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ABSTRACT 

A series of p-toluenesulfonic and methanesulfonic esters of L-quebrachitol have been prepared 
starting from the di-O-isopropylidene derivative of the cyclitol. Nucleophilic displacement of these sulfo- 

nates with azide ion in 2-methoxyethanol produced the azido compounds, hydrogenolysis of which with 

Raney nickel, followed by acetylation, gave thirteen optically active 0-methyl-inosamine and two O-methyl- 
inosadiamine derivatives. The structures of the new aminocyclitols were established on the basis of ‘H-n.m.r. 

spectral data for the corresponding per-O-acetyl derivatives. The mechanisms of the substitution reactions, 

involving mainly neighboring-group participation, are discussed. 

INTRODUCTION 

The structure 5-O-methyl-myo-inosamine-21 (1) was first assigned to the cyclitol 
moiety of antibiotic* KA-3093, related to hygromycin A (ref. 3), which contains a 
1L-4,5-0-methylene-neo-inosamine-2 unit (3). Later, methoxyhygromycin was isolated4 
from the fermentation broth of Streptomycrs sp. No. 207, and acid hydrolysis of the 
antibiotic gave 5-O-methyl-neo-inosamine-2Z (2), the structure of which was proposed4 
on the basis of ‘H- and 13C-n.m.r. spectroscopic studies. Very recently, the gross 
structure of the antibiotic has been fully confirmed by a total synthesis5. Two O-methyl- 
inosamine derivatives were prepared’ by azidolysis of pinitol sulfonates followed by 
hydrogenation. At least nine U-methyl nitrodeoxy inositols, potential precursors for 
O-methyl inosamines, have been synthesized by cyclization of 6-deoxy-3-O-methyl-6- 
nitro-D-glucose7a, -L-idose”, -D-al10Se7b, and -t_-talose7b. 

Fortamine however, l L-1 -N-methyl-6-O-methyl-chiro-inosadiamine-l.4Z (4), 
was shown8 to be a component of the antibiotic fortimicin A, and, later, several 
inosadiamines-1,4 and deoxy derivatives have been found in the clinically important 
fortimicin family’. In order both to elucidate structure-activity relationships and to 
improve antibacterial spectra, extensive attempts have been made to modify the diami- 
nocyclitol moieties of these antibiotics”‘. 

* Synthetic studies on quebrachitol. Part II. For Part I, see ref. I. 
+ Author for correspondence. 
f Earlier nomenclature, now superseded; “inosamine” is retained in the current IUPAC rules as a generic 
term only. 
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Since L-quebrachitol, 1 L-( ~~ j-2-O-methyl-c,//iro-iIlositnl (5). is rcxdily ts;olablc’ 
from the aqueous phase of the latex of the rubber tree. its LJSZ 3s ;I starting material for 

chemical syntheses of naturally occurring compounds of biological intcrcst. such 21s 

carba sugars”. rare sugar?. and other biologically active n:~tural prndu~li; ‘. Ii:14 been 

extensively studied. We describe here the preparation ~)l‘fivc 11,~ 1 1 )‘li)- ;tr-id I\%0 Ji-suti’oilic 
esters of 5. from which the tizc thcorcticalt> possible arninc~deox> dcrl\atl\cs, alnng 

with eight O-methyl inosnmines and two O-mcthyi incl~;lcli;tnlill~~ were h>nthesircd as 

the per-O-acetyl derivative\ by nucleophilie aubxtitution ~C;iction~” !’ n iI11 ;tridc ion. 

followed by hydrogenolysi~. O-IL!cthyl inosamines anti inosadlaminrs <\rc u?el’uE not 

only as modified cyclitol c\>mponent:, of aminocyciitol antihio! icy. hlit 3150 3s thc 

starting compounds for further tr~rnsform:ltiiP17 rnt~) nattir’,?! pri~luct~ 01‘ hrol~~~gic;ti 

interest. 

RESUI.. t-S AND I)IS(‘USSION 

Prepmztiotl of‘ the 3 u(fOnk carter.\. Treatment of’ I,-qut’br~~chitol (5) \r,ith fi\:c 

motar equivalents of _.L- ? 1 dimethoxypropane and P-toluztrc~~llfi,tlic ;1cid in .2’..V-do- 

methylformamide for 16 h at room temperature gave a misturc of‘ products that MYIY 

partitioned between water and ethyl acetate. Acetylation of the product from the 

aqueous layer furnished the syrup\ acetate 11. which V.IIS dracctalatcd to ~,IVC the 

crystalline l.?,4-triacetate” 17 (35 “/o based on 5). Crude di-O-isoprop> fid<nc dcrl\.,rtive 

6, obtained from the organic Inytx. was converted into its cr-wtallinc acmate 7 i!?“;! 

based on 5). 

Treatment of7 with aqueous 80 ‘!,‘o acetic acid at room tempctr;tturc produced the 

diol 10. which was treated Lsithout purification with 1 5 mc)l:tr c~qur\alents of /I- 

toluenesulfonyl (tosylj chloride in pyridine. The mixture 0; tos!~l:rtc~ formed \~\a\: 

chromatographically separated after O-dcisopropyliden;tion. to give syrup) .i-tosqlate 

18 (3 1% j, crystalline 4-tosylate 20 (?I “;,). and the 3.3~31tosqlate 22 ( I Zti o 1. w!iich bcrc 

converted conventionally into the tetraacetates 19 and 21. am.1 the triact‘t;~tc 23 

Compounds 18 and 20 k~crc successively O-isoprop~lidcnatcd 111 the wiu;il \~.a> mil 

acetylated to give the diacctates 13 (t~‘!h) and 15 (c)~“;, ). respccti\cI>. and 22 \~a> 

converted into 16 (90%). The atructurcs ofthe tosylates \~cree~.r;thlished or-! the l~ts~s of‘ 

the ‘H-n.m.r. spectral data of their derkatives. 

