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ABSTRACT

5 3 mol % MoO,Cl, 5
R 1 4 R
TR =
A -
R3 ~ OAc CHaCl, 1t R3 ~ S~R1
R? = OAc, NPhth, -H; R® = OAc 74-95% (1,2-trans only)
R* = OAc, O-Glu, O-Gal; R® = CH,0Ac, H R' = alkyl, Ar

Among 18 oxometallic species, MoO ,Cl, was found to be the most reactive in catalytic thioglycosylation of O-acetylated glycosides with
functionalized thiols in CH ,Cl,, leading cleanly to 1,2- frans-thioglycosides with exclusive diastereocontrol. The new catalytic protocol is applicable
to a monoglycoside building block and  -(1—6)-S-linked-thiodisaccharide synthesis.

(Oligo)thioglycosides serve as key mediators for the recogni- stoichiometric, moisture-sensitive catalysts such as,ZnX
tion of cellular surface and receptor enzyrmeés.addition, SnCl,2 FeCk,® TiCl4InCl3,1° BFs-EtO1 and TMSOT#22
they are importan©-glycan mimetics to study gueshost with moderate to good 1,2ans selectivity. Notably, the
pairing events of glycoproteins in protein transport, cell-to- catalytic application of TMSOTf mandates the use of air-
cell interaction, and signal transductidrSurfactant-type  and moisture-sensitive M8iSMé2° or BusSnSE#€ as the
thioglycosides have also been applied to tertiary structural only thiol source. In addition, a one-pot iodination/thiogly-
re-constitution of deactivated membrane proteins bearing

cysteine residuesMore importantly, monosaccharides pos- () For NIS-TIOH/TMSOTY, see: (a) Konradsson, P.; Udodong, U. E.;
sessing glycosidic sulfhydryl (SH) and arylthio (SAr) groups Fraser-Reid, BTetrahedron Lett199Q 31, 4313. (b) Mong, T. K.-K;
are versatile donors in carbohydrate synthesis and functiongﬂﬂg}n%gfs_vgfré%oigﬁé_grg'rg @g%ﬁ%@%féﬁé?ﬁ&g&sﬂ"
as universal building blocks and key precursors in oligosac- see: (d) Lonn, HCarbohydr. Res1985 139, 105. For DMTST, see: (e)
charide synthesisBy taking advantage of th difierenial _ {uged, 7, Cereog, . Carolyar, Resiof 148 G2, ot P, see
reactivity of various thioglycosides, many desired sequences ’ (7) (a) Miiler, D.; Vic, G., Critchley, P.; Crout, D. H. G.; Lea,
of oligosaccharides have been delicately constructed in oneN-; Roberts, L.; Lord, J. MJ. Chem. So¢Perkin Trans. 11998 2287. (b)
pof in the presence of suitable glycosidic bond-forming 5ileé\/70ér1<.a,G.,Gref, A.; Fischer, J.-C.; Lubineau,Tetrahedron Lett199Q

promotersa. (8) Blom, P.; Ruttens, B.; Van Hoof, S.; Hubrecht, I.; Van Der Eycken,
. . . . .. J.; Sas, B.; Van Hemel, J.; Vandenkerckhove].JOrg. Chem2005 24,
Conventional methods of appending thioglycoside units 7199
to peracetylated sugars with thiols require the use of (9)(a) Griffin, G. W.; Bandara, N. C.; Clarke, M. A.; Tsang, W.-S.;
Garegg, P. JHeterocycles199Q 30, 939.
(10) Das, S. K.; Roy, J.; Reddy, K. A.; Abbineni, Carbohydr. Res.

(1) Durette, P. L.; Shen, T. YCarbohydr. Res198Q 83, 178. 2003 338 2237.

(2) Pachamuthu, K.; Schmidt, R. Rhem. Re. 2006 106, 160. (11) (@) Tai, C.-A.; Kulkarni, S. S.; Hung, S.-@. Org. Chem2003

(3) Tsuchiya, T.; SaitoS. J. Biochem1984 96, 1593. 68, 8718. (b) Boulineau, F. P.; Wei, Al. Org. Chem2004 10, 3391.

