
TOTAL SYNTHESIS OF SORBISTIN A, 
AND A POSITIONAL ISOMER”.’ 

TOMOVA OGAWA.* KIYOAKI KATAN~ and MASANA~ MATSUI 

The Institute of Physical and Chemical Rcscarch. Wako-shi. Sattama. 351. Japan 

Abstract Total synthesis of sorbisttn A, (I) and a postttonal isomer (7) is described for the first time in a 
regto- and stcrco-controlled manner. 

A new class of aminoglycoside antibiotics, sorbistins. 

were isolated in 1976 from the fermentation broth of 
Pseudomona.s’“~b.C and Srreptocertillium2 species. and 
proved to have moderate but broad-spectrum activity 
against Gram-positive and Gram-negative bacteria, 
including some resistant bacteria carrying amino- 
glycoside-inactivating enzymes.3 The unique struc- 
tures (1 5) containing a 1,4-diamino-l,4-dideoxy- 
alditol instead of an aminocyclitol moiety, were 
assigned to sorbistin A, (1) A, (2). B (3). D (4) and C 
(5). respectively. and ascertained through chemical 
correlations and X-ray crystallography.2 Ja.Jh Among 
them, sorbistin A, (1) was reported to be most active. ” 

Various acyl analogues at C,.-NH, of sorbistin A, 
were prepared by Kawaguchi rf aI.’ and a 
cyclopropane carboxylic acid analoguc (6) was found 
to be as active as sorbistin A,. A positional isomer of 
sorbistin A,. having glycosidic linkage between C, 

and C, was also synthesized by Ponpipom rr al. and 
found to be biologically inactive.6 

In this paper we describe the first total synthesis of 1 
and the positional isomer 7 in a regio- and stereo- 
controlled manner. The key aspects considered in the 
synthesis of 1 and 7 are as follows: First, the r- 
glycosidic linkage is SJWI to the 2’. OH and 
4’-NHCOEt, both ofwhich may lead to the formation 
of a /&glycosidic linkage at C,. through a 
neighbouring-group participation,’ unless suitable 
protecting groups are employed. Second, regio- 
selectivity is required for both glycosidation at OH 
and acylation of the NH2 group. On this basis, dio18 
was chosen as a target molecule for the suitably 
protected aglycone part. Dial 8 may be rewritten as 9. 
which indicates a possible transformation of 10 into 8 
by introducing an azide function at C, with the 
inversion of stereochemistry. The glycosyl halide 11 
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“Experimental part of this paper was taken from a part of 
the Ph.D. thesis of K.K. (The Univ of Tokyo. 1979). 

DPreliminary communication: T Dgawa. K. Katano and 
M. Matsui. Carbohpdr. Res. 60, Cl3 (1978). 
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was expected to afford the 
glycosidic linkage without 
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a-stereochemistry at the 
any neighboring group - . 

participation from C, or C, to C, under approprtate 
conditions. Regioselective acylation at &NH, was 
expected to be achieved by the intramolecular 
migration of the acyl group at C,. in the last step. 

Synthesis of the suitably protected aglycon 8 

Acetylation of methyl 4,6-0-benzylidene-r-t>- 
galactopyranoside 12* afforded the diacetate 13.9 
Debenzylidenation of 13 with 80% aq. acetic acid, 
tritylation at 6-OH and mesylation at 4-OH gave 
trityl mesylate 14, m.p. 196-198”, [XI: + 86.7”. The 
structure was confirmed by ‘H NMR which revealed 
three 3 H singlets at S 2.05,2.08 and 2.82. Treatment of 
14 with sodium azide in DMF gave trityl azide 15, 
v,,,21OOcm-‘, which has D-g/UC0 configuration 
according to the presence of the signal for C,-H in the 
‘H NMR at 6 5.45 ppm as 1 H triplet with J = 9 Hz 

Acetolysis of 15 in l”/; H,SO,-Ac20 afforded 
tetraacetate 16 as a mixture of z and /I anomers in a 
ratio of 12: 1. ‘H NMR revealed two anomeric protons 
at S 6.29 (doublet, J = 4 Hz) for the LY anomer and at 
6 5.69 (doublet, J = 8 Hz) for the /I anomer. The 
tetraacetate 16 had been synthesized in 1965 by Reist 
et al. by a different route.” 

