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Abstract

The preparation of 1p-1,6-di-O-benzyl-2,5-di-O-p-methoxybenzyl-myo-inositol is de-
scribed. This compound and 1p-3,6-di-O-benzyl-1,2-O-isopropylidene-myo-inositol were
converted into 1p-1,3,6-tri-O-benzyl-myo-inositol which was phosphorylated to give an
intermediate for the synthesis of 1p-myo-inositol 2,4,5-trisphosphate. 1p-3,6-Di-O-benzyl-
1,2-O-isopropylidene-myo-inositol was converted into 1p-2,3,6-tri-O-benzyl-myo-inositol (an
intermediate for the synthesis of 1p-myo-inositol 1,4,5-trisphosphate) and 1p-2,3,6-tri-O-
benzyl-1-0-p-methoxybenzyl-myo-inositol (an intermediate for the synthesis of the 1-phos-
phorothioate analogue of 1p-myo-inositol 1,4,5-trisphosphate). 1p-3,6-Di-O-benzyl-1,2-O-
isopropylidene-myo-inositol was also converted into 1p-2,3,6-tri-O-benzyl-5-O-p-methoxy-
benzylland -5-O(cis-prop-1-enyl)}-myo-inositol both of which are intermediates for the
synthesis of the S-phosphorothioate analogue of 1b-myo-inositol 1,4,5-trisphosphate. The
synthesis of 1p-2,3,6-tri-O-benzyl-myo-inositol 1,4-bis(dibenzyl phosphate) 5-(dibenzyl phos-
phorothioate) from 1p-2,3,6-tri-O-benzyl-myo-inositol 1,4-bis(dibenzyl phosphate) is de-
scribed.
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1. Introduction

Ip-myo-Inositol 2,4,5-trisphosphate [Ins(2,4,5)P,] is a product [3,4] of the chemi-
cal hydrolysis of phosphatidylinositol 4,5-bisphosphate. Unlike [4] the other prod-
uct of this hydrolysis {1D-myo-inositol 1,4,5-trisphosphate, [Ins(1,4,5)P,]}, it is
poorly metabolised and is less effective in mobilising calcium ions. For this reason,
it is often used [5] in biological experiments to explore the mechanism of calcium
signalling in the phosphatidylinositol cycle. As the preparation of Ins(2,4,5)P; from
phosphatidylinositol 4,5-bisphosphate requires a tedious chromatographic separa-
tion, synthetic methods have been investigated for the preparation of the chiral
material [6] and its 3-azido-3-deoxy analogue [7].

We describe here two routes for the preparation of 1p-1,3,6-tri-O-benzyl-myo-
inositol (18) which is a suitable intermediate for the synthesis of Ins(2,4,5)P;. The
more practical route starts from the recently described [8] 1p-3,6-di-O-benzyl-1,2-
O-isopropylidene-myo-inositol (25). The latter was also used as an intermediate for
a new synthesis of 1Db-2,3,6-tri-O-benzyl-myo-inositol (37) which has been used
previously [9] as an intermediate for the synthesis of Ins(1,4,5)P,. Compound 25
was also used to prepare intermediates suitable for the synthesis of the 1- and
5-phosphorothioate analogues of Ins(1,4,5)P,. Since the phosphorothioate groups
are poorly metabolised by phosphatases, these phosphorothioate analogues are
useful compounds for biological studies.

2. Results and discussion

Previously [10], it was found that 1,2,5,6-tetra-O-benzyl-myo-inositol (1) was
resolved via the bis-( — )-w-camphanates 4 to give the diasteroisomer 6 by crystalli-
sation and this allowed the preparation of the chiral diol 11. Similar behaviour was
observed [11,12] with the (—)-w-camphanates of analogues of 1 in which p-
methoxybenzyl groups replace some of the benzyl groups.

The discovery [12] of a simple route to the bis-p-methoxybenzyl ether 2 and its
conversion [12] into the mono-O-isopropylidene derivative 13 allowed access to the
diol 3, which is an analogue of 1. Thus, benzylation of 13 [12] and subsequent acid
hydrolysis of the product 14 gave 3. This was converted into the diastereoisomeric
mixture of bis-( —)-w-camphanates 5 and these behaved in the same way as 4,
allowing the separation of the pure diastereoisomer 7 by crystallisation. Saponifica-
tion of 7 gave the chiral diol 12, the absolute configuration of which was estab-
lished as described below. Recrystallisation of the product remaining in the mother
liquors after the removal of 7 also gave a pure sample of the diastereoisomer 8.

Tin-mediated benzylation of the diol 12 gave predominantly the alcohol 15 (with
a little of 16) as was established by examination of the '"H NMR spectrum of the
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corresponding acetate 17. De-p-methoxybenzylation of 15, using cerium(IV) am-
monium nitrate [13], gave the chiral triol 18 required as an intermediate for the
synthesis of Ins(2,4,5)P;. To establish the absolute configuration of the triol 18, it
was converted into the O-isopropylidene derivative 23 and this on benzylation gave
24 with physical properties similar to those of its enantiomer [11] but with an
opposite rotation. Although this route had been successful for the preparation of
the required chiral triol 18, it was lengthy. At this stage, we discovered [8,14a] the
easy resolution of (4 )-3,6-di-O-benzyl-1,2-O-isopropylidene-myo-inositol to give
the chiral diol 25, and this indicated [14b] a simple route to the chiral triol 18.
Crotylation of the diol 25 gave 26 which was hydrolysed to give the diol 27.
Tin-mediated benzylation of 27 gave the alcohol 28 and this on decrotylation with
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potassium tert-butoxide in Me,SO [15] gave the triol 18 identical with the material
prepared by the route described above. Phosphitylation of 18 with bis(benzyloxy)di-
isopropylaminophosphine [12] (88), to give 20, followed by oxidation of the latter
compound gave syrupy 21 which on treatment with sodium iodide in acetone [11]
gave crystalline 22. Compounds 21 and 22 are suitable for debenzylation to give
1p-myo-inositol 2,4,5-trisphosphate.

The availability of the diol 27 also suggested a new route to the chiral triol 37
[11], which is a useful intermediate for the synthesis of p-myo-inositol 1,4,5-tris-
phosphate [9]. Tin-mediated p-methoxybenzylation of 27 gave the alcohol 29 which
was benzylated to give 30. Decrotylation [15] of 30 gave the diol 35, which has been
prepared previously [16] and is a suitable [9] intermediate for the preparation of
1p-myo-inositol 4,5-bisphosphate 1-phosphorothioate. De-p-methoxybenzylation of
35 to give the triol 37 has been described previously [16]. Phosphorylation of the
diol 35, using the phosphoramidite reagent 88, gave 40 and removal of the
p-methoxybenzyl group with cerium(IV) ammonium nitrate [13] gave the alcohol 41
suitable for conversion into a chiral phosphorothioate.

In another approach to the chiral triol 37, the dicrotyl ether 27 was converted by
tin-mediated crotylation into the alcohol 31 which was benzylated to give 32.
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Decrotylation of 32 gave the chiral triol 37, identical with the material described
previously [16].

Tin-mediated allylation of the dicrotyl ether 27 gave the alcohol 33 which was
benzylated to give 34. Treatment of 34 with potassium fert-butoxide in Me,SO
removed [15] the crotyl groups and isomerised [17] the allyl group to a cis-prop-1-
enyl group, to give the chiral diol 42 which has been prepared [16,18] previously
and converted [16,18] into 37 by acid hydrolysis. Compound 42 has been used [18]
as an intermediate for the synthesis of 1p-myo-inositol 4,5-bisphosphate 1-phos-
phorothioate.

In order to investigate the uses of the chiral diol 25 for the preparation of
intermediates suitable for the synthesis of the 5-phosphorothioate analogue of
Ins(1,4,5)P;, investigative experiments were first carried out with the racemic
material [8] 44. Tin-mediated allylation or crotylation of racemic 44 gave a readily
separable mixture of approximately equal quantities of the monoallyl derivatives 45
and 46, or the monocrotyl derivatives 47 and 48, respectively. The separated
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isomers 45 and 46 were crotylated to give 49 and 50, and likewise allylation of the
separated isomers 47 and 48 also gave 50 and 49, respectively. In order to
distinguish between 49 and 50, the isomers were hydrolysed individually with acid
to give 51 and 53, and these diols were benzylated to give 52 and 54, respectively.
Treatment of these isomers with potassium fert-butoxide in Me,SO resulted in
removal of the crotyl group and isomerisation of the allyl group to a cis-prop-1-enyl
group; in this way, 52 gave 55 and 54 gave §6. As the prop-1-enyl derivatives 55 and
56 have been characterised previously [19], the structures of compounds 45-54
were established.

