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KIebskZia K36 capsular polysaccharide has been investigated by methylation, 
Smith-periodate oxidation and partial hydrolysis techniques. The structure was found 
to consist of a hexasaecharide regating unit as shown. The anomeric configurations 
of the sugar residues were determined by lH and 13C n.m.t. spectroscopy on isolated 
ohgomers obtained during the degradative studies and on the intact polysaecharide. 
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INTRoIlUCXION 

The bacterial genus Kkbsielia is divisiiile into approximately 80 different 
serotypes, which-are distinguished by the structure of their capsular polyssccharides. 
Nimmichi~2 has analyzed qualitatively the polysaceharide from each strain and 
.Heidelbe&r and Nikmich3 have summarized the structures of the c&sular poly- 
~harides t&&have ‘been determined to date. 

Many of the strains thus far examined possess capsules of different qualitative 
compositions. There are, however, several large groups of KlebsielZg bacteria that 
have capsules having the same qualitative analysis but displaying different serological 
rea&ions.,_Gne such group iucIudes the~strains of K-types K12,. K-36, K45, K55, and 

*Dedicated to the memory of Pmfkor J. L N. Jones, F.R.S. 
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K70 whose capsules are composed of the sugars D-glucuronic acid, D-gakctose, 

D-glucose, and L-rhamnose. In an attempt to explain these serological differences on 
a structural basis, this group is now being e xamined in detail, and the structure for 
K-type K36 here presented represents the first strain examined in this series. 

RESULTS AND DISCUSSION 

Composition and n.m.r. spectra. - Klebsiella K36 polysaccharide was prepared 
on an agar medium and purified by one precipitation with Cetavlon. The product had 

@ID -56”. Electrophoresis showed the material to be homogenous. 
The p.m.r. spectrum of the polysaccharide in D20 at 90” showed a sharp 

singlet at r 8.41 indicative of a pyruvate a&al’. This signal was present in 1:3 ratio 
with the methyl-group signal of rhamnose (at t 8.67). Five discernible signals were 
observed in the anomeric region, at r 4.76 (2 H, J1,z broad), z 4.98 (1 H, J1,2 2 Hz), 
5.13 (1 H, .J1,* 7Hz), 5.30 (1 H, J1,2 7.5Hz), and 5.50 (1 H, J1,2 broad). These 
chemical shifts indicate5s6 that the repeating unit contains six monosaccharide 
residues, three of which are a-linked and three #?-linked. More-precise assignment of 
these signals was achieved after studying the p.m.r. spectra of the oligosaccharides 
obtained by partial hydrolysis; see later and Table I. 

The p.m.r. analysis was confirmed by 13C n.m.r. spectroscopy of the poly- 
saccharide (160 mg/2 ml), which showed high-field peaks at 17.6 p.p.m. (rhamnose 
CHs) and 25.5 p.p.m. (pyruvate CH,); in the anomeric region only five signals could 
be distinguished, at 101.4, 101.8, 102.7, 103.9, and 105.1 p.p.m. Two other signals 
were attributable to the C-6 carbon atoms of hexoses and a further two signals, at 
173.2 and 174.2 p.p.m., were due to the carboxyl groups of the pyruvate acetaland 
the glucuronic acid. It is thus clear that ‘H and 13C spectra provide complementary 
information7. The two sets of data show the IS36 polysaccharide to be composed of 
three residues of rhamnose, two of hexose, one of uranic acid, and one pyruvate 
acetal group, and to have three CL- and three &glycosidic linkages. 

Paper chromatography of an acid hydrolysate of the polysaccharide showed 
the presence of glucose, galactose, glucuronic acid, and rhamnose. Carboxyl-reduced’ 
K36 was hydrolysed, and the presence of D-glucose, D-galactose and L-rhamnose in 
the ratio of 2:1:3 was confirmed by gas-liquid chromatography @l.c.) of their aklitol 
acetates. The configurations of the glucitol hexaacetate and rhamnitol pentaacetate, 
as determined by circular dichroism (cd.)‘, were shown to be D and L respectively, 
and that of the galactose was also determined to be D, as based on the c.d. of the 
partially methylated 2,4,6-u-i-U-methyl-D-galactitol triacetate obtained during 
methylation studies (see later). 

