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ABSTRACT

Benzylidenation of benzyl «-L-rhamnopyranoside (1) gave the exo- (2) and
endo-2,3-0-benzylidene diastereomers (3), hydrogenolysis of which afforded the
3-benzyl and 2-benzyl ethers of 1, respectively. Hydrogenolysis of the 4-O-benzyl
derivatives (14 and 15) of 2 and 3 yielded the 3,4-di-benzyl and 2,4-dibenzyl ethers of
1, whereas hydrolysis of 14 and 15 gave the 4-benzyl ether of 1. The 2,3-dibenzyl
ether of 1 was synthesised vig the 4-0-allyl derivative of 1.

INTRODUCTION

L-Rhamnose is widespread in Nature, being a component of some plant
glycosides and bacterial polysaccharides of immunological importance!. In recent
years, syntheses have been accomplished of several oligosaccharides that contain
L-rhamnose and were obtained from natural products by hydrolysis?>~!l. The
synthesis of disaccharides that contain L-rhamnose as the aglycon requires L.-rhamnose
derivatives having a free hydroxyl group at the desired position. Only derivatives
having HO-4 unsubstituted are known and have been obtained from suitable 2,3-0-
isopropylidene-a-L.-rhamnopyranosides—7. Recently, the 2,3-O-benzylidene derivative
was used in disaccharide synthesis!!. Mainly 4-O-glycosyl-L-thamnoses have been
obtained by using the above derivatives.

The few 2-O- and 3-O-glycosyl-L-rhamnose disaccharides that have been
synthesised were prepared®® by methods that gave a mixture of products which
required fractionation and proof of the structures of the components. Because of the
lack of partially protected L-rhamnose derivatives, multistep routes had to be worked
out for the syntheses of certain natural products'Z.

In the synthesis of complex oligosaccharides, partially benzylated benzyl
glycosides are preferred, because of the stability of the benzyl groups in glycosidation
reactions and because they can be removed easily!3.

Our investigations'*~'¢ on the reductive opening of dioxolane-type benzylidene
acetals by the LiAlH,—AICl; reagent have revealed a high degree of regioselectivity
which depends on the configuration of the acetal carbon. We now report on the
utilisation of this reaction in the syntheses of ihe title compounds.
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RESULTS AND DISCUSSION

Treatment of benzyl a-L-rhamnopyranoside!? (1) with benzaldehyde in the
presence of zinc chloride gave a ~1:1 mixture of benzyl exo- (2) and endo-2,3-0O-
benzylidene-a-L-rhamnopyranoside (3). The configuration of the benzylidene acetal
carbon in these compounds can be determined by n.m.r. spectroscopy'®:!?. The
CH-Ph signal for the exo-phenyl isomer (6 6.13) occurs at lower field than the cor-
responding signal (6 5.86) for the endo-phenyl isomer. The exo isomer 2 was isolated
from the mixture of isomers by crystallisation.
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6 R'=H ,R°=H 8 R'=H 13 R'=H , R2=Bz!
7 R'= Ac, R?= Ac 17 R'= Bzl 18 R's Bzi,R%= H
10 R'=s H , R?= Allyl 20 R'= H , R%= Allyl
16 R'=H . R?= Bzl 21 R'= Bzl, R2= Allyl

Acetylation of the mixture of 2 and 3 gave a mixture of the 4-O-acetyl
derivatives, from which benzyl 4-O-acetyl-exo-2,3-0-benzylidene-o-L-rhamno-
pyranoside (4, Scg.pn 6.19) was isolated by crystallisation. Column chromatography
of the mother liquor gave benzyl 4-O-acetyl-endo-2,3-O-benzylidene-o-L-Thamno-
pyranoside (5, Scg.pn 5.85). Deacetylation?® of 5 then gave 3.

Treatment of 2 with the LiAIH,—AICl; (1:1) reagent in ether—dichloromethane
at 45° was complete within 10 min. The syrupy product was resistant to periodate and
hence was benzy! 3-O-benzyl-a-L-thamnopyranoside (6), which was characterised as
the crystalline diacetate (7). Only traces of benzyl 2-O-benzyl-a-L-rhamnopyranoside
(8) were formed; the ratio of 6 to 8 after acetylation was 98:2 (g.l.c.). A similar
selectivity, but reverse product distribution, was found on hydrogenolysis of the endo
isomer (3), the major product being 8 (98%), which was oxidised by periodate.