Saponification of 16 into tetraol 17, NaBH, 
reduction of 17 into azide glucitol 18 and subsequent 
isopropylidenation of 18 with 2,2-dimethoxy-propane 
into diisopropylidene azide 19, m.p. 88-89”, [xlz5 
+ 11.0” was achieved in SO”/d yield without isolation%f 
17 and 18. The crucial transformation of 19 into the 
target molecule 8 was achieved in 5 steps involving a 
regioselective intramolecular cyclization of the 
carbonate 20. 

The reaction of 19 with methyl chloroformate 
afforded thecarbonate [a]: + 1.2”. ‘H NMRof20 
revealed a deshielded signal for C,-H at b 4.88 as 1 H 
triplet with J = 5 Hz which supports the assigned 
regiochemistry of two isopropylidene groups in 19 
and 20. 

Hydrolysis of 20 in 807; aq. AcOH and evaporation 
of the solvent afforded the cyclic carbonate 21. The 
structure of 21 was assigned from the IR data 
V msx 1780cn-‘. Subsequent isopropylidenation of 21 
afforded monoisopropylidene carbonate 22 [r ;;,’ 
- 55.0” in 79% yield from 20. Tosylation of22 gave 23, 
m.p. 86.5-88”. [s]f: -48.2”, v,,, 18OOcm-r, 6,, 
4.68-4.90 (2 H, multiplet, for Cl-H and C,-H). which 
was transformed into diazide 24 by the reaction with 
NaN, in DMF. Then 24 was saponified into the target 

molecule 8 [LY]: - 14.6”. Over-all yield of 8 from 12 
was 160/;. 

Synthesis of sorbistin A, by employing the glycosyl 
halide 11 

The diol 12 was converted into a 98”;; yield of 
dibenzyl ether 25, m.p. 175- 177”, [Y]:,’ + 77.5”. 
Debenzylidenation of 25 to 26 which was converted 
into trityl ether 27, [z:: + 22.7” in 77”<, yield. 
Mesylation of27 gave tritylmesylate 28, Lx]:,’ + 30.7”. 
Displacement of mesyl group by N; afforded trityl 
azide 29, [ali + 45.3”. in 85:;; yield from 27 and 
hydrolysis of trityl group of 29 gave a 95”;, yield of 
azide alcohol 30, [z]: + 102”, which was further 
treated with propionic anhydride to give 31. [XI:,’ 
+ 87.1”, in 98% yield. 

Acetolysis of 31 gave a 76:/o yield of propionyl 
acetate 32, which was further treated to afford a 23”,;, 
yield of glycosyl halide 11, [ct]:,” + 147.5” and a 67’0; 
yield of 34 which was converted into 11 by treatment 
with thionyl chloride” in 720/i yield. The combined 
yield of the glycosyl halide 11 from 32 was 71”& The r- 
stereochemistry at C, of 11 was assigned from 
‘H NMR data which revealed C, H at 6 6.00 as a 
doublet with J = 4Hz 

The desired intramolecular migration of acyl group 
at 6 -0 to the 4-NHz group was examined employing 
34 as a model compound. 

Reduction of the azide function of 3113 gave the 
amino propionate 34, v,,~ 1730cm-‘,R,0,4(toluene: 
EtOAc = 1 :I). On keeping a CHCI, soln of 34 
containing 1 ‘I/,, of AcOH for 1.5 hr at 20”, the complete 
conversion of 34 into a new compound, R, 0.2 (same 
solvent), presumably having the structure 35 was 
observed by tic examination. Evaporation of the 
solvent effected a further transformation of35 into the 
desired product 36, R, 0.05 (same solvent), m.p. 
164166”, [xl:’ + 28.0”, \I,,,._ 164Ocm ’ in 90”;, yield 
from 31. 

Since the expected intramolecular acyl migration 
could be performed under very mild conditions, the 
glycosidation of 8 with 11 was examined next 
employing Lemieux’s method.14 The reaction of8 with 
11 in the presence of Et,NCI and i-Pr2EtN in 
CH,ClCH,CI gave a mixture of 37 and 38 in 55.5”,, 
yield. No separation could be effected for 37 and 38 on 
tic. However. on hydrolysis of isopropylidcnc group 
of this mixture, 39 and 40 could be separated by 
chromatography on a column ofsilica gel. The ratio of 
39 and 40 was 5:9. Anomcric stereochemistry in both 
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compounds was assigned as r by ’ H N MR data. C, H 
in 39 appeared at 6 4.90as a doublet with J = 3 Hz and 
C,,-H in 40 appeared at d4.96 as a doublet with 
J = 4Hz When the reactivity of the aglycon 8 was 
modified through tributylstannyiationi ’ the same 
sequenceofreactionsafforded39and40inaratioof3:4 
in 25”<, yield. 