Methylation of original and autohydrolyzed polysaccharides. - Methylation” 
of K36 polysaccharide and subsequent reduction with lithium aluminum hydride, 
hydrolysis, derivatization as alditol acetates and g.l.c.-m.s. analysis’1*12 indicated; 
that K36 is composed of a hexasaccharide repeating unit (Table II, column I). The 
presence of a mono-O-methylrhamnose residue is attributable to a branch point, but 
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TABLE II 

hflil-HyLATIoN ANALYSIS OF ORIGWAL AND REGRADED K36 CAPSULAR WLYSACCHARlDE 

Methylated sugars” Tb Moie a%r*a 
(us aiditol acetates) 

Column A= Colmnn B’ Column Ca I II III 
(EiIEFF-IB) co v-1 7) (0 v-223 

3&Rha 0.87 0.79 0.90 16.6 17.0 20.9 
2,4-Rha 1.00 0.91 0.96 16.3 19.7 20.6 
2,3,4,6_Glc ::z 1.00 1.00 10.6 8.4 
4-Rha 1.24 1.40 16.9 20.0 19.0 
2,4,6-Gal 1.77 1.59 1.68 20.3 17.5 
2,3,4_GIc 1.77 1.59 1.77 25.0 6.2 
2,3-Glc 2.32 2.00 2.56 30.0 7.5 7.4 

*3,4-Rha = 1,2,5-tri-O-acetyl-3,4-d&0-methyl-L-rhamnitol etc. *Retention time relative to the dditol 
acetate derivative of 2,3,4,6-tetra-O-methyl-D-glucose. =I, original polysaccharide, column A; II, 
degraded polysaccharide (see text for details). column B; III, degraded polysaccharide, column C. 
dVallres corrected by using “Effective carbon response” molar-response factors13. ‘Programme; 
165” for 8 min, and then 2” per min to 200”. IProgramme; 175” for 8 min and then 2” per min. to 
210’. qrogramme; 180” for 8 min and then 2” per min to 200”. 

the absence of any terminal residue fEeeither tetra-O-methylhexose or t&O-methyl- 
rhamnose) indicates that the pyruvate .;icetal must be present on a terminal, side-chain 
sugar. 

A sample of KZebsielZa K36 pelysaccharide was autohydrolyzed at pH 2.2 
overnight. A p.m.r. spectrum of the recovered, non-dialyzable polymer showed the 
absence of pyruvate a&al and of reducing protons, consistent with a product having 
still a high degree of polymerization. In the anomeric region, the signals observed had 
the same chemical shifts as for the undergraded K36 polysaccharide, but the signal 
at T 5.13 (J1,z 7 Hz) did not integrate as a whole-unit proton; the reason for this is 
explained later. 

Methylation of this degraded material and reduction with lithium aluminum 
hydride, followed by derivatization and g.I.c.-m.s. analysis (Table II, columns II, III), 
gave a complex mixture that could not be resolved completely on any one g.1.c. 
column. Analysis of the mixture on columns of OV-17, OV-225 and HIEFF-1B 
(see Fig. 1) enabled all peaks to be resoIved. The presence of a terminal glucosyl group 
demonstrates that the pyruvate acetal is attached to this residu;: in the original 
polysaccharide. The relative molar ratios of 2,3,4-t&O-methyl-n-&cose and 
2,3,4,6-tetra-Q-methyl-D-glucose indicate that the D-gkCUr@IIiC acid residue is also 
present in the side chain, and that the terminal glucosidic bond undergoes partial 
cleavage (-40%) during the autohydrolysis; this interpretation is consistent with the 
p.m.r. spectrum. 

