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ABSTRACT

Reaction of myo-inositol or a mixture of racemic 1.4-, 1.6-, and 4,5-di-O-allyl-myo-inositol in
acetonitrile with dibutyltin oxide and allyl bromide in the presence of tetrabutylammonium bromide gave, as
the major products, a readily separable mixture of 1,3,4,6- and 1.3.4,5-tetra-O-allyl-myo-inositol together
with small proportions of penta-0-allyl-myo-inositols and 1,3,5-tri-O-allyl-myo-inositol (from myo-in-
ositol). Parallel results were obtained when crotyl bromide was used. When 3 equiv. of dibutyltin oxide were
used with myo-inositol or 1 equiv. with the mixture of di-O-allyl derivatives, 1,3,4-tri-O-allyl-myo-inositol
was the major product. When 2 equiv. of dibutyltin oxide were used, nyo-inositol gave a complex mixture of
mono-, di-, and tri-O-ally! derivatives which was fractionated after conversion into the O-isopropylidene
derivatives. Racemic 1,3,4,5-tetra-O-allyl-myo-inositol was resolved via the (—)-w-camphanates.

INTRODUCTION

The inositol phosphates and phosphatidylinositol phosphates of the phosphati-
dylinositol cycle are the subject of intensive study* and this has encouraged a consid-
erable effort in organochemical synthesis’. We now describe new methods for the
preparation of intermediates required for the synthesis of many of these inositol
phosphates and phosphatidylinositol phosphates.

RESULTS AND DISCUSSION

Alkylation of the dibutylstannylene derivative of a vicinal cis-diol in 6-membered
cyclic derivatives usually results in preferential reaction of the equatorial hydroxyl
group®. Therefore, it was anticipated that tin-mediated allylation of myo-inositol (1)

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.

* The Allyl Group for Protection in Carbohydrate Chemistry, Part 23. Presented in part at the XVth
International Carbohydrate Symposium, Yokohama, Japan, August 1217, 1990, and at the 200th National
Meeting of the American Chemical Society, Washington DC, U.S.A., August 26-31, 1990. For Part 22, see
ref. 1. This work forms part of a thesis® and a patent application®.
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represented in their correct absolute configurations, are shown with thickened lines in the ring. and
meso-compounds are shown with netther of these modifications.
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would proceed through the 1-0-allyl derivative 2 to the 1,3-di-O-allyl derivative 4 and
thence to 1,3,4- (12) and 1,3,5-tri-O-allyl (22) derivatives. Further reaction should
convert 12 into the 1,3,4,6- (19) and the 1,3,4,5-tetra-0-allyl (15) derivatives, whereas
22, which contains no vicinal diol system, should not further react.

myo-Inositol is not readily soluble in organic solvents and the initial stages of this
reaction were difficult to follow, so that a crystalline mixture of 4,5- (6), 1,6- (7), and
1,4-di-O-allyl (8) derivatives was used. This mixture was obtained readily via allylation
of the mixture of 1,2:34-, 1,2:5,6-, and 1,2:4,5-di-O-isopropylidene-myo-inositol
formed on treatment of myo-inositol with 2,2-dimethoxypropane and an acid catalystin
N,N-dimethylformamide’, followed by hydrolysis in aqueous acetic acid. Compounds
6-8 have been characterised individually®. The 1,4-di-O-allyl derivative 8 was much less
polar than the other two isomers and was readily isolated by chromatography.

The tin-mediated allylation of the mixture 6-8 was expected to be simple and
could not yield the symmetrical 1,3,5-tri-O-allyl-myo-inositol (22). Thus, 7 and 8 should
yield 12, whereas 6 should give initially 9 and 11, and then the 1,3,4,5-tetra-O-allyl
derivative 15, whereas 12 should give 15 and the 1,3,4,6-tetra-0O-allyl derivative 19.

The tin-mediated allylation of 6-8 was carried out as a one-pot reaction using
excess of dibutyltin oxide in the presence of tetrabutylammonium bromide® in refluxing
acetonitrile (see Experimental). The two major products were 1solated by chromatog-
raphy and characterised as the crystalline acetates. 'H-N.m.r. spectroscopy of the
acetates indicated that the less polar major product was 19 and that the more polar
major product was 15, which was confirmed by the conversion of 15 into the known'
chiral 2 4-dimethyl ether 30.

Under similar reaction conditions for 24 h, myo-inositol gave 15 and 19 together
with small proportions of penta-O-allyl derivatives and the 1,3,5-tri-O-allyl derivative
22. When crotyl bromide was used in place of allyl bromide in the reaction with
myo-inositol, related products (containing crotyl groups) were obtained.

