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0-a-t_-Rhamnopyranosyl-( 1+3)-r-rhamnopyranose (19) and 0-+L-rhdmno- 
pyranosyl-(1+2)-L-rhamnopyranose were obtamed by reaction of benzyl 2,4- (7) 
and 3,4-dl-0-benzyl-c/-L-rhamnopyranoslde (8) wth 2,3.4-tn-O-acetyl-w_-rhamno- 
pyranosyl bromide, followed by deprotectlon The per-0-acetyl o-bromide (18) of 19 
yIelded, by reactIon wth 8 and 7, the protected derlvatlves of the title tw.accharIdeq 
(25 and 23, respectively), from which 25 and 23 were obtamed by Zemplen deacetyla- 
tlon and catalytic hydrogenolysls, With benzyl 2,3,4-tn-o-benzyl-P-D-galactopyrano- 
side, compound 18 gave an - 3 2 mixture of benzyl 2,3,4-tn-O-benzyl-6-O-[2,4-dI- 

0-acetyl-3-0-(2,3,4-tr~-O-acetyl-cr-L-rhamnopyranosyl)-cl-~-rhaInnopyranosyl]-~l-u- 

gdlactopyranoslde and 4-O-acety~-3-O-(~,3,4-trl-O-acety~-rA-L-rhdmnopyrdnosy~)-/2-~- 

rhamnopymnose 1,2-( 1,2,3,4-tetra-0-benzyl-P-D-galactopyranosed-yl (orthoacetate) 

The downfield shift at the g-carbon atom Induced by U-L-rhdInIlopyranosy~dtloIl at 
HO-2 or -3 of a free a-L-rhamnopyranose IS 7 4-S 2 p p m , - I p p m hI_gher than 

when the (reducmg-end) rhamnose residue IS benzyl-protected (6 6-6 9 p p m ) 

rl-L-Rhamnopyranosylatton of HO-6 of /J-o-galactopyranose deshlelds the C-6 atom 
by 5 7 p p m The 1,2-orthoester rIn, = structure [02C(Me)OR] gives CharacterIstIc 

resonances at 24 5 +O 2 p p m for the methyl, and at 124 0 +O 5 p p m for the 
quaternary, carbon atom 

*Some of the results described m this paper were pubhshed as prehmmary reports (see refs 1 and 2), 
and were presented (by V P ) at the EUCHEM Conference on PolysaccharIdes from Mlcroorgamsms, 

Stockholm Sweden June 18-21 1979 

000%6215/81/ oooo-oooO/$O2 50, @ 1981 - ElsevIer ScIentIfic PublIshIng Company 
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INTRODUCTION 

Because of the frequent occurrence m Nature of r-rhamnose (13), mamly m 
ohgo- and poly-saccharides that are constrtuents of rmmunodetermmant, bacterral 

capsules and hpopolysaccharrdes3, and also as part of plant glycostdes4. the syntheses 

of ohgosaccharrdes contammg one or more r_-rhamnose units has become an attractwe 
challenge to carbohydrate chemists 

Rational syntheses of 4-U-glycosylrhamnoses presents no dtfficultres, as the 
HO-2 and HO-3 groups of an L-rhamnopyranosrde are readdy protected by an ISO- 

propylrdene group’ 6, leaving only the reactwe’ HO-4 group free On the other hand, 
the lack, untrl recently, of r-rhamnose derrvatrves havmg only erther HO-2 or HO-3 

I I 
R*O OR’ 

1 R’ = Bn R2= 1.4 

2d = Me Q* = H 

3 P’ = Me RZ = Ac 

4 RI = H R’ = Ac 

6 R’ = R* = ,, 

7 R1 = 9” RZ = H 

0R’= h R2= e,, 

9R’= All R”= H 

5 R’ = $ = Cc 
All = HzC=CHCHZ 

OH 

-I, R’= MeR2= h 

AcO OAc 

12 R’ = H , R’ = Me 

13 R’ = R2 = H 

14 R’ = OE3n R’ = H R’ = Bn R4 = AC 

15 d = Oh R*= C R3= Bn R4= H 

16R’ = OAc R*= l-4 R’s R*= AC 

17 d = H R’ = OAc, R’ = R” = AC 

18 R’ = Br R’ = H R3 = R’ = Ac 
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unsubstltuted had made the synthesis of 2-U- and 3-U-glycosyk-rhamnoses quite 

laborlous7-9 In these syntheses, ploneered by Kmg and Bishop’ ‘, benzyl (1) or 
methyl a-L-rhamnopyranoslde (2) was used as the “aglycon’ moiety of the dlsaccha- 
ride to be built up Of the three secondary hydroxyl groups present m 1 or 2, HO-3 

and HO-4 were mamiy glycosylated, and only very small proportions of Z-O-glycosyl- 
L-rhamnoses were formed The lsomerlc dlsacchandes formed had to be separated, 
and the structures of the mdlvldual products had to be determmed In a recent 
synthesis”, benzyl 4-O-benzyl-/?-L-rhamnopyranoslde was allowed to react with 

2,3,4-tn-O-acetyl-a-L-rhamnopyranosyl bromide’ ' (10) and contrary to the order’ 
of reactivity of the hydroxyl groups of 1 m glycosylatlon reactlons, the much more 
preferential formatlon of the 2-O-rhamnosyl derlvatlve was observed 

The first ratIona synthesis of a 3-0-glycosyl-L-rhamnopyranoslde derlvatlve 
was reported by Garegg and Hultberg” I3 Subsequently, we described’ the synthesis 
of O-x-L-rhamnopyranosyl-( 1 +3)-L-rhamnopyranose (19) and O-%-L-rhamnopyrdno- 

syl-( 1+3)-0-cr-L-rhamnopyranosyl-( 1 --+3)-L-rhamnopyranose (23), and also’ of O-a- 
L-rhamnopyranosyl-( l--+2)-r-rhamnopyranose (20) and o-fi-D-galactopyranosyl- 
(l-+3)-0-n-L.-rhamnopyranosyl-(1 -+3)-O-g-r-rhamnopyranosyl-(I +2)-L-rhamnopy- 

