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The stereocontrolled synthesis of 2-thiotolyl-furanosides from 2,3-anhydro-furanosyl thioglycosides through a rearrangement
—95% vyields of the products. Treatment of the resulting 2-deoxy-2-

process is reported. The efficiency of this reaction is high, providing 70

—glycosylation

thiotolyl-glycosides with hydrogen and Raney nickel affords the corresponding 2-deoxy-furanosides with a 1,3-syn relationship.

2-Deoxy-glycosides are constituents of many natural prod-

ucts! and there is significant interest in their synthesis.
However, the stereocontrolled assembly of 2-deoxy-glyco-
sides has historically been challengiighe use of 2-deoxy-

sugar-based glycosyl donors generally leads to a preponder-
ance of the product favored by the anomeric effect (usually

the a-glycoside). While this process is generally highly
selective, it is usually not exclusively so. Accessing the
equatorial (generally) glycosides requires alternate strat-
egies?~* A common approach is to introduce a group at C2
that can, through participation, direct the glycosylation

stereochemistry and then be reduced to afford the corre-

sponding 2-deoxy-glycosid€ Other, more direct, ap-
proaches have been developed recehihfhile effective, all

these methods have been applied almost exclusively to the(b)

preparation of 2-deoxy-pyranosides. In contrast, with the
exception of deoxyribonucleosidedittle work has been
carried out on the synthesis of 2-deoxy-furanosfes.

We have recently explored the potential of 2,3-anhydro-
sugar thioglycosides and glycosyl sulfoxides (e1y6,
Figure 1) as glycosylating ageritgctivation of either class
of donor in the presence of a nucleophile leads to highly
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Figure 1. 2,3-Anhydrosugar glycosylating agents.

stereoselective glycosylations affording the product in which
the glycosidic bond isisto the epoxide. The yields of these
reactions are generally high. However, in reactions with the
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thioglycosideg2®¢ when activated byN-iodosuccinimide
(NIS) and silver triflate (Figure 2), the desired glycoside
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Figure 2. Products produced from glycosylations with 2,3-
anhydrosugar thioglycosidewhen promoted by NISAgOTf.

is produced together with a 2-deoxy-2-thioaryl glycoside
byproduct,8.

Although the mechanism by whidhis produced froni
has not been studied, a plausible explanation (Figure 3) is
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Figure 3. Proposed mechanism for the formation8from 1.

that the triflic acid generated in the course of the glycosy-
lation protonates the epoxide, leading to migration of the
thioaryl group from C1 to C2 with concomitant glycosylation.
This reaction is thus related to other tandem chalcogeno-
glycoside migration glycosylation proces$e¥,which have
been postulated to proceed through episulfonium ion inter-
mediates (e.g9).

In these earlier reports, the donors have been eitt@r 2-
phenoxythiocarbonyl thioglycosidé,3-orthoester-protect-
ed thioglycoside$ phenyl 2,3-O-thionocarbony! thioglyco-
sides!® 2-sulfonyloxy-thioglycoside&! or 2-sulfonyloxy-

In an initial series of experiments, we explored the best
activator by reactindg with benzyl alcohol and a range of
Lewis acids (Table 1). As can be seen from the data, all of

Table 1. Optimization of Promoter in the Glycosylation of
Benzyl Alcohol with 12

BzO Bz0'?  oBn

(o] BnOH .0
2 STol Promoter
STol
1 10
entry Lewis acid equiv® time temp yield (%)d p/o ratio

1 AgOTf 1.0 on® rt 64 20:1
2 Sc(OTh), 1.0 on Tt 77 5:1
3 Sm(OTH)3 1.0 on rt 75 100:0
4 Yb(OTH)3 1.0 on Tt 45 100:0
5 Zn(OTD), 1.0 on Tt 32 100:0
6 Cu(OTo), 1.0 on Tt 88 5:1
7 La(OTf)3 1.0 on Tt 84 100:0
8 La(OTf)3 0.1 on reflux 94 100:0
9 Mol. sieves 10x 1.5h reflux 95 100:0

aConditions: Thioglycosidd (0.073 mmol) and benzyl alcohol (0.11
mmol) in CHCl, (5 mL). b Relative tol. ¢ Overnight.d Isolated yield of
mixture of isomers after chromatograptfyRatio determined byH NMR
spectroscopy of/a. mixture after chromatography.