(4) Zhang, Z.; Ollmann, I. R.; Ye, X.-S.; Wischnat, R.; Baasov,T.; Wong, (12) (a) Denekamp, C.; Sandlers, X.Mass. Spectron2005 40, 1055.
C.-H.J. Am. Chem. S0d.999 121, 734. (b) Pozsgay, V.; Jennings, H.J.0rg. Chem1988 53, 4042. (c) Ogawa,

(5) Wong, C. H.; Ye, X.; Zhang, Z. Am. Chem. S04998 120, 7137. T.; Beppu, K.; Nakabayashi, €arbohydr. Res1981, 93, C6.
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cosylation of peracetylated sugars catalyzedb,ByMDS (60

applicable to three different 4- and 2-substituted-benzenethi-

mol % each) in the presence of MeSSMe or thiols has beenols (Table 1). In general, the sterically encumbered 2-sub-

demonstrateét So far, only ZrC} can mediate thioglyco-

sylation of peracetylated glycosides with completetzzs | IENEEEEE

selectivity at 0°C in stoichiometric sensé.However, only
a 1:1 mixture ofo/3 anomers was obtained when the reaction

was carried out at ambient temperature. Therefore, a new

mild, water-tolerant, and stereoselective catalyst to fulfill such
a transformation remains to be explored.

As part of our ongoing projects by using vanadyl and
oxometallic species in catalyzing—<C and C-X bond
formation!® asymmetric aerobic oxidative dehydrogenaltion
and coupling; and photoinitiated DNA cleavadéwe eval-
uated the feasibility of catalyzing the thioglycosylation event

by using amphoteric and water-tolerant oxometallic species.

Herein we disclose our preliminary finding toward this
end.

We started out by using pen@acetylf-p-glucosel and
thiophenol (1.3 equiv) as a test thioglycosylation system with
a diverse array of oxometallic species—8 mol %) in
optimal solvent CHCI, at ambient temperature. Among 18
different oxometallic species examin&dyloO,Cl, (1 mol
%) was found to be the most reactive and efficient catalyst,
leading only to the3-anomer2a in 88% yield along with
the recovery of the starting-anomerl (7—8%). Some of
the S-anomerl is isomerized intoo-anomerl during the
catalytic conditions, suggesting the involvement of an

oxocarbenium ion intermediate. Notably, no desired product

was obtained when Mogwas employed as the catalyst,
indicating the participating role of the oxometallic unit(s) in

Table 1. Effects of Thiol Substrates on the
a-Thioglycosylation off-Anomer1 Catalyzed by MoGCl,

OAc 3 mol % OAc
Agoéo&om e Aﬁoéo&s\
<0 OAc CHzCly, 1t <0 OAc R’
1 1.3 equiv 2a-n
RISH time, h product yield,* %
PhSH 14 2a 94
4-MeCgH4SH 16 2b 90
4-Cl1C¢H4SH 10 2¢ 95
4-MeOC¢H4SH 16 2d 86
2-NpSH 10 2e 94
2-MeOCsHsSH 20 2f 47
2-MeCsHsSH 20 2g 64
CH3;CH.SH 8 2h 880
PhCH.SH 10 2i 81°
C—CGHHSH 12 2j 76b
t-BuSH¢ 64 2k 71°
HS(CHg)sSH 8 21 680
HS(CHs)10CO2Me 8 2m 71°
HS(CH2);OTBS 12 2n 640

alsolated yields after chromatographic purificati&s mol % of catalyst
was used¢ 3 equiv oftert-butylmercaptan was used.

stituted-benzenethiols are less reactive (20 h) and lower
yielding (47-64% yields) than the corresponding 4-substi-

MoO,Cl,. Molybdenum species have been recognized as tuted ones (16 h; 8690% yields). In addition, thiols bearing

competent oxidative sulfur-transfer catalysts in episulfide
formation of strained cyclic alkenes and transsulfidation of
isonitriles (RN=C) to isothiocyanates (RNC=S)2%2bNo-
tably, nonoxidative thiol group transfer of the current study
has never been document&el

With the optimal thioglycosylation catalyst MaOl, in

electron-donating substituents (e.g.,£td OCH) are less
reactive (16 h) and lower yielding (8®0% yields) than
those (10 h and 9495% yields) bearing electron-withdraw-
ing substituents (e.g., Cl and benzo-fused 2-Np). Notably,
about 44% and 32% of the isomerized substrate (i.e.,
o-anomerl) was recovered respectively in the cases of

hand, we started to look at the substrate scope with aromaticSloWwer reacting 2-methyl- and 2-methoxybenzenethiols which

and aliphatic thiols of varying steric and electronic demands.
For the givens-anomerl, the current catalytic protocol is

(13) Mukhopadhyay, B.; Ravindranathan Kartha, K. P.; Russell, D. A,;
Field, A. J. Org. Chem2004 69, 7758.

(14) (1) Contour, M. O.; Defaye, J.; little, M.; Wong, Earbohydr.
Res 1989 193283. (2) Yili, D. Synth. Commuril999 29, 3541.