Treatment oL‘ 17 Gth 2 molar equivalents of tosyl chl0rido in pbridinc gabs 

selecti\.ely the Stosylate 23 (c)O?;,). HohaTer, when 17 was initiali> trratcd with ogle 

molar equivalent of benzoyl chloride in pyridine and then aiih iimgl chloride. 11 

furnished the h-mesytate 25 (X_ 7’)/0). On treatment with coccus rnc”s~~l chli~i~idc. 17 \V;IS 

readily converted into the 5.bdimesylute 26 (949~). 

Mesylation and tosylation of 6 (refs. 13. 15) ga~c the mesylate 8 and tosq-l;rtc“ 9 

(99’!‘b ), respectively. Compound X was O-dcisoprc~pylidenalolt and acer~l:~tcd to gi\c the 

tetraacetate 27 (90% overall yield). 

SJ~rrthc.\is cfO-mcl/i~~l if7o.wr~7irw.c. Treatment of 13 Gth J molar equivalents of 

sodium azide in aqueous OO”~~, 3- methoxyethanol for 20 h at the reilu~ temperature ga\~ 
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two azides, 28 (57%) and 33 (14%), which were converted into the acetates 29 and 34, 
respectively. The ‘H-n.m.r. spectrum of 29 contained a triplet (6 3.68, J 10 Hz) due to the 
proton attached to the carbon atom bearing the azido group, showing retention of the 
configurations at C-3 and C-4. In the ‘H-n.m.r. spectrum of 34, the signals due to HCN, 
and HCOCH, appeared at 6 3.77 and 4.15, being coupled (J 4 Hz) with each other, 
which indicated that the azido function existed cis to the methoxyl in the vicinal 
position. Mechanistically, the intermediate 3,4-acetoxonium ion, formed by anchimeric 
assistance at C-3 by the 4-acetoxyl group, was opened preferentially at C-3 by azide ion 
to give 28, and, less favorably, direct SN~ displacement at C-3 gave 33. When compound 
13 was first converted into the epoxide (39) by treatment with methanolic sodium 



R’ R’ x 
___--__ 

28. 33 H XMtZ, pi, 

29. 34 AC :CMe, “;. 

30. 35 AC XMe, NHAc 

31. 36 AC AC N, 

32. 3-F AC Ac Nr(A< 

38 AC AC: CIAC 

methoxide, subsequent azidolysis and acetylation afforded 28 oxclusivel~. in 83% yield. 

The flanking dioxolane ring seems to exert a remarkable stercoelectronic hindrance to 
nucleophilic attack at C-4. In fact. similar treatment ofthc tetraacctate 19 \i,ith azidc ion 
afforded, as expected. mainly the two azidcs 31 (?7O/;) and 40 (7X%), along \yith the 
azide 36 (4%) and the trllo-inositoi derivative (38. lh”,o) formed I>>, hydrolysis 01‘ the 
acetoxonium ion. The ‘H-n.m.r. spectrum of38 sho~ctl ~ivo cc~upleci triplets (J 1.5 Hz) 
at /5 5.65 and 3.69, due to H-Z and H-3. The ‘H-n.m.r. spcctrunl of40 revcalcrf a doublet 
ofdoublets (~54.03. J1.5 and i I Hz)duc to WZN~. heingcc~upicdwith the C.-?cyuat~~rial 
proton, represented by ;I triplet at 0: 5.67 (.I 11.5~ 

The formation of 38 suggested that rear-side attack of the 3.3-cyclic axtoxonmm 

ion with azide ion is rather hlnderod by the presence of the .i;- and h-acetouy functions. 
leading to competing. partial hydrnlj,sis of the acctoxonium ion. 

Hydrogenation of compounds 29 and 34, in mcthank>l containing acetic an- 
hydride, in the presence of Raney nickel. gave. after conventional acctylation. the 
corresponding O-methyl-inocamjnc derivatives 30 (99”~~, 1 dnd 35 (%I ” 0). G.leisoprop~- 
lidenation of which followed by acetylation gave the penta-.Y.0-acst>I iLmcth)l in- 
osamines 32 (R90-ll) and 37 (97”/;,), also obtained from 31 :ind 36.. rcspectivcl!, 1~3 
hydrogenation and acetyi;ltlon. 

Similar treatment of 15 \vith azide ion gave a single azide (42. 9X’%), kvhich ~vas 
hydrogenated and acetylatctl to give ;V-acetyl derivatiyc 43 (X30,,). whereas the t\+o 
azides 44 (1 5%) and 46 (6P%) kvere obtained from the tetraacetate 21. chewing that the 
intermediate 4.5acetoxonium ion’ was preferentially opened at (~‘-5. The ‘H-n.m.r. 
spectrum of44 revealed a triplet (c$ 3.80, J 10 HL) and a doublet ofdoublets (~5 J.50. .J 3 

and 10 Hz). attributable to /fCN, and NYJMe. respectively. and the corresponding 
signals of 46 appeared as two doublets of doublets (6 3.34. .I 9 and !O Hz. and d 3. I?. J 3 
and 4 Hz). Compounds 44 and 46 were hydrogenated and acetylated tr, @\c the 
penta-)V.O-acetyl O-methyl inosamines 45 and 47. Compound 35 ivas also oblnined by 
hydrolysis of 43 followed h> acetylation. 
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Azidolysis of 24 followed by acetylation afforded the two azides 48 (43 %) and 50 
(14%) which were similarly converted into the inosamine derivatives 49 and 51. The 
‘H-n.m.r. spectrum of 49 revealed a doublet of doublets (6 3.94, J 3.4 and 10 Hz) and a 
triplet (6 3.83, J 3.3 Hz) due to HCN, and HCOMe, respectively, supporting the 
assigned structure. Assuming that the reaction proceeds preferentially in the fashion of 
diaxial opening, the reaction intermediate would adopt the half-chair conformation 
having the methoxyl group in the equatorial position. 

Azidolysis of 25 produced, after acetylation, two azides 52 (52%) and 54 (28%), 
which were similarly converted into the respective inosamine derivatives 53 (74%) and 
55 (79%). The ‘H-n.m.r. spectra of 52 and 55 contained a doublet ofdoublets (S 4.12, J3 
and 4 Hz) and a doublet of triplets (6 4.15, J - 10 Hz) due to HCN, and HCNHAc, 
respectively, supporting the structures assigned. Compared with the product ratio 
observed in the analogous reactioni of DL- 1.2,3,4,5-penta-Gacetyl-6-bromo-&deoxy- 
chiro-inositol, the notable formation of the diequatorially opened product 54 suggests 
that some interaction between the intermediate 1,6-acetoxonium ion and the adjacent 
methoxyl group creates favorable stereoelectronic conditions for attack at C-l. 

