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Abetract-A convenient method has been developed for the synthesis of all mono- and di-O-benzyl ethers of 
methyl a-t-rhamnopyrancside applying a new stereoselective method for the hydrogenolytic ring&avage of 
bcnzylidenc acetafs. Using the prepared drbcnzyl ethers as aglycones, the (1+2b, (l-3)- and (1~4~hnked 
rhamnosyl-rhamnosc derivatives (lS15) were synthesised. Hydrogeaolysis of the latter compounds and sub 
sequent acetylation Rave the pentaacctates (1618) of methyl dirhamnosidcs, which on saponificatfoo furnished the 
free methyl dirhamnosidcs (19-21). Acetofysis of l&l8 gave the corresponding dirhamoose-hexaacetates which 
were transformed into the three disaccharides by saponification. The structure of each product was investigated by 
‘C-NMR spectroscopy, and for the purpose of ‘“C-NMR studies the mono-@metbyl ethers of methyl U-L- 
rhamnopyranoside, the diacetates and di-O-benzyl ethers of the latter compounds, and, also the diacetates of 
methyl a-L-rhamnopyranoside were synthesised. 

It has beeo established that, for ’ C-NMR investigations of oligosaccharides, the benzyl ethers of monosac- 
charides are more suitable model compounds tbao the currently used monosaccharide methyl ethers. 

RrfAs4NoRttxttDtz.9 are natural products frequently occttr- 
ing as constituents of several glycolipids,‘” plant gly- 
cosideP’ and bacterial cell-wall polysaccharides.7-9 
Recognising the immunological and immunochemical 
importance of these immunodeterminant oligosac- 
charides, great efforts have been made recently towards 
their synthesis. ‘o-” Of the published syntheses, the one 
dealing with the preparation of O-o-t_-rhamnopyranosyl- 
( I-, 4kL-rhamnose ‘O*’ ’ has to be considered as a 
definitive synthesis, whereas the methods described for 
the production of (l-2)” and (l-3)” linked dirham- 
noses are based on the so-called “openchain” method, 
introduced by King d ukt6” which results in the for- 
mation of structural isomeric compounds. 

We now report on the synthesis of the three possible 
rhamnopyranosyl-rhamnopyranoses using the diGben- 
z/l ethers of methyl a-t.-rhamnopyranoside as the agly- 
cones. 

RESULTS AND DISCUSSION 

Methyl 3,4diQbenxyl-a-L-rhamnopyranoside (7) and 
methyl 2,4di-tMenxyl-a-t-rhamnopyranoside (8) were 
prepared by the stereoselective hydrogenolysis of methyl 
40benxyl-exe- (8) and methyl 4-Menxyl-endo- o- 
benxylidene-a-L-rhamnopyranoside (6). respectively. 
Benzyljdenation of methyl a+rhamnopyranoside has 
ken performed by several research groups’- but the 
resulting two isomers could not be separated. Therefore 
in the present study, the mixture of endo- and e.w 
isomers, obtained by the benxylidenation of methyl U-L- 
rhamnopyranoside, was acetylated and the two 4-O- 
acetyl derivatives (1 and 2) were separated by fractional 
crystallisation. The structure of 1 and 2 was contirmed 
by both ‘H-NMR and ‘?J-NMR spectroscopic in- 

vestigations?’ Saponitication of 1 and 2 gave crystalline 
methyl exe-2,3-Menzylidene- (3) and syrupy methyl 
endo-2,3-C&nxylidene-a+rhamnopyranoside (4), res- 
pectively. According to the literature both the CU) and 
endo isomers of p-nitrophenyln- and benzyl 2$-Oben- 
zylidene-L-rhamnopyranosides~ have been isolated. 

Benxylation of 3 and 4 8ave crystalline 4-o-benxyl-a 
(5)” and syrupy d(rbenxyl-endo (6)” derivative, res- 
pectively. According to glc examination, the hydro- 
genolysis” of 5, with a reaction time of 5 min, gave 
98.5% of methyl 3,4di-Gbenzyl-o+rhamnopyranoside 
(7), contaminated with 1.5% of the corresponding 2,4di- 
O-benxyl analogue (8). The hydrogenolysis of 6 under 
similar conditions resulted in a similar proportion of the 
products, but with the difference of the preferred for- 
mation of 8 (%%), accompanied by traces of 7. For 
analytical purposes compounds 7 and 8 were purified by 
column chromatography. 

The third aglycone, methyl 2,3di-O-benxyl-a-L-rham- 
nopyranoside (12) was synthesised as follows. Allylation 
of methyl 2,3-Oisopropylidene-a-L-rhamnopyranoside, 
using the method of Brimacombe,= gave the syrupy 
4-CMlyl derivative (9), which on hydrolysis with acetic 
acid, afforded methyl 4-O-allyl-a+rhamnopyranoside 
(10). Benxylation of 10 was carried out using the method 
of ZemplCn~ to yield the 2J-Menxyl derivative (11). 
Removal of the ally1 group of 11 was performed using 
the method of Ogawar and 12 was obtained in good 
yield. 