Oh 

Hd t)H HO Oh 

20 21 

22 R’ = Bn R2 = AC 

23aR’= R*= H 

24 R’ = Bn R2 = AC 

25au’ = d = H 
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ranose, usmg benzyl 2,4- (7. ref 14) and 3,4-dr-0-benzyl-r-L-rhamnopyranosrde’” 

(8) as the aglycon components Rational syntheses of protected derlvatwes of 19 

and 20 was also reported m a preliminary paper” by usmg, Instead of 7 and 8, the 

correspondmg methyl rhamnosrdes, and very recently, the synthesis of several 2-O- 

glycosyl-r-rhamnopyranosrdes by use of an r/-r-rhamnopyranosrde derrvatrve havmg 
only HO-2 free has been descrrbedr6 

We now report the synthesis of 23, whrch has been shown to occur m Kleb- 

sielin K36 capsular polysaccharrder7 and m pneumococcal type 2 capsular poly- 

saccharrder8, and of 0-sc-r-rhamnopyranosyl-( 1 +3)-0-V-L.-rhamnopyranosyl-( l-2)- 

r_-rhamnopyranose (25), a component of, mter alla, Klebslella type 9 capsular poly- 

saccharrde’ ’ and Klebslella O-group 7 hpopolysaccharrdeZo We also drscuss the 

r3C-n m r spectra of these compounds, and those of the Intermediates 

RESULTS 4ND DISCIJSSIO~ 

We have found’ *a that benzyl 6O-benzyl-x-L-rhamnopyranosrde” (6) gwes, 

under phase-transfer-catalyzed condtttons”, wth a varrety of reagents, the 2,4- 

drsubstrtuted derrvatrves m 60-80 9; yields* Using benzyl bromide as the alhylatmg 

reagents. 7 \\as obtained m 70?/, yield after chromatography In this reaction, 8 IS 

formed m < 10 % yield We have obtained S m a 50 % overall yield from benzyl 4-0- 

benzyl-x-r-rhamnopyranoslde by an allylatron (at HO-Z, to yield 9), benzylatlon, 

and deallylation (with Pd-C, in aqueous ethanol containing acetic acid”) sequence 

In the ‘H-n m r spectra of the 2,4-drsubstltuted benzyl (methyl) r-L-rhamnopyrano- 

sides”, after removal of the H-C-3-OH couplmg by deuteratlon with D20, a charac- 

teristic pattern of d doublet of doublets appears at 6 -3 9-4 0 p p m , with J, 3 

-35and J35 -9 Hz, which does not overlap with other resonances Interestingly, 

of all 2.4- and X4-dlsubstltuted benzyl or methyl w_-rhamnooyranoslde pairs pre- 

pared so far_ the 2,4-disubstltuted denvatlre has the higher R, value, on Kleselgel, 

with a varletj of solvents 

Using Hg(CN), as tne catalyst and proton acceptor” (Helfench condltlons), 

compounds 10 and 7 gave, m acetomtnle, the protected dlsaccharlde 14 whrch, on 
ZemplCn deacetylatlon, ylelded 15. From which the free dlrhamnoslde 19 was ob- 

tained by catalyttc hydrogenolysrs, as an -2 I equrl~brrum mrxture (13C-n m r ) 

of the c/ and j3 anorners Analogously, reaction of 10 and 8, followed by deacetylanon, 

yrelded 21, from whrch the (l-+2)-hnked drrhamnosrde 20 was obtained by hydrogeno- 

lys~s In 20, the ‘1 j? anomerlc ratto In equlhbrlum IS -9 1 (13C-n m r ) In both 

*Thus ratlo IS much higher than that obtamed wth 4,6-0-benzyhdenehexopyranos!des” Under 
condmons ldentlcal to those used m the preparation of 7 we found that benzyl4,6-O-benzyhdene-z- 
D-mannopyranoslde (37) gave an N 3 2 mixture of the 2- and 3-benzyl ether of 37, whereas benzyl 
4,6-0-benzyhdene-r-o-ghtcopyranoslde (38) yleldsz3 with methyl rodlde, under the condltlons 
reported”, an -5 4 mixture of the 2-O- and 3-O-methyl derivative of 38 Our data, and those 
reported by Garegg et al L1 ?-I, reflect the dehcate Influence of both the substrate and the reagent 
upon the degree of regloselectwty m this type of reactton 
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OBn 

28R = AC 

29R= H 

OBn 

30 R’ = AC, d = 

AcO OAc 

HO 0 
31 R’ = H R’ = CH3 57 

HO OH 

32R’= R*=Ac 

33 R’= R’=H 

R’O 

I O 
Cf-ki 

q 
I 

I OR’ 

R30 OR* 

ph><y--~B” qcqBn 
H 

A2 0BI-l 

34 R’ = R2 zz R3 z A.c 37 R’= OH R’= H 39 

35 R’= R*= H,R3 = AC 3EJR’= H R*= OH 

36 R’ = R2 = Y R3 = Bn 

of these Y-L-rhamnosylatlon reactIons were detected small amounts of umdentlfied 

side-products which must have been formed by hydrolysis of 10 In separate expen- 

ments, hydrolysis of 10, under various condltlons, gave readily crystalhzable, stable 

1,3,4-tn-O-acetyl-/I-r_-rhamnopyranose’ 6, previously Isolated by Laffite et nl 9 from 

the reactlon mixture obtamed after glycosylatlng with 10 
Catalytic hydrogenolysls of 14, followed by acetylatlon, ylelded a 3 2 mixture 
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(,g 1 c_) of peracetylated dlrhamnosldes 16 and 17, gvmg rise to resonances for H-13* 

at G 0 p p m and for H-lfi at ** 5 S p p m Treatment of this mlvture wth hydrogen 

broq~ide in acetlc acid contamm,rr some acetlc anhydrIde” ylelded crystallme 2,4- 

d~-O-acetyl-3-O-(2.3,4-tr~-0-acetyl-rs-r-mamnopyranosyl)-~-L-rhamnopyranosyl bro- 

mtde’ ’ (18) The anomerlc configuration of 18 at C-l was ascertamed by the chemical 

shift of H-l (S 6 3 p-p m In the spectrum of 10, H-l appears at the same posIt!on’), 
and by its hqh, negatwe optlcal rotation 

