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BENT BOND (1) AND THE ANTIPERIPLANAR HYPOTHESIS, AND THE

REACTIVITY AT THE ANOMERIC CENTER IN PYRANOSIDES

Jean-Francgois Parent and Pierre Deslongchamps*

Département de Chimie, Université Laval, Québec, QC, G1V 046, Canada.

General information

The following document includes general experimental conditions and detailed protocols for the
synthesis of new compounds along with the isolation and spectroscopic information for the
lasts. Transformation requiring inert and anhydrous conditions were carried out within a
nitrogen atmosphere with dry solvents and oven dried/flame dried glassware. THF was distilled
over sodium and benzophenone. DCM and CH;CN were distilled over CaH,. Et,0 and toluene
were obtained dried from a Vacuum Atmosphere Inc. Solvent Purification System. All
commercially available reagents were used as received without further purification. Thin-layer
chromatography analysis of reaction mixtures were performed using Silicycle Silia plate TLC
alumina backed and analysed using UV light and/or by staining with either potassium
permanganate, cerium ammonium molybdate (CAM) or p-anysaldehyde. Flash column
chromatography purification was carried out on Silicycle silia gel 60 A, 230-400 mesh. NMR
spectroscopic data for 'H, 3C, °F and NOESY 1D were recorded at ambient temperature in
neutralised CDCl; using Agilent DD2 500, Bruker 300 MHz and Varian Inova 400 spectrometers.
High-resolution mass spectra were obtained on a LC/MS-TOF Agilent 6210 using electrospray
ionization (ESI). Infrared spectra were obtained using a Aminco Bowmen Adrid Zone infrared
spectrometer with a NaCl crystal matrix. Melting point values were determined using a Stanford
Research System OptiMelt capillary melting point apparatus and are uncorrected.

Kinetic control experiment

The kinetic pathway of the glycosylation reactions studied were confirmed using control
experiment based on the method reported by Woerpel.2 These experiments are valuable in the
context of the O-glycosylation, whereas anomerization cannot occur in the case of C-
glycosylation. Purified compounds from previous nucleophilic addition were resubmitted to the
reaction conditions in the presence of a different donor. As shown in Fig. S-1, compound
1(CIEtO) submitted with 3(SPh) and TFE as nucleophile did not undergo anomerization as the
initial anomeric ratio was found to be the same in the crude mixture at 65a:35B. No
incorporation of 2-chloroethanol was observed on donor 3 as only 1(CIEtO) and 3(TFE) were
observed. Also, in order to verify that the ratio observed at first was not already the outcome of
a thermodynamic equilibrium, pure B-2(TFE) (entry 4) has been submitted to the O-glycosylation
conditions. *H NMR and F'?> NMR showed no incorporation of TFE in donor 1 and pure B-2(TFE)
was again observed, thus, confirming the kinetic pathway.

S1



%&o 5

1(CIEtO) 650.:35B

NIS, CF3CH,0OH

mo -~

1(CIEtO) 650.:356

+ DCM, -40°C to 0°C, 2 h n
OBn OBn
-0 -0
SPh “CF,
3(SPh) 3(TFE) 65a.:35B
Fig. S1 Kinetic control experiments.
Entry Compound Donor Initial ratio Observed? Incorporation
(a:B) (a:B) product
1 1(CIEtOH) 3(SPh) 65:35 65:35 None
2b 2(TFE) 1(SPh) 65:35 65:35 None
3b 3(TFE) 1(SPh) 70:30 75:25 None
4> B-2(TFE) 1(SPh) 0:100 0:100 None

aDetermined by 'H NMR and !°F NMR of the crude mixtures; PEthanol was used as nucleophile

Table S1 Kinetic control experiments.
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NMR spectra of purified compounds
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Crude H NMR spectra from O and C-glycosylation in DCM

3.99
3

&
o 160
L

150
50

3.99
98
.96
3.94

140
F40

L3
'\\a

-130
F30

120
F20

110

10
100
o

—_—

1.00%

IS
«
»
=)