Allylation of 2 gave benzyl 4-O-allyl-exo-2,3-O-benzylidene-2-L-rhamno-
pyranoside (9, Scg.pn 6-00) which, with LiAIH,—AICl;, gave two products in the ratio
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~85:15 (t.l.c.); the major product was benzyl 4-O-allyl-3-O-benzyl-¢-L-rhamno-
pyranoside (10). Isomerisation of the allyl group of 10 by potassium ferz-butoxide,
followed by hydrolysis®*, gave 6. '

The third mono-O-benzyl derivative of 1, benzyl 4-O-benzyl-a-L-rhamno-
pyranoside??® (13), was prepared by benzylating benzyl 2,3-O-isopropylidene-o-L-
rhamnopyranoside?? (11) followed by mild, acid hydrolysis of the 4-O-benzyl
derivative?® (12).

Benzylation of 2 and 3 gave crystalline benzyl 4-O-benzyl-exo- (14, dcy.pn 6.04)
and -endo-2,3-O-benzylidene-a-L-thamnopyranoside (15, J¢ppy 5.87). When a
mixture of 2 and 3 was benzylated, 14 could be isolated by crystallization, but 15
could be isolated only by chromatography. ’

Benzylidenation of 13 also gave an ~ 1:1 mixture of 14 and 15 (n.m.r. and g.l.c.),
the ratio of the exo to the endo isomer therefore being not significantly influenced by
the substituent at position 4. Removal of the benzylidene group from 14 and 15 by
acid hydrolysis gave 13.

Hydrogenolysis of 14 gave benzyl 3,4-di-O-benzyl-a-L-thamnopyranoside (16)
and benzyl 2,4-di-O-benzyl-a-L-rhamnopyranoside (17) in the ratio 94:6 (g.l.c.); 16
and 17 were separated by chromatography. Acid hydrolysis of 16 gave a product that
was oxidised by periodate, whereas the corresponding product from 17 was resistant.
These data prove the structures of 16 and 17, which were also formed by hydrogenolysis
of 15 but in the ratio 18.5:81.5 (g.l.c.).

The third di-O-benzyl derivative of 1, benzyl 2,3-di-O-benzyl-a-L-Thamno-
pyranoside (18), was synthesised by the following sequence: 11 — benzyl 4-O-allyl-
2,3-O-isopropylidene-¢-L-thamnopyranoside (19) — benzyl 4-O-allyl-¢-L-thamno-
pyranoside (20) — benzyl 4-0-allyl-2,3-di-O-benzyl-a-L-rhamnopyranoside (21) —
18; the allyl group was removed from 21 by the usual method??.

The ratio of products obtained on hydrogenolysis of 2, 3, 9, 14, 15, and other
compounds!3:16 establishes that the direction of the reductive opening of the
dioxolane ring is determined by the configuration of the acetal carbon. In the exo
isomers, the site of attack of the AIH,CI reagent®#, leading to an oxocarbonium ion??,
is the oxygen of the dioxolane ring which is axial in relation to the pyranoid ring,
yielding a product having eguatorial benzylfaxial hydroxyl groups. In the endo
isomers, the reagent attacks the equatorial oxygen, giving products containing axial
benzyl/equatorial hydroxyl groups. Similar observations have been made by Sinay
et al.?S.

Reduction of benzylidene acetals with the LiAlH,—AICl; reagent makes
possible the regioselective synthesis of benzyl ethers. As the hydrogenolysis can be
accomplished in the presence of allyl’® and glycosyl?” groups, this procedure can be
utilized in the syntheses of branched oligosaccharides.

