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Experimental Section

Methyl b -D-Xylopyranoside (5). A mixture of D-xylose (4) (20.0 g, 133 mmol) and ion
exchange resin (Amberlite® IRA-120, 20.0 g) in anhydrous methanol (250 ml) was
heated under reflux overnight. The cooled mixture was filtered and evaporated to a
mixture of solids and oil. Thiswastaken up in 200 ml hot ethyl acetate. Crystals formed
on cooling, and the crystals were allowed to digest for three days before collecting,

yielding 10.8 g. Analysis of the product by *H and *C NMR spectroscopy showed that it
consisted of a 2:1 mixture of b- and a-anomers. A second recrystallization from ethanol
gave the pure b-anomer (5), as a white powder (5.74 g, 26%), m.p. 154.5-155.5 °C (lit.
m.p.t 156-157 °C). R (3:2:1 CHCL/EtOAc/MeOH): 0.23. [a]p -65.6 (¢ 0.7, Ho0) (lit.2
[a]b -65.3 (¢ 1.0, H,0)). *H NMR (500 MHz, (CD5),S0)) 2.89-2.96 (m, 1H, H2); 3.03
(t, 1H, J = 10.8 Hz, H5a); 3.06-3.11 (m, 1H, H4); 3.24-3.29 (m, 1H, H3); 3.35 (s, 3H,

OMe); 3.70 (dd, 1H, J = 5.3, 11.2 Hz, H5e); 4.00 (d, 1H, J = 7.6 Hz H1): 4.89 (d, 1H, J
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= 4.8 Hz, OH); 4.91 (d, 1H, J = 5.1 Hz, OH); 5.00 (d, 1H, J = 4.9 Hz OH). *CNMR

(125 MHz, (CDs),S0)) 56.5, 66.2, 70.2, 73.8, 77.1, 105.3.

Methyl 2,3,4-Tris-(O-4-toluenesulfonyl)-b -D-xylopyranoside (6). Methyl b-D-
xylopyranoside (5) (500 mg, 3.05 mmol) was added to a stirred, chilled (0 °C) solution of
4-toluenesulfonyl chloride (2.32 g, 12.2 mmal) in pyridine (10 ml). After standing for 7
days, the mixture was poured onto ice water (50 ml). The product separated as a sticky
mass. The mixture was extracted into CH,Cl, (3x50 ml) and the combined extracts were
washed with 5% HCI (3x100 ml), saturated NaHCO3 (100 ml) and brine (50 ml), then
dried (MgSO,) and evaporated to a colorless foam. The product was dissolved in alittle
methanol and slow evaporationof the solvent yielded the tritosylate (6) as colorless
crystals (1.90 g, 99%), m.p. 137.5-138.5 °C (lit.3 m.p. 140-141 °C). R (1:1
EtOAc/hexane): 0.34. [a]p -32.2 (¢ 1.0, CHCA) (lit.* [a]p -33.7 (¢ 1.0, CHCL). ES-MS:
627 (MH)*, 644 (M+NH,)*, 649 (M+Na)*. *H NMR (500 MHz, CDCk) 2.44 (s, 3H,
Me); 2.45 (s, 3H, Me); 2.46 (s, 3H, Me); 3.14 (s, 3H, OMe); 3.48 (ddd, 1H, J=0.8, 4.6,
12.9 Hz, H5e); 4.06 (dd, 1H, J = 3.1, 12.9 Hz, H54); 4.30 (ddd, 1H, J= 0.5, 3.4, 4.9 Hz,
H2); 4.36 (dt, 1H, J = 3.3, 4.8, H4); 4.39 (d, 1H, J = 3.3 Hz, H1); 4.71 (t, 1H, J= 5.0,
H3); 7.31-7.36 (M, 6H, Ar-H); 7.70-7.75 (m, 6H, Ar-H). 3C NMR (125 MHz, CDCk)
21.5,21.6,21.7,56.0, 58.8, 72.2, 73.0, 73.6, 99.0, 128.0, 128.1, 128.3, 129.7, 129.8.,
129.9, 132.4, 132.6, 133.3, 145.0, 145.3, 145.4. HRMS (TOF) calcd for Co7H31011Ss

(M+H)* 627.1029, found 627.1043.
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Methyl 4-O-Benzoyl-2,3-bis-(O-4-toluenesulfonyl)-a -L-ar abinopyranoside (7).

(@D} From (6): Thetritosylate (6) (250 mg, 0.399 mmol) and sodium benzoate (510
mg, 3.54 mmol) were suspended in dry DMF (15 ml) and heated for 20 h at 130 °C. The
cooled mixture was evaporated, and then the residue was extracted with EtOAc (50 ml).
The filtered extract was washed with 5% HCI (2x50 ml), saturated NaHCO3 (2x50 ml)
and brine (50 ml), then dried (MgSO,) and evaporated to a crystalline solid. Thiswas
triturated with cold hexane to give the monobenzoate (7) as colorless crystals (140 mg,
61%), m.p. 79-81 °C. [a]p -1.4 (c 0.3, CHCL). ES-MS: 577 (MH)*, 594 (M+NH,)*, 599
(M+Na)*. *H NMR (500 MHz, CDCk) 2.25 (s, 3H, Me); 2.42 (s, 3H, Me); 3.27 (s, 3H,
OMe); 3.58 (ddd, 1H, J=0.5, 3.1, 11.6 Hz, H54); 4.08 (dd, 1H, J= 7.0, 11.2 Hz, H5b);
4.40 (d, 1H, J= 4.1 Hz H1); 4.73 (dd, 1H, J = 3.4, 6.4 Hz H3); 4.78 (dd, 1H, J= 4.1, 6.5
Hz H2); 5.28 (dt, 1H, J = 3.4, 6.9 Hz, H4); 7.03 (br d, 2H, J = 11.2 Hz, Ar-H); 7.33 (br
d, 2H,J=9.3Hz Ar-H); 7.38 (brt,2H, J=7.9Hz Ar-H); 7.54 (t, 1H, J=7.5Hz Ar-
H); 7.57 (d, 2H, J = 8.3, Ar-H); 7.80-7.84 (m, 2H, Ar-H). *C NMR (125 MHz, CDCk)
21.7,21.8, 56.5, 60.4, 66.8, 74.5, 75.4, 100.1, 128.3, 128.4, 128.5, 128.6, 129.1, 129.2,
129.9, 132.8, 133.5, 133.6, 145.1, 145.2. 165.0. HRMS (TOF) calcd for Co7H29010S

(M+H)* 577.1202, found 577.1208.