Reaction with the mixture 6-8, in the presence of 1 equiv. of dibutyltin oxide, gave
the 1,3,4-tri-O-allyl derivative 12 as the major product which gave a crystalline acetate
(13). The structure of 12 was confirmed by conversion, vig the benzyl ether 14, into
known’ 2,4,5-tri-O-benzyl-myo-inositol. The ratios of the di-O-isopropylidene deriv-
atives in the mixture from which 6-8 were prepared was® ~ 1:2:2 and the ratios for 6-8
should be similar. Since both 7 and 8 are expected to give 12 in this reaction, theoretical-
ly, 12 should represent ~ 80% of the tri-Q-allyl derivatives present. Also, since 9and 11,
both derived from 6, each contain a vicinal cis-diol, they should be more rapidly
converted into the tetra-0-allyl derivative 15 than 12 (containing a vicinal trans-diol) is
converted into the mixture of 15 and 19.

When myo-inositol was allylated in the presence of 3 equiv. of dibutyltin oxide,
the 1,3,4-tri-O-allyl derivative 12 was the major product together with a small propor-
tion of the 1,3,5-tri-O-allyl derivative 22. Small proportions of the tetra-O-allyl deriv-
atives 15 and 19 were also formed and a further minor product was identified as
1,2,3,4-tetra-0-allyl-myo-inositol. The last compound was the source of two of the
penta-O-allyl derivatives when the allylation was performed in the presence of an excess
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of dibutyltin oxide. Treatment of 12 with potassium rer/-butoxide in methyi sulphoxide
and acetylation of the product gave crystalline 2,5.6-tri-O-geetyl- 1.3 4-1r-O-{prop-1-
envh-myo-mositol.
When a crude preparation of 6 was allvlated v the presence of T equiv. of
dibutyltin oxide. a mixture of tri-O-allyvl derivatives was obtained from which 9 was
isolated by chromatographv and characterised by conversion inte known” L4 5-1ri-O-

allvl-2. 3 6-tri-C-benzyl-svo-inositol (10). In the presence of 2 eguev. of dibutvltin
oxide. allylation of 6 gave manly the 1,235~ tetra-O-allyl dervative 15, as expected.
When mpo-mnositol was allvlated in the presence of 2 z:c; wiv. of dibutviun oxade. o
complex mixture of water-soluble mono-o di- and tri-C-allvl derivatives was obtained.,
which was fractionated by chromatography after conversion into the (-‘—énu‘ﬂ"i\[‘\' hdene
demvatives, Thus, the T-0-allyl-2 3.4 5-di-O-1sopropyhdene (323, 1-G-0llyi- 2. 205 6-di-
O-isopropyvlidene” (34). 3d-di-0-allyi-1.2
O-allv]-5.6-O-sopropylidene (36) dertvatives were isolated cach in -~ 158% vield, The

36-di-O-sopropyidene” (33) and 1.5.-%4;%

bR

mujor product { ~253%; was the 1.3-di-O-allvl-5.6-Casopropyvhidenc dervatve 37,

which 15 o useful miermediate. Minor produets wers identified as the | ‘»4—\.11-{)%1%
Iv1-2,3:5.6-di-Q-isopropylidenc” (38, ~ R, VA Sri-O-ally 122 ~ 5%y and 1.5-di-
allyi-2.3-O-1sopropylhidenc {38, ~ 2% ) derivatives, HM‘?\U]L& ton of the di-O-allvi derive
atves 33 and 358 indicates that the allviation of sivo-imosiie! under these conditons s
not as simple as might be expected :md that -O-allvl-oee-inositol {2 can be converted
ria 4. 7. and 8 into further products.

The 1,34.5-tetra-allvi cther IS wasresolved as the £ - -c-camphanates 18, 1o give
the pure chiral { — y-o-camphanate 29 by crystallisation. and ﬁhia’ was hvdrolysed to the
chiral ¢ 10127\&huh was converted viu the methylether 28 into 1p-2 d-di-O-methyl-pno-
mositol (30) and its known' acetate 31. thus establishing the absolute configuration of
29. The pure { - )--camphanate 28 was obtained by chromuatography atier removal of
29 As (+ )-eo-camphanme acid 1s now avaslable commercially. the pure { o pecampha-
nate {26) (the enantiomer of 29) should ulso become available by ervstallisation.

EXPERIMENTAIL

General. — The general methods were as desceribed '

Preparation of the mivire of the di-O-allvl-myo-inositols 6 8. A mixture of the
O-isopropyhidene derivatives of myo-inositol was prepared by treatment of myo-
inositol with 2. 2-dimethoxypropane and toluene-p-sulphonic acid in & A-dimethyifor-
mamide. Anexcess of triethylamine was added to neutralise the acid. Toluene was then
added and the solvents (methanol, Z.E-dimc!ho‘(\f'pmp;mc and toluene) were evaporat-
ed under reduced pressure at 30 . A solution of the mixture of [ 2-O-sopropylidene
and the three di-O-isopropvlidene derivatives in & N-dimethviformamide was ireated
with an excess of allyl bromide and sodium hydride. and the mixture was processed in
the usual way'. Water was then added, and the products were extracted with ether and
heated i acetic acid-water (4:1)at 100 for | h to remove the C-sopropylidene groups.
The solvents were evaporated to give a partially crvstalline ressdue that contained 6 -8
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together with some of the 1,4,5,6-tetra-O-allyl derivative derived from 1,2-O-isopropy-
lidene-myo-inositol.

