Supporting Information for

HFIP solvent enables alcohols to act as alkylating

agents in stereoselective
heterocyclization

Yuxiang Zhu, Ignacio Colomer, Amber L. Thompson and Timothy J. Donohoe*

[*] Yuxiang Zhu, Dr 1. Colomer, Amber L. Thompson and Prof. T. J. Donohoe,
Department of Chemistry,

University of Oxford,

Chemistry Research Laboratory,

Mansfield Road,

Oxford,

0OX1 3TA (UK)

E-mail: timothy.donohoe@chem.ox.ac.uk

S1


mailto:timothy.donohoe@chem.ox.ac.uk

Table of Contents

Compound S11: 'H NMR and 3C NMR
Compound S12: 'H NMR and 3*C NMR
Compound S13: 'H NMR and 3*C NMR
Compound (E)-1b: 'H NMR and *C NMR
Compound (E)-1c: *H NMR and *C NMR
Compound 1f: *H NMR and 3C NMR
Compound (E)-1h: 'H NMR and *C NMR
Compound (E)-1i: *H NMR and *C NMR
Compound (E)-1j: *H NMR and 3C NMR
Compound (E)-11: H NMR and *C NMR
Compound (E)-1m: *H NMR and 3C NMR
Compound 3a: 'H NMR and C NMR

Compound 3b: *H NMR, BC NMR, COSY, HSQC, HMBC and NOESY-2D

Compound 3c: *H NMR, 13C NMR, COSY, HSQC and NOESY-2D
Compound 3d: *H NMR and 3C NMR
Compound 3e: *H NMR and *C NMR
Compound 3f: 'H NMR and 3C NMR
Compound 3g: 'H NMR and C NMR
Compound 3h: 'H NMR and 3C NMR

Compound 3i (diasteromers A and B): 'H NMR, 3C NMR, COSY, HSQC and NOESY-2D

Compound 3i (diasteromers C and D): *H NMR and *C NMR
Compound 3j: *H NMR and 3C NMR

Compound 3k: 'H NMR and 3C NMR

Compound 3I: *H NMR and *C NMR

Compound 3m: 'H NMR, 13C NMR, COSY, HSQC and NOESY-2D
Compound 3n: 'H NMR and 3C NMR

Compound 30: 'H NMR and *C NMR

Compound 3p: *H NMR and 3C NMR

Compound 3g: *H NMR and 3C NMR

Compound 3r: *H NMR and *C NMR

Compound 3s: 'H NMR and 3C NMR

Compound 3t: *H NMR and 3C NMR

Compound 3u: *H NMR and 3C NMR

Compound 3v: 'H NMR and C NMR

Compound 3w: 'H NMR and *3C NMR

Compound 3x: 'H NMR, 3C NMR, COSY, HSQC and NOESY-2D
Compound 3y: 'H NMR and C NMR

Compound 3z: *H NMR, 13C NMR, COSY, HSQC and NOESY-2D
Compound 3aa: 'H NMR, ¥3C NMR, COSY, HSQC and NOESY-2D
Compound 3ab: 'H NMR and *C NMR

Compound 3ac: *H NMR and 3C NMR

Compound 3ad: *H NMR and *C NMR

Compound 3ae: *H NMR and 13C NMR

Compound (+)-3af: *H NMR and 3C NMR

Compound (+)-3ag: *H NMR, 3C NMR, COSY, HSQC and NOESY-2D

S4

S5

S6

S7

S8

S9

S10
Sl1
S12
S13
S14
S15
S16
S19
S22
S23
S24
S25
S26
S27
S30
S31
S32
S33
S34
S37
S38
S39
S40
S41
S42
S43
S44
S45
S46
S47
S50
S51
S54
S57
S58
S59
S61
S62
S63

