
Tetrahedron Letters,Vo1.23,No.30,pp 3069-3072,1982 0040-4039/a2/303069-04$03.00/0 

Printed in Great Britain 01982 Pergamon Press Ltd. 
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Faculty of Phamaceuticai! Sciences, Toyama Medical and Pharmaceutical! University 
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Abstract: Synthesis of methyl a-D-tetronitroside(Q) f rom D-mannose via methyl a-D-mycaroside(k) 

established the D-configuration for tetronitrose(=kijanose), a novel nitro sugar which occurs as 

a component of the antitumor antibiotics tetrocarcins A and B, and kijanimicin. 

Tetronitrose(or kijanose) is an unusual methyl-branched nitro sugar recently discovered as 

one of the sugar components of antitumor antibiotics tetrocarcins A and B,' and kijanimicin' 

respectively. Although its structure was definitely determined by X-ray crystallography' to be 

2,3,4,6-tetradeoxy-4-(methoxycarbonylamino)-3-C-methyl-3-nitro-~Zo-hexopyranose and D-confi- 

guration was assigned by application of Hudson's rule of isorotation,' confirmation of the pro- 

posed absolute configuration by the synthesis has been a subject of our interest in this field. 

Herein we describe the synthesis of the methyl glycoside of this natural sugar from D-mannose via 

D-mycarose which led to conclusive proof of the proposed D-configuration. 

Methyl a-D-mycaroside($), mp 55.5-56.5"C, [al, +138"(CHCl,), prepared from D-mannose via 

4-0_benzoyl-2,6-dideoxy-3-C-methyl-cr-D-ribo-hexopyranoside(~),3 was reacted with N,N'-thiocarbo- 

nyldiimidazole by usual manner‘+ and the resulting thiocarbonate was without purification heated 

in dimethyl trimethylsilyl phosphite' at 130-140°C for 4 hr. The unsaturated sugar ;1 obtained by 

this two step sequence6 and contaminated with a small amount of B-anomer could be readily isolated 

in 77% yield after hydrolytic removal of the excess phosphite and short path column chromatography 

of the crude product. The oily %was reacted with iodine isocyanate7 at room temperature for 5 

hr and the resulting addition product was directly treated with methanol in the presence of 

sodium methoxide to give iodo-carbamate(2) as a single isomer," mp 76-76.5"C, [a], +140°(CHC1,). 

The compound 2 was then refluxed in aqueous methanol containing 2.3 equiv of KOH for 5 hr to 

afford the aziridine as an oil." Nucleophilic ring opening of the aziridine 2 with sodium azide 
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was performed in the presence of ammonium chloride in refluxing ethanol.' The regioisomers 

&(oil, [a]D +197"(CHCls)) and f$(mp 37.5-38.5'C, [a]D+186.5"(CHC13)) formed in a ratio of ca. 

2:3 and in a combined yield of 48% from t were readily separated by silica gel chromatography, 

and their structures were determined by 'H NMR spectra by comparing the chemical shifts and 

coupling constants of 4-H: &, 6 2.55(d, J=lO Ha): $&, d 2.79(d, J=l Hz).~' The amino group of 

the desired isomer E was then protected by N-benzyloxycarbonylation to give <," the azide 

group of which was reduced with sodium borohydride and nickel chloride' at room temperature for 

15 min. Methyl 2,3,4,6-tetradeoxy-4-amino-3-C-methyl-3-benzyloxycarbonylamino-D-~Zo-hexopyra- 

noside obtained as an oil([alD +84.5"(CHCl,))" by this procedure was N-methoxycarbonylated 

by usual manner to give the dicarbamate %([n]D+145"(CHC13)),1' which was subjected to hydrogeno- 

lysis using triethylsilane and palladium carbon' in methanol to give free 3-amino compound %I1 

in an overall yield of 55% from E. The final step leading to methyl a-D-tetronitroside from 3 

was carried out by oxidation with m-chloroperbenaoic acid"' in dichloromethane at room temperature 

for 20 min and the structure of the syrupy product isolated by silica gel chromatography in 58% 

yield was fully characterized by mass and nmr spectra." Comparison of [(I]~ +152"(CHCl,) of our 

synthetic methyl a-D-tetronitroside with the reported rotations, [a], +138'(CHCl,)' and [o] 
D 

+130.O"(MeOH),* indicated clearly that the natural tetronitrose(or kijanose) belongs to D- 

series. 
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11) 3, 'H NMR(CDC~,)G: l.ZO!d, ~=6 Hz, 6-H), 1.63(br d, J=14 Hz, 2-Hag), 1.69(s* 3-Me)s 2*18(ddv 

J=14, 4 Hz, 2-H,,), 3.33(qd, J=6, 0.5 Hz, 5-H), 3.38(s, 1-OMe), 3.62(s, COOMe), 4.65(br s, 

4-H), 4.74(dd, J=4, 3 Hz, l-H), 6.50(br s, NH). 