The tetra-O-allyl derivative was extracted by trituration with light petroleum.
T.l.c. (ethyl acetate—methanol, 8:1) of the crystalline residue revealed two spots (R, 0.4
and 0.6). An authentic sample® of the 1,4-di-O-allyl derivative 8 had R, 0.6, whereas 6
and 7® each had R, 0.4. Chromatography of the mixture 6-8 on silica gel, using the above
solvent system, gave 8 identical with the material described®.

1,5-Di-O-acetyl-1,3 4,6-tetra-O-allyl- (20), (L)-2.6-di-O-acetyl-1,3,4,5-tetra-O-
allyl- (16), and 1,3,5-tri-O-allyl-myo-inositol (22). — (a) A mixture of 6-8 (11.2 g, 43
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mmol}), dibutyltin oxide (21.4 g, 86 mmol), tetrabutylammonium bromude (27.7 g. 86
mmol), allyl bromide (84 ml., 970 mmol), and acetonitrile (500 mL) was heated under
reflux with a Soxhlet apparatus that contained molecular sicve 3A (20 gy for 20 h. The
solvents were evaporated and the residue was partitioned hetween ether and water (200
mL of each). The ether layer was stirred with saturated aqueous sodium hyvdrogen
carbonate (200 mL) for 1 h. filtered through Celite. dried (K.CO ) and concentrated.
T.lc. (ether-light petroleum. 4:1) of the residue (14 g) revealed a minor (R, 0.9y and two
major products (R, (.75 and 0.55). Column chromatography on silica gel in the same
solvent system gave the minor (R, 0.9. 1.5 g) and the major (R, 0.75, 3.2 g} products. a

mixed fraction (1.6 g) of the major products, and the other major pmduu (K 0.55.4.5
2). The pure major products were each acetyvlated with pyridine-acetic anhvdnde at 50

for 6 h and the products were ¢rystallised from light petroleum. The diacetate from the
product with R, (.75 had m.p. 73 74" TH-Nomor data: 82,09, 2 13 {75, 2 A0, 3.34(dd. J
244 and 9.77 Hz, H-1.3), 360 {t, /9.77 Hz, H-4.6). 4 96 (1. F9.16 Hr, H-5) mdicating
from the symmetry that it was 20 (Found: C. 62.60: H, 7.67 (. H -O caic.: CL 62250 HL
7.60%).

The diacetate from the product mlh R, 0.5 had m.p. 8889 . 'H-N.m.r. data: o
207.212(28,2A¢),3.15-3.36(m, H-1,3.5), 3.68 (1, J9.8 Hz. H-4), .63 (L. /3.t Hz. H-2)
(Found: C.62.44: H.7.62"%, ;ndudtmu hal it was 16 as estabbshed by the experiments
described below.

The 'H-n.m.r. spectrum of the acetate derived from the fraction with R, 0.9
indicated that it was a mixture of penta-O-allvl-mya-inositols, which was not further
investigated.

The symmetrical 1.3.4.6-tetra-O-allyl derivative 19 (obtained by suponification of
20) was acetylated with pvridine acetic anhydride at 207 for 12 b T.le. (ether light
petroleum, 2:1) revealed conversion into a small proportion of 20 (R, 4.8) and a major
product (R, 0.5). The latter product was isolated by chromatography on silica gel to give
5-0-acetyl-1.3.4.6-tetra-O-allvi-mro-inositol (21), m.p. 103105 {from light petro-
leum). '"H-N.m.r. data: 0 2.08 (5. Ac). 2.43 (5. OH). 329 (dd. 7 2.5 and 9.7 Hz. H-1
372 (1 J 95 Hzo H-4.6)0 492 (w0 J W77 Hzo H-5) tkound: €0 6137 HL X.(‘)R.
C . Hy 0-0.5H.0 cale: Co61.36:0 H, 7.98% ).

In the same way, the diol 15 (obtained by saponification of 16) was converted mio
6-0-acetyl-1.3.4.5-tetra-O-allvl-nro-inositol (17). m.p. 70-72 . H-Nomur, datas 0 2.08
(S, ACH 243 (. OH). 31T 333 (m 3AH, H-1 350 381 (L9 4 Ha Ty (Found; €, 62.4;
H.8.1. C, H,, 0, cale: C.62.8 H, 7.9%).

(£ A muxture of mve-inosttol{7.2 g, 40 mmoly. dibutvltin oxide (50 g 200 mmaoly,
tetrabutylammonium bromide (63 g, 200 mmol). allyl bromide (56 mL.. 647 mmel). and
acetonitrile (500 mL)y was heated under reflux with o Soxhlet apparatus that contained
molecular sieve 3A (30 gy for 24 h. Tle., as m («). showed the same three products (R,
0.9.0.75. and 0.55) together with a further minor product (R 0.35) The solvents were
evaporated and the crude product was treated with ether water us in {w). The ether laver
was treated as in (a) to give a penta-O-allvl fraction (R, 09, 747 mg). the LA 4 6-tetra-(2-
allviderivative 19 (R, 0.75. 3.4 g). and the 1.3.5,6-tetra-(O-all }! (.iaﬂ\dti\'c tS(R 05536
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g). Compounds 19 and 15 were converted into the crystalline diacetates 20 and 16,
respectively, identical with those described in (a).

