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Abstract: The structure of ribocitrin (I), a novel dextransucrase inhibitor pro- 
duced by a Streptomyces was elucidated to be 2-(S)-[0-a-D-ribofuranosyl-(l-+2)- 
O-a-D-ribofuranosyl-(l~3)-~-D-ribofuranosyloxy]-l,2,4-butanetricarboxylic acid. 

Ribocitrin which inhibited dextransucrase of Streptococcus mutans was found 

in a cultured broth of Streptomyces sp., the strain MF980-CFl. 1) This communi- 

cation reports the structural elucidation of this inhibitor. 

The trisodium salt of ribocitrin was obtained as a colorless amorphous solid, 
1 

C22H31019Na3' 
mp 202-203°C dec., [aID 26 +97.3 (c 1, H20) - The H nmr spectrum in 

D20 revealed two vicinal methylenes at 2.30-3.00 ppm (4H, m), isolated methylene 

at 3.20 and 3.55 ppm (2H, ABq, J=8.0 Hz), three methylenes at 4.10-4.25 ppm (6H, 

m), nine methines at 4.55-4.90 ppm (9H, m), and three anomeric protones at 5.75 

(lH, d, J=4.0 Hz), 5.80 (lH, d, J=4.0 Hz), and 5.90 ppm (lH, d, J=3.5 Hz) res- 

pectively. Twenty-two carbons were observed in the 
13 

C nmr spectrum, as shown 

in Table 1. 

Hydrolysis of I with 0.3N H2S04 at 37'C for 50 hr gave quantitatively D- - 

ribose which was converted to N-phenyl-D-ribopyranosylamine, mp 108OC, [al, 24 +62.5 

(c 0.2, H20),2) by reaction with aniline. Homocitric acid lactone, [,]i5 +57.5 

(c 0.07, H20), was also isolated from the hydrolysate of & and identified by its 

infrared spectrum 3) as well as Rf-value in thin-layer chromatography in comparison 

with an authentic sample (racemate, Sigma product). The specific optical rotation 

of the homocitric acid lactone demonstrated S-configuration. 4) These results of 

hydrolysis, 
1 H nmr and 

13 
C nmr indicated that I consisted of three D-riboses and - 

one (+)-homocitric acid. 
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Table 1. 
13 

C Chemical Shifts of Trisodium Salts of I and V in D20. - - 

I V - - 

Carbon dr ppm (*) Carbon 6, ppm (*) 
184.3 (s) 183.4 (s) 

Carbonvl 179.8 (s) Carbonyl 180.1 (s) 
179.0 (E) 179.0 (s) 

l", 1"' 
104.0 (d) 
103.7 (d) 1" 104.7 (d) 

1' 97.5 (d) 1' 96.6 (d) 
88.0 (d) 

41, 4'1, 4"' 87.0 (d) 
86.1 (d) 4', 4" 

86.9 (d) 
85.6 (d) 

2 84.4 (s) 2 84.5 (s) 
2" 78.7 (d) 
3' 78.7 (d) 3' 78.6 (d) 

72.3 (d) 
21, 2"' 71.2 (d) 71.9 (d) 

3", 3"' 70.3 (d) 2', 2", 3" 71.3 (d) 
70.3 (d) 70.4 (d) 
62.5 (t) 

51, S", 5"' 62.5 (t) 62.4 (t) 
62.0 (t) 51, 5" 62.2 (t) 

1 44.7 (t) 1 44.6 (t) 
4 34.7 (t) 4 35.0 (t) 
3 32.8 (t) 3 32.9 (t) 

Dioxane(67.4 ppm) was used as the internal reference of 
13 

C chemical 

shifts. (*): Multiplicity in the off-resonance decoupled spectra. 

I was methylated by Hakomori's method 5) - and hydrolyzed with a mixture of 

acetic acid and 1N HCl (3:l) at 60°C for 22 hr. Equimolar amounts of 2,3,5-tri- 

0-methylribose (IT), 3,5-di-0-methylribose (III), and 2,5-di-0-methylribose (IV) - 
were shown by GC (ECNSS-M column 6) at 165OC) of their ribitol acetates derived 

by reduction with sodium borohydride followed by acetylation with acetic an- 

hydride in pyridine. The ribitol acetates derived from II and III were identified - 
by their retention times (0.40 and 0.77 respectively) relative to l,S-di-O- 

acetyl-2,3,4,6-tetra-0-methyl-D-glucitol and their fragmentations (m/e 117, 161 

and m/e 161, 189 respectively) on MS. 7) The ribitol acetate of IV was iden- - 
tified in comparison with an authentic sample derived from a mixture of neomycins 

B and C8) (0.95 of retention time relative to 1,5-di-O-acetyl-2,3,4,6-tetra-O- 

methyl-D-glucitol) and showed characteristic fragmentation pattern (m/e 117 and 

233) of alditol acetates of 2,5-di-0-methylpentose on MS. 7) These facts indi- 

cated that a partial structure of I was a trisaccharide consisting of O-D- 

ribofuranosyl-(l-2)- andO-D-ribofuranosyl-(1 -3)-ribofuranosides. 

Oxidation of z with sodium periodate (at S°C for 1 week) followed by re- 

duction with sodium borohydride (at room temperature for 2 hr) and mild hydrolysis 

with O.lN H2S04 (at 2SDC for 24 hr) afforded compound v, which was isolated as its 
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trisodium salt, C17H23015Na3, mp 160°C dec., [al i5 +66.0 (c 0.5, H20), 'H nmr: 

2.30-3.15 (4H, m), 3.25 and 3.40 (2H, ABq, J=8.0 Hz), 4.15-4.27 (4H, m), 4.50-4.93 

(6H, m), 5.72 (lH, d, J=4.0 Hz), and 5.92 ppm (lH, d, J=4.0 Hz). The 
1 
H nmr and 

13 C nmr (Table 1) spectra of V_ showed that the elimination of a terminal D-ribose 

moiety from I yielded V_. Hydrolysis of methylated V_ performed in a similar manner 

described above gave II and Iv, but not III. From these results, the structure of - 

the trisaccharide moiety in I was confirmed to be 0-D-ribofuranosyl-(1-2)-0-D- 

ribofuranosyl-(ld3)-D-ribofuranose. 

The IR spectrum of I (trisodium salt, KBr) had no signal assigned to ester 

bond. Reducing property of I was not detected by Somogyi-Nelson method. 
9) These 

facts indicated that the trisaccharide of D-ribose linked glycosidically to the 

hydroxy group of the homocitric acid moiety in I. 
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The a-anomeric configuration of three glycosidic linkages was determined by 

the 1 H nmr and 
13 

C nmr spectra of I. - The vicinal coupling constants (J=3.5 and 

4.0 Hz) of the anomeric protones were very close to those of methyl a-D-ribo- 

furanoside derivatives, but not those of B-anomer. 10) The chemical shifts of 

two anomeric carbons (C 
1" 

and C lln) and the carbons (C2', C2", C21') adjacent to 

the anomeric carbons were in the region of a-anomer values. 10) Another anomeric 

carbon (Cl') attached to the homocitric acid moiety was found at high field 

(97.5 ppm). Due to a-anomeric configurations, the four carbon atoms (C 
2' 

, C 
3" 

, 
C2"' 

and C 
311') b 

earing hydroxy group were indistinguishable from one another 

(70.3, 70.3, 71.2 and 72.3 ppm). The signals of C 
2 " 

and C 
3' 

carbons were shifted 

to low field by the effect of the glycosidic linkages of ribofuranoside moieties 

and found both at 78.7 ppm. 

Thus, the structure of ribocitrin (I) was determined. - 
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