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ABSTRACT

The title compounds, required for the identification of structural features of the Borderella pertussis
endotoxin, have been synthesised by condensation of benzyl 3-O-benzyl-2-deoxy-f-L-erythro-pentopyrano-
side with 2,3,4,6-tetra-O-benzoyl-z-D-mannopyranosyl bromide and with 4,6-di-O-acetyl-2,3-O-carbonyl-
a-D-mannopyranosyl bromide, respectively, thus affording the fully protected - and f-linked disaccharides
7 and 12. Hypoiodite oxidation of the reducing disaccharides 9 and 14, obtained by conventional deprotec-
tion of 7 and 12, yielded the title compounds.

INTRODUCTION

Endotoxic lipopolysaccharides are major constituents of the outer membrane of
Gram-negative bacterial cells. The hydrophilic (side chain + core) and hydrophobic
(“Lipid A”") domains of these macromolecules (2-20 kDa) are joined by the glycosidic
bonds of 3-deoxy-D-manno-oct-2-ulosonic acid (Kdo). In lipopolysaccharides of many
Enterobacterial endotoxin preparations, O-5 of one of these Kdo units is substituted by
L-glycero-a-D-manno-heptopyranose. For S. minnesota (Family Enterobacteriaceae)
R-type mutants, the x-anomeric configuration of this heptose has been demonstrated by
its cleavage with jack-bean a-p-mannosidase’, and, for Proteus mirabilis R-type muta-
nts’, by its resistance to treatment with CrO, (which destroys f-pyranosides**). The «
configuration has been assigned® to the L-rhamnose (6-deoxy-L-mannose) substituent of
Kdo’® in lipopolysaccharides of endotoxin preparations of certain E. coli K-12 strains
because, in the n.m.r. spectrum, J.,,, was 174.08 Hz’. In lipopolysaccharides that
make up the Bordetella pertussis (Family Pseudomonadaceae) strain 1414, 100, and 134
(ref. 10) endotoxin preparations, the glycose sequence proximal to the hydrophobic
domain was shown to be the following hexasaccharide'"}.

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.

¥ Chemistry of Bacterial Endotoxins, Part 7. For Part 6, see ref. 1.

+ The tentative structure, compiled'* from oligosaccharide fragments obtained by acid hydrolysis, proved to
be in error.
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However. it was not feasible to determine by n.m.r. spectroscopy whether the 1-g/yeero-
p-manno-heptopyranose linked to Kdo was o or ff because of overlapping signals in the
PO TH-coupled spectrum. In the "H-n.m.r. spectrum of the hexusaccharide, o), forone
of the heptoses was at 53.08 p.p.m., with the other at 5.54 p.p.m. In the lipopolysaccha-
rides of the B. pertussis endotoxin preparations, the heptose residue attached to Kdo s
substituted in posttions 3 and 4: hence, it affords mannose when treated sequenually
with periodate and borohydnde. Under the sume conditons, the terminat Kdo unit is
transformed into 2-deoxy-i -ervefro-pentonic acid. [t follows thar oe of the ttle

i

compounds should be present amongst the fragments produced by smith degradation
of the 1solated polysaccharide chams, Accordingly, these disaccharides were syn-
thesised. Comparison of the o, values for the disacchuride solated from the 8.
periissis endotoxin (0, S.05) (ref. 13) and for the syonthetic compounds deserbed

i-d
71 >

herein [4,, 0 7 anomer. 5.00 ppan. (/. 1702 H fanomer, 481 popon O
159.5 Hr) establishes that the natural preduct is the x anonmer

In many lipopolysaccharides, O-3 of the hepiose residue attached to -5 of Kdo s

e

substituted. Consequenty. Smith degradation of the isolated polvsacchande chaimns can
be expected to produce one of the title disaccharides. The oy, valuc. cusily deternyined
with very small amounts of mutenial, of the mannosyl-pentonie wcid present should
allow unequivocal identification ol the chirality of the anomeric cenire of the corre-
sponding heptose residue. At “ambient” temperatures. the signal for H-17 of the
p-p-mannose residue pracucatly comerdes with that of HDO, bur the two signals are
well separated at 303 K.