The aqueous layer from this reaction was concentrated and a mixture of ethanol
and toluene was evaporated from the residue to remove the last traces of water. The
residue was then stirred with ether (200 mL) for 6 h, the crystalline material was
collected, and the filtrate was concentrated. Column chromatography (ethyl acetate) of
the residue on silica gel gave the minor product 1,3,5-tri-O-allyl-myo-inositol (22, R,
0.35, 500 mg), m.p. 68—69.5° (from ethyl acetate-light petroleum, 2:5) (Found: C, 60.17;
H, 8.09. C;H,,0, calc.: C, 59.98; H, 8.06%), which gave the 2,4,6-triacetate 23, m.p.
124-125° (from ethyl acetate-light petroleum, 1:5). The '"H-n.m.r. data [6 2.07 (6 H) and
2.15(3H) (25,3 Ac),3.36(dd, J2.45and 10.37 Hz, H-1,3), 3.53 (t, /9.16 Hz, H-5), 5.69
(t, J 2.44 Hz, H-2)] confirmed the symmetrical structure (Found: C, 59.57; H, 7.15.
C, H; Oy cale.: C, 59.14; H, 7.09%).

Reaction of myo-inositol with crotyl bromide. — A tin-mediated alkylation of
myo-inositol as in (b) above, but using crotyl bromide, gave the following products.

1,3,4,6-Tetra-O-(but-2-enyl)-myo-inositol, m.p. 50-52° (Found: C, 66.65; H,
9.14. C,,H,O calc.: C, 66.64; H, 9.15%), which gave a syrupy 2,5-diacetate. 'H-N.m.r.
data: 0 1.66,1.71 (2s,4 CH=CHMe), 2.10, 2.13 (25,2 Ac), 3.29 (dd, J 2.5and 9.8 Hz,
H-1,3), 3.55 (1, J 9.5 Hz, H-4,6), 4.90 (t, J 9.15 Hz, H-5).

(+)-2,6-Di-O-acetyl-1,3,4,5-tetra-O-(but-2-enyl)-myo-inositol, m.p. 76-78°. 'H-
N.m.r. data: 6 1.67,1.72 (25,4 CH=CHMe),2.08,2.10 (25, 2 Ac), 3.12-3.33 (m, 3 H,
H-1,3,5), 3.63 (t, J 9.15 Hz, H-4), 5.21 (t, J 10 Hz, H-6) (Found: C, 65.06; H, 8.38.
C,H,,05 cale.: C, 64.98; H, 8.39%).

6-0-Acetyl-1,3.4,5-tetra-O-(but-2-enyl)-myo-inositol, m.p. 91-93°. 'H-N.m.r.
data: 0 1.67, 1.72 (2 s, 4 CH=CHMe), 2.08 (s, Ac), 2.41 (s, OH), 3.07-3.28 (m, 3 H,
H-1,3,5), 3.75 (t, J 9.4 Hz, H-4), 5.29 (t, J 9.7 Hz, H-6) (Found: C, 65.40; H, 8.86.
C,,H;,0, cale.: C, 65.73; H, 8.73%).

2,4,6-Tri-O-acetyl-1,3,5-tri-O-(but-2-enyl)-myo-inositol, m.p. 72-75°. '"H-N.m.r.
data: ¢ 1.62 (6 H)and 1.67 (3 H) (25, 3 CH=CHMe), 2.08 (6 H), 2.14 (3 H} (25, 3 Ac),
3.27-3.52 (m, H-1,3.5), 5.30 (t, J 9.77 Hz, H-4,6) (Found: C, 61.45; H, 7.50. C,,H,O,
calc.: C, 61.52; H, 7.75%).

2,5-Di-O-methyl-myo-inositol (42). — The diacetate 20 was hydrolysed with
sodium hydroxide in methanol, and the resulting diol 19 was treated' with sodium
hydride and methyl iodide in N,N-dimethylformamide to give the di-O-methyl deriv-
ative 41. A mixture of 41 (500 mg), Pd/C (10%, Fluka, 600 mg), and toluene-p-sulphonic
acid (50 mg) was heated under reflux in ethanol-water (19:1, 10 mL) for 24 h. T.L.c.
(chloroform—methanol, 3:1) then revealed a product with R_0.5. After filtration, the
solvents were evaporated to give 42, m.p. 270-272° (from ethanol) (Found: C, 46.29; H,
7.87. C;H (O, calc.: C, 46.15; H, 7.75%), which gave the 1,3,4,6-tetra-acetate 43, m.p.
148-150° (from methanol-water, 1:1). '"H-N.m.r. data: 4 2.06 (s, 4 Ac), 3.39,3.51 (25,2
OMe), 3.80(t, J 2.44 Hz, H-2), 4.88 (dd, J 2.44 and 10.38 Hz, H-1,3), 5.51 (t, / 10.1 Hz,
H-4,6) (Found: C, 51.36; H, 6.48. C,.H,,0,, calc.: C, 51.06; H, 6.43%).