Reactlon of 15 wth 7 and 8. under the Helferlch condltlons_ gave the protected 

trlsacchandes 22 and 24 Deprotectlon of 22 and 21 (Zemplen deacetylatlon. and 
then H,/Pd-C) gave the free trlsaccharldes 23 and 25, respectwely The ratlo of the 

‘1 and p anomers (at the reducms end) In 23 IS - 2 1, and_ In 25 ~9 1 (by 13C- 

n m r , see later) 

No appreciable amount of by-products contalnmg benzyl groups \\a5 formed 

In the reaction of 18 wth either 7 or 8 However i%hen 18 reacted wth benzyl 2.3,4- 

tn-0-benzyl-p-D-~dlactopyranoslde (39) under Helferrch condlttons an - 3 2 
mixture of benzyl 2,3,4-tr~-U-~enzyI-6-0-[2,4-d~-O-acetyl-3-0-(2_3,4-tr~-O-acety!--1- 

L-rhamnopyranosyl)--/-i-rhamnopvranosyll-8-D-galactopyranosIde (30) and 4-0- 

acet~l-3-0-(2.3,4-tr~-O-acety~-~-L-r~amnopyranosyl)-~-L-rhamnopyranose 1 2-( I,2 3, 

4-tetra-0-benzyl+‘-D-_galactopyranose-6-yl) orthoace;ate (28) was formed Compounds 

28 and 30 co-chromatographed In several solvents, and could only be separated, after 

deacetylatlon, as the parent sugars Deprotectlon of 30 gave 0-y-L-rhamnopyranosyl- 

(1+3)-O-cr-L-rhamnopyranosyl-(l-+6)-D-galactopyranose hawng physlcal propertIes 

and 13C-n m c spectrum ldenttcdl to those already described”” ” Tills tnsacchande 

occurs m Nature m both the free3* and glycosldlcally hnked form3’ The structure 
of 28 was proved by 13C-n m r_ spectroscopy (see later) and by its posktrve orthoester 
test3’ 

Neither 23 nor 25 gale d molecular Ion (M-) m Its field-desorptlon, mass 
spectrum The spectra of both 23 and 25 gave an (M + Na) 1011 at III/: 479, an 

I I 

147 

HO 6h 

Scheme 1 

*Numbermg begms at the reducmg-end umt 
**The H-l sIgnal of z-L-rhamnosldes ah\ays appexs at loHer field than that of the correspondmg 
/I anomerg zi 
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(M - H + Na) IOR atnz/=478, and fragment Ions at M/Z 147 and 332, corrcspondlng 

to the fragmentation depIcted In Scheme 1 

The assignments of the 13C-n m r spectra of the compounds dewIIbcd arc 

reported In Table I 
The asslwments of the 13C-n m r spectra of the protected dI\acchandcs 14, 

15 and 21 we,‘, based on those for the benzyiated, rcclucIng-end units (7 aqd S) and 
for methyl Z-L-rhamnopyranoslde (2) and methyl 2 3 4-tn-0-acetyl-y-L-rhamno- 
pyrano5tde (3) The Introduction of the 2,3 4-tn-0-acetyl-x-1 -rhamnopyrano~yl 
group Into 7 shIfted the C-3 sIgna for 14 downfield by G 9 p p III , rclatIve to that of 
that carbon atom In 7 Nearly the sdme downfield shaft (6 6 p p 111 ) PAS observed 
for the deacetylated derwatwe ES The C-l ’ signals of 14 and 15 <u-c dcshlclded by 7 3 

and64ppm, rcspectwely_ relatwe to those of the\c carbon atom5 III 2 3-4t11-O- 

acetyl-v-L-rhamnopyranose (4) ana III 13 In 21 the rl-L-rhaIl~noyyr,Ino~~l group on 

O-2 shrfts the C-2 slgal dos &eld by 6 6 p p m in 21, dcshleldIng OTC-I ‘_ relatwe to 
that carbon atom 111 13, IS 6 3 p p m It IS notenorthy that the Introduction ~fc~rhcr 
the Z-L-I hamnopyranosyl or the 2 3 4-tn-0-acetyl--/-L-rhaninopyrano\yl group to 
O-3 of 7 shifts the C-5 sIgnal downfield by - I p p 111 ww-ea\ the y-r-rhamnopyr A- 
nosy1 group 11121 shifts those of C-4 and C-5 downfield by 0 4 and 0 6 p p m WSpCC- 
twely The Z-L 1nter$vcos1dIc hnhage III the dIr&mlnosIdes 114 15, and 21 I\ wppor tccl 

by the posItIon of the C-5’ hne, \~hrch 111 txch case IS under 69 p p m (set ICT~ 

26 and 27) 

The resonances of the peracetylated dIrhamnosldo 16 were as\lgncd wth 
reference to the spectrum of 3, t&In g Into account that. for Y-L-I i~amnopyr,lnos~dc\ 
bearmg acctyl groups on O-l and -2, thz C-l sIgnal appe,u sz6 at - 9 I p p m and 

the observation that, If C-l bears an +acetoxyl group the C-5 signal dppcarz’” 
at under 71 p p m In 16, the C-l ’ and C-5’ atoms are dcshxlded by 6 9 and I 2 p p III 

respectively, relative to tne correspondln, ‘7 carbon ‘ttoms III 4 The C-3 IIIW 111 16 I$ 

qh1ftcd upfield by 3 S p p 91 in compan\on wth thr correspo,ldIng cxbon atom III 
the fret du-hamnosI.lc 19 (see later) This shIeldIng V~LIUC IS III good q-cement \\~Ith 

the sum of the shleldm g contnbutIon\ of the IndI\l1dual xctoyl youp at C-l ‘I 

C-2, and C-4 (0 3, I 4 and i 6 p p m , respcctwely), calculated TI 0111 the “C-n m r 

chemical-shift data of partially acetylatcd L-rhamnose derwatwes’” on the ba>l\ cf 