EXPERIMENTAL

Melting points (uncorrected) were determined with a Kofler apparatus.
Kieselgel G was used for column chromatography and t.l.c., with the solvent systems
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given in parentheses. Detection in t.l.c. was effected by caarring with sulphuric acid.
G.l.c. was performed with a Hewlett-Packard 5830 A instrument with helical
stainless-steel columns (0.4 mm i.d.) packed with (@) 10% UCW-982 (Chromosorb
WAW-DMCS, 80-100 mesh), 2 ft; () 10% OV-1 (Chromosorb WAW, 80-100 mesh),
6 ft; and (¢) 10% UCW-982 (Chromosorb WAW/DMCS, 80-100 mesh), 2 ft. The
temperature programmes were 220° at 2.5°/min for column (a), 225° at 0.5°/min for
column (b), and 250° at 2.5°/min for column (¢). The carrier gas was nitrogen at
20 ml/min. [e]p, values were measured on solutions in chloroform with a Bendix
automatic polarimeter. 'H-N.m.r. spectra were recorded with a Jeol MH-100
spectrometer for solutions in CDCI; (internal Me,Si).

. Benzylidenation of benzyl a-L-rhamnopyranoside (1). — A mixture of 17
(5.08 g), freshly fused ZnCl, (5 g), and benzaldehyde (25 ml) was shaken overnight
and then diluted with chloroform, washed with water, and steam-distilled in the
presence of a small amount of NaHCO;. The residue was extracted with chloroform,
and the extract was washed with water, dried (Na,S0,), and concentrated. N.m.r.
spectroscopy and g.l.c. of the solid product (4.2 g, 61.5%) indicated a 1:1 mixture of
2 and 3. Successive recrystallisations from ethanol and chloroform-light petroleum
(b.p. 60-80°) gave benzyl exo-2,3-O-benzylidene-a~-L-rhamnopyranoside (2; 1.7 g,
25%), m.p. 132-133°, [zl —67° (¢ 0.42, chloroform), Ry 0.58 (benzene-methanol,
9:1), T4.81 min [column (a)]. N.m.r. data: 6 7.30-7.10 (m, 10 H, aromatic), 6.13
(s, 1 H, PhCH), 5.10 (s, 1 H, H-1), 4.60 (q, 2 H, PhCH,), 4.50-3.40 (m, 4 H,
H-2,3,4,5), 2.75 (d, 1 H, HO-4), and 1.28 (d, 3 H, Me).

Anal. Cale. for C,H5,05: C, 70.16; H, 6.48. Found: C, 69.62; H, 6.59.

The 4-p-nitrobenzoate of 2 had m.p. 113-114°, [a]lp —9° (¢ 0.39, chloroform),
Rg 0.78 (benzene-methanol, 98:2).

Anal. Calc. for C,;H,5sNOq: C, 65.98; H, 5.13. Found: C, 65.73; H, 5.20.

Benzyl 4-O-acetyl-exo- (4) and -endo-2,3-O-benzylidene-a-L-rhamnopyranoside
(5). — The crude product (2.5 g) of the foregoing benzylidenation was treated
conventionally with pyridine (10 ml) and acetic anhydride (10 ml) overnight. The
product (2.40 g, 86%) was recrystallised from ethanol and then from cyclohexane to
give 4(0.82 g, 29%), m.p. 103-104°, [x]p —55° (¢ 0.55, chloroform), R 0.75 (benzene—
methanol, 96:4) and 0.40 (light petroleum—-ethyl acetate, 4:1), 7" 7.83 min [column (a)].
N.m.r. data: 4 7.50-7.20 (m, 10 H, aromatic), 6.19 (s, 1 H, PhCH), 5.14 (s, 1 H,
H-1), 5.10-3.70 (m, 6 H, H-2,3,4,5 and PhCH,)), 2.09 (s, 3 H, OAc), and 1.22 (d,
3 H, Me).

Anal. Calc. for C,,H,40¢: C, 68.74; H, 6.29. Found: C, 68.59; H, 6.23.

The mother liquors of the above crystallisations were concentrated, and the
residue was eluted from a column of Kieselgel G (80 g) with light petroleum—ethyl
acetate (4:1) to give 4 (0.2 g; total yield 1.02 g, 36%), a mixture (0.34 g) of 4 and 5,
and, finally, syrupy 5 (0.75 g, 27%), [¢lp —11° (¢ 0.71, chloroform), Ry 0.35 (light
petroleum—ethyl acetate, 4:1), 7 7.38 min [column (@)]. N.m.r. data: 6 7.60-7.20
(m, 10 H, aromatic), 5.85 (s, 1 H, PhCH), 5.17 (s, 1 H, H-1), 5.05-3.70 (m, 6 H,
H-2,3,4,5 and PhCHS), 2.03 (s, 3 H, OAc), and 1.16 (d, 3 H, Me).