Azidolysis of 8 or 9 under standard conditions did not occur, but, when the 
solvent was replaced with dimethylsulfoxide, direct substitutions of 9 with azide ion 
proceeded smoothly at 120” to yield the azide 56 (7 1 “A) and the elimination producti 57 
(17%). Compound 56 was converted into the azido acetate 58 (99%) and then into the 
inosamine derivative 59 (95%). 

On the other hand, reaction of 27 with azide ion proceeded readily with formation 
of the 1,6-acetoxonium ion to give, after acetylation, two azides, 60 (94%) and 62 (5%), 
in a ratio consistent with the Fiirst-Plattner rule, in contrast to the results observed in 
the case of 25. 
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Compounds 65, 67, and 69 were hydrogenated and acetylated to give the fully 
acetylated inosadiamines 66 (66%) and 68 (72%), and inosamine derivative 70 (91%). 

Judging from the ‘H-n.m.r. spectra, mzlco-inositol derivatives 69 and 70 show a 
preference for conformations having the azido and acetamido functions in equatorial 
positions. 

EXPERIMENTAL 

General methods. - Melting points were determinated with a MEL-TEMP 
capillary melting-point apparatus and are uncorrected. Optical rotations were mea- 
sured with a Jasco DIP-4 polarimeter. ‘H-N.m.r. spectra were recorded for solutions in 
CDCI, (internal Me,Si) with Jeol JNM EX-90 (90 MHz), GSX-270 (270 MHz), or 
GX-400 FT (400 MHz) instruments. T.1.c. was performed on Silica Gel 60 GF (Merck) 
with detection by charring with H,SO,. Column chromatography was conducted on 
Wakogel C-200 (200 mesh) or C-300 (300 mesh). Organic solutions were dried over 
anhydrous Na,SO, and evaporated at < 50” under diminished pressure. 

I~-l-O-Acetyl-3,4:S,6-di-O-isop~op~~~idene-2-O-me~hyl-chiro-~nositol (7) and 

IL-1,3,4-tri-0-acefyl-2-0-methyl-chiro-inositof (17). - A mixture of L-quebrachitol(5, 
10.0 g, 52 mmol), 2,2_dimethoxypropane (3 1 mL, 250 mmol), p-tolulenesulfonic acid 
monohydrate (0.5 g), and N,N-dimethylformamide (100 mL) was stirred for 16 h at 
room temperature. After neutralization with sodium hydrogencarbonate, the mixture 
was vigorously agitated with ethyl acetate (300 mL) and water (300 mL). The organic 
layer was dried and evaporated to give crude di-0-isopropylidene derivative (66.9 g), 
which was treated with acetic anhydride (50 mL) in pyridine (50 mL) for 26 h at room 
temperature. The mixture was evaporated and the residue was crystallized from EtOH 
to give 7 (5.4 g, 33%), m.p. 109-109.5”; [a]:>5 +2” (c 1, CHCl,); ‘H-n.m.r. (90 MHz, 
CDCl,):65.55-5.43(m, 1 H,H-l),4.40-4.20(m,2H),3.80-3.50(m,3H), 3.43(s,3H, 
OCH,), 2.14 (s, 3 H, CH,CO), 1.50, 1.45, and 1.36 (3 s, 3, 6, and 3 H, 4 CCH,). 

Anal. Calc. for C,,H,,O,: C, 56.95; H, 7.65. Found: C, 57.00; H, 7.48. 
The aqueous layer was concentrated to give crude monoisopropylidene deriva- 

tive, which was acetylated conventionally to give the triacetate (11, 11 g). This was 
treated with aqueous 80% acetic acid (20 mL) for 24 h at 55”, and then evaporated. The 
residue was eluted from a column of silica gel with 3:2 ethyl acetate-toluene to give 17 
(5.6 g, 35%), m.p. 122-124” (from EtOH); [cr]:’ -75” (c 1, CHCl,); lit.14 m.p. 129-130”, 
[xlr, -76”(CHCl,);‘H-n.m.r.(90MHz, CDCl,);6 5.50(t, 1 H,J,,? =J,,, = 3.5Hz,H-1), 
5.30-5.05(m,2H,H-3,4),4.15-3.50(m,4H), 3.47(~,3H,OCH,),3.30-3.lO(m, 1 H), 
2.13, 2.08, and 2.05 (3 s, 9 H, 3 CH,CO). 

Anal. Calc. for C,,H,,O,: C, 48.75; H, 6.29. Found: C, 48.44; H, 6.12. 
ZL-I-0-Acetyl-2-0-methyl-3- (18) and -4-0-p-tolylsulfony[- (20), and -3,4-di-O-p- 

rolylsulfonyf-chiro-inositol(22). -A mixture of 7 (12.7 g, 40.2 mmol) and aqueous 80% 
acetic acid (150 mL) was stirred for 4 h at room temperature, and evaporated to give the 
syrupy, crude mono-0-isopropylidene derivative 10, which was then treated with 
p-toluenesulfonyl chloride (1 I .5 g, 60.3 mmol) in pyridine (80 mL) for 20 h at room 
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IL-l,2,4,6-Tetra-O-ace2~1-5-O-n2e~~~~-~-~-p-tol~~lsu~~nyl-chiro-inositol (21), - 
Compound 20 (2.90 g, 7.43 mmol) was conventionally acetylated and the product was 
purified by column chromatography with 1:8 ethyl acetate-toluene as eluent to give 21 
(3.68 g, 96%), m.p. 129-131” (from EtOH); [a]? - 17” (c 1.2, CHCI,); ‘H-n.m.r. (90 
MHz, CDCI,): 6 7.70,7.28 (2 d, 4 H, 19 Hz, CH,C,H,), 5.51-5.13 (m, 4 H, H-1,2,4,6), 
5.02(t,lH,J,.,=J,~,=9.4Hz,H-3),3.58(dd,lH,J,,,9.4,J,,~2.5Hz,H-5),3.38(~,3H, 
OCH,), 2.44 (s, 3H, CH&,H,), 2.21, 2.16, 2.04, and 1.89 (4 s, 12 H, 4 CR$O). 