2 From (9): A solution of the ditosylate (9) (7.0 mg, 0.015 mmol) in pyridine (3
ml) was treated with benzoyl chloride (0.15 ml, 0.18 g, 1.3 mmol). After stirring
overnight at room temperature, the solution was evaporated and the residue was dissolved

in EtOAc (10 ml). This solution was washed with 5% HCI (3x10 ml), saturated NaHCO3
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(2x10ml) and brine (10 ml), then dried (MgS0O,) and evaporated to give the benzoate (7)

(8.5 mg, 100%), identical by NMR and TLC to the sample prepared from (6) (above).
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Methyl 4-Azido-2,3-Bis-(O-4-toluenesulfonyl)-4-deoxy-a -L-ar abinopyranoside (8).
The tritosylate (6) (50 mg, 80 nmol) and sodium azide (27 mg, 0.41 mmol) were
suspended in dry DMF (5 ml) and heated for 20 h at 130 °C. The cooled mixture was
evaporated, and then the residue was extracted with EtOAc (50 ml). The filtered extract
was washed with 5% HCI (2x50 ml), saturated NaHCO3 (2x50 ml) and brine (50 ml),
then dried (MgSO,) and evaporated to a yellow crystalline solid. Thiswas recrystallized
from EtOAc/hexane to give the azido derivative (8) as colorless crystals (45 mg, 98%),
m.p. 176-178 °C (softening at 165 °C). [a]p -11.8 (c 0.2, CHCk). ES-MS: 498 (MH)",
515 (M+NH,)*, 520 (M+Na)*. *H NMR (500 MHz, CDC}) 2.42 (s, 3H, Me); 2.45 (s,
3H, Me); 3.17 (s, 3H, OMe); 3.53 (dd, 1H, J = 2.7, 11.7 Hz, H5¢€); 3.93 (dd, 1H, J = 6.3,
11.6 Hz, H5a); 3.96-3.99 (m, 1H, H4); 4.26 (d, 1H, J= 4.4 Hz, H1); 4.64 (dd, 1H, J =
3.1, 6.7 Hz, H3); 4.66 (dd, 1H, J = 4.3, 6.8 Hz, H2); 7.32-7.36 (m, 4H, Ar-H); 7.78 (br d,
2H, J8.6 Hz, Ar-H); 7.81 (br d, 2H, J= 8.5 Hz, Ar-H). **C NMR (125 MHz, CDCk)
22.1,22.2,56.8, 57.1, 60.3, 75.5, 75.7, 100.1, 128.7, 128.9, 130.2, 130.4, 132.7, 133.9,

145.6, 146.1. HRMS (TOF) calcd for CooH4N30sS, (M+H)™ 498.1005, found 498.1002.
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Methyl 2,3-Bis-(O-4-toluenesulfonyl)-a -L-arabinopyranoside (9). The tritosylate (6)
(2100 mg, 0.16 mmol) and sodium nitrite (100 mg, 1.45 mmol) were suspended in dry
DMF (5 ml) and hested at 130 °C for 72 h. The cooled mixture was evaporated, and the
residue was extracted with EtOAc (20 ml). The organic extract was washed with 5% HCI
(2x20 ml), then saturated NaHCO3 (2x20 ml) and brine (15 ml), then dried (MgSO,) and
evaporated to a colorless foam. Thiswas purified by column chromatography (eluent:
EtOAc/CHCl/hexane 3:2:1) to give the ditosylate (9) as colorless crystals (42 mg, 56%),
m.p. 122-123 °C. [a]p -2.9 (0.5, CHCk). ES-MS: 473 (MH)", 490 (M+NH,)", 495
(M+Na)*. R (3:2:1 EtOAC/CHCly/hexane): 0.18. *H NMR (500 MHz, CDCk) 2.43 (s,
3H, Me); 2.44 (s, 3H, Me); 3.14 (s, 3H, OMe); 3.49 (dd, 1H, J = 2.6, 12.5 Hz, H5a); 3.89
(dd, 1H, J=5.1, 12.4 Hz, H5b); 4.13-4.18 (m, 1H, H4); 4.19 (d, 1H, J = 5.3 Hz, H1);
457 (dd, 1H, J= 3.3, 7.5 Hz, H3); 4.67 (dd, 1H, J=5.3, 7.4 Hz H2); 7.30 (br d, 2H, J =
8.0 Hz, Ar-H); 7.34 (br d, 2H, J= 8.0 Hz, Ar-H); 7.72 (br d, 2H, J= 8.3 Hz, Ar-H); 7.80
(br d, 2H, J = 8.2, Ar-H); OH not observed. *3C NMR (125 MHz, CDCk) 22.1, 22.2,
56.8, 63.2, 66.5, 76.4, 78.3, 101.0, 128.7, 128.8, 130.1, 130.4, 133.0, 134.7, 145.3, 146.0.