BENZYL ETHERS 213

Anal. Found: C, 68.46; H, 6.25.

Benzyl endo-2,3-O-benzylidene-o-L-rhamnopyranoside (3). — Zemplén de-
acetylation?® of 5 (0.75 g), followed by neutralisation with Dowex 50 (H*) resin and
concentration, gave syrupy 3 (0.65 g, 97%), [«lp —68° (c 1.18, chloroform), Rg 0.58
{(benzene-methanol, 9:1), 7" 4.38 min [column (2)]. N.m.r. data: 6 7.50-7.20 (m, 10 H,
aromatic), 5.86 (s, 1 H, PhCH), 5.15 (s, | H, H-1), 4.62 (q, 2 H, PhCH,), 4.30-3.20
(m, 4 H, H-2,3,4,5), 2.80 (d, 1 H, HO-4), and 1.23 (d, 3 H, Me).

Anal. Cale. for C,oH,,05: C, 70.16; H, 6.48. Found: C, 69.75; H, 6.51.

Benzyl 3-O-benzyi-o-L-rhamnopyranoside (6). — To a solution of 2 (0.85 g) in
ether (20 ml) and dichloromethane (30 ml) was added LiAlH, (0.12 g). The mixture
was boiled and stirred, and a solution of AICI; (0.5 g) in ether (10 ml) was added
during 2 min. Boiling was continued until the starting material disappeared (10 min).
The mixture was cooled, excess of reagent was decomposed with ethyl acetate, and
then AI(OH;) was precipitated with water. The ether-dichloromethane layer was
decanted and the precipitate was extracted with ether (2 x25 ml). The combined
organic layers were washed with water (3 x 25 ml), dried (Na,S0,), and concentrated.
Conventional treatment of a portion (10 mg) of the syrupy residue with pyridine
(1 ml) and acetic anhydride (1 ml), with g.l.c. of the resulting acetates on column (&),
revealed a 98:2 mixture of two components having 7°24.39 and 26.31 min, respectively.

Column chromatography of the syrup (benzene-acetone, 8:2) gave syrupy 6
(0.70 g, 82%), [x]p —48° (¢ 0.51, chloroform), Ry 0.35 (benzene-acetone, 8:2),
T 24.39 min [column (5)]. N.m.r. data: § 7.50-7.20 (m, 10 H, aromatic), 4.89 (s,
1 H, H-1), 4.76-4.32 (m, 4 H, 2 PhCH,), 4.00-3.50 (m, 4 H, H-2,3.,4,5), 3.20 (broad,
2 H, 20H), and 1.30 (d, 3 H, Me).

Anal. Calc. for C;H,40;: C, 69.75; H, 7.02. Found: C, 69.69; H, 7.08.

Compound 6 was resistant to periodate, and gave a diacetate (7), m.p. 93-94°
(from cyclohexane), [¢]lp —11° (¢ 0.92, chloroform), Rg 0.70 (benzene-methanol,
96:4).

Anal. Calc. for C;4H,304: C, 67.27; H, 6.59. Feund: C, 67.13; H, 6.51.

Benzyl 2-O-benzyl-a-L-rhamnopyranoside (8). — Hydrogenolysis of 3 (0.85 g),
as described for 2, with g.lc. of the acetylated product, revealed two components in
the ratio 98:2, having 7°26.31 and 24.39 min, respectively. Recrystallisation of the
crude product from ethyl acetate-light petroleum gave 8 (0.55 g, 64%), which could
be oxidised by periodate and had m.p. 73-74°, [¢]p —39° (c 0.88, chloroform),
R 0.26 (benzene-acetone, 8:2), T'26.31 [column (b)]. N.m.r. data: § 7.50-7.20
(m, 10 H, aromatic), 4.95-3.30 (m, 9 H, H-1,2,3,4,5 and 2 PhCH,), 2.95 (broad,
1 H, OH), 2.64 (broad, 1 H, OH), and 1.30 (d, 3 H, Me).

