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ARSTRACT 

The 1~ and IL forms of 1,2,4,5,C and 1,2,3,4,5-penta-0-methyl-myo-inositol 
have been prepared from the corresponding chiral mono-O-be@ derivatives. Con- 
venient preparations are also described of achiral derivatives of l-, 2,4-, and 5-G 
benzyl-myo-inositol and of achiral 1,2,4,5,& and 1,3,4,5,6myo_inositol by selective 
benzylation through stannylidene derivatives and through reductive cleavage of 
benzylidene acetals. 

INTRODUCTION 

In structural studies of naturally occurring glycosides of myo-inositol by 
methylation analysis, it would be valuable to have access to the six different penta- 
O-methyl derivatives and their acetates. We have reported on the synthesis of the 
two meso-forms, 1,3,4,5,6 and 1,2,3,4,6-penta-O-methyl-myo-inositol, and the 
two racemic forms, 1,2,4,5,6 and 1,2,3,4,5-penta-@methyl-myo-inositol’. The 
corresponding acetates were well separated in g.1.c. We now report on the synthesis 
of the 1~ and 1~ forms of the two latter derivatives and their acetates. The inter- 
mediates, lo- and lr.-1-Obenzyl-myo-inoaitol, which have previously been prepared 
by another route2’“, may be useful in the synthesis of other chiral myo-inositol 
derivatives. 

The preparation of other 0-benzyl derivatives of myo-inositol by selective 
benzylation through stannylidene activation and through reductive cleavage of 
benzylidene acetals is also reported. Several of the substances described in this com- 
munication have been prepared by other routes, but the methods reported here are 
simpler and the yields for most of them sre improved. 

RESULTSANDDISCUSSION 

Chiral derivatives. - The mono-isopropyl ester of 2,3di-O-benaoyl-L_( + )- 
tartaric acid4 was converted into the acid chloride which was used for acylation of 
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racemic 1-0-benzyl-2,3:4,5di-O-cyclohexylidene-~yo-inositol (la + lb)‘. Chro- 
matography then gave the diastereomers 2a and 2b (only one enantiomer is shown in 
the formulae). Saponification of 2a and 2b, followed by acid hydrolysis, yielded lo- 
(3a) and lL-l-O-benzyl-myo-inositol(3b). The overall yields were much higher than 
those obtained by a laborious route proceeding via D-mannose orthoester deriva- 
tives2’3’5. Acetylation of 3a and 3b yielded lo- (4a) and lo-1,2,4,5,6-penta-o-acetyl- 
3-O-benzyl-myo-inositol (4b). The monobenzyl ethers were then methylated, 
yielding lo- @a) and 1~-1-0-benzyl-2,3,4,5,6-penta-O-methyl-myo-inositol (Sb), 
respectively, which were not isolated but hydrogenolysed to give lo- (6a) and ID- 
1,2,4,5,6-penta-O-methyl-myo-inositol(6b), characterised as the acetates 7a and 7b. 

30 R = Bn,R~ = H 

40 R = B”,R’= AC 

5oR = Bn.R’=Mc 

1aR = H 

2aR = Cc0 

I 

60 R = H,R’= Me 

7a R = Ac,R’= Me 

R’O 

OR’ 

RO 

aa R = Bn,R’= H 

So R = B”,R’= AC 

1OoR = Bn,l?‘= Me 

110 R = H,R’= MC 

12a R = Ac,R’ = Me 

HcOBs 

I 
BzOeH 

I 

lD-6~Benzyl-myo-inositol (8a) and its enantiomer (8b)6 were acetylated to 
give lo- (9a) and 1~-1,2,3,5,6-penta-0-acetyl4-O-benzyl-myo-inositol(9b). Methyl- 
ation of 8a and 8b yielded lo- (lOa) and 1L-4-O-benxyl-l,2,3,5,6-penta-0-methyl- 
myo-inositol (lob), respectively, and hydrogenolysis then yielded IL- (lla) and lo- 
1,2,3,4,5-penta-O-methyl-myo-inositol (Ilb), which were characterised as the ace- 
tates 12a and 12b. 

In methylation analysis of a monoglycosylated myo-inositol, one of the six 
possible penta-0-methyl-myo-inositols will be obtained. The two meso-forms and 
the two racemic forms, as their acetates, are well separated by g.1.c.‘. The enan- 
tiomers 7a and 7b show [alo -7” and +7”, respectively, in chloroform, and the 
corresponding values for 12a and 12b are + 1’ and - lo, respectively. Methylation 
analysis is generally performed on a small scale, and it would be impractical to 
distinguish between these enantiomers by determining their optical rotations. Cd. is 
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much more sensitive; thus, ‘In has J,_ 214 nm (8 +22&t), 7b has A_ 214 nm (19 
-2270), 12a has I+,_ 209 nm (0 + 1039), and 12b has IL_ 209 nm (0 - 1035). 

As a first approximation, the sign of the Cotton effect in the c.d. spectra of 
glycoside monoacetates’ depends upon the dihedral angles between the AC0 group 
and its vicinal oxygen atoms. When these are positive, a positive Cotton effect is 
observed. However, when they have different signs, it is difficult to estimate the sign 
of the Cotton effects. The values for 7a and 7b accord with this empirical rule, but 
the values for 12a and 12b can not be predicted. 