(+)-2,4-Di-O-methyl-myo-inositol (45). — The tetra-O-allyl derivative 15 was
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converted into 45 (via 44 as described above for 42). m.p. 193 194" (from ethanob)
(Found: C. 46.09: H. 7.73. C ,H O, calc.: C, 46.15: H. 7.75% 5. which gave the 1356~
tetra-acetate 46, m.p. 176 178 (t'rom cthyl acetate -light pctm!cmm 122y (Found: O
50.79: H. 6.52. C ,H.,0,, calc.s €51 .06; H. 6.43%). The 'H-numues spectrum of 46 was
identical with thdt for 1p-1,35.6-tetra-O-acety]-2 4 li--methyl-myo-inositol {3
(4 )1 3.4-Tri-O-ally /—mm inosital (12). — (v A mixture of La-di-O-allyl-myo-
inositol” (8; 5 g, 19.2 mmol). dibutyltin oxide {5 g 201 mimoh. etrabutyvlammonium

bromide (6.5 g. 20.2 mmol), and toluene (120 mL) was heated under retluxowith removad
of water in a Dean and Stark apparatus {for 2 b Allvl bromide (7 mL. 81 mmol) was
added and the solution was heated under reflux conventionadly for 2 h, Fther (120 mLy
was added to the clear cooled solution. and the mixture was strred for 30 mun, filtered.
and extracted with water {2 = 100 mL). The combined aqueous extract was concentrat-
ed to dryness and ethanol woluene was evaporated from the residue to remove the last
traces of water. Column chromatography (ethyl acetaie) of the residue on silica gel gave
the major product (3.3 . R 0.5 in ethy] acetate). which was acetylated with ueetic
anhydride pyridine to give the racemic 2.5 6-triscetate 13, vup. 135 137 (from hght
petroleumy. H-Nmor dutas 0 203,203, 21535, AL 3.3 AR m, D By
(LS9 15 Hz H-4y, 56700 /30 Hr, H-2y (Found: C 5% 1 HO 782 ¢ SR
S 14 HL 7.09%).

Compound 13 was saponitied with sodium hydrexide in methanol at reflux for 20
min. Solid carbon dioxide was added. the solution was concentrated to dryness. and the

~13 N
1
di

residue was extracted with dichloromethane to give svrupy 12 {Found: C.60.22: H.7.83
CH,,0, cale: € 59.98 H. X.06%%).

Treatment' of 12 with benzyvl bromide and sodium hvdride in & V-dimethylfor-
mamide and deallylation” of the product with Pd'C gave 24.5-tri-0O-benzyl-nno-
inositol identical with the material described”, thus establishing the structure of the trio!
12.

(h) A mixture of 6-8 (20 g, 76.8 mmol}, dibutvltn oxide (20 o, 80.3 mmal),
tetrabutylammonium bromude (26 g, 80.6 mmol), and allyl bromide (30 mL. 878 mmol)
in acetonitrile (500 mL) was heated under reflux for 12 h with removal of water by
molecular sieve 3A (30 gy a Soxhlet apparatus. Tole (ethvl acetate) then revealed tri-
(R, 0.5 major product), tetra-{ R, 0.85). and di-O-allyl (R, 0. 1) dervatives. The solvents
were evaporated. the residue was partitioned between ether and water {200 mL each),
the ether layer which contained the tetra-O-allyl derivatives and small proportions of
tri- and penta-O-allyl dervatives was discarded, and the aqueous luyer was concentrat-
ed. Toluene and ethanol were evaporated from the residue. ether (200 mb) wis added,
the crystals which separated atter stirring tor 3 h were discarded, and the ether solution
wus concentrated. Column chromatography (ethyvi ucetate) of the residue on sthica gel
gave the tri-O-allyl fraction (7 g). which was acetylated. and the product was recrvstal-
lised to give 13 (6.5 g) identical with the material in («).