With the structures of the racemates 45 and 46 (and hence also those of the
corresponding chiral monoallyl ethers 57 and 68) established, routes became
apparent for the synthesis from 57 and 68 of the chiral derivatives 62 and 74, both
of which would be useful in the preparation of intermediates suitable for the
synthesis of 1p-myo-inositol 1,4-bisphosphate 5-phosphorothioate (85). Thus, the
chiral allyl ether §7 was converted into 59 as described above for the racemate.
Tin-mediated crotylation of 59 gave 60 which was benzylated to give 61 and this on
treatment with potassium tert-butoxide in Me,SO gave chiral 1p-2,3,6-tri-O-ben-
zyl-5-0-(cis-prop-1-enyl)-myo-inositol (62) suitable, as an alternative to 74, for
phosphorylation as described previously [9] for the racemate of 62.

An alternative route to 61 (and hence 62) was established by tin-mediated
allylation of 1p-1,4-di-O-crotyl-2,3-O-isopropylidene-myo-inositol [8] (64), to give a
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mixture of 65 and its regioisomer 66. These were separated by chromatography,
and acid hydrolysis of 65 gave 67 which was benzylated to give 61.

p-Methoxybenzylation of 68 gave 69 which gave 70 on acid hydrolysis. Tin-medi-
ated allylation of 70 gave 71 which was benzylated to give 72. This was treated with
potassium tert-butoxide in Me,SO to give the bis(cis-prop-1-enyl) ether 73, and
the prop-1-enyl groups were hydrolysed to give the diol 74 identical with the
material described previously [9). The racemic materials (78, 79, and 80) corre-
sponding to the chiral compounds 70, 73, and 74 were also characterised, being
prepared in the same way from the racemate 46.

Phosphitylation of 74, using [12] the phosphoramidite reagent 87, followed by
oxidation of the intermediate phosphite 75 gave crystalline 76 and this on treat-
ment with cerium(IV) ammonium nitrate gave the syrupy alcohol 81, We have
previously [9] described the preparation of the bisphosphates 77 and 82, and we
now describe the conversion of 82 into the protected 5-phosphorothioate 84,
Compound 84 has been deprotected, using sodium in liquid ammonia, by our
colleagues [20] in the Division of Physical Biochemistry, NIMR, and the phospho-
rothioate group of the product 85 has been “caged” by them with a 1-Q2-
nitrophenyl)ethyl group. The “caged” product 86 is being used [20] for physiologi-
cal studies.

3. Experimental

General.—The general methods were as described [11,12].

( +)-3,4-Di-O-benzyl-1,6-O-isopropylidene-2,5-di-O-p-methoxybenzyl-myo-inositol
(14).—The diol [12] 13 was treated with an excess of benzyl bromide and NaH /oil
in DMF at 20°C. After 1 h, TLC (1:1 CH,Cl,~ether) showed complete conversion
of 13 (R, 0.5) into a product (R 1.0). The product was isolated in the usual way to
give crude 14, contaminated with benzylation byproducts. For analysis, a portion
was crystallised from light petroleum to give 14; mp 119-121°C. 'H NMR data: &
1.43, 1.48 (2 s, each 3 H, 2 CMe), 3.27-3.57 (m, 2 H, H-1,5), 3.78, 3.79 (2 5, each 3
H, 2 OMe), 4.48-4.53 (m, 8 H, 4 CH,Ph), 6.79-7.28 (m, 18 H, aromatic). (Calcd
for C4oH 4, O4: C, 73.10; H, 6.92%. Found: C, 73.08; H, 6.83%.

( £ )-1,6-Di-O-benzyl-2,5-di-O-p-methoxybenzyl-myo-inositol (3).—A solution of
the major portion of the crude 14, described above, in 1:7:3 M HCl-MeOH-
acetone was kept at 20°C until TLC (1:1 ether-light petroleum) showed complete
conversion of 14 (R, 0.7) into a product (R 0). After this time, crystals had
separated from the solution. An excess of NEt; was added, the mixture was
concentrated, and the crystalline 3 was washed with water and light petroleum (to
remove benzylation byproducts); mp 155-157°C (from EtOH). 'H NMR data: &
2.38(d, 1 H, J 1.53 Hz, OH), 247 (d, 1 H, J 7.93 Hz, OH), 3,79 (s, 6 H, 2 OMe),
4.52-5.03 (m, 8 H, 4 CH,Ph), 6.79-7.31 (m, 18 H, aromatic). Calcd for C,;4H ,,O4:
C, 71.98; H, 6.71%. Found: C, 72.18; H, 6.42%.

Bis-( — )-w-camphanates (7 and 8) of 1,6-di-O-benzyl-2,5-di-O-p-methoxybenzyl-
myo-inositol.—A solution of the racemic diol 3 (3.01 g) and (- )-w-camphanic acid
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chloride (5 g) in dry pyridine (20 mL) was Kept at 20°C for 18 h. The solution was
cooled in ice and water (2 mL) was added. After 1 h, the solution was diluted with
water (100 mL), the mixture of diastereoisomers 5 (4.85 g) crystallised out, and
these were filtered off, washed with water, and dried. '"H NMR data: & 0.81 (3 H),
0.85 (3 H), 0.93 (9 H), 0.98 (6 H), 1.00 (3 H), 1.05 (6 H), 1.08 (6 H) (7 s, 12 CMe of
the camphanate portions), 3.77, 3.80 (2 s, 12 H, 4 OMe). Crystallisation of the
mixture of diastereoisomers § from 2:1 EtOAc-light petroleum gave the pure
diastereoisomer 7 (1.63 g); mp 176-177°C; [a]5 —1.2° (¢ 1, CHCI,). 'H NMR
data: 8 0.81 (3 H), 0.93 (6 H), 1.00 (3 H), 1.04 (3 H), 1.08 3 H) (5 5, 6 CMe of the
camphanate portion). Calcd for CssH,0,,: C, 69.98; H, 6.71%. Found: C, 70.21;
H, 6.71%.

The contents of the mother liquors were recrystallised (X 2) from EtOAc-light
petroleum to give a pure sample of the diastereoisomer 8 (1.3 g); mp 114-116°C;
[a] -14.4°(c 1, CHCL,). "H NMR data: & 0.85 (3 H), 0.93 (3 H), 0.98 (6 H), 1.05
(3 H), 1.08 (3 H) (5 5, 6 CMe of the camphanate portion). Found: C, 69.80; H,
6.56%.

Ip-1,3,6-Tri-OQ-benzyl-2, 5-di-O-p-methoxybenzyl-myo-inositol (15).—The bis-(~ )-
w-camphanate 7 was saponified with NaOH in MeOH in the usual way, to give the
chiral diol 12 as a syrup. A mixture of 12 (900 mg, 1.5 mmol), dibutyltin oxide (558
mg, 2.2 mmol), tetrabutylammonium bromide (722 mg, 2.2 mmol), benzyl bromide
(0.5 mL, 4.5 mmol), and MeCN (50 mL) was heated under reflux with a Soxhlet
apparatus containing 3A molecular sieves for 4 days when TLC (1:1 ether-light
petroleum) showed complete conversion of 12 (R, 0) into major (15, R ¢ 0.25) and
minor (16, R, 0.3) products. The products were isolated in the usual way [11] and
acetylated with Ac,O-pyridine. Crystallisation from EtOAc-light petroleum gave
the acetate 17; mp 137-138°C; [a]5 +6.0° (¢ 1, CHCl,). "H NMR data: § 1.94 (s,
3 H, Ac), 3.17-3.51 (m, 3 H, H-1,3,5), 3.76, 3.77 (2 5, 2 OMe), 4.01-4.23 (m, 2 H,
H-2,6), 4.45 (ABq, 2 H, CH,Ph), 4.60 (s, 2 H, CH,Ph), 4.64 (ABq, 2 H, CH,Ph),
477 (s, 2 H, CH,Ph), 4.84 (ABq, 2 H, CH,Ph), 561 (t, 1 H, J 9.77 Hz, H-4),
6.73-7.31 (m, 23 H, aromatic). Caled for C,sH ,40,: C, 73.5; H, 6.60%. Found: C,
73.65; H, 6.29%.

