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ABSTRACT 

Benzylation, and then hydrolysis, of 1,2:4,5-di-O-isopropylidene-muco-inositol 
(1) gave 3,6-d&O-benzyl-muco-inositol (3). This was converted into a series of 
derivatives, including the 1,5-di-O-benzoyl-3,6-di-O-benzyl-2,edi-p-toluenesuIfonate 
7. The resistance to displacement of the sulfonate groups in 7 prevented conversion 
of 7 into an intermediate for the synthesis of aminoglycoside antibiotics. Mono- 
benzylation of 1, followed by an oxidation-reduction cycle, yielded 6-O-benzyl- 
1,2:4,5-di-O-isopropylidene-ep-inositol (10). From this was synthesized a series of 
epi-inositol derivatives, analogous to the muco series but less complete. For derivatives 
of 1,2:5,6-di-O-isopropylidenc-epi- and muco-inositol, the p.m.r. data indicate 
mod&d skew conformations. The reaction of the 3,6-d&p-bromobenzenesulfonate 
(17) of 1 with anhydrous hydrazine proceeded in part by S-O cleavage to regenerate 1, 
and in part by displacement of both sulfonate groups by the same nitrogen atom. The 
resulting, novel 1,4-epirnino-cis-inositol was converted into further derivatives. 

INTRODUCTION 

The hope of preparing diaminocyclitols, or precursors thereof, suitably 
blocked for use in the synthesis of aminoglycoside antibiotics, led us to explore the 
chemistry of mucu-inositol. The configuration of muco-inositol is such that steric 
inversion at positions 1 and 5 (2 and 4)t, as might occur during the insertion of 
nitrogen functions, would give myo-inositol derivatives closely related to actinamine, 
streptamine, and deoxystreptamine 2. Suami and his collaborators3 have described 
syntheses of these amines from myo-inositol, but the products do not carry blocking 
groups, which are required for their further elaboration into aminoglycosides. 

*Please address correspondence to this author. 
*The cyclitol derivatives described here are named and numbered according to the IUPAC-IUB 1973 
Recommendations for Cyclitols (ref. 1). The apparent use of two different ways of numbering 
muco-inosCtotor derivatives is a function of the symmetry of the parent inositol and the orientation of 
the formulas. 



54 K. E ESPELLE, L. ANDERSON 

muco-Inositol is nowadays fairly readily obtainable from myo-inositol, and it is easily 
converted into the 1,2:4,5-di-U-isopropylidene acetall. This compound served as the 
starting material for the three synthetic sequences described here. Although end- 
products of the desired type were not obtained, a variety of differentially blocked 
derivatives of MUCO- and epi-inositol resulted. Some of these are potentially useful as 
synthetic intermediates. A novel, nitrogen-bridged, bicyclic derivative of cis-inositol 
is described. 

In the first sequence, the proximate objective was to attach persistent* blocking 
groups at positions 3 and 6 of muco-inositol, temporary blocking groups at positions 
1 and 5, and (hopefully displaceable) stionate groups at the other two positions. 
Toward this end, the di-O-isopropyhdene acetal(1) was readily converted into 3,6-d& 
O-benzyl-muco-inositol(3). Compound 3 undergoes facile chair-chair interconversion, 
but the two conformers are identical, and each has a pair of syn-axial hydroxyl 
groups. An attempt to block these as the phenylboronate5 was unsuccessful; treat- 
ment with triphenylboroxole yielded instead the bis ester 4. 
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Treatment of 3 with a 2.2-molar proportion of benzoyl chloride in pyridme 
gave a mixture of benzoates from which a pure dibenzoate could be isolated in 12% 
yield. A much improved yield (33%) was subsequently obtained by using N-benzoyl- 
imidazole6*’ in toluenedichloromethane as the acylating agent. Characterization of 
the crystalline dibenzoate as the desired 1,5isbmer (s> is based on its p.m.r_ spectrum, 
and the spectrum of the derived phenylboronate 6. In both spectra, the protons on the 

z;----- / xsistent blocking group (ref. 4) is one that is attached eariy in a synthetic sequence and left in 
place during all intermediate steps, its removal being one of the final operations of the overall 
synthesis. 
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Fig. 1. The ring proton portion of the lO@MHz p.m.r. spectrum of 3,6-di-O-acerb-1,2:4,5-di-0- 
isoprrJpylidcne-muco-inositof <Is> in chloroform-d. The spectrum was recorded with a Vatian HA-100 
instrnment, with tetramethylsilane as a reference. 

mational energy (three axial substituents each), so that conversion into a boat or skew 
form for reaction might be energetically feasible. However, all attempts to displace 
the sulfonate groups were unsuccessful. When 7 was treated with sodium azide in 
IV,I+dimethylformamide, methyl suEoxide, or hexamethylphospbo&iamide at mod- 

erate ~empera~res it was recovered unchanged. At higher temperatures, mixtures of 
decomposition products were formed. Similar results were obtained with anhydrous 
hydra&e. 