3.5 3.9
ppm)
80

~70

f1
Ex/ o
T ﬁ\/ Lo

Crude 1(ally]) (o only) 50
500 MHz, CDCI3, TMS
40

30

20

6
L (ppm)

180

4.92
4.91
4.54
4.54.
4.52
4.52

<
i

170

160

4.91
4.54.
4.54
4.52
4.52

A
AWy

80

492

150
60

\

140

[0 k130
/

20 120

— e

R, by 110

1.0

[=
T T T T T T

T T
51 50 4.9 48 4.7 4.6 4.5 4.4 100
f1 (ppm)

90

m t-80
=70
0" > CF,

Crude 1(TFE) (88.:12p) 60
500 MHz, CDCl3, TMS

F50
+40
‘ F30

20

MJ k1o
“ A A ‘ wInLN ‘“\K AR N

R

B ISR

T T T T
105 100 95 90 85 80 75 70 65 60 55 50 5 40 35 BO| 25 20 15 (1.0 05 0.0
1 (ppm)

S41



60

50

F40

30

20

10

4.88

-130

120

110

100

90

ey
O/\/Cl
Crude 1(CIEtO) (620.:38p)

500 MHz, CDCl3, TMS

80

=70

60

50

k40

30

20

0.61=

—4.83

%43
Z-4.42

4.40

F40

30

20

10

6
f1 (ppm)

190

180

170

160

150

140

F130

120

Cr

I

| -Q

i

ude1(EtO) (45

00 MHz, GDC

3

A~

1:55B)
™S

941.2%
»

110

100

90

80

70

F60

50

40

30

20

F10

1.00= 1}

1.25= S

6
f1 (ppm)

542



110
100
0

60
50
40
30
20
10

--10

Foot

Feot

6.5 6.0 55 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0

7.0

f1 (ppm)

190
180
170

160
+150
140
+130
k120

110

100
90

80

~70

60
50
40
30
20
10

F-10

o o o o o o o
@ ~N O wn < M N
2 5 2 4 3 25
L L L L L L L
—
—
—
o o
< ~N (=]
| ) I
— t0o't
// MWSA
%w%;

3.5 3.0
-Q

f1 (ppm)

4.0

OBn

Crude 2(allyl) (a only)
500 MHz, CDCl;, TMS

"

8.0 7.

8.5

9.0

13.5 13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5

=T0

=00'T

6
1 (ppm)

100
50

Y

A,

/
|

5.0 49 48 47 46 45 44

-Q

1 (ppm)
H

52 5.1

OBn 0" CF,

Crude 2(TFE) (83a:178)
500 MHz, CDCl3, TMS

10

11

12

13

543



2h5BETRRIERRNRRER88.3 Fes
TITRHEFSTT MoaPmomanccadcdc S
SV | TS| N L-80
FEIARM RREFII83 | g9
o o oo o PR P
N\ e = w© F75
70
k40
[30 L 65
) k20 | 60
11
i t10
I T r55
MUVM\AM A/‘:MAL
E s e [ 50
=l S
T : T T T T T
35 34| 33 32 31 3. 2.9 Las
f1 (ppm)
F40
t H
-Q k35
OBn O/\\/C| ‘ F30
Crude 2(CIEtO) (620::383) r2s
500 MHz, CDCl;, TMS [ 20
‘ 15
k10
J ’ 0. N
’ |
| N " L
I ' 1 I T )
& A3/ g I
~N | 1 < e -5
2483 -
T T T T T T T T T T T T T I T T T T T T T T T
1.5 11.0 [10.5 100 95 9.0 | 85 8.0 ﬁ.s 70 65 60 55 50 ‘ 45 #0 35 (3.0 25 20 1.5 1.0 05 0.0
f1 (ppm)
88 &9 F140
PR
VoV
k130
S B 9
'\7 '\7 k120
7 k100
F110
L so F100
U m 90
| SV l,
3 N
T =7 T T T = 80
50 B9 48 47 46 45 4.4
f1 (ppm)
70
N e [
k50
OBn "™
[e) CF3
Crude 2(TFE) from TAC Lao
(800::20B)
500 MHz, CDCI;, TMS ‘ ‘ L 30
F20
| ‘
M F10
JJ b, J\/k ) ».,A _A..A.‘AM ‘ i, .
| T
1d
3 8
JER F-10
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
40 13.5 13.0 12.5(12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 70 65 6.0 55 50 45 (40 3.5 3.0 25 20 15 1.0 05 00
1 (ppm)