Periotlate oxidation. - Periodate oxidation ’ 4 of R36 polysaccharide proceeded 
rapidly with 3 mol. of periodate being consumed per mol. of repeating unit after 25 h 
(theoretical = 3 mol.). The consumption gradually increased to a value of 4.2 mol. 
per mol. of repeating -unit during a further 48 h. By p.m.r. spectroscopy of the sodium 
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TERSPERAIURE PC I 

4-GLCf 2,4,6-GAL 

175 175 185 195 205 

TEMFERATORE t% ) 

Fig. l-A.- G&c. trace (HEFF-IB) of partially methylated alditol acetates obtained from fully 
methylated Hebsiella K36 following reduction by lithium alwkmzm hydride, hydrolysis, and 
derivatisation (see text for details). Peak areas and column conditions are given in Table II. Code: 
3&Rha = 1.2,5-tri-0-acetyl-3,4&i-0-methyl-L-rhamaitol, etc. 
B. - G.1.c. trace (OV-17) of partially metbylated alditol acetates obtained from fidly metbyiated 
degraded XZebsiella K36 (see text for details). Peak areas and column conditions arc given in Table II. 
Code: same as for trace A. 

borohydride-reduced, periodate-oxidized product, it was evident that part of this 
slow increase was due to the hydrolysis of the pyruvate acetal at the reaction pH of 3.0. 

Smith hydrolysis ’ ’ of the sddium borohydride-reduced, periodate-oxidized 
product (3 mol. uptake) by using 0.5~ trifiuoroacetic acid for 16 h at room temper- 
ature, and subsequent reduction again with sodium borohydride, yielded a mixture 
that was resolved by gel chromatography @k-Gel P-4). A significantly large amount 
of polymeric material was eluted shortly after the void volume, followed by an 
oligosaccharide derivative, oligomer 1. This incomplete- hydrolysis, ~upon us&g 
trifkoroacetic acid to effect the Smith degradation, of a polyol derived from these 
capsukr polysaccharides, was observed f&St’6 during studies on KPS, -and has been 



noted subsequently1 ’ in the case of KS5 There are earlier report~‘~ on incomplete 
hydrolysis attributed to uroni~‘~*~~ acid or ester slulfatezl groups, but it is particularly 
surprising in-the three bacterial examples cited that in each instance it is an oxidized 
rhamnose residue that is resistant to the acid conditions used. 

Oligomer 1 (Ia -60”). was obtained pure and, after hydrolysis and paper 
chromatography, was shown to contain rhamnose, galactose, and glycerol. P.m.r. 
spectroscopy of 1 indicated (Table I) the presence of three nonreducing anomeric 
signals; one #%hexose signal at z 5.34 (J1,s 7.5 Hz) attributable to the D-galactose 
residue, and two further sign_als at r 5.01 (Ji,2 1.8 Hz) and 4.92 (J, .2 1.8 Hz) attri- 
butable to two a-L-rhamnose‘ groups. ’ 3C n.m.r. spectroscopy of 1 showed 21 carbon 
signals, indicating that, in addition to the three hexose sugars, a three-carbon 
fragment (glycerol) was present on the “reducing” terminus. Attempted acetolysis 
of 1 in an effort to remove the small aglycon (glycerol) preferentially22 was unsuccess- 
flu. 

Smith periodate degradation of 1 and gel chromatography of the resulting 
material yielded oligomer 2 ([aID -67”), which gave only rhamnose and glycerol on 
hydrolysis. In the p.m.r. spectrum, the only anomeric signals corresponded to two 
a-L-rhamnose anomeric protons (non-reducing), at z 4.94 (J,,, 2 Hz) and 5.03 

(J1.Z 2 Hz). Methylation analysis of 2 gave 2,3,4-tri-U-methyl-L-rhamnose and 
2,4-di-U-methyl-L-rhamnose (the volatile 1,3-di-U-methylglycerol derivative was lost 
under diminished pressure during processing). Mass spectra of fully methylated 2 by 
electron impact (e.i.), chemical ionisation (c-i.), and field desorption (f-d.) modes23 
also confirmed the presence of two 6-deoxy hexoses and a glycerol moiety. A parent 
peak at m/e 482 was obtained in the f.d. spectrum. The c.i. spectrum also gave a 
parent peak (M - 1) at m/e 481, and the origin of other major peaks in the spectrum 
is shown as follows. 