the assumption that the acetyl groups do not Interact wth each other Ewdence for 
the ‘I hnhage at C-l In 16 comes from the couphng constant (‘J, , ,i , 177 Hz) ‘L 
value that IS In agreement wth the corresponding, coupling-constant of other L- 

rhamnopyranose derwatlves’” bearmg an rl-acctoxyl group at C-l and IS -7-10 Hz 
larger than the corresponding couphng-constants 111 vx1ous ally1 7-L-rh~imnopyrano- 
sIdes’3 I?7 In the proton-coupled, 13C-n m r spectrum of 16 the C-l ‘ \Ignal appears 

as a doublet of c’oublets, wth a spacing of I72 Hz (‘J, , ,, , ) correspondmg to the 

a Intcr~lycos1dlc Imkage, and wth a sphttlng of 4 6 Hr, due to the 3J, , II 3 rnter- 

residue couplmg In the spectrum of 17, the resondncc hnes of the C-3 and C-5 atoms 

appear at I 9- and 3 O-p p m lov,er fields than the LOI rcspondlng atoI,~s 111 16,111 good 
agreement wrth the shifts of the correspondmg signals (1 9 and 2 6 p p m , rcspectlvciy) 
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In the spectrum of I,2 3,4-tetra-O-acetyl-/?-~-rhamnopyranose2h (34) relatwe to 

those m that of the Y dnomer (5) 
The assignment of resonance Irnes In the 13C-n m r spectra of 22 and 23 was 

made \\~th reference to the spectra of S_ I-8. and 21, takmg mto account the Q-L- 

rhamnosylatIon slnfts The nature of the mterglycosldlc lmkases m 22 and 24 IS 

reflected In the posItIon of the hnes of the C-5’ and C-5” atoms (under 6s p p m ) 
The assignment of the 13C-n m r hnes of 30 orovcd possible by consldermg the spectra 

of 22. benzyl 2 3.4-tn-0-benzyl-6-O-(2 -3 4-tn-0-ace&i-+I_-rhamnopyranosyl)+D- 
galactopyranoslde (32) and 39 In 30 the I-L mter&cosIdIc 1Inhages are supported 
by the posmons of the C-5’ and C-5” lmes (67 2 and 66 9 p p m . respectively) 

Spectral assignment for 2s W‘IS aIdea by that for 3_4-dI-0-acetyl-1,2-O-( l- 
metl~oxyethyl~dene)-/2-L-r’lamnopyranose~6 (26). In which the lines corresponding 
to C-l_ -6. -S, and -9 \\ere recogmzcd by usmg the hnown chermcal-shlfts3 of these 
atoms The lme dt I? 5 p p m IS asslgned to C-7. constdermg the chemical-shift 
range” 6 of the carbon atom m the HC(O-), structure In the spectrum of 26, the 
assignment of the hqe at 77 I p p m to C-2 wds corroborated by the observation that 
replacement of the acetyl groups by benzyl groups, to gwe 3,4-dl-0-benzyl-1,2-O- 
( I-methoxyethylIdene)-/i-rhamncpyranosezh (27) left this resonance vrrrually 
unaffected Jn the spectrum of 28 the resondnces of the ring-carbon atoms of the 

reducrng-end unit almost coIncIde wth those observed for the correspopdmg carbon 
atoms rn 30, and this IS also true for those of the nonreducmg-end umt, as compared 
wth the correspondmg carbon atoms m 30 except for an 0 7-p p m downfield-shift 
for C-l” The carbon resonance Imes of the rmddle sugar umt were asslgned wth 

reference to those In the spectra of26 and 27 
The orthoester structure results In CharacterIstIc resonances at 24 5 +O 2 p p m 

for tPc methyl carbon dtom (C-S) and at 124 +_O 5 p p m for the C-7 atom. lmked 
to three oxygen &oms /l.s neither of these resondnces IS m the vIcImty of other 
resonances commonly fowd In the *3C-n In r spectra of free or protected carbo- 
hydr,Ites the) cdn be used for the IdentnicdtIon of this structural unit 

A compdnson of the ‘3C-~~ In r spectrum of 3 4-d~-O-acetyl-/?+-rhamnopyra- 
nose’” (35) wth that of 26_ and of 3.4-dl-0-benzyl+‘-r-rhamnopyranose (36) with 
that of 27, sho\\s that the formatIon of the orthocster structure at the equatorial 

HO-l and the axlaf HO-2 groups Induces a downfield shift of 3 5 for the C-l, and 
7-S p p m for the C-2 ‘nom 

The hne of C-5 m the 13C-n m r spectra of 26 and 27, and the hne of C-5’ m 
that of 28 appear at -70 p p Q which is -3 D p m less than the average value for 
the C-5 atom m the spectra of various jl-r-rhamnopyranosldes” We ascrlbe this 

difference (and also that found between the chemical shift for the C-5 atoms of 26 
and 27, relative to those for the correspondm g carbon atoms In 35 and 36, respec- 
twely) to changes In the dthedral angles of the t_-rhamnopyranose rmg by the attach- 
ment of the dloxoldne skeleton to C-l and C-2 relative to the ‘C,(L) conformatIon, 

tlus IS supported by the ‘H-n m r data’ 6 

The slgnal for C-6 (methyl) carbon atoms m the protected L-rhamnopyranosldes 
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appears at 18 1 p p m tf HO-4 bears a benzyl substttuent, and at - 17 6 p p m tf 

HO-4 IS etther free or acetylated 

In the ‘“C-n m r spectra of benzyl-protected t_-rhamnose det-tvattbes, the 

resonance Itne of the methylene carbon atom tn the benzyl group attached to O-f IS 

tnvartably found at -69 p p m , whereas that of that attached to O-4 ltes between 