S44



=3 o o o o o o o o o o o
2 @ O < N o @ O < N o o o o o ~
hd N o~ N (3] o~ — — — — — «© o < ~N =) D
L L L L L L L L L L L L L L L I L
\n
=l
<
- -
wn
]
— °
= |z
) \
[m e~
19°€ — o
S.L e
%M/K n
see - - - e
e — — zio1
we - =] 00T | &
6L€ <
86°€ .
66 Neeo [0
00 [ o0 [ ¥
: _ —_—
0%
- @@ ST
[ wn
m n
[T w1
<
o
1
[m o
of
SRS
o
n®
-~
<
I
ol
g
(=] o
S 9o o o o Fo
— 0 O < o~ o
| | | | ) I
19°€\\ \M \%
e~ z .
b 10T
e o
v9'E Lo
~ 2
e A 2 e 9
o
SCEN _ — O = m S
L . = ol \\HW £ 3 2
}va = FZE o Sag Kk
6L'E 3W Y O ﬁ o) c
S —~wn 0 )
= Q ...avC, ra
o w3y o
™ N~ E o
o = -
° (= n
86'€1\ 2 S L~
66'€ - p— Ll e L] -
D 0TE & (§)
ocv\ - o
0% P
2
1
~
2
(=}
<

o o o (=} o o o o o
a @ ~ o wn <+ ™ ~N —
L L L L L L L L L wn
o
Q
- LS
1
o
—— <
= [
§ —_— ]
67 F S
s67¢ —
962 1 ] o
16 Y — LS
66'
00°€ w n
ST'E La
S.Tr
8TE = w0 [ 2
61E - —— s
oe-F — 1T
b/ — Lopo 0
et / ”
9€°€
g€ LS
€€ ]
L€ ] — n
8e'€ | L2
€€ | ——
oped o
[ wn
n
[ w»n
_—
(=]
o
e
©ga
Q
S
FRE
—_—— —a
n
r~
o
[T oo
o o o o n
? @ I = o [©
| | h | |
V6T~ M. o
s67— ﬂ wwr ro
967~ 0°0.
.. o
6T | # T pd — Lo
66T Q
00'€ < o
. 78> He
Lo © [72)
il = n
S.m[ —— 3 »w [ re
1 = q £ 3
el — P01 8 S o = S
ozef N = mg _.m o \H = MDM“ r=
17E o A = .w o [
9e'e ” \v = N hat
are ] F e © o =
» P B
_ \¢ S = n
. )\ ko] (=]
= =3
ol = c—© =
mm.m\ 1% o
ov'e o
F ™
a
n
F o™
2

545



280
260
(NS //m/ G\ F240
_— k30
k220
| k20
/ 200
k10
e (180
B \ d?m Lo
T T T \d T T 160
3.3 2 . 3.0 2.9 2.8
f1 (ppm)
k140
K—-\ OBn
N
H X
100
Crude 3(allyl) from a—3(OAc)
85a:158 80
500 MHz, CDCl3;, TMS
60
F40
| F20
b M . ) I WJM\‘
‘ T ‘ ‘ ‘ T O
13
- o =-20
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4.0 13.5 13.0 12.5 12|0|11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 20 1] 1.0 05 0.0
f1 (ppm)
I3
NI
8 AHHY 400
f vy
- 60
350
\ F40
* | J t Por L 300
|
Lo L
T - T T > T L 250
4.9 4.8 6.7 4.6 4.5
1 (ppm)
OBn 200
H O/\3F3 k150
Crude 3(TFE) from 90a:10p 3(SPh)
650.:358
500 MHz, CDCl;, TMS 100
50
| |
| I
. il MmLMA‘L“\ M}ﬂﬁw Lo
‘ g 4
50 135 13.0 12.5 120 115 11.0 10.5 100 |95 80 85 80 75 7.0 65 60 5% 50 45 40 35 30 25 20| 15 1.0 05 00
1 (ppm)

