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Abstract

A scalable approach towards high-yielding and (stereo)selective glycosyl donors of the 2-ulosonic
acid Kdo (3-deoxy-o-manno-oct-2-ulosonic acid) is a fundamental requirement for the
development of vaccines against Gram-negative bacteria. Herein we disclose a short route to
generate 3-iodo Kdo fluoride donors from Kdo glycal esters, which enable efficient a-specific
glycosylations and significantly suppress the elimination side reaction. The potency of these
donors is demonstrated in a straightforward, six-step access to a branched Chlamydia-related Kdo-
trisaccharide ligand without the need of protecting groups at the Kdo glycosyl acceptor. The
approach was further extended to include sequential iteration of the basic concept to produce the
linear Chlamydia-specific a-Kdo-(2—8)-a-Kdo-(2—4)-a-Kdo trisaccharide in a good overall
yield.
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Introduction

Lipopolysaccharides (LPS) are amphiphilic glycolipids located in the outer leaflet of the cell
membrane of Gram-negative bacteria, which are of high biomedical relevance due to their
interaction with components of the innate and adaptive immune system of their respective
hosts.[!] In structural terms, enterobacterial LPS displays a tripartite architecture comprising
the endotoxically active diglucosamine unit (Lipid A) followed by a core region and the O-
antigenic polysaccharide chain.[?] 3-Deoxy-a-o-manno-oct-2-ulosonic acid (a-Kdo) serves
as the common linkage sugar to Lipid A and constitutes the structurally conserved a-Kdo-
(2—4)-a-Kdo disaccharide core domain. This basic Kdo unit is being extended by
additional Kdo residues in the LPS of Chlamydiaceae, a biomedically important obligate
intracellular parasite.[3] The genus Chlamydia trachomatis is a leading cause of sexually
transmitted diseases, eventually resulting in infertility in women, but is also responsible for
conjunctivitis and secondary blindness.[4l The second genus harboring the species
Chlamydophila psittaci and Chlamydophila pneumoniae is involved in pulmonary infections
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and the latter species has additionally been linked to chronic infections such as arthritis and
atherosclerosis.[®] All Chlamydiae share a truncated lipopolysaccharide wherein the Kdo
part forms an immunodominant, family-specific trisaccharide epitope of the sequence a-
Kdo-(2—+8)-a-Kdo-(2—4)-a-Kdo.[8] In addition to this group-specific antigen, a second
linear trisaccharide a-Kdo-(2—4)-a-Kdo-(2—4)-a-Kdo and the branched tetrasaccharide a-
Kdo-(2—4)[a-Kdo-(2—8)]-a-Kdo-(2—4)-a-Kdo constitute further antigenic epitopes in the
Chl. psittaci.l”] A similarly branched Kdo trisaccharide has also been identified in the core
region of Acinetobacter Iwoffii F78 LPS.[8] Recently it has been shown, that these Kdo
residues are involved in important binding interactions with proteins, and insight into the
recognition of Kdo saccharides by monoclonal antibodies and Toll-like receptor-4 (TLR-4)
has been achieved at the molecular level.l®] Thus, the chemical synthesis of Kdo glycosides
is an attractive goal in the field of (bio)organic chemistry in order to provide
immunoreagents and antigens for the development of synthetic carbohydrate-based vaccines
and diagnostics.[1°]

Glycosylation reactions of 3-deoxy-2-ulosonic acid donors are challenging due to the lack of
a stereodirecting neighboring group at C-3, the deactivation of the anomeric center by the
adjacent carboxyl group, the high propensity of the glycosyl donors towards elimination
reactions - leading to glycal ester derivatives (e.g. 3, Scheme 1) - and the acid sensitivity of
the ketosidic linkage.[!1] To enhance stereoselectivity and coupling yields of glycoside
formation, different approaches have been reported which were mainly based on
optimization of dedicated protecting and leaving groups. Thus, electron-donating (“arming)
protecting groups such as silyl ether, benzyl or isopropylidene groups have mostly been used
in order to counteract the deactivating effect of the carboxyl group, while halides, thioalkyl,
thioaryl, phosphites, and trihaloacetimidates served as leaving groups.[2] In particular,
suitably protected Kdo-fluoride donors have been reported in the literature to afford good to
moderate a/B-stereoselectivity in the outcome of glycosylation reactions.[13] Still, in most
cases a large excess of donor is required to compensate for losses due to the elimination side
reaction and the formation of anomeric mixtures eventually requires separation of the
undesired anomer (and the glycal ester) by extensive chromatography.

In order to improve the selectivity in the glycosylation reaction in favor of the axial a-Kdo
glycoside, temporary auxiliary groups such as 3-iodo, 3-thio- and 3-selenylphenyl groups
have previously been introduced via addition reactions to Kdo glycal esters.[14] These
groups provide anchimeric assistance and have to be removed after the coupling step.
Recently, also direct iodonium-ion induced activation of Kdo glycal esters to give
glycosides has been reported. Activation of a 4,5-O-isopropylidene-protected Kdo glycal
ester by N-iodosuccinimide (NIS)/TMSOTT preferentially afforded p-linked Kdo
oligosaccharides.[*®] Activation towards a-configured Kdo spacer glycosides has been
accomplished using the acetylated glycal ester 3 in the presence of an excess of triflic
acid.[14a] Recently, iodoalkoxylation of a perbenzylated Kdo glycal ester was employed for
sequential assembly of a-(2—8)-linked Kdo-oligosaccharides.[16]

However, highly activated primary hydroxy groups of perbenzylated open-chain glycosyl
acceptors were necessary for this method and thus limited to the (2—8)-linkage, and
stoichiometric amounts of triflic acid as promoter were needed to activate the benzylated
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glycal derivatives. Despite all these achievements, a versatile and a-selective Kdo donor
suitable for efficient and scalable synthesis is still needed. Herein we disclose a short route
to novel 3-iodo-Kdo fluoride donors and their efficient application in Chlamydia LPS ligand
assembly.

Results and discussion

The acetyl-protected glycal methyl ester 3(17] - which can be prepared in three steps in
multi-gram amounts from ammonium Kdo via the peracetylated Kdo methyl ester 1 [18] -
was subjected to acetoxyiodination with N-iodosuccinimide (NIS) in acetic acid giving the
known 2,3-trans-diaxial derivative 4.[1°] In consideration of the stability of anomeric Kdo
fluorides,[13.20] conversion of the 3-iodo derivative 4 into donor 5 was carried out.
Previously, Kdo fluorides such as 2 have been mainly prepared by reaction of a Kdo 2-O-
hemiketal (which is prone to 2,3-elimination) with DAST.[13.20] However, a direct
replacement of the anomeric acetate using the easily scalable reaction of 4 with HF-pyridine
complex afforded a-fluoride 5 (96%) neatly after flash-chromatography (Scheme 1).[21]
Fluoride 5 is bench-top stable for several months and was obtained as a single anomer as
seen from the 1°F NMR spectrum (Figure 1). The a-anomeric configuration was in
agreement with the 13C NMR chemical shift data for C-4 and C-6 (see Supporting
Information) and the value of the vicinal *°F-1H coupling constant (3Jrax Haeq 5.4 Hz).12%]

In order to evaluate its glycosyl donor properties, model glycosylation reactions of 5 with 2-
propanol (2 eq.) in dichloromethane, promoted by BF3Et,O were performed and compared
to a similar glycosylation using the peracetylated Kdo-fluoride donor 2, lacking a
stereodirecting group.[29d. 211 The latter glycosylation afforded a moderate yield (48%) of an
a/p-glycoside mixture (4.8:1) and generated large amounts of glycal ester 3 (31%). By
contrast, application of the new donor 5 revealed an a-specific outcome, giving the 2,3-
trans-ketoside 6 in a high yield (83%) accompanied by only very minor formation of 3
(5%); for further details see Supporting Information.

