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Graphical abstract
A gold(l)-catalyzed highly convergent strategy is described for the efficient synthesis

of a3-(1,3)-glucan hexadecasaccharide.
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Abstract:

Elucidation of the structure-activity relationship$ (-(1,3)-glucans is hampered by the
difficulty to isolate theB-(1,3)-glucan polysaccharides from natural sour®¥és. describe a
gold(l)-promoted approach for the efficient assemidla -(1,3)-glucan hexadecasaccharide
via the orthogonal and consecutive activation oioglycosides and glucosybrtho-
hexynylbenzoates in a highly convergent manner.shm¢hetic hexadecasaccharide serves as

the basis for further evaluation of their biolodiftanctions.
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Introduction
In nature,-(1,3)-glucans are widely distributed as the esakwgbnstituents of fungi and
seeweed$? By interaction with the complement receptor typen8 dectin-1p-(1,3)-glucans

are regarded as an important type of biologicgbharse modifiers that are able to stimulate
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the immune system and exhibit antitumor, antifungat antibacterial effects: The strong
binding betweer-(1,3)-glucans and dectin-1 has been exploreddarching modulators of
innate immunity">*® Glycoconjugate vaccines based @(1,3)-glucans can provide
protection in mice against fungal pathogens suchCasdida albicans and Aspergillus
fumigatus.”?*However, biological studies of naturally occurrifig1,3)-glucans containing
short 60-branched3-glucans or their hydrolysates may lead to conttady results due to
the heterogeneity of natur@-glucans®>?® As such, syntheti®-(1,3)-glucans are highly
desirable for understanding the mechanism and tatesactivity relationships op-(1,3)-
glucans in the interaction with cell surface reoept

Chemical synthesis oB-(1,3)-glucans has aroused much interest in cadraie
community aiming at development of imnmunomodulatagents and antifungal vaccirf88°
To access thg-(1,3)-glucan polysaccharides, various approachere wWeveloped to produce
linear deca?’ undeca®?® dodeca’’ trideca?® hexadeca?] and branched
heptadecasaccharid@sn solution phase. Recently, Seeberger and cowsrfeported the
automated solid-phase synthesis of dodeca- ancthedntridecasaccharides for identifying
antibody epitoped’ However, synthesis of lon@-(1,3)-glucans with more than 15 glucose
units is very rare. Hence, efficient assembly stjes are highly pursued for the synthesis of
ultralong-(1,3)-glucan polysaccharides.

In terms of the synthesis @-(1,3)-glucans, the solution-phase convergent [n] +
strategy is usually considered as one of the nitistemt approaches for the block assembly
of B-(1,3)-glucans from the perspective of symmetrysd&ghon this strategy, at least four
glycosylation steps are required for the assemlbla §-(1,3)-glucan hexadecasaccharide
skeleton. Nevertheless, in the solution-phase sgigh of the [-(1,3)-glucan
hexadecasaccharide via the glycosylation with thiehloroacetimidates and ethyl
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thioglycosides as donors reported by H. Tanakacamebrkers, extension of the sugar chain
did not go above tetrasaccharide dorfdrslere, we report the gold(l)-promoted highly
convergent [8 + 8] synthesis of3a(1,3)-glucan hexadecasaccharide based on thegomiab
and consecutive activation of thioglycosides anatgsylortho-hexynylbenzoates.

As depicted in Scheme 1, tifie(1,3)-glucan hexadecasaccharitlecan be derived
from odourless Fert-butyl-2-methyl phenyl thioglucosid@ that might avoid glycoside
transfer’! in which the orthogonal TBS group is attachedh® 3-OH position of the non-
reducing end. The benzoyl groups installed at #@H2positions of the glucose units can
ensure the stereoselective formatiorBajlucosides via the neighboring-group participation
effect. Based on the highly convergent strategg, tbxadecasacchari@eis dissected into
octasaccharidertho-hexynylbenzoaf& 3 and thioglycosidd, which could be constructed by
coupling of tetrasaccharidertho-hexynylbenzoate5 and thioglycoside6 followed by
functional group transformations. Similarly, tetmasharide building block® and 6 are
further divided into disaccharidertho-hexynylbenzoat& and thioglycoside8 that can be
obtained by glycosylation of monosaccharatého-hexynylbenzoat® and thioglycosidelO

and subsequent functional group transformations.
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Scheme 1. Retrosynthetic analysis of tiffe(1,3)-glucan hexadecasaccharide

