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The Synthetic Studies of 6,7-Membered Ether Ring from Sugar
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Abstract

6,7-Membered cyclic ethers are part structures of several natural products of biological important.
In this research, the 6.7-membered rings have been studied to prepared through six steps
comprising the protection of alcohol moiety of butynol followed by the introduction of trimethylsilyl
group at the terminai acetylene. The C-glycosidation of the resulting trimethylsilylacetylene ethers
with D-glucal were studied to obtain the maximum yield of glycoside product. Transformation of the
side chain of the glycoside compound to the olefinic precursor for 7-membered cyclization was
achieved in 2 steps by using desilylation followed by hydrogenation. The 6,7-membered ring

cyclization reactions were studied in the final step by using lodocyclization method.

Key word : cyclic ether, C-Glycosidation, silylacetylene



Executive summary

The Synthetic Studies of 6,7-Membered Ether Rings from Sugar
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mduitedanrsililAans 6.7-membered ether ring utiseaniu 4 gou Ae
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1. FUATIZH Trimethylsilyl acetylene ether iazlfiflu precursor ilfjiFun C-Glycosidation

H—= N + RX ——=

OH

—— 1 EtMgBr T™MS——=
2. TMSCI |
OR
R = TBDPS
R = TBDMS
R =Bn
R %overall yields
TBDPS 82
TBDMS 55
Bn 83

lunsdl@t R group 98 protecting group iU TBDMS %yield 189 product AzA1N91 TBDPS WAL Bn

\iinaa1n TBDMS protecting group 1y group flsiwdssununluliffeneldiantaefiil EtMgBr

\lu reagent A9 product UNAIUATIRANTT deprotect 11

2. ﬁnmﬂ{‘jﬁ?‘ﬂ'\ C-Glycosidation 193U1AA Acetoxy-D-Glucal U Trimethylsilyl acetylene ether

L.ewis acid

———— e i

n1sAneU[RIE C-Glycosidation 184%ANA Acetoxy-D-Glucal Uas Trimethylsilyl acetylene
ether Aidivyjilaaiusineg wudrujiderdulunig Table 1

Table 1 C-Glycosidation 189UA"GA Acetoxy-D-Glucal ua¥ Trimethylsily! acetylene ether

Entry Protecting Lewis acid Time/min %yield of %yield of Total yield
group (R) product 9 of product
1 TBDPS SnCl, 20 93 0 93
2 BF,.OEt, 20 75 0 75
3 TBDMS SnCl, 20 0 24 24
4 BF,.OFt, 70 31 20 51
5 Bn 5nCl, 20 43 0 43
6 BF,.OFt, 3s 36 17 53
7 Ac SnCl, 70 22 0 22




a1nn1sAne 1Y Table 1 Ufjisan C-Glycosidation 189 Trimethylsilyl acetylene ether 'Tfllﬁm‘.g
protecting group L) tert—butyldiphenylsilyl (entry 1,2) 10 C-glycoside product qmmﬁﬂuﬁ‘ﬂmﬁﬂu
fiu protecting group atmauLT witleariu tert-Butyldimethylsilyl {entry 3,4) uaz Benzyl (entry 5,6)
Azl %yield 189 C-glycoside product InAiAtaiy mqﬁﬂurﬂuﬁtﬁmmn SiPh,Bu \umsiluay
a‘nisatlaaiuninidin coordinate @1n Lewis acid (steric effect) @115 protecting group (14 acetate
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éu alpha teemy silyl azdat stabilize cation intermediate. luAUMIN beta #9tN1T overlap 189 G-
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Fig 1 nalnmadaufjfizan C-Glycosidation 184 D-Glucal uaz Trimethylsilyt acetylene ether

B

ﬂ" 1 dl o o [}
wanantgawuinielsian19sininisissld lewis acid 4 Tin tetrachloride (SnCl,) uax
Boron trifluoride etherate (BF, OEt,) {luaaisajizanaciuasinei wudnlunsdiil protecting group
= L ] = i ] - oy 1 =
{lu TBDPS nsld SncCl, azldnadinds lunsdifidlu TBDMS wytlesfusfinilifia deprotection &l