Reaction of 7, 8 and 12 with a-acetobromo-krham- 
nose gave 95% of crystalline 13,78.8% of syrupy 14, and 
67.2% of syrupy 15, respectively. The structure of the 
three disaccharide derivatives was proved by “C-NMR 
spectroscopy. The chemical shifts of C-l’ and the C-l’- 
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Ph flH H Pll a 
% 7 R’=H; R”=R”‘=Bzl 

1 R=Ac 2 9 9 R’=R”‘=Bzl; R”=H 
3 R=H 4 19 R’=R”=H: R”‘=All 
5 R=Bzl 5 11 R’=R”=Bzl; R”‘=All 

12 R’=R”=Bzl; R”=H 
CR 29 R’=Btl;R”=W=H 

R =CHJ; R’=R”=Bzl; R”= 
13 14 

R =CH3; R’=R”=R”=Ac 

10 17 
R =CHJ; R’=R”=R”=H 

19 29 
R =R’=R”=R”=Ac 

AC 40 R’=R”=Bzl: W=CH. 
15 41 R’=CHs; R”=R’“=Ac 

42 R’=R-=Ac; R”=CHa 
15 43 R’=R”=Ac: R’“=CH. 

44 R’=CHJ; R”= R’“= H 
19 45 R’=R”‘=H; R”=CHs 

45 R’=R”=H; R”=CHs 

22 23 24 
R=R’=R”=R”=H 

25 29 27 

H-l’ coupling constant (13: 99$ppm, 14: !I!L4ppm, 
‘JcH = 174Hx, and 15: 99.3ppm) unequivocally prove 
the ~-L-UC) con6guration of the interglycosidic bonds. 

Catalytic hydrogenation of 13-15 followed by acetyl- 
ation, gave the corresponding crystalline methyl di- 
rhamnoside peracetates (1618) respectively. Compound 
17 has been recently prepared, but the m.p. of our 
sample is 10“ higher than the value given by J&te et 
~1.‘~ The physical data of 18 were in good agreement 
with those described for methyl 2,3di-Ckacetyl-4-0 
(2.3.4 - tri - 0 - acetyl - a - L - rhamnopyranosyl) - a - L - 
rhamnopyranoside by Bebault et a!.” 

The proposed a-L-con&nation of the glycosidic 
bonds of 16, 17, and 18 was contirmed by detailed 
?-NMR spectroscopy. The assigned values of C-l-H-l 
and C-I’-H-l’ couplings are shown in Table 1. 

Saponification of 16-18 gave, in almost quantitative 
yield, the unprotected methyl dirhamnosides (19,20, and 
21), respectively, as solid foams (isolated by lyophy- 
lisation), whereas the crystalline hexa-Gacetyldirham- 
nosides (22-24) were obtained on acetolysis. 
!Sa@.tkation of the latter compounds led to the un- 
substituted rhamnosyl-rhamnoses (Z-27). 

The ‘“C-NhfR spectroscopic studies of 25,26, and 27 
showed that, as expected, in aqueous solution these 
derivatives are present as anomeric mixtures at the 
reducingcod; however, in the case of 25 the ratio of the 
fi-anomer was found to be less than 10%. The signal of 
the C-l’ carbon atom of 25 was doubled, with an in- 
tensity corresponding to the a/p ratio of the reducing- 
end, but the signals of C-2%6’ were not doubled. This 
effect, characteristic for (1 + 21inked glycosyl-glycoses, 
was first reported by Usui et al.” 

The above three disaccharide syntheses were carried 
out using similar intermediates, and this circumstance 
gave a possibility for performing comparative ?-NhfR 
spectroscopy. It is well known that for models of the 
glycosylation shifts, the spectral data of monosaccharide 
methyl ethers are generally used,29S despite the fact 
that the values of the methylation shift are higher by 
co 3 ppm than those of the glycosylation shifts. Gorir?’ 
has shown that the values of the shifts of isopropyl 
ethers are closer to the values of glycosylation shifts 
than those of the methylation shifts. 

Our earlier studies have shown that the benzyl ethers 
of monosaccharides are more suitable models for com- 
parative “C-NMR investigations than the corresponding 
methyl ethers. For this purpose, the hitherto unknown 
methyl 2-G (23) and 3-O-benxyl-a-tAamnopyranosides 
(29). methyl 4-O-benzyl-a-L-rhamnopyranoside (30) and 
the di-O-acetyl derivatives of the latter three compounds 
(31-33) were synthesised. Catalytic hydrogenation of 31- 
33 furnished methyl 3,4diQacetyl- (34), methyl 2,4di- 
Qacetyl- (X5) and methyl 2,3diQacetyl-a-t-rham- 
nopyranoside (36), respectively. Besides these model 
compounds the “C-NMR spectra of methyl 2.3~4triQ 
benzyl-a+rhamnopyranoside (37),” methyl 2_Omethyl- 
3,4diQbenxyl- (38),33 methyl 2,4di_Obenxyl-3-O 
methyl- (39),” methyl 2,3di-O-benxylQOmethyl- (40),” 
methyl 3&h-O-acetyl-2Qmethyl- (41),y methyl 2&h- 
O-acetyl-lO_methyl- (42),- methyl 2,3di-O-acetyl40- 
methyl- (43),= methyl 2Qmethyl- WY methyl 3-O- 
methyl- (4Qy and methyl 4-O-methyl-a+rham- 
nopyranoside (46)” were analysed in detail. 