S2



Compound (+)-3ah: 'H NMR and *C NMR S66

Compound (+)-3ai: 'H NMR and 3*C NMR S67
Compound trans-3aj: *H NMR and 3C NMR S68
Compound cis-3aj-1° fraction: 'H NMR, 3C NMR S69
Compound cis-3aj-2" fraction: 'H NMR, 1¥3C NMR, COSY, HSQC and NOESY-2D S70
Compound 6a: 'H NMR and *C NMR S73
Compound 6b: *H NMR and 3C NMR S74
Compound (+)-6¢: 'H NMR, 3C NMR, COSY, HSQC and NOESY-2D S75
Compound 7: *H NMR and *C NMR S78
Compound 8: 'H NMR, *C NMR, COSY, HSQC and NOESY-2D S79
Compound 9: *H NMR and 3C NMR S82
Compound 10a: 'H NMR, 3C NMR, COSY, HSQC and NOESY-2D S83
Compound 10b: *H NMR, *C NMR, COSY, HSQC and NOESY-2D S86
Compound 10c: *H NMR, 3C NMR, COSY, HSQC and NOESY-2D S89
Compound 4: 'H NMR, 3C NMR, COSY, HSQC, °F NMR and HOESY S92

Compound 5°: 'H NMR , COSY, °F NMR and NOESY-2D S95

S3



124
¥S'C
SS'¢C
SS'¢
LS°C
£L5°¢C
85S¢
85S¢

L

6/°€
4
ON.vW
vy

80°L
€1DaD 92°Z 1
6€L1
s

'H NMR (400 MHz, CDCly)

MeO

)

R

He

Fove |

et

F00'T

2060 [

60

Ager

JE0T |

0.5

1 (ppm)

9T'1C —

95'¢E —

TL'SS —

vLE9 —

€10dd 16'94 /
€10ad 91°/4L W
€10ad ¢v'LL

0TI\
b9 LTT
S9'€ZT

08°921
mm.mﬁ%
88°627T ~
18°0eT 7

9€'6ST —

8C'TLT —

13C NMR (100 MHz, CDCl;)

e}
]
=

1 (ppm)

S4



6C'¢
0€'¢

6T°S~
s’

1AL
sss”

£9°9
mo.o/
TL9~

vr9”
1SN
ST'LF
81,
81/
0z'L
0z'L
€L
€1DAd 92°L

"H NMR (400 MHz, CDCl;)

Me

Me

S12

=G6'S |

860 |

0T

kg0l

7680

grt

1 (ppm)

€10dd +8'94 /
€10ad 91°/4L W
€10a0 8v°/LL

% __OAc

4

13C NMR (100 MHz, CDCl;)
™
3

Me
Me

S$12

1 (ppm)

S5



68ey
9S5°¢
85°¢C
8S5°¢C
6S°¢C
09°¢
19°¢C
T19°C
0ty
(444
€’y
mo.m:
1191
£1°9 1
ST'97
wn.mg
2891
wo.hg
8071
80°L
01°Z
0T°L 7
S |
€T /LA
mN.hg
ST'LA
ST/
€10dD 9" LA
LT LA
LT L A
LY L
hv.hwﬂ
6v°L]
mv.h;
25
Nm.h%
vm.h;
1WA

Tr——

'H NMR (400 MHz, CDCly)

BLUA

Fepe

TecT |

“oo't |

FS0'T

BRI ¢

pr1e

0.5

1 (ppm)

(450 Y

85'¢CE —

§G°€9 —

€10a0 +8'9£ \
€10ad oHNNN
€10a0 8v°/LL

wm.MNH
NHNNH/
65°/CT

¢L8CT 7
¥6'8¢T s
ov.ﬁmﬁ\
L6°CET

mNNmH\

TTTLT —

13C NMR (100 MHz, CDCl;)

A

30

50

70

T T T T T T
160 150 140 130 120 110 100

T
170

(ppm)

f1

S6



6S'T —

8v'¢C
8v'¢C
6v'¢C
0s°¢
15°¢C
1§8°¢
€5°¢C
€S8°¢C

SL°€
9,°€

8L°€
6/°€
6L°€

—_ e

£10Aad 9¢’L
L
€L

'H NMR (400 MHz, CDCl,)

2

4

OH

S
3

Br

MeO

E-1b

60

Bz

[4x4
8'¢

Fera

So0'T
o

SHT'T

-0.5

0.0

0.5

0

(ppm)

f1

¢5°9€ —

89'GS —

e —

€10a0 +8'9~ \
€10ad OHNNW
€10a0 8v°/LL

9THTT
09°LTT
z9°€TT
za:
ss'/TT
18'62T ~
o1er’

6C°6ST —

13C NMR (100 MHz, CDCl3)

2
OH

4

S
3

Br
E-1b

MeO

bt

110

T
120

T T T
160 150 140

170

80

1 (ppm)