HRMS (TOF) calcd for CaoHsOsS, (M+H)" 473.0940, found 473.0950.
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Methyl 2,3,4-Tris-(O-methanesulfonyl)-b -D-xylopyranoside (10). Methyl b-D-
xylopyranoside (5) (500 mg, 3.05 mmol) was added to a stirred, chilled (0 °C) solution of
methanesulfonyl chloride (0.95 ml, 1.40 g, 12.2 mmol) in pyridine (10 ml). After
standing for 7 d, the dark crystalline mass was poured onto ice (50 ml). After the ice had
melted, the dark mixture was shaken with CH,Cl, (3x50 ml) and filtered through a layer
of Celite. The organic phase was washed with 5% HCI (3x50 ml), saturated NaHCO3
(200 ml) and brine (50 ml), then dried (MgSQO,) and evaporated to a yellow foam. The
product was dissolved in alittle methanol and slow evaporation of the solvent yielded tan
crystals of the trimesylate (10) (1.19 g, 98%), m.p. 137.5-138.5 °C (lit.°> m.p. 147.5-
148.5). [a]p -33.0 (c 0.3, CHCL) (lit.° [a]o -33.6 (c 1.4, CHCL). R (EtOAc): 0.57. *H
NMR (500 MHz, CDCk) 3.15 (s, 3H, Me); 3.16 (s, 3H, Me); 3.22 (s, 3H, Me); 3.49 (dd,
1H, J = 10.1, 12.0 Hz, H5a); 3.55 (s, 3H, OMe); 4.32 (dd, 1H, J= 5.7, 12.0 Hz, H5b);
4.40 (d, 1H, J=7.6 Hz H1); 4.49 (dd, 1H, J=7.6, 9.4 Hz H2); 4.65 (ddd, 1H, J=5.7,
9.1, 10.1 Hz, H4); 4.85 (t, 1H, J = 9.3, H3). 3C NMR (125 MHz, CDCk) 38.4, 39.3,

39.6, 57.1, 63.3, 74.0, 77.6, 78.3, 101.4.

Methyl b-L-Arabinopyranoside (12). A mixtureof L-arabinose (11) (11.0 g, 73.3
mmol) and ion-exchange resin (Amberlite® IRA-120, 20.0 g) in anhydrous methanol
(150 ml) was heated under reflux overnight. The cooled mixture was filtered and
evaporated to a cream solid. Thiswas recrystallized from ethanol to give the pure b-
anomer (12) as colorless crystals (4.40 g, 37%), m.p. 166.5-168.5 °C (Iit.> m.p. 167-169
°C). [a]p 240 (c 0.6, H-0) (lit.” [a]p 243 (c 0.6, H,0)). *H NMR (500 MHz, (CD5),S0))

3.30 (s, 3H, OMe); 3.44 (dd, 1H, J = 2.9, 11.9 Hz, H5); 3.52-3.62 (m, 3H, H2,3,5); 3.69
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(m, 1H, H4); 4.45 (d, 1H, J = 3.5 Hz, H1); 4.49-4.54 (m, 3H, 3xOH). 3C NMR (125

MHz, (CDs),S0)) 54.8, 62.9, 68.2, 68.6, 69.1, 100.6.

Methyl 2,3,4-Tris-(O-4-toluenesulfonyl)-b -L-ar abinopyranoside (13). Methyl b-L-
arabinopyranoside (12) (1.33 g, 8.10 mmol) was added portionwise to a chilled (0 °C)
solution of 4-toluenesulfonyl chloride (6.18 g, 32.4 mmol) in pyridine (20 ml). After
standing for 7 days at room temperature, the solution was poured into 100 ml of ice
water, and the product separated as a sticky mass. The mixture was extracted with
CHCls, (3x100 ml) and the combined extracts were washed with 5% HCI (2x50 ml),
water (50 ml) and brine (50 ml), then dried (MgSO,) and evaporated to a colorless foam
(4.95 g). Thiswas recrystallized twice from ethanol to give the tritosylate (13) as
colorless crystals (3.46 g, 68%), m.p. 112-113 °C (lit.> m.p. 116-117 °C). [a]p 97.7 (c
0.9, CHCb) (lit®[a]p 101 (c 0.9, CHCl)). ES-MS: 627 (MH)*, 644 (M+NH,)*, 649
(M+Na)*. *H NMR (500 MHz, CDCk): 2.43 (s, 3H, Me); 2.44 (s, 3H, Me); 2.46 (s, 3H,
Me); 3.25 (s, 3H, OMe); 3.75 (dd, 1H, J= 0.7, 13.3 Hz, H5a); 3.85 (dd, 1H, J = 2.3, 13.3
Hz H5b); 4.64 (dd, 1H, J = 3.4, 10.2 Hz, H2); 4.75 (dd, 1H, J = 3.3, 10.1 Hz, H3); 4.77
(d, 1H, 3= 3.4 Hz H1); 4.98 (m, 1H, H4); 7.26 (br d, 2H, J = 8.2 Hz, Ar-H); 7.28 (br d,
2H,J=8.3Hz Ar-H); 7.34 (br d, 2H, J=8.3 Hz Ar-H); 7.62 (br d, 2H, J= 8.3 Hz Ar-
H); 7.64 (br d, 2H, J = 8.3 Hz, Ar-H); 7.78 (br d, 2H, J = 8.2 Hz, Ar-H). *C NMR (125
Hz, CDCk) 21.7, 21.8, 21.8, 56.0, 60.3, 72.1, 73.3, 97.9, 128.1, 128.2, 128.3, 129.8,

129.9, 130.1, 132.5, 133.2, 133.3, 145.1, 145.2, 145.3.

S17



SNO
s €1

- - - o - o - [N
o o - ook b oo 5 o
OsL g g 5 g8 2 s 88
o . . . . . . . . . .
wdd 0°¢ S ¢ 0" ¥ S ¥ 0°§ G*§ 0°9 G 9 0°L G L
L (- N R R A L | e e e e ey
s10
wo/ZH €%L89°L6 WOZH /<‘
wo/wdd Z€G6T° 0 WOWdd
ZH 6L°6€LT zd
wdd 6.%°€ dezd
ZH 9L°LE6E 14
wdd €18° L atd
wo 00°GT A2
uo 05722 X0
sxo3swered Jo0Td WWN dT
00°T od
0 a9
ZH 00°0 a1
0 ass
ou mam
ZHR $€Z00ET 00§ as
9€659 18
sxsjsweied buTrsssooad - zd
ZHR 9005ZE€T° 00§ T04s
ap 00°0 114
o9sn 0076 1d
HT TONN
======== 1J TANNVHD ========
29s 00000STO0°0 SUMOR
23S 00000000°0 sl ot
235 00000000°Z 1a
¥ 0°60€ =1
o8sn 00°TT =a
o8sn 00z €8 ma
922 94
098 96.5680°F ov
ZH 992271°0 STIAT
ZH G19°6009 HMS
z sa
8 SN
£1000 INFATOS wﬂAwW\Aﬁmwﬂj Wﬂmmmvx\m\ \\ﬁﬂhWﬂﬂJ
ZST6Y az
bz 90d41nd 195
€T-HT IS ww G  JHEOWd
30eds WOYISNT
Gz°81 _ewtl
Z190€002 °3eq
sIojsweied CO‘._nu‘ﬂm‘.mﬂmuUm B
T ONDO¥d
T ONdXH
8€ A-Id ANEN

