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A facile and effective method was developed for large-scale syntheses of myo-inositol derivatives with
the 1,2,6-O-positions differentiated from each other and from other positions as well. The syntheses
started from methyl o-p-glucopyranoside, and the key steps are Ferrier rearrangement and a series of
other regioselective and stereoselective reactions. The target compounds are key intermediates in the
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GPI-anchoring of surface proteins to cell membranes is ubiqui-
tous in the eukaryotic world, so GPIs and GPI-anchored proteins
play an important role in various biological processes.!? GPIs are
complex glycolipids sharing a highly conserved core structure 1,
and the GPI-linked proteins are invariably attached to the phos-
phoethanolamine moiety at the non-reducing end of the GPI core
glycan.? Due to the microheterogenic property of GPIs in nature,
the access to homogeneous GPIs has to rely on chemical synthesis,
which is currently a challenging topic. One of the challenges is ac-
cess to appropriately protected optically pure myo-inositol deriva-
tives—the key intermediates for GPI synthesis,> !¢ such as 2 and 3
that have the 1,6-0- and 1,2,6-0-positions differentiated from each
other and from the remaining hydroxyl groups of inositol. This Let-
ter describes a facile method to prepare these important synthetic
intermediates.

In the past two decades, several methods have been estab-
lished for the synthesis of optically pure inositol derivatives.!”!®
Some of the methods exploited naturally occurring optically ac-
tive inositol and sugar derivatives,'®2° while others were based
on de novo syntheses, for example, via microbial oxidation of a
derivatized arene®!? or via ring-closing metathesis of a chiral
diene followed by stereoselective dihydroxylation.?>?* The
majority of the reported syntheses started with the readily avail-
able free achiral myo-inositol, and these methods needed to re-
solve the enantiomers of a chiral inositol derivative at certain
synthetic stage.!”"18
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In our research to establish a truly practical method for the syn-
thesis of 1,6-O-differentiated and 1,2,6-O-differentiated chiral
myo-inositol derivatives, we became interested in a strategy?'?>~2’
based on the stereospecific Ferrier rearrangement of sugar deriva-
tives,® because the stereochemistries of reactions and intermedi-
ates involved in this synthesis were defined and the strategy
could offer an easy and efficient access to a partially protected
optically active inositol analog 6 starting from the readily available
methyl a-p-glucopyranoside 4 (Scheme 1). However, a major chal-
lenge here is the design and implementation of a series of reactions
for effective differentiation of the latent inositol 1,2,6-O-positions
in 6. Initially, we attempted to first protect the single free hydroxyl

group of 6 to differentiate it from the other hydroxyl groups, but
this strategy failed. Although a THP group could be introduced to
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Scheme 1. Reagents and conditions: (a) TrCl, pyr., reflux; (b) BnBr, NaH, DMF, rt; (c)
H,S0.4, MeOH, rt: (d) (COCl),, DMSO, CH,Cl, —78 °C; (e) Acz0, K»CO3, CH5CN, 80 °C;
(f) Hg(OAc),, CH3COCH3/H,0, rt, then NaCl, rt; (g) DHP, PPTS, CH,Cl,, rt; (h)
NaBH(OAc)s, CH3CN/AcOH, rt; (i) NaOH, MeOH, reflux.

protect the free hydroxyl group of 6, the attempts to reduce the
carbonyl group of 7 under various conditions were unsuccessful.
Therefore, the carbonyl group of 6 was reduced with NaBH(OAc);
to give 8 stereospecifically.?> The stereochemistry of 8 was con-
firmed by the observed large coupling constants between H-6
and H-1/H-5 for its "H NMR spectrum. In this transformation, the
free hydroxyl group of 6 might have assisted the stereoselectivity
by, for example, coordinating with the reducing reagent. Next,
we tried to selectively protect one of the two hydroxyl groups of
8 with an alkyl or silyl group, but under various conditions, includ-
ing the use of mild bases and acids as catalysts, the reaction gave
complex results, probably due to acetyl migration and/or due to
the lack of regioselectivity. Consequently, 8 was deacetylated.
We developed three synthetic methods for differentiating the
free hydroxyl groups of 9. The first method (Scheme 2) was based
on the protection of the 1,2-cis-diol of 9 with an isopropylidene
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Scheme 2. Reagents and conditions: (a) 2,2-dimethoxypropane, p-TsOH, DMF, rt;
(b) AllBr, NaH, DMF, rt; (c) HCl, MeOH, rt; (d) Bu,SnO, TBAI, toluene, reflux, then
PMBCI, CsF, reflux; (e) BnBr, NaH, DMF, rt.