The triQacetyl-rhamnosylation shifts could be 
defined comparing the spectra of 7,8 and 12 with that of 
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U-15; benzylation shifts were assigned analysing the 
spectra of 7,8,12 and 37, whereas the comparison of the 
spectra of 7.8, 12 with that of 38-W made it possible to 
introduce methylation shifts for the C-2X-4 carbons, 
(while the two other C atoms of the methyl a+rham- 
nopyranoside were still benzylated). 

Similarly, comparing the spectra of the methyl di-O- 
acetyl-a+rhamnopyranosides (34-36) with those of (16 
18) and (31-33) and also with (41-43) the triacetyl-rham- 
nosylation shifts, the benzylation and methylation shifts 
were determined. The rhamnosylation shifts were 
obtained comparing of methyl a-r;rhamnopyranoside 
(47) with those of the methyl dirhamnosides (19-21). 
Benzylation and methylation shifts were determined 
analysing the spectra of compounds 28-38, and those of 
44+ respectively. 

It may be concluded that the values of benzylation 
shifts are closer to the values of (triacetyl) rhamnosyl- 
ation shifts than those of the methylation shifts, indicat- 
ing that benzyl ethers are indeed more suitable model 
compounds for dirhamnosides. than the carbohydrate 
methyl ethers (Tables 2-4). 

It is also to be noted that the values of chemical shifts 
of the branching C atoms of the methyl dirhamnoside 
peracetates 16 (C-2: 76.9 ppm), 17 (C-3: 75.1 ppm), 18 
(C-4: 79.3 ppm) differ from each other in a significantly 
higher degree than the values observed for the cor- 
responding C atom of the unsubstituted methyl dirham- 
nosides 19 (C-2: 77.8ppm), 20 (C-3: 78.3ppm) and 21 
(C-4: 79.3 ppm). 

This difference should be valuable for the “C-NMR 
spectroscopic studies of natural glycosides and olige 
saccharides. 

%‘H inter-residue couplings in disaccharides may 
provide information about the orientation of the gly- 
cosidic bond (3JcH values depend strongly on the dihe- 
dral angle). For our compounds, natural abundance, ‘H- 
coupled, “C-NMR spectra with 16 K data points permit 
to observe additional splitting of the C-l’ line with ‘I 
values of 4.6-5.6 Hz in case of acetylated rham- . . 
noblosides (14: 3 Jc,.H_, = 4.6 Hz, 17?Jc,.~, = 5.6 Hz, 18: 
‘Jc,w = 4.8Hz). For the free sugars (28, 16, 27) the 
observed inter-residue couplings are less than 2Hz. 
Assuming the Karpluscurve for the variation of ‘J with 
the torsional angle and taking the smaller angles of the 
two-valued representation, the above findings may be 
interpreted in such a way, that the parent disaccharides 
have an average dihedral angle corresponding to a stag- 
gered conformation, while in the acetylated derivatives 
this angle is near to the trans orientation (4 - 100). 
Similar interpretation and ‘I values were also reported’s 
for maltose derivatives. 

ExFxRIMENrAL 

General. M.ps were determined on a Kofkr apparatus and are 
uncorrected. Optical rotations were measured with a Perkin- 
Elmer 241 polarimeter. ‘H- and “C-NMR spectra were taken at 
room temp and al the frequency of 100.1 or 25.16 MHz with 
VARIAN XL-l@lT-IS and JEOL MH-100 spectrometers, using 
TMS or dioxan as an internal reference. ‘I=” coupling constants 
were determined from natural-abundance proton-coupled spccba 
measured by the gated decoupling technique. 

The terms “methylation”, “benzylation” or “(triacetyl) rham- 
nosylation shifts” denote the change in the chemical shift of a 
particular C atom on methylation, benzylation or (triacetyl) 
rhamnosylation of the OH group attached to it. 

TIC was performed on Kieselgel G (Merck) using the solvent 
systems given in parentheses. Glc was carried out on a Hewlett- 
Packard 583OA instiument fitted with a helical stainless-steel 
column (4fl x0.2mm i.d.) oacked with 10% of UCW-982 
Chromo&b WAW/DMCS (8&100mcsh). The temperature pro- 
gramme was started from Wp at Y/min. The carrier gas was 
nitrogen a1 20 ml/min. 

Mcthyl4-0-acctyl-tro-(l)~e~o-ZJ-0-bouye-a-L- 
rhamnopymnoside (2). 

A mixture of methyl a-L-rhamnopyranoside (58). N.N- 
dimethylformamide (30 ml), a,adimetboxytoluene (5 g) and 
toluene-p-sulphonic acid (100mg) was placed in an equipment 
similar to that described by Horton et al., and the mixture was 
kept in uacuo at 70-75” for 2 h. It was then cooled, diluted with 
CHCI, (2OOmi), extracted with sat NaHC@q (2X5Oml), and 
washed with water (3 x 5Oml). The organic layer was dried 
(Naz!B,) and concentrated in uacuo to a syrup (8g), containing 
the e.ro and mdo isomers in a I: I ratio. The crude syrupy 
product was treated conventionally with pyridine (EOml) and 
AC&I (80 ml) to give a mixture of 1 and 2, which was crystalhsed 
from EtOH (3Oml) 10 give pure 1 (2.1 g). CrystaUisation of the 
residue obtained on concentration of the mother liquor from 
cyclohexane (18 ml) gave pure 2 (1.7 g). The remaining mother 
liquor was evaporated to dryness and applied to a Kieselgel G 
column (lwg, eluant: hexane-EtOAc 4: 1) to obtaih second crops 
of pure 1 (1.2g) and 2 (1.2g). 