Result and discussion

Starting from the commercially availalfled-glucose pentaacetatd, alcohol12 was
prepared in 72% overall yield over six steps adogydo the literature procedures (Scheme
2)3° Benzylation of alcohol2 with benzyl bromide in the presence of sodium figlin a
mixture of THF and DMF gave thioglycosid8 in 94% vyield. Subjection of thioglycosid8
to an NIS/DTBP/AgOTf system in acetonitrile and eraied to the formation of the
corresponding hemiacetal, which was condensed avithio-hexynylbenzoic acid under the
promotion of EDCI and DMAP to provide glucosyitho-hexynylbenzoat® in 88% yield

over two steps. Exposure B8 to HF Ipyridine in dichloromethane resulted in the cleavaf



the TBS group, affording glucosyl acceptth in 87% yield without migration of the 2-

benzoyl group into the 3-OH position.
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Scheme 2. Synthesis of the monosaccharide building bldtksd10.

At the outset, PRAUOTT (0.2 eq.)-catalyzed glycosylation aftho-hexynylbenzoate
9 with glucosyl acceptoiO was performed in dichloromethane at room tempegain give
the desired3-linked disaccharidé4 in 70% yield, as determined by analysis of theptiog
constants between H-1 and H-2 of the correspondingoses Y112 = 8.0, 10.0 Hz,
respectively). Interestingly, by replacing dichlorethane with toluene, the coupling gave a
cleaner reaction and the glycosylation yield waprimned to 88% due to the solvent effétts
(Scheme 3). Compount# was then transformed into disaccharaltho-hexynylbenzoat&
in 63% vyield over two steps via selective removél tike anomeric thiol ether with
NIS/DTBP/AgOTf and subsequent condensation witho-hexynylbenzoic acid. Removal of
the TBS group iri4 with HFpyridine in dichloromethane generated disacchaatt®pto8
in a moderate 67% vyield accompanied by the recogéstarting material4 in 11% yield.
However, treatment ofl4 with HFCpyridine in THF proceeded smoothly to afford

disaccharide accept@rin an excellent 95% vyield.
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Scheme 3. Synthesis of the disaccharide building blogkeands.

The [2 + 2] glycosylation of with 8 catalyzed by PRAuUOTTf (0.1 eq.) was originally
investigated in dichloromethane at room temperatoreducingB-linked tetrasaccharid&5
in only 41% vyield. Exhilaratingly, when toluene wased as solvent, the PRuOTf (0.1
eg.)-catalyzed glycosylation af with 8 resulted in a very clean reaction, furnishing fhe
linked tetrasaccharidel5 in 83% vyield (Scheme 4). Th@-glycosidic linkages of
tetrasaccharidé5 were confirmed by analysis of the coupling constdéetween C-1 and H-1
of the corresponding glucoseSd; v1 = 156.0, 162.0, 162.5 Hz, respectively). In a neann
similar to the functional group transformationsnfr@4 to 7, compoundl5 was converted into
tetrasaccharidertho-hexynylbenzoat® in 75% yield over two steps. The TBS grouplh

was removed using HFpyridine in THF to provide tetrasaccharide acceptior 92% yield.
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Scheme 4. Synthesis of the tetrasaccharide building bideksd6.

Coupling of tetrasaccharid&tho-hexynylbenzoat® with tetrasaccharide acceptor
under the promotion of PRAUOTT (0.2-0.5 eq.) in toluene at room temperatafferded the
B-linked octasaccharid&6 in around 55% vyield with the concomitant hydragysf donorb.