Lewis acid LLﬂ:ﬂi‘ﬂjm;J; Bn Lfim deprotection lannzannsild BF, OEt, .t tewis acid



3. WAILN precursor A7N Glycoside product Flsluda 2 A mFuRnefATu Cyclization lreminas
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1. &apsney Trimethyisilyl acetylene ether fiaz14iilu precursor vimlfjidan C-Glycosidation
H—— — 1. EtMgBr TMS
o |’ R T Mse
OH 2™ OR
R=Bn

R = TBDMS
R = TBDPS

2. AnwUfjAzen C-Glycosidation 483UNAR Acetoxy-D-Gluca! U Trimethyl silyl acetylene ether

=
A _Lewis acid =

+ MesSi AcC OR
ACO““ ' | CHzClg L

AcO”
OAc

3. s precursor AN Glycoside product #ilaluds 2 #auFuAnUfATeN Cyclization

AcO

OR —_— AcQ

AcO™” AcOH H

4. Anwfizen Cyclization

Accf\g/j Ac —
—-
AcO” N AcO”
R

Proton NMR spectra were recorded on a Varian Germini 2000 (200 MHz) or a Bruker
ARX-400 (400 MHz).

General:

All spectra were measured in CDCl; solvent and chemical shifts are
reported as & values in parts per million (ppm) relative to tetramethylsilane (5 0.00) or CDCl; (8
7.26) as internal standard. Data are reported as follows; chemical shift (integrate intensity or
assignment, multiplicity, coupling constants in Hz, assignment). Low-resolution EI mass spectra
were obtained with a FINNIKAN GCQ [ONTRAP. Infrared spectra were determined on a
Perkin Elmer system 2000 FT-IR spectrophotometer and are reported in wave number (cm™).
Analytical thin-layer chromatrography (tlc) was conducted on precoated tlc plates; silica
gel 60F-254 [E. Merck , Darmstadt, Germany]. Silica gel columns for open-column
chromatrography utilized silica gel 60 PF254 [E. Merck , Darmstadt, Germany].
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1. HASIEW Trimethylsilyl acetylene ether Nz lHvinUnFen C-Glycosidation

H— H— 1. EtMgBr TMS—
-_—\ + RX - < - AN
2.T™M
CH OR OR

R = TBDPS
R = TBDMS
R=Bn

1.1 N1FRIATIEV Tert-butyldiphenylsilyl trimethylsilylbutynyl ether (3) (R = TBDPS)

H—— TBDOPSCI imidazole o H——
p— + -
| DMF |
OH OTBDPS
1 2

To a solution of 3-Butyn-1-ol (1) (1.0537 g. 15 mmol) in DMF (30 mL) was added TBDPSCI
(4.61 mL, 18 mmol). The reaction was stirred at 0°C under nitrogen atmosphere and immidazole
(1.33 g, 19.5 mmol) was added. The mixture was allowed to warm to room temperature and
stirred overnight. The reaction mixture was quenched with NH;Cl and extracted with Et;O (x3).
The extracts were washed with H»O. brine, dried over anhydrous Na,SO, and concentrate in
vacuo. The residue was purified by silicagel column chromatrography (1-3% EtOAc/hexane) to
afford (2) (3.95 g. 85%)

'"H-NMR (2) (200 MHz, CDCl;) : O 1.09 (9H. s. C(CH3)3). 1.98 (1H. t, J = 2.5 Hz, H-4), 2.50

(2H, td, J = 7.0. 2.5 Hz, H-3). 3.80 (2H, t. J = 7.0 Hz, H-1), 7.48 (6H. m, PhH), 7.70 (4H, m,
PhH)..