(¢ myeo-Inosuol (162 g0 90 mmol), dibutvlin oxide (684 ¢, 274 mmol),
tetrabutylammonium bromide (28.8 g, 89.3 mimol), aliyl bromide (60 mL, 690 mmol).
and acetonitrile (300 mL) were heated under reflux with molecular sieve 3A (40 g)ina
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Soxhlet apparatus for 17 h. T.l.c. (ether) then revealed small proportions of penta- (R,
1.0) and tetra-O-allyl (R, 0.9 and 0.8) derivatives, a major product (R, 0.25 that
co-migrated with 12), together with two other minor products (R, 0.35 which co-
migrated with 22, and R, 0.5). The solvents were evaporated and the residue was
partitioned between water (400 mL) and ether (200 mL). T.l.c. {ether) of the ether layer
(after removing tin derivatives with sodium hydrogen carbonate as described above)
revealed the penta- (15) and tetra-O-allyl (19) derivatives together with a minor product
(R, 0.5). The minor product (650 mg), isolated by column chromatography (ether) on
silica gel, had m.p. 115-117° (from light petroleum) and was 1,2,3,4-tetra-O-allyl-myo-
inositol (Found: C, 63.55; H, 8.47. C;H,0, calc.: C, 63.51; H, 8.29%). The diacetate
had m.p. 100-101° (from light petroleum). 'H-N.m.r. data: § 2.01, 2.03 (25, 2 Ac), 3.24
(dd, 72.44and 9.7 Hz, H-1 or 3), 3.29(dd, / 2.4d4 and 9.8 Hz, H-1 or 3), 3.83 (t, /9.1 Hz,
H-4), 493 (t, J 9.4 Hz, H-5) (Found: C, 62.08; H, 7.76. C,,H;,0, calc.: C, 62.25; H,
7.60%), which indicated the compound to be 5,6-di-O-acetyl-1,2,3 4-tetra-O-allyl-myo-
inositol. This inference was confirmed by allylation of 36, with subsequent deace-
tonation and acetylation to give a product having the same m.p. and 'H-n.m.r. spectrum
as the above diacetate.

The aqueous layer was concentrated and toluene and ethanol were evaporated
from the residue. T.1.c. (ethyl acetate) revealed a major tri-O-allyl derivative (R, 0.5) and
a small proportion of the 1,3,5-tri-O-allyl derivative (R, 0.6). This fraction was treated
with 2,2-dimethoxypropane (50 mL), acetone (50 mL), and toluene-p-sulphonic acid
(500 mg) at 20° for 5 h. Triethylamine (1 mL) was added, the solvents were evaporated,
the residue was partitioned between ether and water (100 mL of each), and the ether
layer was separated and dried (K,CO,). T.l.c. (ether-light petroleum, 3:1) revealed
minor products [R, 0.9 and 0.85, which co-migrated with 1,6-di-0O-allyl-2,3:4,5-di-O-
isopropylidene-myo-inositol® (33) and 1,4-di-O-allyl-2,3:5,6-di-O-isopropylidene-myo-
inositol® (35), respectively] and minor products (R, 0.3 and 0.4, which co-migrated with
the 1-0-allyl-di-O-isopropylidene-myo-inositols; see below). The major product (R,
0.75) was 1,3,4-tri-O-allyl-5,6-O-isopropylidene-myo-inositol (36, see below).

The ether layer was concentrated, the residue was treated with acetic acid—water
(4:1) at 100° for 1 h, and the solvents were evaporated. T.l.c. (ethyl acetate-methanol,
8:1) of the residue revealed a major product (R, 0.8) with small proportions of di- (R, 0.4)
and mono-0-allyl (R, 0.1) derivatives. Column chromatography on silica gel, in the
same solvent, gave the tri-O-allyl fraction (12 g) which was acetylated to give 13 (10 g)
identical with the material described in (a).

1,3,4-Tri-OQ-allyl-5 ,6-O-isopropylidene-myo-inositol (36). — Compound 12 was
treated with 2,2-dimethoxypropane in acetone that contained toluene-p-sulphonic acid.
T.l.c. (ether-light petroleum, 3:1) revealed almost complete conversion of 12 (R, 0) into
aproduct with R,_0.75. Column chromatography onsilica gel in this solvent system gave
36 as a syrup (Found: C, 63.45; H, 8.18. C,;H,,O, calc.: C, 63.51; H, 8.29%).

2,5,6-Tri-O-acetyl-1,3 4-tri-O-( prop-1-enyl)-myo-inositol. — A solution of 12
(370 mg) and potassium zerz-butoxide (3 g) in dry methyl sulphoxide (20 mL) was kept at
50° for 6 h with exclusion of moisture and carbon dioxide. Saturated aqueous potassium
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chloride (20 mL) was added to the cooled solution which was extracted with ether (3 =
100 mL). The extract was dried (K,CO,) and concentrated. and the residuc was
acetylated with aceticanhydride pyridineat 50 for4 h. The cooled solution was diluted
with ice—water Lo give the title compound (360 mg). m.p. H13- 115 (from light petroleum
containing a little pyridine) (Found: C. 59420 H. 7015 €. H, 0O, calc: €. 3914 H.
7.09%).

(+)-1.4,5-Tri-O-allyi-myo-inositol (9). A crude preparation” of 5.6-di-O-al-
lyl-1.2:3 4-di-O-isopropylidene-myo-inositol that contained (t.Le."y ~ 10% of 3.4-di-0-
allyl-1.2:5.6-di-O-isopropylidene-myo-inositol was hydrolysed with acetic acid water
(4:1yat 1007 for 1 hto give crude diallyl ether 6. This product was treated with Fequiv. of
dibutyltin oxide and an excess of allyl bromide as desertbed above in the preparation of
12 [method (H)]. A portion of the solution was processed as described for the preparation
of 12. T.1.¢. (ethyl acetate methanol. 8: 1) revealed two major products (£ 0.6 and 0.75)
in the aqueous phase that were isolated by column chromatography on silica gel in the
same solvent mixture. The product with R 073 was 9, mup. 131 132 (from ethyl
acetate -light petroleum) (Found: C. 6034 H. 8.1 5. C (H, 0, cale s C 5998 H.8.06% 1.
The 2,3,6-triacetate had m.p. 90-92° (from light petrofeumi. "H-N.m.r. data: o 2.04,
2.09.2.13(3s.3AC). 331 (1L.J92Hz, H-5), 340 (dd. /3 band W T He -1 377 (0 19
Hz. H-4), 4.80 (dd, J 3.1 and 9.0 Hz. H-3), 5.8 (., J 2.7 Ho, H-2y {Found: CL 53951 HL
7.22. C, H,, 0O, cale CO59.14: H, 7.09% 1