75 2 and 75 9 p p tn The recognttton of these resonances tnay make the asstgnment 

of the sugar carbon atoms edster In thts context, tt should be noted tfldt the mcthyfene 

carbon atom of benzyl alcohol IS deshtefded by -4 6 p p m by ~-L-rhamnopyrano- 

sylatton (cf ref 27), and by -6 6-6 8 p p m by $-D-galacto- and /I-D-gfuco-pyrd.lo- 

sylation 37 the resonance ltne of the tnethyfene carbon atom tn the \pectt-u,n of btnzyl 

alcohol betng3’ .tt 64 5 p p m 

The spectrum of 20 was expfatned \vtth reference to that of the ‘tnomct-s of 

2-O-methyl-t--rhamnopyranose3 9 (11 ), tn whtch the ftne for C-17 appears ,tt 91 6 

ppm, and that for C-l/I, at 94-7 p p m the tntcnstty r&to betng - 3 I Thebe 

asstgntnents are vertfied by the values of tJc , ,, , (see T‘tble 1) These ltnes .tt-c 

respecttvely shtfted 3 I p p m upficld and 0 5 p p m downfield. refattvc to the &- 

placement of the C-l StgtldfS III the 13C-n m r spectrum of r- .tnd /2-L-rh.tmnopyratlose 

The findtng that, tn the spectrum of a t-hamnose dcrtvattve. the C-l c/ ‘ttom resonate\ 

at a htgher field than the correspondtng C- l/I atom IS unusual. tahtng tnto ctLcount 

that the C-l atotns tn y-t_-rhamnopyranox tn vdrtous -/-L-rhamnopyrano~tde~” and 

tn ‘i-o-P-D-gfuco- and -galacto-pyranosyf-7-r-rhamnopyrdno~es~” resonale ‘tt ‘L 

lower field than those of the correspondtng /I dnomers, and tt show that the &ti‘t 

contrtbuttons of the tndtvtdual subsntuents may xary cowtderably ds ‘1 functton of 

the clnomertc configuratton A pecultartty of the spectrum of Ila I\ the rclnttvcly 

large coupltng-constant between C-3 and H-6 (sJc , tt [, 5 Hz), verttied by ’ 'C [ t Hj, 

selecttve heteronuclear-decoupltng 

In the spectrum’ of 20, the C-l 7 tesondnce ‘ippear5 at 93 4 p p m , md tile 
C-lfi, at 93 9 p p m The tntenstty ratto of these ftncs ts -9 I These Itnw dt-e respcc- 
ttvely 1 4 and 0 3 p p m upfield, relattve to the C-f ltne of U- and /i-r-rhamnose They 

are asstgned wtth reference to the spectrum of 11 and to the pubftshedLo ‘H-n tn r 

data for H-l tn 20, taktng tnto account that, !-or t_-rh~imrtose, H-lx re\onate$’ dt ‘1 

lower field than H-IP As the posttton of the C-5 rcsondncc IS htghly senstttve to the 

anomertc configuratton of t_-rhamnoseso and of tts dertvattves’” ” , the asstgnment 

of the ltne at 69 I p p m to C-5, the trttertstty of which IS comparable to that of the 

ftne at 93 4 p p m , further corroborates our asstgnment of the resonance ltnc dt 

93 9 p p m to C-lp 

An assignment of rhe “C-n m r spectrum of 19 had been gtven by Lathtc 

et al ” Our approach to the asstgnment of the 13C-n m r spectral ltnes of 19 bds 

alded by a study of the spectrum of 3-O-methyl-t--rhamnose39 (12), tn whtch the ltne 

of C-la has the same chemtcal shtft as the correspondtng carbon atom of t_-rhamno~e, 

while C-l IS deshlelded by 0 2 p p m For 12, the C-3 ltne IS respecttveIy shtfted doun- 

field by 9 6 p p m for the U, and by 9 3 p p m for the j? anomer For 12x, the C-2 
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TABLE II 

COVPARISO\ OF TliE ‘%-V Xl R CHE\lICAL-SHIFTS IXDUCED Ih CY- 4,~ ~%L-RH~~~NOP~RAXOSES BY 

METHYL ATID Y-L-RHAV\OP\ RA\OS\ L GROUPS 

Denram e of 
z-r-rhatnt~op % t attore 

_16’1 (p p 1n I 
-___ 

C-I c-2 --I_ 
-__ 

c-3 c-4 C-5 

2-O-methyl -3 1 -100 -01 -01 0 
2-0-rx-r-rhamnopyranosyl -13 -82 00 -0 1 -02 
3-O-methyl 00 -39 -i-96 -11 -02 
3-0-z-L-rhamnop\ranos>l -0 I -06 ‘76 -07 -i-o3 

Dert~ame of 
J3-L-rftattmopw attoJe 

2-O-methyl -05 -103 -05 -03 -0 I 
2-O-rx-r-rhamnop! ranosyi -03 T-78 - - - 
3-O-methyl -0 2 -40 -93 -11 0 
3-0-r-l;rhamnopyranosyl -0 I -06 -74 -0 1 ;03 

o_la refers to the difference (m p p m ) beween the chemlcai shifts of the correspondmg carbon atoms 
m r-rhamnop>ranose and the dewatt\es PosItwe sign mdxates deshleldmg 

and C-4 signals are shlfted upfield by 3 9 and 1 1 p p m , respectively* The Intro- 
duction of the s-L-rhamnopyranosyl group onto HO-3 of L-rhamnose induces a 
downfield shift of 7 6 p p m for the C-3% and 7 4 p p m for the C-3/? atoms For 
190, the C-2 atom IS deshlelded by 0 3 p p m , relative to C-2 of y-r-rhamnopyranose 
wmch IS m contrast with the upfield shift of C-2 Induced by a methyl group at O-3, 
and IS In agreement with the earher findlng of Colson and Kmg4’, who “did not 
observe cl significant change In the chemical shift of C-Z(a) of the L-rhamnose residue 

_ on dlsaccharlde formation at positIon 3 ’ On the other hand. for 12a, C-4 1s 
shlelded by 1 1 p p m , which agrees well with the shleldmg of C-4 m 19a (0 7 p p m ) 
relative to C-4 of V-L-rhamnopyranose For 19a, C-l ’ appears at S p p m Iower 
field than for C-l of -I-L-rhamnopyranose, while the signal for C-2’ IS shifted 0 6 
D p m upfield. relative to the correspondmg atom m cc-r_-rhamnopyranose 