Selective benqyiation through stannylidene activationaBg. - Starting from 
racemic 1 ,2-O-cyclohexylidenemyo-inosito110~1 ’ (13), the corresponding tetra-O- 
bexu#, tetra-O-pmethoxybenxyl and tetra-O-benxoyl derivatives (14, 15, and 16) 
were prepared (only one enantiomer is shown in the formulae). Removal of the 
cyclohexylidene group by treatment with acid yielded the corresponding 1,4,5,6- 
tetra-O-substituted myo-inositols (17-19) with hydroxyl groups at positions 2 and 3. 
These derivatives were benxylated, using benxyl bromide and activation with di- 
butyltin oxide. As expected, the equatorial position was preferentially benxylated, 

1SR = H 17 R = 2m.R = I?“= n 22 R = I?’ = H 

14 R = Bn 12 R I CH&H,OMc,R’= R”= H 27 R = Bn,R’= H 

12R = CH,C,,H,OMc 12 R = B&R’= R”= ” 22 R = H,R’= Bn 

16 R = BZ 20 R = R’ = Bn,R” = ,, 

PI R = CH&H40Me.R’= Bn,R”= H 

22 R = Bz,R’ = Bn,R”= H 

22 R = Bz,R’ = H,R*= Bn 

24R= R”=B~,R’=H 

Ph 

OR 

2OoR = H 

210 R = BZ 

3Pa R = Bn 26R = R’= I4 

29 R = H,R’= Bn 
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giving 29-23 as the main products. 
When 1,2:3,4- (25) or 1,2:5,6-O-dicyclohexylidene-myo_inositol(26), each of 

which contains two vicinal equatorial hydroxyl groups, were subjected to the same 
treatment, no regiosekctivity was observed, but the two monobenxyl ethers, (27 + 
28) and (1 + 29), respectively, were formed in comparable yields. 

Reductive cleavage of benzylidene acetals. - 1,2-O-Benzylidene-myo-inosi- 
toll3 (30) was prepared as a mixture of the exe (30~) and the endo (3Ob) isomers and 
converted into a mixture of the tetrabenzoates from which the exe (316” and endo 
(31b) derivatives were isolated. Benylation similarly yielded a mixture of 329 and 
32b. On treatment of 31 or 32 with sodium cyanoborohydride and hydrogen 
chloride in dichloromethane”, the benxylidene group was reduced to a benxyl ether 
group and mixtures of isomers, (22 + 23) and (20 + 24), respectively, were ob- 
tained. However, the reaction is regiospecific, since the e.xo isomer (31a) yielded 22 
and the endo isomer (31b) yielded 23. Similar regioselectivity has been observed in 
other reductive ring-openings of benzylidene dioxolane rings14. 

BxPBR.lxBNTAL 

General methods. - These were the same as those previously reported’. ‘H- 
and 13C-n.m.r. spectra were recorded at 25” and at 100 and 25 MHz, respectively. 
N.m.r. spectra for 1-12 are given in the text, and those for 13-32 in Tables I and II. 
C.d. spectra were recorded with a JASCO J41A spectropolarimeter. 

ID-I-O-Benqbmyo-inositoi @a), - A mixture of 2,3-di-O-benzoyl-L-( +)-tar- 
taric anhydride (3.4 g), 2-propanol(6 mL), and chloroform (2 mL) was stirred for 3 
h at 60”. The resulting clear solution was concentrated and toluene was distilled 
thrice from the residue to give isopropyl hydrogen 2,3-di-O-benzoyl-L-( +)-tartrate 
as a syrup (4.0 g, lOO%), [o]n - 88" (c 1.2, chloroform). ‘H-N.m.r. data (CDC&): 6 
1.05 and 1.22 (2 d, each 3 H, J6.5 Hz, CM&, 5.04 (septet, 1 H, J 6.5 Hz, CnMe& 
5.91 and 6.04 (2 d, each 1 H, J2.6 Hz, H-2,3). 

A solution of the foregoing product (1.60 g) in thionyl chloride (15 mL) was 
heated for 1 h at 50°. The reaction was monitored by ‘H-n.m.r. spectroscopy. 
Higher temperatures and longer reaction times generated the anhydride. The 
solution was concentrated and toluene was distilled from the residue to give the acid 
chloride (1.67 g, 100%). ‘H-n.m.r. data (CDC13): 6 1.07 and 1.25 (2 d, each 3 H, J 
6.2 Hz, CMe& 5.09 (septet, 1 H, J 6.2 Hz, CHMeJ, 6.16 (s, 2 H, H-2.3). The 
chloride was used immediately since the anhydride was generated on storage. 

A solution of the foregoing acid chloride (1.67 g, 4.0 mmol) in dichloro- 
methane (5 mL) was added at - 55” to a stirred solution of (k)-l-O-benxyl-2,3:4,5- 
di-0-cyclohexylidene-myo-inositol’ (1; 0.62 g, 1.44 mmol) in pyridine (1 mL) and 
dichloromethane (5 mL). T.1.c. (toluene-ethyl acetate, 4: 1) showed that the reaction 
was complete after 20 min. The mixture was diluted with chloroform (30 mL), 
washed with saturated aqueous sodium hydrogencarbonate and saturated aqueous 
sodium chloride, dried (MgSO,), filtered, and concentrated. Column chromato- 
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Compound H-I H-2 H-3 H-4 H-5 H-6 

13 

14 

EF 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

1 

29 

3la 

31b 

320 

32b 

4 04’4.9) 
. 

4 46’3.8’ 
. 

3 85(9.5) 
. 

3 a(8.9) 
. 

3 68’3.” 
. 

3 Q’3.7) 
. 

(4.0) 
5.75 

3 4612.8’ . 

(2.6) 
3.39 

5 46’2.7) 
. 

3 37(2.4) . 

(2.6) 
3.37 

(2.7) 
5.38 

5 45(2.4) 
. 

3 48!2.4) 
. 

4 21(5.4) 
. 

4 31W) 
. 

4 mw’ 
. 

(6.1) 
4.38 

(4.1) 
3.56 

4 30(-) . 

5 so’-’ . 

