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STRUCTURAL INVESTIGATION OF THE ANTIBIOTIC RISTOMYCIN A

BC-NMR SPECTRAL ANALYSIS OF THE INTERGLYCOSIDIC LINKAGES OF
THE HETEROTETRASACCHARIDE SIDE-CHAIN
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By *C-NMR studies on Ia, IIa, IIb and IVa obtained by the chemical degradation of
ristomycin A and on several synthetic model compounds it has been proved that an O-f-p-
arabinopyranosyl - (1— 2)-O-c-pD-mannopyranosyl- (1—2)- O -[a-L-rhamnopyranosyl-(1—6)]-D-
glucopyranosyl heterotetrasaccharide moiety is connected to the aglycone of the antibiotic.

The antibiotic ristomycin, a member of the vancomycin-group’ of antibiotics, is an oligo-
saccharide-type compound containing a complex peptide aglycone moiety®® the structure of which
has not been completely elucidated as yet. Our earlier investigations* have shown that a branched
heterotetrasaccharide side-chain containing one molecule of L-rhamnose, D-glucose, p-mannose and
p-arabinose is connected to the aglycone moiety of ristomycin A. On acetolysis or partial acid hydro-
lysis of the antibiotic this tetrasaccharide moiety decomposes into two reducing disaccharides and two
reducing trisaccharides. One of the disaccharides had been identified® ®> with rutinose. The other
three compounds have been isolated for the first time by our research group and are named ristobiose,
ristotriose and ristriose. The structures of ristobiose and ristotriose were elucidated by chemical degrada-
tion experiments and confirmed by syntheses™.

Amongst the above-mentioned isolated oligosaccharides only ristriose was found to contain D-
arabinose and it has been shown by permethylation followed by hydrolysis*> that p-arabinose is linked
at the C-2 position of p-mannose. However neither the ring size of p-arabinose nor the configuration
of the glycosidic linkage between p-arabinose and D-mannose in ristriose, i.e. at the end of the tetra-
saccharide side-chain, were determined. Moreover, the determination of the anomeric configuration
of the p-glucopyranose moiety of the reducing end of the degradation products Ia, IIa, ITb and IVa

required further structural studies.

Results and Discussion

The “C-NMR spectrum of hepta-O-acetyl-rutinose (Ia), isolated from ristomycin A*’, was con-
sistent with the 6-O-(2,3,4-tri-O-acetyl-a-L-rhamnopyranosyl)-1,2,3,4-tetra-O-acetyl- f-D-glucopyranose
structure. The value of chemical shift of the anomeric carbon atom of the L-rhamnopyranosyl moiety,
as well as of the 'J.,, coupling constant prove the a-configuration of the interglycosidic linkage of Ia
(Table 1). These values are in good agreement with that of the synthetic methyl 2,3,4-tri-O-acetyl-c-
r-rhamnopyranoside. Comparing the corresponding *C-NMR data of 1,2,3,4,6-penta-O-acetyl- /-

t To whom inquiries should be addressed.
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D-glucopyranose to those of Ia (d._,=92.0 ppm; *J.,=168.1 Hz) the f-configuration of the anomeric
centre at the reducing end of this disaccharide could also be demonstrated. The 1—6 character of
the interglycosidic linkage was supported by the observed downfield glycosylation shift® (5.1 ppm)
at C-6 and f-alkylation shift®’ at C-5.

The chemical shifts of the anomeric carbon atom of the non-reducing L-rhamnopyranosyl residues
of 1,3,4,2",3',4"-hexa-O-acetyl-# (Ib) and o-rutinose (Ic), previously used as starting materials for the
synthesis™ of ristotriose, were completely identical. Moreover, similar to Ia a glycosylation shift of
5.0 ppm was observed at the C-6 atom of both Ib and Ic. The change of the chemical shift of the
other carbon atoms, as compared to those of penta-O-acetyl-/-D-glucopyranose, is not significant;
the only exception is the observed downfield shift (3.4 ppm) at C-1 for the f-anomer (Ib) caused by
the lack of the acetyl group at C-2. The values of the measured 'J.; coupling constants unequivocally
prove the assumed configuration of all the glycosidic linkages in these derivatives.

Recently with the methanolysis of ristomycin A we have succeeded in isolating methyl-c.-D-manno-
pyranoside in addition to methyl-o-L-ristosaminide!®. Acetylation of the former in pyridine-acetic
anhydride gave methyl-2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside.