Anal. Calc. for C&H&,$: C, 5 1.16; H, 5.46. Found: C, 5 1.23; H, 5.08. 
IL-I ,2,6-Tri-O-acetyl-S-O-methy~-_j,4-di-O-p-tol~~l.~ulfon~~l-chiro-tnositol (23). - 

Compound 22 (960 mg, 1.76 mmol) was acetyked and the product was purified by 
column chromatography with 1:4 ethyl acetate-toluene to give 23 (925 mg, 84%) m.p. 
145-146” (from EtOH); [a]:’ - 10” (c 1.6, CHCl,); ‘H-n.m.r. (90 MHz, CDCl,): 6 7.88, 
7.75,7.31,7.29(4d,8H,J9Hz,2CH,C,H,),5.42-5.17(m,3H,H-1,2,6),5.12,4.79(2t, 
2H, J2,3 = Ji/, = J4.5 = 9 Hz, H-3,4), 3.42(dd, 1 H, &2 Hz, H-5), 2.73 (s, 3 H, OCI-I,), 
2.43 (s, 6 H, 2 CH,C,H,), 2.14, 2.11, and 1.96 (3 s, 9 H, 3 CN,CO). 

Anal. Calc. for C,,H,,O,& C, 51.59; H, 5.13. Found: C, 51.29; H, 5.24. 
1~-l.3,4-Tri-O-ucetyl-2-O-methyl-5-O-p-tolylsu~onyI-chiro-inositol (24). - A 

mixtureof I7 (105 mg, 0.33 mmol),p-toluenesulfonyl chloride (125 mg, 0.65 mmol), and 
pyridine (1 mL) was stirred for 8 h at room temperature, then poured into ice-water. The 
mixture was extracted with ethyl acetate (30 mL), and the extract was washed with water 
throughly, dried, and evaporated. The residue was eluted from a column of silica gel 
with 16 butanone-toluene to give 24 (140 mg, 90%) [ar -66” (c 2.9, CHCI,); 
‘H-n.m.r. (90 MHz, CDCI,): 6 7.80-7.20 (m, 4 H, CH,C,H,), 5.54 (t, 1 H, J,,, = J,,, = 
3.5Hz, H-l), 542(t, 1 H, J3,4 = J4,5 = 9 Hz,H-4), 5.19(t, 1 H, J,,,9Hz,H-3),4.74(dd, 1 
H, Js,63 Hz, H-5), 4.24 (dd, 1 H, H-6), 3.70 (dd, 1 H, H-2), 3.35 (s, 3 H, OCII,), 2.92 (d, 1 
H, J 3.2 Hz, OH), 2.46 (s, 3 H, CH,C,H,), 2.15, 2.01, and 1.73 (3 s, 9 H, 3 CN,CO), 

Anal. Calc. for C,,H2,0,,S: C, 50.63; H, 5.52. Found: C, 50.37; H, 5.83. 
l~-1,3,4-Tri-O-~~cety1-5-O-be~zoyl-6-O-)rzethylsulfonyl-2-O-methyl-chiro-inasitof 

(25). -- Compound 17 (125 mg, 0.48 mmol) was treated with benzoyl chloride (55 ,uL, 
0.48 mmol) in pyridine (1.5 mL) for 2 h at room temperature, and then with me- 
thanesulfonyl chloride (184 pL, 2.4 mmol) for 15 h. The mixture was diluted with ethyl 
acetate and filtered. The filtrate was evaporated and the residue was chromatographed 
on silica gel with 1: 15 ethyl acetate-toluene to give 25 (196 mg, 80%) as a syrup, [cl]: 
-49” (c 0.92, CHCI,); ‘H-n.m.r. (90 MHz, CDCl,): 6 8.2-7.2 (m, 5 H, Ph-H), 5.68 (dd, 1 
H,J,,23.5,J,,h4.5Hz,H-l),5.6U-5.19(m,4H,H-3,4,5,6),3.73(dd,1H,Jz~,9Hz,H-2), 
3.41 (s, 3 H, OCN,), 3.00 (s, 3 H, CH,SO?), 2.23, 2.10, and 1.96 (3 s, 9 H, 3 CN,CO). 

Anal. Calc. for C2,HZh0,$: C, 51.36; H, 5.59. Found: C, 5 I .08; H, 4.96. 
I~-1,3,4-Tri-O-acet~~l-2-O-meth~~~-5,6-di-O-methylsu~f~nyl-chiro-inositol (26). ---- 

To a solution of 17 (I .O g, 3.1 mmol) in pyridine (10 mL) was added methanesulfonyl 
chloride (0.97 mL, 13 mmol) at O”, and the mixture was stirred for 13 h at room 
temperature, then diluted with ethyl acetate (100 mL), and poured into ice-water. The 
organic layer was washed with water, dried, and evaporated. The residue was eluted 
from a column of silica gel with 1:3 butanone-toluene to give 26 (1.35 g, 94%), [a]:’ 
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Selective prepuration qf29 via the eponide 39 derivedfrom 13. - Compound 13 
(3.53 g, 5.36 mmol) was treated with M methanolic sodium methoxide (10 mt) for 2 h at 
room temperature, and the mixture was neutralized with sodium hydrogencarbonate 
and evaporated. The residue was extracted with ethyl acetate and the extract was 
evaporated to give crude epoxide 39 (1. I g). Treatment of this product with sodium 
azide (1.39 g, 21.4 mmol) and ammoniuIn chloride (I .14 g, 21.4 mmol) in aqueous 90% 
2-methoxyethanol(10 mL) for 1 h at reflux. followed by processing as in the preparation 
of 28 and 33, gave, after conventional acetylation, 29 (1.52 g, 83%) as crystais, identical 
in all respects with the compound obtained before. 