IR (KBr) : 3307.3071.2931. 2159. 1589, 1472, 1112 em™,

H—— EtMgBr

— + TMSCI TMS——

E1.O

OTBDPS OTBDPS

2 3

To a solution of fert-butyldiphenylsilyl-3-butynyl ether (2) (0.1 g. 0.3 mmol) in THF 5 mL. was
dropwise added EtMgBr (0.3 mL.. 3.0 M in Et;0. 0.9 mmol) at 10°C. After stirring 10 min..
TMSCI was added and the reaction mixture was allowed (o rooin temperature and reflux at 70°C
for 40 min. The reaction mixture was quenched with NH4Cl and extracted with Et;0Ac (x3).
The extracts were washed with H,O. brine, dried over anhydrous Na;SQy4 and concentrate in
vacuo. The residue was purified by silicagel column chromatrography (2% EtOAc/hexane) to
afford (3) (0.12 g, 97%).

'"H-NMR (3) (200 MHz, CDCl;3) : & 0.20 (9H, s, Si(CH;)3), 1.09 (9H, s, C(CH3)3), 2.50 (2H, t. J

= 7.0 Hz, H-2), 3.80 (2H, td. J = 7.0 Hz, H-1), 7.40 (6H, m, PhH), 7.70 (4H, m, PhH).
IR (KBr) : 2959. 2178, 1589, 1473, 1249, 1112 cm™'



1.2 N1SRIATIEN Tert-butyldimethyisilyl trimethylsilylbutynyl ether (5) (R = TBDMS)

— imidazole —_—
H—— + TBDMSCI —_— H—= \
I DMF
OH QOTBDMS
1 4

To a solution of 3-Butyn-1-0l (1) (1.05 g, 12 mmol) in DMF (30 mL) was added TBDMSCI
(3.39 g, 22.5 mmol). The reaction was stirred at 0°C under nitrogen atmosphere and immidazole
(1.33 g, 19.5 mmol) was added. The mixture was allowed to warm to room temperature and
stirred overnight. The reaction mixture was quenched with NH4Cl and extracted with Et,O (x3).
The extracts were washed with H,O, brine, dried over anhydrous Na;S0O4 and concentrate in
vacuo. The crude product (4) was used in the next step without purification.

H—— 1. EtMgBr

2. TMSCI
OTBDMS EtO, OTBDMS

TMS—=

To a solution of crude terr-butyldimethylsilyl-3-butynyl ether (4) (1.54 g, 8.37 mmol) in Et,O 30
mL. was added EtMgBr (14 mL., 3.0 M in Et,0) and excess amount of TMSCI (10.7 mL, 83.7
mmol) at 0°C. After stirring 30 min., the reaction mixture was allowed to room temperature and
stirring was continued for overnight. The reaction mixture was quenched with NH4Cl and

extracted with Et;O (x3). The extracts were washed with H;O, brine, dried over anhydrous

Na,SOs4 and concentrate in vacuo. The residue was purified by silicagel column

chromatrography (10% EtOAc/hexane) to afford (5) (1.17 g, 55%)
IR (NaCl) (5) : 3313, 2952, 2177, 1469, 1380, 1248, 844 cm’!



1.3 NMTANATIEW Benzy! trimethylsilylbutynyl ether (7) (R = Bn)

— NaH —_ .
H—= \ + BnBr —0— H—= \
THF
OH OBn
1 6

To a solution of 3-butyn-1-ol (1) (1.14 g, 15 mmol) in THF (20 mL) was added BnBr 5.4 mL (45
mmol). The reaction was stirred at 0°C under nitrogen atmosphere and NaH (2.16 g, 90 mmol)
was added. The mixture was allowed to warm to room temperature and stirring was continued
for overnight. The reaction mixture was quenched with NH4Cl and extracted with Et,0 (x3).
The extracts were washed with H;O, bnne, dried over anhydrous Na;SO,; and concentrate in
vacuo. The residue was purified by stlicagel column chromatrography (0.5% EtOAc/hexane) to
afford benzyl-3-butynyl ether (6) as a colourless oil (2.26 g, 94%)

'H-NMR (6) (200 MHz, CDCls), $ 2.05 (1H, t, J = 3.0 Hz, H-4), 2.54 (2H, td, J = 7.0, 3.0 Hz, H-
2), 3.63 (2H.t, J= 7.0 Hz, H-1). 4.58 (2H, s, CH,;Ph), 7.40 (5H, s, PhH).

