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In connection with the preceding papers of this series’)W3, the introduction of a 
pentofuranosyl and a hexopyranosyl group /3-o-anomerically linked at O-5 of the 
2-deoxystreptamine moiety of neamine has been attempted in order to elucidate 
structure-antimicrobial activity relationships. 

Ribostamycin6 (3), an aminocyclitol antibiotic produced by Sfrepprom)rer 

ribosidificus, was reported in 1970 and its structure has been established by Niida rf 
al.‘O as O-b-D-ribofkanosyl-( I ~~-0-[2,6-diamino-2,6-dideoxy-a-o-glucopyranosyl- 
(lv4))l-2-deoxystreptaminc. Syntheses of it have been described’s’, and we now 
report a facile synthesis of this antibiotic in 47% overall yield by employing 6,3’,4’- 
tri-O-acetyl-l,3,2’,6’-tetra-N-(ethoxyc;Eirbonyl)nlamine2 (1) as the starting material. 

As 5-O-(a-o-glucopyranosyl)neamine, obtained by transglycosglation of 
oeamine with maltose and Clarasek (ref. 9), was more active against microorganisms 
than the parent nearnine, we have attempted to prepare the anomer. namely 5-O-@- 
o-glucopyranosyl)neamine (5), by using the same starting material 1. 

RESULl-S AND DISCUSSION 

When 1 (ref. 2) was condensed with 2,3,5-tri-O-~nzoyl-o-ribofuranosyl 

chloride’ in dry benzene in the presence of mercuric cyanide and “Drierite” under 
reFlux for 22 h, and the product purified on a silica gel column, 6,3’,4’-tri-Gacetyl- 
2”,3”,5’‘-tri-U-bLoyl-I ,3,2’,6’-tetra-IV-(ethoxycarbonyl)ribostamycin (2)was obtained 
in 75% yield. O-Deacylatioo of 2 in etbanolic sodium ethotide. followed 
by hydrolysis in aqueous barium hydroxide , gave 3 in 63% yicid as an amorphous 
solid. The amorphous base was obtained crystaliine from methanol, and identified 
with natural ribostamycin by comparin g its physical properties and antimicrobial 
activities with those of an authentic sample. 

Similar condensation of 1 with 2,3,4,6-terra-O-acetyk-D-glucopyranosyl 
bromide”, was followed by acetylation and subsequent purifYcation by column 
chromatography. The desired fraction was hydrolyzed in aqueous barium hydroxide, 

*For a pretiminq report, sx. ref. 1. 
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and the hydrolyzate was purified on a column of Ambertite CG-50 (NH:) to give f 
in 14?/3 overall yield. 

The structure of 5 was confirmed by its ‘H-n.m.r. spectrum. Presence of tie 

p-o-anomeric linkage was demonstrated by the coupling constant (7 Hz) e.xhibited 
by the doublet at 6 5.18 in the spectrum. 

2: R = Cbe.R’= Ac.RI= BZ 

Cbe = EtOCO 

Compound 3 showed identical antimicrobial activity against several micro- 
organisms in comparison with natural ribostamycin. Compound 5 was less active 
thm neamine, except against M~cobac~erium snlegmatk ATCC 607. As 5O-~-D- 

~lucopyranosyl)neamine9 t>as 2 to 4 times more active than nearnine: 5 was much 
less active than the U-D anomer (Table I). 

TABLE I 

\>TlWCROBW ACllVTilES OF 3 A.slD 5 

Compcund Dlanrrrer of rnhibrrion :one (mm), ax determined by the paper-disk method 
I ronc-en- 
rrorion, Staphylo- Bacillus Eschericbia Myco- Klebsiells’ Eschenchin’ 
? mg/mT) COCCLLS subtilis coli K-I.? bacterium pfieumoniae coli ML-1619 

aureus A i-CC6633 s.meglla1is 7 
6538P A TCC 607 

3 23.0 35.5 36 0 41.0 13.6 Il.4 
LtibOjli3- 

mycm 22.8 35.4 35.3 40.5 15.0 12.8 

s 17.4 2S.J 30.6 26 0 0 0 

Ne&ne 22.2 33.4 31.6 24.9 0 0 

‘Kanamycin-resataot strains. 
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ExPERIMEriiAL 

General methods. - Melting points were determined in capillary tubes and 
are uncorrected. Solutions were evaporated under diminished pressure. Optical 
ro’ations were measured on a Japan Spectroscopic DIP-SL poiarimeler. ’ H-N.m.r. 
spectra were recorded on a Varian A-60D spectrometer at 60 MHz in chloroform-d, 
unless otherwise noted, with tetramethylsiiane as the internal standard, and the 
peak positions are given as S-values. T.1.c. was performed on Wakogei B-IO (Wako 
Pure Chemical Co. Ltd.) plates. Silica gel (Wakogei C-300) has employed for column 
chromatography. Elemental analyses were performed by Mr. Saburo Nakada. 

