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Abstract: Synthesis of six inositol stereoisomers was successfully carried out via conduritol intermediates
prepared from myo-inositol. Dihydroxylation and epoxidation followed by ring opening of the conduritol B, C
and F derivatives gave epi-, allo-, muco-, neo-, pL-chiro- and scyllo-inositol. The cis-inositol derivative, which
may not be prepared by this approach, was synthesized in 5 steps via 2-O-benzoyl-myo-inositol orthoformate as
the key intermediate. © 1999 Elsevier Science Ltd. All rights reserved.

The roles of D-myo-inositol-1,4,5-trisphosphate [D-I(1,4,5)P,], various inositol polyphosphates, and
phospholipids in the intracellular signal transduction events are now well known." Although the scope of the
phosphoinositide-based signalling processes is continually widening, the clear understanding of the molecular
mechanisms is still lacking. Thus, much research efforts are now being directed toward the structure-activity
relationship (SAR) based on various regio- and stereo-isomers of inositol phosphates (IP,).? There exist nine
stereoisomers of inositol; cis-, epi-, allo-, myo-, muco-, neo-, D-chiro-(+)-, L-chiro-(-)- and scyllo-. Although
they have previously been synthesized in varying efficiencies from halobenzenes,’ benzene,
hexahydroxybenzene,® tetrahydroxyquinone,® sugars,” inositols,® and others,’ there is no report on the general
and systematic synthetic approach to all inositol stereoisomers. Because of the desired availability of all
stereoisomers of IP, in connection with SAR studies of the interactions between inositol phosphates and
various biomacromolecules, we investigated the practical and divergent synthetic routes to all inositol
stereoisomers. We report herein the first general synthesis of inositol stereoisomers via conduritols,'® which are
prepared from myo-inositol by didehydroxylation.

The first issue in our synthetic scheme for inositol stereoisomers is how to efficiently prepare the key
intermediates, conduritol B, C and F derivatives, from the selectively protected myo-inositol diols. For the
conversion of vicinal diols into olefins, two types of general procedures are known: two-step conversion via
intermediates with activating groups'' and one-step conversion.”” By and large, the two-step methods do not
work well on cyclic diols, especially cyclic trans-diols. We have examined the Samuelsson conditions for the

one-step conversion of the inositol vicinal diols to conduritol."
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Scheme 1. Reagents and conditions: a. AcCl (cat.), CH,Cl,/MeOH, 75%; b. see Table 1; c.
80% aq. AcOH, 100 °C, quant.; d. NaOMe, MeOH, 1, 95%; e. BnBr, NaH, DMF, 92.6%; f,
i) 80% aq. AcOH, 100 °C, ii) BzCl, pyridine, 94%; g. Pd(OH),/C, H, (50 psi), EtOAc/EtOH,
97%.

myo-Inositol diols 4," 5' and 6'® were prepared as potential precursors to conduritol B, C and F
derivatives from compounds 1, 2 and 3, which were in turn obtained in one-pot reactions according to the
literature procedures (Scheme 1)."” The reaction of vicinal zrans-diol 4 with chlorodiphenylphosphine (2.2
equiv./diol), imidazole (6 equiv./diol), and iodine (2 equiv./diol) in an inert solvent, e.g. toluene resulted in the
formation of the corresponding conduritol C derivative 10 in ca. 50% yield (Table 1). We could also isolate and
characterize the vicinal iodo-diphenylphosphinate, a possible intermediate and phosphorous-containing
conduritols. The use of triphenylphosphine instead of chlorodiphenylphosphine gave a higher yield (77%).
Interestingly, the cis-diol (5) could be converted to tetrabenzoylated conduritol B (11) in 79-85% yield under
either conditions, which is at variance with literature reports." It is possible that the intermediate, either iodo-
phosphinate, or iodo-phosphinium ion, may have the trans-relationship, from which a reductive elimination can
occur more easily. A similar reaction with srans-diol (6) protected with diacetonide proceeded very sluggishly
to give conduritol F (12) in low yield (16%) only under the condition B. Therefore, we prepared trans-diol (9)
by exchanging the acetonide with the benzoy! group to relieve the ring strain, which might be related to the low
reactivity observed. Didehydroxylation of 9 with triphenylphosphine proceeded well to furnish the
tetrabenzoylated conduritol F (13) in 67% yield.
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Table 1. Preparation of conduritol derivatives under two different conditions.

Yield of conduritol derivatives (%)

Diols  Diol stereochemistry Condition A* Condition B’
4 trans 50.2 77
5 cis 85 79
6 trans no rxn. 16
9 trans 47 67

a. i) CIPPh,, imidazole, I,, toluene, 1. ii) Zn.
b. i) PPh,, imidazole, I,, toluene, 1.

Next, we examined the cis-dihydroxylation of the conduritol C and F derivative (10 & 13). Compound 10
was reacted with OsO, (~5 mol%) and 4-methylmorpholine N-oxide (NMO) in aq. acetone to give
stereoselectively DL-1,4-di-O-benzoyl-2,3-O-isopropylidene-neo-inositol (18), which was isolated in 77%
after a flash chromatography (Scheme 2). The observed facial selectivity might be attributed to the steric effect
by the acetonide group. In order to obtain the epi-inositol derivative by dihydroxylation of a conduritol C
derivative, the acetonide group of 10 was removed and the product benzoylated to give 14. As expected, the
reaction of 14 with OsO, and NMO in aq. acetone furnished pL-1,2,3,4-tetra-O-benzoyl-neo-inositol (19a) and
DL-1,2,3,6-tetra-O-benzoyl-epi-inositol (19b) in 42% and 31% yields, respectively. Similarly, the cis-
dihydroxylation of the conduritol F derivative (13) stercoselectively gave DL-1,2,3,4-tetra-O-benzoyl-chiro-
inositol (22) in 77% yield. The origin of the observed stereoselectivity is assumed to be the two neighboring

benzoate groups of 13, which block the cis approach.
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Scheme 2. Reagents and conditions: a. i) 80% agq. AcOH, 100 °C, ii) BzCl, pyridine, 91%; b. i)
NaOMe, MeOH, M, ii) BnBr, NaH, DMF, 90-95%; c. i} 80% ag. AcOH, 100 °C, ii) NaOMe,
MeOH, ™, iii) BnBr, NaH, DMF, 87%; d. OsO,, NMO, aq. acetone.