Now partially protected pseudodisaccharides 39 
and 40 were submitted to acyl-migration under the 
mild conditions established by model experiments. 
Thus, selective hydrogenation of the azide group in 39 
in the presence of Lindlar catalyst to aminopropiona~e 
41, v,,, 172Ocm-’ and subsequent treatment of 41 in 
ethanol containing 1 ‘:I; AcOH afforded amide 43, 
vmar 1640 cm - ‘, which was further hydrogenated using 
10% Pd-C to afford a 61”fL yield of sorbistin A, HCl 
salt 1, [xl:,’ + 50.2” (H?O). The synthetic sample was 
identical with the authentic sample by tic (CHCI,: 
MeOH: NH,OH = 1:3:2) examination and by 
comparison of ‘H NMR spectra 

The position isomer 7 was also obtained by 
submitting 40 to the same reaction sequence as 
described for 39 in 78% yield. The regio- and stereo- 
chemistry of 7 was confirmed by ‘H and ’ 3CNMR 
data as follows. ‘H NMR revealed C, .-H at b 5. I7 as a 
doublet with J = 3 Hz The r-stereochemistry of the 
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3' 
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glycosidic linkage in 7 was further supported by 
13CNMR. which showed C,, at ci 100.9 with ‘Ji.,, 
= 170.0Hz in agreement with the empirical rule of 
Bock and Pedersen, lb as in the case of sorbistin A,, of 
which ’ -‘C NMR showed C,, at 6 102.4 with 
‘J,.,, = 169.9 Hz. Migration of propionyl groups from 
C,.-0 to C,.-NH, was confirmed by the following 
‘“C NMR data. In the case of sorbistin A,, chemical 
shift oftheCatomscarryingaminofunctionsappeared 
at ii 56.4 for C,, 52.0 for C,. and 43.1 for C, 
respectively, while, in the isomer 7, they appeared at 
6 56.3 for Co, 52.0 for C,. and 41.5 for C, . The presence 
of the glycosidic linkage at C,-oxygen in the isomer 7 
was also supported by the above 13C NMR data which 
showed the /I effect” on C, due IO glycosidation. 

In conclusion, a new aminoglycoside antibiotic, 
sorbistin A, 1 and its positional isomer (7) could be 
synthesized with high regio- and streo-control, starting 
from methyl x-D-galactopyranoside. 

EXPERIMEVTAI. 

M.p‘s were determined with a Yanagimoto micro m.p. 
apparatus and were uncorrected. Optical rotations were 
determined with a Perkin Elmer Model 141 polarimeter for 
soln in CHCI,, unless otherwise noted. IR spectra were 
recorded with an EPI-G2 Hitachi spctrophotometer. as KBr 
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discs for the crystalline samples and as neat films for the liquid 
samples. ‘H NMR spectra were recorded with a Varian HA- 
100 NMR spectrometer. using TMS as the internal standard. 
‘%NMR spectra were recorded with a JNM-FXlOOFT 
NMR spectrometer operated at 25.05 MHZ The values of ii,. 
and 6,, are expressed in ppm downward from the internal 
standard for soln m CDCI,, unless otherwise noted. Column 
chromatography was performed bn columns of Silica Gel 
Merck (70.-230mesh; E. Merck, Darmstadt, West Germany). 
TIC was performed on precoated plates (layer thickness, 
0.25 mm; E. Merck, Darmstadt, West Germany) of Sihca Gel 

6OF25.,. 
Methyl 2,3-di-O-uceI~l-4.~O-beflz~~l~~~ne-z-~~-~~~ur~op~- 

ranoside 13. Compound 12 (I 1.4g) in pyridine (50ml) and 
Ac,O (50 ml) was stirred for I5 hr at 20”. Evaporation of the 
solvent in UACUO afforded 13 (14.1 g, 95”~;). Recrystallization 
from EtOAc-i-PrzO gave pure 13. mp. 117 119”. Lx::,’ 
+ 205.1 (c = 0.59). (Found: c‘. 59.27; H. 6.04. C,,Hj>O, 
requires. C, 59.01: H, 6.05’:,,). 