IR (NaCl) : 3464, 2985, 1447, 1373. 1240 cm”™

H——= 1 EtMgBr TMS —==
l 2. TMSCI |
OBn EtO, OBn
6 7

To a solution of Benzy!-3-butyny! ether (6) (1.23 g, 7 mmol) in Et;0 20 mL. was added EtMgBr
(11.5 mL., 3.0 M in Et,0) and excess amount of TMSC! (9 mL, 70.5 mmol) at 0°C. After
stirring 30 min., the reaction mixture was allowed to room temperature and stirred overnight.
The reaction mixture was quenched with NH4Cl and extracted with Et,0 (x3). The extracts were
washed with H,O. brine, dried over anhydrous Na;SO, and concentrate in vacuo. The residue
was purified by silicagel column chromatrography (10% EtOAc/hexane) to afford colourless oil
(7) (1.42 g, 88%)

'H-NMR (7) (200 MHz, CDCH;). § 0.11 (9H, s, SiCH};), 2.39 (2H, t, J = 7.0 Hz, H-2), 3.43 (2H,
t.J=7.0 Hz. H-1), 4.39 (2H, s, CH,Ph), 7.20 (5H, s, PhH).
IR (NaCl) : 3064, 29592177, 1496. 1454, 1362. 1249 cm™'
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2. AnunifiFen C-Glycosidation ABUIAA Acetoxy-D-Glucal Nl Trimethylsilyl acetylene ether

Acl | +  MeSi——= Lewis acid Ac OR
Aco™” | CH,Cl,
OR AcO’ F

OAc

aaa ¥ -
2.1 ﬁnﬁﬂﬂgn'sﬂ'\ C-Glycosidation 283UANA Acetoxy-D-Glucal N'U Tent-butyldiphenylsilyl
trimethylsilylbutynyl ether (3) Taer'ld SnCl, Wusasalfjnsen

@) =
A R SnCl =
<0 | + Me:;Slﬁ —4b- ACO/W/\OJ/\OTBDPS
AcO™ CH.Cl, ~ Lz
OTBDPS z AcO

OAc ¢
3 8

To a solution of Tri-O-acetoxy-D-glucal (0.31 g, 1.21 mmol) and rerr-butyldiphenylsilyl
trimethylsilyl-3-butyny! ether (3) (0.35 g, 0.99 mmol) in CH,Cl; 10 mL. was added a solution of
SnCls (0.20 mL) at -20°C. The mixture was stirred for 20 min. at -20°C and then poured into
cooled sat. NaHCOs aq. After stirring for 30 min. at 0°C, the organic layer was separated and
the water layer was extracted with Et;OAc (x3). The combined organic layer were washed with
H-O, brine, dried over anhydrous Na,;S0O, and concentrate in vacuo. The residue was purified by
silicagel column chromatrography (5-10% EtOAc/hexane) to afford a pale yellow oil (8) (0.44 g,
93%)

'H-NMR (8) (200 MHz, CDCl3) : O 1.09 (9H, s, C(CH};)3), 2.04 (6H, s. Ac), 2.50 2H, td, J =
7.0, 2.0 Hz, H-3"), 3.75 (2H, t. J = 7.0 Hz, H-4"), 4.10 (1H. ddd, J = 7.0, 5.0, 3.0 Hz, H-5), 4.20
(2H. dd, J = 7.0, 2.0 Hz,, H-6). 4.95 (1H, m. H-1), 5.30 (1H, ddd, J = 10.0. 4.0, 2.0 Hz, H-4),

5.57 (1H, ddd, J = 10.0, 2.0, 2.0 Hz, H-2), 5.85 (1H, ddd, J = 10.0, 4.0, 2.0 Hz, H-3), 7.40 (6H,
m, PhH), 7.70 (4H, m, PhH).

