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O-a-~-Rhamnopyranosyi-(l~4)-O-a-~-rhamnopyranosyl-(1~6)-O-~-galacto- 
pyranose is the carbohydrate component of the flavone glycoside Xanthorhamnin A, 
isolated1 from Rlzamwrs petiolaris (Bois). During our first synthesis’ of the nona- 
acetate of this trisaccharide, starting from 1,3:3,4-di-O-isopropylidene-~~galacto- 
pyranose3, all the intermediates were syrupy or amorphous products. We now report 
a new synthesis. 

Hydrogeenolysis of benzyl 2,3-di- O-benzyl-4,6- 0-benzylidene-P-b-galacto- 
pyranoside4 (1) with lithium aluminium hydride-aluminium chloride’ gave benzyl 
2,3,4-tri-0-benzyl-@-D-gaIactopyranoside (2, 91.8%). The structure of 2 was con- 
firmed by conversion into the 6-O-methyl derivative (3). Another route for the 
synthesis of 2 has been published6. 

Reaction of 2 with acetobromorhamnose7 (4) in benzene-nitromethane, in the 
presence of mercuric cyanide, gave benzyl 2,3,4-tri-0-benzyl-6-O-(2,3,4-tri-O-acetyl- 
a-L-rhamnopyranosyl)-B-D-galactopyranoside (5, 70.5%), which was purified by 
short-column chromatography 8. Saponification (ZemplCn) of 5 gave a crystalline 
product (6), hydrogenolysis of which followed by acetylation afforded robinobiose 
hepta-acetate9 (7). The structure of 7 has been proved by synthesis”, and the con- 
figuration of the interglycosidic linkage confirmed’ ‘. 

The reaction of 6 with anhydrous acetone-sulphuric acid gave benzyl2,3,4_tri- 

0-benzyl-6- O-(2,3- O-isopropyhdene-a- L-rhamnopyranosyl)-P-D-galactopyranoside 
(8). The chemical shift (6 3.37) of the signal for methoxyl protons in the n.m.r. 
spectrum of the 4-O-methyl derivative (9) of 8 was similar to that (6 3.36) for the 
corresponding group in benzyl 2,3-O-isopropylidene4O-methyl-or-~.-rhamnopyrano- 
side (11) prepared by the methylation 1 4 of benzyl 2,3- O-isopropylidene-cr-r-rhamno- 

pyranoside12 (IO). 
The condensation of 8 and 4, under the conditions used for the preparation of 5, 

gave 12 (79.6%). Saponification of 12, followed by mild hydrolysis with acid, de- 
benzylation, and acetylation, gave the title acetate (13), which was identical with the 
product of our first synthesis*. 
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EXP-TI\L 

Melting points were taken on a Koffer apparatus and are uncorrected. N.m.r. 
spectra were obtained with a Jeol MH-100 instrument, using Me,Si as internal 
standard. 1.r. spectra were obtained on a Perkin-Elmer 700 instrument. Optical 
rotations were measured with a POLAMAT (Zeiss) automatic polarimeter. T.1.c. 
was performed on Kieselgel-G (Merck); compounds were detected by charring with 
sulphuric acid. 

BensyC 2,3,4-tri-0-benzyl-@-D-gaJactopyranoside (2). - To a solution of 1 (3 g) 
in I:1 ether-dichloromethane (160 ml), 1 g of LiAIH, was added in three portions 
with stirring, and the mixture was slowly heated to reflux. A solution of 3 g of AlCl, 
in ether (60 ml) was then added during 30 min, and boiling was continued for 2 h 
until 1 disappeared_ After cooling, the excess of LiAlH, was decomposed with ethyl 
acetate, and water (15 ml) was then added. The organic layer was washed with water 
(2 x 50 ml), dried (Na,SO,), and concentrated, and the residue was recrystallized 
from cyclohexane (25 ml) to give 2 (2.75 g, 91.8%), m-p. 96”, [c&, -49” (c 1.05, 
chloroform), RF 0.55 (benzene-methanol, 97:3); lit.6 m.p. 96-96.5”, [I& -46” 
(c 3, chloroform). N.m.r. data (CDCI,): 6 7.45-7.10 (m, 20 H, aromatic), 5.10-4.47 
(m, 9 H, benzyl and H-l), 4.08-3.10 ( m, 6 H, H-2,3,4,5,6,6’), 1.53 (s, 1 H, OH). 