group followed by 6-0-alkylation and then regioselective reactions
to distinguish 1,2-O-positions. The reaction of 9 and Me,C(OMe),
was regiospecific, and the location of the ketal functionality in 10
was confirmed via acetylating the remaining free hydroxyl group,
which resulted in a significant downfield shift of the H-6 NMR sig-
nal. Allylation of 10 was straightforward to give 11, which was sub-
jected to acidic hydrolysis to form 12. For the large scale
preparation, reaction intermediates 10 and 11 were not purified,
and the desired product 12 was obtained in an excellent overall
yield (84%) after three steps of transformation. As previously re-
ported,'” regioselective p-methoxybenzylation of the C-1-hydroxyl
group of 12 was achieved via a tin-complex to afford 13, which has
differentiated 1,2,6-O-positions. Compound 13 was the key inter-
mediate in our synthesis of CD52 GPI containing a 2-O-acylated
inositol residue.'® Meanwhile, the free hydroxyl group of 13 was
readily benzylated to form 14, which has differently protected
1,6-0O-positions and should be useful for the synthesis of other
GPIs. For example, the allyl (All) and p-methoxybenzyl (PMB)
groups of 14 can be easily and selectively removed to produce 15
and 16, respectively, which are ready for 1-O-phospholipidation
and 6-0-glycosylation which are necessary steps in GPI synthesis.

The other synthetic method developed for differentiating the
free hydroxyl groups of 9 combined regioselective protection of
the 1,2-cis-diol with a benzylidene group and subsequent regiose-
lective ring opening of the resulting acetal (Scheme 3). The reaction
between 9 and PhCH(OMe), was highly regioselective for the 1,2-
cis-diol to afford a 1:1 mixture of the endo and exo acetals, 17 and
18, in an excellent yield (95%). The regiochemistry of 17 and 18
was confirmed via acetylating the remaining free hydroxyl groups,
which resulted in major downfield shifts of the H-6 NMR signals.
The stereochemistry of 17 and 18 was determined by NMR NOE
experiments, where strong NOEs were observed between the ace-
tal H and H-2,3 for 17 and strong NOEs were observed between the
acetal H and H-6 for 18. Allylation of 17 and 18 was simple, which
gave 19 and 20, respectively. The reductive ring opening reactions
of 19 and 20 proved to be regiospecific, and each reaction gave only
one product (Table 1, entries 1-6). However, it is interesting to no-
tice that the endo epimer 19 only gave 15 while the exo epimer 20
only gave 21, no matter which reducing reagent and acid catalyst,
including both HCI and sterically hindered Lewis acids, were uti-
lized. Again, the regiochemistry of 15 and 21 was confirmed by
acetylation experiments. These results were in contrast to litera-
ture results observed with cyclic acetals of carbohydrates.?*° A
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Scheme 3. Reagents and conditions: (a) PhCH(OMe),, p-TsOH, CH3CN, rt; (b) AllBr,
NaH, DMF, rt.
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Table 1
Results of the reductive ring opening of acetals 19, 20, 22 and 23 under various
conditions