Treatment of the product with R, 0.75 with benzyvl bromide and sodium hydride in
N N-dimethylformamide in the usual way gave a product with & 'H-n.m.r. spectrum
identical with that of 1.4,5-1ri-0-allvl-2.3,6-tri-O-benzvl-myo-inositol”. thus establish-
ing the structure of 9.

The product with R, 0.6 was not further mvestigated but was assumed to be
L.5.6-tri-O-altyl-myo-inositol (11).

The remainder of the reaction mixture was treated with an oxcess of dibutyltin
oxide until reaction was complete. T.1.c. then revealed the major cther-soluble product
to be 15 with only a small proportion of 19, presumably formed from the small amount
of 7 in the starting material.

Allylation of myo-inasitol in the presence of 2 equiv. of dibutyviiin oxide. A
mixture of myo-inositel (3.4 g. 30 mmol). dibutyltin oxide (15 g. 60 mmol), tetrabutyl-
ammonium bromide (19.3 g. 60 mmol). allyl bromide (30 mi. 346 mmol). and aceto-
nitrile (300 mL) was heated under reflux with molecular sieve 3A (20 g) in a Soxhlet
apparatus for 12 h. The solution was concentrated. toluene was evaporated from the
residue which was then partitioned between ether (200 mL) and water (100 mL}. and the
etherlaver was washed with ether (100 ml.). The product (600 mg) in the ether faver was
isolated as described above and shown by t.l.c. to comprise mainlyv 15 and 19,

The combined aqueous layers were washed with ether {30 ml.) and concentrated.
and toluene and ethanol were evaporated from the residue. The residue was stirred with
acetone (40 mL), 2.2-dimethoxypropane (100 mL). and toluene-p-sulphonic acid (1 g)
for 12 h. Triethylamine {2 mL) and sodium hydrogen carbonate {2 g) were added,. the
solvents were evaporated. and toluene was evaporated from the residue which was
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stirred with ether (300 mL) for 12 h. The crystalline precipitate was discarded and the
filtrate was concentrated to give an 0il (8.2 g). T 1.c. (ether—light petroleum, 3:1) revealed
seven major products (R, 0.9,0.85,0.8,0.5,0.4,0.25,0.1) which were isolated by column
chromatography onsilica gel in the same solvent followed by ethyl acetate to remove the
product R_0.1.

The syrupy product with R, 0.9 (1.1 g) was identical with 1,6-di-O-allyl-2,3:4,5-di-
O-isopropylidene-myo-inositol® (33). The product with R, 0.85 (500 mg), m.p. 85-87°,
was 1dentical with 1,4-di-O-allyl-2,3:5,6-di-O-isopropylidene-myo-inositol’ (35), and
the syrupy product with R 0.8 (1 g) was identical with 1,3,4-tri-O-allyl-5,6-O-isopropy-
lidene-myo-inositol (36, see above). The product with R, 0.5 (1.3 g) had m.p. 118-119°
(from light petroleum that contained triethylamine) (Found: C, 60.33; H, 8.50. C,;H,,05
calc.: C, 59.98; H, 8.06%) and gave a crystalline acetate m.p. 95-97° (from light
petroleum) (Found: C, 59.80; H, 7.79. C,;H,O, calc.: C, 59.63; H, 7.66%), which
indicated that the parent compound (R, 0.5) was a mono-Q-allyl-di-O-isopropylidene-
myo-inositol. Hydrolysis of this compound with acetic acid—water (4:1) at 100° for 1 h
and acetylation of the product gave 1,2,4,5,6-penta-O-acetyl-3-O-allyl-myo-inositol,
m.p. 133-135° (from ethanol), identical with the material prepared by hydrolysis and
acetylation of 1-0O-allyl-2,3:5,6-di-O-isopropylidene-myo-inositol® (34). '"H-N.m.r. da-
ta: 82.00 (9 H), 2.04 (3 H), and 2.19 3 H) (3 s, 5 Ac), 3.58 (dd, J 3.05 and 9.7 Hz, H-1),
4.95 (dd, J 2.7 and 10.5 Hz, H-3), 5.30 (t, J 2.5 Hz, H-2) (Found: C, 53.24; H, 6.22.
CsH, 0, cale.: C, 53.02; H, 6.09). Thus, the product with R_0.5 was 1-O-allyl-2,3:4,5-
di-O-isopropylidene-myo-inositol (32).