For the subsequent dehalogenation of 6, free radical chain reduction using AIBN / tributyltin
hydride gave moderate yields after extensive purification to remove the tin reagent.
Hydrogenation over different Pd catalysts gave irreproducible yields due to concomitant
epimerization of the 3-iodo substituent among other side reactions. Eventually, however, the
3-iodo-substituent was cleanly removed via hydrogen transfer from cyclohexanel23] induced
by lauroyl peroxide to furnish the Kdo a-glycoside 7 (Scheme 1) in near-quantitative yield.
The a-anomeric configuration was then confirmed on the basis of the chemical shift
difference between the axial and equatorial protons at C-3, the low-field shift (> 5 ppm)
observed for H-4 in 4-O-acetylated Kdo derivatives as well as 13C NMR chemical shifts for
C-4 and C-6 which are shifted to higher field when compared to the -anomers.[18]

We further evaluated the practicability of the dehalogenation method for Kdo-glycosides
containing functionalized linkers, which are needed for conversion into neoglycoconjugates
and for preparation of glycoarrays. Following the described procedure we obtained -
azido-3-iodo-glycoside 8 as the a-anomer exclusively and in excellent yields (83% based on
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the amount of donor). Notably, during subsequent dehalogenation by hydrogen transfer the
azide moiety remained unaffected giving the Kdo-spacer glycoside 9 in comparable yields.

In order to assess the glycosylation potential of the 3-iodo fluoride donor 5, the structurally
conserved a-(2—4)-linkage of the enterobacterial Kdo region was then assembled in a
highly efficient approach. Coupling of 10 with one equivalent only (!) of donor 5 proceeded
smoothly and regioselectively and furnished the disaccharide 11 in 78% yield without
formation of the -anomeric product and only minor elimination (4% of 3) and donor
hydrolysis (5%) (Scheme 2). Due to poor solubility of the 5-OH disaccharide derivative 11
in cyclohexane, the subsequent dehalogenation never reached completion and separation
from unreacted starting material could only be achieved using HP-chromatography. In order
to secure a smooth dehalogenation, disaccharide 11 was therefore acetylated (98%) - to give
fully protected 12 - prior to dehalogenation towards 13 (97%). Global deprotection via
sodium-methoxide catalyzed transesterification and alkaline hydrolysis of the methyl ester
group afforded the known disaccharide methyl glycoside 14.[24]

To further extend the scope of Kdo-glycoside synthesis beyond the common enterobacterial
a-(2—4)-linked Kdo disaccharide, the Chlamydia-specificl®l a-(2—8)-disaccharide 18 was
then prepared along similar lines capitalizing on a glyco-desilylation approach.[25] Coupling
of the 8-O-triethylsilyl (TES)-protected derivative 15 with 1.2 equivalents of donor 5
proceeded smoothly to give the a-(2—8)-linked disaccharide 16 in 62% yield. Again, no -
isomer was observed. The moderate yield is due to concomitant migration of the 7-O-acetyl
protecting group towards the primary 8-OH group forming a regioisomer which was not
glycosylated under these reaction conditions. The glycosylation of the corresponding 8-OH
alcohol (derived from 15 by F~ treatment) gave a similar yield (64%), while bulkier silyl
protecting groups (8-O-TBDMS, 7,8-O-TIPDS) substantially lowered the isolated yield.

The extraordinary glycosylation properties of 5 prompted us to apply the donor for the one-
pot synthesis of a branched Kdo trisaccharide, which corresponds to an LPS antigen of
Chlamydophila psittaci and serves as a species-specific marker.[26] Indeed, glycosylation of
unprotected tetraol 19 with 2.4 equivalents of donor 5 proceeded — although being
heterogeneous - in a remarkably regioselective reaction, which allowed to isolate the target
trisaccharide 20 in 58% yield (Scheme 3). As minor by-product the branched a-(2—4)[a-
(2—7)]-linked Kdo trisaccharide was isolated in 7% yield. Processing of 20 as described for
the disaccharides gave 21 and 22 which was then deblocked to afford the branched Kdo
trisaccharide 23. This basic concept was further extended to iterative oligosaccharide-
synthesis, demonstrated for the linear Kdo trisaccharide 31, representing the family-specific
Chlamydia epitope (Scheme 4). After applying the 8-O-silyl protected glycal ester 24 as
glycosyl acceptor, the resulting disaccharide 25 was treated likewise by iodoacetoxylation
and reaction with HF-pyridine to afford the bis-iodo disaccharide donor 27. Thus, the glycal
moiety as in 25 serves as a latent protecting group for the anomeric position, which may
subsequently be activated. Interestingly, BF3-Et,O was not capable of promoting the
subsequent coupling step with glycosyl acceptor 10, however, TfOH-catalyzed (0.15 eq.)
coupling provided trisaccharide 28 stereospecifically in a good yield (73%). Acetylation and
dehalogenation of 28 followed by global deprotection of 30 afforded the target trisaccharide
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31. The H and 13C NMR data of the deprotected di- and trisaccharides 14, 18, 23 and 31
are in full agreement with published data of chlamydial oligosaccharides.[27]

Conclusions

In conclusion, the easily accessible 3-iodo-2-fluoride Kdo donors enable a very efficient and
a-specific glycosylation of different Kdo glycosyl acceptors to generate biomedically
important LPS fragments. In addition to the exquisite a-selectivity, the axial iodo-
substituent substantially suppressed the elimination towards the glycal side-product (Table
1). Sequential iteration of this basic concept may be combined with variable protecting
group patterns, thus considerably expanding the scope of the presented work towards other
biomedically important Kdo-antigens.

Experimental Section

General methods

All purchased chemicals were used without further purification unless stated otherwise.
Solvents were dried over activated 4 A (CH,Cl,, DMF, pyridine, cyclohexane) molecular
sieves. 2-Propanol for glycosylation was dried over 5 A molecular sieves for 24 h. THF was
directly distilled on 4 A molecular sieves shortly before use. Dry MeOH (secco solv) was
purchased from Merck. Cation exchange resin DOWEX 50 H* was regenerated by
consecutive washing with HCI (3 M), water and dry MeOH. Aqueous solutions of salts were
saturated unless stated otherwise. Concentration of organic solutions was performed under
reduced pressure < 40 °C. Optical rotations were measured with a Perkin-Elmer 243 B
Polarimeter. [a]p2° values are given in units of 10~1deg cm?g™L. Thin layer chromatography
was performed on Merck precoated plates: generally on 5 x 10 cm, layer thickness 0.25 mm,
Silica Gel 60F,s4; alternatively on HP-TLC plates with 2.5 cm concentration zone (Merck).
Spots were detected by dipping reagent (anisaldehyde-H,SQO,). For column chromatography
silica gel (0.040 — 0.063 mm) was used. HP-column chromatography was performed on pre-
packed columns (YMC-Pack SIL-06, 0.005 mm, 250x10 mm and 250x20 mm). Size
exclusion chromatography was performed on Bio-Gel® P-2 Gel extra fine < 45 um (wet) (1
x 30 cm) or on pre-packed PD-10 columns (GE Healthcare, Sephadex™ G-25 M). NMR
spectra were recorded with a Bruker Avance 111 600 instrument (600.22 MHz for 1H, 150.93
MHz for 13C and 564.77 MHz for 1°F) using standard Bruker NMR software. 1H NMR
spectra were referenced to 7.26 (CDCls3) and 0.00 (D,O, external calibration to 2,2-
dimethyl-2-silapentane-5-sulfonic acid) ppm unless stated otherwise. 13C NMR spectra were
referenced to 77.00 (CDCl5) and 67.40 (D,0, external calibration to 1,4-dioxane) ppm. 19F
NMR spectra were indirectly referenced according to IUPAC recommendations!28l. ESI-MS
data were obtained on a Waters Micromass Q-TOF Ultima Global instrument.

General procedure for glycosylation

Under an atmosphere of argon a mixture of donor, glycosyl acceptor and ground 3 A
molecular sieves (~50 mg/mL CH,Cl,) in dry CH,Cl, was stirred at ambient temperature
for 2 h. At 0°C BF3Et,0 (2 eq./donor) was added dropwise and after complete addition the
ice bath was removed immediately. Typically, the solution turned pink after a couple of
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minutes. When full conversion was determined by TLC, aq. NaHCO3 and CH,Cl, were
added. The aqueous phase was washed with CHCI3 and the combined organic phases were
washed successively with ag. sodium thiosulfate (5 w%) and brine. The organic phase was
dried (MgSOQ,), filtered and concentrated. The crude product was purified by column
chromatography.