Anal. Cale. for C,,H,405: C, 69.75; H, 7.02. Found: C, 69.63; H, 6.98.

Benzyl 4-O-allyl-exo-2,3-0O-benzylidene-a-L-rhamnopyranoside (9). — A mixture
of 2 (1.37 g), methy! sulphoxide (6 ml), and NaH (0.5 g) was stirred for i h. Allyl
bromide (1 ml) was then added and stirring was continued for 16 h. Excess of NaH
was decomposed with methanol (S ml), and the mixture was poured into water
(200 ml). The aqueous solution was extracted with chloroform (3 x 100 ml), and the
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combined extracts were washed with water (5x 30 ml), dried (Na,SO,), and con-
centrated to dryness. Recrystallisation of the residue from hexane (12 ml) gave 9
(1.34¢ g, 87%), m.p. 68-69°, [alp —46° (¢ 0.97, chloroform), R:0.79 (benzene—
methanoi, 96:4).

Anal. Cale. for C,3;H,¢05: C, 72.23; H, 6.85. Found: C, 71.59; H, 6.59.

Benzyl 4-O-allyl-3-O-benzyl-a-L-rhamnopyranoside (10). — Compound 9
(1.15 g) was hydrogenolysed in 1:1 ether-dichloromethane (30 ml) with an ethereal
solution of LiAlH, (0.35 g} and AICIl; (1 g), as described for 6. The reaction was
complete within 15 min, yielding (t.1.c.) two components in the ratio ~85:15 (R 0.54
and 0.63, benzene-methanol, 95:5). Chromatography of the mixture on a column of
Kieselgel G (60 g) with benzene—methanol (95:5) gave syrupy 10 (0.68 g, 59%),
[e]n —56° (¢ 0.76, chloroform), R 0.54 (benzene-methanol, 95:5).

Anal. Calc. for C,3H,304: C, 71.85; H, 7.34. Found: C, 71.47; H, 7.28.

Compound 10 (0.1 g) was treated with a solution of potassium ferz-butoxide
(0.1 g) in methyl sulphoxide (3 ml) at 100° for 2 h. The mixture was then diluted with
chloroform, washed with water, dried, and concentrated. A solution of the residue in
9:1 acetone-water (10 ml) was stirred with a solution of HgCl, (0.1 g) in 9:1 acetone—
water and then washed with 5% aqueous KI and water, dried, and concentrated. The
resulting syrup was identical with 6 (t.l.c.; benzene-acetone, 8:2).

Benzyl 4-O-benzyl-exo- (14) and -endo-2,3-O-benzylidene-a-L-rhamnopyranoside
(15). — (@) The crude product of the benzylidenation of 1 (1.84 g) was stirred with
powdered KOH (2 g) and benzyl chloride (15 ml) at 105° for 6 h. The mixture was
then diluted with chloroform, filtered, washed with water, and, after the addition of a
small amount of NaHCO;, steam-distilled. The residue was extracted with chloro-
form, and the extract was washed with water, dried (Na,S0,), and concentrated. Two
recrystallisations of the residue (2.07 g, 89%) from hexane gave 14 (0.63 g, 27%),
m.p. 12¢-125°, [a]lp, —81° (¢ 0.96, chioroform), R 0.80 (benzene-methanol, 96:4),
0.32 (benzene-chloroform, 1:1), 7°8.19 min [column (¢)]. N.m.r. data: § 7.30-7.10
(m, 15 H, aromatic), 6.04 (s, 1 H, PhCH), 5.09 (s, 1 H, H-1), 5.00-3.20 (m, 8 H,
H-2,3,4,5 and 2 PhCH,), and 1.33 (d, 3 H, Me).

Anal. Cale. for C,,H,305: C, 74.98; H, 6.52. Found: C, 74.72; H, 6.42.