Methyl 2,3-di-O-acetyl-4-0-mesyl-6-O-trityl-r-~~-gulu~- 
topyranoside 14. A soln of 13 (14 g) in 80”(, AcOH aq (450 ml) 
was stirred for 15 hr at 60-65”. AcOH was evaporated in 
FUCUO by co-evaporation with toluene. To the residue 
dissolved in pyridine (100 ml) was added trityl chloride (I 3 g). 
The mixture was stirred for 15 hr at 20”. After further addition 
of trityl chloride (1 g), the mixture was stirred for 4 hr at 20”. 
To this mixture was added dropwise mesyl chloride (5.7 g) in 
pyridine (20ml) at - 5--o’. The mixture was stirred for 4 hr at 
20”. Pyridinc was evaporated in IYICUO. The residucwas poured 
into NaHCO, aq and extracted with EtOAc. The organic 
layer was washed with water, dried (MgSO,), and 
concentrated. The residue was triturated with ether to give 
crystalline 14 (11.3 g). The mother liquor was evaporated and 
chromatographed on silica gel (3oOg). Elution with 
toluene-EtOAc (5: 1) gave further 14 (4.5 g). Combined yield 
was 65.3?,, m.p. 196.-198”. [xl;’ + 86.7” (c = 0.48). S,, 
(CDCI,): 2.05 and 2.08 (two 3 H. s, COCH,), 2.82 (3 H, s. 
SO&fj,). 3.34 (3H. s. OCH,). (Found: C. 62.21: H. 5.81. 
C‘,,,H,,,O,,,S requires: C. 62.19: H. 5.72”,,1. 

I ,2,3,6-Terra-0-uceryl4azidw&deoxy-a and /I-D-galacto- 

pyranoside 16. Compound 14 (15.7 g) and NaN, (I5 g) in 
DMF (3OOml) was stirred for 7.5 hr at 130-140” (bath). The 
mixture was concentrated in uacuo. The residue was diluted 
with water and extracted with EtOAc. The organic layer was 
washed with water, dried (MgSO,), and evaporated in ~acuo 

to afford crude IS, a small part of which was purified by 
chromatography on silica gel (toluene-EtOAc = 15: 1). 
[z]:,’ + 90.0” (c = 0.47). 6,, (CDCI,): 5.45 (I H. t, J = 9Hc 
C,-H). Y,,,: 21COcrK’ (N,). (Found: C. 65.86: H, 5.72: N, 
7.i7. C,,H,,O,N, requires: C. 66.04; H. 5.73: N. 7.70”,,). 
Crude 15in AczO (2COml)containingconc HISO, (2ml) was 
stirred for 7 hr at 20”. The mixture was diluted with ice-water 
and extracted by EtOAc. The organic layer was washed with 
NaHCO, aq and water, and dried (MgSO,). The solvent was 
co-evaporated with toluene in cacuo. The residue was 
triturated with i-Pr,O and the insoluble trityl alcohol was 
filtered off. The filtrate was concentrated and chromato- 
graphed on silica gel (35Og). Elution with toluene-EtOAc 
(4: I) afforded 16 (7.8g. 79.7“&), which was a mixture of 3 and 
p anomers in a ratio of l2:l. x-Anomer: [z];’ + 132” 
(c = 0.55). S,,; 6.29 (I H. d, J = 4Hq C,-H). (Found: C. 
44.69: H, 5.06; N, 11.49. C,,H,,O,N, requires: C, 45.04: H, 
5.13: N. 11.26”;). /I-Anomer: Recrystallization from i-Pr,O. 
m.p. 98-99”. rlli’ + 38.1” (c = 0.54). S,,: 5.69 (I H. d. 
J = 8H& C,-fi).-‘iFound: C, 44.95:‘H.“5.11: N; 11.37. 
C,,H,,O.N, requires: C. 45.04: H. 5.13: N. 11.26”:.). 

‘iA;;dok-;eoxi-1.2: 5,6-di-0-isopropylidme-“-g/uiifo/ 19. 
Compound 16 (7.8 g) in 0.05N NaOMe-MeOH (lOOmI) was 
stirred for I5 hr at 20”. MeOH was evaporated in GUCUO. To a 
soln of the residue in EtOH (100 ml) was added NaBH, (1 g) 
at 0”. The mixture was stirred for 6hr at 20”. Excess NaBH. 
was destroyed with AcOH at -5-O”. Nat ion was removed 
by the treatment with Amberlist 15. The filtrate was 
evaporated in uucuo and the residue was co-evaporated with 