(3.0 
5.88 

3 7,40 . . 

(6.5) 
3.84 

(5.5) 
4.27 

4 22(5.41 
. 

(5.5) 
4.85 

(2.8) 
4.20 

4 13(2’6) . 

4 62’2’7l 
. 

(2.4) (9.3) (9.3) 
4.21 3.37 4.01 

4 17(2’6) . 

(2.a) 
4.68 

(2.8) 
4.43 

(2.4) 
4.02 

4 J2.7) 
. 

(4.1) 
4.49 

4 60(3.1) 
. 

4 a2’3.0) 
. 

(5.4) 
4.39 

4 41(3.2) 
. 

(4 
4.82 - 

(6.3) 
4.97 

(-) 
4.35 - 

4 43(3.3) 

4 . 09’6.8’ 
(9.4) 

3.81 

4 . M(6.” 
(9.5) 

3.75 

(6.51 4.58 5 . 92’9.” 

3 . 43P4J 3 . 84$9.4) 

(9.9) 3.39 3 . 7$9.9’ 

4 . 12w.w 5 . 75H - 

3 ,,(9.4) 3 93!9’4) . 

(9.5) (9.9) 
3.91 6.12 

4o9(-) - 
. 575( ) . - 

(9.3) i9.3’ 
3.45+ 4.06 

3 . &83 . 3 . 99(-’ 

3 . 81(5.0) 4 . 03(8.8) 

3 . 70(9.8) 4 . 07(9.0) 

(9.6) 3.73 4 . oa’8.3’ 

4 . mWl 
(10.0) 

3.18 

4 . W(2.1) 3 . ‘/.83 

4 . Rs’-’ 
(9.7) 

6.11 

4 . ,6(6.0’ 5 . 98(8.4) 

443( . - ) 3 . 7-4(r) . 

4 . 28(6. 1) 3 . J9.8) 

(10.0) 
3.x 3 . 5F6) 

3 . 40’8.3) 3 94’8.4) 

(8.3) 3.33 3 . 88(8.3) 

(8.7) 
5.71 6 . 23Qs6) 

3 . 4,(9.4) 3 %$9.4) 

3 . 40’9.9) 
8.9) 

3.91+ 

(10.0) 6.09 6 . 36(10.0) 

(9.3) 
3.44 4 . OlQS3) 

3 . 39(9.4) 3 J.4) 

5 . $9.9) 
(10.0) 

6.33 

5 . 99-) 
(10.5) 

6.32 

(9.3) 
3.47 3 . 82P3) 

3 . @)(-L 3.83(-) 

(10.0) (8.9) 
3.39 3.91 

(6.5) 3.52 3 . 8,(5.5) 

(5.1) (4.41 
3.85 3.66 

3 . 3;9.3) 4 os’as’ 

(10.0) 
3.55 4 . 12(-j 

(8.3) 
5.79 6 . 24’9.4) sd-H . 

5 . 78”63 
(9.4) 

6.23 5.97 

(-) 
3.51 3 . 7-P . 6.13 

(6.7) 
3.54 3 . 99’7.3’ 5.88 

Tkmical shifts (S in p.p.m.) for solutions in CDCll with Me&i aa intemal standard, except for 
compound 1 which was measured in w with acetone (6 2.225) as intemal standard. * l +, Indi- 
CatesBhift 

=!@=! 
t may be exchanged. %ompound 15 is assigned as 2.3~O-cyclolxxylidcne 

. . .._ 1___1*_, 
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TABLE II 
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"GN.M.R.C~C~~DATAPORm~~~L~A~~~ 

myo-Inaritol carbons Other carbons 

Compound C-1 C-2 C-3 C-l C-5 C-6 A&al-C, -CH= and C= 0 

13 

g 

17 79.8 69.0 71.5 81.1, 83.0 81.4* 
18 79.5 69.0 71.5 80.8” 82.8 81.2. 

ii 
21 

22 71.9 67.2 76.7 71.2 71.0 69.7 

23 

c 
26 
27 
28 

1 
29 
31r 
31b 
32n 
33b 

78.8 76.5 70.4 73.0 73.4 75.9 112.0 
77.1 73.8 78.6 82.7 81.9 80.7 110.2 
76.8 73.9 78.7 82.6 81.7 80.5 110.1 

69.9 73.1 75.6 73.1 71.3 69.9 111.8 

72.1 70.4 71.0 73.6 70.7 69.8 
79.6 67.3 79.6 81.0 83.0 81.0 
79.7+ 67.3 79.4+ 80.8 82.8 80.8 

72.6 77.7 71.1 73.7 70.8 70.1 
80.7 76.9 72.2 81.9. 83.4 81.7* 
80.6 71.8 74.9* 74.7 74.2. 78.6 
76.1 75.4 74.3 73.1 77.9 77.7 
80.1 71.5 75.0 75.0 81.4 76.7 
79.4 12.6 74.4 75.3 73.9 84.7 
80.5 74.0 75.7 78.2 77.3 71.8 
76.5 75.1 72.1 79.7 78.7 76.5 
70.0 73.6 77.3 70.9’ 70.8. 70.0 
69.6 75.1 76.0 73.1 72.1 70.2 
77.3 74.8 79.6’ 80.4’ 81.8 79.9* 
76.3 75.0 78.9 81.7. 82.1 80.6” 

112.5 
110.9,112.9 
112.1 
111.9,112.2 
110.7,112.4 
111.1,112.7 
104.0 
105.1 
103.2 
104.2 

72.9,73.8,75.0,75.1 
72.6,73.6,74.7,74.8 
pMe0: 55.1 
164.9,165.0,165.2 
165.4 
72.5,75.4,75.5,75.8 
72.1.75.0,75.1,75.4 
pMe0: 55.1 
164.8,165.0.165.3 
72.6,75.8 
72.1,72.5,75.3 
pMeO: 55.1 
72.1,165.1,165.2 