6,3’,4’-Trl-O-acet~l-~,3”,~“-rri-O-b~n~o~~i- 1,3,2’,6’-rerra-N-(erhoxycarbon)d)- 

ribostanzycin (2). - A mixture of 6,3’. 4’-tri-O-acetyi-I ,3,2’,4’-tetra-fV-(ethoxycarbo- 
nyi)oeamine2 (1, I. I5 g. I .6 mmoi) and 2,3,5-tri-O-benzoyi-D-ribofuranosyi chloride” 
(10.3 g, 21 mmoi) in benzene (40 ml) nas hea:ed to boiling under reflux for 22 h 
with mercuric cyanide (4.5 g) and “Drierite” (4.3 g). The mixture was filtered and the 
filtrate evaporated. Tiie residue was acetylated with acetic anbyciride in pyridine 
overnight and the solution was poured into ice-cold water. The aqueous solution 
was repeatedly extracted wivlih chloroform and the combined chloroform layers 
were washed succzssiveiy with aqueous sodium hydrogensulfate, sodium hydrogen- 
carbonate, and water. After drying over anhydrous sodium sulfate, the soiu- 
tion was evspo:ated. The residue was purified on a column of silica gel with 30:i 
(v/v) chloroform-ethanol as eiuant. Fractions showing a single spot having RF 0.48 
by t.!.c. in the same solvent were combined and evaporated to give I.35 g (75%) of 
2 as an amorphous solid; m-p. I i%i24”, [algo +63.2” (c i-43, chloroform): ‘H 

n.m.r. data S 1.0-1.4 (m, 12, 4C0,CH,CHS), I.96 (s, 3, OAc), 1.97 (s, 3, OAc), 3.i.S 
(s, 3, OAc). 

Anal. Caic. for CjgH6sNa03a: C, 56.93; H, 5.80: N, 4.74. Found: C, 56.65; 

H. 5.67; N, 4.63. 
Ribostatmycin (3). - Compound 2 (I. 14 g) was 0-deacetyiated in 0. I hf ethanoiic 

sodium ethohide (20 ml) at room temperature. The solution was neutralized with 
Amberiite iR-120 (H’) resin and evaporated. Tbe residue was heated in a mixture 

of barium hydroxide octahydrate (5 g) and water (16 ml) for 6.5 h under reflux. 
Carbon dioxide was bubbled into the mixture, and the precipitate was removed by 
Birration. The filtrate nas evaporated, acd the residtie purified on a column of 
Amberiite CC30 (NH:) resin. .Mter washing with water and 0. I hf aqueous ammonia, 
the column was eiuted with 0.3~ aqueous ammonia to give 274 mg (63%) of 3 as 
amorphous solid ; [a]:’ +45.0” (c I. 16, water). A part of the product was crystallized 
from methanol to give 3 as crystal;; m.p. 189-191” (dec.), [;x]p f45.0” (c 0.52, 
water). The compound was identified by comparing its i.r. spectrum and anti- 
microbial activity with those of an authentic sample. (Anal. Found: C, M.78; H, 7.47; 
N, 12.08.) Lit.6 m.p. 192-195” (dcc.). [alA +42’ (c I, water). 

1,3,2’,6’-Terra-N-acef~f~lbosram~wn (4). - Compound 3 (51 mg) was acetyi- 
ated with acetic &y&de in methanol overnight at -0’ to give 60 mg (85%) of 4; 
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m.p. 182’ (sinkring) 220” (dec.), [g]i3 +41.2” (c 1.07, water). (Anal. Found: C, 47.12; 
H, 6.92; N, g-62). Lk6 m.p. 180” (sinkring ) 205” (dec.), [cr]L3 + 40” (c I, water). 

5-0-(8-~-Gluc~~~ranos~l)neamine (5). - Compound 1 (I-&. 2, 1.75 g, 2.4 mmol) 
md I&3,4,6-tetra-O-acetyl-x-D-glucopyranosyl bromide5 (20.0 g, 49 mmol) were 

heated for several days under reflux in benzene (85 ml) containing mercuric cyanide 
j12.2 g) and “Drierite” (55 g). The mixture was filtered and the filtrate evaporated. 
The residue was acetylated in the conventional manner and the product was purified 
twice on a column of silica gel with 1.4 (v/v) butanoce-toluene 3s eluarrt. Fractions 
&owing 3 sin&! spot [having RF 0.20 by t.1.c. in 2O:l (v/v) benzene-ethanol] were 
combined and evaporated. The residue was hydrolyzed in boiling, aqueous barium 
hydroxide for 6.5 h, and the hydroiyzate was putied oc a column of Ambertite 
#CG-50 mH,+) resin as described in the preparation of 3, to give, 158 mg (14’%j of 5; 
m.p. 189-196” (dec.). [a];’ i-60.2’ (c 1.28, water). The product showed a single 
spot at RF 0.27 by t.1.c. in 5:8:10:7 (v/v) 28 O/b ammooia-1-butanol-etbanol-water; 
‘Hn.m.r.data@,Oat pD 1):65.18(d, l,J7Hz, H-1”),6.15(d, l,J3.5Hz, H-l’). 

1,3,~‘,6’-Terr~-N-ace~_~~/-5-O-(B-D-gl~icop~fa?~os~1~)nea~zi~e (@. - Compound 5 
133 III@ ~as acetylated with acetic anhydride in methanol to give 40 mg (90%) of 6; 
m.p. 200’ (dec.), [~x]~” + 74.1” (c 1.27, water): ‘H n.m.r. data (D,O): 6 1.98 (5, 6, 
2NAc). 2.03 (s, 3, NAc), 2.05 is, 3, NAG). 5.24 (d, 1, J 3 Hz, H-l ‘). 

Anal. Calc. for C26H,N,0,j-H,0: C, 46.56; H, 6.91; N. 8.35. Found: 
C. 46.81; H, 6.77; N, 8.05. 
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