RESULTS AND DISCUSSION

It was considered that benzyl 3-O-benzyl-2-deoxy-f-L-crithro-pentopyranoside
{(5) would be a suitable aglycon for condensation with an appropriate mannosyl
derivative. since. after deprotection of the mannosyl mowety of the resulting fully
protected »- and f-linked disaccharides and debenzylation of the deoxyvpentopyrano-
side moiety, the reducing disaccharides thus obtained should be cusily oxidised 1o give
the title compounds. Consequently, compound 5 was synthesised as follows. Benzyl
4.6-O-1sopropylidene-fi-1 ~arabmopyranoside (1), prepared by o route different from
that described™, was deoxveenated by treutment with tribuivitin hvdrde™ of fts -
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phenylthiocarbonyl'® ester 2. Removal of the isopropylidene group from the resulting
2-deoxypentopyranoside 3 afforded benzyl 2-deoxy-f-L-erythro-pentopyranoside (4). It
was expected that benzylation of the stannylene derivative of 4 under the conditions
described by David et al.'” would lead regiospecifically to the equatorial 3-O-benzy!
derivative, but a mixture { > 90% yield) of the 3- and 4-benzyl ethers S and 6 was actually
obtained. These compounds were separated by chromatography and identified from the
"H-n.m.r. spectra of their acetylated derivatives. In refluxing toluene, benzylation was
relatively rapid, and the ratio of 3- to 4-benzyl ether formed was ~1.1:1. Reducing the
temperature of the reaction by performing it in boiling benzene slowed it down by a
factor of ~2, and only increased this ratio to ~ 1.5:1. Condensation of 2,3 4 6-tetra-0-
benzoyl-a-D-mannopyranosyl bromide® with the 3-O-benzyl derivative 5 in the pre-
sence of silver trifluoromethanesulphonate and tetramethylurea' gave exclusively the
fully protected a-disaccharide 7. No f derivative could be detected in the isolated (50%)
compound. Saponification of the benzoyl groups afforded the benzyl 3-O-benzyl dis-
accharide 8 from which the unprotected disaccharide 9 was obtained by hydrogenolysis.
Oxidation of 9 by the classical hypoiodite method (¢f. ref. 21) afforded the «-D-mannosyl
acid 10.

The corresponding f-D-mannosyl acid 15 was prepared using a more recent
modification® of a relatively old method® in which 4,6-di-O-acetyl-2,3-O-carbonyl-a-
p-mannopyranosyl bromide™ (11) was condensed with the 3-O-benzy! derivative 5 in
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the presence of silver oxide. Removal of the acetyl and carbonyt groups trom the fully
protected f-disaccharide 12 gave the ff analogue 13 (8, 4.65) of 8 (v, 4971 The
unprotected f~disaccharide 14(a¢,, , 4.07) was obtained from 13 in the same way as the

y-disaccharide 9 (0, 4.87) was pxq)(md from 8. and oxidation of 14 to the ff-p-
mannosylacid 154, , 4.81)was performed by the method used for the conversion ol 9

into 10 {3, 5.06}.
EXPERIMENTAL

Evaporations were carried out under reduced pressure at 40 . M.p.s were deter-
mined on a Kofler hot-plate and are uncorrected. Optical rotations were dclcrmincd
with a Perkin Elmer model 141 polarimeter. Except where menvoned. all Henomor
spectra were recorded on a Bruker A.CL 200 spectrometer. using (et \mc,lh\l\ll e as
internal standard. Detatled assignments of the resonances of the fully protected di-
saccharides 7 and 12 were ohtained by COSY and COSY-DMQ wehnigues, res pu
tvely., T.heo was performed on sthica gel (60 F .o on alunnnmum foil. Mereky
compounds were located by spraying with sulphuric acid and heating oo @ hot p}:m\
Column chromatography was performed on silica gel (Merck 660 780 230 mesh).