BenzyI 2,3,4-tri-O-ber~zyi-6-O-~zetJ~yJ-~-D-gaJactopyrai~oside (3). - A mixture 
of 0.5 g of 2, methyl iodide (0.7 ml), Ag,O (0.7 g), and N,N-dimethylformamide 
(10 ml) was stirred for 24 h. The reaction mixture was then diluted with chloroform 
(50 ml) and filtered. The filtrate was washed successively with 1% aqueous KCN 
(3 x 20 ml) and water (2 x 20 ml), dried (CaCl,), and concentrated. Crystallisation of 
the r.:sidue from cyclohexane (6 ml) afforded 3 (0.42 g, 82.3%), m.p. W-81”, [c& 
-30” (c 1.25, chloroform), RF 0.73 (benzene-methanol, 97:3). 

Anal. Calc. for C,,H,B06: C, 75.76; H, 6.90. Found: C, 75.47; H, 6.63. 
N.m.r. data (CDCI,): 6 7.55-7.12 (m, 20 H, aromatic), 5.17-4.35 (m, 9 H, 

benzyl and H-l), 4.10-3.95 (m, 6 H, H-2,3,4,5,6,6’), 3.33 (s, 3 H, OMe). 
BenzyI 2,3,4-tri-O-benzyJ-6-0-(2,3,4-tri-O-acetyZ-a-L-rJ~amnopyranosyZ)-~-D- 

galactopyranoside (5). - A solution of 2 (5.4 g, 10 mmol) in benzene (70 ml) and 
nitromethane (70 ml) was concentrated at atmospheric pressure to 50 ml. After cooling 
to ‘W, Hg(GN), (2.78 g, 11 mmol) and 2,3,Ptri-O-acetyl-a-L-rhamnopyranosyl 
bromide’ (4; 3.88 g, I1 mmoi) were added and the mixture was stirred at 40° for 2 h 
until 2 disappeared. The filtered mixture was concentrated at 40” and the residue was 
extracted with chloroform (200 ml). The filtered extract was washed successively with 
5% aqueous KI (5 x 40 ml) and water (2 x 50 ml), dried (Na,SO,), and concentrated_ 
The syrupy residue was eluted from Kieselgel G (250 g) with benzene-methanol (95:5) 
to give 5 (5.73 g, 70.5%), [aID -&lo (c 2.1, chloroform), R, 0.80 (benzene-methanol, 
95:5). 

Anal. Calc. for C,,H,,O,a: C, 67.97; H, 6.46. Found: C, 68.12; H, 6.42. 
N.m.r. data (CDCI,): 6 7.20-7.00 (m, 20 H, aromatic); X14-3.25 (m, 20H, benzyl 

and ring protons); 2.04, 1.96, 1.90 (3 s, 9 H, 3 AcO); 1.03 (d, 3 H, J 6.5 Hz, Me). 
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BenzyZ 2,3,4-tri-O-benzyZ-6-O-~-L-rhar~~zopyrano~Z-~-D-gaZactopyr~oside (6). 
- Compound 5 (5 g) was saponified with 0.1~ methanolic sodium metho,xide (5 m1) 
in methanol (100 ml). After neutralization with acetic acid,_ the reaction mixture was 
concentrated, and the residue was recrystallized from ethanol (25 ml) to give 6 
(3.86 g, 91.4%), m-p. 139-142”, [a&, - 12” (c 1, pyridine), RF 0.70 (benzene-methanol, 
8:2). 