23 
'H NMR(CDC~,)G: 1.23(~, 3-Me), 1.39(d, J=6 Hz, 6-H), 1.76(br s, 4-H), 2.00(2H, diffused 

d, 2-H), 3.34(s, 1-OMe), 4.03(q, J=6 Hz, 5-H), 4.67(t, J=3 Hz, 1-H). 

&* 
'H NMR(CDC~,)G: 1.25(~, 3-NH,), 1.29(d, J=6 Hz, 6-H), 1.47(s, 3-Me), ca. 2.0(2H, m. 2-H), 

2.55(d, ~=10 HZ, 4-H), 3.35(s, 1-OMe), 3.56(qd, J=lO, 6 Hz, 5-H), 4.77(dd, 54, 2 Hz, 1-H). 

f$, 'H NMR(CDCl,)G: 1.24(s, 3-Me), 1.35(d, J=6 Hz, 6-H), l.57(dt, J=l5, 1 Hz, 2-Heq), l-87 

(dd, 5=15, 4 HZ, 2-Hax), 1.98(br S, 3-NH,), 2.79(br s, 4-H), 3.38(s, 1-OMe), 4.35(qd, J=6, 

~1 Hz, 5-H), 4.78(d, J=4 Hz, 1-H); MS(EI)m/e(rel intensity): 2Ol(M++l, <0.1), 2OO(M+, O), 

169(4), 141(3), 101(55), 86(lOO). 

1, 'H NMR(cDC~,)G: 1.34(d, J=6 Hz, 6-H), 1.63(s, 3-Me), 1.58(dd, J=l5, =l Hz, 2-Heq), 1.92 

(dd, 5=l5, 4 HZ, 2-H,,), 3.41(s, 1-OMe), 3.87(br s, 4-H), 4.25(qd, J=6, =1 Ha, 5-H), 4.78 

(d, J=4 Hz, l-H), 4.97 and 5.17(d, J=12 Hz, COOCH,), 6.40(br s, 3-NH), 7.45(s, Pb); MS(EI) 

m/e(rel intensity):334(M+, O), 303(l), 144(35), 100(100), 91WO). 

f~, ‘H WR(CDC~,)G: 1.20(d, 5=6 Hz, 6-H), 1.29(s, 4-NH,), 1.52(s, 3-Me), l.52(d, J=l5 Hz, 

2-H,,), 1.88(dd, J=15, 4 Hz, 2-Hax), 3.29(d, Jzl Hz, 4-H), 3.39(s, 1-OMe), 4.26(qd, J=6, l 

Hz, 5-H), 4.72(d, J=4 Hz, l-H), 5.03 and 5.16(d, J=13 Hz, COOcHz), 6.37(br s, 3-NH), 7.43(s~ 

Ph); MS(EI)m/e(rel intensity):309(M+, <O-l), 277(3), 276(2), 252(43), 236(7l), 178(35), 157 

(68), 56(100). 

‘jJ, MS(EI)m/e(rel intensity): 366(M+, <0.1), 252(70), 234(12), 220(6), l90(12), 184(13), 176 

(7j, 156(14), 148(27), 115(100). 

kg, 'H NMR(CDC~~)~: l.lo(s, 3-Me), l.l7(d, J=6 Hz, 6-H), l.6l(2H, br s, 2-H), 2.06(br ss 

3-NH=), 3.17(br d, J=10 Hz, 4-H), 3.37(s, 1-OMe), 4.42(q, J=6 Hz, 5-H), 4.74(diffused s* l-H), 

4_97(br d, J=lO Hz, 4-NH); MS(EI)m/e(rel intensity): 232(M+, cl), 2Ol(2), 157(8), ll8(lOO), 

115(56), 100(80), 86(27). 

& 'H NMR(CDC1,)(200 MHZ)&: l.l9(d, ~=6.4 Hz, 6-H), 1.54(s, 3-Me), 1.79(dd, J=15.5, 4.1 Hz, 

2-Hax), 2.77(d, 5=15.5 HZ, 2-Heq), 3.24(s, 1-OMe), 3.73(s, COOMa), 4.27(q, J=6.4 Ha, 5-H), 

4_49(d, Jz9.8 Hz, 4-H), 4.65(d, J=4.1 Hz, l-H), 4.98(d, J=9.8 Hz, 4-NH); MS(EI)m/e(rel inten- 

sity): 262(M+, <l), 231(12), 184(14), 172(22), 156(13), l40(35), l28(100). 
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