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A method for the direct stereocontrolled synthesis of D- and L-glycero -f3-p-manno -heptopyranosides such as those found in the repeating unit
of the O-specific polysaccharide from the CNCTC 113/92 LPS (serotype 54) is described. The method relies on the presence of a 4,6- O-
benzylidene acetal to effect stereocontrol at the anomeric center; the configuration at C6 ( L- or p-glycero) is of minimal importance.

Well-defined syntheses of complex oligosaccharides and by a combination ofH and*3C NMR spectroscopy, mass
glycoconjugates corresponding to native bacterial structuresspectrometry, monosaccharide analysis, and immunological
are essential tools for investigation of the immunological method<. Interestingly, the O-specific polysaccharide of this
response against polysacchariélekeptoses of the-glycero strain was found to be composed of a hexasaccharide
D-mannocandp-glycerob-mannoconfigurations are common  repeating unit (Figure 1) containing two unusialinked
constituents of the inner and outer core regions of li-
popolysaccharides (LPS) and are found in many pathogeni_
bacterig2 The synthesis of higher carbon sugars has been
investigated for more than a centurgnd several methods ~4)-D-B-D-Hepp-(1-3)-6d-p-D-Happ-(1-4)-0-L-Rhap-(1-4)-6-D-GlopNAc-(1-
have been developéd; however, less attention has been 5 2.0-Ac
devoted to their stereocontrolled incorporation into glycosidic |
bonds. Most LPS heptosides have th@nomeric configu- 1-o-L-Rhap-(4-1)-p-D-Galf
ration? and syntheses of several complex oligosaccharidesrigyre 1. Repeating unit of the O-specific polysaccharide from
containinga-L,b- or a-D,b-heptopyranosides (Hep have CNCTC 113/92 LPS (serotype 54).
been achieved by Oscarson and co-workérs.

The structure of the core LPS froflesimonas shigel-
loidesO54 (strain CNCTC 113/92) was recently elucidated heptose units. The presence of the t@dinkages in this
immunological lipopolysaccharide prompted the investigation
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which we now report into stereocontroll@dglycosidation
in b,p-heptoses and the relateg-epimers.

Our interest in these molecules was further spurred by the
insight that their study might yield into the underlying
reasons for the beneficial influence of the Q&enzylidene
acetal on the stereocontrolled preparatiof-ohannosides.
Originally, working in the gluco series, Fraser-Reid and co-

Scheme 1. Synthesis of Heptoseésand 6
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tecting groups restrict the flexibility of the pyranose ring, o BnO BnO

: . . . . . . if) CH3PPh3Br, BuLi SPh SPh
resulting in an oxacarbenium ion intermediate with a com- 79% 3 4
puted (PM3) 20 twist in the ideally syn coplanar C805— oH oH
C1—C2 systen¥aIn a subsequent paper, differential solvation 0504, NMNO H°'~§ OBn HO oBn
was also computed to be of significance in these so-called PMEOS o PM%QO&
torsional disarming effect®. More recently, Bols and co- SPh SPh
workers provided experimental evidence in support of the 5(D.D) 6(LD)
notion that the disarming effect of the 4(Bacetal group is 0°C 5:1 79%
mainly due to the locking of the C5C6 bond in the deacti- 31 81%

vatedtg-conformatior? We hypothesized that the inclusion
of either an extra axial C-6 substituent, as in the@benzyl-
idene-protected-glycerecp-manneheptoses, or a correspond-
ing equatorial substituent, as in theylycerep-mannaoseries,
would influence both torsional and solvation considerations

differently, whereas thigy conformation of the C5C6 bond e . :

would be unchanged. Comparisons of either reactivity or ylleld. Use (if (tjhe Nystednrdfaag?élﬁtfor th;f] transformaggon

stereoselectivity between the two diastereomeric series mightﬁ1 SO generatec compound, along with compounas,
owever, in higher yield, whereas the Petasis red@gave

therefore provide support for one or other of the two predominantly decomposition products. Treatment of olefin
conflicting rationales for the 4,8-benzylidene group effect. . :
g y group 3 with OsQ; (5 mol %) and NMNO at 0°C and room

s temperature furnished diosand6 in 5:1 and 3:1 diaster-

eomeric ratios and in 79 and 81% yields, respectively. The
BnO. ro OB ro BN
o] BnO o)
OBn OBn
T T

stereochemical outcome of this dihydroxylation follows
Kishi's empirical rule?® the relatively poor diastereoselec-

4,6-O-benzylidene protected B-L-

glycero-D-manno-heptopranoside

the corresponding unstablealdehyde, which was carried

on to the next step, Wittig olefinatioriwithout purification.
The yield (65%) of the olefination produ®& was com-

promised by the concomitant formation of diefhén 14%

tivity starting from the sugar with 2,3-erythro configuration
is also consistent with literature preced&Asymmetric
dihydroxylation was also unsatisfactory for this transforma-
tion in our hands$>2° Silylation of 5 gave the primary silyl
ether7, which, when subjected to the Mitsunobu prototol,
afforded the inverted est& Removal of the ester function
then gave more significant quantities of the-series in the

The synthesis of a diastereomeric glycosyl donor pair form of the silyl ether9 (Scheme 2).
(Scheme 1) began with the known 4%6p-methoxybenzyl-
idene-protected thiomannosidg!® which was regioselec-
tively opened to the primary alcoh@lexclusively in 90%

4,6-O-benzylidene protected B-D-
glycero-D-manno-heptopranoside

Figure 2. L- andDb-glycerob-manno-heptopyranosides.