S7



[
Lo
Fo
|
(=}
o
Lo
F o 1961~
06'6T
o
M
L 559 —
191 — — - 1860
mN.NW xm
o gre
ov.m/ = nEEL
A _ — _ L=
. e [ o
8T |
0s7¢ - 8179 —
)
| © €100 892\
mn.m/ @ _ €Dad oH.RM
vre) —_— ————==———" Fe7C! £ gpadspsL
9/L°€ xM 2
—
o S~
<
o
s
Lo
11°9 [0
€19 [ ° S9°¢lT
bT'9 g NH.mNH%
197 — = Feor | SP'LETN
81°9 o 16°62T ~\
ev9f B = FOO'T o €6'ZET
/¥°9 | wm.Vm.—“M
90°/ - mw.mmﬁ\
80°Z~\ -~ _— _ . ' = ¢L9ET
0T/ = T i - N 0T | O T
@) 2 0o
ey & 9 L @)
ST w_, - ~ 6 -
€10ad 922 o g -
W /7 2 S = )
o ¥ w Fog o -
g g
N ~—
m 2 0 o
S Mo z
z 2 &) s
= S

S8

1 (ppm)

120

130

160 150 140

E-1c

Me
170




)
€T'S
ves
ve'S
S¢S

£IDad 9¢’ L —

'H NMR (400 MHz, CDCl;)

\ﬁ Feze |

W Foo't ¢

0.0

-1

-0.5

0.5

1 (ppm)

sb'oz
2oz >
€0'6c”
€e'€E 7
sgee”
9579 —
€000 b8'9L
€00 OT'LL
€10AD 8b'LL
15°STT —
=
R srr—
I
© 3
N
= -
M o~
s .=
= A
& [ =
=
V4
3
2

T

PR

L

Lk b i

iy

1 (ppm)

S9



119

€19
ST'9
L1°9
619~
897
Nv.m\
€8'9\
5897

€10ad 922
mm.nw
1€,

'H NMR (400 MHz, CDCl;)

/J

=250
40T

=4T'g

Feoq

F o001

=z0q

Forqg

1 (ppm)

€eTe—
06'S7 —
29—
66'St —
Tr'ss —
S9TLA

€000 +8'9£

€10ad91°/L V
€100 8v°/LL

YO'PIT —

TT°E€CT —
SELCT ~
€E€0ET ~
LTEET —

TO'6ST —

13C NMR (100 MHz, CDCly)

1 (ppm)

S10



18T
1S°T
78T
€5°T
bS'T
bST
SS'T 1
(78S
bLT
SLTA
SLT
0T
LL°T A
8L 17
6L'T J
9e'T

9e'T

wm.m\
8€'C

SLE
9/°€
9,°€
9,°€
LL€
8L°€
8/°€
6L°€
18°€
18°¢€

809
019
219
v1°9
91°9
W9
9
Sb'9
9b'9
9b'9
$8'9
9897

EIDAD 924\
6CL 7
1€

TH NMR (400 MHz, CDCl,)

MeO

J

F96°'C

Feoe

F0¢C

Feys |

Feot |

Fo0'T

£50°z |

1|

0.0 -0.5 -1

0.5

1 (ppm)

€8/ —
¥8'9v —
St'SS —

66'€9 —
T0°69 —
€10ad vw.wh/

€10ad 91°/LL W
€10ad 8¥° /L

PIPIT —

19'121 7
SP LTI~
66'6CT ~
9T HET .

OH

13C NMR (10

0 MHz, CDCl;)
1

MeO

T T T T T
160 150 140 130 120

T
170

1 (ppm)

S11



LT —

SET
il

Hw.mv

18°¢€

0T°91
1191
C1'97
48R
P19
9T1°9
91°9
819 ;W
8T'9—
6€°9~
mv.o\
89
89
ow.o\

€10dd 9¢°L =

om.hx

[4 34

'H NMR (400 MHz, CDCl,)

OH

A

Me

3Me

MeO

E-1j

L

/7

Fog9 1

60T |

kot |

Foo't

F66°T |

80 |

-0.5

0.0

-1

0.5

3.5

1 (ppm)

SE'6C —

St'Lv—

Sb'SS —

20T
€1DAD +8'92
€1DAD 9T°£L

€pad syzs”

80'v1T —

€5°€CT —
6€°LCT ~
LT0ET —
6C°EET —

60°6ST —

13C NMR (100 MHz, CDCl,)

OH

1

Me

3Me

MeO

E-1j

Ll T

1 (ppm)

S12



60°T
oT'T
IT'T
IT'T

6T —

£10ad 9z°2
0g°
ogs]
1]
1€/
€L
€L
gers?

