantitatively obtained (NaOMe 1mn 2:1 MeOH-THF) from acetate 5. Conversion of 6 into
10 was efficiently achieved by use of phosphitylation approach. In the first step, N-
benzyloxycarbonyl-2-aminoethanol was treated with bifunctional phosphitylating reagent
chloro-Z-cyanosthoxy—N,N»dilsoprcpylammol:)hosphmc6 in the presence of 1PrpNEL in CH2Cl2
for 30 min at 20° to afford after SiO» chromatography monofunctional phosphitylating agent 94
m 88% yield Subsequent tetrazole mediated coupling between 6 and 9 in 35:1 (CICH2)2-CH3CN for
40 min at 20° gave the intermediate phosphite triester that was oxidized n sutu with m-CIPhCO3H7

for 20 min at 0° to afford 104 as a diastereomenc mixture 1n 97% yield The structure of 10 was
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firmly confirmed by conversion into free phosphodiester 34 via 114 in two steps in 85% overall
yield, (1) DBU in CH2Cl2 for 2h at 20°% (2) Pd(OH)2/C and H2 in 5:5:1 MeOH-THF-H20 —1.1:1 MeOH-
THF-H20 for 6h at 20°. However, attempted removal of methoxybenzyl group at 0-14 of 10 by
either (NH4)2Ce(NO3)58 or TMSOT(® failed in our hands to give the desired key intermediate 12

According to the difficulty met with for the conversion of 10 into 12, an altemnative
strategy was now pursued. The order of the introduction of phosphediester functions at 0-1{ and
0-65 of the glycoheptaosyl core § was to be reversed. First, acetyl group at 0-6% of 5 was
exchanged with monochloroacetyl group to secure in later stage of the synthesis a facile
selective removal of O-65 protective group in the presence of diacyl functions of glycerol maiety
Treatment of 6 with (ClCHzCO)zOIO in the presence of 2 equivalents of pyridine in (CH2CIl)2 gave
a quantitative yield of 74 that was further converted into alcohol 84 in 90% yield by treatment
with 15 equivalents of TMSOT? in CH7Cl2 for 20 min at 0°.

Formation of the phosphodiester linkage between 8 and 1,2-diacyl-sn-glycerol was
executed by use of the H-phosphonate alpproach11 that had been shown highly efficient in the
case of a model reaction! using a glycobiosyl-myo-inositol derivative. Coupling of 8 with H-
phosphonate 131 1 the presence of pivaloyl chloride in pyridine for 15 h at 20° gave a 64%
vield of 144, that was completely deblocked in 3 steps via 154 and 164 10 afford 44 in 59% overall
yield, (1) (NH2)2CS12 in 1'1 EtOH-THF, reflux for 5h; (2) I2 1 50:1 pyridine-water; (3) Pd(OH)2/C
and H2 in 45.35:1 CHCl3-MeOH-H70 for 4.5 h at 20°

Having the designed key intermediate 15 synthesized, formation of the phosphodiester
function between the 2-aminocthanol derivative and 15 was now examined It was to be noted
that application of the phosphitylating reagent 9 1in this specific case failed to give the desired
phosphite intermediate. However, H-phosphonate approach was found to be highly efficient,
Treatment of N-benzyloxycarbonyl-2-aminoethanol with a bifunctional phosphitylating reagent
NCCH2CH20P(NiPr2)213 in the presence of 1H-tetrazole in CH3CN for 20min at 20° gave diakloxy
N,N-diisopropylphosphine intermediate that was ir siu treated with H2O and 1H-tetrazole for 30
min at 20° to afford 184 1 59% yield after SiO7 chromatography in 97:3 CHCI3-MeOH. Unstable H-
phosphonate 174 was obtained by treatment of 18 with DBU in CH2Clp for 16h at 20° in 38% yield
after Si02 chromatography in 7.3 CHCI3-MeOH and was used immediately for the next step

Crucial coupling between 15 and 17 was executed in the presence of pivaloyl chloride in
pyridine for 15 h at 20°, Punfication of the product by Bio-Beads SX-2 in 3:1 EtOAc-toluene and
subsequent preparative SiO2 tlc in 9:1 toluene-acetone afforded a 40% yield of the desired 194 as a
mixture of four diastereoisomers. Oxidation of 19 with I2 in 50:1 pyridine-H20 for 2.5 h at 20°
gave 204 in 68% yield. Complete deprotection of 20 by hydrogenolysis 1n the presence of 20%
Pd(OH)2/C in 45:35.1 CHCI3-MecOH-H20 for 3.5 h at 20° gave the product which was purified by
treatment with Amberlite IRC50(Na‘*) and then by Sephadex G-25 in H20 to afford the target
molecule 14 in 23% yreld.

In conclusion, a first total synthesis of GPI anchor 1 of Trypanosoma brucei was achieved
by employing highly stereocontrolled glycosylation methods to construct a key glycoheptacsyl
core derivative 53 with proper protective groups on 23 hydroxy groups and then by taking
advantage of a highly efficient H-phosphonate strategy for the formation of two phosphodiester
funcuons. Obviously, the synthetic strategy developed in this paper should be applicable to the
synthesis of other groups of GPI anchors and their analogues of biological significance.
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(CgDg) 0.178. 17: 84 (S0 MHz) 7.33 (s, CgH5), 5.10 (s, CH2Ph), 4.08 (dt, 9 0 and 4.8 Hz, CH,CHZ0P),
3.43 (1, 5.0 Hz, CH2NH). 18 8y 738-7.31 (m, CgHs), 6.894 (d, 719 Hz, PH), 5.119 (s, CH2Ph); &p
13.15 (d, 719 Hz). 19: 8y (CeDg-D20, 60°) 7.6-7.0 (m, Ph x 22), 0909 (1, 7.0 Hz, CH2CH3 x 2); ép
(CeDg-D20) 10 52 (d, 706 Hz), 9.12 (d, 714 Hz), 8.78 (d, 708 Hz) and 8.75 (d, 708 Hz). 20 [«]D
+42.6° (¢ 0.3); §p (CDCl3) 0305 and -0.646.
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