1~-3-Acetamid~~-I,4-di-O-acet,vl-3-de~.~y-5,6-O-isoprop~~~~dene-2-O-~zet~~~~~-chi- 
ro-inosirol(30). - A mixture of 29 (1.52 g, 4.4 mmol) in ethanol (15 mL) containing 
acetic anhydride (2.1 mL, 22 mmal) was vigorousfy stirred in the presence of Raney 
nickel T-4 (ref. i 7; 0.5 mL) under hydrogen at atmosplleric pressure for 22 h at room 
temperature. The mixture was filtered and the filtrate was evaporated. Column chroma- 
tography of the residue with 1 :I2 EtOH-toluene as etuent afforded 30 (I .58 g, 99%), 
m.p. 128-129” (from EtOH); [a]: - 37” (L’ 1.2, CHCl,); ‘H-n.m.r. (90 MHz, CDCl,): 6 
9.43 (d, 1 H, JJ.Nn 8 Hz, NN), 5.37 (dd, 1 H, .I,,? 3, J,,, 5 Hz, H-l), 4.99 (dd, 1 H, J3,4 10, J4.5 
9 Hz, H-4), 4.50430 (m, 2 H, H-5,6), 4.16 (ddd, 1 H, J2.3 5 Hz, H-3), 3.52 (dd, 1 H, H-2), 
3.46 (s, 3 H, OCZJJ, 2.15, 2.11, 1.96 (3 s, 9 I-I, 3 CH,CO), 1.48, and 1.35 (2 s, 6 H, 2 
CCX,). 

AnaZ. Calc. forC,,HZjNO,: C, 53.47; H. 7.01; N, 3.90. Found: C, 53.12; H, 6.85; N, 
3.61. 

I~-3-Acetamido-l,4,5,6-tetra-O-acet~i-3-deoxy-l-O-met~~,vl-chi~o-i~os~to~ (32). 
- A mixture of 30 (40 mg, 0.11 mmol) and aqueous 75% acetic acid (1 mL) was stirred 
for 15 h at 55” and evaporated. The residue was acetylated and the product was eluted 
from a column of silica gel with 1:8 EtOH--toluene to give 32 (39 mg, 89%) m.p. 
187-188” (from EtOH); [a]: - 14’ (c 0.8, CHCI,); ‘H-n.m.r. (90 MHz, CDCl,): 6 
5.60-5.20 (m, 5 H, H-l,4,~,6,N~~, 4.50-4.15 (m, 1 H, H-3). 3.55 (dd, 1 H, f,,J 3, J2,3 
IlHz, H-2), 3.35 (s, 3 H, OCI-I,), 2.19.2.14,2.03, 1.99, and 1.98 (5 s, 15 H, 5 CH,CO). 

Anaf. Calc. for C,,H,,NO,,: C, 50.62; H, 6.25; N. 3.47. Found: C, 50.53; H, 6.03; 
N, 3.34. 

l~-2-Acetamido-1.4-di-O-acet~~I-2-deo.~~-S,6-O-isopr~~p~lide~e-3-~-meth~~l-al~o- 
inositol(35). _I Compound 34 (44 mg, 0.13 mmol) was hydrogenated and acetylated as 
described for the preparation of 30 to give, after column chromatography with 1: 12 
EtOH-toluene as eiuent, 35 (37 mg, 81%), [a]: -7” (c 0.3, CHCl,); ‘H-n.m.r. (90 MHz, 
CDCI,): 6 6.07 (d, 1 FI, &,!{ 9Hz,N~,5,47(dd, 1 H,~~,~3,~~.~4.5Hz,H-4),5.07(dd, 1 
H,J,,,4,J,,,5 Hz,H-1),4.75(ddd, 1 H,J2.3 3 Hz, H-2),4.47-4.12(m,2H,H-5,6),3.70(t, 
1 H,H-3),3.42(s,3H,OCN,),2.17,2.10,2.02(3s,9H,3CH,CO), 1.51,and1.36(2~,6 
H, 2 CCH,). 

Anal. Calc. forC,,Hz,NO,: C, 53.47; H, 7.01; N, 3.90. Found: C, 53.21; H, 6.98; N, 
3.76. 

l~-2-Aceta~nido-f,4,5,6-tetra-O-acef~l-2-deox~~-3-O-me~~~l-alIo-inosi~oI (37). -- 
Compound 35 (30 mg, 0.083 mmol) was hydrolyzed and acetylated as described for the 





It-l,3-Di-O-rrcet~1-4-azido-4-de~~~-~,~-~-~~~~~~~~~~~de~e-2~~-~et~~~-c~~~~- 
imsitol(42). --A mixture of 15 (480 mg, 0.8 I mmol), sodium azide (260 mg, 4.0 mmol), 
and aqueous 90% 2-methoxyethanol(4 mL} was refluxed for 14 h, and then evaporated, 
and the residue was acetylated. Column c~r~rn~t~gra~~y of the crude product with .I :6 
ethyl. acetate--hexane as eluent gave 42 (270 mg, 98%), @.x]? - 55” (c 1.8, CHCI,); 
“H-n.m.r. (90 MHz, CDCI,): 6 5.37 (dd, f H, Jl,z 3, J,,e 5 HZ, H-f ), 4.9 1 (dd, I H, Jzen 6, J3.4 
lffHz,H-3),4.43~.OS(m, 2H,H-5,6), 3,69(t, 1 H,& 10 ~z,H-4),~.~O(dd~ I H. H-2), 
3.43 (s, 3 H, QCU,), 2.14 (s, 6 H, 2 CX,CO), 1.55, and 1.37 (2s 6 H, 2 CCN,). 

A&. Cafe. for C,,H,,N,O,: C, 48.98; H, 6.17; N, 12.24. Found: C, 48.94; H, 5.91; 
N, 12.25. 