MeOH several times to remove boric acid. The residue 18 was 
dissolved in DMF (50ml) and toluene (50ml) and the soln 
was concentrated to a volume of 60 ml. To this soln was added 
2,2-dimethoxypropane (10 ml) and pTsOH (400 mg). The 
mixture was stirred for 3 hr at 70” and pyridine (5ml) was 
added. The soln was evaporated in cacuo and the residue was 
diluted with NaHCO, aq and extracted with EtOAc. The 
organic layer was washed with water, dried (MgSO,). 
evaporated in LUCUO, and chromatographed on silica gel 
(3oOg). Elution with toluene-EtOAc-Et,N (75:25:1) 
afforded 19. Recrystallization (2.98 g, 504/o) from i-Pr,O, m.p. 
88. 89”. [r];;’ + 11.0” (c = 0.82). ci,,: 1.25-1.55 (12H. two 
isopropylidene groups). (Found: C, 50.33: H, 7.43: N, 14.64. 
C,iH;,O,N, riquiies: C. 50.16; H, 7.37: N, 14.63”/,). 

4-Azido-4-deoxy-l.2;5,6-di-O-isopropylidene-3-O-metho- 

xycarbon~l-n-Rlucitol20. To a soln of 19 (2.88 g) in pyridine 
(6Oml) and ClCHzClCH2 (60ml) was added dropwise 
CICO,Me I IO ml) at - 10 to - 5”. The mixture was stirred for 
4 hr ai -5; and’allowed to stand at -20” overnight. The 
mixture was further stirred at -5” for 6hr, and further 
CICO,Me (5 ml) was added to the mixture at 2 hr intervals. 
The mixture was poured into NaHCO, aq and extracted with 
EtOAc. The organic layer was washed with water, dried 
(MgSO,) and concentrated in CACUO. The residue was 
chromatographed on sihca gel (1OOg). Elution with 
toluene-EtOAc-Et,N (80:20:1) gave 20 (3.Og, 86.7%). 

[xl:,’ + 1.2” (c = O.il). 6,,: 1.3-1.5(128, twoisopiopylidene 
erouns). 3.82 (3H. s. OMe). 4.88 (1 H. t. J = 5 Hz. C,-H). - .,. 
Y,,,: 1750(&b 2100cn-“(N,). (Found: C,48.81:‘H.d6.7d; 
N. 12.12. C,,H,,O,N, requires: C, 48.69: H, 6.71: N, 
12.17”$. 

4-Azido-2,3-0-carbonyl-4-deoxy-5.6-0-isopropylidene-~,- 

glucitol22. A soln of 20 (1.7g) in 80’7” AcOH aq (50ml) was 
stirred for 2 hr at 80”. The mixture was concentrated in uacuo 
and co-evaporated 3 times with toluene. The residual oil 21 
was dissolved in DMF (25 ml) and toluene (25 ml). The soln 
was again evaporated in UACUO and to the residue in DMF 
(30 ml) was added 2,2-dimethoxypropane (1 ml) and p-TsOH 
(100 mg). The mixture was stirred at 50.-60” for 3 hr. Pyridine 
(2 ml) was added. The solvent was evaporated in uacuo. The 
residue was diluted with NaHCO, aq and extracted with 
EtOAc. The organic layer was washed with water, dried 
(MgSO,) and concentrated. The residue was chromato- 
graphed on silica gel (1OOg). Elution with toluene-EtOAc 
(2: 3) afforded 22 (I.06 g. 78.572). [xl:’ - 55.0” (c = 0.28). 6,,: 
1.36. 1.45 (two 3H, s, isopropylidene group), 2.92 (I H, m, 
OH), 4.65-4.85 (2 H, m, C,-H and C,-H). 

4-Azido-2,3-0-carbonyl-4-deoxy-5,6-0-isopropylidene-l- 
0-rosyl-wglucilol23. A soln of 22 (I.06 g) in pyridine (20 ml) 
was tieated with TsCl (9OOmg). The mixture was stirred for 
22 hr at 20” and then for 2 hr at 55”. Pvridine was evauorated 
and the residue was diluted with NafiCO, aq and eitracted 
with EtOAc. The organic layer was washed with NaHCO, aq 
and water, dried (MgSO,), and evaporated. The residue was 
chromatographed on silica gel (1OOg). Elution with 
toluene -EtOAc (2: I) afforded 23 (l.l3g, 68%). Re- 
crystallization from EtOAc-i-Pr,O-n-hexane. M.p. 
86.5-88”. [z]:,’ - 48.2” (c = 0.69). ci,,: 1.36. 1.45 (two 3H, s, 
isopropylidene group), 2.48 (3 H. s, aromatic Me), 4.68-4.90 
(2H,m.C,-H and+H). 1~~~,(crn~~)21OO(N~). 18OO(CO). 
(Found: C. 47.69: H, 4.96; N. 9.85. C,,H?,O,N,S requires: 
C, 47.77: H. 4.95; N. 9.83”/,). 