The 13C-n m r_ chemical-shifts Induced m g-L-rhamnopyranose by methyl 
and z-r-rhamnopyranosyl groups are summarized m Table II The methylatlon shift 
dt the v carbon atom (i e at that to which O-Me IS lmked) represents well the shift 
induced by g-r-rhamnopyranosylatlon On the other hand, for the p carbon atoms, 
the shifts that are Induced by a methyl group may differ considerably from those 
Induced by an _*-r_-rhamnopyranosyl group 

The spectrum of 25 was asslgned with reference to the spectra of 19a and 20 

*Both the sense and the magmtude of rhe methylatlon shifts m r-rhamnose methyl ethers agree \%ell 
wth those found by Goru+ for methyl ethers of D-mannose 
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The C-I/? Ime m this case also appears at a lower field (by 0 5 p p m ) than the C-l Y, 
and the C-I’D IS at a higher field than the C-1’~ hne 

The spectrum of 23% and 23/3 may be explamed by usmg that of 19a and 19p. 
takmg mto account the z-L-rhamnosylatlon shifts, as already discussed It 15 note- 
worthy that the mrddle L-rhamnosyl residue gives rise to broader resonance 11nes 
with reference to the lmes of the (nonreducmg) L-rhamnosyl group. as ‘1 consequence 
of Its slower relaxation 

This 13C-n m r-spectral study of free and protected dl- and .n-rhamnosldes 

and mono- and dt-rhamnosyl-D-galactopyranosldes led to the foliowIng concIuslons 
(n) Upon mtroductlon mto the benzyl-protected y-L-rhamnopyranosldes 7 and 8, 
the downfield chemical-shift Induced by the g-L-rh,.tmnopyranosyl group at the rl- 
carbon atom IS m the range of 6 6-6 9 p p m , whch IS not appreciably Influenced by 
the substltuents on the glycosylatmg L-rhamnosyl group [see also, the 13C-n m r 
chem~cal-sh~ftsofbe~~zyl3,4-d~-0-benzyl-2-0-(2,4-d~-O-benzyl-~-r-rl~an~nopyranosyl)- 
;(-L-rhamnopyranoslde”] For the free dl- and tn-rhamnosldes (19, 20, 23, and 25) 
the magmtude of the downfield shift on -I-L-rhamnosylatlon dt the c/-carbon atom 15 

- 1 p p m higher, and falls in the range of 7 4-S 2 p p m On the other hand, P-L- 

rhamnosylatlon at O-6 of D-galactopyranose Induces dn -5 7-p p m , downfield 
shift for C-6, lrrespectlve of whether the other hydroxyl groups of the u-galactose 
residue are free” or protected (b) In 211 free dl- and tn-rhamnosldes hereIn descnbcd, 
the signals of the C-5a atoms appear at 69 l-69 2 p p m only sltghtly displaced 
from the correspondmg lme of z-L-rbamnopyranose (68 9 p p m ), whereas the lines 
both for C-5’ and C-5” are m the range of 69 7-69 9 p p m (0 In each dl- and trl- 
sacchande reported herem, the C-l signa of the nonreducmg rhdninosyl residues ‘u-c 
deshlelded by 7-S p p m when the _ aglycon * IS an t_-rhamnopyranose residue hnked 
through either HO-2 or HO-3, and by -6 p p m when the ‘aglycon - component IS ‘t 
/I-D-galactopyranose residue llnked through HO-6 

EYPERIMENTAL 

Get~e~rrI - Meltmg points were measured on 2 Koflet hot-st,ige and ,.u-e un- 
corrected All compounds were dried at - 30”/ 15-20 Pa Thm-layer chromatography 
was performed on precoated layers of ~111~2 gel (Merck) with detectIon by charrmg 
wrth 50% aqueous sulfuric dcld, or by ultravlolet hght m the case of the benrylated 
denvatlves 13C-N m r spectra were recorded with a Varlan XL-IOO-FT spectro- 
meter at 25 16 MHz for solutions In chloroform-d, clnd, for compounds 11, 12, 13. 
19, 20, 23, and 25, m D,O, usmg Sk data pomts, with proton-noise decouplmg 
Couplmg constants were determined by the gated, decouplmg techmque Chenucal 
shifts are given relative to InternaL !,4-dloxane (67 3 p p m ) for D,O solutions, and 
to internal Me& for chloroform-d solutions Optlcal rotations were measured with cl 
Perkm-Elmer 241 automatic polarlmeter Field-desorptlon, mass spectra were 
recorded with a Vg MIcromass 2AB 2F Instrument equipped with a Vg 2035 data 
system 
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Betq I 3.4dt-O-bettq I-cr-L-rhatttttop~ t UIION& (8) - Benzyl 2-O-allyl-4-0- 
benzyl-r-t,-rhamnopyranostder’ (1 75 g) was stured wtth benzyl chlortde (10 mt) 
and powdered potassrum hydroxrde (5 g) for 3 h at 100” The mrrture was then drluted 

wtth chloroform filtered and the filtrate steam-dtsttlled The resrdual, yellowrsh 011, 

isolated m the usual way, wds dtssolved m ethyl alcohol (10 mL), the solutton added 
ro acetrc acid (10 mL), water (10 mL)_ and 10% Pd-C (500 mg), and the mtxture 
strrred for 6 h at 90’ The usual processtng, followed by chromatographtc purrficatton 
on Kxeselgel H (150 g), wrth 3 2 ethyl acetate-hght petroleum as the eluant gave 8 

(1 30 g. 51 y<)_ [~]n -49’ (c 1 0. chloroform)_ ht ” [~]n -49” 
Benz> I Z 3-c/t-0-brttq I-3-O-(Z-3,&1 I-O-ncet~ I-Y-L-I hcrmt~opy,r nrro~_~ 1)+-r-t Itutw 