the promoters resulted in the formation of the predicted
2-thiotolyl glycoside 10) in varying yields and with stereo-
selectivities ranging from 5:f:a to only .14 On the basis

of the mechanism proposed in Figure 3, thglycoside
would be expected to be the sole proditdtve are unsure

as to whether the production of tleeglycoside with some
promoters results from reaction via an oxacarbenium ion
formed from9 or through acid-catalyzed anomerization of
the product as the reaction proceeds. When stoichiometric
amounts of the activator were used, La(QTt room
temperature in dichloromethane provided the best results with
respect to both yield and stereoselectivity (entry 7). We also
determined that 10 mol % La(OTEfin dichloromethane
provided somewhat better results (entry 8) but that the

selenoglycoside¥. To the best our knowledge, there have reaction had to be carried out at reflux. Finally, we found
been no reports on 2,3-anhydrosugar thioglycosides proceedthat, whenl and benzyl alcohol were heated at reflux in the
ing through this reaction manifold. Therefore, we wondered presence of a 10-fold (by weight) excess of molecular sieves,
if treatment of these thioglycosides with an alcohol and a the reaction was complete after 90 min (entry 9). From a
Lewis acid would efficiently and stereoselectively produce cost-basis perspective, the last conditions are clearly prefer-

2-thioaryl glycosides that could subsequently be deoxygen-aple, and thus they were used in subsequent reactions.
ated, thus yielding 2-deoxy-glycosides. We describe here the

successful implementation of this methodology using thiogly-
cosidesl’ab and2.7>13
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Having identified a suitable promoter, we next studied the (Table 3) and with excellent anomeric selectivity, with the
o-glycoside being produced in all cases.

reaction ofl with a range of alcoholsl —18). Under these
conditions, reactions with simple and activated primary

carbohydrate alcoholsl{—14, Table 2, entries-14) pro-

Table 2. Glycosylation of11—18with 1

BzO o
O,
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.0

Table 3. Glycosylation of11—18with 2

STol

BZO—I o

e}

BzG
oo kﬂa
NIS, AgOTt

8, AgO oR

STol

HO

A m’ entry acceptor Product ()Ine[d)
STol BzO o.STO
B CHy(CH,)70H
. 1 Q(CH,)CHy
en acceptor Product (yield Ho
try p (yield) 27 (88%)
B20 “OO O(CHz)CH, 80 $To
a CH3{(CH;);0H o |
1 e % h
11 STol - 12 HO O_O
19 (90%) 28 (81%)
HO BzO: STol
B8z0 o} 0
L O A% : ol &
2 3 o—é
12 sTol 13 HO
20 (87%) D)
HO HO
ot (st . ; L,
3 14 oo e o OCHs
13 STol 30 (85%)
21 (76%) Ho O%z HO o8z
HOT o BzO HOO o o 5 BEO;% /lz_NBTBOO
- Z 74
4 2 b —@ OCH; B0 ot OCH,
OCH;3 och,s 15 31(75%)
14 STol OBn
22 (88%) om Ph/wf’:\ 2,
Ph
Ho\ & 040 o ity /Vg R Ho ocH
820 ‘ 0. BzO & )t s
5° Bz0 B20 uo  OCHs
ocH OCH; o7
® STol 16 Bz0- 7ol
15 23 (77%) 32 (70%)
OBn Ph Ph
Ph 0 3
o o8 /Yo% " Bz0 TgS%O
i b
& 0 BzO HOO o OCH; 7 %O(CHMCW -%—h gx/o«mz),cn-l3
HO o OCH: i HO OBn Ho © OBn
16 T 17 33 (71%)
BzO STol
24 (72%) o
Ph Ph BnO- OH
oo Tol$ 00 g §_|70 1 BnOHO i
b Hs
7 %&/O(CthCHs JQ %&/ommmﬁ s
Ho OBn Bz00 © GBn g0 OCHs
17 25 (70%) 34(71%)
STol
o OH aConditions: Donor (0.146 mmol), alcohol (0.219 mmolgahA MS
"o Bz0 Hg)o (~500 mg) in CHCI, (10 mL) at reflux. Donor (0.146 mmol), alcohol
8° OcH, BnO OO (0.146 mmol), Cu(OT# (0.146 mmol) and 4 A MS in CKCl, (10 mL) at
B"°1 s rt. ¢Isolated yield after chromatography.
Bo OCs
26 (71%)

a Conditions: Donor (0.146 mmol), alcohol (0.219 mmolpahA MS
(~500 mg) in CHCI, (10 mL) at reflux.? Donor (0.146 mmol), alcohol
(0.146 mmol), Cu(OT# (0.146 mmol) and 4 A MS in CLCl, (10 mL) at
rt. ¢ Isolated yield after chromatography.