General procedure for dehalogenation

A solution/suspension of the iodo-compound in dry cyclohexane was degassed by bubbling
argon through the mixture followed by heating to reflux under inert gas for 15 min. Lauroy!l
peroxide was added to the warm solution in one portion and refluxing was continued until
complete conversion was detected by (HP-) TLC. The solvent was removed in vacuo and the
residue was purified by column chromatography.

General procedure for global deprotection

The acetylated saccharide was treated with catalytic amounts of NaOMe (0.1 M in MeOH)
in dry MeOH until cleavage of the majority of acetyl groups had been detected by TLC. lon
exchange resin DOWEX 50 ( H*) was added until the solution reacted neutral, the resin was
filtered off and the filtrate was concentrated. The residue was dissolved in water and treated
with ag NaOH (0.1 M) at ambient temperature. Neutralization of the solution with DOWEX
50 (H*) ion-exchange resin, filtration and lyophilisation of the filtrate afforded the product,
which was purified by gel chromatography in order to remove residual sodium acetate.

For experimental data of compounds 6 - 18 and 32 - 33 and NMR spectra of compounds 5 -
18, 20 - 24 and 26 - 33 refer to Supporting Information.

Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-»-glycero-a-o-talo-oct-2-
ulopyranosyl)onate fluoride (5)—A solution of 41191 (0.75 g, 1.275 mmol) in dry
CH,Cl, (13.0 mL) was treated with hydrogen fluoride pyridine (~70% HF, ~30% pyridine;
4.0 mL) at 0 °C for 2.5 h in a sealed Teflon flask. Ice-cold water (10 mL) was added, the
phases were mixed thoroughly and separated. The aqueous phase was once again extracted
with CH,Cl, and the combined organic extracts were washed with ag. NaHCOj3, dried
(MgSOQy), filtered and concentrated. The crude product was quickly purified by flash
chromatography (n-hexane/EtOAc 1:1) affording 5 (0.67 g, 96%) as a colorless oil; [a]p20 +
18.8 (c 0.76, MeOH); R¢ 0.51 (toluene/EtOAc 2:1); TH NMR (CDCly): § 5.47 (ddd, 1H, Js 4
3.5,J56 1.9, J53 0.8 Hz, H-5), 5.37 - 5.34 (m, 1H, H-7), 4.97 (dd, 1H, J4 3 5.1 Hz, H-4),
4.64 (app dt, 1H, H-3), 4.52 (dd, 1H, Jga g 12.4, Jga 7 2.3 Hz, H-8a), 4.49 (dd, 1H, Js7 9.8
Hz, H-6), 4.23 (dd, 1H, Jg 7 4.2 Hz, H-8b), 3.88 (s, 3H, CO,CHy3), 2.12, 2.07, 2.05 and 1.98
(4 x s, each 3H, COCHs); 13C NMR (CDCls): § 170.42, 169.90, 169.36 and 169.17 (4 x s,
COCHj3), 163.29 (ds, J;  28.2 Hz, C-1), 108.92 (ds, Jp  231.1 Hz, C-2), 70.15 (dd, Js 4.5
Hz, C-6), 67.11 (d, C-7), 64.56 (d, C-4), 62.76 (d, C-5), 61.84 (t, C-8), 53.49 (g, CO,CHy3),
20.79, 20.66, 20.61 and 20.51 (4 x g, COCHg), 18.02 (dd, J3 f 31.3 Hz, C-3); 1°F NMR
(CDCl3): § -103.00 (d, Jr H-3 5.4 Hz); ESI-TOF HRMS: m/z = 566.0533; calcd for
C17H2oF1011NH,4*: 566.0529.
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Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-»-glycero-a-o-talo-oct-2-
ulopyranosyl)onate-(2—4)[methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-o-
glycero-a-o-talo-oct-2-ulopyranosyl)onate-(2—8)]-methyl (methyl 3-deoxy-a.-o-
manno-oct-2-ulopyranosid)onate (20)—A mixture of predried 19[18] (16.3 mg, 0.061
mmol) and 5 (80.6 mg, 0.147 mmol) in dry CH,Cl, (4.0 mL) was treated with BF3.Et,0
(120.7 pL, 0.588 mmol) according to the general procedure for glycosylation. After 1 h the
suspension was subjected to aqueous work-up and the crude product was purified by HP-
column chromatography (toluene/EtOAc 2:1—1:1) yielding the glycal 3[171 (6.8 mg, 11%),
the slower migrating (2—4/7)-regioisomer trisaccharide (5.4 mg, 7%) and finally the
slowest migrating trisaccharide 20 (47.0 mg, 58%).

(2—4/7)-trisaccharide: colorless oil: R 0.39 (toluene/EtOAc 1:1, HP-TLC); IH NMR
(CDCly): 6 5.46 - 5.44 (m, 2H, H-5/, H-5"), 5.38 - 5.34 (m, 2H, H-7/, H-7"), 5.04 (dd, 1H,
Jyr 37 4.6, g7 57 3.7 Hz, H-47), 4.97 (dd, 1H, Jy 3 4.8, Jy 5 3.6 Hz, H-47), 4.74 (dd, 1H,
Jgragrh 12.5, Jgra 77 2.9 Hz, H-8"a), 4.71 (dd, 1H, Jgra 77 12.5, Jgra 77 2.8 Hz, H-8'a), 4.69 (dd,
1H, Jg7 77 9.2, Jg7 57 2.2 Hz, H-6"), 4.55 (dd, 1H, J3 5 0.8 Hz, H-3'), 4.47 (dd, 1H, J37 4~ 0.9
Hz, H-3"), 4.26 - 4.22 (m, 2H, H-6/, H-8'b), 4.17 - 4.11 (m, 2H, H-4, H-8”b), 4.00 - 3.97 (m,
1H, H-8a), 3.94 - 3.88 (m, 8H, H-7, H-8b, 2 x CO,CH3), 3.80 (s, 3H, CO,CHy3), 3.72 (dd,
1H, J67 5.2, Jg 5 1.2 Hz, H-6), 3.63 - 3.61 (m, 1H, H-5), 3.24 (s, 3H, OCHg), 2.64 (b s, 1H,
C8-0H), 2.49 (b s, 1H, C5-0OH), 2.14 - 2.11 (m, 11H, H-3ax, H-3eq, 3 x COCH3), 2.10,
2.07,2.06, 1.98 and 1.979 (5 x s, each 3H, COCHy).

20: colorless amorphous solid; [a]p2° + 63.1 (c 0.55, CHCI3); R¢ 0.38 (toluene/EtOAc 1:1,
HP-TLC); 'H NMR (CDCl3): § 5.46 - 5.44 (m, 1H, H-5'), 5.39 - 5.32 (m, 3H, H-7/, H-5",
H-7"), 4.98 - 4.94 (m, 2H, H-&, H-4”), 4.75 (dd, 1H, Jyagp 12.5, Jya 7 2.7 Hz, H-8'a), 4.60
(dd, 1H, Jra g7 12.2, Jgra 77 2.2 Hz, H-8"a), 4.55 - 4.52 (m, 2H, H-3/, H-3), 4.33 (dd, 1H,
Jg7 77 9.7, Jgr 5 1.8 Hz, H-6"), 4.26 - 4.21 (m, 2H, H-6', H-8"b), 4.17 (ddd, 1H, J 3y 11.2,
34,30 5:6, 45 2.9 Hz, H-4), 4.13 - 4.07 (m, 2H, H-7, H-8'b), 3.87 (s, 6H, 2 x CO,CHy),
3.82 (dd, 1H, Jga gp 10.6, Jga7 5.4 Hz, H-8a), 3.78 (s, 3H, CO,CHg), 3.76 - 3.74 (m, 1H,
H-5), 3.53 (dd, 1H, Jgp 7 3.0 Hz, H-8b), 3.49 (d, 1H, Jg 7 8.2 Hz, H-6), 3.20 (s, 3H, OCHS3),
2.87 (d, 1H, Jop 7 7.5 Hz, OH), 2.52 (b s, 1H, OH), 2.17 - 2.08 (m, 11H, H-3ax, H-3eq, 3 x
COCHg), 2.07, 2.06, 2.05, 1.98 and 1.97 (5 x s, each 3H, COCH3): 13C NMR (CDCly): §
170.89, 170.67, 170.12, 170.00, 169.47, 169.43, 169.38 and 169.29 (8 x s, COCH3), 167.55,
166.96 and 166.78 (3 x s, C-1, C-1/, C-1"), 102.10 and 100.42 (2 x s, C-2/, C-2"), 98.90 (s,
C-2), 70.33 (d, C-6), 70.13 (d, C-4), 69.23 (d, C-6'), 68.52 (d, C-6"), 68.34 (d, C-7), 67.73
(d, C-7'), 67.47 (d, C-7"), 67.12 (t, C-8), 65.19 and 65.09 (2 x d, H-4, H-4"), 63.22 (d, C-5),
63.21 (d, C-5'), 63.15 (d, C-5”), 62.10 (t, C-8”), 61.33 (t, C-8'), 53.25, 53.24 and 52.52 (3 x
q, CO,CHa), 50.81 (q, OCHs), 32.77 (t, C-3), 22.34 and 21.41 (2 x d, C-3, C-3"), 20.91,
20.90, 20.78, 20.75, 20.71, 20.59 and 20.51 (7 x g, 8C, 8 x COCH3); ESI-TOF HRMS: m/z
= 1340.1596: calcd for CaqHgol2030NH,*: 1340.1597.

Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-»-glycero-a-o-talo-oct-2-
ulopyranosyl)onate]-(2—4)[methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-o-
glycero-a-o-talo-oct-2-ulopyranosyl)onate-(2—8)]-methyl (methyl 5,7-di-O-
acetyl-3-deoxy-a-0-manno-oct-2-ulopyranosid)onate (21)—A solution of 20 (42.9
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mg, 0.032 mmol) in dry pyridine (5.0 mL) was treated with acetic anhydride (0.25 mL) and
4-(N,N-dimethylamino)-pyridine (0.4 mg, 0.003 mmol) at 0 °C for 2.5 h. Excessive reagent
was destroyed by slow addition of dry MeOH (0.5 mL). The mixture was stirred for 10 min
followed by removal of the solvent by coevaporation with toluene. Column chromatography
(toluene/EtOAC 1:1) of the residue provided 21 (43.2 mg, 95%) as a colorless oil; [a]p?° +
47.1 (c 0.74, CHCls); R¢ 0.37 (toluene/EtOAC 1:1); 1H NMR (CDCls): § 5.40 - 5.38 (m, 1H,
H-5), 5.36 - 5.31 (m, 3H, H-5”, H-7/, H-7”), 5.19 - 5.16 (m, 1H, H-5), 4.92 (dd, 1H, Jy 3
4.6, Jy 5 3.7 Hz, H-4'), 4.89 (dd, 1H, J4» 37 4.8, Iy 57 3.7 Hz, H-4”), 4.84 (ddd, 1H, J; 5 9.8,
J78a 3.8, J7.8p 2.4 Hz, H-7), 4.75 (dd, 1H, Jgragp 12.4, Jgra 7 2.8 Hz, H-8'a), 4.64 (dd, 1H,
Jgragrp 12.3, Jgra 7 2.4 Hz, H-8"a), 4.54 - 453 (m, 1H, H-3”), 4.41 - 4.39 (m, 1H, H-3'),
4.27 - 4.23 (m, 2H, H-4, H-6'), 4.19 (dd, 1H, Jg», 77 3.8 Hz, H-8"b), 4.14 - 4.10 (m, 2H,
H-6”, H-8'b), 3.99 (dd, 1H, Js 5 1.2 Hz, H-6), 3.89 - 3.86 (m, 4H, H-8a, CO,CHg3), 3.83 (s,
3H, CO,CHg), 3.79 (s, 3H, CO,CH3), 3.68 (dd, 1H, Jgp g5 11.9 Hz, H-8b), 3.28 (s, 3H,
OCHy), 2.27 - 2.23 (m, 1H, H-3eq), 2.15 - 2.09 (m, 10H, H-3ax, 3 x COCH3), 2.09, 2.07
and 2.066 (3 x s, each 3H, COCHy3), 2.04 (s, 6H, 2 x COCHs), 1.97 and 1.96 (2 x s, each
3H, COCHy); 13C NMR (CDCl3): § 170.58, 170.38, 170.09, 170.05, 169.80, 169.74, 169.43,
169.41, 169.39 and 169.25 (10 x s, COCH3), 167.10, 166.15 and 165.47 (3 x s, C-1, C-1/,
C-17), 102.10, 101.46 and 98.88 (3 x s, C-2, C-2/, C-2"), 69.84 and 69.29 (2 x d, C-4, C-6'),
68.61 (d, C-6"), 68.43 (d, C-7), 68.37 (d, C-6), 67.92 and 67.56 (2 x d, C-7/, C-7”), 65.14
and 65.12 (2 x d, C-5, C-4"), 64.99 (d, C-4), 64.03 (t, C-8), 63.24 (d, C-5), 63.01 (d, C-5"),
61.84 (t, C-8"), 61.46 (t, C-8’), 53.05, 52.90 and 52.60 (3 x gq, CO,CHys), 51.38 (g, OCH3),
33.42 (t, C-3), 22.39 (d, C-3'), 21.36 (d, C-3"), 20.94, 20.88, 20.83, 20.76, 20.72, 20.65,
20.57 and 20.52 (8 x g, 10C, COCHg3); ESI-TOF HRMS: m/z = 1429.1357; calcd for
C43H64I2032Na+: 1429.1362.

Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-a---manno-oct-2-ulopyranosyl)onate]-
(2—4)[methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-a---manno-oct-2-
ulopyranosyl)onate-(2—8)]-methyl (methyl 5,7-di-O-acetyl-3-deoxy-a.---manno-
oct-2-ulopyranosid)onate (22)—According to the general procedure for dehalogenation
21 (38.2 mg, 0.027 mmol) was treated with lauroyl peroxide (6.5 mg, 0.016 mmol) in dry
cyclohexane (4.0 mL) for 4 h. Removal of the solvent and subsequent column
chromatography (toluene/EtOAc 1:1) afforded 22 (27.6 mg, 88%) as a colorless oil; [a]p2°
+79.4 (c 0.91, CHCI3); Rf 0.19 (toluene/EtOAC 1:1, HP-TLC); 1H NMR (CDCl5): § 5.36 -
5.34 (m, 1H, H-%"), 5.30 - 5.28 (m, 1H, H-5"), 5.21 - 5.13 (m, 5H, H-4’, H-4”, H-5, H-7’,
H-7”), 5.00 (ddd, 1H, J7 6 9.8, J7 8 4.5, 3784 2.4 Hz, H-7), 4.66 (dd, 1H, Jgra g1 12.2, Jgra 77
2.7 Hz, H-8'a), 4.63 (ddd, 1H, J4 3ax 12.0, J4 3¢q 5.0, J4 5 3.0 Hz, H-4), 4.58 (dd, 1H, Jg7a 87y
12.4, Jgra 77 2.2 Hz, H-8"a), 4.15 - 4.11 (m, 2H, H-6’, H-8"b), 4.09 (dd, 1H, Jg/p 77 3.5 Hz,
H-8'b), 4.01 (dd, 1H, Jg7 77 9.6, Jg7 57 1.4 Hz, H-6"), 3.98 (dd, 1H, Js 5 1.2 Hz, H-6), 3.87 -
3.83 (m, 4H, H-8a, CO,CH3), 3.80 (s, 3H, CO,CHa3), 3.79 (s, 3H, CO,CH3), 3.73 (dd, 1H,
Jgp ga 11.8, H-8b), 3.28 (s, 3H, OCH3), 2.24 - 2.20 (m, 1H, H-3"eqg), 2.18 - 2.00 (m, 23H,
H-3ax, H-3eq, H-3'ax, H-3’eg, H-3"ax, 6 x COCH3), 1.99, 1.98, 1.96 and 1.955 (4 x s, each
3H, COCHys); 13C NMR (CDCl3): § 170.89, 170.49, 170.32, 170.28, 170.06, 169.83, 169.65,
169.63 and 169.62 (9 x s, 10C, COCHg), 167.47, 167.24 and 167.02 (3 x s, C-1, C-1/, C-1"),
99.08, 98.94 and 97.38 (3 x s, C-2, C-2/, C-2"), 69.32 (d, C-6"), 68.79 (d, C-6"), 68.48 and
68.43 (2 x d, C-6, C-7), 67.78 (d, C-7"), 67.65 (d, C-7"), 66.33 (d, C-4'), 66.11 (d, 2C, C-4,
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C-4”), 65.03 (d, C-5), 64.33 (d, C-5), 64.13 (d, C-5"), 62.39 (t, C-8), 61.89 (t, C-8”), 61.64
(t, C-8'), 52.70, 52.67 and 52.47 (3 x g, CO,CHg), 51.19 (g, OCHs), 33.96 (t, C-3), 31.44 (t,
2C, C-3/, C-3"), 20.76, 20.73, 20.71, 20.66, 20.64, 20.59 and 20.53 (7 x s, 10C, COCHg);
ESI-TOF HRMS: m/z = 1172.3875; calcd for CgHggO3NH,™: 1172.3875.