(15) (a) Chen, C.-T.; Kuo, J.-H.; Ku, C.-H.; Weng, S,-S.; Liu, C.JY.
Org. Chem 2005 70, 1328. (b) Chen, C.-T.; Munot, Y. S. Org. Chem.
2005 70, 8625 and references therein.

(16) (a) Weng, S.-S.; Shen, M.-W.; Kao, J.-Q.; Munot, Y. S.; Chen, C.-
T. Proc. Natl. Acad. Sci. U.S.£006 103 3522. (b) Pawar, V. D.; Weng,
S.-S.; Bettigeri, S.; Kao, J.-Q.; Chen, C.J..Am. Chem. So2006 128
6308.

(17) Barhate, N. B.; Chen, C.-Drg. Lett.2002 4, 2529.

(18) Chen, C.-T.; Lin, J.-S.; Kuo, J.-H.; Weng, S.-S.; Cuo, T.-S.; Lin,
Y.-W.; Cheng, C.-C.; Huang, Y.-C.; Yu, J.-K.; Chou, P.Qrg. Lett.2004
6, 4471.

(19) See the Supporting Information for details.

(20) (a) Prabhu, K. R.; Sivanand, P. S.; Chandrasekaram\n8ew.
Chem, Int. Ed. 200Q 39, 4316. (b) Adam, W.; Bargon, R. M.; Bosio, S.
G.; Schenk, W. A.; Stalke, DJ. Org. Chem.2002 67, 7037. (c) For
reduction, see: Fernandes, A. C.; Fernandes, R.;"Ba@aC.; Roya, B.
Chem. CommurR005 213. (d) For acylation, see: Chen C.-T.; Kuo, J.-
H.; Pawar, V. D.; Munot, Y. S.; Weng S.-S.; Ku, C.-H.; Liu C.-¥..Org.
Chem.2005 70, 1188.
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are responsible for the lower isolated yields in the products
2f and 2g.

Four straight alkanethiols of varying steric attributes were
also examined. The rates of catalytic thioglycosylation were
significantly decreased up to a factor of 8 with increasing
steric demands of the thiols (i.e., EtPhCH, > ¢c-CsHy1 >
t-Bu). In addition, the chemical yields dropped from 88%
to 71%. Functionalized alkanethiols like 11-mercaptounde-
canoate and 2ert-butyldimethylsiloxyethanethiol (TBSO-
(CH,),SH) are also suitable substrates for fhéhioglyco-
sylation, leading t@2m and 2n in satisfactory yields (64
71%). Notably, monothioglycosylation can be achieved for
dithiols like 1,3-propanedithiol. The expecté&l can be
isolated in 68% vyield, thus allowing for subsequent functional
group manipulation at the remaining thiol unit2h Since
all the recovered startingi-anomer 1 may be readily
converted back to the origing-anomerl and the catalyst
can be recovered from the aqueous layer, the current catalytic
protocol is unprecedented and meets the standard of green
chemistry.
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To gain insights into the origin of 1,2ansdiastereocon-  of the corresponding-thioglycosideslO and11 (94—95%

trol, 2-deoxy-2-phthalimidg-p-glucose was also examined. yields) with intact 4’ glycosidic stereochemistry were

It was found that exclusives-thioglycosylation by ben-  achieved in 14 h.

zenethiol under the optimal catalytic conditions was also  Thioglycosides protected with 4,6-benzylidene acetals are

observed, Table 2. This result suggests that anchimericimportant precursors to highly functionalized saccharfdes.
Their conventional synthesis requires the initial preparation

_ of 2,3,4,60-tetraacetylated monosaccharides followed by

Table 2. Thioglycosylation of Peracetylated Sugars to the complete deacetylation under basic conditions (e.g., NaOMe/

: . . MeOH). We can now access a representative targétom
Corresponding 1-Phenylthioglycosides Catalyzed b .
ponding yinioglycos! yzed by bEE D-glucose by using Mogl; as the sole catalyst for a four-

olycosides tmﬁe, product y;/elg, step, p_eracetylauomhlogchosylat|or’rde_acetyl_anon acet_al
5 = 2 formation sequence in #75% overall yield without puri-
Ohe o fication of any intermediates, Scheme 1. Notably, the 4,6-
AO O ond N | 20 AcO SPh 90
'ACO Ac AcO
NPhth 3 NPhth 3 NPhth
14 sip2oap 91 _ . . o
Ai\(zowéo one . A:ciowé sensta2hbe o Scheme 1. Synthesis of a Universal Glycoside Building Block
AcO 13