165.4.165.6 
75.8,165.3,165.4 
72.8,74.6,75.4,75.7 

72.1 
72.6 
72.6 
71.5 
165.0,165.2,165.3 
164.6.164.9.165.2 
72.9,73.7,74.2,74.4 
72.9.73.3,74.1,74.5 

Ykmical shifts (6 in p.p.m.) for solutions in CDCl, with Me& as internal standard, except for 
compound 1 which was measured in DzO with 1.4dioxane (6 67.40) as internal standard. N.m.r. 
assipgments were based upon selective decoupling3 and off-resonance experiments. b +, Indicates 
that shift assignment may be exchanged. %ompound 15 is as&ned as 2.3~O-cyclohexylidene- 
1,4,5,6-tetra-O-p-methoxybenzyl-myo-inosi. 

graphy (silica gel; chloroform-ethyl acetate, 5O:l) gave 90% of the material as the 
pure diastereomers, and the remaining mixed fraction was subjected once to further 
chromatography. lo-1 -0-Benzyl-2,3:4,5-di-O-cyclohexylidee-myo-inositol d(iso- 
propyl2,3di-O-benzoyl-L-( +)-tartrate) (2a; 530 mg, 45%) had [a]~ - 39” (c 1.1, 
chloroform), R, 0.68. N.m.r. data (CDCl& ‘H, 6 1.07 and 1.26 (2 d, each 3 H, 
CMe2), 1.18-1.73 (m, 20H, lOCH3,3.35 (dd, 1 H, H-l), 3.61 (dd, 1 H, H-5), 4.01 
(dd, 1 H, H-2), 4.13-4.35 (m, H-3,4, AB spectrum), 4.33 and 4.58 (2 d, 2 H, 
C&,.Ph), 5.08 (septet, 1 H, CMvIe& 5.21 (dd, 1 H, H-6), 6.09 and 6.18 [(Z d, 2 H, 
-CI?(OBz)CH(OBz)-I, 7.19 (s, 5 H, PhCH& 7.30-7.72 and 8.04-8.22 (m, 10 H, 2 
PhCO), Jl.2 3.7, J2.3 6.8, J4.s 10.2, J5.6 7.8, J1.a 1.2, .&JH,CH~ 6.3, Jcw#h 11.9, 

JCH(OB~).CH(OB~) 2.9 Hz; 13C, 6 21.4 and 21.15 [C(CH&‘j, 23.4, 24.7, 24.9, 34.3, 



BENZYL AND METHYL BTmas OF myo-INrnL 211 

35.4, 36.2, and 36.4 (10 CH2), 70.3 [-CH(CH&& 71.0 and 71.1 [-CH(OBz) 
CH(OBz)-],72.8 (CH$‘h), 73.8 (C-2), 75.4 (C-5), 75.8 and 2 x 76.0 (C-3,4,6), 79.0 
<C-l), 111.6 and 113.2 (acetal C), 127.0-137.3 (12 C, aromatic), 164.4,164.6, 164.9 
(C=O). 

1L-1-O-Benzyl-2,3:4,5di-O-cyclohexylidene-myo-inositol b(isopropy1 2,3-di- 
o-benzoyl-L-( + ktartrate) (2b; 535 mg, 46Or6) had [arID - 39” (c 1.1, chloroform), R, 
0.59. ‘H-N.m.r. data (CDCls): i 1.09 and 1.25 (2 d, each 3 H, CMe& 1.05-1.61 (m, 
20 H, 10 CH,), 3.40 (dd, 1 H, H-5), 3.68 (dd, 1 H, H-l), 4.03 (dd, 1 H, H-4), 
4.18-4.40 (m, 2 H, H-2,3, AB spectrum& 4.71 (s, 2 H, Cn,Ph), 5.08 (septet, 1 H, 
CHMe& 5.33 (dd, 1 H, H-a), 5.92 and 6.05 [2 d, each 1 H, -CH(OBz)CH(OBz)-1, 
7.30(~,5H,PKH&7.30-7.70and7.95-8.18(m, 10H,2PhCO),Jl,z3.7,J3,46.8, 
Jss 10.2, Js,~ 8.5,51,~ 3.4, J~H,~~ 6.4, J~cokhc~cobB 2.7 Hz; 13C, d 21.4 and 21.6 
]C(CHd3], 23.2, 23.6, 23.8, 24.7, 25.0, 34.6, 35.8, 35.9, and 36.3 (10 CH3, 70.2 
[-CH(CHd,], 71.0 and 71.3 [-CH(OBz)CH(OBz)-1, 72.3 (C&Ph), 74.1 (C-2), 75.1 
(C-6), 75.3 (C-S), 76.0 (C-3), 76.7 (C-4) 77.9 (C-l), li1.6 and 113.0 (acetal C), 
127-137.1 (12 C, aromatic), 164.4, 164.7, and 164.8 (C=O) 