sIejswered BlEJ JUSIIND

$18



3NO
st €1

OslL
O
s10

00°T 2d
0 a9
ZH 00°T a1
0 ass
Wa Mmam
ZHW SG9LLLSL"SCT as
9€G6G9 Is
szo3swered HbuTrsssoord - zJd
ZHW 900SC€T"00S ¢0ds
gp 00" LT €114
gp 00°1¢ Z11d
gp 007 €~ ¢1d
o8sn 00°00T 2adoda
HT ZONN
9T1z3TeM 29494adod
======== ZJ TINNVHD ========
ZHW 8F9€0LL"STT T0ds
gp 0T 2~ 114
ossn 0g°¢g 1da
o€l TONN
======== TJ TANNVH) ========
©®s 0002000070 cip
09s 000000€0°0 1P
58S 00000000°C Ta
¥ 0°00€ a5
o8sn 00°0C aa
o9sn 000°8T Ma
78€9T 29
09S 09TL6LT T oY
ZH GG8EC¥ 0 SHYAITA
ZH LLL"LLLLZ HMS
14 sa
[A8] SN
oza LNIATOS
9€G669 arn
bdbz 20dd1nd
€I-HT THS uwW g aHgodd
3o0ads WNILSNT
€V 91 _dBuTL
S150200¢C @3ed
sIi9]1sueied EOﬂUHWHSUU/N - 24
T ONDO¥d
€ ONdXd
'Eg-A-WIT AWYN

sIsjswelIed eileqg JusIind

wdd  o¢ 0F 0§ 09 oL 08 06 00T O0TT 0ZT O0€T OFT 0SGT
L 1 1 | | | | 1 | | | 1 | |
i g

$19



Methyl 4-O-Benzoyl-2,3-bis-(O-4-toluenesulfonyl)-a -D-xylopyranoside (14).

(@D} From (13): A suspension of the arabinose tritosylate (13) (200 mg, 0.32 mmol)
and sodium benzoate (460 mg, 3.19 mmoal) in dry DMF (25 ml) was heated at 130 °C for
4 days. The cooled reaction mixture was evaporated and the residue was extracted with
EtOAcC (45 ml). The organic extract was washed with 5% HCI (2x25 ml), saturated
NaHCO3 (2x25 ml) and brine (10 ml), then dried (MgSO,) and evaporated to a foam.
This was triturated with hexane to give the monobenzoate (14) as a gum (120 mg, 65%).
Crystalizationfrom EtOAc/hexane gave colorless crystals (73 mg, 40%), m.p. 58-60 °C.
R (1:2:3 EtOAC/CHCR/ hexane): 0.55. [a]p -26.0 (c 0.4, CHCE) (lit.* [a]p -24.1 (c 4.6,
CHCL). ES-MS: 577 (MH)", 594 (M+NH,)", 599 (M+Na)*". *H NMR (500 MHz,
CDCl): 2.26 (s, 3H, Me); 2.43 (s, 3H, Me); 3.37 (s, 3H, OMe); 3.63 (t, 1H, J = 10.8 Hz,
H5a); 3.88 (dd, 1H, J = 6.1, 11.0 Hz, H5¢); 4.34 (dd, 1H, J= 3.5, 9.7 Hz, H2); 4.94 (d,
1H, J= 3.5 Hz H1); 5.07-5.19 (m, 1H, H4); 5.33 (t, 1H, J = 9.5 Hz, H3); 7.09 (br d, 2H,
J8.6 Hz, Ar-H); 7.27 (br d, 2H, J=8.6 Hz, Ar-H); 7.41 (br t, 2H, J=8.5Hz, Ar-H); 7.56
(brt, 1H, J= 8.7 Hz, Ar-H); 7.64 (br d, 4H, J = 8.3 Hz, Ar-H); 7.97 (br d, 2H, J = 8.4 Hz,
Ar-H). *C NMR (125 Hz, CDCk) 21.7, 21.8, 56.0, 58.4, 69.5, 75.8, 76.6, 97.6, 127.8,
128.4, 128.9, 129.7, 129.8, 130.1, 130.2, 132.6, 133.5, 134.2, 144.6, 145.4. HRMS

(TOF) calcd for Co7H26010S (M+H)* 577.1202, found 577.1242.

2 From (16): A solution of the alcohol (16) (10.9 mg, 0.023 mmol) in pyridine (3
ml) was treated with benzoyl chloride (0.15 ml, 0.18 g, 1.3 mmol). After stirring
overnight at room temperature, the solution was evaporated and the residue was dissolved

in EtOAc (15 ml). This solution was washed with 5% HCI (2x10 ml), saturated NaHCO3

S20



(2x10ml) and brine (10 ml), then dried (MgSO,) and evaporated to give the benzoate (14)