/\G‘OAC /\(_7‘ 3 mol % 3 mol %

AcO ° MoOCl.
S 14 86 f _MoO,Cly E 4 Mec:Hsz S
AcO  OAc A0 OAc OH AcZO/HOAc AcO °A° CH,Cly, 1t AcO ST°|
0 12 7 4 92
AXQ% OAc o A%%)M a 89 ref-15a
¢ OAc 1) cat. MoO,Cly cat. MoOCly
AcO AcO o EtOH, heat, 12 h Ph/V o or VO(OTY); B"°j§ ; sra
AcO.,, 0 1/4° AcO,, 0 9 93 Af\go STol 2) cat. MoO,Cl, STOI 4 steps ciAc °
_ S~ (/B > 19/1) OAc 1.5 equiv PhACHO
SPh 2b 1,4-dioxane, 1t, 20 h 70- 75% ref-22

OAc
% 14 Af&% OAc 94
A‘go 10 A0 L sph benzylidene acetal? constitutes a precursor leading to a
oA o universal, fully functionalized, glycoside building blodid
AO OAc for oligosaccharide synthesis.
O, AcO O AcO
%& %//F o 4 Aw%o%sph 93 As a final demonstration for its practical application in
OAc ok B-(1—6)-Slinked-thiodisaccharide synthesis, we treated
a|solated yields after chromatographic purificatiéiRerformed at 0C. D-1,2,3,4,6-pent®-acetyl$-glucosel with methyl 2,3,4-
tri-O-benzyl-6-thioe-glucosel4 under the optimal reaction
conditions. The desirefl-(1—6)-S-linked-thiodisaccharide

15 was furnished in 74% isolated yield with complete
assistance by the neighboring C2-acyl groups is essentialgtention at both glycosidic centers, Scheme 2.
for the exclusive 1,2ransselectivity in the thioglycosylation.

Several peracetylatggip-monosaccharides derived from
ga|actose, mannose, ribose, Xy|ose, and arabinose Wer_

further investigated. In all cases except the mannose deriva- _Scheme 2. A Representative _
tive, the thioglycosylations by benzenethiol were complete f-(16)-SLinked-Thiodisaccharide Functional Synthesis
in 12—14 h leading to the correspondirfyl-phenylthio- —

sugars4 and6—8 in 86—92% vyields. In the mannose case, Bno&ﬁ MoO,Cly ACQ&&

the correspondingt-1-phenylthiomannos& was obtained Ag\Oo OAc* BnO m’ Acgno

in 74% yield within 20 h. Remarkably, the thioglycosylation B0

of 3,4,6-tri-0-acetylp-glycal by PhSH was complete in 15 1 16 OCH,

min at 0°C and led to Ferrier-type produ& with high
a-selectivity @/ > 19/1) presumably due to the preferred
axial attack to avoid AZstrain2® In conclusion, we have achieved the first successful
Peracetylated dissaccharides derived from maltose andcatalytic use of neutral Mo&l, for thioglycosylation of
lactose were also suitable substrates for the highly diaste-O-acetylated saccharides with exclusive rghs-diastereo-
reoselective thioglycosylation protocol. Exclusive formation controls. The integration of various catalytic pathways
mediated by Mo@Cl, and VO(OTf} allows for access of a
(21) Theop selectivity reported with Lewis acids like BfOEf, SnCk, functional glycoside building block3. A representative

and Yb(OTf} ranged from 5/1 to 9/1, see: (a) Wittman, M. D.; Halcomb, _(1—B).< [i _thindi i i

R. L. Danishefsky, S. J.: Golik, J.: Viyas, D.Org. Chemi990 55, 1979, B-(1—6)-Slinked-thiodisaccharidé5 can also be provided
(b) Halcomb, R. L.; Wittman, M. D.; Olson, S. H.; Danishefsky, S. J.; Golik,
J.J. Am. Chem. S0d.991, 113 5080. (c) Takhi, M.; Abdel-Rahman, A. (22) Chen, C.-T.; Weng, S.-S.; Kao, J.-Q.; Lin, C.-C.; Jan, MGg.
A.-H.; Schmidt, R. RSynlett2001, 3, 427. Lett. 2005 7, 3343.
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smoothly by the newly developed catalytic thioglycosylation ~ Supporting Information Available: Spectral data and
process, which augurs well for its extensive use in delicate characterization for produca—n, 3—12, 14, and15. This
carbohydrate syntheses. material is available free of charge via the Internet at

http://pubs.acs.org.
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