The product with R, 0.4 (800 mg) had m.p. 129-131° (from light petroleum with a
little triethylamine) and gave an acetate with m.p. 154-156° (from light petroleum).
These were identical with 1-0O-allyl-2,3:5,6-di-O-isopropylidene-myo-inositol (34) and
its 4-acetate’.

The major product with R, 0.25 (1.6 g) was a syrup, which was hydrolysed with
acetic acid-water (4:1) at 100° for 1 h, and the solvents were evaporated. T.l.c. (ethyl
acetate—methanol, 8:1) of the residue revealed major (R, 0.5) and minor (R, 0.6)
products. Recrystallisation from ethyl acetate gave 1,3-di-O-allyl-myo-inositol (4; R,
0.5;1.3 g),m.p. 119-121°(Found: C, 55.44; H, 7.72. C,,H,,O, calc.: C, 55.37; H, 7.75%),
which gave a 2,4,5,6-tetra-acetate (5), m.p. 141-143°. "H-N.m.r. data: 6 2.00 (3 H), 2.03
(6 H), and 2.17 3 H) (3 5, 4 Ac), 3.46 (dd, 2 H, J 2.7 and 9.16 Hz, H-1,3) (Found: C,
56.21; H, 6.55. C,,H,;0,, calc.: C, 56.07; H, 6.59%).

The minor product (R, 0.6) was isolated (100 mg) by column chromatography of
the contents of the mother liquors and gave a crystalline tetra-acetate, m.p. 142-144°,
'H-N.m.r. data: § 2.00, 2.05, 2.09, 2.17 (45, 4 Ac), 3.46 (t, J 9.5 Hz, H-5), 3.46 (dd, J 3.05
and 10.4 Hz, H-1), 4.88 (dd, J 3.0 and 10.5 Hz, H-3), which COSY experiments (200
MHz) showed to be 2,3,4,6-tetra-O-acetyl-1,5-di-O-allyl-myo-inositol (40) (Found: C,
56.15; H, 6.62. C,H,,O,, calc.: C, 56.07; H, 6.59%).

The 1,5-di-O-allyl-myo-inositol gave a crystalline isopropylidene derivative (38),
m.p. 90-92° (from light petroleum) (Found: C, 59.72; H, 7.98. C,;H,,0 calc.: C, 59.98;
H, 8.06%).
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The product (R, 0.1, 250 mg) from the original column was identical to 1.3.5-tri-
O-allyl-niyo-inositol (22) d sscribed above.

Bis-{ — j~w-camphaneaies (28 and 29y of 1.3 4 5-ietva-O-allv l-mayo-inositol (15), -
A mixture of 15(6 g, 17.6 mmol) and ( — }-w-camphanic actd chionde (Fluka. 119 g, 55
mmoly in dry pyridine (30 miywas kept at 20 for 20 b T Lo (ether-light petroleum.
4:1) then revealed the conversion of 15 (R, 0.55) into two products { R, 1.65 and .70
Water (2 mL) was added to the mixture and, after 15 min. tCwas dituted with water (100
mL.}. and the products were extracted with ether. The extract was washed successively
with saturated agueous potassium chlonde and saturared aqueous sedium hydrogen
carbonate, and dried {MgSG ). The crude product (12 ¢} [[Heanmoe data: 8 0.97 (9 MY,

POAHL VOGO HL TOS P HL IS H D93 My e s, 12 CMe of the camphanate

portions)] was crystallised {rom ether-ight petrolewm ¢ 11 to give 2948 1163, 4.6 gb.
m.p. 167 169 [z 1.3 (¢ |, chloroform). Fl-Nonr data o 097 (6 HL 10K (3 H,
TA2ZOHL T ITOH s, 6 CMe)(Found: CL 6539 H, 749, C MO Lcales Coas 12 HL
7.48%). The diastereoisomer 25 (4 g, R 0.7), obtained by column chromatography on
sthica gel (ether--light petroleum. 4:1) of the material in the mother liquors, had mop.
116.5-119 (f“mm cthvi acetate light petroleum. 133 H-Nom o datar 596 (3 FHL 101
(3H). 1.04 (31 HH O Hy 4 s, 6 CMe) (Found: €, 65,37, Hu 7830

The camphanate 29 was saponified with sodium hvdroxide in methanol, and the
resulting diol 27 was treated’ with methyl todide and sodium hydride in N V-di-
methylformamide to give the di-O-methy! derivative 28 as o svrup. Deallvlation, as
described above in the preparation of 42, gave 1n-2.4-di-O-methvlonyo-inositol {301,
m.p. 1461487 [o]* +3.2 s's"? methanol), which gave a 1.3 5 6-tetra-acctate (3D, mup.
164 1667, [«)" —6.5 (¢ 1. chloroform). (nmpounm 30 and 31 and the "H-nmur,
spectrum of 31 were 1demzcd with those described’ and established the absolute
configurations of the camphanates 25 and 29.
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