(13 mg, 100%), identical by NMR and TLC to the sample prepared from (13) (above).
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Methyl 4-Azido-2,3-bis-(O-4-toluenesulfonyl)-4-deoxy-a -D-xylopyranoside (15). A
suspension of the tritosylate (13) (200 mg, 0.32 mmol) and sodium azide (22 mg, 3.06
mmol) in dry DMF (30 ml) was hested at 130 °C for 45 days. The cooled reaction
mixture was evaporated and the residue was extracted with EtOAc (45 ml). The organic
extract was washed with 5% HCI (225 ml), saturated NaHCO3 (2x25 ml) and brine (10
ml), then dried (MgSO,) and evaporated to agum. Thiswas purified by column
chromatography (eluent: EtOAc/CHCk/hexane 1:2:3) to give the title azido derivative
(15) as acolorless gum (75 mg, 47%). Recrystalization from EtOAc/hexane gave
colorless crystals (25 mg, 13%), m.p. 55-57 °C. [a]p 81.0 (c 0.5, CHCl;). ES-MS: 498
(MH)*, 515 (M+NH,)*, 520 (M+Na)*. *H NMR (500 MHz, CDCk): 2.41 (s, 3H, Me);
2.42 (s, 3H, Me); 3.29 (s, 3H, OMe); 3.44-3.50 (m, 2H, H4,5¢); 3.68 (dd, 1H, J=4.1, 9.7
Hz H5a); 4.27 (dd, 1H, J = 4.5, 9.7 Hz, H2); 4.83-4.88 (m, 2H, H1,3); 7.29 (br d, 2H, J =
8.4 Hz, Ar-H); 7.30 (br d, 2H, J= 8.6 Hz, Ar-H); 7.69 (br d, 2H, J= 8.4 Hz, Ar-H); 7.79
(br d, 2H, 3= 8.3 Hz, Ar-H). *3C NMR (125 Hz, CDC): 22.1, 22.2, 56.3, 59.8, 63.3,
61.2, 76.0, 98.0, 128.6, 128.7, 130.2, 130.3, 133.2, 134.4, 145.4, 145.8. HRMS (TOF)

cacd for CogH240sS (M ‘|'H)Jr 498.1005, found 498.0971.
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Methyl 2,3-Bis-(O-4-toluenesulfonyl)-a -D-xylopyranoside (16). A suspension of the
tritosylate (13) (200 mg, 319 mmol) and sodium nitrite (220 mg, 3.19 mmoal) in dry DMF
(5 ml) was heated at 130 °C for 7 days. The cooled mixture was evaporated and the
residue was taken up in EtOAc (15 ml). The organic phase was washed with 5% HCI
(2x15 ml), saturated NaHCOs3 (2x15 ml) and brine (10 ml), then dried (MgSO,) and
evaporated to give the ditosylate as colorless crystals (48 mg, 32%), m.p. 152-154 °C.
Recrystallization from EtOAc/hexane raised the mp. to 164-166 °C (lit.* m.p. 168-169
°C). [a]p 59.5 (c 0.1, CHCA) (lit.* [a]p 60.3 (c 1.7, CHCk). ES-MS: 473 (MH)", 490
(M+NH,)*, 495 (M+Na)*. *H NMR (500 MHz, CDCk): 2.42 (s, 3H, Me); 2.44 (s, 3H,
Me); 3.23 (s, 3H, OMe); 3.50 (br t, 1H, J = 11.0 Hz, H5a); 3.72 (dd, 1H, J= 6.1, 11.4 Hz,
H5b); 3.80-3.85 (M, 1H, H4); 4.28 (dd, 1H, J = 3.6, 9.6 Hz, H2); 4.69 (d, 1H, J= 35 Hz,
H1); 4.72 (dd, 1H, J = 8.6, 9.6 Hz, H3); 7.27 (br d, 2H, J = 8.6 Hz, Ar-H); 7.31 (br d, 2H,
J=8.6Hz Ar-H); 7.64 (br d, 2H, J=8.3 Hz Ar-H); 7.75 (br d, 2H, J= 8.3 Hz Ar-H);
OH not observed. *C NMR (125 Hz, CDCk): 21.9, 22.0, 55.7, 60.9, 69.3, 75.8, 80.9,

97.3, 128.2, 128.6, 130.0, 130.1, 132.5, 133.3, 145.4, 145.7.
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Methyl a -D-Ribopyranoside (18). A solution of D-ribose (17) (2.00 g, 13.3 mmal) in
MeOH (100 ml) was treated dropwise with acetyl chloride (2.0 ml). The solution was
then heated at 50 °C overnight. The cooled solution was neutralized by the addition of
sodium methoxide solution, and then the mixture was filtered through Celite® and
evaporated to asyrup (2.60 g) R (3:2:1 CHCL/EtOAc/MeOH): 0.23.

A small sample of this was converted to its triacetate by treatment with acetic anhydride
in pyridine. The *H NMR spectrum of the triacetate showed that mixture contained the
a- and b-anomersin aratio of 85:15. The crude mixture of anomers (18) was used
directly for the next step.

Triacetate derivative (a-anomer): *H NMR (500 MHz, CDCk): 2.00 (s, 3H, OAc); 2.07
(s, 3H, OAC); 2.09 (s, 3H, OAcC); 3.39 (s, 3H, OMe); 3.76 (dd, 1H, J = 4.1, 12.6 Hz,
H5a); 3.96 (dd, 1H, J = 2.7, 12.6 Hz, H5€); 4.68 (d, 1H, J = 3.3 Hz, H1); 5.00 (dt, 1H, J =

0.9, 3.5 Hz, H4); 5.10-5.12 (m, 1H, H2); 5.34 (t, 1H, J = 3.6 Hz, H3).

Methyl 2,3,4-Tris-(O-4-toluenesulfonyl)-a -D-ribopyranoside (19). 4-Toluenesulfonyl
chloride (35.0 g, 184 mmol) was added portiorwise to a stirred, chilled (0 °C ) solution of
the crude mixture of anomers of (18) (2.60 g, 13.3 mmal) in pyridine (50 ml). After
stirring for 5 days, the mixture was subjected to ultrasonication in a cleaning bath for 3 h.
The mixture was poured onto 100 g ice. After the ice had melted, the mixture was
extracted with EtOAc (2x100 ml). The organic phase was washed with5% HCI (2x100
ml), saturated NaHCO3 (2x100 ml) and brine (100 ml), then dried (MgSO,) and
evaporated to give a syrup. This was chromatographed on silica (eluent:

EtOA c/CHCl/hexane 1:2:3) to give the a -tritosylate (19) as colorless syrup,
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contamininated with alittle of the b-anomer (2.04 g, 21%). A sample recrystallized
twice from EtOAc/hexane gave the pure a-isomer, m.p. 147-149 °C. [a]p 31.0(c 0.5,
CHCL). ES-MS: 627 (MH)", 644 (M+NH,)", 649 (M+Na)". *H NMR (500 MHz,
CDCl): 2.41 (s, 3H, Me); 2.43 (s, 6H, 2xMe); 3.18 (s, 3H, OMe); 3.80 (dd, 1H, J = 4.5,
11.0 Hz H5a); 4.00 (dd, 1H, J=2.9, 10.9 Hz H5b); 4.21 (ddd, 1H, J=2.9,4.4, 7.4 Hz,
H4); 4.63 (d, 1H, J= 4.7 Hz, H2); 4.81 (dd, 1H, J= 4.7, 7.6 Hz, H3); 4.89 (s, 1H, H1);
7.22-7.25 (m, 6H, Ar-H); 7.54 (br d, 2H, J = 8.3 Hz, Ar-H); 7.70 (br d, 2H, J = 8.3 Hz,
Ar-H); 7.77 (br d, 2H, J = 8.3 Hz, Ar-H). *3C NMR (125 Hz, CDCk) 22.1, 22.2, 22.3,
55.7,68.0, 74.8, 77.3, 79.5, 105.6, 128.4, 128.5, 128.7, 130.4, 130.5, 130.7, 132.1, 132.9,
133.0, 145.6, 146.0, 146.5. HRMS (TOF) calcd for Co7H3011SNa (M+Na)* 649.0848,
found 649.1091. HRMS (TOF) calcd for CasHa7010Ss (M+H-MeOH)* 595.0766, found

595.1001.
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Methyl 4-Benzoyl-2,3-bis-(O-4-toluenesulfonyl)-b -L-lyxopyranoside (20).

(@D} From (19): A suspension of the tritosylate (19) (30 mg, 0.048 mmol) and sodium
benzoate (48 mg, 0.34 mmol) in 2.5 ml of dry DMF was heated at 130 °C for 20 h. The
cooled reaction mixture was evaporated, and the residue was taken up into 50 ml EtOAc
and washed with 5% HCI (2x50 ml), saturated NaHCOs3 (2x50 ml) and brine (50 ml),
then dried (MgSO,) and evaporated to give the benzoate (20) as a solid (21 mg, 76%),
m.p. 85-87 °C. Recrystallizationfrom EtOAc/hexane raised the m.p. to 90-92 °C. [a]p
21.2 (0.2, CHCh). ES-MS: 577 (MH)", 594 (M+NH,)", 599 (M+Na)*. *H NMR (500
MHz, CDCk): 2.27 (s, 3H, Me); 2.47 (s, 3H, Me); 3.22 (s, 3H, OMe); 3.79 (dd, 1H, J =
3.8, 13.1 Hz, H5a); 4.34-4.39 (m, 2H, H4,5b); 4.83 (d, 1H, J = 4.4 Hz H2); 5.00 (dd, 1H,
J=45,7.7Hz H3); 5.02 (br s, 1H, H1); 7.09 (br d, 2H, J = 8.5 Hz, Ar-H); 7.41 (br d,
2H,J=8.6 Hz, Ar-H); 7.45 (br t, 2H, J= 6.5 Hz, Ar-H); 7.60 (br t, 1H, J= 7.5 Hz, Ar-
H); 7.85 (br d, 2H, J = 8.3 Hz, Ar-H); 7.92 (br d, 2H, J = 8.3 Hz, Ar-H). **C NMR (125
Hz, CDCk) 21.7, 21.8, 55.4, 62.0, 74.4, 77.4, 79.6, 105.4, 128.1, 128.4, 128.6, 129.7,
130.1, 131.9, 132.8, 133.3, 133.4, 145.5, 145.9, 165.6. HRMS (TOF) calcd for

Co7H26010S (M ‘|'H)Jr 577.1202, found 577.1201.

2 From (22): A solution of the ditosylate (22) (13 mg, 0.028 mmol) in pyridine (3
ml) was treated with benzoyl chloride (0.15 ml, 0.18 g, 1.3 mmol). After stirring
overnight the solution was evaporated, then taken up in EtOAc (10 ml). This was washed
with 5% HCIl (3x10 ml), saturated NaHCOj3 (2x10 ml) and brine (10 ml), then dried
(MgSO,4) and evaporated to give the benzoate (20) (10 mg, 63%), identical by NMR and

TLC to that prepared from (19) (above).

S34



oo 02

s10
ee = o - o oo o o or oo S
ozg ¢ ¥
3NO O
wdd 0'¢ 6&'¢ 0¥V SF 0§ S§S 09 S9 0L SL 08
1 | | | 1 | | 1 | | |

wo/zH 0089€°€ET WOZH
wo/wdd £9992" 0 WOWdd
ZH 92°000T za
wdd 0002 dza
ZH 70°T00F T4
wdd 000°8 atd
wo 00°ST X0
wo 0§°Z¢ XD
sxs3swexed 307d ¥WN 4T
00°T od
0 a9
ZH 00°T a1
0 gss
WA Mam
ZHW €8TO0ET 00G as
9€9G9 Is
sxojsuwered HBursssooad - zd
ZHW 900SZE€T 009 T0ds
gp 00°0 114
oasn 00°6 1d
HT TO0N
======== T1J TINNVHD ========
098 0000061070 MAMOW
©9s 0000000070 hsicistelnt
098 00000000°¢ 1a
M 0°G0€ AL
ossn 00" 1T |qa
o9sn 00z €8 ma
8C1 oY
098 96L5680°F ov
ZH 992221°0 SHIAIA
ZH §T9°6009 HMS
Z sa
8 SN
[Snelete} INIATOS
ZST6¥ aw
bz 909d10d

cogriss s Gieow || AN N AN AATDINY

MMWQM EDMWWMH N w Gwww IS P B B I R S

£090£002 —Sata g 2 g s g SgRiEERs IEESENendES B EaRR
sI9jswered UOTATSTNDOY - z4
T ONDO¥d
ke ONdXHd
€-T1-11 HNVN