I ,4-Di-uzido-2,3-O-carbonyl- 1,4-dideoxy-5.6-O-isopropyli- 
dene-u-glucitol24. A soln of 23 (621 mg) and NaN, (621 mg) 
in DMF (6ml) was stirred for 2 hr at 85-90”. DMF was 
evaporated in cacuo and the residue diluted with NaHCO, aq 
and extracted with EtOAc. The organic layer was washed 
successively with NaHCO, aq and water, dried (MgSO,), 
and concentrated in umm. The residue (449 mg, quantitative 
yield) was enough pure for the next step. A small amount of 
crude 24 (69 mg) was purified by chromatography on silica 
gel (log). Elution with toluene-EtOAc (2:l) afforded an 
anlytlcal sample of 24 [!I 16’ - 89. I (c = 0.51. 6,; 
1.36. 1.45 (two 3 H. s. isopropylidene group). 4.62-4.84 (2 H. 
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m, C,-H and C,-H). (Found: C, 40.22; H, 4.72; N, 28.21. 
C,,H,,O,N, requires: C, 40.27; H, 4.73; N, 28.18%). 

1,4-Di-azido-1,4-di-deoxy-5,6-0-isopropy/idene-v-g1ucito/ 
8. A soln of 24 (380 mg) in 0.25 N NaOMe-MeOH (5 ml) was 
stirred for 4 hr at 20”. MeOH was evaporated tn racuo and 
the residue was chromatographed on silica gel (20g). Elution 
with toluene-EtOAc (2:l) afforded 8 (330mg, 95%). 
[XI;’ - 14.6 (c = 0.61 ). ri,,; 1.36. 1.46 (IWO 3H. s, 
isopropylidene group), 2.90-3.10 (2H. m, two OH, 
disappeared upon the addition of D,O). I’,, (cm- I): 2100 
(N,). 3400 (OH). (Found: C. 39.74; H. 5.99: N. 31.08. _. 
C,H,,O,N, requires: C, 39.70: H, 5.92; N, 30.87%). 

Methyl 2,3-di-O-benzyl-4,6-O-benzy/idene-a-l,- 
galactopyranoside 25. Compound 12 (6g) was dissolved in 
DMF (30ml) and toluene (30ml) and was evaporated in 
cacuo. To the residue redissolved in DMF (60ml) was added 
NaH (60%. 2.13 g). The mixture was stirred for 1.5 hr at 20” 
and then cooled to - 5”. To this mixture was added dropwise 
benzylbromide (8.17g) for IOmm. The mixture was sttrred 
for 3 hr at 20’ and poured into ice-water (IOOOml) carefully 
and left at 5” for two days. The precipitated crystals were 
collected, washed successively with cold water and ether and 
dried to give 25 (9.62 g. 98%). Recrystallization from EtOAc- 
i-Pr:O, m.p. 175-177”. [z];’ + 77.5” (c = 0.56). (Found: C, 
72.49: H. 6.50. C,,H,,O, requires: C, 72.71: 6.542;). 

Methyl 2.3-di-O-benzyl-6-O-trityl-?-D-galactopyranoside 

27. Compound 25 (9 g) suspended in 80”,/, AcOH aq (200 ml), 
was stirred for 3 hr at 80-85”. AcOH was co-evaporated with 
toluene. The residue 26 in pyridine (lOOmI) was treated with 
trityl chloride (6.Og) and the mixture was stirred for 20 hr at 
20”. Pyridine was evaporated in uacuo and the residue was 
diluted with NaHCO, aq and extracted with EtOAc. The 
organic layer was washed with water, dried (MgSO,) and 
concentrated in sacuo. The residue was chromatographed on 
silica gel (350 g). Elution with toluene-Et,N (100: 1) afforded 
trityl alcohol. Further elution with toluene-EtOAC-Et,N 
(100: 10: 1) gave 27 (9.2 g, 76.77;). [x];’ + 22.7” (c = 0.48). 
(Found: C, 77.94: H, 6.53. C,,H,,O, requires: C, 77.90: H. 
6.53%). 