Benzvl 4.6-O-isopropyiidene-fi-i-arabinopyranoside (1), 2-Methosypropene

(1125 mL) was added dropwise to a cooled (10 ), stirred mixture of benzyl fi-o-

N

arabinopyranoside™ (13,5 gy 1ddioxane (200 mL), unhvdrous p-tolucnesulphonic
acid (843 mg). and dnhdmm copper sulphate (3 g),man atmos whcrc of argon. and the
mixture was alfowed to wttam room temperature. When v (81 eyvclohesane ELOAC)
showed the absence of starting material, the mixture wus d tuted with etherdl. 2 Toand
filtered. The solution was \\‘;é‘«‘}k‘(i with cold, saturated ugueous NaHCO ?hcz‘s with i
cold, saturated solution of NaCh und dricd (NSO ) Solvents were removed, feaving a

thick syrup (14.7 2) which was sufficiently pure for the following step L}I Weosyrup

obtained trom a small-scale prcp;xm[mn (2.4 v of henry! giveosidey wis purilied by
column chromatography (21 » 4. 5em)(solventasfor t.Leyto eiveervstalline 12,10 ¢
70 mp. 57 58 (i mup 3989 5]
Benzvl 3. 4-O-isopropylidene-2-O-phenylihiocarbony i<t -arabinopyranoside (2).
Pheoyl chlorothionocarbonate (11 mLy was added dropwise to a sturred solution of
the above svrup (14.7 g) in freshily distilled (PO CH.CL (6530 mi ) and anhvdrous
pyridine (87 mL) cooled to 00 under argon. The mixture was wllowed 1o attam room
temperature and left overmight. when t.he (1:2 EtOAc cvclohevane) showed the reac-
tion to be complete. The mixture was difuted with CH.CL (1 1 washed with cold v
HCL cold. saturated aqueous NaHCO,, e water, and saturated agueous NaCl and
dried (Na,SO,). Solvents were removed and the residue was purificd by coluwmn chroma-
tography (43 « 8.2 cm) (solvent as for t.Lc), Combined impure fractons were repur-
ified on another column (30 - 3em). Solvents were removed to give 2as i hard ofl (18,5
g 85%0, [x], 4 197 (¢ Lchhn‘oim‘m) H-N.m.r. dellu(( D( l.’ SO0 T9and 0992 s cach
3 H.CH,) 350 (d, 2 B H-50.8b), 3725 (brs, T HLUJ . = J.: o =1 2 Ha Hedy,
?‘975((1(1.211.1 125Hz 1 Hof CH.Phand J,. 8./, (v H/ H—w $200d T HO /125 Hy
CH.Ph).4.65(d. 1 H.J , 23 Hz H-1). 485 (dLL | H. H-2). 645085 (m. 10 H. 2 Ph)
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Anal. Cale. for C,H,,0,8 (416.5): C, 63.44; H, 5.81. Found: C, 63.33; H, 5.93.

Benzyl 2-deoxy-3,4-O-isopropylidene-f-1.-erythro-pentopyranoside (3). — Tribu-
tyltin hydride (10.8 mL) was added to a solution (obtained by sonication) of 2,2-azobis-
(isobutyronitrile) (AIBN) (1.1 g) in anhydrous toluene (70 mL), and the mixture was
added in an atmosphere of argon to a solution of syrupy 2 (5 g) in toluene (250 mL)
which was stirred and heated in an oil bath at 120°. When t.l.c. (1:2 EtOAc—cyclohex-
ane) showed the reaction to be complete ( ~ 1 h), the solution was cooled and solvents
were removed. The residue was extracted with hot CH,CN (3 x 150 mL). The
combined, cooled extracts were washed with hexane (4 x 150 mL), and the hexane
washings were extracted with CH,;CN (50 mL). The combined CH,CN extracts were
concentrated to dryness, to give 3 as an oil (3.9 g). A sample, purified by column
chromatography (solvent as for t.1.c.), had [],, + 111°(c |, chloroform). '"H-N.m.r. data
(CDCly): 6 1.36 and 1.525 (25, each 3 H, 2 CH,), 1.875(ddd, 1 H, J,, , 5, J,,, 6, /5, 5 14
Hz,H-2a),2.175(ddd, 1 H, J,,, = J,, 5 = 5, /5,5, 14 Hz, H-2b),3.76/(dd, 1 H, J,, , 2, J, 5,
12 Hz, H-5a), 3.925 (dd, 1 H, J,,, 2.5 Hz, H-5b), 4.16 (m, 1 H, H-4), 4.47 (m, 1 H, H-3),
4.50 and 4.79 (2 d, each | H, J 12 Hz, CH,Ph), 4.99 (dd, | H, H-1), 7.14-7.37 (m, 5 H,
Ph).

Anal. Cale. for C,;H,,0, (264.325): C, 68.16; H, 7.63. Found: C, 68.05; H, 7.45.