Theoverallyieldof1:3.3g(38.1%),m.p.l@2’,[a]~-~.6~(cl.73, 
CHC&), J& 0.47 (bexane-EtOAc 4: I), RT 4.75 min. 

‘H-NMRdata: S7.5&7.20(m,5H,aromaticprotons);6.19(s, IH, 
Ph-CIl); 5.01 (q. IH, H-4, I,> = 1OHz); 4.94 (d, lH, H-1, J,$= 
1 Hz); 4.47 (q, IH, H-3, 1,,=7.7Hz); 4.12 (dd, IH, H-2, Ju= 
5.2 Hz): 3.83(m, lH, H-5, J3b = 6.3 Hz); 3.37(~,3H,OCH&2.10(~, 
3H, OAc); 1.22 (d, 3H, &Cl&). (Found: C, 62.48: H.6.64. Calc. for 
C,&& C, 62.32: H, 6.53%). 

The overall yield of 2: 2.9g (33.5%), m.p. 81-82”, [a)o+ 30.0” (c 
1.77, CHCI,). Rf 0.39 (hexane-EtOAc 4: 1): RT 4.33 min. 

‘H-NMR-da&: 6 7&-7.30 (m, 5H, a&a& protons); 5.88 (s. 
IH. Ph-CH). 4.99 Id. 1H. H-l. X ,= 1 Hz): 4.94 fdd. IH. H-4. 
J,;= 10.0 &); 4.33 idd. Ifi, H-j. i; = 6.9 I&); 4.2d(dd, lti, H-2; 
Jz3 = 6. I Hz): 3.7 (m, IH. H-5, Js~ = 6.3 Hz); 3.38 (s, 3H, OC&); 
2.07 (s, 3H, OAc); 1.18 (d, 3H, C&I&). (Found: C, 62.41; H. 658. 
for CIJI,Os: C, 62.32: H, 6.53%). 
Methyl exo - 23 - 0 - bmzyli&u - a - L - dumnopymnoside (3). A 
soln of 1 (3.5 g) in abs MeOH @ml) was treated with 1N 
methanolic NaOMe (0.2ml). After being kept at room temp for 
I6 hr the mixture was neutralised with Amberlite IR-I20 (H’) 
resin and concentrated. The crystallii residue was recrystallised 
from MeOH to give 2.85g (94.4%). m.p. 78”, [aID-16.0” (c 0.57, 
CHCI& RT: 3.73 min. 

‘H-NMRdata: 67.67.2O(m,5H,aromaticprotons);6.12(s,lH, 
Ph-CH): 4.90 (d, IH, H-l, J,>=O.6Hz); 4.38 (dd, IH, H-3; 
/,A = 6.6 Hz); 4.08 (dd, IH, H-2; 1~ = 5.5 Hz); 3.69 (m, lH, H-5: 
Jjb = 6.0 Hz); 3.48 (dd, lH, H4; J,s = 9.5 Hz); 3.34(s, 3H, OCH,); 
2.95 (s, IH, OH); I.31 (d, 3H, C,-C&). (Found: C, 63.49; H, 6.68. 
Calc. for CI,HIsOs: C, 63.14; H, 6.81%). 
Methyl endo - 2J - 0 - benzylidme - a - L - Aamnopyranoside (4). 
Compound2(150g)wassaponifiedin3OmlMeOHasdescribedfor 
3, toobtain syrupy4 (1.168; 89.6%), [alo- uO(c 1.02, CHCC). Rr: 
3.26min. 

‘H-NMRdata: 67.47.20 p.p.m. (m.SH, aromatic protons);5.84 
(~lH,Ph-CH);4.94(s, lH,H-1);4.~.08(m,2H,H-2,3);3.7E(m, 
lH,H-5);3.5O(m, lH,H4);3.26(~,3H.OCH,);2.92(~, lH,OH); 1.28 
(d. 3H, C&I&). (Found: C, 6356; H, 6.71. Calc. for C,,HIsOS: C. 
63.14; H, 6.81%). 
Methyl 4 - 0 - benzyl - exo - 23 - 0 - bauglidmr - a - L - 
rhamnopyranoside (5). Compound 3 (3.25 g) was benzylated with 
benzyl chloride (So ml) in the presence of KOH (5 g) at 105” for 4 hr. 
The prganic layer was then n~moved by decantation and the residue 
was washed with CHCI, and filtered. After addition of a small 
amount of NaHC@, the filtrate was steam distilled and the syrupy 
product crystaGed on cook Recrystallisation from hexane gave 
2.87 g (627%) of 5, m.p. 94-95”, [alo - 68.2” (c 156, CHCI,). Iit.” 
m.p. 96-p, [alr7OD (c 1, CHCl3. 
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Table 2. Methylation, benxylation and triacetyl-o-L-rhamnosylation shifts in methyl diQbenzyl-a-t.-rham- 
nopyraaosides 