IR (KBr) : 3071, 2931, 2239, 1744, 1589, 1472, 1370, 1230, 1111 cm’

10



22  Anwlfjnssn C-Glycosidation 04BIUAA Acetoxy-D-Glucal U Tert-butyldiphenylsityl
trimethyisilylbutyny! ether (3) Tneild BF OEt, Wlusasalfinsen

e} ) #Z
AcQ |+ Mesi— _BFaOBL  aeo OTBDPS
ACO‘. I CHxCl3 A 0-' =

B C
OAc OTBDPS
3 8

o a solution of D-glucal (0.29 g, 0.96 mmol) and tert-butyldiphenylsilyl trimethylsilyl-3-
butynyl ether (3) (0.30 g, 0.80 mmol) in CH,Cl, 9 mL. was added a solution of BFyOEt; (0.18
mL) at -20°C. The mixture was stirred for 20 min. at -20°C and then poured into cocled sat.
NaHCO; aq. After stirring for 30 min. at 0°C, the organic layer was separated and the water
layer was extracted with EtOAc (x3). The combined organic layer were washed with H;0O,
brine, dried over anhydrous Na;SO,4 and concentrate in vacuo. The residue was purified by

silicagel column chromatrography (5-15% EtOAc/hexane) to afford a pale yellow oil (8) (0.31
g, 75%)

A g ar
2.3 ﬁnuﬂﬂgnﬂn C-Glycosidation 289UYMIR Acetoxy-D-Glucal nu Tert-butyldimethylsilyl
trimethylsilylbutynyl ether (5) taeld sncl, 1Hlusaisaljngen

/
AcO I+ MesSi—= SnCly AcO o7 on
AcO" CH,Cl, Az
I OTEDMS AcO
5 9

To a solution of D-glucal (0.49 g, 1.8 mmol) and terr-butyldimethylsilyl trimethylsily-3-butynyl
ether (5) (0.49 g, 1.9 mmol) in CH;Cl; 20 mL. was added a solution of SnCl, (0.53 mL) at -20°C.
The mixture was stirred for 20 min. at -20°C and then poured into cooled sat. NAHCO; aq.
Afier stirring tor 30 min. at 0°C. the organic layer was separated and the water layer was

extracted with Et20 (x3). The combined organic layer were washed with H,O, brine, dried over

anhydrous Na;S0,; and concentrate in vacuo. The residue was purified by silicagel column

chromatrography (50% EtOAc/hexane) to afford a pale yellow oil (9) (0.12 g, 24%)
'H-NMR (9) (200 MHz, CDCl;) : O 2.03 (3H, s, Ac), 2.04 (3H, s, Ac), 2.45 (2H, td, J = 5.0. 2.0
Hz, H-3"), 3.68 (2H. t, J = 5.0 Hz. H-4"), 4.12 (1H, m, H-5), 4.20 (2H, m, H-6), 4.92 (1H, m, H-

1), 522 (1H. ddd. /=9.0,4.0. 2.0 Hz, H-4), 5.69 (1H, ddd, /= 11.0, 2.0, 2.0 Hz, H-3), 5.83 (1H,
ddd, /=11.0. 4.0, 2.0 Hz. H-2)

IR (NaCl) : 3461, 2944, 2228, 1727, 1435, 1365, 1236 cm™'

1



Ty, Sy 3' | o
24 ﬁnu‘n]gn‘i‘tn C-Glycosidation 229UAA Acetoxy-D-Glucal nU Tert-butyldimethylsilyl
trimethylsilylbutynyl ether (5) tae’lF BF, OEt, ilusaisaljisen

AcQO

i BF3' OEtz
| + Me,Si—— =

AcO™ CHCl, P
OTBDMS 2
OAc 5 AcO © OTBDMS
| AcO™

c
10

To a solution of D-glucal (0.54 g, 2.0 mmol) and /ert-butyldimethylsilyl trimethylsilyl-3-butynyl
ether (5) (0.54 g, 2.1 mmol) in CHyCl; 15 mL. was added a solution of BF3'OEt; (0.35 mL) at -
20°C. The mixture was stirred for 1 h 10 min. at -20°C and then poured into cooled sat.
NAHCO; aq. After stirring for 30 min. at 0°C, the organic layer was separated and the water
layer was extracted with Et;O (x3). The combined organic layer were washed with H,O, brine,
dried over anhydrous Na;SO, and concentrate in vacuo. The residue was purified by silicagel
column chromatrography (4-40% EtOAc/hexane) to afford butynol glycoside (9) as a colourless
oil (0.11 g, 20%) and tert-butyldimethylsilyl trimethyl-3-butynyl ether-glycoside (10) (0.24 g,
31%).