'H NMR (500 MHz, CDCls)

ol

I

e

=80

80T |

e

Fot't

B
001

/80T |

8¢ |

€Y

70T

0.0

0.5

1 (ppm)

S§8°0C —

St'SS —
¥S'85 —

£8°0L~
€10dD 16°9L
€10aD 9T°2L
c0ad s’

60°PTT —
98'9¢T
£LS°/TT
¥9'/CT
P1°8¢T
68'8¢T \
08'6¢CT \
€L°CET
SO'¢hT —

CE6ST —

13C NMR (125 MHz, CDCl5)

MeO

1 (ppm)

S13



o
<
o
.
—

o
®
0
.
—_

N

—

<
__
——

Ik

£100D 97°Z
8T°L1
0€°/ 7
0€°L
1€°2 1
1€°2
(4
(499
mm.m;
€€/
ves|
SE/ ¢
ses
ses]
9/
mmi
L€°2]
L€°2]
8/

'H NMR (400 MHz, CDCly)

=Te

960

J 0T

ore

860 |

o1 |

00T

=10z |

Fosz |

0.0 -0.5 -1

0.5

1 (ppm)

€0°'TC —

r'SS —
SE'8S —

66°0L\
€10aD +8°9£

€10ad 9T° 24\
cpad syzs”

SO'PTIT —
80°/¢CT
6v’/LCT
S§8°/¢T
SS'8¢T ~
Ho.mmax
oH.OMH\
SP'IET
P TIPT —

8T°6ST —

13C NMR (100 MHz, CDCl5)

E-1m
|

MeO

1 (ppm)

S14



64T 1
08T 1
18T
€8T 1
61
0Tz ]
02T
1221
zee
7T
€T
YTz
ST
9zt |
92°C Y
[2¢ p
T
T
A
€bC
I
Sb'T
18°€
X3
66'€
00'b
00'b
10
20
€0
60"b
oT'b
AR
A
v
b
119
A"
€19
$1°9
919
6€°9
6£°9
w9
w9
w9
88'9
68'9
6172
0z'2]
HN.L
L
£1DAD 92°Z 1
Vol
62,
6z,

TT—

I

e =

/ —=
_ _—
~
/
—
—
/
——
S
= —
-
@] 015“
= f s
z .
(=3
e £
mw
g =
=

0T |

Feset

ot

“6z°¢ |

11

H/oﬁ.._” b

zT10°'T

FSo'T |

F00'T

50¢

m\wo.._”

099 [

0.0

0.5

£1 (ppm)

¢5'CE—
65°S€ —

00'8Y —

r'SS —

¥6'£9 —

€100 16°9£ /
€10ad 91°/LL W
€10a0 1v'LL

S6'S8 —

CC'6ST —

13C NMR (125 MHz, CDCl,)

MeO

1 (ppm)

S15



8T 1
64T T
64T
08'T
8T
NH.NQ
Lre
81°Z
6171
6171
07'Z 1
07'Z
12°2 7
1272
TT
T
€T
€T
YT
mm.mq
ST'T
6
62
ov'e
0T
52
e

e p—

A4
o5-c
66°€
00t
100 1
10t
20°b ]
80"t |
0T b1
1'%
v
Th'b 1
A
96°G |
86°'S
86'S
00°9
€€9
9c'9

L
—n

E—

o

@

o

[ ——

I — —

<+

*

©
;

nw.&
689 ]
L
€TL

€100 92°Z ]
9z,
87/

/]

/

'H NMR (500 MHz, CDCl,)
MeO

MeO

Fape |

Fot't

Rote |

AN

#86°0

Ho1

00T |
Fesy |

Bovt

Z0°T |

f1 (ppm)