Anal. Calc. for C40H4601 0 : C, 69.94; H, 6.75. Found: C, 69.25; H, 6.28. 
N.m.r. data (Me,SO-&): 6 7.44-7.04 (m, 20 H, aromatic), 5.00-3.40 (m, 20 H, 

benzyl and ring protons), 3.26 (broad, 3 H, 3 HO), 3.10 (d, 3 H, J 6.5 Hz, Me). 
1,2,3,4-Terra-O-aceryZ-6-O-(2,3,4-tri-O-acetyi-~-L-rhain~opyra~zosyl)-D~gaZacto- 

pyranose (7, robinobiose hepta-acetate). - A solution of 6 (1 g) in 100 ml of ethyl 
acetate containing 5% of glacial acetic acid was hydrogenolysed in the presence of 
10% palladium-on-carbon (200 mg) for 24 h. The filtered mixture was then concen- 
trated and traces of water were removed from the residue by repeated distillation of 
benzene therefrom. The syrupy residue was then conventionally acetylated with acetic 
anhydride (10 ml) and pyridine (10 ml). Crystallisation of the product from 70% 
ethanol gave 7 (0.68 g, 75%), m.p. 79-83”, [c& -9” (c 1, chloroform), I?, 0.50 
(benzene-methanol, 9:1), lit.’ m-p. 84.5-85”, [aID -8.9” (chloroform). 

BenzyZ 2,3,4-tri-0-be~~~~1-6-0-(2,3-0-isopropyZider~e-~-~-r~~a~z~zopyranosy/)-~-~- 
galactopyrazzoside (8). - A solution of 3.3 g of 6 in anhydrous acetone (90 ml) 
containing 0.27 ml of cont. sulphuric acid was stored at room temperature. After 2 h, 
t.1.c. indicated the absence of 5, and the mixture was neutralized with ammonium 
hydroxide and concentrated. The residue was extracted with hot cyclohexane (50 ml), 
and the product obtained on cooling the extract was recrystallized from cyclohexane 
(35 ml) to yield 8 (2.88 g, 82.5%), m.p. 116-118”, [aID -49” (c 1.06, chloroform), 
RF 0.45 (benzene-methanol, 95:5). 

Anal. Calc. for C43H5001 0 : C, 71.05; H, 6.93. Found: C, 70.81; H, 6.68. 
N-m-r. data (CDCI,): 6 7.40-7.12 (m, 20 H, aromatic); 5.00-3.24 (m, 21 H, 

benzyl, ring protons, and OH); 1.46, 1.28 (2 s, 6 H, CMe,); 1. I2 (d, 3 N, J 6.5 Hz, 
Me). 

Compound 8 (200 mg) was methylated’ 3 with NJV-dimethylformamide (5 ml), 
methyl iodide (0.5 ml), and NaH (50 mg). The product was purified by p.1.c. (benzene- 
methanol, 97:3) to give syrupy benzyl 2,3,4-tri-0-benzyl-6-O-(2,3-O-isopropylidene- 
eO-methyl-cr-L-rhamnopyranosyl)-B_D-galactopyranoside (9; 110 mg, 54%). [aID 
-50’ (c 0.85, chloroform). N.m.r. data (CDCI,): 6 7.40-7.12 (m, 20 H, aromatic): 
3.37 (s, 3 H, OMe); 1.52, 1.34 (2 s, 6 H, CMe,); 1.28 (d, 3 H, J 6.5 Hz, Me). 

b'enzyi 2,3,ktri-O-ben,yZ-6-0-[2,3-0-isoprapyl-L- 
rhanzzzopyranosyZ)-a-L-r/zamnopyranos~lZ]-~-D-gaZactopyranoside (12). - A solution of 
8 (1.98 g, 2.7 mmol) in benzene (30 ml) and nitromethane (30 ml) was concentrated to 
20-25 ml at atmospheric pressure. The mixture was cooled to 40”, and Hg(CN), 
(0.76 g, 3.1 mmol) and 4 (1.06 g, 3.1 mmol) were added with stirring. Stirring was 
continued at 40” for 2 h and then at room temperature for 16 h. The filtered solution 
was concentrated in vaczzo, and a solution of the residue in chloroform (100 ml) was 
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washed successively with 5% aqueous KI (3 x 20 ml) and water (3 x 20 ml), dried, 
and concentrated. The syrupy residue was crystallized from ethanol (12 ml) to give 12 