5s aS F AC 

OH-OCH3 OH-CCH*Ph OH-bhap(OAc)3] 

c-2 9.6 6.8 7.4 

c-3 10.5 8.6 6.8 

c-4 10.8 8.7 8.3 
, 

Table 3. Methylation, benxylation and triacetyl-o-Mramnosylation shifts in methyl di-0acetyl-a~L-rham- 
aopyranosides 

“SoR-ocH3 
AS 

A 
s 

OH-OCIi*Pb OH-IO-Rhap( OAo I,] 

c-z 9.3 6.7 7.5 

c-3 9.0 6.7 6.9 

c-4 9.6 8.2 8.4 

Table 4. Methylation, benxylation and o+rhamnosylation shiits in methyl a+rhamnopyranoside 

ns AS AE 
OH-0CH3 OH-CCH21% OH-[0-Rhap] 

c-2 9.8 7.5 8.0 

c-3 10.3 8.7 7.5 

c-4 10.3 8.6 7.3 

‘H-NMR data: 67.60-7.30 (m, IOH, 2Ph); 6.05 (3, IH, Pb-CH); 
4.89 (d. IH, H-l. 1,~ = I Hz); 4.83 (q. W, Ph-CHx); 4.58 (dd. IH. 
H-3, Jx~ = 6.9 Hz), 4.11 (dd, IH, H-2, Ju = 5.4 Hz); 3.74 (m, IH, 
H-5, ho - 6.1 Hz); 3.35 (s. 3H, OCHr); 3.33 (dd, IH. H4, J,S = 
9.7 Hz); 1.33 (d, 3H. CrCIjx). 
Mcfhyl4-O-bauyl-endo-2J-O-bmrylidau-a-r- 
fhamnopymnosti (6). compouad 4 (5 g) was treated with benxyl 
chloride (60 ml) atul KOH (7.5 9) as described for 5. The syrupy 
residue obtained by steam distillation was dissolved in CHCls 
(#)oml), washed with water (3x500). until neutral, dried 
y$G&“;” evaporated to give 6 (4.85 g; 725%), [aID-34” (c 

. , 

‘H-N& data: 8 7.35-7.20 (m, IOH, 2Ph); 5.90 (3, IH, Ph-Cfj)); 
4.98(d,lH,H-l,J,~=lHx);4.67(q.2H,PhC~I2);4.39(t,lH,H-3, 
J,A = 6.6 Hz); 4.20 (dd, IH, H-2, J2, = 6.3 fix); 3.72 (m, IH, H-5, 
J,,=6.2Hx);3.36(~.3H,GCH,);3.U(dd, IH,H-l, J,,=9.8Hz); 
I.26 (d, 3H, t&C&). 
Methyl 3,4-diObmrgl-a-L-diomnopymnosidc (7). Toasolnof 
5 (5 g) in I: I CH&ether (IO0 ml) were added LAH (1.7~) and 
a soln of AK& (5.Og) in ether (3Oml), and tbc mixture was 
heated under retlux for IO min. It was then cooled and the excess 
reagent was decomposed with EtGAc (I5 ml) and water (30 ml). 
The mixture was diluted with et&r (100 ml) and the organic layer 
was decanted from Al(OH)E 

This ppt was washed with e&r (2 x 25 ml). and the comb&d 
organic layers were washed with water (2x 3Oml), dried 
(NaSO4) and concentrated. According to glc, the crude syrupy 
product (4.86g; 97.2%) contained; 8 (1.296, Rr II.11 min) and 7 
(98.896, Rr ll.8lmin). The mixture was purhkd by column 
chromatography (Kieselgel G 2568, CHCb-acetone 9: I) to give 
pure 7: (alp-46.40 (c I.75 CHCI,), 4 0.66 (CHClracetone 9: I). 

‘H-NMR data: 8 750-7.26 (m, IOH, aromatic protons): 4.78 (q, 
2H.Ph-C~3;4.68(3,lH.H-l);4.64(3.W.P~~~;4.~3.50(m, 
4H, H-2.3,4,5); 3.32 (3.3H. GC&); 2.40 (b, IH, OH); I.28 (d, 3H, 
CrCBs).(Found:C.70.l2;H,726.Cak.forCx1H~s:C,~.M,H, 
7.31%). 

Methyl 54di-O-bcnzyl-cr-t-rm~py~os~e (8). Compound 6 
(Se) was hydrogenolysed with LAH (l.?g) and AlCb (Se) as 
descrii for 7. The syrupy product (4.690; 93.8%) contained 
(glc) 95.6% of g (RT II.11 min) and 4.4% of 7 (RT II.81 min). For 
microanalytical measurements I g of the product was purihed by 
column chromatography (Kieselgel G 45 g, CHCb-acetone 9: I). 
[a]Dl7.7” (c 0.48, CHCI,), R, 0.80 (CHClracetone, 9: I). 