Compound 2a (470 mg, 0.59 mmol) was treated with methanolic 0.15~ sodium 
methoxide (10 mL) for 2 h at room temperature. The solution was neutralised with 
Dowex 50 (H+) resin, filtered, and concentrated. The product was treated with 
aqueous 90% trifluoroacetic acid (10 mL) for 15 min at room temperature and 
concentrated, and toluene was distilled from the residue. Recrystallisation from 
ethanol-Spropanol then yielded 3a (130 mg, 82%), m.p. 210-211°, [& -26O (c 
0.7, methanol); lik3 m.p. 210-211°, [& - 33” (methanol). ‘H-N.m.r. data (iiter- 
nal acetone at 2.225 p.p.m., DzO): S 3.26(dd, 1 H, H-5), 3.39 (dd, 1 H, H-l), 3.44 
(dd, 1 H, H-3), 3.67 (dd, 1 H, H-4), 3.75 (dd, 1 H, H-6), 4.25 (dd, 1 H, H-2), 4.64 
and4.73 (2d, 2H, CI&Ph), 7.45 (s, 5 H, aromaticH), J1,2 = Jl,3 = 2.6, J4,5 = Jl,a 
= 9.8, J4,5 = Js,s = 9.0 Hz; 13C (internal 1 &dioxane at 67.40 p.p.m., DzO); S 69.5 
(C-2), 71.9 (C-3), 72.4 (CI&Ph), 72.6 (C-6), 73.1 (C-4), 75.1 (C-5), 79.4 (C-l), 
129.0, 129.3, 129.4, and 138.1 (aromatic C). 

A&. Calc. for C!r3H1s06: C, 57.8; H, 6.7. Found: C, 57.5; H, 6.7. 
The pen&acetate (4a) of 3a had m.p. 187-188’, [&, -39” (c 0.8, chloro- 

form); lit? m.p. 180-182”, [u]n -26.5” (chloroform) 
IL-I-O-BenZyl-myo-inositol(3b). - Prepared from 2b, as described above for 

3a, 3b had m.p. 210-211’. [&, +25O (~0.5, methanol); lk2*’ m.p. 210-211°, [a]D 
+ 33O (methanol) 

The penta-acetate (4b) of 3b had m.p. 186-188’, [ar]~ + 39” (c 1, chloroform); 
lit.8 m.p. 181-183”, [a]~ + 29” (chloroform). 

l~-1,2,4,5,6-pen?u-O-methyl-myo-inosito~ (6a). - Compound 3a (115 mg, 
0.426 mmol) was methylated with iodomethane (2 mL) and sodium methylsulfinyl- 
methanide (prepared from 0.3 g of sodinm hydride) in methyl sulfoxide (3 mL) for 1 
h. Methanol (2 mL) was added, and the solution was concentrated to 2 mL and 
transferred using toluene to the top of a column of silica gel. Elution with toluene- 
acetone (1: 1) yielded a product which war hydrogenolysed in ethanol (3 mL) over 
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10% Pd/C (200 mg) for 45 h at room temperature and atmospheric pressure. The 
mixture was filtered through Celite and concentrated. Column chromatography 
(toluene-acetone, 1:2) of the residue gave 6a (76 mg, 72%) which, after recrystallis- 
ation from light petroleum-ether, had m.p. 116-l 18”. [(~]n - 4’ (c 0.8, chloroform). 
N.m.r. data (CDCIS): ‘H, 6 2.48 (s, 1 H, OH), 2.86-3.07 (m, 2 H, H-3,5), 3.20-3.64 
(m, 18 H, 5 x CHs, H-1,4,6), 3.79(t, 1 H, H-2), JI,Z = 52.3 = 2.4Hz J3C, 658.4, 
60.6, 60.9, and 61.2 (5 OCH,), 71.9 (C-l), 77.7 (C-2), 82.6 (C-3;, 82.9, 83.1 
(C-4,6), 85.3 (C-5). The n.m.r. assignments were based on those for I-0-benxyl- 
2,3,4,5,6-penta-O-methyl-myo-inositol and upon selective decouplings. 

Anal. Calc. for CIIHuOs: C, 52.8; H, 8.9. Found: C, 52.9; H, 8.9. 
ZD-1,2,4,5, 6-Aenta-O-methyl-myo-inositol(6b). - Compound 3b (90 mg) was 

methylated and the product was hydrogenolysed as described for 3a, to yield 6b (70 
mg, 84%), m.p. 116-118”, [a]~ +4” (c 0.9, chloroform) 

Anal. Calc. for CllH2206: C, 52.8; H, 8.9. Found: C, 52.8; H, 8.9. 
I~-l-~-A~f~~-2,3,#,5,6-penfa-O-methyl-myo-inosito~ (7a). - Conventional 

acetylation of 6a (60 mg) and column chromatography (toluene-acetone. 3: 1) of the 
product yielded 7a (66 mg, 94%), [a]~ - 7“ (~0.8, chloroform). N.m.r. (CDClg): ‘H, 
8 2.15 (s, 3 H, AC), 2.99 (dd, 1 H, H-5), 3.06 (dd, 1 H, H-3), 3.44 (dd, 1 H, H-4), 
3.48, 3.55, 3.61, and 3.62 (4 s, 15 H, 5 OMe), 3.45-3.64 (m, 1 H, H-6), 3.79 (dd, 1 
H, H-2), 4.63 (dd, 1 H, H-l), J,,2= J,,3 = 2.4, J3,4 9.8, J.,,5 = Js,a = 9.0, JI,~ 10.2 
Hz; 13C, 6 21 .l (C&CO), 58.5,60.8, 60.9, and 61.1 (OCH& 73.8 (C-l), 76.7 (C-2), 
80.6 (C-6), 81.8 (C-3), 82.6 (C-4), 85.1 (C-S), 170.1 (C = 0). The n.m.r. assignments 
were based upon selective decouplings. 