"H-NMR (10) (200 MHz, CDCl3) : & 0.04 (6H, s, 2xSiCHj), 0.86 (9H, s, 3xs-Bu), 2.06 (3H, s,
Ac), 2.07 (3H, s, Ac), 2.41 (2H, td. J = 7.0, 2.0 Hz, H-3"), 3.69 (2H, t, J = 7.0 Hz, H-4"), 4.08
(1H, m, H-5), 4.30 (2H, m, H-6), 4.93 (1H, m, H-1). 5.26 (1H. ddd, J = 9.0, 3.0, 2.0 Hz, H-4),
5.71 (1H, ddd, J=10.0. 2.0, 2.0 Hz. H-3), 5.85 (1H, ddd../ = 10.0, 3.0, 2.0 Hz, H-2)

IR (NaCl) : 2937, 2339, 1745, 1469, 1369, 1236 cm”™
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25  AnwljiFen C-Glycosidation ¥8IUIRIA Acetoxy-D-Glucal NI Benzyl trimethylsilyl
butynyl ether (7) Taeld’ SnCl, Wludandaljigen

0O ZZ
ACOU . Measié\ SnCl, AcO OBn
AcO Y Sen CH,Cl, WNF
Ac

AcCO'

7 11

To a solution of D-glucal (0.45 g, 1.65 mmol) and Benzyl trimethylsilyl-3-butynyl ether (7)
. 10.45 g, 1.65 mmol) in CH; Cl; 20 mL. was added a solution of SnCl, (0.45 mL) at -20°C. The
mixture was stirred for 20 min. at -20°C and then poured into cooled sat. NAHCO; aq. After
stirring for 30 min. at 0°C, the organic layer was separated and the water layer was extracted

with Et;0 (x3). The combined organic layer were washed with H;O, brine, dried over anhydrous

Na;S0O, and concentrate in vacuo. The residue was purified by silicagel column

chromatrography (10-50% EtOAc/hexane) to afford a colourless oil (11) (0.26 g, 43%).

'H-NMR (11) (400 MHz, CDCh) : & 2.09 (6H, s, 2x4c), 2.57 (2H, 1d, J = 7.0, 2.0 Hz, H-3"),
3.60 (2H, t,J = 7.0 Hz, H-4"), 4,12 (1H, ddd, J = 8.0, 4.5, 2.5 Hz, H-5), 4.21 (1H, dd, J = 12.0,
2.5 Hz, H-6a), ), 4.25 (1H, dd, J = 12.0, 4.5 Hz, H-6b), 4.97 (1H, m, H-1), 5.31 (1H, ddd, J =

9.0, 3.0. 2.0 Hz, H-4), 5.77 (1H, ddd, J = 10.0, 2.0, 2.0 Hz, H-3), 5.89 (1H, ddd, /= 10.0, 3.0,
2.0 Hz, H-2). 7.35 (5H, s, PhH).