The structure of 2 is thus established as: 

cc-L-Rhap-(l~3)-c+L-Rhap-(1+2)-glycero1, 

and that of 1 as: 

/I-D-GQ-( 1+3)-C+i&ha.-( 1+3)-a-L-Rhap-(l~2)-gly0Xol . (1) 

The methylation analysis of the original and autohydrolyzed polymers 
indicates that the side chain is the disaccharide group /?-D-Glc-(1+4)-D-GlcA+ 
and it is the glucosyl group that has the 4,6-O-(l-carboxyethylidene) substitnent. It is 
thus now possible to deduce that the glycerol fragment in 1 originated from a 



Zsubsriruted rAkimnose residue. Hence. the backbone of-K36 ik+ e&%&Eshed as: 

Attduxent of side chk - Zfaving determined the sequence of the -t&a- 
saccharide backbone, the nature of the side- chain, and that the- sugar on- which 
branching occurs yields 4-U-methyl-L-rhamnose in the methyl&ion analysis, the only 
remaining probkm is to idenG@ which oFtBe diree rhzknose residues constitutes the 
branch point_ This was achieved by examination of the products of partial hydrolysis. 

Characterization of oligosuccharides from par fia! hydrdysis. - Pa&d hydrolysis 
of K36 polysaccharide (2~ trifluoroacetic acid, 3 h, 95”) and separation of acidic and 
neutral components by ion exchange yielded a mixture of acidic oligomers that were 
separated by gel-permeation chromatography @o-Gel P-4). Three pure oligomers 
(3,4, 5) were obtained in decreasing quautities. 

Compound 3, [aID - 12’ was shown by ‘H and 13C n.m.r. spectroscopy (see 
Table I) to contain one nonreducing, &anomeric signal and two reducing 
anomeric signals attributable to a kieoxyhexose. Methylation, reduction with 
lithium ahuninum hydride, hydrolysis, and g.1.c. of the al&to1 acetates gave 2,3,4-t+ 
U-methyI-D-gfucose and 3&di-O-methyl+rhamnose. The structure of 3 in thus 
estabiished as: 

~-~-Gk&-(l-+2)-~-Rhap . (3) 

Compound 4, [& -31.3”; p-m-r. (see Table r) indicated in the anomeric region the 
presence of one nonreducing j?-glycosyl signal, one nonreducing c+glycosyl signal, 
and two signals due to a reducing 6-deoxyhexose- Methylation of 4 and subsequent 
reduction with lithium aluminum hydride, hydrolysis, and derivatisation as alditol 
acetates gave 2&h-O-methyl-L-rhamnose, in addition to the two components 
obt&ned from 3. Compound 4 is therefore established as: 

/I-D-GlcAp-(1+2)-a-L-Rhap-(I -+3)-r,-Rhap . (4) 

Compound 5 was obtained in only very small quantity. P.m.r. (see Table I) 
indicated the presence of two nonreducing, /I-anomeric signals, one nonreducing, 
cr-anomeric signal, and two signals attributable to a reducing 6-deoxyhexose. 
Methylation anaIysis (as described for compounds 3 and 4) yielded 2,3,4,6-tetra-0- 
methyl-D-glucose, 2,3-di-O-methyl-D-glucose, 2,3-d&O-methyl-L-rhamnose, and 3,4- 
di-U-methyl-L-rhamnose in equal proportions. Having established the structure of 4 
it is possible to assign the structure of 5 as: 

/I-D-Glcp-(1 -+&D-Gfc&-(l +2)-c+L-Rha~-(l+3)-L-Rbap . (3 

Partial hydrolysis of K36 with 0.3~ triffuoroacetic acid for 3 h at 95” was also 
performed. After separation of acidic and neutral components, &acidic components 
were separated by gel-permeation chromatography. Successful resohttion over the 
entire range of ohgomers, that is, resid;ual polymeric material to mcnomers, was not 
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achieved initially but, after rernokti of most ~polymeric” fractions and re-cbromato- 
graphy of the smaller oligomers @So-Gel P-4), good separation was achieved. In 
ad&tion to compounds 3 and 4, a small amount of another oligomer 6 was obtained. 

