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ABSTRACT 

Reaction of m.ro-inositol or a mixture of racemic 1,4-, 1.6-, and 4,5-di-O-allyl-mro-inositol in 

acetonitrile with dibutyltin oxide and ally1 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-~l~~~-inositol together 

with small proportions of penta-C-allyl-mr+inositols and 1,3,5-tri-O-allyl-rn~~~-inositol (from m_ro-in- 

ositol). Parallel results were obtained when crotyl bromide was used. When 3 equiv. ofdibutyltin oxide were 

used with m_r+inositol or 1 equiv. with the mixture of di-O-ally1 derivatives, 1,3,4-tri-O-allyl-m_ro-inosrtol 

was the major product. When 2 equiv. ofdibutyltin oxide were used. myo-inositol gave a complex mixture of 

mono-. di-, and tri-O-ally1 derivatives which was fractionated after conversion into the O-isopropylidene 

derivatives. Racemic 1,3,4,5-tetra-0-allyl-tityo-inositol was resolved via the (-)-w-camphanates, 

INTRODUCTION 

The inositol phosphates and phosphatidylinositol phosphates of the phosphati- 

dylinositol cycle are the subject of intensive study4 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 

group6. Therefore, it was anticipated that tin-mediated allylation of myo-inositol (1) 
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would proceed through the l-O-ally1 derivative 2 to the 1,3-di-O-ally1 derivative 4 and 

thence to 1,3,4- (12) and 1,3,5-tri-O-ally1 (22) derivatives. Further reaction should 

convert 12 into the 1,3,4,6- (19) and the 1,3,4.5-tetra-O-ally1 (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-0-allyl(8) derivatives was used. This mixture was obtained readily via allylation 

of the mixture of 1,2:3,4-, 1,2:5,6-, and 1,2:4,5-di-0-isopropylidene-myo-inositol 

formed on treatment of myo-inositol with 2,2_dimethoxypropane and an acid catalyst in 

NJ-dimethylformamide7, followed by hydrolysis in aqueous acetic acid. Compounds 

6-8 have been characterised individually8. The 1,4-di-O-ally1 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-0-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-ally1 

derivative 15, whereas 12 should give 15 and the 1,3,4,6-tetra-O-ally1 derivative 19. 

The tin-mediated allylation of 68 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 isolated 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,bdimethyl ether 30. 

Under similar reaction conditions for 24 h, myo-inositol gave 15 and 19 together 

with small proportions of penta-O-ally1 derivatives and the 1,3,5-tri-O-ally1 derivative 

22. When crotyl bromide was used in place of ally1 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-ally1 derivative 12 as the major product which gave a crystalline acetate 

(13). The structure of 12 was confirmed by conversion, via the benzyl ether 14, into 

known’ 2,4,5-tri-0-benzyl-mo-inositol. The ratios of the di-0-isopropylidene deriv- 

atives in the mixture from which 68 were prepared was’ - 1:2:2 and the ratios for 68 

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-O-ally1 derivatives present. Also, since 9 and 11, 

both derived from 6, each contain a vicinal cis-diol, they should be more rapidly 

converted into the tetra-O-ally1 derivative 15 than 12 (containing a vicinal trans-diol) is 

converted into the mixture of 15 and 19. 

When mqlo-inositol was allylated in the presence of 3 equiv. of dibutyltin oxide, 

the 1,3,4-tri-O-ally1 derivative 12 was the major product together with a small propor- 

tion of the 1,3,5-tri-O-ally1 derivative 22. Small proportions of the tetra-O-ally1 deriv- 

atives 15 and 19 were also formed and a further minor product was identified as 

1,2,3,4-tetra-O-allyl-myo-inositol. The last compound was the source of two of the 

penta-O-ally1 derivatives when the allylation was performed in the presence of an excess 
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together with some of the 1,4,5,6-tetra-O-ally1 derivative derived from 1,2-O-isopropy- 

lidene-myo-inositol. 

The tetra-O-ally1 derivative was extracted by trituration with light petroleum. 

T.1.c. (ethyl acetate-methanol, 8:l) of the crystalline residue revealed two spots (R, 0.4 

and 0.6). An authentic sample’ of the 1,4-di-O-ally1 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 described8. 