I~-3-Acetanz~d~-4,6-di-0-acet~1-3-deox,~-I,2-U-ksc;gvopplidene-J-O-met~~~l-chi- 
r~-~~~~~~~~~43)~ -Compound 42 (If8 mg, 0.34 mmol) was hydrogenated and acetylat- 
ed as for the preparatian of 28 to give 43 (102 mg, 82%), m.p. 133-135” {from EtOH); 
[a]: - 55” (c 1.2, CHCI,); ‘H-n.m.r. (90 MHz; CDCI,): 6 5.74 (d, 1 H, J3,NfS 9 Hz. NN), 
5.55(dd, f H,J,,4.2,Js,63 Hz,H-6), 5,02(dd, 1 H,JJ,48rJ4.57.5 H~,H~4),4.~~~_~2(rn, 3 
H, H-1,2,3), 3.67 (dd, I H, H-5>, 3.44 (3 s, 3 H, OCW,), 2.15, 2.10, 1.97 (3 s, 9 H, 3 
CH,CO), 1.56, and 1.45 (2 s, 6 H, CXXJ. 

Anal.Calc.forC,,H,,NO,:C,53.4?;H,7.01;N,3.90.Found:C.53.24~H, 6.88;N, 
3.68. 

~r~-3-~cetamid~-~,2,#,6-rerm-t)-acer~t-~~-deu~~~y-5-~-nleti~~~-chiro-inosiia~ (45). 
- Compound 43 (89 mg, 0.25 mmol) was Qdeisopropylidenated as in the preparation 
of 18, 20, and 22, and acetylated, to give 45 (76 mg, ?6%), [~]xlf;’ - 12” (c 1.1, CHCI,); 
‘H-n.m.r. (90 MHz,CDCI,): &5.66(d, 1 H,J,,,, lOHz,NH), 5.44,5.30(2dd,2H,J,,~ = 
J,,~3.5,f,,~4.5Hz,H-1,6),5.13(dd,1H,J,,~~10Hz,H-2),5.08(t,1H,J,,~=~~,S= 10 
Hz, H-4), 4.S (~v~r~a~~~n~ dt, f H, H-3), 3.64 fdd, I f-f, H-S), 3.37 (s, 3 H, OCEjr,), 2.16, 
2.13, 2.08, 2.00, and I.90 (5 s, 15 H, 5 CH,CO). 

A&. Calc. for C,,H,,NU,,; C, 50.62; H, 4.25; N, 3.47. Found: C, 50.88; H, 6.09; 
N, 3.44. 

lL-1,2,4,6-Tetra-O-acetyl-3-azid~-3-deo~~~-5-O-metlzy1-(44) atidb-1,2,4,5-tetra- 
O-ncet~l-3-azidcl-3-d~~x~~-~-~-~et~~~-c~~r~-~~i~~~t~~ (46). -- A mixture of 21 (700 mg, 
1.48 mmol), sodium azide (480 mg, 7.4 mmol), and aqueous 90% ~-m~th~xyeth~~nol (7 
mL) was refiuxed for 20 h, and then evaporated. The residue was acetylated and the 
products were ~~roma~ograp~ed with I:6 ethyl acetate-t~lue~e to give44 (84 mg, I S%), 
m.p. 102-103” (from EtOH); @]z -k 1 lo (c. 0.3, CHCI,), and 46 (392 mg, 68%), m.p. 
9’1-93” (from EtOH); [~]r + 14” (c 1.1, CHC1,). ‘H-Nmr. data(90 MHz, CDCI,): 44,6 
5.48 (t, 2 H, .I$,, = J,,6 = JHz,H-I@, 5.f8(t,f,,a = Jf,S = ~OHz,H-4),~.07~dd, I Ii,& 
lOHz,H-2),3.80(t,IH,I1-3),3~50(dd,lH,fi-5),3.33(s,3H,OCfi,),2.18~2.17,2.07(3 
s, 3,6, and 3 H, 4 CH,CO); 466 5.52 (dd, 1 H, J1.2 4, J,,, 3 Hz, H-l), 5.36 {dd, 1 H, J,,4 9, 
.& lOHz, H-4), 5.14(dd, 2H,J,,, 10,JS,h4 Hz, H-2,5), 3.34(dd, I H, H-6), 3.50(s, 3 H, 
OCH,), 2.16, 2. LO, and 2.08 (3 s, 3, 3, and 6 H, 4 CW,CO). 

A~tad. Caic. for C,SH,,N,O,: C,46.51; H, 5.46; N, 10.84. Found for 44: C, 4&.49; H, 
5.31; N, 10.88; for 46: C, 46.41; H, 5.27; N> 10.79. 

Compound44 (36 mg, 0.99 mm&) was ~ydr~~e~ated and acetylated to give 45 (32 
mg, @*A), identical to the product derived from 43, 
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t,2,3,4-tet~a-O-acet~~l-5-azidu-S-de~~~-6-O-~~et~yi-scyllo-inasitol (54). - A mixture of 
25 (176 mg, 0.34 mmol), sodium azide (111 mg, I .7 mmol), and aqueous 90% 2- 
methoxyethanol(2 mL) was stirred for 13 h at 120”, and then evaporated to dryness. The 
residue was acetyiated conventionally. Column chromatography of the products with 
l:? ethyl acetate-toluene gave 52 (69 mg, 52*X,), [n]: - 15” (c 1, CHCI,), and 54 (37 mg, 
28%), m.p. 128-130” (from EtOH); [R]: - 14” (~0.9, CHCI,). ‘H-N.m.r. data (90 MHz, 
CDC1,):52,65.50-5.1O(m.4H,H-l,3,4,5),4.12(dd,1H,f3and4Hz,H-6),3.65-3.40 
(m, 1 H, H-2), 3.35 (s, 3 H, OCH,), 2.16,2.09,2.05, and 2.02 (4 s, 12 H, 4 CU,CO); 54, S 
5.25-4.80(m,4H,H-1,2,3,4).3.7~3.15(m,2H,H-5,6),3.57(s,3H,OCW,),2.10,2.08, 
and 1.99 (3 s, 3,3, and 6 H, 4 CH,CO). 

Anal. Calc. for C,,H,,N,O,: C, 46.5 1; H, 5.46; N, 10.84. Found for 52: C, 46.56; H, 
5.35; N, 10.58; for 54: C, 46.58; H, 5.22; N, 10.56. 