The p.m.r. spectrum of 6 indicated the presence of six sugar components. 
Reduction of 6 with NaBD, and subsequent methylation gave two components 
(RF 0.73 and RF 0.57) that were separated on silica gel (928 ethyl acetate-ethanol). 
The component having rZ, 0.73 was analysed and established as being identical to the 
permethylated derivative of 5. 

The compound having RF 0.57 was analysed similarly and yielded 2,3:ttri-O- 
methyl-r@ucose, 2,3,4,6-tetra-0-methyl-D-@lactose, 4-0-methyl-L-rhamnose, and 
1,2,4,5-tetra-O-methyl-L-rhamnitol. Again, the latter component was monodeuterated 
at C-l. The structure of this component (6b) is therefore shown to be: 

/3-D-Ga@(l +2)-a+Rhap-( 1*3)-~-Rhap 
3 

t 

/3-r&+ . 
6-W 

Hence the isolated oligomer 6 was not one pure hexasaccharide as originally thought, 
but was a mixture of two tetrasaccharides that coeluted in gel-permeation chromato- 
graphy and had identica$R, values on paper chromatography with the two solvent 
systems used. 

The isolation of five different, yet compatible, oligomers from KlebsieZZa K36 
is in agreement with the structure shown. On partial acid hydrolysis the cleavage 

-3,~,+o-GoFtl-3)-CM-Rho-(1 -3)~Cf-c-Rho-(1-e3)-Oc-L-Rho-(l-m.9 

t 

2 

1 
f+GlcA 

1 
4 

pattern of this polysaccharide is markedly inlluenced, as indicated by the very low 
yields of any oligomers having the galactosyl bond intact, by the lability of the 3- 
linked galactosyl bond. 

Of the IUebsieZZa structures known to this time, K28, having a six-sugar repeating 
unit with a 2-unit side chain of a terminal glucose and a nonterminal glucuronic acid 
residue24, is the closest analogue to K36. 
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Zsnbstituted L-rhamnose residue. Hence. the backbone of K.36 is established as: 

-+3)+1&p-(1 43)-a-L-Rhap-(l +3)-ar-~-Rhap_fl +~)s_L-Rha& -. 

Attachment of side chain. - Having determined the sequezs~ of the tetra- 
sac&&de backbone, the nature of the side chain, and that the sugar on which 
branching occurs yields 4-O-methyl-L-rhamno& in the methylation analysis, the only 
remaining problem is to identify which of the three rhamnose residues-constitutes the 
branch point. This was achieved by examination of the products of partial hydrolysis; 

Ckaracterization of o2~~osacckaride.s from partid kydroiysk. - Partial hydrolysis 
of R36 polysaccharide (2nr trifluoroacetic acid, 3 h, 95”) and separation of acidic and 
neutral components by ion exchange yielded a mixture of acidic oligomers that were 
separated by gel-permeation chromatography (Bio-Gel P-4). Three pure oligomers 
(3, 4, 5) were obtained in decreasing quantities. 