IZOPJ t cIllosrrle (14) - A mixture of compound 7 (ref 14 3 0 g), Hg(CN)? (2 g), 
powdered 4 A mol:-Jar sreve (3 g)_ and 10 (4 3 g) m MeCN (20 mL) was starred 
for 2 h at room temperature The usual processmz 0 followed by chromatography on 
Kteselgel H (200 g) wrth 4 1 ethyl acetate-hght petroleum, gave 14 (4 6 g, 94%) ds d 

colorless syrup, [y]o -57” (c 1, chloroform) 
,-lirrcrl Ctlc for C3’)HJ60r1 C, 66 29, H, 6 51 Found C, 66 45, H, 6 40 
Bcwz.~ I 3,l-A-0-betq I-2-O-r-r-1 hmtmop~ I ~IIOJ_I l-a-~-t hatttizop~ I unosrde (21) - 

A mt\ture of IO (2 g)_ 8 (1 g)_ Hg(CN)? (1 g), powdered 4 A molecular Steve (3 g), 
and MeCN (5 mL) was stu-red for 24 11 at room temperature Compound 10 (3 g) 

was then added. and sttrrmg was contmued for 24 h The usual processmg gave CL 
syrup whtch wds dtssolved m methanol (30 mL) contatnmg a catalytic amount of 
NctOMe After bemg kept overmght_ the solutton was made neutral wtth acettc actd, 
evaporated to dryness, and the restdue dtssolved m chloroform (40 mL) The solutron 

was washed wrth water (3 x 20 mL) drted (NalSO,), and evaporated The resrdual 
syrup \vds purrtied by chromatography on Kreselgel H (100 g), usmg 3 1 benzene- 
methanol, to gave syrupy 21 (1 3 g), [y]n -55 6” (c 0 6, chloroform) 

ri/z~lI Calc for Cj3HsDOB C, 6s 27, H, 6 S9 Found C, 6s 0 H, 6 SO 
Bettz_~ I 2,-i-dt-0-bettq I-3-0-y-L-rhtnttop 1 I uttos_~ I-y-L-t hamttopyt nttostch (15) - 

A solutron of 14 (600 mg) m methanol (20 mL) was treated with a catalyttc amount 
of NaOMe for 3 h and then wrth Amberhte IR-120 (H’) and IR-4B (HO-) resins 
followed by evaporatton, to yteld syrupy 15 (440 mg, SS’X), [~]n -59" (c 1 3, 

chloroform) 
A& Calc for &,H,,,Oa C, 65 27 H, 6 S9 Found C, 68 10, H, 6 95 
3-0-~-r-Rhattutop~ I mosyk-t hntwop_vt cmosc? (19) - To a solutton of 15 

(400 mg) m a mtxture of 96’7” ethanol (20 mL) and acettc dad (1 mL) was added 
10% Pd-C (200 mg), and the mtxture was hydrogenated under atmospheric pressure 
and room temperature for one day The usual processing gave 19 (200 mg) as a 

glassy restduc, [~]n -31 2” (c 0 7, water), ht ’ [~]n ---X0 (c 3 2, water) 
A& Calc for C,,Ha209 C, 46 45, H, 7 09 Found C, 46 28, H, 7 16 
2-0-cJ-i-Rhanmop~ t atto~J I-L-I hartmop~t mose’ (20) - Compound 20 was 

prepared from 21_ as descrrbed for 19 Amorphous 20 had [~]n -24” (L 0 8, water) 
ht lo [~]o -2s 7” (water) 

4nnl Calc for C,,HI,O, C. 46 45_ H, 7 09 Found C 46 90, H 7 25 
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I 2 4-l-l r-O-a&m I-3-0-(2,3,4-n I-o-iiccr, I-CA-L-I lImm~p~ I NIlO~ 1 I)-z,/k-I llclnlllo- 

p~rcrtro~e (16, 17) - Compound 14 (4 0 g) m 967; ethanol (100 ml) was hydro- 

genated overnlght m the presence of 10% Pd-C (I g) The ucual processmg followed 

by chromatography on Kteselgel H ( 150 g) usmg 3 I benzene-methanol ‘15 the 

eluant, gave 3-O-(2 3,4-tr~-O-acetyl-~-L-rhamnopyr.~nosyl)-L-rliamnopyranosc (2 35 

e, 95 “/:>, [V-J D -4s 3” (( 0 6 acetone)_ds ‘1 5yrup Tl-IS syrup W,IS acetyked wth I I 
acetIc anhydnde-pyndme (20 mL) the LI>LM~ processing gave c, syrupy 3 2 mixture 

of 16 and 17 

,-f~nl Calc for CIAH3-F0, 5 C, 51 24 H 6 04 Found C 5 I 30 H. 6 I2 

~,-+DI-O-U~C~~~ I-3-0-(.2,3,&t I-O-NLCI I I-V-L-I IIOIJJJIO~I I CZIIO> 11)-y-~-1 hnrllflop> 1 U- 

now/ btomck’ (IS) - A 3 2 nw.ture of 16 and 17 (I 700 mg) wcl5 dwolved 111 d 

mixture of acetlc acid (1.5 mi) and acetlc anhydrrde (I 5 mL) The solution wag 

chIlIed, treated wth 33‘j/, hydrogen bromide In acetlc acid (IO mL Fluhd) hept 

for 1 h at 5” and for 30 mm at room temperature diluted wth chlorofor~n (200 mL). 

washed wth watx (IO x 50 mL), dried (Na2S0,), ‘und ev‘tporated to drynes> below 
25”_ The residual f-oam wds dissolved tn ether (20 mL). and hexane (100 mL) wds 

added IS separ‘lted as a colorless, crystalhnc mdss ( 1360 mg, 77 “,,I m p IO6- IO9 o 

[‘/ID -97 S” (( I 9. cnloroform) 

Betq I 2 I-dt-0-beq I-3-0-~1,4-&0-~~ et\ I-3-0-t-7,3,4-rt I-O-UC L[ I I-T/-L-I /wtu- 

nope I CUIOJ_I I)-~-L-IilcitllfIop)J CIIW~ 1 I]-'J-L-I I~nn~ro~~~ I mowk (22) - A 5olutlon of 

18 (2 g) In MeCN (20 mL) wds added dropwse to a stn-red mixture of 7 (2 G g), 
Hg(CN), (I 7g), polvdered 4 A molecular sieve (3 g), and MeCN (IO mL) durrng 