Benzyl 2-deoxy-f-L-erythro-pentopyranoside (4). — The preceding syrup (3, ~ 3.9
g) was dissolved in a 0.5M solution of trifluoroacetic acid in 8:2 CH,;OH-H,0, and the
mixture was kept at room temperature. When t.l.c. (1:1 EtOAc—cyclohexane, then
EtOAc) showed hydrolysis to be complete, the mixture was poured onto a stirred excess
of dry Amberlite IR-45 (HO ™) resin. When the mixture was neutral, the resin was
filtered off and washed with 8:2 CH;OH-H,O. The filtrate was concentrated to dryness
and the residue was purified by column chromatography (40 x 3 cm) (EtOAc).
Crystalline 4 (1.35 g) (EtOAc) had m.p. 104-105°, [a], + 171° (¢ 1, chloroform); lit.** for
the enantiomer, m.p. 106-107°, [¢], — 174" (chloroform).

Anal. Cale. for C,H O, (224.26): C, 64.27; H, 7.19. Found: C, 64.22; H, 7.26.

Benzyl 3-O- and 4-O-benzyl-2-deoxy-f-L-erythro-pentopyranosides (S and 6). —
(a) A mixture of 4 (0.9 g, 4.02 mmol) and dibutyltin oxide (1 g, 4.02 mmol) in anhydrous
toluene (120 mL) was boiled under reflux for 16 h with continuous removal of water.
The resulting solution was concentrated (to ~ 100 mL), tetrabutylammonium bromide
(1.295g,4.02 mmol) and benzyl bromide (1 mL, 8.44 mmol, 2.1 mol. equiv.) were added,
and the mixture was boiled under reflux for 4 h, after which time t.l.c. (1:1 EtOAc-
cyclohexane) showed the reaction to be complete. The solution was cooled and concen-
trated to dryness, and the residue was submitted to column chromatography (33 x 2
cm) (solvents as for t.l.c.). The 4-O-benzyl derivative 6 (0.59 g, 47%), which was eluted
first, had m.p. 108-109°, [«], +141° (¢ 1, chloroform). 'H-N.m.r. data: (CDCL): 6 1.9
(m, 2 H, H-2a,2b), 2.21 (d, 1 H, J 8 Hz, HO-3), 3.57 (m, 1 H, H-4), 3.78 (m, 2 H,
H-5a,5b),4.08 (m, 1 H, H-3),4.57 (m,4 H, 2 CH,Ph),4.935(t, 1 H,H-1),7.27and 7.30(2
m, 10 H, 2 Ph).

Anal. Calc. for C,,H,,0, (314.385): C, 72.59; H, 7.05. Found: C, 72.45; H, 6.91.

'H-N.m.r. data (CDCI,) of acetylated (acetic anhydride—pyridine, 40°, 6 h) 6: 0
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1.80(m, 1 H.H-2a), 1.96{(s. 3H. Ac).2.2(m, [ H,H-2b),3.64(m, | H. H-4), 2.73(m, 2 H.
H-54.5b), 4.52(m. 4 H. 2 CH.Ph). 496([ TH.OH-D.522m T H H-3. 725 m, 10HL 2
Ph).

Eluted second was the 3-O-benzy] derivative 5 (0.066 g 52%), mup. 7475 =},
+124° (¢ 1. chloroform). "H-N.m.r. data (CDCL): 6 1,96 (m. 2 H. H-2a.2b). I 4(x.
OII).»,78 (m. 2 HF-5a.5b0 388 (m. 2 H O H-3 4, 4523 m 4 H.2CH.PhL 496001
H-1). 7.26 (m, 10 H, 2 Ph

Anal. Cale. for € H O, (314,385 €, 72590 HL 7.00. Found: €L 7257 HL 698

"H-N.m.r. data (CDCLy of acetvlated 5: 3 1.9 2.0 gm. 2 HL H-20.2by 208 (5. 3 H.
Ac), 374 (m. 2 H. H-32.58), 4.04 (m. | }I H-3) 4:,») (m.d B2 CHPhL 499 50 T HL
H-1). 5. "6( T H,H-43, 722 uand 7.26 (25, 10 H, 2 Phy. Ratio 8:6 ~ 1001