sIelswered elEJ JUSDIIND

S35



e 0T

S10 udd o¢ 0v 0§ 09 oL 08 06 00T OTT 0¢T O0€T OFPT OST 09T
0zd
8NO O
# N ﬁ Y " \llliﬂ ¢
I
00°T od
0 a9
ZH 0€°0 a1
0 4ss
bk Mam
ZHW S9LLLSL™STT AS
9€G699 Is
szo3sweied bursssooid - zd
ZHW 900SZ€T"00S 20ds
ap 00°LZ €114
ap 00°1Z z11d
ap 00°0 ¢1da
o8sn 00°00T 2adod
HT ZonN
9TZ3TeM z99dadd
======== ZJ TENNVHD ========
ZHW 8F9€0LL"GCT T0ds
ap 0T Z- 114
o8sn 01T 1a
felons TOON
======== TJ TANNYHD ========
58S 0002000070 cTP
©9s 000000€0°0 TP
©9s 00000000°¢C 1a
3 0°00¢€ jcnn
o8sn 01T el
o9sn 000°8T Ma
€°T1ZE0T 24
088 09TL6LT T ov
ZH §68€CV°0 SHIATA
ZH LLLTLLLLT HMS
14 sa
08%0¢C SN
£1000 INFIATOS
9£559 az
bdbz 209d10a
€T-HT IES wWw G  QHEO¥A
joeds WOMISNT \&\¥4h/ X/
€T°GT SWTL
9TH0£00Z sjeq  mwm o o g s - . e oy
sIsjsueaed COHUHMHZUU< - 24 oo r.v., ” ”“HHMM a.wmu I %RMWWWHW %%
=5 g & GESNAR Ra g oSuEbabas ge
T ONDONA B 5 T2ERGIsR 2]
4 ONdXH
Nox3-00-68 IAYN

Sis]sweeq elEQ JUSIIND

S36



Methyl 4-Azido-2,3-bis-(O-4-toluenesulfonyl)-4-deoxy-b -L-lyxopyranoside (21). A
suspension of the tritosylate (19) (30 mg, 0.048 mmol) and sodium azide (28 mg, 0.43
mmol) in 2.5 ml of dry DMF was heated at 130 °C for 40 h. The cooled reaction mixture
was evaporated, and the residue was taken up into 50 ml EtOAc and washed with 5%
HCI (2x50 ml), saturated NaHCO3 (2x50 ml) and brine (50 ml), then dried (MgSO,) and
evaporated to give the azide (21) asa solid (16 mg, 67%), m.p. 110-115 °C. [a]p 70.8 (c
0.6, CHCL). ES-MS: 498 (MH)*, 515 (M+NH.)*, 520 (M+Na)*. *H NMR (500 MHz,
CDCl): 2.44 (s, 3H, Me); 2.45 (s, 3H, Me); 3.04 (dd, 1H, J = 4.7, 13.4 Hz, H5a); 3.33 (s,
3H, OMe); 3.39 (dd, 1H, J= 3.0, 13.4 Hz H5b); 4.20 (ddd, 1H, J=3.1, 4.7, 7.8 Hz, H4);
4.67 (d, 1H, J= 4.7, H2); 4.82 (dd, 1H, J = 4.7, 7.8 Hz, H3); 4.95 (br s, 1H, H1); 7.32 (br
d, 2H, J=8.0 Hz, Ar-H); 7.34 (br d, 2H, J = 8.0 Hz, Ar-H); 7.69 (br d, 2H, J=8.3 Hz
Ar-H): 7.79 (br d, 2H, J = 8.3 Hz, Ar-H). *C NMR (125 Hz, CDCk) 21.9, 22.0, 51.6,
56.2, 75.1, 78.5, 79.6, 106.3, 128.3, 128.4, 130.2, 130.3, 132.4, 133.0, 145.7, 146.0.

HRMS (TOF) calcd for CooHasNsOsS, (M+H)* 498.1005, found 498.1182.
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Methyl 2,3-Bis-(O-4-toluenesulfonyl)-b -L-lyxopyranoside (22). A suspension of the
tritosylate (21) (50 mg, 0.080 mmol) and sodium nitrite (55 mg, 0.80 mmol) in dry DMF
(5 ml) was heated at 130 °C for 48 h. The cooled mixture was evaporated and the residue
was extracted with EtOAc (25 ml). The organic extract was washed with 5% HCI (2x10
ml), saturated NaHCO3 (2x10 ml) and brine (10 ml), then dried (MgSO,) and evaporated
toagum. Thiswas triturated with hexane to give the ditosylate (22) as a colorless ail (30
mg, 81%). [a]o 15.3 (0.2, CHCE). R (1:2:3 EtOACCHCE/hexane): 0.15. ES-MS:
473 (MH)*, 490 (M+NH,)*, 495 (M+Na)*. *H NMR (500 MHz, CDCk): 2.43 (s, 3H,
Me); 2.45 (s, 3H, Me); 3.28 (br d, 1H, J = 12.2 Hz, H54); 3.32 (s, 3H, OMe); 3.64 (dd,
1H,J =23, 12.4 Hz, H5b); 4.19-4.21 (m, 1H, H4); 4.69 (d, 1H, J = 4.7 Hz, H1); 4.93-
4.96 (m, 2H, H2,3); 7.31 (br d, 2H, J = 8.1 Hz, Ar-H); 7.35 (br d, 2H, J = 8.2 Hz, Ar-H);
7.70 (br d, 2H, J = 8.1 Hz, Ar-H); 7.80 (br d, 2H, J = 8.1 Hz, Ar-H); OH not observed.
13C NMR (125 Hz, CDCk) 21.8, 21.8, 56.1, 61.1, 74.5, 79.8, 81.0, 106.0, 128.2, 128.2,
130.1, 130.2, 132.5, 132.8, 145.5, 145.7. HRMS (TOF) calcd for CooHzs00S, (M+H)*