With a panel of 2-deoxy-2-thiotolyl glycosides in hand,
the products were treated with hydrogen and Raney nickel.
As detailed in Table 4, this reaction resulted in the formation
of the corresponding 2-deoxy-glycosides in modest yield.
These desulfurization reactions were clean by TLC, and we
ceeded efficiently and gave the expected products in excellenta’® unsure as to why the yields of isolated products are not
yield. In all cases, only thes-glycoside was obtained. higher; h(_)wever, we note thgt the yields obtained are in a
However, with less reactive primary and secondary carbo- "ange typical for such reductions of analgous compodfds.
hydrate alcohols15—18), yields were significantly lower, After establishing the methodology, we applied it to the
and large amounts of hydrolyzed donor were produced. We Preparation of a target oligosaccharidé(Scheme 1). This
thus screened the panel of Lewis acids using a secondanyisaccharide, in which the two residues at nonreducing
carbohydrate alcoholg) as the acceptor and identified that, trMini are deoxygenated at C2, is a potential inhibitor of
for these substrates, Cu(OTfwas the best promoter. the grflblnosyltransfergses that are !nvolved in the. biosyn-
Application of this promoter gave good yields of the de- _the5|é of the cell wall inMycobacterium tuberculosis, an
sired products froml (Table 2, entries 58). We also important human pathogen.
evaluated thioglycos_idé in these reactions, ant_:l this sup- (16) Anderson, C. D.. Goodman, L.; Baker, B. k. Am. Chem. Soc.
strate was found to yield the expected products in good yield 1959,81, 898.
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Table 4. Reduction of 2-Deoxy-2-thioaryl-glycosides with Scheme 1
RaNi TBDPSO OBz
BzO 0.
STol Raney Nickel G HO OCH3
. RS 46
entry substrate’ Product (yield) TBDPSO
Bz0-'  O(CHy)eCH, 2, Cu(OTf), STol
1 19 4AMS, CH2012
5 (59%) 85% OCHs

HO (i
.0.
35 (59
019 O—<:>
2 20 |< Oj
36 (71%) RO OOBZ
HO % l; STol
3 . BzO: o O—é
‘|—7 RO OCH,
37 (61%) O
0Bz
4 23 H_ﬁ@% BzoAli;‘N

38(65%) e STol STol
o Ac,0 47, R=H, R = TBDPS
pyridine
5 25 JQ % olCHoH DMAP 49, R = Ac, R' = TBDPS
820 e n-BuF E 2, CuOTh,
39 (67%) THF 50,R=Ac,R=zH " 72 _ Ao 1
ﬁ 79% over 4A MS,QCHgClg o 3
B0} two steps 76%
6 26 807 of o
BzO STol
BnO OCH; HO
40 (69%) o 51
BzC:
O OH

' 7 Ho  CIONRET: HO 0. 1. Hy, RaNi, EtOH

41 (70%

HO Gcty,| 2 NaOCHs, CHiOH
0 63% over two steps

i 8 HO O

42 (69%) o

B20 ? HO 45

9 29 —%—Z

HoO

e with 2 to give trisaccharidél in 76% yield. Subsequent
10 3 ﬁj@ desulfurization and deprotection was conducted in a stepwise
B0 L manner, providingt5 in 63% yield over the two steps.
44 (62%) In conclusion, we report a stereoselective two-step method

aSee Tables 2 and 3 for structurédsolated yield after chromatography. ~ fOr the synthesis of 2-deoxy-furanosides. In the first step, a
2,3-anhydro-furanosy! thioglycoside is reacted with an
alcohol and a Lewis acid to provide a 2-deoxy-2-thioaryl-
The synthesis o#5 (Scheme 1) started with the known  o_glycoside that, in the second step, is desulfurized. In the
alcohol 46,° which was reacted with one equivalent of gjycosylation reaction, the choice of Lewis acid is dictated
thioglycoside2 under our standard conditions. This reaction by the acceptor alcohol. The method was successfully applied
afforded a mixture of the desired disacchardeas well as g the synthesis of a trisaccharide containing two 2-deoxy-
trisaccharided8 in a 4:1 ratio in 66% yield? The trisac-  fyranosyl residues, which is a potential inhibitor of myco-
charide results from the reaction of the hydroxyl group in pacterial arabinosyltransferases.
47 with 2. This result was surprising, as with all substrates
investigated previously, we had not seen byproducts resulting Acknowledgment. This work was supported by the
from reactions at the hydroxyl group liberated during the Natural Sciences and Engineering Research Council of
glycosylation. Canada, and The Alberta Ingenuity Centre for Carbohydrate
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