Anal. Calc. for C13Ha07: C, 53.4; H, 8.3. Found: C, 53.0; H, 8.8. 
ZL-I-O-Acef~f-2,3,4,5,6-penta-O-methyl-myo-in~ifo~ (7b). - Conventional 

acetylation of 6b gave 7b, [a]n +7” (c 0.8, chloroform). 
Anal. Calc. for C13Ha0,: C, 53.4; H, 8.3. Found: C, 52.9; H, 7.8. 
lD-1,2,3,5,6-A?nta-O-acetyl-4-O-benZyl-myo-inasitol (9a). - Conventional 

acetylation of 8aS gave 9a, m.p. 131-132”, [(Y]I) -26” (c 1, chloroform). 
Anal. Cdc. for Cz3Hts0,,: C, 57.5; H, 5.9. Found: C, 57.5; H, 5.9. 
h-1,2,3,5,6-Penfa-O-acetyl-4-O-~n~~-myo-inositol (9b). - Conventional 

acetylation of 8bS gave 9b, m.p. 131-132”, [alo +26’ (c 0.4, chloroform). 
Anal. Calc. for C23H18011: C, 57.5; H, 5.9. Found: C, 57.0; H, 5.7. 
h-I,2,3,4,5-Penta-0-methyl-myo-inositol (lla). - Compound 8a (180 mg) 

was methylated and the product was hydrogenolysed as described for 3a, to yield 
lla (134 mg, 80%), [a]o + 5” (c 0.8, chloroform). N.m.r. data (CDC&): ‘H, 6 2.68 
(s, 1 H, OH), 2.94 (dd, 1 H, H-l or H-3), 2.96 (dd, 1 H, H-5), 3.01 (dd, 1 H, H-3 or 
H-l), 3.48 (dd, 1 H, H-6), 3.51,3.52,3.60,3.61,3.64 (5 s, 15 H, 5 OMe), 3.85 (dd, 1 
H, H-4), 3.92 (dd, 1 H, H-2), Jl,z = J2,3 = 2.4, J3,4 = J,,a = 9.7, J& = Js,a = 9.1 
Hz; 13C, 6 57.8, 58.4, 60.5, 60.7, and 60.8 (5 OCHS), 71.7 (C-4), 74.2 (C-2), 82.0, 
82.5, and 82.6 (C-1,3,6), 84.5 (C-5). The n.m.r. assignments were based upon selec- 
tive decouplings. 

Anal. Calc. for C1 ,HuOs: C, 52.8; H, 8.9. Found: C, 52.4; H, 9.0. 
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1D-1,2,3,#,5-~~ta-O-methyl-myo-inaritol (lib). - Compound 8b (159 mg) 
was methylated and the product was hydrogenolysed as described for 3r, to yield 
llb (100 mg, 68%), [a]~ - 5” (C 1, chloroform) 

Anal. Calc. for CIIHuOs: C, 52.8; H, 8.9. Found: C, 52.8; H, 9.2. 
ID-&-0-Acetyl-1.2,3,5,6-penfa-O-metlryl-myo-inositol(l2a). - Conventional 

acetylation of 11~ (122 mg) yielded 12~ (135 mg, 95%), m.p. 112-114’ (from lit 
petroleum), [a]o + lo (c 0.9, chloroform). N.m.r. data (CDClr): ‘H, 6 2.10 (s, 3 H, 
AC), 2.99 (dd, 1 H, H-l), 3.05 (dd, 1 H, H-3), 3.06 (dd, 1 H, H-S), 3.41,3.49, 3.51, 
3.59, and 3.61 (5 s, 15 H, 5 OMe), 3.56 (dd, 1 H, H6), 3.90 (dd, 1 H, H-2), 5.31 (dd, 
1 H, H-4), J1.z = J2,3 = 2.4, Js,4 10.2, J,,5 = Jl,a = 9.5, Js,a 9.8 Hz; 13C, 8 21.1 
CH3CO), 58.1, 58.4, 60.0, 60.8, and 60.9 (5 0CH3), 72.7 (C-4), 74.6 (C-2), 80.5 
(C-3), 82.0 (C-l), 82.3 (C-a), 82.8 (C-S), 169.6 (C = 0). 

Anal. Calc. for C13HUOr: C, 53.4; H, 8.3. Found: C, 53.4; H, 8.6. 
IL~-Acetur-1,2,3,5,,6-penta-O-mefhy~-myo-in~i?o~ (12b). - Conventional 

acetylation of lib gave 12b, m.p. 112-114’, [a]~ - lo (c 1.1, chloroform). 
Anal. Calc. for Cr3H240,: C, 53.4; H, 8.3. Found: C, 53.3; H, 8.5. 
Selective monobeqyiation involving activation by dibutyltin oxide. - A 

suspension of the myo-inositol derivative (1 .O mol) and dibutyhin oxide (1.05 mmol) 
in toluene (25 mL) was boiled under reflux with axeotropic removal of water for 3 h, 
and then concentrated to 10 mL. Benxyl bromide (2.0 mmol) and tetrabutylammo- 
nium bromide (0.5 mmol) were added, the solution was stirred at 70” until the 
reaction was complete (t.1.c.) and then concentrated, and the product(s) were iso- 
lated by chromatography on silica gel. 

( f )-1,2-0-Cmyo-inosi?ol (13) - A mixture of myo-inositol 
(1.8 g, 10 mmol), l-ethoxycyclohexene (2.5 g, 20 mmol), and toluene-psulfonic acid 
monohydrate (100 mg) in WV-dimethylformamide (20 mL) was stirred for 1 h at 
100-l 10’. The clear solution was cooled and concentrated. Toluene (29 mL), hexane 
(10 mL), ether (20 mL), ethanol (5 mL), and trifluoroacetic acid (2 mL) were added 
and the solution was stored at - 5”. The crude product (2.84 g, 90%) was recrystall- 
ised from ethanol-ether to give 13 (2.05 g, 79%), m.p. 176-178’; lit.13 m.p. 181- 
183”. 