(2.15 g, 79.6%), m.p. 126128”, [ah, -79” (C 1.2, chloroform), R, 0.6 (benzene 

methanol, 97:3). 
Anal. Calc. for C&HS601i: C, 66.12; H, 6.65. Found: C, 66.83; H, 6.32. 
N.m.r. data (CDCI,): 6 7.40-7.12 (m, 20 H, aromatic); 5.28-3.26 (m, 25 H, 

benzyl, anomeric, and ring protons); 2.08, 2.00, 1.92 (3 s, 9 H, 3AcO); 1.46, 1.26 
(2 s, 6 H, CMe,); 1.17, 1.06 (2 d, 6 H, J 6.5 Hz, 2Me). 

1,2,3,4-Tetra-0-acetyZ-6-0-[2,3-di-0-acetyI-4-0_~o- 
pyranosyZ)-a-L-rhamnopyrafzo~yZ]-D-gaZacto~yra~o~e (13). - Compound 12 (2 g) was 
saponified with a mixture of 0.1~ metbanolic sodium methoxide (2 ml) and methanol 
(50 ml). After neutralization of the mixture with acetic acid and concentration, the 
isopropylidene group of the product was hydrolysed with 50% acetic acid (50 ml) at 
80” for 12 h. Traces of water and acetic acid were removed by the repeated addition 
and d&Nation of benzene. The residue was then dissoked in ethano1 (100 ml) 
containing 10% of water and hydrogenolysed in the presence of 10% palladium-on- 
carbon (400 mg) for 72 h. The filtered mixture was then concentrated to a syrup 
(0.8 g), RF 0.21 (Schleicher-Shiill2043b paper, l-butanol-pyridine-water, 6:4:3). 

After drying over P,O,, the syrup was conventionally acetylated with acetic 
anhydride (15 ml) and pyridine (15 ml). The product was crystallised from 70% 
ethanol to give 13 (1.08 g, 63.5%), m.p. 82-85”, [a], -32” (c 0.7, chloroform), 
R, 0.39 (benzene-methanol, 9: 1). 

Anal. Calc. for C3eHs002a: C, 50.82; H, 5.92. Found: C, 51.30; H, 6.12. 

REFERENCES 

1 H. WAGNER, M. ERTAN, AND 0. SELIGhfANN, PJtytochemisrry, 13 (1974) 857-860. 
2 A. LIPrhK, P. N~N~~sI, AND H. WAGNER, Acfa Chim. (Budapest) in press. 
3 K. FREIJDENBERG AND R. M. HIXON, Ber., 56 (1923)2119-2127. 
4 J. R. TURVEY AND T. P. WuxAhfs, J. C/tern. Sot., (1962) 2119-2122. 
5 S. S. BHA~TACHARJEE AXD P. A-J. GORIN, Can. J. CItem., 47 (1969) 1195-1206. 
6 K. MIYAI AND R. W. JEANLOZ, Carbohyd. Res., 21 (1972) 45-55. 

7 E. FISCHER, M.BERGMANN, AND A. RABE,B~L, 53 (1920) 2362-2388. 
8 B. J. HUNT AND W. RIGBY, Chem. Zttd. (Lottdott), (1967) 1868-1869. 
9 S. KAhlIYA, S. ESAKI, AND M. HAhf.4, Agr. Biol. Chertt., 31 (1967) 261-266. 

10 G. ZEMPL& A. GERECS,AND H.FLETXH, Ber., 71(1938)774-776. 
11 P. A. J. GORIN AND A. S. PERLIN, Can. J. C/tern., 37 (1959) 1930-1933. 
12 J. S. BRWACOMBE AND L. C. N. TUCKER, Carbohyd. Res., 5 (1967) 36-44. 
13 J.S. BRIMACOhlBE,B.D.Joh%s, M. STACEY, ANDJ.J. WILLARD, Carbohyd. Res.,2(1966) 167-169. 
14 R. KUHN, H. TRISCHMA~~, AND I. L&v, Angeto. Gem., 67 (1955) 32. 