Entry Reaction conditions Reactant Product yield (%)
1 NaBH5CN, AICl;, THF, 0 °C 19 15 (81)
2 NaBH3CN, HCl, Et,0, THF, 0 °C 19 15 (67)
3 NaBH;CN, AlCl3, THF, 0 °C 20 21(82)
4 NaBH;5CN, HCl, Et,0, THF, 0 °C 20 21(83)
5 Et3SiH, BF3-Et,0, CH,Cl,, 0 °C 20 21 (58)
6 LiAIH,, AlCl3, CH,Cl,, Et,0, refl. 20 21 (71)
7 NaBH5CN, AICl;, THF, 0 °C 22 24 (62)
8 NaBH;5CN, HCl, Et,0, THF, 0 °C 22 24 (72)
9 LiAIH, AlCl3, CH,Cly, Et,0, refl. 22 24 (56)

10 NaBH;CN, AlCl3, THF, 0 °C 23 13 (67)

11 NaBH;5CN, HCl, Et,0, THF, 0 °C 23 13 (72)

12 LiAIHy, AlCl3, CH,Cl,, Et,0, refl. 23 13 (54)

potential explanation for these observations is that the O-1 posi-
tion of 19 is less sterically hindered than the O-2 position, thus,
the acid catalyst would preferably attack O-1 to afford 15 as the
ring opening product, but for 20 the O-2 position may be more
accessible for the acid catalyst. We have also examined the ring
opening reaction using other reagents and catalysts, such as
BH3eTHF/TMSOTf, BH3eTHF/CoCl,, BH3eTHF/Cu(OTf),, and DIBAL-
H, but we observed that under these conditions the reaction was
either very complex or did not proceed at all.

Finally, the 1,2-cis-diol of 9 was also protected with a
p-methoxybenzylidene group, which was followed by allylation
to give isomers 22 and 23 in a combined over yield of 80% (Scheme
4). The configurations of 22 and 23 were determined by NOE
experiments and by comparing their 'H NMR spectra with that
of 19 and 20.2? Similar to 19 and 20, the reductive ring opening
of the acetal group of 22 and 23 was regiospecific to afford only
24 and 13, respectively, under several reductive conditions (Table
1, entries 7-12). Since compound 24 has 1,2,6-O-positions differ-
entiated as well, it should be also useful for GPI syntheses.

In summary, three efficient and practical synthetic methods
have been developed for large-scale preparations of chiral myo-
inositol derivatives that have distinctive protections at 1,2,6-O-
positions. Compound 1332 was prepared in 11-12 steps starting
from methyl a-p-glucopyranoside (Schemes 1, 2 and 4) to obtain
15-19% overall yields. Compounds 15, 21 and 242 were prepared
in 10-11 steps (Schemes 1, 3 and 4) with 13-17% overall yields. All
these compounds are useful intermediates in GPI synthesis,
depending on the specific design for a GPI synthesis and the inter-
mediates involved; therefore, all three synthetic methods are use-
ful. However, the method described in Scheme 2 is recommended
for most applications, because of its higher overall yield and flexi-
bility to introduce different protecting groups at 1,2,6-O-positions
in the synthesis.
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Scheme 4. Reagents and conditions: (a) p-MeOPhCH(OMe),, p-TsOH, CH5CN, rt; (b)
AlIBr, NaH, DMF, rt.
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J=16.8 Hz, 1H=CH,), 5.15 (d, J = 9.2 Hz;=CH,), 4.96-4.78 (m, 5H, Bn), 4.71- NMR (CDCls, 100.0 MHz): & 135.1, 129.5, 128.4, 128.3, 128.0, 127.9, 127.7,
4.62 (m, 3H, Bn), 4.34 (dd, /=52, 12.0Hz, 1H, CH,—C=), 4.25 (dd, J=5.2, 127.5,117.0, 113.7, 83.5, 82.0, 81.7, 81.1, 76.4, 75.9, 75.7, 74.3, 72.0, 72.3, 55.3;
12.0 Hz, 1H, CH,—C=), 4.04-3.96 (m, 2H, 2,4-H), 3.80 (s, 3H, OMe), 3.64 (t, HRMS (ESI): calced for C33Hap0,Na [M+Na*]: 633.2828. Found: 633.2830.

J=9.6, Hz, 1H, 5-H), 3.46-3.36 (m, 3H, 1,3,6-H), 2.75 (d, ] = 6.8 Hz, 1H, OH); '*C
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