
Note 

Absence of 0-formyl groups in Klebsiella polysaccharides 

Non-carbohydrate substituents, for example. ether, acetal. h’-acyl, and Cl-. 

acyl groups, are present in several polysaccharides. Previously. such groups could 

be overlooked in structural analyses. but nowadays. when ‘II- anti ’ ‘C‘-n.m.r. spec- 

troscopy are used routinely in such studies, this should no longer happen. O-For- 

myl groups have been report4 to be present in the cxtracellular- polysaccharides 

elaborated by Klrhsit~lla types K3’. KM’. and K63 I. An ester of tormic acid should 

give signals at 6 -8 in the ‘II-n.m.r, spectrum’ and at 8 .- 160 in the ‘-‘C-n.m.r 

spectrumi. In the reported ’ spectra of K63, deacetylated KS-I. and oligosac- 

charides’ prepared by enzymic hydrolysis of KS. no such signals wcrc observed. 

but signals at 6 3.7 (KM) and --5.9 (K6.1) were assigned to the protc>n of the O-for- 

my1 group and signals at 6 --I71 to the carbon atom oi this group. The formci- Gg- 

nals are in the region for anomeric protons and methine protons 011 ~tcyloxyli~ted 

carbons, and the latter arc in the region for carbonyl carbtrns of carboxyllc acids 

other than formic acid and their esters. fn making these assignments. it was ncces~~ 

sary to assume that the O-formvl groups of partially formylatcd p~~lvhvdrosy com- ” 
pounds (in solution in I>,O) give signals at totally unexpected fields. If this wcrc 

correct, O-formyl groups could have been overlooked in athcr n.m r. studies of 

potysaccharides, and we have therefore invcstipatcd this matter mm cioscl~. 

N.m.r. spectra of native K53 and K7, polysaccharidcs did not 4hoi~ any signals 
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in the regions reported as typical of 0-formyl groups, namely, 6 -8 (‘H) and -160 

(1%). 

Methyl 2-0-formyl-a-D-glucopyranoside (1) and the corresponding 3-O-for- 

my1 derivative (2) were prepared by formylation of methyl 3-O-benzyl-4,6-O-ben- 

zyhdene-cY-D-glucopyranoside7 and the corresponding 2-0-benzyl derivative7, fol- 

lowed by deprotection. In the 13C-n m r spectra of these glycosides, the signals for . . . 

the carboxyl groups appeared at 6 -165, but all other signals were close to those 

given by the corresponding 0-acetyl derivatives *. In the ‘H-n.m.r. spectra, the sig- 

nal for the formyl proton appeared at 6 8.23 (1) and 8.32 (2), respectively. The sig- 

nals for H-l and H-2 in 1 appeared at 6 5.00 (J,,Z 3.5 Hz) and 4.83 (J1,Z 3.5, J2,3 10 

Hz), and those for H-l and H-3 of 2 at 6 4.86 (J,,* 3.5 Hz) and 5.07 (J2,3 9, J3,4 9 

Hz), respectively. Thus, the 0-formyl groups in these glucosides give the expected 

n.m.r. signals, and there is reason to believe that 0-formyl groups in polysac- 

charides should behave similarly. 

The amorphous formates 1 and 2 were labile and showed rapid acyl migration 

as evident from their n.m.r. spectra. These spectra were therefore determined im- 

mediately after the deprotection of the corresponding 0-benzylated 4,6-O-ben- 

zylidene derivatives. 

Polysaccharide K54 is composed of tetrasaccharide repeating-units, and it 

has been reported that every repeating-unit contains an 0-formyl group and that 

every second repeating-unit contains an 0-acetyl group. On enzymic degradation’ 

of K54 by treatment with the host bacteriophage 054, two tetrasaccharides (3 and 

4) are therefore formed, one with, and one without, an 0-acetyl group. Both 

should contain an 0-formyl group (not represented in the formulas). 

CE-D-GlcpA-( 1-3)~c-u-L-Fucp-( 1+3)-D-Glcp 

2 4 

I t 
R 1 

/3-D-Gkp 

3R=OH 

4R=OAc 

The molecular weights of 3 and 4, assuming that each contains an 0-formyl 

group, are 692 and 734, respectively; without the 0-formyl group, the values are 

664 and 706, respectively. Fast-atom bombardment (f.a.b.) mass spectra of 3, in 

glycerol or glycerol-thioglycerol, showed an [M + H]+ ion at m/z 665 and an 

[M - HI- ion at m/z 663. The corresponding values for 4 were m/z 707 and 705. 

No signals were present at the masses expected for the formylated compounds. 

These results therefore conclusively demonstrate that 3 and 4 do not contain O-for- 

myl groups. 

From the combined evidence given above, it is evident that K54 does not 

contain 0-formyl groups and it seems likely that K2 and K63 do not contain such 
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groups either. Formic acid is formed when reducing sugars are treated with acids 

or bases. and the formic acid observed on analysis of these polysaccharides is prob- 

ably an artefact. 