The acetate was saponified with NaOH in MeOH in the usual way, to give the
alcohol 15; mp 77-79°C (from EtOH); [a]3 +10.5° (¢ 1, CHCl,). 'H NMR data: &
2.43 (s, OH), 3.09-3.42 (m, 3 H, H-1,3,5), 3.7 (s, 6 H, 2 OMe), 3.93-4.13 (m, 3 H,
H-2,4,6), 4.54, 4.62, 4.74, 4.78 (4 5, each 2 H, 4 CH,Ph), 4.86 (ABq, 2 H, CH,Ph),
6.74-7.31 (m, 23 H, aromatic). Calcd for C,;H ,O4: C, 74.76; H, 6.71%. Found: C,
74.35; H, 6.68%. This product co-chromatographed with the major product (Rf
0.25) described above.

ID-6-O-Acetyl-1,3,4-tri-O-benzyl-2, 5-di-O-p-methoxybenzyl-myo-inositol  (10).—
Saponification of the bis-( — )-w-camphanate 8 gave the diol 9 as a syrup which was
subjected to tin-mediated benzylation as described above for the enantiomer 12.
Acetylation of the mixed products gave the acetate 10; mp 138-139°C; [a[5 —8.0°
(c 1, CHCl,); with 'H NMR spectrum identical with that of the enantiomer 17.
Calcd for CsH 50y: C, 73.75; H, 6.60%. Found: C, 73.59; H, 6.54%.

ID-3,6-Di-O-benzyl-4,5-di-O-(but-2-enyl)-myo-inositol (27).—The chiral diol [8]
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25 was treated with an excess of crotyl bromide and NaH in DMF, and the product
26 was isolated in the usual way and heated under reflux with 1:9 M HCI-MeOH
for 30 min. An excess of NaHCO, was added and the solution was concentrated.
Extraction of the residue with CH,Cl, gave the diol 27; mp 83-85°C (from light
petroleum); [a]® —8.8° (¢ 1, CHCl,). '"H NMR data: § 1.69, 1.74 (2 s, 6 H,
=CH Me), 2.45, 2.51 (2 s, 2 H, 2 OH), 3.13-3.84 (m, 5 H, ring protons), 4.13-4.45
(m, S H, H-2 and 2 OCH,-CH=), 4.70 (s, CH,Ph), 4.85 (ABq, CH,Ph), 5.65-5.79
(m, 4 H, 2 CH=CH), 7.35 (s, 10 H, aromatic). Calcd for C,3H;,O,: C, 71.79; H,
7.74%. Found: C, 71.75; H, 7.64%.

Ip-1,3,6-Tri-O-benzyl-4,5-di-O- (but-2-enyl)-myo-inositol (28).—A mixture of the
diol 27 (530 mg, 1.1 mmol), dibutyltin oxide (422 mg, 1.7 mmol), tetrabutylammo-
nium bromide (546 mg, 1.7 mmol), and benzyl bromide (0.5 mL, 4.2 mmol) in
MeCN (45 mL) was heated under reflux with a Soxhlet apparatus containing 3A
molecular sieves for 7 h when TLC (4:1 ether-light petroleum) showed complete
conversion of 27 (R, 0.4) into major (R, 0.85) and minor (R, 0.8) products. The
Soxhlet apparatus was removed, Et;N (2 mL) was added, and the solution was
heated under reflux for 1 h to destroy the excess of benzyl bromide. The product
was isolated in the usual way [11] and recrystallised from light petroleum to give 28
(588 mg, 93%), mp 85-87°C; [a]& +3.4°(c 1, CHCl,). 'H NMR data: § 1.68-1.73
(m, 6 H, 2 =CH Me), 2.42 (s, OH), 3.11-3.37 (m, 3 H, ring protons), 3.66-3.98 (m, 2
H, ring protons), 4.17-4.41 (m, 5 H, H-2 and 2 OCH,-CH=), 4.68 (s, 4 H, 2
CH,Ph), 484 (s, 2 H, CH,Ph), 5.65-5.72 (m, 4 H, 2 CH=CH), 7.31, 7.34 (2 5, 15 H,
aromatic). Caled for C;,H,,04: C, 75.24; H, 7.58%. Found: C, 75.20; H, 7.49%.

1p-1,3,6-Tri-O-benzyl-myo-inositol (18) and 1p-2,4,5-tri-O-acetyl-1,3,6-tri-O-ben-
zyl-myo-inositol (19).—(a) Cerium(IV) ammonium nitrate (1.43 g) in 9:1 MeCN-
water (10 mL) was added dropwise to a solution of the chiral alcohol 15 (450 mg)
in 9:1 MeCN-water (10 mL). During 2 h, TLC (2:1 ether-light petroleum)
showed conversion of 15 (R, 0.7) through intermediate products (R; 0.2 and 0.1)
into a product (R, 0). Water (25 mL) was added and the mixture was concentrated
to remove the MeCN. The product was extracted with ether, and the extract
washed with satd aq NaHCO,, dried (K,CO;), and concentrated to give the crude
product which was purified by column chromatography (ether) to give 18 (190 mg)
with liquid crystalline properties, melting at 112°C and giving a clear liquid at
127°C (from light petroleum-ether); [@]3 +16.2° (¢ 1, CHCl,). '"H NMR data: §
2.47, 262, 2.64 (3 5, 3 OH), 3.15-4.23 (m, 6 H, ring protons), 4.69 (s, 4 H, 2
CH,Ph), 4.86 (ABq, 2 H, CH,Ph), 7.32 (s, 15 H, aromatic). Calcd for C,,H ;,0:
C, 71.98; H, 6.71%. Found: C, 71.88; H, 6.49%. This gave a crystalline triacetate
19; mp 154-155°C (from light petroleum—ether); [a]5 +52.6° (¢ 1, CHCl,). 'H
NMR data: 6 1.91, 1.98, 2.18 (3 s, 3 Ac), 3.37, 3.41, 3.43, 3.46, 3.48, 3.52, 3.54, 3.57
(8 s, 2 H, H-1,3), 3.88 (t, J 9.44 Hz, H-6), 3.33-4.90 (m, 6 H, 3 CH,Ph), 5.01 (t, J
9.16 Hz, H-5), 5.34 (t, J 9.77 Hz, H-4), 5.83 (t, J 2.44 Hz, H-2), 7.27, 7.30 (2 5, 15
H, aromatic). Calcd for C;;H;,0,: C, 68.73; H, 6.29%. Found: C, 68.63; H, 6.36%.

(b) A solution of the di(but-2-enyl) ether 28 (500 mg) and potassium tert-but-
oxide (1 g) in dry Me,SO (25 mL) was kept at 50°C for 8 h when TLC (ether)
showed complete conversion of 28 (R ¢ 0.85) into a product (R f 0.3). The solution
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was cooled and diluted with satd aq KClI (25 mL), and the product was extracted
with ether. Column chromatography (ether) gave the triol 18 (250 mg) which was
acetylated to give 19 mp 155-157°C (from light petroleum-ether); [a}5 +51.5° (¢
1, CHCl,); with a "H NMR spectrum identical with that in (a).

Ip-1,2,3,6-Tetra-O-benzyl-4,5-O-isopropylidene-myo-inositol (24).—A mixture of
the chiral triol 18 [80 mg, regenerated by saponification of the triacetate 19
described in (a) above], toluene p-sulphonic acid (10 mg), 2,2-dimethoxypropane (2
mL), and acetone (5 mL) was stirred at 20°C for 2 h, after which time TLC (1:1
ether-light petroleum) showed conversion of 18 (R, 0) into a product (R, 0.5).
NEt, and NaHCO; were added and the mixture was concentrated. The product
was extracted from the residue with ether and the extract dried (K,CO,). Column
chromatography (1:1 ether-light petroleum) gave pure 23 which was treated with
benzyl bromide and NaH in DMF. The product was isolated in the usual way and
column chromatography (1 : 3 ether-light petroleum) gave 24 (80 mg); mp 82-83°C
(from light petroleum); [a]5 —34.2° (¢ 1, CHCL,). '"H NMR data: 8 1.45 (s, 6 H,
CMe,), 3.26-4.27 (m, 6 H, ring protons), 4.50, 4.64, 4.67, 4.74, 4.81, 4.86, 4.99 (m, 8
H, 4 CH,Ph), 729, 730 (2 s, 20 H, aromatic), identical with those of the
enantiomer [11] {lit. [11] mp 83-84°C, [@]¥ +31°(c 1, CHCl,), for the enantiomer).
Caled for C3;H yO4: C, 76.52; H, 6.94%. Found: C, 76.72; H, 7.46%.