I,5-Di-0-acetyl-1,3,4,6-tetra-0-allyl- (20), ( ~)-2,6-di-O-acetyl-I,3,4,5-tetra-O- 

allyl- (16), and 1,3,5-tri-0-allyl-myo-inosilol (22). ~ (a) A mixture of 6-8 (11.2 g, 43 
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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” (fromethyl acetate-light petroleum, 25) (Found: C, 60.17; 
H, 8.09. C,,H,,O, talc.: 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 (3 H) (2 s, 3 AC), 3.36 (dd, J2.45 and 10.37 Hz, H-1,3), 3.53 (t, J9.16 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,,O, talc.: C, 59.14; H, 7.09%). 

Reaction of myo-inositol with crotyl bromide. - A tin-mediated alkylation of 

myo-inositol as in (h) above, but using crotyl bromide, gave the following products. 

1,3,4,6-Tetra-0-(but-2-enyl)-myo-inositol, m.p. 5&52” (Found: C, 66.65; H, 
9.14. C,,H,,O, talc.: C, 66.64; H, 9.15%) which gave a syrupy 2,5-diacetate. ‘H-N.m.r. 

data:6 1.66, 1.71 (2~,4CH=CHMe),2.10,2.13(2~,2Ac),3.29(dd, J2.5and9.8Hz, 
H-1,3), 3.55 (t, J9.5 Hz, H-4,6), 4.90 (t, J9.15 Hz, H-5). 

(f)-2,6-Di-O-acetyl-l,3,4,5-tetra-O-(but-2-enyl)-myo-inositol, m.p. 7678”. ‘H- 
N.m.r. data: 6 1.67, 1.72 (2 s, 4 CH = CHMr), 2.08, 2.10 (2 s, 2 AC), 3.12-3.33 (m, 3 H, 

H-1,3,5), 3.63 (t, J9.15 Hz, H-4), 5.21 (t, J 10 Hz, H-6) (Found: C, 65.06; H, 8.38. 
C,,H,,O, talc.: 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: 6 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,,O, talc.: C, 65.73; H, 8.73 %). 
2,4,6-Tri-0-acetyl-1,3,5-tri-O-(but-2-enyl)-myo-inositol, m.p. 72-75”. ‘H-N.m.r. 

data: 6 1.62 (6 H) and 1.67 (3 H) (2 s, 3 CH = CHMe), 2.08 (6 H), 2.14 (3 H) (2 s, 3 AC), 
3.27-3.52 (m, H-1,3,5), 5.30 (t, J9.77 Hz, H-4,6) (Found: C, 61.45; H, 7.50. Cz4Hj609 
talc.: C, 61.52; H, 7.75%). 

2,5-Di-0-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), PdjC (lo%, 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.1.c. 

(chloroform-methanol, 3:l) 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, talc.: C, 46.15; H, 7.75%), which gave the 1,3,4,6-tetra-acetate 43, m.p. 
148-150” (from methanol-water, 111). ‘H-N.m.r. data: 6 2.06 (s, 4 AC), 3.39,3.51 (2 s, 2 

OMe),3.80(t, J2.44Hz,H-2),4,88(dd, J2.44and 10.38Hz,H-1,3), 5.51 (t,JlO.l Hz, 
H-4,6) (Found: C, 51.36; H, 6.48. C,,H,,O,, talc.: C, 51.06; H, 6.43%). 

(k)-2,4-Di-0-methyl-myo-inositol (45). - The tetra-O-ally1 derivative 15 was 
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Soxhlet apparatus for 17 h. T.1.c. (ether) then revealed small proportions of penta- (R, 

1.0) and tetra-O-ally1 (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.1.c. (ether) of the ether layer 

(after removing tin derivatives with sodium hydrogen carbonate as described above) 
revealed the penta- (15) and tetra-0-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-l 17” (from light petroleum) and was 1,2,3,4-tetra-O-allyl-myo- 
inositol (Found: C, 63.55; H, 8.47. C,,H,,O, talc.: C, 63.51; H, 8.29%). The diacetate 
had m.p. 10~101” (from light petroleum). ‘H-N.m.r. data: 6 2.01, 2.03 (2 s, 2 AC), 3.24 

(dd,J2.44and9.7Hz,H-lor3),3.29(dd,J2.44and9.8Hz,H-l or3),3.83(t,J9.lHz, 
H-4), 4.93 (t, J 9.4 Hz, H-5) (Found: C, 62.08; H, 7.76. C,,H,,O, talc.: C, 42.25; H, 

7.60%) which indicated the compound to be 5,6-di-0-acetyl-I ,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-ally1 derivative (R, 0.5) and 

a small proportion of the 1,3,5-tri-O-ally1 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&O,). T.1.c. (ether-light petroleum, 3:1) revealed 

minor products [R, 0.9 and 0.85, which co-migrated with 1,6-di-O-ally]-2,3:4,5-di-O- 
isopropylidene-myo-inositolX (33) and 1,4-di-0-allyl-2,3:5,6-di-O-isopropylidene-~~~- 

inositol’ (35), respectively] and minor products (R, 0.3 and 0.4, which co-migrated with 
the I-0-ally]-di-0-isopropylidene-myo-inositols; see below). The major product (R, 
0.75) was 1,3,4-tri-0-allyl-5,6-O-isopropylidene-my~-inositol (36, see below). 

