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Abstract: Synthesis of all possible 4 regioisomets of IP s, naturally occurring metabolites of IP 3 and 
IP 4, was accomplished from myo-inositol v/a its mnnobenzoate derivatives (IBz~) as the key 
intermediates; base-catalyzed isomerization of readily available IBz x derivatives, followed by suitable 
separation procedures efficiently provided the requisite regioisomers of IBz v 
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Since the discovery that D-myo-inositol-l,4,5-trisphosphate[I(1,4,5)P3] plays a pivotal role as a second 

messenger in the transmembrane signalling, thus mobilizing calcium ions from the intracellular storage, its 

interaction with I(1,4,5)P 3 receptors and the metabolism of IP 3 were widely studied. 1 One of the major 

metabolic pathways involves a specific phosphorylation of I(1,4,5)P3 to I(1,3,4,5)P4, and it has been 

suggested that I(1,3,4,5)P4 also acts as a second messenger mediating the entry of extracelluar Ca 2÷ through 

plasma membrane ion channel. 2 Although IPss have been recognized for some time as naturally occurring 

metabolites of IP 3 and IP 4, studies on their metabolism and possible functional roles are currently in 

progress. For example, I(1,3,4,5,6)P 5 was shown to have a potent inhibitory activity toward I(1,3,4,5)P4 

3-phosphatase, which is a key enzyme in the regeneration of the second messenger I(1,4,5)P 3 from 

I(1,3,4,5)P, 3 I(1,3,4,5,6)P5 was also found to inhibit the I(1,3,4,5)P4 binding to the purified putative 

I(1,3,4,5)P4 binding protein with an IC50 close to that of I(1,3,4,5)P4 itself. 4 There exist four possible IP5 

regioisomers: two meso compounds, and two pairs of enantiomers. Surprisingly, efficient synthetic 

procedures for all IPss have not yet been worked out. The syntheses of I(1,2,4,5,6)P5 and I(1,2,3,4,5)P5 

based on the old phosphorylation method were reported by Angyal and Russel. ~ More recently, 

I(1,3,4,5,6)P 5 was prepared by Ozaki, et al. 6 Systematic understanding on the relationship between the 

structure of IP 5 and the biolgical function of the metabolic enzymes would be greatly facilitated by the ready 

availability of all IP 5 regioisomers. Here we report the total synthesis of all possible 4 regioisomers of IPss 

using inositol monobenzoates (IBzl) as the key intermediates. 

One of the key problems in the synthesis of inositol phosphates is to prepare suitable, selectively 

protected inositol intermediates. We have previously reported synthesis of all possible regioisomers of IP 4 

and IP 3 through IBz. z and IBz3, 7 which were obtained by the benzoyl group migration among the vicinal 

hydroxyl groups of the myo-inositol structure) Based on the same synthetic strategy, now the benzoyl 

migration technique was applied to generate the 4 regioisomers of rnyo-inositol monobenzoate (IBzt), 1, 

which were expected to be phosphorylated to provide the 4 regioisomers of the target IP 5 structure, 2 

(Scheme 1). 
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Scheme 1. i) diethyl chlorophosphite(30 eq.), diisopropylethylamine, DMF, - 42 *C ~ 25 *C, 3day; ii) 

hydrogen peroxide(30 %), sodium phosphate buffer(l.0 M, pH 7), 0 °C (40-60 % overall yield 

from 1); iii) bromotrimethylsilane, dichloromethane, 25 *(3, 3 day; iv) 1M LiOH, 80 =C, 3h; v) 

Dowex 50x8-100(H*). Benzoic acid produced was extracted out with dichloromethane; vi) pH 

adjusted to 10 (80-99 % overall yield from 2). 

Thus, compound 4, prepared from myo-inositol, 7 was partially hydrolyzed with NaOMe in MeOH-acetone 

to give a mixture of the monobenzoate derivatives (Sa and 5c). Without separation, this mixture was 

subjected to the migration conditions (60 % aqueous pyridine, 100 *C, lh) and then each regioisomer (5a, 

$c, 5d, 5c') was easily separated by silica gel column chromatography (eluted with ethyl acetate-hexane 

gradients). 9 The hydrolysis of the monoacetal protecting group of 5 in 80 % aqueous acetic acid at reflux 

gave three (la, lc, ld) of four IBz t regioisomers (Scheme 2). 
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Scheme 2. i) NaOMe, MeOH-acetone(1:10), 15 min, IBz~ mixture(72%), S.M.(12%), tetraol(15%); ii) pyridine- 

water(6:4), 100 °C, lh  (Sa 26%, 5c 23%, 5d 31%, 5c' 20%), followed by silica-gel column 

chromatography; iii) 80% aq. AcOH, reflux, 30 min, 100%. 

The remaining regioisomer (lb) of IBz~ could not be obtained this way and had to be independently 

prepared from myo-inositol orthoformate 6 (Scheme 3). A selective monobenzoylation at the 2-OH group of 
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compound 6, derived from myo-inositol, TM was effected under the usual conditions employing BzCI in 

pyridine to give 7, ~ while a preferential alkylation at 4- or 6-OH has been reported under the conditions 

using an alkyl halide and a metal hydride base. H Acid-catalysed hydrolysis of 7 gave lb  in quantitative 

yield. Each of the 4 regioisomers of IBz~ thus obtained was fully characterised by ]H, 13C NMR including 

H-H COSY, and mass (FAB) spectrometry. ~2 
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Scheme 3. i) BzCI(1 eq.), pyridine, r.t., 60%; ii) HCI, MeOH, r.t., 100% 

Each IBz 1 isomer was separately phosphorylated by successive treatments with diethyl chlorophosphite 

and N,N-diisopropylethylamine in DMF, and then 30 % hydrogen peroxide to yield all 4 regioisomers of 

compound 2 (Scheme 1), which were thoroughly characterized by ~H, ~3C and 3~p NMR.~3 However, it is to 

be noted that the phosphorylation yields (40-60 %) were generally not as good as in the cases for IP 3 and IP 4 

(80-99 %)7 even with a large excess amount of phophorylating agent and a longer reaction time (3 days), 

perhaps due to the unfavorable steric hindrances between the vicinal phosphate groups. Therefore, each 

protected IP s isomer 2 had to be purified by column chromatography. In the final steps, the protecting 

groups of 2 were removed by successive reactions with trimethylsilyl bromide and then LiOH. Cleavage of 

the ethyl phosphate esters was monitored by 3]p-NMR, which clearly showed upfield chemical shift changes 

of 10-20 ppm upon the conversion of the ethyl ester to the silyl ester, t4 Each regioisomers of the product (3) 

was obtained after ion exchange chromatography on Dowex 50x8-100 (H ~ form), pH adjustment to 10 with 

NaOH, and lyophilization. ~5 Biological studies on the IP 5 isomers are currently in progress. 

It is to be stressed that the group migration method in conjuction with some efficient separational 

techniques as delineated here as well as in the previous reports 7 has proven to be a very useful and general 

synthetic strategy to generate a diverse molecular array of the inositol and carbohydrate isomers, which 

would be necessary for the determination of structural specificities in their reactions with biological 

macromolecules such as receptors, enzymes and antibodies. The syntheses of the optically active versions 

of I P  isomers by the group migration method are also in progress. 
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