Ip-1,3,6-Tri-O-benzyl-myo-inositol 2,4,5-tris(dibenzyl phosphate) (21).—The chi-
ral triol 18 (100 mg) was treated with bis(benzyloxy)diisopropylaminophosphine
(88) in the usual way [12] and TLC (ether) showed conversion of 18 (R, 0.3) into
the trisphosphite 20 (R, 1.0) which was oxidised [12] with m-chloroperoxybenzoic
acid to give crude 21 (R 0.4). Column chromatography (ether followed by EtOAc)
gave the trisphosphate 21 (120 mg) as a syrup; [a]2 —9.0° (¢ 1, CHCl,). *'P NMR
data: 5 —1.48 (2 P), —1.75 (1 P). Calcd for Ce,H,0,sP;: C, 67.31; H, 5.65; P,
7.55%. Found: C, 67.17; H, 5.69; P, 7.69%.

The trisphosphate 21 (78 mg) was treated with Nal (133 mg) in acetone (15 mL)
under reflux for 6 h. TLC (90:10:1 CHCl,~-MeOH-HOALC) of acidified samples,
during this time, showed conversion of 21 (R f 0.6) through intermediate products
(R; 0.5 and 0.45) into a product (R f 0); after this time, the product crystallised
from the hot solution. The mixture was cooled and the product was filtered and
washed with cold acetone to give 22 (30 mg); mp 269-271°C; [a]5 —5.0° (¢ 1,
CHCI,). P NMR data (D,0): 8§ —0.40 (1 P), —0.61 (2 P).

1D—3 6-Di-O-benzyl-4, 5-di-O-(but-2-enyl)-1-O-p-methoxybenzyl-myo-inositol (29).
—The diol 27 was subjected to tin-mediated p-methoxybenzylation (using p-
methoxybenzyl chloride) as described for the tin-mediated benzylation used to
produce 28. TLC (4:1 ether-light petroleum) showed conversion of 27 (R, 0.3)
into a major product (R f 0.75). Column chromatography (ether-light petroleum
followed by ether) of the crude product gave 29 (82%); mp 85-87°C (from light
petroleum—ether); [a]5 +1.2° (¢ 1, CHCL,). 'H NMR data: 5 1.68-1.72 (m, 6 H, 2
=CH Me), 2.40 (s, OH), 3.10-3.96 (m, 5 H, ring protons), 3.79 (s, OMe), 4.14-4.41
(m, 5 H, H-2 and 2 OCH,-CH=), 4.60, 4.69, 483 (3 s, each 2 H, 3 CH,Ph),
5.60-5.72 (m, 4 H, 2 CH=CH), 6.78-7.34 (m, 14 H, aromatic). Calcd for C,;H,,0O:
C, 73.44; H, 7.53%. Found: C, 73.29; H, 7.42%.
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1p-2,3,6-Tri-O-benzyl-4,5-di-O-(but-2-enyl)-1-O-p-methoxybenzyl-myo-inositol
(30).—The alcohol 29 was treated with an excess of benzyl bromide and NaH in
DMF and the product was isolated in the usual way. Column chromatography (1:2
ether-light petroleum) gave 30 (90%); mp 62-64°C (from light petroleum); [a]5
—3.7°(c 1, CHCl,). 'H NMR data: 6 1.67-1.72 (m, 6 H, 2 =CH Me), 3.10-3.32 (m,
3 H, ring protons), 3.79 (s, 3 H, OMe), 3.75-4.05 (m, 3 H, ring protons), 4.24-4.44
(m, 4 H, 2 OCH,-CH=), 4.53 (5, 2 H, CH,Ph), 4.61 (ABq, 2 H, CH,Ph), 483 (s, 4
H, 2 CH,Ph), 5.63-5.70 (m, 4 H, 2 CH=CH), 6.77-7.32 (m, 19 H, aromatic). Calcd
for C,;H4,0: C, 76.08; H, 7.43%. Found: C, 76.19; H, 7.61%.

Ip-2 3,6-Tri-O-benzyl-1-O-p-methoxybenzyl-myo-inositol [16] (35).—A solution
of the di(but-2-enyl) ether 30 (643 mg) and potassium tert-butoxide (1 g) in dry
Me, SO (25 mL) was kept at 50°C for 2 h during which time TLC (1:1 ether-light
petroleum) showed conversion of 30 (R, 0.85) through two mono(but-2-enyl)
ethers (R, 0.4 and 0.3) into the diol 35 (R, 0). The solution was cooled, then
diluted with satd aq KCI (25 mL), and the product was extracted with ether. The
extract was dried (K,CO;) and concentrated to give 35 (276 mg); mp 104-106°C
(from 10:1 light petroleum-EtOAc); [a]Z +12.8° (¢ 1, CHCL,). 'H NMR data: &
2.62 (s, 2 OH), 3.11-3.51 (m, 3 H, H-1,3,5), 3.81 (s, 3 H, OMe), 3.90-4.16 (m, 3 H,
H-2,4,6), 4.56 (s, 4 H, 2 CH,Ph), 4.81 (ABq, 2 H, CH,Ph), 6.81-7.32 (m, 19 H,
aromatic), identical with those of the product described previously [16] {lit. [16] mp
105-106°C, [a]3 +15.5° (c 1, CHCl,)}. This gave a diacetate 36; mp 125-127°C;
[a]3 +34.6° (c 1, CHCI,) {lit. [16) mp 125-126°C, [«]5 +34.7° (¢ 1, CHCl,)}; with
a 'H NMR spectrum identical with that described [16).

1p-2,3,6-Tri-O-benzyl-1-O-p-methoxybenzyl-myo-inositol  4,5-bis(dibenzyl phos-
phate) (40).—The chiral alcohol 35 (200 mg) was treated with bis(benzyloxy)diiso-
propylaminophosphine (88) in the usual way [12] and TLC (3:1 ether-light
petroleum) showed conversion of 35 (R, 0.3) into the bisphosphite (39) (R, 1.0)
which was oxidised [12] with m-chloroperoxybenzoic acid to give crude 40 (R, 0.3).
Column chromatography (3:1 ether-light petroleum followed by ether) gave 40
(73%); mp 95-97°C (from ether containing a trace of EtOH); [a]¥ —10.2° (¢ 1,
CHCL,). °'P NMR data: & —1.75, —2.15. Caled for Co;HO15P,: C, 69.35; H,
5.91; P, 5.68%. Found: C, 69.44; H, 5.79; P, 5.33%.

1p-2,3,6-Tri-O-benzyl-myo-inositol 4,5-bis(dibenzyl phosphate) (41).—A solution
of cerium(IV) ammonium nitrate (460 mg) in 9:1 MeCN-water (3 mL) was added
dropwise to a stirred solution of the bisphosphate 40 (230 mg) in 9:1 MeCN-water
(5 mL) during 30 min when TLC (ether) showed complete conversion of 40 (R f
0.5) into a product (R, 0.25). Water (10 mL) was added, the solution was
concentrated to remove MeCN, and the product was extracted with CH,Cl,. The
extract was washed with satd aq NaHCO,, dried (MgSO,), and concentrated.
Column chromatography (ether followed by EtOAc) gave 41 (129 mg, 63%); mp
90-91°C (from ether—light petroleum); [«]3 —15.6° (¢ 1, CHCI,). >'P NMR data:
8 —1.55, —1.82. Caled for CsHoO,,P,: C, 68.03; H, 5.81; P, 6.38%. Found: C,
67.73; H, 5.78; P, 6.42%.