{h} The reaction described in {«) was rcpcalu, with the benzyl vl\,\\mdg (L33 g
and the corresponding molar proportions of reactants. hut the solvent used wus
anhydrous benzene. The time needed for complete reaction was ~ 9 hoand 6 (ed4d g
34.6%0 and S1.09 g 3R &% were then solated as in (ar Ragio 3:6 ~ 1301

Benzvi 3-O-henzyl-2-deoxy-4-03-1 2 3 4 (ﬁ«l(':’)"!-()wf?("}?“rii‘;’iv]m?‘zmi.‘iuﬂ),‘u]) ranosyi-

f-i-ervihiro-pentopvranosiie (75 - A solution of 2 34 6-tetr-O-henzovi-z-D-manno-
pyranosyl bromide”™ (282 g S8 mmol. 2 mol. equiv.) in tmsh@ disty lcd (PO

CH,CICHCH20 mL) was added dropwise. inan atmmxph‘.h of argon. over g pertod off
2h toamixture of the I-benrvl dervitive S¢0.91 g, 3 mmoli tetramethylurea ¢ 1.04 mL.
4 { ™

8.7 mmol. 3 mol. equiv.y, and anhydrous stlver mﬂunrmnuh mesuiphonate {147 g3 72

mmol. 2 mol. equiv.) in CH.CICHCL (13 mbL), which was stirred under argonin an ot

bath at 40 unul t.he (1:2 FtOAC s;\«'clwhcnuau showed the reaction 1o be complete
{~ 16 h} Pyndine (2.5 mij was added to the wo]cd mixture, which was then diluted
with CH.CL (30 mLjyand filtered through a bed (7 ey of sifica gel. This was washed

with 111 EtOAc cvelohexane (300 mL), and the ‘lu(m. WS CONCEN: ucd todrviess, The
residue was submitted to column chromatography (29 < 34 emy (1001 toluene other.
Impurce fractions were concentrated and re-chromatographed on the sane column. Pure

7 (1314 g S0.8%). after being fvop wulised from buvem had [=f, - 51 o 0.5 chloro-
form). "H-N.m.r_duia ((; DOy 2 13ddd T HL /L Vs 375070 12 He H-2ao,
233 ddd. T HLL /307, 12 Ho. H-2b). 3 78(‘“(!.n1,.’ _.f? HLH-3a.5by 393 (dd. T H.

H-6'ay, 411 (m. I H. H 2; 0o (bs, T H. H-4). 449 ({dd. T H H-6b 4548 (m. 4 H. 2
CH.Ph) 477 (m o P HOH-53 50360 THUH-D, 527 (VT LS - T Ha H-D Sonidd
HoJ.  3Hz H-2). ¢ .‘)7{(1(1, ! H.,/; GJIOHz H-3 6 140 T HL 7, 102 H-40 72 R
(m. 30 H. 6 Ph).

Anal. Cale for C H, O, (892.967): C. 71.29: H. 542, Found: €, 7115 HL 558

Benzyl 3-O-henzy _/-_.—z/w\\ -4-O-a~D-tmannopyranisyl-fi-g ~sr}'ihro-/)v,izf{)/{r/'ufzm;f
de (8). A msolution of NaOMe in anhvdrous MeOH (4 m L) was added to a surred
suspension of 7 (890 mg) in MeOH (36 mL), When tlc. (8:2 CHCY, MeOH) showed
that transesterification was complete. the solution was neutralised with Amberlite
IRN-77(H "y resin. The resin was filtered off, the filtrate was concentrated 1o drvness,
and the amorphous disaccharide 8 (422 mg. 88.9% ) was triturated with several lots of
ether. recovered bv centrifugation. and dried. It had |z], + 139 ¢ [ chloroform:
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'H-N.m.r. data (CDCL,): 6 1.85 (m, 1 H, H-2a); 2.075 (m, 1 H, H-2b), 3.77 (m, 10 H,
H-3,4,5a,5band H-2",3',4',5,6'a,6'b), 4.45 (m, 4 H, 2 CH,Ph), 4.92 (s, 1 H, H-1); 4.97 (s,
1 H, H-1"), 7.22 (m, 10 H, 2 Ph).

Anal. Calc. for C,;H,,04-H,0 (494.539): C, 60.72; H, 6.93. Found: C, 60.61; H,
6.91.