By lowering the temperature to —-30 °C, the PRIOTf (0.4 eq.)-promoted [4 + 4]
glycosylation of5 with 6 provided the3-linked octasaccharid& as the only anomer in 79%
yield (Scheme 5). ThB-glycosidic linkages of octasaccharitie were confirmed by analysis
of the coupling constants between C-1 and H-1 efcthrresponding glucosesds 11 = 160.0,
161.0, 161.5 Hz, respectively). Steps similar ®1h— 5 conversion were then employed to
prepare octasaccharidetho-hexynylbenzoat® from 16 (71% over two steps). Cleavage of
the TBS group in & with HF Ipyridine in THF produced octasaccharide acceptor 92%

yield.
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Scheme 5. Synthesis of the octasaccharide building bid¢ksd4.

With octasaccharidertho-hexynylbenzoat@ and octasaccharide accepténn hand,
we commenced to couple them into fB1,3)-glucan hexadecasaccharildScheme 6).
Exhilaratingly, [8 + 8] coupling 08 with 4 promoted by PRPAUOTT (0.4 eq.) in toluene at —
40 °C proceeded smoothly to furnigHinked hexadecasaccharide skelefbas the single
anomer in 89% vyield. The desirdglglycosidic linkages of hexadecasaccharRlavere
confirmed by analysis of the coupling constantsveen C-1 and H-1 of the corresponding
glucoses Jc1 1 = 156.5, 160.5, 161.0, 161.5, 162.0, 162.5, 1634 respectively).
Unexpectedly, glycosylation a2 with methanol under the promotion of NIS and TfOH
afforded compound? as a mixture obi-methylated ang@-methylated anomers in only 51%
yield. With the assistance of IBr and AgOTf, thgaglsylation yield was improved to 93%
albeit accompanied by the formation of almost eguabunt ofa/p anomers’0cy n1 = 174.0,
159.0, 159.6, 160.2, 157.2 Hz, respectively). Sl glycosylation of monosaccharid8

with methanol promoted by IBr and AgOTf gave a migtof the desired methyl glycoside in
8



89% vyield @/a = 3:1), testifying that the neighboring-group papation effect did not play a
decisive role in this type of glycosylation reaosd* Global deprotection oi7 involving
removal of the TBS group with HFpyridine, saponification with sodium methoxide in
methanol and dichloromethane, hydrogenolysis oflibiezyl groups over Pd(OME in a
mixture of THF, water and acetic acid, provided dsecasaccharidé in 55% vyield over
three steps. The structure bfvas confirmed by analysis 4 NMR spectrum and MALDI-
TOF. The'H NMR spectrum of synthetit was found to be in good agreement with those

reported in the literature:>>*

BnO
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o 0 BnO
3 4 4 _AAMS, toluene, ~40°G B”Oﬁ/o BnO o s
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2) NaOMe, MeOH, CHCl,, rt HO HO Hgo 0
3) Hp, Pd(OH),/C, THF, H,O, HOAC, rt HO 0 HO Q o OMe
) HO © OH
55% over three steps OH OH 14
1

Scheme 6. Synthesis of th@-(1,3)-glucan hexadecasaccharide

Conclusion

In conclusion, we have described the gold(l)-pradatynthesis of §-(1,3)-glucan
hexadecasaccharide via the orthogonal and congecattivation of thioglycosides and
glucosyl ortho-hexynylbenzoates. The highly convergent synthapiproach required only
four glycosylation steps for procurement of {«¢l,3)-glucan hexadecasaccharide skeleton
starting from the monosaccharide building block$ie Tcouplings with glucosybrtho-

hexynylbenzoates as donors and RIOTf as promoter in toluene proved to be very
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efficient for the construction off-(1,3)-glucan polysaccharides. The synthetic apgroa
described here lays the foundation for further dmalal evaluation off3-(1,3)-glucan

polysaccharides.
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Highlights:

» Efficient synthesis of a 3-(1,3)-glucan hexadecasaccharide.

e Orthogonal and consecutive activation of thioglycosides and glucosyl
ortho-hexynylbenzoates

» Gold(l)-catalyzed highly convergent approach in toluene.