S46



T
100
7 7 oo 90
/—so
Lso I-80
f\ﬂ ftA J U(»[L
: Sl
T — T T T = 60
5.0 4.9 4.8 4.7 4.6
f1 (ppm)
I-50
OBn
ey
k40
H "0 > cF,
Crude 3(TFE) from g|— 3(SPh) 30
680.:328
500 MHz, CDCl;, TMS
k20
‘ vLM 10
" A )Ll\,'jb/jp\,lmh W I
=7 Co
g
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
40 13.5 13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 .5 70 65 6.0 55 50 A5 40 35 3.0 25 20 1.5\1& 0.5 0.0
f1 (ppm)
I-60
55
| 4 L so
1 / k10
\ t45
i . |
1 40
J\;NL j\wuk L L,
a3 4 [3°
shllas ds 47| 46 |18 44 |43
f1|(ppm)
30
N OBn |25
\/:l,-c&%
N1 ¢l
H o ™S F20
Crude 3(CIEtO)
63037 H15
500 MHz, CDCl;, TMS
k10
=5
| .
A ‘ " " A rM‘*
[
$a4d g |4
“co = e L.s
13.0 1bs| 12lo| 1.5 110 10.4] 100 |of ed |85 8o 75 [0 |65 64 50 45 40 35 |30 20 15| 10 05 00
1 (ppm)

S47



(.
t-45
j
5

I35
p . WLm JWUJ i . 11,0 30

T \0 T T

52 5.0 4.8 4.6 #.4 4.2
f1 (ppm) r25
_,/\ OBn
Bis=N
k20
H ™o
Crude 3(EtO) l15
500:508

500 MHz, CDCl;,| TMS
k10
3

W‘ L“"“
" 1 ‘ ‘ mwmu k‘mu«w«wfo
| ]
T T T T T T T T T T T T T T T T T T T T
13.5 13.p ¢ 12.0 1.5 [11.0 10.5((10.0(|9.5 .0 8. 80 75 7.0| 65 €0 5.5 30 25 2 .5 1.0 0.5 0.0
f1 (ppm)

T Fsuu
Lol
280
- 200
3 ’ 260
[
J[ s 150 F240
100 220
|
& f Lso 200
Y SUYUaN). N 150
T = T T T = T
49 48 47 46 | 45 160
1 (ppm)
140
OBn
H ™
(6] CF3 | 100
Crude 3(TFE) from TAC
82a1:18p 80
500 MHz, CDCl3

60
k40
J \ L*ZO
. .A,WJ,.JWN \JL«J‘L—‘_A_L. -0
4

I e I T e e e e e e 1

135 13.0 125 12.0 115 11.0 105 100 95 9.0 85 80 7.5 7.0 65 6.0 55 50 45 |4.0 3.5\g 25 20 15 10 05 00

f1 (ppm)

S48



1 T I 160
I 150
¢ M H1iso
/ | I 140
J 1 F130
k120
Hso
(‘ | 110
A fU;L{L A A JDH 100
2 S
T T T T T
48 47 Bl ab || 44 oo
1 (gpm)
L-80
DBn 70
,to
i 60
HA/\“’D \
Crude 3(EtO) from| TAG F50
720:28p
500 MHz, CDClj 4
‘ F30
’ F20
11 LT
" ‘A 'u A‘\ ol ‘ J}‘ ] o
£33 g ¢ 10
T T T T T T T T T T T T T T T T T T T T T T T T
135 13.0 125 120 115 130105 100] 9.5 | 90| 85 80 7.5 7(‘0 )5.5 60|55 50 45|40 35/ 30 25 20 15|10 05 00
ppry

549



Crude H NMR spectra from O-glycosylation in CH;CN
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Crude 'H NMR and *°F NMR of kinetic control experiments
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