2-Deoxy-4-O-a-D-mannopyranosyl-L-erythro-pentopyranose (9). — A solution of
8 (409 mg) in MeOH was hydrogenated in the presence of 10% Pd/C until tl.c.
(6.5:4.5:0.4 CHCl,-MeOH-H,0) showed the removal of the benzyl groups to be
complete. The catalyst was filtered off and the filtrate was concentrated to dryness. The
residue was dissolved in H,O, the solution was treated with active charcoal and filtered,
and solvents were removed from the filtrate to give the disaccharide 9 (219 mg, 86%),
[¢]p + 103° (equilibrium) (¢ 1, water). 'H-N.m.r. data (D,0): § 1.75 (m, 1 H, H-2a), 2.02
(m,1H, H-2b), 3.44-4.22 (m, 10 H, H-3,4,5a,5b and H-2".3'.4'.5',6'a,6'), 4.86 and 5.29
(dd and t, | H, H-12 and H-14), 5.02 (s, 1 H, H-1").

Anal. Calc. for C,H,,04y-H,0 (314.297): C, 42.04; H, 7.05. Found: C, 42.04; H,
7.15.

2-Deoxy-4-O-o-D-mannopyranosyl-L-erythro-pentonic acid (10). — To a stirred
solution of 9 (150 mg, 0.5 mmol) in H,O (19 mL) were added a solution of 0.05M L, in
0.25M KI (2mL) then, dropwise, 0.1M NaOH (3 mL) until a total of 11 mL of the former
and 16.5 mL of the latter had been added, the addition being carried out within 10 min.
The mixture was stirred for a further S min, cooled in ice, and passed slowly through a
column of cold Amberlite IRN-77 (H") resin (12 mL) into a stirred slurry of freshly
prepared Ag,CO, (0.9 g) in an ice bath. Solids were filtered off and the cold solution was
passed slowly through another cold column of the same resin (7 mL). The eluate and
washings were neutralised (pH meter) to pH 7 with a saturated solution of Ba(OH), and
concentrated to a very small volume. The oily residue solidified when triturated with
ethanol. The barium salt of 10 (167 mg, 81%) was recovered by centrifugation, washed
twice with ethanol, and dried. A decationised sample was pure in t.lc. (5:3:1:1 1-
propanol-conc. NH,OH-H,0-AcOH), and had [¢], + 50° (¢ 1, water). 'H-N.m.r. data
(250 MHz, D,0): 6 2.32(dd, 1 H, J,, ,, 15, J,,54.5 Hz, H-2a), 2.52 (dd, 1 H, J,,; 9 Hz,
H-2b), 3.57-3.88 (m, 8 H, H-4,5a,5b and H-3'.4',5',6'a,6'b), 3.97 (m, 1 H, H-2"),4.17 (m,
1 H, J,,9Hz H-3),5.06(d, 1 H, J,, 1.5 Hz, H-1"; J, ;. 171.19 Hz).

Anal. Cale. for C, H,,Ba,,0,,,1.5H,0 (406.952): C, 32.47; H, 5.45. Found: C,
32.65; H, 5.81.

Benzyl 3-O-benzyl-2-deoxy-4-O-(4,6-di-O-acetyl-2,3-O-carbonyl-fi-pD-mannopy-
ranosyl)-L-erythro-pentopyranoside (12). — A solution of the 3-benzyl derivative 5
(0.488 g, 1.554 mmol) indry, alcohol-free CHCI, (4 mL) was stirred in the dark for 1 hat
room temperature with dry, freshly prepared Ag,O (1 g) and anhydrous CaSO, (1.4 g).
A solution of 4,6-di-O-acetyl-2,3-O-carbonyl-a-D-mannopyranosyl bromide” (11;
1.244 g, 3.5 mmol) in dry, alcohol-free CHCI, (6 mL) was added dropwise over a period
of 3 h. Stirring was continued for a further 0.5 h, when t.l.c. (1:1 EtOAc—cyclohexane)
showed that very little starting aglycon remained. The mixture was filtered and the
filtrate was concentrated to a thick syrup which was purified on a column (33.5 x 4cm)
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of silica gel (170 g) (same solvent) to give 12 (0.49 g. 53% ) as asemi-solid oil. [];, + 34 (¢
1.6. chloroform), '"H-N.m.r. data (CDCL): ¢ 204 and 2. 10 (2« 6 HL 2 A0, 2.03and 219