‘H-NMR data: 8 7.5&7.B (m, IOH, aromatic protons); 4.75 
(q, 4H, 2 PhC&); 4.70 (s, IH, H-l); 3.85-3.35 (m, 4H, H-2,3,4,5); 
3.33 (s, 3H, WI&; 2.40 (b. lH, OH); 1.34 (d, 3H, CrCf&) 
(Found: C, 70.21; H, 7.19. Calc. for Cx,H&s: C. 70% H, 7.31%). 
Mdl?yl-O-IIIIyI-2f-O-isqpropylidau-a-L-~Mpy~sidc 
(9). A mixture of methyl 2,3Uisopropylidene-a-Mram- 
nopyranoside (3.3 g), N,Ndiiethylfomuunide (IO0 ml) and 
sodium hydride (l&g) was stirred for I hr. It was then cooled to 
00 and treated with allyi bromide (5 ml) for I2 hr. The exces3 of 
sodium hydride was decomposed with MeGH, the solo was 
filtered, and the tUtrate was concentrated. The residue was dis- 
solved in CHClx (RN ml), washed with water (5 x 50 ml), dried 
(NasRG,), and concentrated to give a syrup, which was purified 
by column chromatography (150 g of Kieselgel G, CHCb-acetone 
95:5),yiekl:2.85g(73%).[aln-4O.~(~l.lI.CHCI3).R,O.70(li%t 
pcboleum~yl acetate 3:2). (Found: C, 60.32; H, 8.64. Cak. for 
t&H&: C. 60.44; H, 8.58%). 
Muh~4-O-~~-a-L-I(UUII~ymMsldC(lO).Toa~lnof) 
(22 g) in I : I RtGH-water (50 ml) was added comz. H#G, (0.2 ml) 
and the mixture was boiled for 2hr. It was neutralised with 
Dowex-t (OH-) resin, evaporated and cbromatographed on a 
Kieselgel G column, using light petroleum-ElGAc 3:2 as the 
eluant, yield: 1.75 g @II%), fain-85.3” (c 0.57, CHCl& RI 0.15 
(light peboleum-E.tGAc 3:2). (Foumh C, 5545: H, 8.19. Cak. for 
t&H&: C. 55.03; H. 8.31%). 
ML)ihy14-O-oIIyI-2~-di-O-bauyl-o-~-~~~~(~~~. 
Compound 10 (l5g) was benxylated with benxyl chloride 
(8 ml) and KOH (2.Og) for 24hr at 105”. ‘llre syrupy product, 
obtained by the usual work-up, was chromatographed on a 
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Kksclgel G column (MS), using 2: 1 light petroleum-EtOAc as 
the ehlant, to give pure syrupy ll(2.2 g; 80.3%). [altY39.Y (c 0.8, 
CHCls), 4 0.63 (light petrokum-EtOAc 2: I). (Fouruh C, 7285; H, 
7.68. Cak. for &H&: C, 72.33; H, 759%). 
hidhyl2.3~di-0-bauyl-a-L- &smnopymnosi&(l2).Amixture 
of ll(1.8 n) and 10% Pd-C (500 mn) in 2: I : 1 EtOH-AcOH-water 
(UOml) 6s heated under ‘ret?ux-for 45 hr with stirring. ‘After 
filtration, the solvents were removed by evaporation to yield a 
syrupy residue, which was purified by column chromatography 
(8og of Kieselgel G; 3:2 light petroleum-EtOAc). 1.33 g (82.1%) 
of syrupy l2 [a]~+ 9.00 (c 1.2, CHCb), R, 0.6 (light petroleum- 
EtGAc 3:2) was obtained. (Found C, 70.82, H, 7.42. Cak. for 
C,,H,O3: C, 70.36; H, 7.31%). 
Methyl 3,4diObmIyI-20(~,4-t~~ac~~-o-L-rhomn- 
pymnosy/)-cl-r-rhamnopymnosids (13). Compound 7 (1.7 g) 
was dissolved in abs benzene (100 ml) and nitromethane (100 ml) 
and the soln was evaporated at atmospheric pressure to half its 
volume. It was cooled to 45’ and treated with Hg(CNb (1.48g) 
and a-acetobromo-Muunnose (2.02g), and then stirred for 4hr 
under anhydrous conditions. The mixture was diluted with CHClr 
(50 ml). filtered, and concentrated. The residue was dissolved in 
CHCb (100ml), the mixture was filtered, and the filtrate was 
Washed With 5% Kkq (3X3Ontl) and water (5X5Oml). After 
drying over N&Q, the organic layer was concentrated to a 
syrupy residue which crystalhsed on standing. Recrystallisation 
from ether-light petroleum gave 2.851 (95.3%). m.p. 124-126”, 
[~1~38.4~ (c 0.53, CHCb). R, 0.78 (light petrokum-EtOAc 2: I). 
(Found: C, 63.10; H, 6.84. Cak. for C3&&: C, 62.84, H, 6.71). 
Methyl 2,~diObmtyl-~2$.6tn’Oocclvl-a-L-rhomno- 
pymnosyl)_a-L-rhamnopymnosidc (14). Compound g (5.3 g) 
was treated with a-acetobromo-L-rhamnose (6.36g) for 12 hr in 
1: I abs benxene-nitromethane (400ml) in the presence of 
Hg(CNb (4.58g) as descrii for 13. The syrupy product was 
chromatographed on a Kkselgel G column (44Og). using 2: I 
n-hexane-EtOAc as the ehiant, yield: 7.35 g (78.8%), ]a]n-46.1” (c 
0.56, CHCl& R, 0.81 (light petroleum-EtOAc 2: I). (Found: C, 
63.02; H, 6.63. Cak. for C&&Oi2: C, 62.84; H, 6.7%). 
Mdhyl 233-diObcnly/40(2J,4m’-Oacdyl-a-L-~a~- 
pyrrmosy/)_a-L-~mnopynurosidc (15). Coupling of 12 (0.6g) 
with a-acetobromo+rhamnose (0.71 g) was carrkd out in I : I 
benzene-nitromethane (50 ml) in the presence of Hg(CNb (0.5 g) 
as described for 13. The syrupy product was chromatographed 
on a Kieselgel G column (8og) with 3: I light petroleum-EtOAc 
mixture to obtain pure syrupy 15 (7lOmg_67&6), [a]o-48.2 (c 
1.10, CHCM. R, 0.79 (light uetroleum-EtOAc 2: I). (Found: C. 
62% H. 6&i. &c. for‘C$&Ois: C, 62.84, H, 6.7i%). 
Mdhyl3,4-di-O-acdyl-2-0-(2,3,4-~’-O-acdyl-a-~-rhamno- 
pymnosyl) - a - L - rluunnopymnoside (16). A mixture of 13 
(3.0 g), 10% W-C (0.5 g) in EtOH (100 ml) was hydrogenated for 
3 hr. The catalyst was filtered off, the tiltrate was concentrated, 
and the residue was acetykted with A@ (25ml) in pyridine 
(25 ml) for 12 hr. The solid product crystallised from EtOH to 
give 16 (2.2g; 86.5%), m.p. 151-152”. (ak-44.8” (c 0.81, CHCb). 
R/ 0.66 (light petroleum-EtOAc 3:2). (Found: C, 52.05 H, 6.48. 
Cak. for t&HMO,,: C. 51.68; H, 6.41%). 
Mdhyl2,4-di-O-~d~ccryI-3-0-(~,4-t~-O-~d~-a-~-~- 
pymnosyl) - a - L - rhamnopymnoside (17). yield: 4.ulg (80.1%). 
m.p. 135-136”, lit.” m.p. 125”; [a]D_43.6’ (c 1.2, CHCb), lit.” 
[a]~&’ (CHClr), Rf 0.63 (Ii&t petroleum-EtOAc 3:2). (Found: 
C, 51.72; H, 6.47. Cak. for &HMO,,: C, 51.68; H, 6.41%). 
Mdhyl2~-di-O-acctyl-4-O-(2~,4-t~-O-ocdy-a-~-~- 
pymnosyl) - a - L - rhamnopymnoside (IO), yield: 520 mg (84.2%). 
m.p. 180-181°. lit.‘” m.p. 182183”; [~]~52.6~ (c 1.48, chloro- 
form), lit.‘” ]a]~Sl.7” (c 2.3, CHCb). R, 0.59 (light petroleum- 
EtOAc 3:2). (Found: C, 5200; H. 6.62. Cak. for C&IuOic: C. 
51.68; H, 6.41%). 
MdhylZ-0-a-L-~opyrmrosyl-a-L-~py~idC(l)). 
compolmd 16 (1.2g) was deacetylated with O.lM 
methanolic NaOMe (3Oml) for 2 hr. ‘Ihe soln was neutralised 
with Amberlite IR-120 (H’) resin and on freezedrying gave 19 
(0.7 g; %%) ]a]tSf” (c 1.28, water); homogeneous on UC Rf 0.21, 
(butanone-water axeotrope). 
Mdh~3-0-a-r-~~osyl-a-r-rhcunnopymnosih(~). 
Compound I7 (2.0s) was deacctylated as described for I9 