The mother liquor was concentrated and the residue was chromatographed on a
column of Kieselgel G (100 g) with benzene-chloroform (1:1). Eluted first was 14
(0.2 g; total yield 0.83 g, 36%), followed by a mixture of 14 and 15, and finally the
endo-isomer (15), which was recrystailised from hexane (3 ml) to give material
(0.65g, 28%), m.p. 53-54°, [«]p —57° (c 0.88, chloroform), Rz 0.25 (benzene—
chloroform, 1:1), 7 7.75min [column (¢)]. N.m.r. data: 6 7.60-7.10 (m, 15H,
aromatic), 5.87 (s, 1 H, PhCH), 5.17 (s, 1 H, H-1), 4.90-3.20 (m, 8 H, H-2,3.,4,5 and
2 PhCH,), and 1.25 (d, 3 H, Me).

Anal. Found: C, 74.96; H, 6.48.

A 1:1 mixture of 14 and 15 (3.5 g) was hydrolysed in a mixture of ethanol
(20 ml) and 50% acetic acid (10 ml) for 16 h at 80°. The mixture was then concen-
trated, and a solution of the residue in chloroform was washed with water, dried, and



BENZYL ETHERS 215

concentrated. Recrystallisation of the residue from cyclohexane (20 ml) gave 2.60 g
(93%) of benzyl 4-O-benzyl-¢-L-rhamnopyranoside (13), m.p. .85-86°, [a], —93°
(c 0.53, chloroform); lit.2® m.p. 86-88°, [«]p, — 88.8° (acetone).

(b) Compound 13 (0.64 g) was treated with ZnCl, (0.7 g) and benzaldehyde
(7 ml) as described for the benzylidenation of 1. The crystalline product (0.6 g, 75%),
which exhibited two n.m.r. signals for benzylidene protons of approximately equal
intensity at 6 6.04 and 5.87, was a ~ 1:1 mixture of 14 and 15.

Benzyl 3,4-di-O-benzyl-a-L-rhamnopyranoside (16). — Compound 14 (0.43 g)
was hydrogenolysed as described for 6. T.l.c. (benzeme—methanol, 95:5) of the
resulting syrupy product revealed minor (Rg 0.66) and major (R 0.54) components.
Acetylation of a small portion of the syrup and g.l.c. [column (¢)] of the resulting
acetates revealed two components (7°6.55 and 7.39 min) in the ratio 94:6.

The syrup was chromatographed on a column of Kieselgel G (30 g) by elution
with benzene—methanol (95:5) to give syrupy 16 (0.3 g, 69%), {«lp, —358° (¢ 0.5,
chloroform), Ry 0.54 (benzene—methanol, 95:5), T 6.55 min [column (¢)].

Anal. Calc. for C,,H;,05: C, 74.63; H, 6.96. Found: C, 74.85; H, 7.09.

Compound 16 (10 mg) was hydrolysed in 5 ml of 0.25M sulphuric acid in 50%
ethanol at 160°. The mixture was neutralised with barium carbonate, filtered, and
extracted with chloroform, and the extract was washed with water, dried, and con-
centrated. The product was oxidised with sodium periodate in 50% ethanol. T.l.c.
(benzene-methanol, 9:1) revealed that the hydrolysate (R 0.46) was oxidised to a
product having a higher R (0.70).

Benzyl 2,4-di-O-benzyl-a-L-rhamnopyranoside (17). — Compound 15 (0.8 g)
was hydrogenolysed as described for 6. T.l.c. of the resulting syrupy product showed
two spots identical to those obtained by the reduction of 14. Acetylation of a small
portion of the syrup and gl.c. of the resulting acetates [column (c)] revealed two
components (7 6.55 and 7.39 min) in the ratio 18.5:81.5. The syrup was chromato-
graphed on a column of Kieselgel G (120 g) with benzene—methanol (95:5) to give,
first, 17 (0.61 g, 76%), and then 16 (0.11 g, 14%). Compound 17 had [a]p, —42°
(c 0.64, chloroform), Rg 0.66 (benzene-methanol, 95:5), T 7.39 min [column (c)].

Anal. Cale. for C,;H;,05: C, 74.63; H, 6.96. Found: C, 74.45; H, 6.89.

‘When 17 (10 mg) was hydrolysed with 0.25M sulphuric acid as described above,
the product was resistant to periodate (t.i.c.).