A comparison of the spectral data of this latter to those of 1,3,4,6-tetra-O-acetyl-2-O-methyl-c-
D-glucopyranose demonstrate the structure of octa-O-acetyl-ristobiose (Ila) to be 2-0-(2,3,4,6-tetra-O-
acetyl-o-pD-mannopyranosyl)-1,3,4,6-tetra-O-acetyl-a-D-glucopyranose.  This structure has been cor-
roborated by definitive synthesis™, as well. The 5.8 ppm difference between the chemical shift of
the C-2 carbon atom of the 2-O-methyl-D-glucose derivative as a model compound, and that of Ila
can be attributed to a downfield methylation shift.

On the other hand, according to the spectral data summarized in Table 1, octa-O-acetyl-risto-
biose, formed on the hydrolysis of the antibiotic®’, proved to be an anomeric mixture containing ITa
and IIb in a ratio of 5 : 2.

As a result of the different anomeric configuration of the Dp-glucopyranose moiety and also of
the 12 linkage, a ~2.6 ppm downfield shift was observed at the C-1 carbon atom of the non-reducing

p-mannopyranosyl residue. A similar effect has been observed for the first time by Usur et a/.!® in
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the case of kojibiose and sophorose.

Besides Ia and Ib, methyl 3,4-di-O-acetyl-2,6-di-O-methyl-a-p-glucopyranoside and methyl 2,3,4,6-
tetra-O-acetyl-a-D-mannopyranoside proved, to be useful model compounds for the structure elucida-
tion of synthetic deca-O-acetyl-ristotriose (IIfla). Amongst these monosaccharide derivatives the
former was suitable for the comparison of the alkylation shifts, whereas the latter made the identifica-
tion of the branching C-2 pD-mannopyranosyl moiety possible.

The value of chemical shift of the C-6 atom of the D-glucopyranose residue at the reducing end
of ITla was identical with that of the same carbon atom of compound Ia. On the other hand, the shift
of the C-2 atom was lower than that of methyl 3,4-di-O-acetyl-2,6-di-O-methyl-a-D-mannopyranoside.
This significant difference is due to the well-known alkylation shift®. These data and also the other
spectral data summarized in Table 1 unequivocally prove the 6-O-(2,3,4-tri-O-acetyl-o-L-rhamno-
pyranosyl)-[(2,3,4,6-tetra-O-acetyl-c.- D -mannopyranosyl)]- 1,3,4-tri-O-acetyl- f-D-glucopyranose  struc-
ture of ITla which has been supported by definitive synthesis™, as well.

Table 1. '*C-NMR-spectrum data of di- and tri-saccharide acetates

BC-NMR
Sugar units
L-Rhamnose l D-Glucose
Carbon atoms 1 2 |3 |a|s |6 | 1 | 2| 3|
Methyl-2,3,4-tri-O-acetyl-a-L- 98.8 69.4|70.0 | 71.3 |66.4 | 17.5 1
rhamnopyranoside® (171.2Hz)
1,2,3,4,6-Penta-O-acetyl-//-D- 91.9 70.7 | 72.9
glucopyranose® 167.8Hz)
Hepta-O-acetyl-f-rutinose’ (Ia) 98.8 69.3170.0|71.4|67.4|17.5| 92.0 70.9 | 73.1
(171.1Hz) (168.1Hz)
Hexa-O-acetyl-f-rutinose® (Ib) 98.4 69.4169.4|71.367.817.4| 95.4 3.1 || 733
(172.3H7) (158.7Hz)
Hexa-O-acetyl-a-rutinose® (Ic) 98.4 69.4|169.9 | 71.3|67.8|17.4| 90.0 71.6 | 69.9
(172.3Hz) (173.8Hz)
Methyl-2,3,4,6-tetra-O-acetyl-o.-D-
mannopyranoside!
Octa-O-acetyl-a-ristobiose' (I1a) 88.5 72.5 | 70.8
(174.6Hz)
Octa-O-acetyl-f-ristobiose' (IIb) 93.3
1,3,4,6-Tetra-O-acetyl-2-methyl-o- 88.9 78.3 | 71.8
D-glucopyranoside® (175 Hz)
Deca-O-acetyl-f-ristotriose® (I1Ia) 98.4 69.3|170.1 | 71.3 | 66.8 | 17.4.1 93.7 74.5 | 72.3
Methyl-3,4-di-O-acetyl-2,6-di-O- 97.6 79.4 | 71.6%
methyl-a-pD-glucopyranoside® (168.6Hz)
Deca-0-acetyl-a-ristriose’ (IVa) 88.5 75.3 | 71.0
(175 Hz)
Benzyl-2,3,4-tri-O-acetyl-f-L-
arabinopyranoside®
Methyl-2,3,5-tri-O-acetyl-a-D-
arabinofuranoside®