1~-l-Acetamido-2,3,4,6-tetra-O-acet~i-2-deoxy-5-O-met~zyl-chiro-~no~itol (53). 
- Compound 52 (27 mg, 0.07 mmol) was hydrogenated and acetylated as for the 
preparation of 30 to give, after column chromatography with 1: 10 EtOH-toluenc, 53 
(21 mg, 74%), [a]: -9” (c 1, CHCI,}; “H-n.m.r. (90 MHz, CDCI,): S 6.00 (d, 1 H, J,,,, 
7.5~Iz,N~,5.65(dd, iH,J3and5Hz,H-6),5.45-5.00(m,3H,H-2,3,4),4.70-4.45(m, 
1 H,H-1),3.65-3.40(m, 1 H,H-5),3.47(s, 3H, OCH,),2.15,2.06,and2.05(3 s,3,6,and 
6 H, 5 CN,CO). 

Ancr/. Calc. for C,,H,,NO,,: C, 50.62; H, 6.25; N, 3.47. Found: C, 50.54; H, 6.19; 
N, 3.42. 

I~-l-Acetanmido-2,3,4,5-tetra-O-acet~I-l-deo.~~~-6-O-tner~~~~-scyllo-inositof (55). 
- Compound 54 (24 mg, 0.06 mmol) was hydrogenated and acetylated as for the 
preparation of 30, to give, after column chromatography with 1:10 EtOH-toluene as 
eluent, 55 (20 mg, 79O~}, m.p. 215-216” (from CHCI,); [r]? - 5” (c 1, CHCI,); ‘H-n.m.r. 
(270 MHz, CDCI,): 6 6.00 (d, 1 H, J,,,,, 10 Hz, NH), 5.28-5.12 (m, 4 H, H-2,3,4,5), 4.15 
(dt,J1.? = J,., = l~Hz,H-1},3,41 (t, 1 H,~~.~,l~Hz,H-6),3.42(~,3H,OC~~),~.O7,2.04, 
2.00, and 1.98 (4 s, 3, 3, 3, and 6 H, 5 CH,CO). 

Anal. Calc. for C,,H,,NO,,: C, 50.62; H, 6.25; N, 3.47. Found: C, 50.72; H, 6.16; 
N, 3.49. 

IL-1,2:3,4-Di-O-isopr~p~lidenP-S-O-Mleiro-inosifoI 
(9). - A mixture of 6 (ref. 12) (206 mg, 0.75 rnrno~)~~-toluenesulfonyi chloride (716 mg, 
3.75 mmol), and pyridine (5 mL) was stirred for 23 h at 60”, and then diluted with ethyl 
acetate (70 mL). The solution was washed with water, dried, and evaporated. Column 
chromatography of the residue with I:6 ethyl acetate-hexane as eluent gave 9 (3 17 mg. 
99%), [a]: - 14” (c I .4, CHCI,); lit.“[a]: - 15.4” (CHCIJ; ‘H-n.m.r. (90 MHz, CDCI,): 
~7.83.7.34(Zd.4H,~8I~z.CH~C~~~}, 5.03 (t, I H,J,,h =.J5,6 = 3.5 Hz.H-6),4.X&4.20 
(m, 2 H, H-1,2), 3.75-3.50(1x1, 3 H, H-3,4,5), 3.25 (s, 3 H. OCN,), 2.44(s, 3 H, CH,Ph), 
1.42, 1.38, and 1.30 (3 s, 6, 3, and 3 H, 4 CC/Y,). 

Anal. Calc. for C,,H,O,S: C, 56.06; H. 4.59. Found: C, 55.89; H, 6.51. 
l~-l-A~ido-o-f-d~~o.~~-2,3:4,5-di-O-~~~o~ropy~~dene-6-O-met~~t-myo-i~~~s~tol (56) 

and 21_-(2,4,5~3)-2,3:4,S-d~-O-i~a~~~p~~li~~~~~~~-~-O-rn~t~~~~-l j61_c?!clohe.~en~-l,2,3,4,5- 
pentol(57). -- A mixture of 9 (120 mg, 0.28 mmol), sodium azide (9 1 mg, 1.4 mmol), and 
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1~-l-Acetamido-3,4,5,6-tetra-O-acetyl-l-deoxy-2-O-methyl-chiro-inositol (61). 
- Compound 60 (157 mg, 0.41 mmol) was hydrogenated and acetylated as described 
for the preparation of 30 to give, after column chromatography with I:5 EtOH-toluene 
as eluent, 61 (152 mg, 93%), m.p. 183-184” (from CHCl,); [a]:’ - 10.5” (c 1, CHCl,); 
‘H-n.m.r. (90 MHz, CDCl,): 6 6.09 (d, 1 H, J,,,, 8 Hz, NH), 5.655.50 (m, 1 H, H-6), 
5.38~5.06(m, 3 H, H-3,4,5),4.73-4.48 (m, 1 H, H-l), 3.8&3.60(m, 1 H, H-2), 3.47(s, 3 
H, OCH,), 2.12, 2.10, 2.04, and 2.03 (4 s, 3, 3, 3, and 6 H, 5 CH,CO). 

Anal. Calc. for C,,H2,N0,,: C, 50.62; H, 6.25; N, 3.47. Found: C, 50.40; H, 5.93; 
N, 3.48. 

lu-l-Acetamido-2,3,4,6-tetra-O-acet_vl-l-deo.~y-5-O-merhyl-scyllo-inositol (63). 
~ Compound 62 (12 mg, 0.03 mmol) was hydrogenated and acetylated similarly, and 
the product was purified by column chromatography with 1:5 EtOH-toluene as eluent 
to give 63 (8 mg, 64%) m.p. 206208” (from CHCI,); [a]: +3.4” (c.O.26, CHCl,); 
‘H-n.m.r. (90 MHz, CDCI,): 6 5.66 (d, 1 H, J,,NH 10 Hz, NH), 5.2554.83 (m, 4 H, 
H-2,3,4,6). 4.31 (q, 1 H,J,,, = J,,, = 10 Hz, H-l), 3.6223.46(m, 1 H. H-5), 3.45(s, 3 H, 
OCH,), 2.09, 2.07, 2.01, 2.00, and 1.88 (5 s, 15 H, 5 CH,CO). 