In the dihydroxylation of the benzoate protected conduritols, practical problems such as the slow reaction
rate, the benzoyl group migration, and very low solubility of produced inositols were often encountered, and

they were circumvented by changing the protecting group from benzoyl to benzyl. Thus, dihydroxylation of



2138 S.-K. Chung, Y.-U. Kwon / Bioorg. Med. Chem. Lert. 9 (1999) 2135-2140

conduritols 15 and 17 stereoselectively gave DL-1,4-di-O-benzyl-2,3-O-isopropylidene-neo-inositol (20) and
DL-1,2,3 ,4-tetra-O-benzyl-chiro-inositol (23) in high yields, respectively. In the dihydroxylation of compound
16, in contrast to that of 14, DL-1,2,3,6-tetra-O-benzyl-epi-inositol (21b) (65.4%) was largely produced together
with DL-1,2,3,4-tetra-O-benzyl-neo-inositol (21a) (30%). The isomeric inositol products (21b and 23) were
fully characterized after acetylation with acetic anhydride in pyridine.

The benzyl protected conduritol B, C and F derivatives (24, 16 & 17) were epoxidized under several
conditions. Conduritol B derivative (24) was treated with excess [, and Ag,0O to provide epoxide 25 in 91%
yield via iodohydrin (Scheme 3)."* Epoxidation of conduritol C and F derivatives (16 & 17) under the same
conditions produced mixtures (26a/26b and 27a/27b) of the a- and B-epoxide in 89 and 86%, respectively. On
the other hand, when the conduritol derivatives were treated with mCPBA and 4,4’-thiobis(6-tert-butyl-o-
cresol) as a radical inhibitor at 90 °C,'” the corresponding epoxides were obtained in 55-60% yields. The
reaction of conduritol derivatives with I,, KIO; and H,SO, in aq. dioxane® followed by the base-promoted
cyclization (80-90% yield) of the resultant iodohydrins was found to be most practical in terms of cost and

reaction scale.
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Scheme 3. Reagents and conditions: a. i) NaOMe, MeOH, 14, ii) BnBr, NaH, DMF, 91%; b. I,, Ag,0, aq.
dioxane, 90 °C; ¢. CF;COOH (or H,S0O,), aq. THF, 50 °C.

Acid-catalyzed ring-opening of epoxide (25) with CF;COOH or H,SO, in aq. THF gave pL-2,3,4,5-tetra-
O-benzyl-chiro-inositol (28a) and DL-1,2,3,4-tetra-O-benzyl-scyllo-inositol (28b) in 67% and 15.5% yields,
respectively, as expected on the basis of the diaxial opening rule (the Furst-Plattner rule). Similarly, epoxides
26 and 27, respectively derived from conduritol C and F derivatives, were subjected to th acidic conditions to

provide bL-1,2,3,6-tetra-O-benzyl-allo-inositol (29a, 65.5%) and DL-1,2,3,4-tetra-O-benzyl-myo-inositol (29b,
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16.5%), and pL-1,2,3,4-tetra-O-benzyl-muco-inositol (30a, 64%) and DL-1,2,5,6-tetra-O-benzyl-myo-inositol
(30b, 14.5%), respectively.

Since cis-inositol hexabenzoate (36) is not readily accessible by the conduritol routes, it was synthesized
in 5 steps from 2-O-benzoyl-myo-inositol orthoformate (31)*' as shown in Scheme 4. Our initial plan to obtain
the desired stereochemistry by oxidation and reduction processes was not successful, because the attempted
oxidation of 31 was completely unsuccessful under all conditions examined (e.g. pyridinium dichromate, Jones
reagent, Swern oxidation, and ruthenium tetroxide). Compound 31 was triflated with trifluoromethanesulfonic
anhydride. However, the nucleophilic substitution of the resulting orthoformate triflate with various
nucleophiles was unsuccessful. Apparently, rigidity of the orthoformate structure does not allow the transition
state geometry necessary for the Sy-2 process. Thus, successive benzylation, hydrolysis, benzoylation,
hydrogenolysis, and triflation of 31 were carried out under standard conditions to obtain triflate 35 in good

overall yield. Heating 35 with KOBz in DMSO gave the desired cis-inositol hexabenzoate (36) in 32% yield.
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Scheme 4. Reagents and conditions: a. BnBr, NaH, mol. sieve (4A), DMF, 82%; b.
i) TSA, MeOH, 1, ii) BzCl, pyridine, 91%; ¢. Pd(OH),/C, MeOH, H, (50psi), 96%;
d. Tf,0, CH,Cl,/pyridine, -42 °C—rt, 89%; e. KOBz, DMSO, 100 °C, 32%.

In summary, we have successfully charted out general routes for stereoselective synthesis of six inositol

stereoisomers via conduritol intermediates derived from myo-inositol and a separate route to cis-inositol on

multi-gram scales.> We are currently utilizing these inositol stereoisomers in the synthesis of IP, stereoisomers.
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