Ip-3,6-Di-O-benzyl-1,4,5-tri-O-(but-2-enyl)-myo-inositol (31).—The diol 27 was
subjected to tin-mediated crotylation (using crotyl bromide) as described for the
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tin-mediated benzylation used to produce 28. TLC (2:1 ether-light petroleum)
showed conversion of 27 (R, 0.2) into a product (R 0.6). Column chromatography
(2:1 ether-light petroleum) gave 31 (358 mg, 98%); mp 56-57°C (from light
petroleum); [ald —2.6° (¢ 1, CHCI,). 'H NMR data: 8 1.63-1.72 (m, 9 H, 3
=CH Me), 2.40 (s, OH), 3.09-3.34 (m, 3 H, ring protons), 3.65-3.92 (m, 2 H, ring
protons), 4.05-4.43 (m, 7 H, H-2 and 3 OCH,-CH=), 4.72, 481 25, 4 H, 2
CH,Ph), 5.56-5.73 (m, 6 H, 3 CH=CH), 7.35 (s, 10 H, aromatic). Calcd for:
C,,H ,,0;: C, 73.53; H, 8.10%. Found: C, 73.53; H, 8.03%.
Ip-2,3,6-Tri-O-benzyl-myo-inositol [16,18] (37).—The alcohol 31 was treated
with benzyl bromide and NaH in DMF, and the product isolated in the usual way.
Column chromatography (1:2 ether-light petroleum) gave the tribenzyl ether 32
as a syrup. 'H NMR data: & 1.58-1.71 (m, 9 H, 3 =CH Me), 3.10-3.30 (m, 3 H, ring
protons), 3.74-4.80 (m, 3 H, ring protons), 4.23-4.43 (m, 6 H, 3 OCH,-CH=), 4.61,
4,64, 4.82, 4.84 (m, 6 H, 3 CH,Ph), 5.53-5.76 (m, 6 H, 3 CH=CH), 7.32 (s, 15 H,
aromatic). Compound 32 (300 mg) and potassium fert-butoxide (1 g) in dry Me,SO
(25 mL) was kept at 50°C for 2 h when TLC (ether) showed complete conversion of
32 (R; 1.0) into a product (R 0.5) which co-chromatographed with 37 which had
been prepared previously [16]. The solution was diluted with satd aq KCI (25 mL)
and the product was extracted with ether. Column chromatography (ether) gave 37
(115 mg); mp 120-122°C; [a]Z +7° (c 1, CHCl,); with a '"H NMR spectrum
identical with that described [11] {lit. [16] mp 122-~123°C, [01]2135 +10° (¢ 1, CHCl,)}.
Ip-1-0-Allyl-3,6-di-O-benzyl-4, 5-di-O- (but-2-enyl)-myo-inositol (33).—The diol
27 was subjected to tin-mediated allylation (using allyl bromide) as described for
the tin-mediated benzylation used to produce 28. TLC (2:1 ether-light petroleum)
showed conversion of 27 (R, 0.2) into a product (R, 0.6). Column chromatography
(2:1 ether-light petroleum) gave 33 (90%); mp 50-52°C (from light petroleum);
[a]® +0.5° (c 1, CHCl,). "H NMR data: & 1.64-1.74 (m, 6 H, 2 =CH Me), 2.43 (s,
OH), 3.09-3.34 (m, 3 H, ring protons), 3.65-3.94 (m, 2 H, ring protons), 4.14-4.44
(m, 7 H, H-2 and 3 OCH,-CH=), 4.72, 481 (25,4 H, 2 CH,Ph), 5.10-5.35 (m, 2
H, =CH,), 5.65-6.15 (m, 5 H, 2 CH=CH and CH=CH,), 7.34 (s, 10 H, aromatic).
Calcd for C;,H 4,Oq: C, 73.20; H, 7.93%. Found: C, 73.29; H, 7.94%.
Ip-2,3,6-Tri-O-benzyl-1-O-(cis-prop-1-enyl)-myo-inositol [16,18] (42).—The alco-
hol 33 was treated with benzyl bromide and NaH in DMF, and the product was
isolated in the usual way and purified by column chromatography (1:2 ether-light
petroleum) to give the tribenzyl ether 34 as a syrup. "H NMR data: § 1.57-1.71 (m,
6 H, 2 =CH Me), 3.11-3.31 (m, 3 H, ring protons), 3.69-4.48 (m, 9 H, 3 OCH,-CH=
and 3 ring protons), 4.63 (ABq, 2 H, CH,Ph) 4.81, 4.84 (2 s, each 2 H, 2 CH,Ph),
5.07-5.35 (m, 2 H, =CH,), 5.62-6.12 (m, 5 H, 2 CH=CH and CH=CH,), 7.32 (s, 15
H, aromatic). A solution of 34 (370 mg) and potassium fert-butoxide (1 g) in dry
Me,SO (25 mL) was kept at 50°C for 4 h when TLC (1:1 ether-light petroleum)
showed complete conversion of 34 (R f 0.8) into a product (R f 0). The solution was
diluted with satd ag KCl (25 mL) and the product was extracted with ether.
Column chromatography (ether) gave 42 (50%); mp 113-115°C (from light
petroleum-EtOAc); [a]% +34.5° (¢ 1, CHCL,); with '"H NMR spectrum as
described [16] {lit. [16] mp 114-115°C, [a]5 +33.0° (¢ 1, CHCl,); lit. [18] mp
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116-118°C, [a]l} +40.6° (¢ 4, CHCl,)}. This gave a diacetate 43 mp 153-155°C;
[a]5 +48.7° (c 1, CHCl,); [a]Z5 +41.7° (c 1, pyridine); with a "H NMR spectrum
as described [16] {lit. [16] mp 154-155°C, [a]zs +49° (c 1, CHCL,)).

( +)-5-O-Allyl-1,4-di-O-benzyl-6-O- (but-2-enyl)-myo-mos1tol (51) and (+)-6-O-
allyl-1,4-di-O-benzyl-5-O-(but-2-enyl)-myo-inositol (53).—(a) A mixture of (+)-1,4-
di-O-benzyl-2,3-O-isopropylidene-myo-inositol [8] (44) (0.675 g, 1.7 mmol),
dibutyltin oxide (0.550 g, 2.21 mmol), tetrabutylammonium bromide (0.550 g, 1.7
mmol), and allyl bromide (40 mL) was stirred and heated under reflux with a
Soxhlet apparatus containing 3A molecular sieves for 7 h. TLC (3:1 ether-light
petroleum) of the solution showed complete conversion of 44 (R, 0.1) into two
products (R ¢ 0.75 and 0.85). The solution was cooled, the solvent evaporated off,
and the residue distributed between ether (40 mL) and water (40 mL). The ether
layer was stirred with satd aq NaHCO; (40 mL) for 1 h, and the mixture was
filtered through Celite. The separated ether layer was dried (K,CO;) and concen-
trated. Column chromatography (2:1 ether-light petroleum) gave 46 (R, 0.7,
0.346 g, 47%) and 45 (R, 0.6, 0.251 g, 34%).

Both alcohols (45 and 46) were treated separately with an excess of crotyl
bromide and NaH in DMF at 20°C in the usual way until TLC showed complete
conversion of starting material into new products. The new products (49 from 45
and 50 from 46) were isolated and purified by column chromatography to give 49
and 50 as syrups. '"H NMR data for 49: 5 1.34, 1.48 2 s, 6 H, CMe,), 1.72(d, 3 H,
J 4.3 Hz, =CH Me), 3.10-4.30 (m, 10 H, 6 ring protons and 2 OC H,-CH=), 4.77 (m,
4 H, 2 CH,Ph), 5.09-5.35 (m, 2 H =CH,), 5.64-6.12 (m, 3 H, CH=CH and
CH=CH,), 7.34 (m, 10 H, aromatic). '"H NMR data for 50: & 1.34, 1.48 (2 s, 6 H,
CMe,), 1.70 (d, 3 H, J 3.7 Hz, =CH Me), 3.08-4.35 (m, 10 H, 6 ring protons and 2
OCH,-CH=), 4.77 (s, 4 H, 2 CH,Ph), 5.10-5.40 (m, 2 H, =CH,), 5.61-6.16 (m, 3
H, CH=CH and CH=CH,), 7.34 (m, 10 H, aromatic).

Compounds 49 and 50 were treated separately with 9:1 acetone-M HCI for 30
min. An excess of NaHCO, was added and the solution was concentrated.
Extraction of each residue w1th CH,Cl, gave the diols 51 (from 49); mp 88-91°C
(from ether-light petroleum); '"H NMR data:  1.71 (d, 3 H, J 4.3 Hz, =CH Me),
2.40,2.44 (2 s, 2 H, 2 OH), 3.15-4.38 (m, 10 H, 6 ring protons and 2 OCH,-CH=),
4.71 (m, 4 H, 2 CH,Ph), 5.03-5.39 (m, 2 H, =CH,), 5.64-6.16 (m, 3 H, CH=CH
and CH=CH,), 7.34 (s, 10 H, aromatic). Calcd for C»;H,,04: C, 71.34; H, 7.54%.
Found: C, 71.54; H, 7.63%; and 53 (from 50); mp 98-100°C (from ether-light
petroleum); 'H NMR data: § 1.69 (d, 3 H, J 4.9 Hz, =CH Me), 2.39, 2.44 (2 5, 2 H,
2 OH), 3.23-4.37 (m, 10 H, 6 ring protons and 2 OCH,~CH=), 4.70 (m, 4 H, 2
CH,Ph), 5.05-5.37 (m, 2 H, =CH,), 5.67-6.15 (m, 3 H, CH=CH and CH=CH,),
7.34 (m, 10 H, aromatic). Calcd for C,;H;,04: C, 71.34; H, 7.54%. Found: C,
71.09; H, 7.54%.