Methyl 2,3-di-O-benzyl-4-O-mesy/-6-0-rrilyl-?- 

pyranoside 28. To a soln of 27 (5.5 g) in pyridine (50 ml) was 
added dropwise mesyl chloride (1.3 g) in pyridine (IO ml) for 
IOmin at - 5”-0”. The mixture was stirred for 17 hr at 20”. 
concentrated in uacuo to a volume of about 20 ml, poured into 
ice-water (41). and extracted with EtOAc. The organic layer 
was washed with water, dried (MgSO,), and concentrated in 
cacuo to give 28 (5.6g. 910/,). An analytical sample was 
obtained bv chromatography on silica gel 
(toluene-EtdAc-Et,N = iOO;lo: I). [z]:’ + 3OT7” 
(c = 0.531. cj,,: 2.83 (3 H. s. SO,Met. 3.32 (3H. s, 
OMe). 5.16 (i’H, d, J = 3 Hz, C,- H):(Found: C, 70.98: H, 
6.15. C,,H,,OsS requires: C, 70.88: H, 6.09”/,). 

Methyl 4-azido-2.3-di-O-benzy/-4-deoxy-6-O-lrity/-a-v- 

glucopyrunoside 29. A soln of 28 (5.62g) and NaN, (5g) in 
DMF (lOOmI) was stirred for 25 hr at 14C- 160”. The mixture 
was concentrated in rucuo to a volume ofabout 20 ml. diluted 
with water and extracted with EtOAc. Organic layer was 
washed with water, dried (MgSO,) and concentrated in 
uacuo. Chromatography on a column of silica gel (2OOg. 
toluene-EtOAc-Et,N = 100: 10: 1) gave 29 (4.85 g, 93.4’?;). 
[z];’ + 45.3” (c = 0.34). v,,,_ (cm-‘): 2100 (N,). (Found: C, 
74.93: H. 6.22: N. 6.49. C,,H,,O,N, reauires: C, 74.86: H. 
6.13: N,6.55“,/,). 

-,, .,? , _ . 

Methyl 4-azido-2,3-di-0-benzyl-4-deoxy-a-v- 

glucopyranoside 30. A soln of 29 (8.638) in gOlo”/, AcOH aq 
(200ml) was stirred during 3 hr at 80”. The mtxture was 
evaporated in uacuo and the residue was chromatographed on 
silica gel (17Og). Elution with toluene-EtOAc (2: I) afforded 
30 (5.1 g, 95”,,). [T]:,’ + 102’ (c = 0.53). (Found: C. 62.92: 
H.6.31: N, 10.41. C,,H,,O,N, requires: C.63.14; H.6.31: N, 
10.52”,d). 

Methyl 4-azido-2,3-di-O-benzyl-4-deoxy-6-O-propionyl+ 
o-g/ucopyranoside 31. To a soln of 30 (I g) in pyridine ( IOml) 
was added propionic anhydride (2ml). The mixture was 

stirred for 15 hr at 20”. Pyridine and excess proionic 
anhydride was evaporated in oacuo. The residue was 
chromatographed on a silica gel (30x). Elution with 
toluene-F?tOkc (3:1) afforded 31 - (1.12g. 98”:,). 
luif' + 87.1 k = 0.48). 6,: 1.14 (3 H. t. J = 7Hz. _ .- 
CHzCHI,),2.36(2H,q,J’= 7H~COCH’,CH,).v,~X (cm-‘): 
1740 (CO), 2120 (N,). (Found: C, 62.99: H, 6.37: N, 9.21. 
C,,H,,O,N, requires: C, 63.28: H, 6.42: N, 9.23”,). 

I-0-Acefyl-4-azido-2.3-di-0-benzyl-4-deoxy-6-O- 
propionykkglucopyranose 32. A soln of31 (2.Og) in Ac,O 
(20ml)containinaconc H,SO, (O.Zml)wasstirredfor 30min 
at ZO’.‘The mtxture was pouredinto ice-NaHCO, aq (500 ml) 
and extracted with EtOAc. The organic layer was washed 
successively by NaHCO, aq, H,O, dried (MgSO,), and 
concentrated in uacuo. The residue was chromatographed on 
silica gel (2OOg). Elution with toluene-EtOAc (7: 1) gave 32 
(1.6g, 75.5 %) which was used directly for the next step. 6,; 
1.15 (3H, t, J = 7Hz,CH,C&), 2.16 (3H, s, COCH,), 2.36 
(2H, q. J = 7Hz, COCHzCH,), 6.32 (1 H, d, J = 3 Hz. 
C,-H). 