to give syrupy 29 (l.lSg; 95%), ]a]~78” (c 1.52, water), RI 0.23 
@t&none-water axeotrope). 
Mdhgl4-O-a-~-rfromMpgrrosyl-c-~-~nopymnosidc(2~). 
Compound 10 (0.5g) was deacetylatcd BS described for 19 
to give syrupy 21 (0.27g; %I%). ]a]~107.6” (c 1.52, water), lit.” 
[a]~1090 (c 2.5, water), Rf 0.20 (Manone-water azeotrope). 
lJ,4-Tn’-0-acrtyl-2-0-(23,4-tn’-0-acdyl-a-~- 
~ymnosyl) - a - L - rhatnnopymaose (22). Following the 
descriptionofBebaultdd’0fortheprrparation 
(1 g) and A@ (6 ml) were shaken with 1% (v/v) cork HrSQ-A@ 
(12ml)for2hratroomtemp.Thcmixturrwaspouredwithstirriag 
intoicc-water,containineNaHC4.Theresultingsyrupsolidificdon 
standing and the solid was recrystallised from EtOH to give pure 22 
(0.65g;62%), m.p. 118-lW, [h]n-48O (c 1.5, CHCls).(Fo;nd: C, 
5138, H, 6.16. Cak. for C&,Ois: C, 51.25; H. 6.09%). 
1,2,4 - Tti - 0 - a&y/ - 3 - 0 - (2,3,4 - tri - 0 - a&y/ - (I - L - 
rhamnopymnosyl) - a - L - thamnopymnose (23). Compolmd 17 
(22g) was acetdysed as descrii for 22. l’be crude product 
solidifkd upon repeated treatment with ice-water, and it was 
recrystaihsed from EtOH to yield 23 (1.5 g; 64.9%), m.p. 75-76”, 
Lit.” syrup, [ak-43.6O (c 0.51, CHCI,), lit.” [ah-W (c 4.5, 
~H~)).(Found: C.51.76; H,6.18.Cak.forCr.&Oi,: C,51.25; H, 