(b) A mixture of the diol 44 (0.395 g, 0.986 mmol), dibutyltin oxide (0.491 g, 1.97
mmol), tetrabutylammonium bromide (0.636 g, 1.97 mmol), crotyl bromide (0.2
mL), and MeCN (40 mL) was stirred and heated under reflux with a Soxhlet
apparatus containing 3A molecular sieves for 24 h. TLC (1:1 ether-light
petroleum) showed conversion of 44 (R, 0) into two products (R, 0.4 and 0.5)
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which were isolated in the usual way. Column chromatography (1:1 ether-light
petroleum) gave 48 (R, 0.5, 0.189 g) and 47 (R, 0.4, 0.1 g). 'H NMR data for 47: &
1.33,1.46 (25, 6 H, CMe,), 1.70 (d, 3 H, J 4.3 Hz, =CH Me), 2.68 (s, OH), 3.12 (t, J
9.2 Hz, H-5), 3.45-4.33 (m, 7 H, 5 ring protons and OCH,-CH=), 4.80 (m, 4 H, 2
CH,Ph), 5.60-5.77 (m, 2 H, CH=CH), 7.34 (m, 10 H, aromatic). "H NMR data for
48: 5 1.35, 1.50 2 s, 6 H, CMe,), 1.72 (d, 3 H, J 4.9 Hz, =CH Me), 2.67 (d, J 1.8
Hz, OH), 3.49-4.32 (m, 8 H, 6 ring protons and OCH,-CH=), 476 (m, 4 H, 2
CH,Ph), 5.63-5.74 (m, 2 H, CH=CH), 7.34 (s, 10 H, aromatic).

Both alcohols (47 and 48) were treated separately with allyl bromide and NaH
in DMF at 20°C in the usual way. The products were isolated and purified to give
49 (from 48) and 50 (from 47) with "H NMR spectra identical with those described
in (a). Compounds 49 and 50 were hydrolysed as above with 9:1 acetone-M HCl
to give, respectively, 51 and 53 identical with the materials described in (a).

(+)-1,2,3,4-Tetra-O-benzyl-5-O-(cis-prop- I-enyl)-myo-inositol  [19] (55).—The
diol 51 was treated with an excess of benzyl bromide and NaH in DMF at 20°C
until TLC (1:1 ether-light petroleum) showed complete conversion of 51 (R, 0)
into a product (R, 0.8). The product was isolated in the usual way and column
chromatography (1:4 ether-light petroleum) gave 52 as a syrup. 'H NMR data: &
1.70 (d, 3 H, J 4.3 Hz, =CHMe), 3.15-4.48 (m, 10 H, 6 ring protons and 2
OCH,-CH=), 4.61 (ABq, 4 H, 2 CH,Ph), 4.84 (s, 4 H, 2 CH,Ph), 5.10-5.36 (m, 2
H, =CH,), 5.66-6.16 (m, 3 H, CH=CH and CH=CH,), 7.30 (s, 20 H, aromatic).

A solution of 52 (0.202 g) and potassium tert-butoxide (0.150 g) in dry Me,SO
(15 mL) was kept at 50°C for 2 h when TLC (1:1 ether-light petroleum) showed
complete conversion of 52 (R, 0.8) into a product (R, 0.5). The solution was
diluted with satd ag KCl (15 mL) and the product was extracted with ether.
Column chromatography (1:1 ether-~light petroleum) gave 55 (158 mg, 85%); mp
96-97°C (from light petroleum); identical with the material described [19] (lit. [19]
mp 95-96°C). "H NMR data: 6 1.63 (dd, 3 H, J 1.8 and 6.7 Hz, =CH Me), 2.48 (d, J
2.4 Hz, OH), 3.11-3.57 (m, 3 H, H-1,3,5), 3.91-4.45 (m, 4 H, 3 ring protons and
=C HMe), 4.76 (m, 8 H, 4 CH, Ph), 6.22 (dd, 1 H, J 1.8 and 6.1 Hz, OCH=), 7.31 (s,
20 H, aromatic).

( +)-1,2,3,4-Tetra-O-benzyl-6-O-(cis-prop-1-enyl)-myo-inositol  [19] (56).—The
diol 53 was benzylated as described for the preparation of 52. TLC (1: 1 ether-light
petroleum) showed conversion of 53 (R, 0) into a product (R, 0.7). The product
was isolated in the usual way and column chromatography (1:4 ether-light
petroleum) gave 54 as a syrup. 'H NMR data: & 1.69 (d, 3 H, J 4.9 Hz, =CH Me),
3.14-4.37 (m, 10 H, 6 ring protons and 2 OCH,-CH=), 4.60, 4.84 (2 s, 8 H, 4
CH,Ph), 5.10-5.35 (m, 2 H, =CH,), 5.62-6.15 (m, 3 H, CH=CH and CH=CH,),
7.32 (s, 20 H, aromatic).

Compound 54 was treated with potassium tert-butoxide as described above for
the preparation of compound 55. Column chromatography (1:2 ether-light
petroleum) gave 56 (31 mg, 42%); mp 140-142°C (from light petroleum); identical
with the material described [19] (lit. [19] mp 142-143°C). 'H NMR data: § 1.61
(dd, 3H, J 1.8 and 6.7 Hz, =CH Me), 2.42 (d, J 2.4 Hz, OH), 3.22-4.42(m, 7 H, 6
ring protons and =C H Me), 4.60 (ABq, 4 H, 2 CH,Ph), 4.84 (ABq, 4 H, 2 CH,Ph),
6.23 (dd, J 1.8 and 6.1 Hz, OCH=), 7.31 (s, 20 H, aromatic).
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1D-5-0-Allyl-3,6-di-O-benzyl-4-O-(but-2-enyl)-myo-inositol (59), 1p-4-O-allyl-3,6-
di-O-benzyl-5-O-p-methoxybenzyl-myo-inositol (70), and the racemate (78).—The
chiral diol [8] 25 (3.2 g) was treated with dibutyltin oxide (2.6 g), tetrabutylammo-
nium bromide (2.6 g), and allyl bromide (60 mL) as described above for the
corresponding racemate 44, and the products 68 (1.77 g, 50%) and 57 (1.58 g, 42%)
were isolated as described for the corresponding racemates 46 and 45.

The alcohol 57 (1.58 g) was treated with crotyl bromide (1.5 mL) and NaH (0.5
g) in DMF (30 mL) in the usual way until TLC (1: 1 ether-light petroleum) showed
complete conversion of 57 (R, 0.3) into a product 58 (R, 0.75). This was isolated
in the usual way and treated with 9:1 acetone—-M HCI at reflux for 1 h when TLC
(1:2 ether-light petroleum) showed conversion of 58 (R f 0.5) into a product 59
(R; 0). Column chromatography (2: 1 ether-light petroleum) gave the diol 59 (1.2
g, 73% from 57); mp 92-94°C (from light petroleum); [«]5 —10.2° (¢ 1, CHCI,).
'H NMR data: 6 1.70 (d, 3 H, J 4.9 Hz, =CH Me), 2.40 (broad signal, 2 OH),
3.25-4.38 (m, 10 H, 6 ring protons and 2 OCH,~CH= of the crotyl and allyl
groups), 4.77 (m, 4 H, 2 CH,Ph with major peaks at 4.64, 4.70, 4.76, and 4.90),
5.10-5.37 (m, 2 H, =CH,), 5.64-6.16 (m, 3 H, CH=CH and CH =CH,), 7.34 (s, 10
H, aromatic). Caled for C,,H,,04 - 0.5 H,O: C, 69.95, H, 7.61% Found: C, 69.92;
H, 7.30%.

The alcohol 68 (1.77 g) was treated with p-methoxybenzyl chloride (1.5 mL) and
NaH in DMF (30 mL) in the usual way until TLC (1:1 ether—light petroleum)
showed complete conversion of 68 (R, 0.4) into a product 69 (R ¢ 0.65). This was
isolated in the usual way and column chromatography (1:1 ether-light petroleum)
gave 69 as a syrup (1.79 g, 79%) which was treated with 3:7:1 acetone-MeOH-M
HCI at 50°C until TLC (1:1 ether-light petroleum) showed conversion into a
product (R, 0). Column chromatography (5:1 ether-light petroleum) gave the diol
70 (1.46 g, 88%); mp 116-117°C (from EtOAc-light petroleum); [a]% —6.7° (c 1,
CHCl,). "H NMR data: § 2.40,2.47 (25,2 H, 2 OH), 3.78 (s, 3 H, OMe), 3.28-4.39
(m, 8 H, 6 ring protons and OC H,-CH=), 4.83 (m, 6 H, 3 CH,Ph with major peaks
at 4.70, 4.76, 4.79, and 4.89), 5.12-5.37 (m, 2 H, =CH,), 5.80-6.17 (m, 1 H,
CH=CH,), 6.79-7.34 (m, 14 H, aromatic). Caled for C;;H.40,: C, 71.52; H,
6.97%. Found: C, 71.57; H, 6.99%.