Anal. Calc. for C,,H?,NO,,: C, 50.62; H, 6.25; N. 3.47. Found: C, 50.84; H, 6.25; 
N, 3.46. 

1D-1,3,5-~ri-O-acetyl-2,4-diazido-2,4-dideoxy-6-0-meth~l- (65) and lD-1,,?,3-tri- 

O-acety1-5,6-diazido-5,6-dideoxy-4-O-meth_vl-chiro-inositol (67), and lo-1,2,3,5-tetra- 

O-acetyl-6-azid~-6-de~x~~-4-O-methyl-muco-~no~irol(69). - A mixture of 25 (505 mg, 
1.06 mmol), sodium azide (690 mg, 10.6 mmol), and aqueous 90% 2-methoxyethanol(5 
mL) was refluxed for 6 h, and then evaporated. The residue was acetylated, and the 
products were chromatographed on a column of silica gel with 1:4+ 1:3 ethyl acetate- 
hexane as eluent to give in turn 65 (165 mg, 42%) as a syrup, [cl]: + 22” (c 0.9, CHCl,); 67 
(48 mg, 14%), [%(I:’ - 23” (c 1.8, CHCl,); and 69 (25 mg. 6%) m.p. 7680” (from EtOH); 
[a]: + 12” (c 1, CHCl,). ‘H-N.m.r. data (90 MHz, CDCl,): 65,5.48 (t, 1 H, J,,, = J,,, = 

3.8 Hz, H-l), 5.22 (t, 1 H, J2,3 = J3/, = 10 Hz, H-3), 4.97 (dd, 1 H, J5.6 3, J4,5 10 Hz, H-5), 
3.92 (t, 1 H, H-4), 3.75 (dd, 1 H, H-2), 3.72 (dd, 1 H, H-6), 3.50 (s, 3 H, OCH,), 2.19, and 
2.15 (2 s, 3 and 6 H, 3 CH,CO); (270 MHz, CDCI,): 67,6 5.32 (t, 1 H, J,,z = J,,, = 3.3 Hz, 
H-l), 5.30(dd, 1 H, J2,3 10.3, J,,,9.5Hz,H-3), 5.09(dd, 1 H,H-2) 3.90(t, 1 H, J,,,3.3Hz, 
H-6),3.87(dd,1H,J,,,9.5Hz,H-5),3.60(t,1H,H-4),3.60(s,3H,OCH,),2.15,2.10, 
and1.98(3s,9H,3CH,CO);(90MHz,CDCl,):69,65.4~.90(m,4H,H-1,2,3,5),4.20 
(t, 1 H, J,,, = J5,6 = 9 Hz, H-6), 3.60 (td, 1 H, J3,4 = J4,5 = 3.5, J2/, 1.5 Hz, H-4), 3.44 (s, 3 
H,OCH,),2.19,2.15,2.12,and2.08(4~, 12H,4CH,CO). 

Anal.Calc.forC,,H,,N,O,:C,42.16;H,4.90;N,22.69.Foundfor65:C,41.99;H, 
4.91; N, 23.01; for 67: C, 41.96; H, 4.76; N, 22.65. Calc. for C,,H?,N,O,: C, 46.51; H, 
5.46;N, 10.84. Foundfor69: C,46.13;H, 5.32;N, 11.08. 

l~-2,4-Diacetamido-1,3,5-tri-O-acet~~l-2,4-dideo,~y-6-O-methyf-chiro-inositol 
(66). - Compound 65 (209 mg, 0.56 mmol) was hydrogenated and acetylated as 
described above, and column chromatography of the product with 1:4 ethanol-toluene 
as eluent gave 66 (159 mg, 66%) m.p. 243-245” (from EtOH); [a]: +25” (c 1.3, 
CH,OH); ‘H-n.m.r. (90 MHz, CDCl,): 6 5.77,5.58 (2 d, 2 H, J 9 Hz, 2 NH), 5.25 (t, 1 H, 
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J, 2 = e/,,h = 3.5Hz.H-11.5.17 4.88(m.2 H,H-3,5),4.83 -4.53 (m. -3 H,II-2.4). l.h7(dd. 
1 t-1, .I,,, 3 Hz. lH-6). 3.55 (s. 3 H. OCW,), 2.16, 2.10. 2.05. 1.93. and 1.90 (5 S. I5 H, 5 
Cn,CO). 

Af~rri. Calc. for C,TH,,N,O,.I+,O: C. 49.63: H, 6.63; N. 6.X I. Found: C‘. 49.96; Ii. 
6.50: N, 6.73. 

ACKNOWLEDGMENTS 

We thank Messrs. Hisao Arita and Eisaku Hata for elemental analyses, Dr. 
Noritaka Chida for helpful discussion, and Mr. Ken Yamada t‘or prcparati~c work. 
This work was supported i17 part by the Yokohama R~tbber (_a).> Ltd.. l‘oklo. Japan. 

REFEREYCES 



INOSAMINES FROM QUEBRACHITOL 123 

10 H. Paulsen and W. von Deyn, Liehiys Ann. Chem., (1987) 141p1 52, and references cited therein. 
11 N. Chida, T. Tobe, M. Suwama, M. Ohtsuka. and S. Ogawa, J. Chew. Sot., Chem. Cummun.. (1990) 

994995. 
12 S. J. Angyal and L. Anderson, A&. Carhohydr. Chem., 14 (1959) 200. 
13 T. Suami. S. Ogawa. S. Oki, and H. Kunitomo, Bull. Chem. Sot. Jpn., 47 (1974) 1737-1743, and 

references cited therein. 
14 S. J. Angyal and R. M. Hoskinson, J. Chem. Sot.. (1962) 2985-2991. 
15 H. Paulsen and F. R. Heiker, Leihigs Ann. Chem.. (1981) 218&2203. 
16 T. Suami, S. Ogawa, and M. Uchida, Bull. Chum. Sot. Jpn., 43 (1970) 3577-3581. 
17 S. Nishimura, Bull. Chem. SK. Jpn., 32 (1959) 61-64. 