. . 
2-0-a-L-~nopymnosyl-L-~~(U). Compound22 
(0.4g) was treated with NaOMe soln 0.1 M (IO ml) for 4 hr at 
room temp. After working up in the usual manner, the resulting 
syrup was dissolved in 40 (2ml) and freexedrkd to give a 
foam (186m9: 84.396). laM6.20 (c 1.02. water). Lit.‘” lalrr28.P. .._ -- 
Ulcr:L-~nopy-s~-L-~se.(~. f?ompo&d-b (1 g) 
was deactylated as descrii for U, syrup, (492 mg; 83.7%). 
[a]m31° (c 1.05, water), lit.” [0]~21” (c 3.5 water). 
Mdhyl2 - 0 - bauyf - a - L - rhamnopytuaosidr (28). Compound 4 
(0.5 gj was hydrogenolysed in C&&ether (1: I) (4Oml) with 
LAH (140 nm) and AK& (0.5 R) at 40”. BS described for 5. to nive 
a crudi prod&t, which wiis si&vn by TLC (CHClrace&e 9: 1) 
to consist of a major (Rt 0.21, RT 7.91 min, 95%) and a minor 
component (9 0.33, RT 8.43 min, 5%). 

Purification of this mixture on a Kkselgel G column (3Og), 
using CHCI~acetone 9: 1 as the eluant, gave syrupy 28 (0.4lg; 
82%). falo t 3.6 (c 0.59. CHCM. (Found: C. 62.86: H. 7.82 Cak. . . _~ 
for C&&,: C, 6266;.H, 7.5i%). 
M&y/3-O-&&-q - L-rhamwpymnoside(t)). Treatmentof 
(2g) with the LAH-AK& reagent as described for 5 gave crude 
29. Recrystallisation from cyckhexane (12OmR gave 29 (1.76g; 
88%), m.p. Z-W, [a]o-2513’ (c 0.51, CHCI,), 3, 0.33 (CHCG 
acetone 9: 1). (Found: C, 6248; H, 7.58. Cak. for C&&: C, 
6266; H, 7.51%). 
Mdhyl 3, 4di-Oacdyl-2~~-cr-L-~~py~osidc (31). 
Conventional acetylation of S (0.15~) resulted in syrupy 31 
(186mg; 94.4%). [U]D-21.1” (c 0.83; CHCls), 4 026oight 
petroleum-EtOAc 4: l), Rr 5.95 min. 

‘H-NMR data: 6 7.&-7.20 (m. 5H. aromatic protons); 5.22-5.10 
(m,2H,H-3aadH4);4.60(s,3H,H-landP~”3;3.78(m,W,H-2 
andH-5):3.34fs.3H.OCH.):2.00and 1.95(2s.6H.OAc-3.4): 1.21 (d. 
3H, C&I,, is; = 6 Hz). -. . 

. , . . . . 

Mdhyt2,4-di-O-acdyl-3-0-baql-a-L-rfmmnopyrcuroside 
(32). Compound 29 (0.2g) was conventionally acetylated to give 
syrupy 32 (230 mg; 87%). [&- 6.7 (c 0.72, CHCI,), R, 0.24 (light 
petrokum-EtOAc 4: l), RT 5.20 min. 

‘H-NMR data: 6 7.40-7.20 (m, SH, aromatic protons); 5.30 (dd, 
lH.H-2;I, = 2.5 Hx);5.14(dd, lH.H4; J,, = lOHz);4.6O(d, lH, 
H-l; J,>= MHz); 4.46 (q. 2H, Ph-Clj& 3.80 (dd, lH, H-3; 
IsA = 9.5 Hz); 3.66 (m, lH, H-S); 3.33 (s, 3H, OCH3); 2.1 I (s, 3H, 
OAc4); 1.97 (s, 3H, OAc-2); 1.18 (d, 3H. C&j,, J,4 = 6 Hz). 
Mdhyl53-di-O-acrtyl-4-0-b-a-L-~nopy~osidr 
(33). Compound 3g (1.2 g) was conventionally acetykted to give 
syrupy 33 (Wig; 80%), [ah- 39.4” (c 2.51, CHCl3), R, 0.23 (light 
petroleum-RtOAc 4: l), RT 6.28 min. 
Mdhyl3,4-di-O-ocrtyl-a-r.-~nopymnosidc(31). Compound 
31(300 mg) was hydrogenated in the presence of WC (100 mg) in 
EtOH (300). After the usual work-up, the product was recrys- 
trdlised from EtOAccyclohexane to give 34 (170mg; 76%), m.p. 
114-llJ”, [alo-1OP (c 1.1, CHCI,), R,: 0.72 (CH&l+etone 
4: 1). 