1,4,5,47&a-O-p-methombenqyi-myo-inositol (18) - A solution of p-me- 
thoxybenxyl bromide (17.7 g, 88 mmol) in NJVdimethylformamide (15 mL) was 
added dropwise to a stirred solution of 13 (3.0 g, 11.5 mmol) and sodium hydride 
(1.68 g, 70 mmol) in NJV-dimethylformamide (35 mL) at 0”. The mixture was 
allowed to attain room temperature. After 16 h, excess of hydride was decomposed 
with methanol, and the solution was diluted with chloroform, washed three times 
with water, and concentrated. Flash column chromatography (toluene+tolueue- 
ethyl acetate, 6:l) of the residue gave syrupy 15 (4.93 g, 57%). 

A solution of 15 (1.30 g) in ethanol (15 mL), chloroform (3 mL), and M hydro- 
chloric acid (3 mL) was heated for 3 h at 60”, then neutralised, and worked-up as 
described for 19. The product crystallised from ether-dichloromethane-liit pe 
troleum to yield 18 (865 mg, 74%), m.p. 116-l 17’. Recrystallisation gave material 
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(760 mg, 65%) with m.p. 123-124*. 
Anal. Calc. for CssHaOre: C, 69.1; H, 6.7. Found: C, 69.0; H, 6.6. 
1,4,5,6-TetraO-~e~zoyl-myo-inositol (19). - A solution of 1,4,5,6-tetra-O- 

L ̂ __^__, ,l ‘) A -.-1 _I_-_._. II>--_ _____- I__-~L_lls 1.1 ___A’_ _-?> r4n _--V \ ucl~oyl-~,J-v-cy~~onexylluene-myo-lnoslr (10, 2.0 gj iii acetrc acra (4u rnLb 
ethanol (10 mL), and M sulfuric acid (10 mL) was heated for 4 h at 80*, then cooled, 
neutralised with M sodium hydroxide, and extracted with chloroform. The extract 
was washed with aqueous sodium hydrogencarbonate and water, dried (MgSO& 
filtered, and concentrated. Column chromatography (chloroform-ethyl acetate, 
6: 1) of the residue gave 19 (1 A4 g, 82%) which, after recrystallisation from ether- 
light petroleum, had m.p. 216-217”. 

Anal. Calc. for Cs4HzsOlo: C, 68.5; H, 4.7. Found: C, 68.2; H, 4.8. 
1,3,4,5,6-Penta-0-ben&-myo-inositol (20). - 1,4,5,6-Tetra-O-benzyl-~yo- 

inositol” (17,650 mg) was subjected to stannylidene-activated benzylation. Column 
chromatography (toluene-ethyl acetate, 4: 1) of the product and crystallisation from 
ether-light petroleum gave 20 (620 mg, 82%), m-p. 127-128’; lit.’ m.p. 128-130’. 

J-@&~~zvl-3 4 5 6-tetm-0-o-methoxv~~vl-mvo-inositol (2L), - CQE_- _. -: _:-;- - ~ _.________~ __.__ ~_ ___, - _._-___-_ 
pound 18 (661 mg) was subjected to stannylidene-activated benzylation. Column 
chromatography (toluene-ethyl acetate, 2: 1) of the product and crystallisation from 
ether-light petroleum gave 21 (0.91 g, SO%), m.p. 138-140’. 

Anal. Calc. for C&HSOOrO: C, 72.0; H, 6.7. Found: C, 72.0; H, 6.6. 
I, 4,5,6- Tetra-0-benzoyl-3-0-benqyl-myo-inositol(22). - Compound 19 (5% 

mg) was subjected to stannylidene-activated benzylation. Short-column chromato- 
graphy (toluene-ethyl acetate, 2: 1) followed by column chromatography (chloro- 
form-ethyl acetate, 10: 1) of the product yielded, first, two minor products, namely, 
l,4,5,6-tetra-O-benzoyl-2-O-benzyl-myo-inositol(23; 20 mg, 3%) and 1,2,4,5-tetra- 
n-h~nmvl_l_~_hen~vl_mun_;nn.;tnl [KC vmn i no/_ i&mt:4Lrl Frnm tkn Iu_ 4-A I+_ v~“r..rv,.~~~v~“r~u~r-r,‘,“-~.~“u~~”l \“a ‘U5, 1” I”, ,UQ&.LILIb” &I”11 C&fib 1a- PIZU 
n.m.r. data). Further elution gave 22 (410 mg, 60%), m.p. 212-215”. Eluted last 
were two minor products (combined yield, loo/, that were identified tentatively by 
‘H-n.m.r. spectroscopy as 2,4,5,6-tetra-O-benzoyl-l-O-benzyl- and 4,5,6-tri-O-ben- 
zoyl-1,3-di-0-benzyl-myo-inositol. 

5- (27) and 6-O-Benqyl-l,2:3,Cdi-O-cyclohexylidene-myo-inositol (28). - 
1,2:3,4-Di-0-cyclohexylidene-myo-inositol (25, 680 mg) was subjected to stan- 
nylidene-activated benzylation for 3 days. Short-column chromatography (tolu- 
ene-ethyl acetate, 2:1) of the product, followed by column chromatography, gave, 
first, 28 (0.335 g, 39%), m.p. 124-126O (lit.’ m.p. 125-126*X and then 27 (0.43 g, 
LfbO,\ I” . ” _-_.._ JU /OJ iw a sy1 up. 

1 -O-L3enqyl-2,3:4,5-di-O-cyclohe.&idene-myo-inositol (1) and #-O&en&- 
1,2:5,6-di-0-cyclohexylidene-myo-inositol (29). - 1,2:5,6-Di-O-cyclohexylidene- 
myo-inositol (26, 680 mg) was subjected to stannylidene benzylation for 2 days. 
Column chromatography (toluene-ethyl acetate, 4:1) of the product, as described 
for 27 and 28, gave, first, 29 (0.37 g, 43%) and then 1 (0.40 g, 46%) as syrups’. 