473.0940, found 473.0900.
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Methyl a -D-Lyxopyranoside (24). Acetyl chloride (1.0 ml, 14 mmol) was added
dropwise to a stirred solution of D-lyxose (23) (1.00 g, 6.6 mmoal) in dry MeOH (50 ml).
The solution was heated overnight at 50 °C, and thencooled in ice. The solution was
then neutralized by the addition of solid AgeCO3. Stirring was continued for 2 h at this
temperature, then the mixture was filtered through Celite® and the filtrate evaporated to
give the methyl pyranoside (24) as a syrup, in quantitative yield. The crude product was
used directly for subsequent steps. Crystals owly formed on standing, m.p. 91-93 °C

(lit. m.p.° 102-103 °C; lit. m.p.° 108-109 °C). R (3:2:1 CHCL/EtOAc/MeOH): 0.23,

A small sample of the crude syrup was acetylated with Ac,O/pyridine gave the triacetate
derivative, which was shown by *H NMR spectroscopy to be an 87:13 mixture of the a/b
anomers. *H NMR (500 MHz, CDCb): (a-anomer) 1.98 (s, 3H, OAc); 2.01 (s, 3H,
OAc); 2.09 (s, 3H, OAc); 3.37 (s 3H, OMe); 3.58 (dd, 1H, J= 9.3, 11.0 Hz H5); 3.85
(dd, 1H,J=5.4,11.0 Hz H5); 4.61 (d, 1H, J= 2.4 Hz H1); 5.17 (dd, 1H, J=5.4,9.7

Hz H4); 5.19 (dd, 1H, J= 2.5, 3.4 Hz, H2); 5.31 (dd, 1H, J = 3.5, 10.3 Hz, H3).

Methyl 2,3,4-Tris-(O-4-toluenesulfonyl)-a -D-lyxopyranoside (25). A stirred, chilled
(0 °C) solution of the crude methyl a-D-lyxopyranoside (24) (5.00 g, 30.5 mmol) in
pyridine (50 ml) was treated portionwise during 30 min with4-toluenesulfony! chloride
(40.0 g, 210 mmol). After stirring for 5 days at room temperature, the mixture was
sonicated in a cleaning bath for 3 h, and then poured onto 100 g ice. After the ice had
melted, the mixture was extracted into EtOAc (200 ml) and washed with 5% HCI (2x100

ml), saturated NaHCO3 (2x100 ml) and brine (100 ml), then dried (MgSO,) and
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evaporated to a syrup. This was triturated with hexane, and then the residue was purified
by column chromatography (eluent: EtOAc/CHCL/hexane 1:2:3) to give the tritosylated
lyxose (25) (10.9 g, 57%), which was shown by *H NMR spectroscopy to be

contaminated with 7% of the b-anomer. Two recrystallizations from EtOAc/hexane gave

the pure tritosylate (25) as colorless crystals, m.p. 66-68 °C. [a]p 7.2 (¢ 1.0, CHCE).
ES-MS: 627 (MH)*, 644 (M+NH,)*, 649 (M+Na)*. *H NMR (500 MHz, CDCk): 2.41
(s, 3H, Me); 2.42 (s, 3H, Me); 2.44 (s, 3H, Me); 3.28 (s, 3H, OMe); 3.45-3.54 (m, 1H,
H5a); 3.74 (dd, 1H, J = 4.6, 11.3 Hz, H5b); 4.62 (dd, 1H, J= 3.1, 9.0 Hz H3); 4.63-4.74
(m, 3H, H1,2,4); 7.26 (br d, 2H, J=8.1 Hz, Ar-H); 7.31 (br d, 2H, J= 8.0 Hz, Ar-H);
7.34 (br d, 2H, J=8.2 Hz, Ar-H); 7.58 (br d, 2H, J= 8.2 Hz, Ar-H); 7.68 (br d, 2H, J =
8.0 Hz, Ar-H); 7.75 (br d, 2H, J= 8.0 Hz, Ar-H). *C NMR (125 Hz, CDCk) 22.4, 56.4,
61.1, 72.9, 74.2, 76.9, 99.0, 128.8, 128.9, 129.0, 130.5, 130.6, 130.7, 132.8, 133.3, 133.6,

146.0, 146.5. HRMS (TOF) calcd for Cp7H31011Ss (M+H)™ 627.1029, found 627.1073.
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3R,6S-3-Benzoyloxy-6-methoxy-4-(4-toluenesulfonyloxy)-3,6-dihydr o-2H - pyran (26).
A mixture of the pure tritosylated lyxose (25) (80 mg, 0.13 mmol) and sodium benzoate
(250 mg, 1.74 mmol) in DMF (20 ml) was hesated at 130 °C for 5 days. The cooled
mixture was evaporated then the residue was extracted into EtOAc (50 ml) and filtered.
The filtrate was washed with 5% HCI (2x50 ml), saturated NaHCO3 (2x50 ml) and brine
(50 ml), then dried (MgSO,) and evaporated. The residue was purified by flash
chromatography to give the dihydropyran (26) as a colorless oil (15 mg, 29%). [a]p 10.3
(c 1.2, CHCL). ES-MS: 405 (MH)", 422 (M+NH,)*, 427 (M+Na)*. *H NMR (500 MHz,
CDClg): (carbohydrate numbering) 2.32 (s, 3H, Me); 3.40 (s, 3H, OMe); 3;87 (dd, 1H, J
=1.1, 13.2Hz H5a); 4.16 (dd, 1H, J= 2.7, 13.2 Hz H5b); 5.10 (d, 1H, J= 3.5 Hz H1);
5.22 (dd, 1H, J= 1.0, 2.7 Hz H4); 6.01 (d, 1H, J= 3.5 Hz, H2); 7.19 (br d, 2H, J= 8.6
Hz Ar-H); 7.41 (brt, 2H, J=7.8 Hz Ar-H); 7.55 (br t, 1H, J=7.1 Hz Ar-H); 7.71 (br d,
2H, J=8.6 Hz, Ar-H); 7.92 (br d, 2H, J = 8.4, Ar-H). 3C NMR (125 Hz, CDCk) 22.7,
57.0, 63.3, 66.3, 96.2, 129.3, 129.4, 130.4, 130.8, 131.0, 134.0, 134.4, 138.0, 146.3,

146.5, 166.7. HRMS (TOF) calcd for CooH2007SNa (M+Na)* 427.0827, found 427.0813.
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