4-Azido-2,3-di-O-benzy/-4-deoxy-6-O-propio-1,- 
glucopyranosyl chloride Il. A soln of 32 (1.62g) in CHzClz 
(I 00 ml) was saturated with dry HCI at - 5”. The mixture was 
kept at 20” for 15 hr and the solvent was evaporated rn WCUO. 
The residue was co-evaporated in uacuo with toluene and 
chromatographed on silica gel (log). Elution with 
toluene-EtOAc (10: I) gave II (327mg. 22.4”,,). 
Izlb’ + 147.5 (c=O.48). j,,; 6.00 (I H. d. J =4Hz. . _._ 
C,-H). Elution with toluene&FtOAc (2: 1) gave 33 (94Omg 
66.7:4). 33 (360mg) was dissolved in SOCI, (5 ml) and left at 
20” for 15 hr. Co-evaporation of SOCI, with toluene and 
chromatography on silica gel (5 g. toluene-EtOAc = 10: I) 
afforded 11 (272 mg 72’2,). Combined yield of 11 from 32 was 
70.6”& II was used directly for the next step. 

Methyl 4-amino-2,3-d-O-benzykl-deoxy-N-propiony/+v- 

glucopyranoside 36. Compound 31 (103mg) and Lindlar 
catalyst (50mg) in EtOH (5 ml) was stirred under H, for 4 hr 
at 20”. The catalyst was filtered off @elite) and the filtrate was 
concentrated in-uacuo to the residue 34, v,,, (cm- ‘) 1730 
(CO,). A soln of 34 (80mg) in CHCI, (Zml) containing 
AcOH (0.002ml) was kept at 2W for 1.5hr. when tic 
(toluene EtOAc = 1: 1) showed the disappearance of 34 (R, 

0.4) and the formation ofa new spot (35, R,O.Z). Evaporation 
of the solvent in uacuo and the trituration ofthe residue with i- 
PrzO afforded crystalline 36 (72mg. 90”,,. R, 0.05). m.p. 
164-166. [z];’ + 28.0 (c = 0.5Y). d,; 1.06 (BH. I. 
J = 7Hz, CHQI,). 1.96 (2H, q, J = 7Hz, COCH&H,). 

(cm-‘): 1640 (CON), 3280 (NH). (Found: C. 66.99: H. 
;?i: N, 3.23. C,,HA,NO, requires: C. 67.1 1: H. 7.28: N. 
3.26”,,). 

1,4-Drazldo-1,4-dideoxy-3(or 2)-O-(4’-azido-2’,3’-di-O- 

hen;y/-4’-deox~-6’-O-propiony/-~-l,-Rlucopyranosy/)-r,- 

ghrcaol39 (for 40~. (a) A mixture of 1 I (419 mg), 8 (300 mg) 
and Et,NCl(l81 mg) was dried in WCUO. To this mixture was 
added Et(i-Pr),N (240mg) in ClCHzCICH, (IOml) and the 
mixture was stured under reflux for 3 days. After cooling to 
room temp, the mixture was diluted with CHzCIz (30 ml). The 
organic layer was successively washed with NaHCO, aq and 
water, dried (MgSO,), and concentrated in cacuo. The residue 
was chromatographed on silica gel (6Og). Elution with 
toluene-EtOAc-Et,N (50: 10:0.6) gave 4-azido-2,3-di-O- 
benzyl4deoxy-6-0-propionyl-D-glucal (243 mg) and the 
mixture of 37 and 38 (81 mg. 55.5”,<;). Further elution with 
toluene--EtOAc (2: 1) recovered diol8 (243mg). A soln of the 
mixtureof37and38(95mg)in80”!,AcOHaq (10ml)was left 
at 20’ for 2 days. The solvent was co-evaporated with toluene. 
The residue was chromatographed on silica gel (7g). Elution 
with CHC13 MeOH (100: 1) gave 39 (25 mg, 28 ‘I,) and 40 
(41 mg,45.8”,,).39: [z];’ + 57.4- (c = 0.94).6a(CDCIJ); 1.16 
(3 H, t, J = 7 Hz CHzCH,), 2.40 (2 H. q. J = 7 Hz, CY,CH,), 
490(1 H,d,J = 3Hz.C,.-H).40: [alA + 57.2“(c =O.ZY).&: 
1.14 (3 H, t, J = 7Hz. CHzCH,). 2.37 (2H. q. J = 7H& 
CHzCH,), 4.96 (1 H, d, J = 4H2, C,. H). 

(b) Compound 8 (189mg) and bts(tri-n-butyltinloxidc 