EXPERIMENTAL 

General methods. - Melting points are corrected. Concentrations were per- 

formed under diminished pressure at t40” (bath). Optical rotations were measured 

at 22” with a Perkin-Elmer 241 polarimeter. For n.m,r. spectroscopy. a JEOL FX- 

100 or GX-400 spectrometer was used. Chemical shifts are reported in p.p.m. 

downfield from internal Me,Si (‘H and “C, solutions in CDCI?). downfield from 

external h4elSi (‘“C), or relative to internal acetone 6 2.23 downfield from internal 

sodium 1.1,2,2.3.3-hexadeuterio-3.4-dimethyl-4-silapentane-l-sulfonate (‘H, solu- 

tions in D,O). All spectra were obtained at ambient temperature except for the ‘H- 

n.m.r. spectrum of I, which was recorded at SO” in order to remove the water peak 

from the signal of H-2. Preparative separations were performed on columns (4 X 

35 cm) of Kieselgel60 (0.040-0.063 mm. Merck). 

F.a.b.-m.s. was carried out with a VG Analytical ZAR-HF mass spectrome- 

ter. Xenon was used as the bombarding gas and the atom gun was operated at 8 

kV. Samples were dissolved in aqueous 5% acetic acid (I~--5 /_&~L), and 1 PIL was 

loaded into a drop of glycerol on the stainless-steel target. After positive and nega- 

tive ion spectra had been acquired, 0.5 PL of thioglycerol was added and further 

spectra were obtained. The thioglycerol suppressed the glycerol cluster-ions so that 

any sample ions occurring at the same masses as the cluster ions could be observed. 

Meth~~l 3-0-hmz~1-4.6-0-henz~~lidetze-2-O-formyl-~-~~-glrrcc~~~~r~~n~~.~idt~. -- 

‘To a solution of methyl 3-0-benzyl-3,6-0-benzylidene-cu-n-glucopyr~~noside7 (372 

mg) in ether (I mL) and N,N-dimethylformamide (100 pL) was added acetic for- 

mic anhydride”’ (I mL). and the mixture was stirred at room temperature for 6 

days and then concentrated. The resulting syrup was eluted from a column of silica 

gel with toluene-ethyl acetate (2:l) to yield the title compound (305 mg, 76%). 

m.p. 82-83”, [a]$, +S7” (c 1, chloroform). N.m.r. data (CDCI,): “C. fi 55.2. 62.3. 

68.7, 72.5, 74.7, 75.X, X1.5). 97.6. 101.3, 126.0, 127.7. 128.2. 128.‘). 137.3. 138.4. 

and 160.0; ‘H. X.08 (6, -0CllrO). 

Anal. Calc. for CzrH~107: C. 66.0; H, 6.04. Found: C, 66.3: H, 6.01. 

Methyl 2-O-forrnyl-ry-D-glucc~p~runoside (1). --- Methyl 3-O-benzyl-4.6-O 

benzylidene-2-O-formyl-cu-n-glucopyranoside (64 mg) was dissolved in acetic acid 

(5 mL) and hydrogenated at 1 atm. over 10%’ PdiC (150 mg) overnight. The solu- 

tion was filtered and concentrated. to yield I (26 mg. 76%) as a syrup. N.m.r. data 

(D,(I): “C, 6 163.8 (-OC/30), Y7.7 (C-l), 73.‘) (C-2). 72.8 (C-T), 71.8 (C-3). 70.6 

(C-4). 61.6 (C-6). and 55.Y (OMe); ‘I-I, 6 8.23 (s, -0CHO). 5.00 (Ii.? 3.5 Hz. H-1). 

and 4.83 (J,,-L 3.5. J2,3 IO Hz, H-2). 

Methyl 2-0-henz~l-4,6-O-benz~lidene-3-O-f~rm~l-cY-D-Rlucope. --- 

Methyl 3-O-benzyl-4.6-O-benzylidene-cu-D-glucopyranoside (186 mg) was con- 
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verted into the title compound (140 mg, 70%), m.p. 102-103”, [a& +26” (c 1, 

chloroform), essentially as described for the 2-0-formyl derivative. N.m.r. data 

(CDCI,): 13C, 6 55.4, 62.2, 68.8, 72.0, 73.1, 77.3, 78.9, 98.5, 101.4, 126.1, 127.9, 

128.2, 128.5, 129.0,136.9, 137.5, and 160.8; ‘H, 68.14 (s, -0CHO). 

Anal. Calc. for CZ2HZ407: C, 66.0; H, 6.04. Found: C, 65.5; H, 6.06. 

Methyl 3-O-formyl-a-D-glucopyranoside (2). - Methyl 3-O-benzyl-4,6-0- 

benzyhdene-3-0-formyl-cu-D-glucopyranoside (115 mg) was hydrogenated, as de- 

scribed above for the preparation of 1, to yield 2 (41 mg, 69%) as a syrup. N.m.r. 

data (DzO): 13C, 6 165.2 (-OCHO), 100.2 (C-l), 77.6 (C-3), 72.5 (C-5), 70.3 (C-2), 

68.5 (C-4), 61.5 (C-6), and 56.3 (OMe); ‘H, 6 8.32 (s, -OCHO), 4.86 (J1,2 3.5 Hz, 

H-l), and 5.07 (J2,s 9, .T.7,4 9 Hz, H-2). 
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