Scheme 2. Inversion of Configuration at C6

yield with DIBAL-H in dichloromethané! Comparable oX DIAD. PPh OTBDPS
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THF-mediated reductiok:all other standard protocéfgave PMBO p-NOCeH,COH  PMBO <
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Scheme 3. Preparation of Glycosyl Donors0 and11
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HO oé)nTBDPS i DDQ, o 0B Figure 3. Diagnostic NOE correlations for donot® and11.
PMBO o) PMP™ 5 O
BnO iiy p-MeO(CgH4)CH(OMe),;, BnO
g SPh CSA, 80% " SPh A series of glycosylation reactions were then conducted
OTBDPS with donors 10 and 11 with thioglycoside activation by
HO ogn means of 1-benzenesulfinyl piperidine and trifluoromethane-
H9S sulfonic anhydride (BSP/30®)7@ in the presence of the
42 SPh hindered base 2,4,6-ttért-butylpyrimidine (TTBPJ? in

dichloromethane at-60 °C prior to the addition of the
acceptor alcohols (Scheme 4).

diaxial interaction in the acetal ring. As a consequence,

oxidative cleavage of the PMB group was a competing

reaction, resulting in the formation of di@R in 48% vyield _
along with the desired-glycerep-manneheptothioglycoside Scheme 4. Glycosylation with the BSP/EO Couple

11 in 43% vyield. In the face of this difficulty, a protocol OTBDPS OTBDPS
was devised whereby the crude reaction mixture from i) BSP, TTBP, Tf,0

0Bn oB
PMP (6 MP [0

treatment ofd with DDQ was treated withp-methoxyben- BRO iiy ROH BRO OR
zylaldehyde dimethyl acetal and catalytic CSA to givke SPh
in 80% vyield over two steps (Scheme 3). 10 0r 11 17-22

At this stage, the NOE correlations indicated in Figure 3
served to confirm both the configuration at C6 in compounds
10 and 11, as well as the equatorial nature of tipe
methoxyphenyl group in the two acetals.

All couplings were highlyj-selective and proceeded in
high yields (Table 1). A minor exception to the otherwise

Table 1. Diastereoselective Glycosidation Reactions

entry donor acceptor product % yield (B:a ratio)
OTBDPS OTBDPS
1 PMP/%O Ogn PMP/VOE OBn ol (10)
BnO OBn Bro ’
10 SPh o 0
OTBDPS BnO—C OTBDPS
OBn OMe OBn
> PMP/%O e} 13 F’MP/VO 86 (8:1
BnO BnO BnO ( . )
41 SPh
OTBDPS OTBDPS o
Me
OBn
3 B0 OMe %0 2 o0ZR 88 (1:0)
10 SPh HO@# 19 o
OTBDPS B(O OTBDPS
OBn
PMP O e} /VO OBn
4 Bﬁoég B PMP 85 (1:0)
41 SPh "
OTBDPS OTBDPS
OBn OBn
pMP N0 pMp/vo
5 Bﬁ’oé&‘ “0@ éLL 88 (1:0)
10 SPh 15
OTBDPS OTBDPS
HO,  NHCOBn
PMP™ 2 og" $ PMP™ N2 Ogn
6 BnO CO,Me BnO O NHCO;Bn 89 (1:0)
10 SPh 16 / 'CO,Me
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exclusives-selectivity was observed in the coupling of donor
11to the glucose-4-OH accepttB (Table 1, entry 2). This
may represent a small difference in reactivity between the

again confirmed by determination of th&cy coupling
constants.
In summary, a method for the stereocontrolled synthesis

two donors, which only becomes apparent with less reactive of both -p-glycerap-manne and g-L-glycerep-manne

acceptors such ds3.22 The assignment of anomeric stereo-
chemistry in all glycosides was made on the basidJef
coupling constant¥' Furthermore, in all products arising
from donors10 and 11, a relatively upfield chemical shift
(6 3.25 to 3.50 in CDG) of the heptose H5 resonance was
observed, as is characteristic of Q8benzylidene-protected
B-mannosides®

Finally, attention was turned to deprotection (Table 2).
Thus, glycoside47, 186, and19 were first exposed to TBAF
in THF. This was followed by benzylidene acetal and acet-

Table 2. Final Deprotections

cmpd partial deprotection final product
(% yield)a (% yield)"
OH OH
. é \f OH OH
HO‘ OBn Hgo\ d . o
7 BRo Boo HO HoNM—=
239 O 24 (94) ' ~OMe
OH OH
OB
CSi H»aoé’a ’
186 B0 =95 Ho R
25(75) BnOg 2695 HO%ue
OH OH
oM
HOM™ OBn OMe HO“" OH ©
HO Q 0 HO QA 09
19 BnO 0 HO HO
27 (72) HO  on 28 (92) OH

aTreatment with TBAF in THF followed by camphorsulfonic acid in
methanol, both at room temperatubedydrogenolysis over Pd/C in
methanol.

onide removal with catalytic CSA in refluxing methanol.
Finally, hydrogenolysis over Pd/C afforded the fully depro-

heptopyranosides has been established. We anticipate that
this work will open the way for the synthesis of most
p-linked heptopyranosides, including those in the polysac-
charide repeating unit illustrated in Figure 1. Furthermore,

it has been established that the stereochemistry of substitution
at the 6-position has little effect on the stereoselectivity of
these 4,689-alkylidene acetal-controlled glycosidation reac-
tions. This observation is most consistent with Bols’ inter-
pretation of the benzylidene acetal effect, namely, the locking
of the C5-C6 bond in thetg conformation.
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