In view of these results, the second synthetic sequence was designed to convert 1 
into the @-inositol analog of 7. The benzyloxy group on C-3 would be equatorial 
in the analog, which should then be free of the hiudranees to displacement found in 7. 
The fist phase of the sequence involved the monobenzylation of 1, and epimerization 
at the remaining hydroxyl group. 

By treatment of 1 with a 1. I-moIar proportion of benzyl bromide and methyl- 
sul&nyl &ba.nion in methyl sulfoxide, a mixture was obtained from which the mono- 
benzyl ether F_ ,and the dibenzyl ether i couid be isolated o~omato~~~~ally in 
yields of 41 and 23%, respectively; The ‘oxidation of 8 tith methyl suifoxide-based 
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reagents l 2*1 3 gave low yields of the ketone 9, and preformed ruthenium tetraoxide14 
was likewise unsatisfactory, leadIng to a mixture of products. In some of these, the 
benzyl group on O-3 had been oxidized to benzoyl. Oxidation with ruthenium tetra- 
oxide generated in ~itrrl~ was more productive, giving a crude preparation of 9 
(estimated yield 50%) that could be reduced with sodium borohydride. Chromato- 

graphic separation of the reduction products furnished mono-O-benzyl-di-O- 
isopropyiidene-epiositol(10) in a yield of 49% (based on S), and a 16% recovery of 
8. The epr^ configuration of 10 was established by converting ii into the known epi- 

inositoi hexaacetate. 
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The conversion of 10 into 11 and 12, epimers of compounds 2 and 3 in the muco 
series, was reBdi1y accomplished. The p.m.r. spectrum of 11 in benzene-d, was fully 
resolved, and should indicate whether derivatives of 1,2:4,5-di-~-isopropylidene-ebb- 
inositol exist in skew or modified-skew conformations. The i-r, data of Angyal and 

Hoskinsons were equivocal on this point. The assignment of the Iines. in the spectrum 
of 11 (see Experimental) is based on correlations with the (less well resolved) spectrum 
of the 3-acetyf analog, in which the signal for H-3 could be definitely identified. The 
apparent coupling constants for the ring protons of 11 are Ji,e = J5,6 = 8.0 Hz, 
J = Jst 5 = 8.0 Hz, and Jz,3 = Jss4 = 3.5 Hz. These values are most compatible 
w% mo&ed-skew conformations [r& (ID) and 3SL (1~11 similar to those described 

earlier for di-O-isopropyhdene-muco-inositol derivatives. Flattened-chair forms, 
w’hich are the only reasonable alternatives, seem to be excluded. The same consider- 

ations apply to 10, which gave a spectrum less well resolved than that of 11; but with 
similar features. 

In contrast to 3, compound 12 should exist predominantly in a singIe chair 
conformation having the hydroxyl groups at positions 2 and 4 axial, as shown. This 
feature, and the availability of the ether oxygen atom (O-3) for coordination, might 
be expected to favor the formation of a Z&phenylboronate. However, compound 12, 

like 3, gave a bis@henylboronate), formulated as 13. Analysis of the p.m.r. spectrum 
of 13 was not possible, because it has only one well-resolved ring-proton signal, which 

















CONVERSIONS OF ?7Zl(CO-MOSlTOL 65 

Anal. Calc. for C,,H,,N209 (386.35): C, 49.74; H, 5.74; N, 7.25. Found: 
C, 49.71; H, 6.03; N, 7.01. 

(N-AcetyI)-1,4-epimino-I,4-dideoxy-2,3:5,6-di-O-isopropy~idene-c~s-ino~itol (21). 
- Compound 19 (20 mg, 67 pmol) was dissolved in anhydrous tetrahydrofuran 
(1 ml) in a flask fitted with a condenser cooled by a slurry of Dry Ice. Dried ammonia 
gas was passed in until 2 ml had condensed. Sodium (40 mg) was added and the 
mixture was boiled for 90 min at reflux before the ammonia was allowed to evaporate. 
Methanol (2 ml) was added to the residue and the solution was evaporated to dryness. 
Water was added, carbon dioxide was bubbled in for 10 min, and the solution was 
again evaporated to dryness. The residue was acetylated with acetic anhydride (2 ml) 
in pyridine (2 ml). After the acetylated product had been treated with decolorizing 
carbon in hot ethanol, crystals of 21 (11 mg, 58%) were obtained from benzene- 
Skellysolve B, m.p. 204-205”; p.m.r. (C!,D,): ‘F 5.24, 6.21 (2 d, 1 each, J1,4 1.0 Hz, 
H-l and H-4 or vice versa), 6.43 (s, 4, H-2,3,5,6), and 8.03 (s, 3, NCOCH,); m/e 
(rel. intensity) 283 (28) (M+), 268 (19), 254 (11), 241 (3), 224 (18), 210 (14), 196 (9), 
183 (16), 142 (27), 125 (94), 96 (63), 59 (17), and 43 (100). 

Anal. Calc. for C4HZiN05 (283.32): C, 59.35; H, 7.47; N, 4.94. Found: 
C, 59.17; H, 7.60; N, 4.87. 
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