IR (NaCl) : 3033, 2929, 2221, 1741, 1450, 1369, 1236 cm™
HRMS (El) : m/z 372.1567
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2.6 ﬁnu’tﬂgni‘ﬂﬁ C-Glycosidation 429UNANAR Acetoxy-D-Glucal nu Benzyl trimethylsilyl
butynyl ether (7) Tneld 8F,OEt, \Jusasaljizen

o H
AcO OH

o ot o

AcO | + Me,Si—— BF 5 OLt, AcO 9
R
R \ +
ACO“ CH20|2
OCBn ZZ
OAc 7 AcO © QOBn
/
AcO'
11

To a solution of D-glucal (0.45 g, 1.65 mmol) and Benzyl trimethylsilyl-3-butynyl ether (7)
(0.45 g, 1.9 mmol) in CH; Cl; 15 mL. was added a solution of BF3OEt; (0.31 mL) at -20°C. The
mixture was stirred for 35 min. at -20°C and then poured into cooled sat. NAHCO; aq. After
stiring for 30 min. at 0°C, the organic layer was separated and the water layer was extracted
with Et;0 (x3). The combined organic layer were washed with H,O, brine, dried over anhydrous
Na;S0O4 and concentrate in vacuo. The residue was purified by silicagel column
chromatrography (10-70% EtOAc/hexane) to afford butynol glycoside (9) as a colourless oil
(0.08 g, 17%) and Benzyl-3-butynyl ether glycoside (11) (0.22 g, 36%).
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b. LA3EH precursor AN Glycoside product 'fl'lﬁ'\'lui"a 2 d'\ﬂiuﬁntﬂﬂgn'a‘ﬂ'\ Cyclization

3.1 R38N butynol glycoside
OTBDPS  TBAF, THF Q/\Cl/\’

To a solution of fert-butyldiphenylsilyl-3-butynyl ether glycoside (8) (0.51 g, 0.99 mmol) in
THF (20 mL) was added TBAF (0.38 g, 1.18 mmol, 1.2 eq.). After stirring at room temperature
for 90 min., the reaction mixture was quenched with NaHCOj3 and extracted with EtOAc (x3).
The extracts were washed with H;O, brine, dried over anhydrous Na;SO4 and concentrate in

vacuo. The residue was purified by silicagel column chromatrography (30-50% EtOAc/hexane)
to afford (9) (0.24 g, 87%)

3.2 w3t butenol glycoside

ACO o Z OH H,. Pd/BaSO, AcO 0 —
AcQ” NF m A/CO\E)/_j
9 12

To a solution butynol glycoside (9) (0.1095 g, 0.39 mmol) in CH,Cl; (10 mL) was added
pyridine 1 mL and Pd/BaSO4 0.0219 g (20%w/w of starting material). After stirring at room
temperature for lh., the reaction mixture was quenched with H;O and extracted with EtOAc
(x3). The extracts were washed with CuSQy (sat.), H,O, brine, dried over anhydrous Na;SO,
and concentrate in vacuo. The residue was purified by silicagel column chromatrography (30-
50% E1OAc/hexane) to afford (12) (0.848 g, 81%)
1H-NMR (200 MHz, CDCl3) : 8 1.81 (1H. s, OH), 2.09 (3H, s, Ac), 2.10 (3H, s, Ac), 2.43 (2H,
m, H-3), 3.69 (2H. td. J = 6.5, 2.0 Hz, H-4"), 3.99 (1H, ddd, J = 6.5, 6.5, 3.0 Hz, H-5), 4.14 (1H,
dd, /= 12.0. 3.0 Hz, H-6a), 4.27 (1H, dd, J = 12.0, 6.5 Hz, H-6b), 5.02 (1H. m, H-1), 5.14 (1H,
ddd. J = 6.5. 2.5. 2.0 Hz. H-4), 5.67 (1H, dd, J = 10.0, 2.0 Hz, H-1"), 5.74 (1H, m, H-3), 5.81

(1H, ddd, J = 10.5. 2.0, 1.0 Hz, H-2), 5.89 (1H, dt, J = 10.0, 1.0 Hz, H-2')
IR (NaCl) : 3421, 2932, 1649, 1736, 1433, 1233
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3. \R38¥ precursor AN Glycoside product Alaluta 2 dmFuAnwljinaen Cyclization