Sodium (3-deoxy-a-o-manno-oct-2-ulopyranosyl)onate]-(2—4) [sodium (3-
deoxy-a-o-manno-oct-2-ulopyranosyl)onate-(2—8)]-sodium (methyl a-o-
manno-oct-2-ulopyranosid)onate (23)—According to the general procedure for global
deprotection a solution of 22 (20.5 mg, 0.018 mmol) in dry MeOH (2.0 mL) was treated
with NaOMe (0.1 M in MeOH; 105 uL, 0.012 mmol), which was added in 3 portions within
24 h. After complete addition stirring was continued for 8 h. After work-up as described the
residue was dissolved in water (2.0 mL) and treated with ag NaOH (0.1 M, 1.0 mL) for 3 h
at rt. The solution was subjected to standard work-up und the crude product was desalted by
successive purification on a PD10 (H,0) and BioGel-P2 (H,O/EtOH 19:1) column followed
by lyophilisation of pooled fractions affording 23 (9.6 mg, 71%) as an amorphous colorless
solid; [a]p?° + 80.1 (c 0.87, D,0O); IH NMR (D0, pH ~ 6.5): & 4.05 - 4.00 (m, 4H, H-4,
H-4’, H-4”, H-5), 3.98 - 3.82 (m, 7TH, H-5, H-5", H-7, H-7’, H-7", H-8a, H-8"a), 3.69 - 3.55
(m, 5H, H-6", H-6”, H-8a, H-8b, H-8"b), 3.52 - 3.46 (m, 2H, H-6, H-8b), 3.09 (s, 3H,
OCHzg), 2.08 (dd, 1H, J37q,37ax 13.4, J36q,474.5 Hz, H-3"€q), 2.01 (dd, 1H, J3¢q,3:ax 13.2,
J3q,474.8 Hz, H-3'eq), 1.93 - 1.89 (m, 1H, H-3eq), 1.84 (dd, 1H, Jzax,3eq 12.9, J3ax 4 11.6
Hz, H-3ax), 1.75 (dd, 1H, J 12.9, J 12.2 Hz, H-3'ax), 1.72 (dd, 1H, J37ax 37eq 13.2, J37ax 47
12.3 Hz, H-3"ax); 13C NMR (D0, pH ~ 6.5): § 176.48, 176.44 and 175.92 (3 x s, C-1, C-1/,
C-17), 101.30, 101.22 and 100.43 (3 x s, C-2, C-2/, C-2"), 73.04 (d, C-6), 72.34 and 72.26 (2
x d, C-6/, C-6”), 70.77 and 70.10 (2 x d, C-7/, C-7"), 69.70 (d, C-7), 68.69 (d, C-4), 67.15
and 67.10 (2 x d, C-5/, C-5"), 66.85 and 66.68 (2 x d, C-4/, C-4"), 65.98 (t, C-8), 65.23 (d,
C-5), 63.83 and 63.81 (2 x t, C-8/, C-8”), 51.40 (g, OCH3), 35.36 and 34.87 (2 x t, C-3/,
C-3”), 34.03 (t, C-3); ESI-TOF HRMS: myz = 715.1901; calcd for Co5H4002oNa*:
715.1903.

Methyl (2,6-anhydro-4,5,7-tri-O-acetyl-3-deoxy-8-O-triethylsilyl---manno-oct-2-
enos)onate (24)—Glycal 34 was prepared from 3 by standard transesterification catalyzed
by sodium methoxide and was used without purification after neutralization and solvent
evaporation. A suspension of glycal 34 (94 mg, 0.401 mmol) and 1,4-
diazabicyclo[2.2.2]octane (77 mg, 0.682 mmol) in dry MeCN (10.0 mL) was treated with
chlorotriethylsilane (74 pL, 0.442 mmol) at ambient temperature for 1 h. After addition of
two more portions of chlorotriethylsilane (14.8 pL, 0.088 mmol) within 30 min, the mixture
was concentrated. The residue was partitioned between EtOAc and half-saturated ag
NaHCOs. The aqueous phase was extracted with EtOAc (3 times) and the combined organic
phases were dried (MgSOy,). After filtration the solvent was removed and the residual oil
was dried under high vacuum. The residue was dissolved in dry pyridine (8.0 mL) and
treated with acetic anhydride (0.4 mL) in the presence of 4-(N,N-dimethylamino)pyridine (5
mg) for 4 h at ambient temperature. Excessive reagent was destroyed at 0 °C by dropwise
addition of dry MeOH (2.0 mL) and after stirring for 5 min the solvent was removed by
repeated coevaporation with toluene. The crude product was purified by column
chromatography (toluene/EtOAc 15:1) providing 24 (129 mg, 62%) as a colorless oil;
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[a]p2° - 18.1 (c 1.40, CHCI3); Rf 0.39 (toluene/EtOAc 9:1); IH NMR (CDCls): § 5.87 (app
t, 1H, H-3), 5.71 (ddd, 1H, J5 4 4.6, J5 3 2.2, J5 6 1.4 Hz, H-5), 5.47 (ddd, 1H, J43 2.0, Ja 6
1.1 Hz, H-4), 5.09 (ddd, 1H, J; 5 9.6, 37,84 3.1, J7 8p 2.1 Hz, H-7), 4.47 - 4.44 (m, 1H, H-6),
3.96 (dd, 1H, Jg, g 11.6, H-8a), 3.86 (dd, 1H, H-8b), 3.81 (s, 3H, CO,CHg), 2.06, 2.05 and
2.02 (3 x s, each 3H, COCH3), 0.93 [t, 9H, J 8.0 Hz, Si(CH,CHa3)3], 0.59 [q, 6H, J 8.0 Hz,
Si(CH,CH3)3]; 13C NMR (CDCl5): § 170.34, 170.01 and 169.83 (3 x s, COCH3), 161.68 (s,
C-1), 144.85 (s, C-2), 107.42 (d, C-3), 72.69 (d, C-6), 69.97 (d, C-7), 64.93 (d, C-5), 61.44
(d, C-4), 60.73 (t, C-8), 52.35 (q, CO,CHg), 20.83, 20.62 and 20,55 (3 x g, COCHg), 6.60
[4, 3C, S[(CH,CH3)3], 4.22 [t, 3C, Si(CH,CHs)3]; ESI-TOF HRMS: nvz = 497.1821; calcd
for C21H340108iNa+: 497.1813.

Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-»-glycero-a-o-talo-oct-2-
ulopyranosyl)onate-(2—8)-methyl (2,6-anhydro-4,5,7-tri-O-acetyl-3-deoxy-8-O-
triethylsilyl-.-manno-oct-2-enos)onate (25) and methyl (4,5,7,8-tetra-O-
acetyl-3-deoxy-3-iodo-o-glycero-a-o-talo-oct-2-ulopyranosyl)onate-(2—8)-
methyl (2,4,5,7-tetra-O-acetyl-3-deoxy-3-iodo-o-glycero-a-o-talo-oct-2-
ulopyranosyl)onate (26)—A solution of 24 (200 mg, 0.421 mmol) and 5 (277 mg, 0.506
mmol) in dry CH,Cl, (8.0 mL) was treated with BF3.Et,0 (173 pL, 0.843 mmol) according
to the general procedure for glycosylation. After 2 h complete conversion was determined
by TLC and the mixture was subjected to aqueous work-up. Subsequent column
chromatography (toluene/EtOAc 2:1) afforded a mixture of hydrolysed donor and 25 (yield
determined by NMR ~320 mg, ~85%, see Supporting Info Figure S-2) as a yellow oil which
was directly used in the next step. A solution of this mixture in glacial acetic acid (25 mL)
was treated with N-iodosuccinimide at 65 °C for 46 h. The cold solution was slowly poured
onto ice-cold saturated NaHCO3 solution and diluted with chloroform. The phases were
separated, the aqueous phases was once again extracted with chloroform and the combined
organic phases were successively washed with ag NaHCO3, ag NaS,SO3 (5 w%) and brine.
After drying (MgSQy,), filtration and concentration, the crude product was purified by HP-
column chromatography (toluene/EtOAc 5:2) yielding 26 (256 mg, 57% over 2 steps) as a
colorless oil; [a]pZ + 34.9 (c 0.80, CHCl5); R 0.34 (toluene/EtOAC 3:2); 1H NMR
(CDCl3): 8 5.48 - 5.46 (m, 1H, H-5), 5.41 - 5.37 (m, 2H, H-5, H-7’), 5.07 (app td, 1H, J; 6
9.8 Hz, H-7), 5.05 (dd, 1H, J4 3 4.9, J4 5 3.7 Hz, H-4), 4.76 (dd, 1H, Jy 3 4.9, Jy 5 3.7 Hz,
H-4'), 4.63 - 4.60 (m, 2H, H-3’, H-8'a), 4.51 (dd, 1H, J3 5 0.9 Hz, H-3), 4.30 (dd, 1H, Js 5
2.1 Hz, H-6), 4.22 (dd, 1H, Jgrp g7a 12.4, Jgrp,77 4.9 Hz, H-8'b), 4.20 (dd, 1H, Jer 77 9.6, Jg' 5/
2.0 Hz, H-6’), 3.96 (dd, 1H, Jga 8 11.9, Jga 7 2.3 Hz, H-8a), 3.83 (s, 3H, CO,CH3), 3.79 (s,
3H, CO,CH3), 3.48 (dd, 1H, Jgn 7 2.7 Hz, H-8b), 2.19, 2.13, 2.13, 2.12, 2.09, 2.06, 2.03 and
2.00 (8 x s, each 3H, COCH3); 13C NMR (CDCls): § 170.88, 170.11, 169.87, 169.66,
169.64, 169.28, 169.22 and 168.21 (8 x s, COCHp3), 166.60 and 165.31 (2 x s, C-1, C-1'),
102.49 and 98.89 (2 x s, C-2, C-2’), 68.74 (d, C-6), 68.67 (d, C-6"), 67.92 (d, C-7), 67.60 (d,
C-7'), 65.47 (d, C-4), 64.98 (d, C-4), 63.54 (t, C-8), 63.26 (d, C-5), 63.03 (d, C-5), 62.36 (t,
C-8'), 53.11 and 53.07 (2 x gq, CO,CHy3), 22.10 (d, C-3), 20.95, 20.85, 20.81, 20.80, 20.77,
20.68, 20.65 and 20.52 (9C, C-3, 8 x COCHj3); ESI-TOF HRMS: m/z = 1092.0708; calcd for
C34H44|2023NH4+: 1092.0701.
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Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-»-glycero-a-o-talo-oct-2-
ulopyranosyl)onate-(2—8)-methyl (4,5,7-tri-O-acetyl-3-deoxy-3-iodo-o-glycero-
a-o-talo-oct-2-ulopyranosyl)onate fluoride (27)—A solution of 26 (125 mg, 0.116
mmol) in dry CH,Cl5 (3.1 mL) was treated with hydrogen fluoride/pyridine (~70% HF,
~30% pyridine; 0.8 mL) at 0 °C for 1 h in a sealed Teflon flask. Ice-cold water was added,
the phases were mixed thoroughly and separated. The aqueous phase was once again
extracted with CH,Cl, and the combined organic extracts were washed with ag NaHCOg,
dried (MgSQy,), filtered and concentrated. The crude product was quickly purified by flash
chromatography (n-hexane/EtOAc 1:1) affording 27 (113 mg, 94%) as a colorless oil;
[a]p?® + 34.5 (¢ 0.58, CHCI3); Rf 0.38 (n-hexane/EtOAcC 1:1); 1H NMR (CDClg): § 5.50 -
5.48 (m, 1H, H-5), 5.39 (ddd, 1H, J77 ¢/ 9.8, J77 g1, 4.8, J7 g3 2.3 Hz, H-77), 5.31 - 5.30 (m,
1H, H-%),5.22 - 5.19 (m, 1H, H-7), 4.99 (dd, 1H, J4 3 5.0, J4 5 3.6 Hz, H-4), 4.90 (dd, 1H,
Jy 3 4.8, Jy 5 3.7 Hz, H-4), 4.74 - 4.69 (M, 2H, H-3, H-8a), 4.66 (dd, 1H, J5 7 9.9, Jg5 1.8
Hz, H-6), 4.58 (dd, 1H, J3 5 0.8 Hz, H-3), 4.23 (dd, 1H, Jg 5 1.9 Hz, H-6"), 4.21 (dd, 1H,
Jgp g7a 12.4 Hz, H-8'b), 4.01 (dd, 1H, Jga gp 11.2, Jgz 7 3.5 Hz, H-8a), 3.89 (s, 3H, CO,CH3),
3.83 (s, 3H, CO,CH3), 3.43 (dd, 1H, Jgp 7 1.6 Hz, H-8b), 2.14, 2.12, 2.11, 2.09, 2.05, 2.05
and 1.99 (7 x s, each 3H, COCH3); 13C NMR (CDCls): § 170.61, 170.15, 169.77, 169.51,
169.49, 169.12 and 169.02 (7 x s, COCH3), 165.93 (s, C-1’), 162.84 (ds, J;  27.8 Hz, C-1),
109.03 (ds, Jo F 230.2 Hz, C-2), 101.66 (s, C-2’), 69.74 (dd, Js £ 4.9 Hz, C-6), 68.60 (d,
C-6'), 67.62 (d, C-7/), 67.47 (d, C-7), 65.30 (d, C-4’), 64.56 (d, C-4), 64.01 (t, C-8), 63.08
(d, C-5), 62.77 (d, C-5), 62.13 (t, C-8"), 53.41 (g, CO,CH3), 53.03 (q, CO,CH3), 21.37 (d,
C-3'), 20.90, 20.78, 20.74, 20.67, 20.58 and 20.51 (6 x q, 7C, COCHj3), 18.32 (dd, J3 ¢ 30.6
Hz, C-3); 1%F NMR (CDCly): § - 103.32; ESI-TOF HRMS: m/z = 1052.0570; calcd for
CaoH41Fl1o021NH4*: 1052.0552.

Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-»-glycero-a-o-talo-oct-2-
ulopyranosyl)onate-(2—8)-methyl (4,5,7-tri-O-acetyl-3-deoxy-3-iodo-s>-glycero-
a-o-talo-oct-2-ulopyranosyl)onate-(2—4)-methyl (methyl 7,8-O-carbonyl-3-
deoxy-a-o-manno-oct-2-ulopyranosid) onate (28)—A suspension of 10 (11.4 mg,
0.039 mmol) and 27 (48.4 mg, 0.047 mmol) in dry CH,Cl, (2.0 mL) containing 5 A
grounded molecular sieves (~50 mg) was stirred at ambient temperature for 2 h under an
atmosphere of argon. The mixture was then cooled to 0 °C and trifluoromethanesulfonic
acid (1.1 uL, 0.006 mmol) in dry CH,Cl, (0.2 mL) was added dropwise. After stirring at
ambient temperature for 1 h ag NaHCO3 and CH,Cl, were added, the phases were separated
and the aqueous phase was once again extracted with CH,Cl,. The combined organic phases
were washed consecutively with ag NaHCOs, aq NaS,03 (5 w%) and brine, dried (MgSQy,),
filtered and concentrated. The crude mixture was purified by column chromatography (n-
hexane/EtOAc 1:1 — 1:2) providing 28 (37.2 mg, 73%) as a colorless amorphous solid;
[a]p?° + 53.8 (¢ 0.67, CHCI3); Ry 0.22 (toluene/EtOAC 1:1, HP-TLC); 1H NMR (CDClg): &
5.43 - 5.36 (M, 4H, H-5, H-5”, H-7/, H-7"), 4.92 (ddd, 1H, J7 g 8.3, J7 84 6.9, J7 6 4.0 Hz,
H-7), 4.89 (dd, 1H, J4» 37 4.7, J47 5v 3.5 Hz, H-4"), 4.86 (dd, 1H, Jy 3 4.9, Jy s 3.4 Hz,
H-4'), 4.74 - 470 (m, 2H, H-8a, H-8"a), 4.55 (app t, 1H, Jgy g 9.0 Hz, H-8b), 4.52 - 4.49
(m, 2H, H-3', H-3"), 4.24 - 4.20 (m, 2H, H-6”, H-8"b), 4.18 (ddd, 1H, J4 3ax 11.8, J43¢q 5.2,
Jy 5 3.1 Hz, H-4), 4.06 (dd, 1H, Jg 7 7.6, Jg 5 2.0 Hz, H-6"), 3.88 - 3.85 (m, 7H, H-6, 2 x
CO,CHj3), 3.80 (s, 3H, CO,CH3), 3.79 - 3.74 (m, 2H, H-8a, H-8'b), 3.68 - 3.66 (m, 1H,
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H-5), 3.27 (s, 3H, OCH3), 2.45 - 2.43 (m, 1H, OH), 2.14 (s, 3H, COCHg), 2.12 (s, 3H,
COCHs3), 2.10 (app t, 1H, H-3ax), 2.10, 2.09, 2.06, 2.05 and 1.98 (5 x s, each 3H, COCHy),
1.95 (dd, 1H, Jzeq 3ax 12.5 Hz, H-3eq); 13C NMR (CDCly): § 170.39, 170.10, 169.91,
169.48, 169.36, 169.31 and 169.27 (7 x s, COCHg), 167.14, 166.94 and 165.44 (3 x s, C-1,
C-1/, C-17), 154.60 [s, O(C=0)0], 101.25 and 100.54 (2 x s, C-2/, C-2"), 98.87 (s, C-2),
75.69 (d, C-7), 71.03 (d, C-6'), 70.46 (d, C-6), 69.34 (d, C-4), 68.56 (d, C-7"), 68.41 (d,
C-6"), 67.62 (d, C-77), 66.11 (t, C-8), 65.27 (d, C-4”), 64.99 (d, C-4"), 64.36 (d, C-5), 64.31
(t, C-8'), 63.12 (d, C-5), 63.03 (d, C-5), 62.06 (t, C-8”), 53.43, 53.01 and 52.86 (3 x g,
CO,CHs), 51.31 (g, OCH3), 32.77 (t, C-3), 21.56 and 21.24 (2 x d, C-3/, C-3”), 20.92,
20.86, 20.77, 20.73, 20.72, 20.51 and 20.39 (7 x g, COCH3); ESI-TOF HRMS: m/z =
1324.1275; calcd for Cy3Hsglo030NH,*: 1324.1284.

Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-3-iodo-o-glycero-a-o-talo-oct-2-
ulopyranosyl)onate-(2—8)-methyl (4,5,7-tri-O-acetyl-3-deoxy-3-iodo-o-glycero-
a-o-talo-oct-2-ulopyranosyl)onate-(2—4)-methyl (methyl 5-O-acetyl-7,8-O-
carbonyl-3-deoxy-a--manno-oct-2-ulopyr-anosid)onate (29)—A solution of 28
(36.4 mg, 0.028 mmol) in dry pyridine (2.0 mL) was treated with acetic anhydride (0.1 mL)
and 4-(N,N-dimethylamino)-pyridine (0.5 mg, 0.004 mmol) at ambient temperature for 12 h.
Excess of reagent was destroyed by slow addition of dry MeOH (1 mL) at 0 °C and after 10
min the solvent was removed by coevaporation with toluene (3 x). The residue was purified
by column chromatography (n-hexane/EtOAc 2:3) yielding 29 (35.5 mg, 95%) as a colorless
amorphous solid; [a]p?° + 61.9 (c 0.62, CHCl3); R¢ 0.44 (n-hexane/EtOAc 1:2); 1H NMR
(CDClg): 6 5.41 - 5.35 (m, 4H, H-5", H-5”, H-7’, H-7"), 5.05 - 5.02 (m, 1H, H-5), 4.90 (dd,
1H, g7 37 4.7, Jy7 57 3.6 Hz, H-4”), 4.86 (dd, 1H, Jy 3 4.6, Jy 5 3.7 Hz, H-4’), 4.80 (ddd,
1H, J7 81 8.3, J784 6.1, J76 3.6 Hz, H-7), 4.72 (dd, 1H, Jgra g7y 12.4, Jgra 77 2.4 Hz, H-8"a),
4.57 (dd, 1H, Jg, gp 8.4 Hz, H-8a), 4.52 - 4.50 (m, 1H, H-3”), 4.37 - 4.32 (m, 2H, H-%,
H-8b), 4.27 - 4.21 (m, 3H, H-4, H-6”, H-8"b), 4.05 (dd, 1H, Jg 77 7.7, Jo 5 2.1 Hz, H-6),
3.98 (dd, 1H, Js 5 1.0 Hz, H-6), 3.87, 3.83 and 3.81 (3 x s, each 3H, CO,CH3), 3.79 - 3.76
(m, 2H, H-8a, H-8'b), 3.27 (s, 3H, OCH3), 2.16 — 2.11 (m, 1H, H-3ax), 2.15, 2.13, 2.11,
2.09 and 2.089 (5 x s, each 3H, COCH3), 2.06 — 2.01 (m, 1H, H-3eq), 2.04, 2.036 and 1.97
(3 x s, each 3H, COCHjs); 13C NMR (CDCl3): § 170.35, 170.14, 170.06, 170.02, 169.41,
169.35, 169.33 and 169.26 (8 x s, COCH3), 166.95, 165.47 and 165.44 (3 x s, C-1, C-1/,
C-17), 154.09 [s, O(C=0)0], 101.28 and 101.12 (2 x s, C-2’, C-2"), 98.85 (s, C-2), 74.97 (d,
C-7),71.19 (d, C-¢'), 70.37 (d, C-6), 68.86 (d, C-7"), 68.44 and 68.31 (2 x d, C-4, C-6"),
67.75 (d, C-7”), 66.40 (d, C-5), 65.32 (d, C-4"), 64.90 (d, C-4’), 64.66 and 64.54 (2 x t, C-8,
C-8'), 63.30 (d, C-5"), 63.18 (d, C-5"), 61.92 (t, C-8"), 53.29, 53.05 and 52.94 (3 x q,
CO,CHj3), 51.56 (q, OCHg), 34.10 (t, C-3), 21.75 (d, C-3’), 21.48 (d, C-3"), 20.97, 20.89,
20.84, 20.74, 20.54 and 20.41 (6 x g, 8C, COCH3); ESI-TOF HRMS: m/z = 1366.1338;
calcd for C45H5g|2031NH4+Z 1366.1390.