The racemic diol 78 (prepared in the same way from the racemate 46) had mp
110-111°C (from light petroleum-EtOAc) and a '"H NMR spectrum identical with
that described for the chiral diol 70. Found: C, 71.42; H, 7.08%.

Ip-5-O-Allyl-1,4-di-O- (but-2-enyl)-myo-inositol (67).—A mixture of the chiral
diol [8] 64 (2 g, 6 mmol), dibutyltin oxide (2.32 g, 9.3 mmol), tetrabutylammonium
bromide (2.61 g, 8.1 mmol), and allyl bromide (40 mL) was stirred and heated
under reflux with a Soxhlet apparatus containing 3A molecular sieves for 5 h. TLC
(1:2 EtOAc-light petroleum) of the solution showed complete conversion of 64
(R, 0.1) into two products (Rf 0.8 and 0.9) which were isolated in the usual way
(11}. Column chromatography (1:3 EtOAc-light petroleum) gave 66 (R 7 0.9, 1.04
8, 46%) and 65 (R, 0.8, 0.98 g, 43%).

The alcohol 65 (0.98 g) was treated with 9: 1 acetone—~M HCI at reflux for 1 h
when TLC (1:3 EtOAc-light petroleum) showed conversion of 65 into a product
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(R; 0). Column chromatography (4:1 EtOAc-light petroleum) gave the triol 67
(. 79 g, 91%) mp 128-129°C (from EtOAc-light petroleum); [a]3 +6.7° (c 1,
CHCl,). 'H NMR data: 8 1.69, 1.74 (2 s, 6 H, 2 =CH Me), 2.55, 2.60, 2.64 (3 s,3H,
3 OH), 3.12-4.36 (m, 12 H, 6 ring protons and 3 OC H,-CH=), 5.10-5.37 (m, 2 H,
=CH,), 5.58-6.15 (m, 5 H, 2 CH=CH and CH=CH,). Calcd for C,;H,;O,: C,
62.17; H, 8.60%. Found: C, 62.27; H, 8.59%.

Ip-2,3,6-Tri-O-benzyl-5-O-(cis-prop-1-enyl)-myo-inositol (62).—(a) The triol 67
(0.7 g, 2.13 mmol) was treated with benzyl bromide (2.5 mL) and NaH (1 g) in
DMF (30 mL) in the usual way until TLC (1:2 ether-light petroleum) showed
conversion of 67 (R, 0) into a product (R, 0. 8). This was isolated in the usual way
and column chromatography (1 3 ether-light petroleum) gave the tribenzyl ether
61 (0.97 g, 76%) as a syrup. '"H NMR data: & 1.67, 1.72 (2 s, 6 H, 2 =CH Me),
3.09-4.42 (m, 12 H, 6 ring protons and 3 OCH,-CH=), 4.62, 4.65, 4.80, 4.82, 4.85
(m, 6 H, 3CH,Ph), 5.08-5.35 (m, 2 H, =CH,), 5.59-6.15 (m, 5 H, 2 CH=CH and
CH=CH,), 7.32 (s, 15 H, aromatic). Compound 61 (0.95 g, 1.58 mmol) was treated
with potassium fert-butoxide (1.16 g) in dry Me,SO (40 mL) at 50°C for 2 h when
TLC (1:3 ether-light petroleum) showed conversion of 61 (R, 0.5) into a product
(R; 0). The solution was diluted with satd aq KCI (40 mL) and the product was
extracted with ether. Column chromatography (2:1 ether-light petroleum) gave 62
(0.68 g, 87%); mp 78-80°C (from light petroleum); [a]3 +14.2° (¢ 1, CHCl,). 'H
NMR data: 6 1.53(dd, 3 H, J 1.2 and 6,7 Hz, =CH Me), 2.31, 2.53 (2 s, 2 H, 2 OH),
327(dd, 1 H, J 2.4 and 9.8 Hz, H-3), 3.46-4.46 (m, 6 H, 5 ring protons and
=CHMe), 4.78 (m, 6 H, 3 CH,Ph with major peaks at 4.63, 4.64, 4.67, 4.80, and
4.86), 6.20 (dd, 1 H, J 1.8 and 6.1 Hz, OCH=), 7.25 (m, 15 H, aromatic). Calcd for
C4oH,04: C, 73.45; H, 6.99%. Found: C, 73.04; H, 6.80%.

The diacetate, 1p-1,4-di-O-acetyl-2,3,6-tri-O-benzyl-5-O-(cis-prop-1-enyl)-myo-
inositol (63) bad mp 127-128°C (from light petroleum); [a]5 —22.9° (¢ 1, CHCl,).
'H NMR data: & 1.55 (dd, 3 H, J 1.2 and 6.7 Hz, =CHMe), 1.92, 201 2's, 6 H, 2
Ac), 3.43(dd, 1 H, J 2.4 and 10.4 Hz, H-3), 3.53 (t, 1 H, J 9.8 Hz, H-5), 4.09 (t, 1
H, J 2.4 Hz, H-2), 4.09 (t, 1 H, J 9.8 Hz, H-6), 4.25-4.94 (m, with major peaks at
451, 4.57, 4.63, 4.68, 4.72, and 4.80, 8 H, 3 CH,Ph, =CHMe, and H-1), 5.66 (t, 1
H, J 10.4 Hz, H-4), 6.03 (dd, 1 H, J 1.8 and 6.1 Hz, OCH=), 7.28, 7.30 (2 s, 15 H,
aromatic). Caled for C;,H3304: C, 71.46; H, 6.67%. Found: C, 71.05; H, 6.66%.

(b) A mixture of the diol 59 (0.68 g, 1.5 mmol), dibutyltin oxide (0.684 g, 2.7
mmol), tetrabutylammonium bromide (0.886 g, 2.7 mmol), crotyl bromide (0.6 mL),
and MeCN (40 mL) was stirred and heated under reflux with a Soxhlet apparatus
containing 3A molecular sieves for 2 h. TLC (2:1 ether-light petroleum) showed
conversion of 59 (R, 0.2) into a product (R, 0.9) which was isolated in the usual
way [11], and column chromatography (2: 1 ether-light petroleum) gave 60 (0.64 g,
84%) as a syrup. '"H NMR data: § 1.66, 1.72 (2 s, 6 H, 2 =CH Me), 2.42 (s, OH),
3.10-4.43 (m, 12 H, 6 ring protons and 3 OCH,-CH=), 4.72, 479 (25, 4 H, 2
CH,Ph), 5.08-5.35 (m, 2 H, =CH,), 5.55-6.15 (m, 5 H, 2 CH=CH and CH=CH,),
7.34 (s, 10 H, aromatic). Compound 60 (0.2 g) was treated with benzyl bromide and
NaH in DMF and the product was isolated in the usual way. Column chromatogra-
phy (1:2 ether-light petroleum) gave the tribenzyl ether 61 (0.16 g, 67%) as a
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syrup with a 'H NMR spectrum identical with that described in (a). Compound 61
(0.16 g) and potassium fert-butoxide (0.2 g) in dry Me,SO (15 mL) was kept at
50°C for 2 h as described in (a), to give 62 identical with the material described in
(a).

1p-1,4-Di-O-allyl-3,6-di-O-benzyl-5-O-p-methoxybenzyl-myo-inositol (71).—A
mixture of the diol 70 (1.44 g, 2.77 mmol), dibutyltin oxide (1.38 g, 5.54 mmol),
tetrabutylammonium bromide (1.79 g, 5.54 mmol), allyl bromide (1 mL), and
MeCN (50 mL) was stirred and heated under reflux with a Soxhlet apparatus
containing 3A molecular sieves for 6 h, TLC (3:1 ether-light petroleum) of the
solution showed complete conversion of 70 (R, 0.4) into a product (R, 0.9) which
was isolated in the usual way [11]). Column chromatography (2:1 ether-light
petroleum) gave 71 (1.29 g, 83%); mp 110-112°C (from light petroleum); [a]3
+17.0° (¢ 1, CHCl,). 'H NMR data: & 2.40 (s, 1 H, OH), 3.78 (s, 3 H, OMe),
3.19-4.39 (m, 10 H, 6 ring protons and 2 OCH,—CH=), 4.72, 4.76, 4.82 (3 s, 6 H,
CH,Ph), 5.11-5.36 (m, 4 H, 2 =CH,), 5.75-6.16 (m, 2 H, 2 CH=CH,) 6.78-7.35
(m, 14 H, aromatic). Calcd for C3,H ,,0, - 0.5 H,0: C, 71.68; H, 7.25%. Found: C,
71.77; H, 7.09%.