(m. 2 H. H-2a.2b), 3.82 (m, 1 H, H-5). 3.87 407 (m. 4 H. H-3.4.50.5b) 412 0m, U HL
H-6'a). 432 (dd. 1 H. H-6'b1.4.42-4.72 (m, 4 H. 2 CH.Ph). 477 (m, 2 HOH- 20350501
TH.J, ., =, = 23Hz. H-11.5425¢d T HLJ - 23 Hz H-T f—l{dd. PH./ S0
6.5 Hz. H-4'y, 7.3 (m. 10 H. 2 CH. P

Anal. Cale. for C, H O (586.593): C. 6143 H, 584 Found: C. 61.29: H, 594,

Benzyvl 3-O-henzy /-H eleaxy —4—(,)n/)-i)-nmmm/z)'mnm)‘!~,{f-1 ~ervihro-pentopyranosi-
de (13). -~ Compound 12 {0.74 g, 1.26 mmol) was treated with methanohc sodium
methoxide (.26, 20 mLj 2t room u,nxpcmtuu for h, when .l (82 CHCOT, MeOH)
showed de-esterification to be complete. The cooled solution was treated sequentially

with Amberlite IRN-77 (H ") and IR-45 (HO ) resins. The svrup (0,377 g 90%0)

remaining after removal of solvents had lx} o ESAS e b ehtorotormy, H-Nomor data
(CDCLY: 0 1.90 (m. | H, H-2u 2005 tma D HL H2by 3010 ¢d, F H 344 dd, 1 HD,
372 4.05¢m, 8 H H-3.4.54. \i and H-273" 475606 h ,4);54 Aol m 4 W 2CH Ph
465 U H H-1. 497 (ths. F HOH-D)L T hu L 2 Pl

Anal. Cale. tor (._le () 0.5 HO 485,53 C.61.84: H. 6835 Found: C.61.96. H,
6.985.

2-Deoxy-4-O-f-p-mannopyvranosyl-L-crvthro-pentop rranase (14). A solution
of 13 (0.577 g) in McOH was hydrogenated in the presence of 10% Pd C uniil tic.
(6.5:4.5:0.4 CHCI, MeOH H.0) showed the removal of the benzyi groups to be
complete, The catalyst was filtered off and the ﬁllmtc wis concentrated to dryness. Thc
impure residue |'H-n.am.r {D,0Ox 0 166 (m, P HOH-2a)0 188 ¢m T HOH-2h 467501 HL
H-17). 315 (bs. part of I i was used directly for H‘:\, next step and svas ot further
characierised.

2-Deoxv-4-O-ff-D-mannopyranosyi-i.-crythro-pesionic acid (18y, - A solution of
14 in H.O (38 mL) was oxidised as deseribed for the corresponding z anomer. using a
total of 22 mL of 0.05v 1L in 0250 Kl and 33 mL of 0,18 NaOH. The cooled mixture was
passed slowly through a column of cold Amberlite TRN-77 ¢l 5 resin {20 mL) into a
stirred slurry of freshly prepared Ag 0O, (2 g). Solids were filiered ofl and the cold
solution was passed slowly through another cold column of the sume resm (10 mbLy The
combined eluate and washings were neutralised (pH 70 pH metwer) with g .\;nummd
solution of Ba(OH),, the solvem was removed. and rthe residue wis triturated with
cthanol until it soli chmd. The barium salt of 185 (189 mgy was recovered by centrifu-
gation, washed twice wilh cthanol, and dried. A decationised sample appeared homeoyge-
neous by e (53100 i-propanoi cone. NH,OH H.O AcOHywhad [#), - 27 (o L.
water), '"H-N.mr. dam CSOMHZ DOV a 238 tdd THLL - 1A o He H-2a). 2.8
(dd. 1T HL . S Hzo H-2by 34 (ddd, VLS o9 6 He B3 3057 38K ( m. o HL

H-34.5a.5band H-Y 467 u 294 dd, E HO 2500, 12 H o H-ob) A0 Gd LY,
DR HzZ H-2 4 060m T HL 8 Hz H-3004 8T (o PHL L w005 Hs H-l';./,. - ?5‘),?\
Hz7).

Anal. Cale. tor € H L Ba, O LSH O (406,952 0 2247 HU 545 Found: C
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