Methyl (4,5,7,8-tetra-O-acetyl-3-deoxy-a---manno-oct-2-ulopyranosyl)onate-
(2—8)-methyl (4,5,7-tri-O-acetyl-3-deoxy-a-o-manno-oct-2-ulopyranosyl)onate-
(2—4)-methyl (methyl 5-O-acetyl-7,8-O-carbon-yl-3-deoxy-a---manno-oct-2-
ulopyranosid)onate (30)—Following the general procedure for dehalogenation 29 (26.6
mg, 0.020 mmol) was treated with lauroyl peroxide (4.7 mg, 0.012 mmol) in dry
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cyclohexane (4.0 mL) for 24 h. Evaporation of the solvent and purification of the residue by
column chromatography (n-hexane/EtOAc 1:2) afforded 30 (19.2 mg, 89%) as an
amorphous white solid; [a]p2° + 82.3 (c 0.43, CHCI3); Rf 0.24 (toluene/EtOAc 1:2, HP-
TLC); IH NMR (CDCls): § 5.35 - 5.30 (m, 3H, H-5/, H-5”, H-7’), 5.26 - 5.21 (m, 2H, H-5,
H-7”), 5.14 - 5.09 (m, 2H, H-4, H-4"), 4.76 (ddd, 1H, J; g 8.3, J7 g4 6.4, J7 6 4.3 Hz, H-7),
4.64 (dd, 1H, Jgra g7p 12.3, Jgra 77 2.4 Hz, H-8"a), 4.62 (dd, 1H, Jga gy 8,5 Hz, H-8a), 4.55
(ddd, 1H, Jg 3ax 11.8, J4 3eq 5.0, Ja 5 2.9 Hz, H-4), 4.39 (app t, 1H, H-8b), 4.21 (dd, 1H,
Jgrp,77 4.9 Hz, H-8"b), 4.08 (dd, 1H, Jg 77 9.8, Jg7 57 1.4 Hz, H-6"), 4.05 (dd, 1H, Jg 5 1.4
Hz, H-6), 3.94 (dd, 1H, Jg/a'g/b 10.6, Jg/a]/ 2.9 Hz, H—8’a), 3.89 (dd, 1H, J6/'7/ 8.1, J6/'5/ 14
Hz, H-6), 3.84, 3.83 and 3.80 (3 x s, each 3H, CO,CH3), 3.66 (dd, 1H, Jgp 77 9.5 Hz,
H-8'b), 3.27 (s, 3H, OCH3), 2.14 - 1.94 (m, 30H, 8 x COCH3, H-3ax, H-3eq, H-3/ax,
H-3’eg, H-3"ax, H-3"eq); 13C NMR (CDCl5): § 170.39, 170.31, 169.99, 169.96, 169.88,
169.64 and 169.54 (7 x s, 8C, COCH3), 167.14, 167.03 and 166.94 (3 x s, C-1, C-1/, C-1"),
154.16 [s, O(C=0)0], 99.12, 98.31 and 97.75 (3 x s, C-2, C-2/, C-2"), 74.87 (d, C-7), 71.37
(d, C-6'), 70.38 (d, C-6), 68.84 (d, C-7’), 68.47 (d, C-6”), 67.86 (d, C-7”), 66.63 (d, C-5),
66.34 and 66.20 (2 x d, C-4/, C-4"), 65.93 (d, C-4), 65.21 (t, C-8), 64.24 (d, C-5'), 64.21 (d,
C-5”), 62.79 (t, C-8/), 62.03 (t, C-8”), 53.05, 52.83 and 52.69 (3 x g, CO,CHj), 51.35 (q,
OCHj3), 34.16 (t, C-3), 31.54 and 31.35 (2 x t, C-3/, C-3"), 20.72, 20.67, 20.61 and 20.54 (4
x s, 8C, COCH3); ESI-TOF HRMS: m/z = 1114.3440; calcd for C45HgO31NH4*:
1114.3457.

Sodium (3-deoxy-a-o-manno-oct-2-ulopyranosyl)onate-(2—8)- sodium (3-
deoxy-a-s-manno-oct-2-ulopyranosyl)onate-(2—4)-sodium (methyl 3-deoxy-a-
o-manno-oct-2-ulopyranosid)onate (31)—According to the general procedure for
global deprotection a solution of 30 (10.2 mg, 0.009 mmol) in dry MeOH (2.0 mL) was
treated with NaOMe (0.1 M in MeOH; 157 pL, 0.015 mmol), which was added in 3 portions
within 24 h. After complete addition stirring was continued for 4 h. After the described
work-up the residue was dissolved in water (2.0 mL) and treated with aqg NaOH (0.1 M, 1.0
mL). After 3 h it was subjected to standard work-up und the crude product was desalted by
purification on a PD10 column (H,0) followed by lyophilisation of pooled fractions
affording 31 (6.5 mg, 93%) as an amorphous colorless solid; [a]pZ° + 82.6 (c 0.64,

D,0); IH NMR (D0, pH ~ 6.5): § 4.12 - 4.06 (m, 2H, H-7’, H-4"), 4.03 - 3.99 (m, 4H,
H-4’, H-5, H-5/, H-5"), 3.97 - 3.84 (m, 5H, H-4, H-7, H-7”, H-8a, H-8"a), 3.70 -3.64 (m, 3H,
H-6”, H-8’a, H-8"b), 3.62 - 3.55 (m, 2H, H-6/, H-8b), 3.47 (dd, 1H, Jg1, g5 10.2, Jg1, 77 8.3
Hz, H-8'b), 3.44 (dd, 1H, Jg 7 8.8, Js 5 1.0 Hz, H-6), 3.09 (s, 3H, OCH3), 2.06 (ddd, 1H,
J3req,37ax 13.3, J3eqa’ 4.8, Jzreq,5 0.8 Hz, H-3'eq), 2.03 - 1.99 (m, 1H, H-3"eq), 1.90 - 1.71
(m, 4H, H-3eg, H-3ax, H-3'ax, H-3"ax); 13C NMR (D0, pH ~ 6.5): § 177.00, 176.14 and
175.91 (3 x s, C-1, C-1/, C-1”), 101.32, 100.76 and 100.42 (3 x s, C-2, C-2/, C-2), 73.10 (d,
C-6’), 72.09 and 72.01 (2 x d, C-6, C-6"), 70.47, 70.45 and 70.26 (3 x d, C-7, C-7/, C-7"),
69.76 (d, C-4), 67.55 and 67.27 (2 x d, C-5/, C-5"), 66.85 and 66.68 (2 x d, C-4/, C-4"),
65.05 (d, C-5), 65.00 (t, C-8'), 64.02 (2t, C-8, C-8”), 51.40 (g, OCH3), 35.31 and 35.09 (2 x
t, C-3/, C-3”), 34.02 (t, C-3); ESI-TOF HRMS: m/z = 715.1938; calcd for Co5H490,,Na™:
715.1903.
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Figure 1.
Proton-coupled 1%F NMR spectrum of fluoride donor 5.
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Scheme 1.

Synthesis of stereodirecting 3-iodo-Kdo fluoride donor 5 and Kdo glycosides. a) HF-
pyridine, CH,Cly; b) BF3:Et,0, CH,Cl,, mol. sieves 3 A; c) lauroyl peroxide, cyclohexane.
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Synthesis of 2—4 and 2—8 linked Kdo disaccharides 14 and 18. a) BF3'Et,0, CH,Cl,, mol.
sieves 3 A; b) Ac,0, pyr., DMAP; ¢) lauroyl peroxide, cyclohexane; d) 0.1 M NaOMe,

MeOH, then 0.1 M ag. NaOH.
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Scheme 3.

One-pot glycosylation towards the branched Chl. psittaci specific Kdo trisaccharide 23. a)
BF3Et,0, CH,Cl,, mol. sieves 3 A; b) Ac,0, pyr., DMAP; ¢) lauroyl peroxide,
cyclohexane; d) 0.1 M NaOMe, MeOH, then 0.1 M aq. NaOH
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Scheme 4.

Synthesis of the family-specific Chlamydia Kdo trisaccharide 31. a) BF3.Et,0, CH,Cly,
mol. sieves 5 A; b) NIS, AcOH; ¢) HF-pyridine, CH,Cly; d) TfOH, CH,Cl,, mol. sieves 3
A; e) Ac,0, pyr., DMAP; f) lauroyl peroxide, cyclohexane; g) 0.1 M NaOMe, MeOH, then
0.1 M ag. NaOH.
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Table 1

Summary of glycosylation reactions using 3-iodo-Kdo fluoride donors

Acceptor Donor Equiv Product Yield a/fratio Glycal[a]
2-pronl?! 5 1.0 6 83% aonly 7%
|’ / \'
HO N, 5 1.0 8 80% aonly traces
10 5 1.0 1 78% aonly 4%
15 5 1.2 16 62% aonly 7%
19 5 24 20 sgoel?l  aonly  11%
24 5 1.2 25 g506ldl  aonly  nd.
10 27 12 28 73068 aonly  nd.

(@]
(0]
[l
(d]
[e]

relative to reacted donor.
2 equivalents of alcohol.

In addition, the 2—4/7 linked regioisomer was isolated in 7% yield.

promoted by TfOH
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As purification afforded a mixture of hydrolysed donor and 25, the yield was determined from 1H-NMR data.
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