The ether layer was concentrated, the residue was treated with acetic acid-water 

(4:l) at 100” for 1 h, and the solvents were evaporated. T.1.c. (ethyl acetate-methanol, 

8: 1) of the residue revealed a major product (R, 0.8) with small proportions ofdi- (R, 0.4) 

and mono-O-ally1 (R, 0.1) derivatives. Column chromatography on silica gel, in the 

same solvent, gave the tri-O-ally1 fraction (12 g) which was acetylated to give 13 (10 g) 

identical with the material described in (a). 

1,3,4-Tri-O-aZlyZ-5,6-O-isopropylidene-myo-inosito~ (36). - Compound 12 was 
treated with 2,2_dimethoxypropane in acetone that contained toluene-p-sulphonic acid. 

T.1.c. (ether-light petroleum, 3:l) revealed almost complete conversion of 12 (R, 0) into 
a product with R, 0.75. Column chromatography on silica 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-acetyI-l,3,4-tri-O-(prop-l-enyl)-myo-inositol. - A solution of 12 

(370 mg) and potassium tert-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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stirred with ether (300 mL) for 12 h. The crystalline precipitate was discarded and the 

filtrate was concentrated to give an oil (8.2 g). T.1.c. (ether-light petroleum, 3: 1) revealed 
seven major products (R, 0.9,0X, 0.8,0.5,0.4,0.25,0.1) which were isolated by column 
chromatography on silica 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- 
U-isopropylidene-myo-inosito18 (33). The product with R, 0.85 (500 mg), m.p. 85-87”, 
was identical with 1,4-di-0-allyl-2,3:5,6-di-O-isopropylidene-~~~-inositol9 (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-l 19” 
(from light petroleum that contained triethylamine) (Found: C, 60.33; H, 8.50. C,,H,,O, 

talc.: 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,,Hz607 talc.: C, 59.63; H, 7.66%), which 
indicated that the parent compound (R, 0.5) was a mono-O-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 I ,2,4,5,6-penta-O-acetyl-3-0-allyl-myo-inositol, 
m.p. 1333135” (from ethanol), identical with the material prepared by hydrolysis and 

acetylation of l-0-allyl-2,3:5,6-di-O-isopropylidene-my~-inositol9 (34). ‘H-N.m.r. da- 
ta:62.00(9H),2.04(3H),and2.19(3H)(3s,5Ac),3.58(dd,J3.05and9.7Hz,H-l), 
4.95 (dd, J2.7 and 10.5 Hz, H-3), 5.30 (t, J2.5 Hz, H-2) (Found: C, 53.24; H, 6.22. 
C,9H2601, talc.: C, 53.02; H, 6.09). Thus, the product with R, 0.5 was l-O-allyl-2,3:4,5- 

di-O-isopropylidene-myo-inositol (32). 

The product with R, 0.4 (800 mg) had m.p. 129-l 3 lo (from light petroleum with a 
little triethylamine) and gave an acetate with m.p. 154-l 56” (from light petroleum). 

These were identical with 1-0-allyl-2,3:5,6-di-O-isopropylidene-my~-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:l) at 100” for 1 h, and the solvents were evaporated. T.1.c. (ethyl 

acetate-methanol, 8:l) of the residue revealed major (R, 0.5) and minor (R, 0.6) 
products. Recrystallisation from ethyl acetate gave 1,3-di-0-allyl-myo-inositol (4; R, 
0.5;1.3g),m.p.119~121”(Found:C,55.44;H,7.72.C,,H,,0,ca1c.: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 s, 4 AC), 3.46 (dd, 2 H, J2.7 and 9.16 Hz, H-1,3) (Found: C, 

56.21; H, 6.55. C2,H,,0,, talc.: 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:62.00,2.05,2.09,2.17(4s,4Ac),3.46(t,J9.5Hz,H-5),3.46(dd,J3.05 
and 10.4 Hz, H-l), 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-0-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-0-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,,O, talc.: C, 59.98; 

H, 8.06%). 
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