Ip-1,4-Di-O-allyl-2,3,6-tri-O-benzyl-5-O-p-methoxybenzyl-myo-inositol (72).—
The alcohol 71 (1.2 g, 2.14 mmol) was treated with benzyl bromide (1 mL) and
NaH (0.3 g) in DMF (40 mL), and the product isolated in the usual way. Column
chromatography (1:2 ether-light petroleum) gave 72 (1.31 g, 94%); mp 56-57°C;
[«]5 +12.6° (¢ 1, CHCL,). 'H NMR data: & 3.15-4.38 (m, 10 H, 6 ring protons
and 2 OCH,-CH=), 3.78 (s, 3 H, OMe), 4.62, 4.64,4.77, 4.84 (4 s, 8 H, 4 CH,Ph),
5.09-5.34 (m, 4 H, 2 =CH,), 5.69-6.21 (m, 2 H, 2 CH=CH,), 6.77-7.32 (m, 19 H,
aromatic). Caled for C,, H,,0;,: C, 75.67; H, 7.13%. Found: C, 75.77; H, 7.21%.

Ip-2,3,6-Tri-O-benzyl-5-O-p-methoxybenzyl- 1,4-di-O-(cis-prop-1-enyl)-myo-in-
ositol (73) and the racemate 79.—A solution of the diallyl ether 72 (1.20 g, 1.84
mmol) and potassium tert-butoxide (1.35 g) in dry Me,SO (50 mL) was kept at
50°C for 9 h. A portion of the solution was diluted with semi-satd aq KCl, and the
product was extracted with ether and treated with 9:1 acetone-M HCI at reflux
for 20 min. TLC (1:2 ether-light petroleum) showed complete conversion of 72
(R, 0.5) into a product (R, 0), indicating that the isomerisation of the allyl groups
to prop-1-enyl groups was complete. The mixture was diluted with satd aq KCl (50
mL) and the product was extracted with ether. Column chromatography (1:2
ether-light petroleum) gave 73 (0.99 g, 83%); mp 76-77°C (from light petroleum);
[« —8.6° (¢ 1, CHCL,). '"H NMR data: 3 1.65 (dd, 6 H, J 1.8 and 6.7 Hz, 2
=CH Me), 3.27-3.58 (m, 3 H, H-1,3,5), 3.78 (s, 3 H, OMe), 3.92-4.50 (m, 5 H, 3 ring
protons and 2 =CH Me), 4.60-4.82 (m, 8 H, 4 CH,Ph), 6.07, 6.26 2 m, 2 H, 2
OCH=), 6.77-7.31 (m, 19 H, aromatic). Calcd for C,;H,0,: C, 75.67; H, 7.13%.
Found: C, 75.46; H, 7.21%. A preparation of impure and uncharacterised 73 has
been described [9].

The racemic material 79 (prepared in the same way from 78) had mp 78-79°C
(from light petroleumn) and a '"H NMR spectrum identical with that described for
73. Found: C, 75.40; H, 7.17%.

1p-2,3,6-Tri-O-benzyl-5-O-p-methoxybenzyl-myo-inositol [9] (74) and the race-
mate 80.—A solution of the diprop-1-enyl ether 73 (0.82 g, 1.26 mmol) in 3:7:1
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acetone~MeOH-M HCI (30 mL) was kept at 50°C for 30 min. NaHCO, (1 g) and
Et;N (1 mL) were added, the mixture was concentrated, and the residue extracted
with CH,Cl,. The extract was dried (K,CO,) and concentrated to give 74 (0.692 g,
96%) mp 100-102°C (from light petroleum-ether); [@]3 +6.6° (c 1, CHCl,); with
a '"H NMR spectrum as described [9] {lit. [9] mp 100-102°C, [a]25 +5.9° (c 1,
CHCl,)).

The racemic diol 80 (prepared in the same way from 79) had mp 103-104°C
(from light petroleum—ether) and a "H NMR spectrum identical with that de-
scribed [9] for the chiral diol 74. Calcd for C;5H,;30,: C, 73.66; H, 6.71%. Found:
C, 73.65; H, 6.82%.

Ip-2,3,6-Tri-O-benzyl-5-O-p-methoxybenzyl-myo-inositol  1,4-bis[di-(2-cyanoethyl)
phosphate] (76).—The chiral diol 74 (200 mg) was treated with bis(2-
cyanoethoxy)diisopropylaminophosphine (87) in the usual way [12], to give the
bisphosphite 75 which was oxidised [12] with m-chloroperoxybenzoic acid. Column
chromatography (EtOAc) gave 76 (0.264 g 80%); mp 118-119°C (from EtOAc-light

petroleum); [oz]27 +8.1° (¢ 1, CHCl,). 'H NMR data: & 2.17-2.58 (m, 8 H, 4
CH,CN), 3.76 (S, 3 H, OMe), 3.49-5.02 (m, 22 H, 4 CH,Ph, 4 OCH,CH,CN, and
6 ring protons), 6.77-7.35 (m, 19 H, aromatic). 'P NMR data: § —2.62, —3.16.
Caled for C,H,,N,0,,P,: C, 59.87; H, 5.56; N, 5.94; P, 6.57%. Found: C, 60.42;
H, 5.51; N, 5.99; P, 6.33%.

Ip-2,3,6-Tri-O-benzyl-myo-inositol 1,4-bis[di-(2-cyanoethyl) phosphate] (81).—A
solution of cerium(IV) ammonium nitrate (0.380 g) in 9:1 MeCN-water (5 mL)
was added dropwise to a stirred solution of the bisphosphate 76 (0.165 g) in 9:1
MeCN-water (5 mL) during 30 min, when TLC (EtOAc) showed complete
conversion of 76 (R 0.6) into a product (R; 0.4). Water (15 mL) was added, the
solution was concentrated to remove MeCN, and the product was extracted with
CH,Cl,. The extract was washed with satd ag NaHCO,, dried (MgSO,), and
concentrated. Column chromatography (EtOAc) gave 81 (95 mg, 66%) as a syrup;
[a]¥ —43° (c 1, CHCl,). *'P NMR data: & —175, —3.30. Caled for
C1H 4 N,0,,P,: C, 56.93; H, 5.39; N, 6.81%. Found: C, 56.94; H, 5.57; N, 6.58%.

ID-2,3,6-Tri-O-benzyl-myo-inositol 1,4-bis(dibenzyl phosphate) 5-(dibenzyl phos-
phorothioate) (84).—A solution of tetrazole (136 mg) in dry MeCN (4 mL) was
added to a stirred solution of the bisphosphate [9] 82 (330 mg) and
bis(benzyloxy)diisopropylaminophosphine (88, 250 mg) in dry CH,Cl, (4 mL)
under N,. After 2 h, TLC (30:1 CHCl,-MeOH) showed complete conversion of
82 (Rf 0.4) into the phosphite 83 (R 0.5). The mixture was concentrated and the
residue was extracted with 2:1 ether—CH ,Cl, (10 mL). The extract was washed
with satd aq KCl, dried (MgSO,), and concentrated to give the crude phosphite 83
as an oil. >’P NMR data: 6 142, —1.68, —2.09. Sulphur (130 mg) was added to a
stirred solution of 83 in pyridine (3 mL) under N,. After 12 h, the mixture was
concentrated and the residue diluted with water (5 mL). The product was ex-
tracted with 2:1 ether-CH,Cl,, the extract was washed successively with M HCI,
satd aq KCl, and satd ag NaHCO,, then dried (MgSO,), and the solvent evapo-
rated. TLC (as above) showed no separation of the phosphite 83 from the
phosphorothioate 84. Column chromatography (1:1:3 CH,Cl,-ether-light
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petroleum followed by 1:1 CH,Cl,~-ether) gave the phosphorothioate 84 (260 mg,
61%) as a syrup; [a]® —4.7° (c 1.1, CHCl,). *'P NMR data: & 68.77 (P=S), —1.88,
—2.28. Calcd for CgHgO,,P5S: C, 66.44; H, 5.88; P, 7.45; S, 2.57%. Found: C,
66.33; H, 5.65; P, 7.83; S, 2.68%.
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