30 mm. and stlrrmg W‘LS contmued overnIght The usual proce>slng, followed by 

chromatogr,lphy on Kleselgel H (350 g) using 100 3 benzene-methanol, gclvc 7 
(1 1 g), and22 (1370 I, n 0 42 6’% based on LS), as a syrup. [Y],, -37” (L 0 S_ chloro- 

form) 

-1JZd Cak for C,,HGoOlb C 62 S2 H, 6 41 Found C, 62 70 H, 6 50 

Bmq I 3,4-d-O-bum l-2-~-[~,4-h-O-t~c ef 1 l-3-0-(2,3,4-11 r-O-m ‘ij 1-Z-L-J hm?l- 
nope I ntios~ 1)-m_+ hatmiop~ I crJio~_! I]-‘A-L-I Iirn~i~iopy~ CIIIO~ rde (24) - By reactlon of 8 

wrth 18 (as described for 22), compound 21 was obtamed ‘1s ‘1 syrup In 372, yield, 

based on 18 The crude product was dcetylatcd, to faclhtate chromatographx sep,tr& 

tlon of 24 from 8 on Kleselgel H USIII, (1 3 2 hght petroleum-ethyl Ltcetatc, [Y]~ 

-42” (c 0 9, chloroform) 

A~?cd Calc for C,,H,o0,8 C, 62 S2, H 6 41 Found C, 62 90, H, 6 40 

O-‘/-L-R/wwop~ I UJJOJ_I I-( 1 +3)-0--I-L-J hUJ?lJlO~_l J CZJlOJ_l I-( I--+ 3) -L-l hLtJJlJlO~1 J N- 

110x’ (23) - Compound 22 (S25 mg) wd5 deacetylatcd d5 dcscrlbed for 15, 

to gwe syrupy benzyl 2,4-d~-O-benzyl-3-0-(3-O-~-~-rhamnopyrano5yl-~-~-rlidni~io- 

pyranosyl)-a-t_-rhamnopyranoslde [620 mg, 96 S;,:, [g]o -73 5” (L 0 7, methanol)j. 

whxh was hydrogenolyzed m EtOH (30 mL) and xetlc ‘lcld (2 mL) m the presence 

of 10% Pd-C (250 mg, Fluha) for 24 h The usual processmg gave amorphous 23 

(320 mg, S2”/,), [Y]” -4s” (c 0 4, water) 

AJzaf Calc for C,,HJ20,, C, 47 36, H, 7 01 Found C, 47 50 H, 7 10 

0-r-I_-Rhntmop~ I ntloq I-(/ -+3)-o-‘X-L-I ilrIt?lrlop~ I afloJ_I /-(I -+2)-L-l J1ntmrop, IN- 
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loose (25) - By deacetylatlon as for 14, compound 24 ylelded benzyl3,4-dl-O-benzyl- 
2-0-(3-O--l-r-rhamnopyranosyl-~-L-rhamnopyranosyl)-~-L-rha~~nopyranos~de as a 
sohd foam (97% yield). [z]o -66” (c 1 0. methanol), which, upon hydrogenolysls, 

gave amorphous 25 m 56 o/0 yield [~]o -52” (c 0 5, water) 

A/ml_ Calc for CisHX2013 C, 47 36, H, 7 01 Found C, 47 45, H 7 1 I 
Benz> I 2,3_4-trr-O-benq 1-6-O- [2-Q-dt-0-acetl I- 3 - 0 - (2,3-4+-l - 0 - acer_1 I-Z-L- 

rltanmopj I ctiros~l)--A-L-rlzatIlznop_~ ranosl I]-P-D-galacrop) ranomfc (30) and 4-0-ac et_) I- 

3-O-(2,3.4-r1 r-0-acetJ I-rr-t-rltan~nopy~ anos~ I)-IJ-L-rlmtnnop~ ranose I,2-(/,2,3,4-terra- 

0-benryf-p-D-gaiactop> ranose-6-j! ot rhoacetate) (28) - A solutlon of 18 (1 2 g) 
m MeCN (8 mL) was added dropwse to a stlrred mixture of benzyl2,3,4-tn-O-benzyl- 

ji’-D-galactopyranoslde (1 11 8). HEIR (1 I g), powdered 4 A molecular sieve (3 g), 

and MeCN (IO mL) and the mixture was then sarred overmght, and processed ds 

usual Chromatography on Kleselgel H (2.50 g), wth 200 6 1 benzene-methanol- 

trsethylamme as the eluant, gave a co-chromatographmg mixture of 28 and 30 as a 
white, solrd foam (1235 mg), this was deacetylated (ZemplCn), and the product wds 

chromatographed on Kleselgel H (100 g). \\sth 200 60 1 benzene-methanol-tnethyl- 

amme, to give 3-0-x-L-rhamnopyranosyl-P-L-rhamnopyranose 1,2-( 1,2,3,4-tetra-O- 

benzyl-/3-D-galactopyranose-6-yl orthodcetate) (29) as a syrup, [~]o - 16 5” (c 1 2, 
chloroform), and benzyl2,3,Ptr~-O-benzyl-6-O-(3-O-~-~-rhamnopyranos~~l-~-~-rham- 

nopyranosyl)-p-o-galactopyranoslde (31), m p 173-I 76 O, p] o - I7 So (c 0 6, 

pyridme) Acetylatlon of 31 and 29 wth I 1 acetlc anhydnde-pyrldme gave 30 as a 

swp, Cul D -42 3” (c 0 3, chloroform), and 28 as a syrup, b]o - 15 0” (c 0 5, 

chloroform) Compounds 28 and 29 decomposed wthm a few mmutes m a methanohc 
solution of hydrochloric acid (0 01 “/u) Catalytic hydrogenolysls of 31 III ethanol 
gave 0-z-L.-rhamnopyranosyl-( 1 +3)-0-z-r-rhamnopyrano>yl-( 1 +6)-D-galactopyra- 

nose, [~]o -35 5” (c 0 25, water); ht ’ b]o --3O 6” (c 0 4, water) 

UOTE ADDED I;*! PROOF 

Compound 19 was obtamed m crystallme form by D Schwarzenbach and 

R W Jeanloz, Carboizyd Reb S 1 (19SO) 323-329 
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