Compound 3, [c& - 12” was shown by IH and 13C n.m.r. spectroscopy (see 
Table I) to contain one nonreducing, j?-anomeric signal and two reducing 
anomeric signals attributable to a 6-deoxyhexose. Methylation, reduction with 
lithium aluminum hydride, hydrolysis, and g.1.c. of the alditol acetates gave 2,3,4-t& 
U-methyl-D-glucose and 3,4-di-U-methyl-L-rhamnose. The structure of 3 in thus 
established as: 

B-D-GkAp-(1 -+2)-L-Rbap . (3) 

Compound 4, [&, -31.3’; p.m.r. (see Table I) indicated in the anomeric region the 
presence of one nonreducing &glycosyl signal, one nonreducing cr-glycos~l signal, 
and two signaIs due to a reducing 6-deoxyhexose. Methylation of 4 and subsequent 
reduction with lithiurr aluminum hydride, hydrolysis, and derivatisation as aiditol 
acetates gave 2,4-di-0-methyl-L-rhamnose, in addition to the two components 
obtained from 3. Compound 4 is therefore established as: 

/l-D-Gk&-(l +2)+-L-Rhap-(l-*3)-L-Rhap . (4) 

Compound 5 was obtained in only very small quantity. P.m.r. (see Table I) 
indicated the presence of two nonreducing, /?-anomeric signais, one nonreducing, 
a-anomeric signal, and two signals attributable to a reducing 6-deoxyhexose. 
Methylation analysis (as described for compounds 3 and 4) yielded 2,3,4,6-tetra-O- 
methyl-r%glucose, 2,3-di-U-methyl-D-glucose, 2,3-di-O-methyl-L-rhamnos, and 3,4 
di-O-methyl-r_-rhamnose in equal proportions--Having established the structure of 4 
it is possible to assign the structure of 5 as: 

/%r&lcp-( 1-+4)-j?-D-GlcApjl-+2)-a--Rhap-(l+3)-?.-Rhap . (5) 

Partial hydrolysis of K36 with 0.3~ tr&xoroacetic acid fork 3 h at 359 w&s also 
performed. After separation of acidic and neutral components, the acidic components 
were separated by geI-permeation chromatography. Successful resolution -over the 
entire range of oiigomers, that is, residual polymeric material to mtinomers, wasnot 
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for 6 h at 30,000 r.p.m. in a Beckman T4 zonal rotor. After this time, the clear super- 
natant was separated and concentrated to -400 ml. Crude polysaccharide, obtained 
by precipitation into ethanol (2 l), was redissolved in 400 ml of water, precipitated 
with 10% Cetavlon, redissolved in 4M sodium chloride (500 ml) and then dialysed 
against tap water overnight. Lyophilization of t&is solution yielded 10 g of the 
polysaceharide, [a],, -56” (c 3.4, water). 

CarbovI reduction of the natit’e polysaccharide. - A sample of the poly- 
saccharide was reduced by the procedure of Taylor and Conrad’. Two treatments 
were required to achieve complete reduction, as estimated by titration. 

Sugar and methylation anaZy& of naritre po1ysaccharide. - Hydrolysis of a 
sample (20 mg) of carboxyl-reduced K36 with 2~ trifluoroacetic acid overnight at 95’ 
and subsequent derivatisation of the liberated monosaccharides as alditol acetates 
gave L-rhamnitol pentaacetate, galactitol hexaacetate (m-p. 16S”), and D-glucitol 
hexaacetate (m.p. 99”) in the ratio of 2.98:1.00:2.01 (Column D; programmed at 120” 
for 8 min and then at l”/min to 200”). Circular dichroism of the rhamnitol penta- 
acetate showed e%rf:” - 1.12 and the glucose hexaacetate .E~~~~ + 1.83. Circular 
dichroism of 2,4,6-tri-O-methyl-o-galactitol triacetate, obtained by total hydrolysis 
of methylated K36, was shown to be positive. Methanolysis of K36 polysaccharide 
overnight in refluxing 3% methanolic hydrogen chloride yielded methyl a-L-rhamno- 
pyranoside (m-p. 108-I 10”). 

Methylation of K36 under the Hakomori conditions, followed by subsequent 
Purdie26 treatment, yielded a product that showed no hydroxyl absorption in the 
i-r. spectrum. This material was reduced overnight with lithium aluminum hydride in 
refluxing tetrahydrofuran and, following hydrolysis with 2~ trifluoroacetic acid for 
8 h at 95”, the mixture was reduced with sodium borohydride and then acetylated. 
G.1.c. (column A; programmed at 160” for 4 min and then at I” per min to 190”) and 
m.s. of the collected components allowed the assignments given in Table II, column I. 