1,4,5,6-Dtra-O-benzoyl-2,3-O-benqylidene-myo-inositol (31ab). - (IL&X- 
methoxytoluene (1.2 mL, 8 mmol) in N,N-dimethylformamide (3 mL) was added 
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with stirring to a solution of nryo-inositol (0.90 g, 5 mmol) and toluene-psulfonic 
acid (50 mg) in iV,ZVdimethylformamide (10 mL) at 100”. After 1 h, the solution 
was neutralised with sodium carbonate and concentrated. Flash column chromato- 
graphy (dichloromethane -+ chloroform-methanol, 2: 1) of the syrupy residue gave 
1,2-O-benzylidene-myo-inosito113 (30; 0.92 g, 68O/, containing (n.m.r. data) equal 
amounts of the exe and endo isomers. 

Compound 30 (0.88 g) was treated conventionally with benzoyl chloride (3.0 
mL) in pyridine (20 mL) overnight at room temperature. Recrystallisation of the 
nrrulrlr) frnm Abhlnrnmmth~nr-liab, ne)mlmnm SYPV- the .n-n mnrl andn knm-re ~AI P pa-ur. a&“.*. u~“*u”~“u.“~~~ur~n.b~~~ p”Ca”a”Uaaa ea. b Cal* ClL” MAY C,,U” fiD”&fi&WIU Qua ca 

crystalline mixture (l.93 g, 86%). Fractional crystallisation of the mixture from light 
petroleum-ether gave the exe isomer 31a, m.p. 272-274” [lit.13 m.p. 280 (dec.)], R, 
0.88 (toluene-ethyl acetate, 9:l). 

Fractional crystailisation of the mixture from dichloromethane-methanol 
gave 31b, m.p. 221-223”, R, 0.84. 

Anal. Calc. for C4tH320r0: C, 71.9; H, 4.7. Found: C, 71.8; H, 4.6. 
1,4,5,6-7&ra-O-benZyl-2,3-O-benqylidene-myo-inositols (32ab), - A solution 

of 30 (0.94 g) in WV-dimethylformamide (25 mL) was treated with sodium hydride 
(600 mg) and benzyl bromide (2.7 mL) for 3 h at room temperature. Excess of 
hend hrnmida was tlt?atrnved with methannl IC ml.1 ad the mivtnrr WISP dihrtd ---,- ___II-V ..I --“-L.cJ-- .._I__ .1._1-....._a \W a.-‘” I_ _.._ .a-I..L_ ..U W-W.“_ 

with toluene (100 mL), washed with water, dried (MgSO& filtered, and concen- 
trated. Flash chromatography (toluene-ethyl acetate, 2o:l) of the product gave a 
mixture (1.79 g, 81%) of the exe (32a) and endo (32b) isomers. Column chromato- 
graphy then gave the pure isomers (see Tables I and II for the n.m.r. data). 

Reductive acetai cleavage of 1,4,5,6-tetra-0-benzoyl-2,3-O-benqylidene-myo- 
inositol (31). - Saturated ethereal hydrogen chloride was added dropwise to a 
solution of sodium cyanoborohydride (430 mg, 8 mmol) in dry dichloromethane (10 
mL) until the evolution of hydrogen decreased and then another 5 mL were added, 
followed by a solution of the mixture (684 mg, 1 .OO mmol) of 31a and 31b in CH&!lz 
f 10 mL) T 1 c (toluene-ethvl acetate 6.1) indicated that the reaction was corn&ted \__ ___,* _ e-e_! \_________ ____ ._ __-----_$ -em , ____~____ _. _____ ____ c----- 
almost immediately. The mixture was diluted with dichloromethane, washed with 
saturated aqueous sodium hydrogencarbonate and water, dried (MgSO& filtered, 
and concentrated, and the residue was subjected to column chromatography 
(chloroform-ethyl acetate, 1O:l). Small-scale experiments, starting with the pure 
isomers 31a and 31b, showed that 22 was formed from the exe isomer 21a, and 23 
from 21b. 

1,4,5,6Tetra-O-benzoyl-3-O-benzyl-myo-inositol (22; 320 mg, 46%) had 
m.p. 212-215’ (from ether-permute), R, 0.55. 

Anal. Calc. for C41H~01c: C, 71.7; H, 5.0. Found: C, 71.7; H, 5.0. 
1,4,5,6-Tetra-O-benzoyl-2-0-benzyl-m?ro_il(23; 290 mg, 42O/o had m.p. 

205-207” (from ether-pentane), R, 0.69. 
Anal. Calc. for C41H34010: C, 71.7; H, 5.0. Found: C, 71.8; H, 5.0. 
Reductive acetal cleavage of 1,4,5,6-tetm-0-benqyl-2,3-O-beqyfidene-myo- 

inositol (32). - The endoho mixture (0.8 g) 32ab was treated with sodium 
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cyanoborohydride and hydrogen chloride as described for the preparation of 22 and 
23. Column chromatography (chloroform-ethyl acetate, 5O:l) of the product af- 
forded a crystalline mixture (0.64 g, 800/o of 20 and 24. Selective crystallisation 
from ether gave 1,3,4,5,6-penta-O-benzyl-myo-inositol (20; 0.30 g, 38%), m.p. 
126-127O; lit.9 m.p. 128-130”. The mother liquor contained almost pure 24 which 
was recrystallised from light petroleum to yield 1,2,4,5,6-penta-O-benzyzyl-myo- 
inositol(24; 0.26 g, 33%), m.p. 91-92”; lit.” m.p. 94-95”. 
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