i: Isolated from ristomycin A. s: Synthetic compound. a: Assignment may be interchanged.
All *C-NMR-spectra were measured in CDCl; solutions at 25.16 MHz and at room temperature using
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The other trisaccharide isolated after the acetylosis of ristomycin A was found to contain®> p-
arabinose. Its monosaccharide composition differed from those of IIla; thus it was called deca-O-
acetyl-ristriose (IVa).

The value of chemical shift (88.5 ppm), as well as the value of the observed J¢y constant (175
Hz) of the C-1 atom of the reducing p-glucopyranose moiety of IVa verifies the «-character of its
anomeric center. Depending on the conditions of isolation the f-anomer of IVa (R=CH;CO; R:;=
CH;COO; R;=H) could also be observed in a few instances in a proportion not more than 20%,. The
o-anomeric configuration of C-1 of the b-mannopyranosyl residue may be deduced on the basis of its
96.1 ppm chemical shift and the corresponding 'J.; constant (174 Hz). These values are in good agree-
ment with that of compounds Ila and IIb.

Until now some chemical and enzymatical evidences were available for the determination of the ring
size and the anomeric configuration of the p-arabinose moiety in IVa. The values of chemical shift
and the geminal 'J.; coupling constant (96.1 ppm and 174 Hz) of the anomeric carbon atom of the

isolated from ristomycin A and several synthetic model compounds.

shifts (37215

D-Glucose D-Mannose D-Arabinose

45!6[112'3‘4‘516"1 2 | 3[4 s

|
|
i
68.9 | 72.9 | 61.8
69.3 | 74.2 | 66.9
68.6 | 73.6 | 66.8

68.6 | 70.3 | 66.8

98.8 69.3 | 68.8 | 66.6 | 69.8 | 62.8

(172.5Hz)

69.8 | 68.3|61.8| 95.8 70.2 | 68.8 | 66.3 | 69.8 | 62.5
(175.4Hz)
98.4

69.8 | 68.3 | 61.8

68.8 | 73.3 | 66.0 | 98.1 — | 69.0|66.4|70.7 | 62.5

69.9 | 72.4* 68.6

68.3 | 69.4 | 61.8 | 96.1 70.6 | 68.1 | 66.4 | 70.5*| 62.1 | 94.4 |69.3|70.4|68.0|62.1
(174 Hz) (171 Hz)

95.9 | 69.4* 69.9 | 68.6 | 60.7
(171.6Hz)
107.1 80.6 | 77.7 | 81.6 | 63.4

a Varian XL-100-FT-15 spectrometer. Signal to noise ratio was always better than 40 : 1, the digital resolu-
tion used were in the range of 0.625~ 1.25 Hz/point.
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p-arabinose moiety of IVa were identical with that of the same atom of benzyl 2,3,4-tri-O-acetyl-/-L-
arabinopyranoside, a model compound, which is the enantiomer of the corresponding p-analogue.
The measured chemical shift is different from that of methyl-2,3,6-tri-O-acetyl-a-p-arabinofuranoside
(8c_,=107 ppm). These results and the other data represented in Table 1 unequivocally prove the
0-(2,3,4-tri-O-acetyl- f-p-arabinopyranosyl) - (1—2)-O-(3,4,6-tri-O-acetyl-o-p-mannopyranosyl) - (1-—2) -
(1,3,4,6-tetra-O-acetyl-a-D-glucopyranose) structure of IVa, where pD-arabinose is present as a 'C; (D)
conformer.