Benzyl 4-O-allyl-2,3-O-isopropylidene-a-L-rhamnopyranoside (19). — A. stirred
mixture of 11 (1 g) and anhydrous N,N-dimethylformamide (20 ml) was treated with
NaH (0.4 g). After cooling to 0°, allyl bromide (1.5 ml) was added. The mixture was
allowed to attain room temperature and then stirred for a further 24 h. Excess of NaH
was decomposed with methanol, and the solution was concentrated to dryness. A
solution of the residue in chloroform (100 ml) was washed with water (5 x 50 ml),
dried, and concentrated to give syrupy 19 (0.95 g, 84%), [¢]lr —51° (¢ 0.49, chloro-
form), Ry 0.75 (benzene—-methanol, 96:4). N.m.r. data: § 7.40-7.20 (m, 5 H, aromatic),
6.10-5.70 (m, 1 H, allyl -CH=), 5.40-5.00 (m, 2 H, allyl =CH,), 5.03 (s, 1 H, H-1),
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4.57 (q, 2 H, PhCH,), 4.40-3.00 (m, 6 H, H-2,3,4,5 and allyl -CH,), 1.52 and 1.35
(2s, 6 H, CMe,), and 1.28 (d, 3 H, Me).

Anal. Calc. for C,oH,405: C, 68.24; H, 7.84. Found: C, 68.21; H, 7.67.

Benzyl 4-O-allyl-u-L-rhamnopyranoside (20). — Compound 19 (2.15g) was
stirred with 50 m! of 50% aqueous ethanol containing conc. sulphuric acid (0.2 ml)
for 2 h at ~100°. The cooled solution was neutralised with Yarion AD (HO™) resin
and concentrated, and the residue was crystallised from cyclohexane (8 ml) to give 20
(1.72 g, 91%), m.p. 56°, [a]p, —67° (c 0.89, chloroform), R 0.30 (benzene—methanol,
9:1). N.m.r. data: 6 7.40-7.20 (m, 5 H, aromatic), 6.20-5.10 (m, 3 H, allyl -CH=CH,),
4.88 (s, 1 H, H-1), 4.62(q, 2 H, PhCH,), 4.30-3.20 (m, 6 H, H-2,3,4,5 and allyl -CH,,),
3.10 (broad, 2 H, OH), and 1.31 (d, 3 H, Me).

Anal. Calc. for C;sH,,05: C, 65.29; H, 7.53. Found: C, 65.18; H, 7.49.

Benzyl 2,3-di-O-benzyl-a-L-rhamnopyranoside (18). — Compound 20 (14 g)
was benzylated with a mixture of dry N,N-dimethylformamide (14 ml), NaH (0.46 g),
and benzyl chloride (2.3 ml) by the usual method. Work-up gave benzyl 4-O-allyl-
2,3-di-O-benzyl-¢-L-rhamnopyranoside (21; 1.86g, 82%) as a syrup that was
chromatographically homogeneous, [a¢]p —55° (¢ 2.55, chloroform), Rg 0.77 (benzene—
methanol, 96:4).

Compound 21 (1.54 g; Ry 0.68, ether—pentane, 1:2) was isomerised in dry
methyl sulphoxide (8 ml) with potassium zers-butoxide (2 g) at 100° for 2 h into the
propenyl derivative (Rz 0.76). The mixture was diluted with chloroform (100 ml),
washed with water (5 x 50 ml), and concentrated. The residue was hydrolysed with a
solution of HgCl, (1.16 g) in 90% aqueous acetone (30 ml) for 30 min at room
temperature. The mixture was diluted with chloroform (100 ml), washed with 5%
aqueous KI (3 x20 ml) and water (5 x 30 ml), dried, and concentrated. The residue
was eluted from a column of Kieselgel G (60 g) with benzene-methanol (5:1) to give
syrupy 18 (0.96 g, 68%), [«]p —30° (c 0.94, chloroform), R 0.58 (benzene-methanol,
95:5). N.m.r. data: 6 7.40-7.10 (m, 15 H, aromatic), 4.84 (s, 1 H, H-1), 4.70-4.20
(m, ¢ H, PhCH,), 3.80-3.40 (m, 4 H, H-2,3.4,5), 2.20 (broad, 1 H, OH), and 1.24
(4, 3 H, Me).

Anal. Calc. for C,;H;,05: C, 74.63; H, 6.96. Found: C, 74.31; H, 6.80.
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