= —
AcD OR —_— A
- -
Ac” NF AcC H

3.1 \®38N butynol glycoside

#Z Z
A OTBDPS  TBAF, THF OH
—————
o o
AcOr # AcC

8 o 9

To a solution of ters-butyldiphenylsilyl-3-butyny! ether glycoside (8) (0.51 g, 0.99 mmol) in
THF (20 mL) was added TBAF (0.38 g, 1.18 mmol, 1.2 eq.). After stirring at room temperature
for 90 min., the reaction mixture was quenched with NaHCOQO; and extracted with EtOAc (x3).
The extracts were washed with H,O, brine, dried over anhydrous Na,SQ, and concentrate in

vacuo. The residue was purified by silicagel column chromatrography (30-50% EtOAc/hexane)
to afford (9) (0.24 g. 87%)

3.2 W38N butenol glycoside

/
= O =
= P O
———
- L. o -
AcO” P pyridine, CH,ClI, AcO HO
9 12

To a solution butynol glycoside (9) (0.1095 g, 0.39 mmol) in CH>Cl; (10 mL) was added
pyridine 1 mL and Pd/BaSO4 0.0219 g (20%w/w of starting material). After stirring at room
temperature for 1h., the reaction mixture was quenched with H,O and extracted with EtQOAc
(x3). The extracts were washed with CuSQy (sat.), H,O, brine. dried over anhydrous Na,SO,
and concentrate in vacuo. The residue was purified by silicagel column chromatrography (30-
50% EtOAc/hexane) to afford (12) (0.848 g, 81%)

1H-NMR (200 MHz, CDCl3) : 6 1.81 (1H., s, OH), 2.09 (3H, s, Ac), 2.10 (3H, s, Ac), 2.43 (2H,
m, H-3), 3.69 (2H, td, J = 6.5, 2.0 Hz, H-4%), 3.99 (1H, ddd, J = 6.5, 6.5, 3.0 Hz, H-5),4.14 (1H,
dd, J = 12.0. 3.0 Hz, H-6a), 4.27 (1H, dd.J=12.0, 6.5 Hz, H-6b), 5.02 (1H, m, H-1), 5.14 (1H,
ddd, J = 6.5, 2.5. 2.0 Hz. H-4), 5.67 (1H. dd, J = 10.0, 2.0 Hz, H-1)), 5.74 (1H, m, H-3), 5.81
(1H. ddd, J=10.5, 2.0, 1.0 Hz, H-2), 5.89 (1H, dt, /= 10.0, 1.0 Hz, H-2))

IR (NaCl) : 3421, 2932, 1649, 1736, 1433, 1233
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4. Anwmlfjnses Cyclization

Iz, K

NaHGO,

12 13
To a solutjon butenol glycoside (12} (0.0726 g, 0.26 mmoelj in CH>Cl, (10 ml.) was added KI
(0.0640 g, 0.39 mmol) and NaHCOj (0.0324 g, 0.39 mmol). The reaction mixture was stirred
aid the solution of Ix (0.0979 g. 0.39 mmeol) in CH;Cl; (10 mL) was dropwise addéd. -After
being stirred in the dark at room temperature for | day. the reaction mixture was diluted with
FtOA¢. washied with saturated Nas$;0 and worked up. and the crude product was purified by
chromatrography (20-40% EtQOAe/hexdne) to afford the unidentified product:

12, K

12 13
T a selution butenol glyeoside (12) (0.0800. g. 0.27 mmel) in MeCN (15 ml} was added Kl
(0.22 g. 1.33 minol) and [ (017 g 1.3% mmoly. After being stirred in the dark ar room
emperature for 1 day. the reaction muxture was diluted with EtOAc, washed with saturated
Nax8.0y and warked tip. and the ¢rude product. was purified by chromatrography (20-40%
F1OAe hexane ) 1o afford. the unidentified preduct. |

12

T'a a solution butenol glycoside (12) (L0375 g. (18 mimoly it CH2C)> (10 mL) was dropwise
added the solufion of 1> (L0463 w 0,18 movol) in CHaCly (4 mL ). Afier being stirred in the dark
alroom emperiture for 1 day . the reaction mixture was diluted with EtOAc. washed with
saturited Nax$:0; and worked up. and the crude product was piirified by chromatrography (20-
0% F1OA¢ hexane) w attord the unidentified product.
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