Methyiation analysis of degraded polysaccharide. - Autohydrolysis at pH 2.2 
for 16 h at 95” gave a very soluble polymer from K36 which, after dialysis overnight 
against running tap-water and subsequent lyophilization, was examined by p.m.r. 
(D,O, 90”). The degraded material was methylated and subsequently reduced 
overnight with lithium aluminum hydride in refluxing tetrahydrofuran. Hydrolysis, 
reduction, and acetylation, as performed on the native polysaccharide, followed by 
g.1.c. analysis, showed the presence of seven components (see Table I, columns II and 
In). A column of OV-17 (column B; programmed at 170” for 4 min and then at 
l”/min to 190’) achieved complete separation of 2,3,4,6-tetra-O-methyl-D-glucose 
and 2,4-di-O-methyl-r_-rhamnose, and the separation of 2,3,4-t&Q-methyl D-glucose 
and 2,4,6-tri-O-methyl-D-galactose was achieved on OV-225 (column C; programmed 
at 170” for 8 min and then at 2” per min to ZOO’). 

Periodate oxidation. - Capsular polysaccharide (1 g) was dissolved in 250 ml 
of a solution of sodium periodate (0.05~) and sodium perchlorate (0.2~)~‘: The pH 
of this solution was 2.7. The solution was kept in the dark at 4’. After 20 h, 3 mol. 
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of periodate per repeating unit had been consumed (theoretical = 3), rising to 4.5 mol. 
after 172 h. 

Following the addition of ethylene glycol (2 ml) after 25 h, reduckon with 
sodium borobydride, dialysis, deionisation, lyophilization, and removal of borate, 
the product was hydrolysed (0.5~ trifluoroacetic acid) overnight at room temperature. 
After removal of the acid and subsequent reduction with sodium borohydride, the 
material (2 x 175 mg) was applied to the top of a Bio-Gel P-4 column (2.5 x 120 cm). 
Elution with water gave a range of polymeric products appearing soon after the void 
volume (Blue Dextran), followed by pure oligomer 1, which had RGlc 1.0 (solvent A). 

Oligomer 1, 35 mg, had [LY]~ -60.7” (c 2.5; water) and was examined both by 
p.m.r. (D*O, 90”) and ‘jC n m.r. . spectroscopy. Hydrolysis of l(O.5kI trifiuoroacetic 
acid, 4 h, 95”) showed by paper chromatography the presence of galactose, rhamnose, 
and glycerol. 

Beriodate oxidation of 1(12 mg) with 0.05M NaIO, overnight at 4” and subsequent 
addition of ethylene glycol, reduction with sodium borohydride, Smith hydrolysis 
(0.5~ trifluoroacetic acid overnight at room temperature), and reduction with sodium 
borohydride yieided material that was applied to the top of a Bio-Gel P-4 column 
(2.5 x 120 cm). Component 2 was isolated (4 mg) having RGIC 0.73 (solvent A) and 
frlo -67” (c 0.35, water). P.m.r. spectroscopy of 2 showed anomeric signals at 
z 4.94 (1 H, Ji,t 2 Hz) and 5.03 (I H, JI,2 2 Hz). Hydrolysis of a small portion of 
oligomer 2 gave only L-rhamnose and glycerol by paper chromatography. Methylation 
of 2 yielded 2.5 mg of the permethylated derivative having RF 0.38 on t.1.c. (ethyl 
acetate). M.s. ofthis derivative in the f-d. mode gave major peaks at m/e 481,482,483, 
and 484 corresponding to M - 1, M, M + 1 and M +2, respectively. Chemical 
ionisation (methane) m-s. of this same derivative gave a spectrum that showed, 
among other peaks, the following fragments (relative intensities in parentheses): 
88 (11), 99 (12), 125 (27), 127 (29), 129 (lo), 149 (lo), 159 (11), 189 (lOO), 190 (12), 
205 (491,233 (9), 363 (49), 364 (IO), 391 (18), and 481 (2). The peak at 391 is attributed 
to an impurity (dioctyl phthalate). Hydrolysis of the permethylated derivative of 2 
(2~ trifluoroacetic acid, 6 h, 90°) and subsequent derivatisation yielded 2,3,4-tri-U- 
methyl-L-rhamnose and 2,4-di-O-methyl-L-rhamnose in equal amounts. The dimethyl 
glycerol fragment was too volatile to be isolated during processing. 