According to the results of the chemical degradation®’ of ristomycin A, the synthetic studies™ of
the identified oligosaccharide fragments, as well as to the present '*C-NMR results of compounds
Ia, Ib, Ic, IIa, IIb, ITla and IVa it has been proved that an O-/-p-arabinopyranosyl-(1—2)-O-%-p-manno-
pyranosyl-(1—2)-O-[a-L-rhamnopyranosyl-(1—6)]-D-glucopyranosyl heterotetrasaccharide side-chain is
connected to the aglycone of the antibiotic. The place of linkage of this side chain at the aglycone

moiety and the anomeric configuration of the p-glucose residue are still unknown.

Acknowledgements

The authors are indebted to the Hungarian Academy of Sciences for support of this work.

References

1) BRAZHNIKOVA, M. G.; N. N. LOMAKINA, F. SZTARICSKAI, M. PuskAs, S. MAKLEIT & R. BoGNAR: On the
antibiotics of vancomycin type. (in Hungarian) Kémiai Kozlemények 27: 143 ~162, 1967.

2) LoMmakINA, N. N.; R. BoGNAR, M. G. BRAZHNIKOVA, F. SzTArRIicskAl & L. I. MURAVYEVA: On the struc-
ture of ristomycin A. 7th Internat. Sympos. on the Chem. of Nat. Products, Abstract p. 625, Zinate, Riga,
1970

3) BOGNAR, R.; F. Szraricskal, M. G. BRAZHNIKOVA, N. N. LOMAKINA & V. A. ZENkOVA: Examination of
aglycone of ristomycin A. (in Hungarian) Magy. Kém. Foly. 80: 503~ 508, 1974
KATRUHA, G. S.; A. B. SILAEV, ZH. P. TRiFoNoVA, B. DIARRA, N. N. LoMAKINA, N. L. TOKAREVA, L. A.
BarAaTOVA & L. P. BELYANOVA: Quantitative amino acid composition and characteristics of amino groups
of ristomycin and products of its partial acid hydrolysis. (in Russian) Antibiotiki 23: 38~43, 1978
KATRUHA, G. S.; P. B. TERENTEV, B. DIARRA & E. S. GersTEIN: Structural investigation of diamino-
dicarbonic acids from the glycopeptide type antibiotic ristomycin A. (in Russian) Him. Prirodn. Soed.
141~ 144, 1978

4) SzraAricskAl F.; R. BoGNAR & M. M. PuskAs: Structural investigation of the antibiotic ristomycin A.
Chemical structure of the oligosaccharide part of ristomycin A. Acta Chim. (Budapest) 84: 75~ 84, 1975

5) Gorin, P. A.J. & A. S. PErLIN:  Configuration of glycosidic linkages in oligosaccharides. VIII. Synthesis
of a-p-mannopyranosyl- and c-L-rhamnopyranosyl-disaccharides by the KONIGs-KNORR reaction. Can.
J. Chem. 37: 1930~ 1933,1959

6) ZempLEN, G. & A. Gerecs: Einwirkung von Quecksilberzalzen auf Accto-halogen-Zuker. IX. Synthese
von Derivaten der f-1-I-Rhamnoside-6-D-glykose. Berichte 67: 2049 ~ 2051, 1934
ZempLiN, G. & A. Gerecs: Konstitution und Synthese der Rutinose, der Biose des Rutins. Berichte 68:
1318~1321, 1935

7) SzTAricskAl, F.. A. LiptAk, I. PELyvAs & R. BoGNAR: Structural investigation of the antibiotic
ristomycin A. Synthesis of ristobiose and ristotriose. J. Antibiotics 29: 626~ 631, 1976

8) GoriN, P. A. J.: Assignment of signals of the carbon-13 magnetic resonance spectrum of a selected poly-
saccharide: Comments on methodology. Carbohydr. Res. 39: 3~ 10, 1975

9) DormMmaN, D. E.; S. J. ANgyaL & J. D. RoBerTs: Nuclear magnetic resonance spectroscopy. Carbon-13
spectra of some inositols and their O-methylated derivatives. J. Am. Chem. Soc. 92: 1351 ~ 1354, 1970

10) BOGNAR, R.; F. SzTArICSKAI, M. E. MUNK & J. TAMAs:  Structure and stereochemistry of ristosamine. J.
Org. Chem. 39: 2971 ~2974, 1974

11) Usul, T.; N. YaMA0kA, K. MATsupA, K. Tuzimura, H. Sucivama & S. Seto: PC-NMR spectra of
glucobioses, glucotrioses and glucans. J. Chem. Soc., Perkin 1.-1973: 2425~ 2432, 1973