Partial IrydroIysb of polysaccharide. - K36 (1 g) was hydrolysed for 3 h at 95” 
in 2~ trifiuoroacetic acid. After removal of the acid by evaporation of several portions 
of water from the product, the mixture was neutralised with sodium hydroxide and 
then applied to the top of a column (2 x 20 cm) of Dowex l-X.2 (formate form). The 
column was then washed with 11 of distilled water. The acidic components were 
eluted with IO% formic acid and, after evaporation to dryness, the residue weighed 
350 mg. Paper chromatography (solvent B) showed that no neutral monosaccharides 
were present in the mixture. 

Gel chromatography (Bio-Gel P-4; 2 x 175 mg) of the neutral&d (sodium 
hydroxide) oligomers did not give g,ood separation of the mixture of components. 
Selected fractions containing small oligomers were rerun (Bio-Gel P-4), yielding pure 
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yielded, in addition to components 3,4 and 5 (above), a coniponent 6 (8 mg; R& 0.64, 
solvent A) that was initially thought to be a hexasaccharide from its p.m.r_ spectrum. 

Compound 6 was reduced with LiBD4 and-then methylatedi-Two components, 
having RF 0.73 (compound 6a) and RF 0.57 (compound 6h) in t.1.c. (92:s ethyl 
acetate-ethanol) were obtained. Column Separation on silica gel yielded 6a (4.5 mg) 

and 6b (2.5 mg). 
Reduction of 6a with lithium aluminum hydride jn tetrahydrofuran gave a 

compound having RF 0.37 (t.1.c. 2:l chloroform-acetone). Sequential hydrolysis, 
reduction, acetylation, and g.1.c. separation (Column B) showed 6a to be identical to 
permethylated compound 5. G.1.c. and g.l.c.-m-s. gave the alditol acetates cor- 
responding to 2,3-d&U-methyl-D-glucose, 2,4-d&U-methyl-L-rhamuose, and 2,3,4,6- 
tetra-O-methyl-D-glucose, together with 3-O-acetyl-1,2,4,5-tetra-O-methyl-~- 
rhamnitol (some of the latter component, monodeuterated at C-l, was lost during 
derivatisation.) 

Reduction of 6b with lithium alumiuum hydride in tetrahydrofuran gave a 
component with RF 0.30 (t.1.c. 2:l chloroform-acetone). Sequential hydrolysis, 
reduction, and acetylation, followed by g.l.c./g.l.c.-m.s. (Column A) gave peaks 
corresponding to the alditol acetates of 2,3,4-t&O-methyl-D-glucose, CO-methyl-L- 
rhamuose, and 2,3,4,6-tetra-O-methyl-D-galactose, together with 3-O-acetyl-1,2,4,5- 
tetra-O-methyl-r_-rhamnitol. The ratio of the four components was l:l:l:OS, with 
50% of the volatile tetra-O-methyl-L-rhamnose derivative, monodeuterated at C-l, 
being lost under vacuum during isolation. Compound 6b is thus the permethylated 
derivative of the tetrasaccharide shown. 

D-C&(1-+3)-L&ha-( l-+3)-L-RhamQitOl 

T 
2 

1 

D-GlcA 

Analysis of the p.m.r. spectrum of compound 6 (taking into account that the 
p.m.r. spectrum of compound 5 has already been obtained) allowed the assignment 
(as shown in Table I) of the resonances and linkages of this branched tetrasaccharide. 
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