Tbce —
LY'SE—

66'LY —

0€'SS —

€849 —

€10dD0 6£°9£ \
€10dd mo.th
€10a0 0€°4L

18°68 —

8L'€TT
E6°ETT v

XACTA!
0T'£TT V
v9° 22T~
ZE0ET
0£°0€T
STHET \

€8'8ST
80°65T 7

13C NMR (125 MHz, CDCl,)

MeO

MeO

30

50

70

T T T T T T
160 150 140 130 120 110 100

170

1 (ppm)

S16



'H - TH COSY - 90 (500 MHz, CDCl;)

MeO
o)
2 1 5,
3 4
7 N
MeO@Je M “
8
) @,
3b © ,a@
& oo o & ®
o e o
Q H
© »
o ©
e o G 8
@ ©
o
.
T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
£2 (ppm)
'H (500 MHz) - 13C (125 MHz) HSQC (CDCly)
MeO
o)
215
3 4,
T
MeO‘QJs
8 M Yy T PPN o N N,
3b J— 5} 0]
_— @ O
JE— (@]
| 00
— e
0
= & o
_ o
T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
£2 (ppm)

100

=110

120

130

£1 (ppm)

£1 (ppm)

S17



'H (500 MHz) - '3C (125 MHz) HMBC (CDCl;)

|

l
oow

L
a@
-3

@ ©

@D

30
[0
0 L)

L 40

60

L70

80

90

100

=110

130

Gl

150

160

L170

7.0

NOESY-2D (500 MHz, CDCl,)

M e

e
ij

>

£2 <ppm>

}e

2.0 1.

@

x T T

.2 6.0 5.

T
4.2 4.
£2 (ppm)

0

f1 (ppm)

£1 (ppm)

S18



YL
bLT
SLT
94T 1
9T
LLT
10T
8/°T1
64T 1
8°T 1
202
€02
$0Z |
S0°Z1
S0 Y
90'e
L0'T
80'C
wo.mw
sz
e |
om.iﬁ
0£°Z
0ee ]
1€°C ]
1€°C
zeT
eez
8v'z 1
05z 1
Hmi
mm.NZ
YA
64T
181
78T
8L'€
18°€
b0
S0
90t
£0b]
80°% |
60°b |
il
bk
089
289
/89
68'9 1
voi
90,
L
L]
ves
gpad 9z’

—n

—

—

Ny

'H NMR (400 MHz, CDCl,)

MeO

MeO

.

—= [z17C

= =00'T

414
A0t

F6€9 [

#86'T [

66'T [

y,
-0.5

0.0

0.5

1 (ppm)

bbceE —
€€LE —

96'61 ~
€€°SS
om.mmV

98'/9 —

€10dd +¥8'94 /
€10ad 91°/LL N
€10a0 8v'/LL

9/'S8 —

9L’ETT
S8'ETT V

85/TT
18°62T ~
09°2ET —
sever

£0°8ST
€1°6ST

13C NMR (100 MHz, CDCl,)

MeO

"o

MeO

3c

30

50

T T T T T T
160 150 140 130 120 110 100

170

(ppm)

f1

S19



'H - '"H COSY - 90 (400 MHz, CDCl;)

MeO

D=

) =

(€)

=
=

&

v v v T v
6.0 5.5 5.0 4.5 4.0
£2 (ppm)

® ©
' 0
0
@ o
UI
AA__AAA_NJ_M_,M
[} @
S

7.

0

@
T T T T T T T T T
6.0 5.5 5.0 1.5 1
2 (ppm)

2.

5

2.

0

40

60

=70

80

=90

=100

=110

=120

=130

140

160

1 (ppm)

1 (ppm)

S20



NOESY-2D (400 MHz, CDCl;)

MeO

MeO

3.5

o

(udd) 1y

4.5

5.0

5.5

6.0

6.5

7.0

Qo

00 ¢

<0

£2 (ppm)

S21



[4% S
b1
ST°Z1
LTT
8121
9/°€ 1
v6°€ T
86°€ 1
86'€ 1
00°t 1
00°t 1
€T°b T
€T'b T
ST'b T
€9't 1
b9'b T
0491
29
98°9 1
98°9 1
8891
889 1
1172
11721
[AVE
€17/
€T°L

ﬁ

/

.

9T,
VA
9T/
LT
LTL
LTL
8T/
8T L1
8T
611
6T°L1
0z
0z
0z
121
1227
1241
2T LA
€T LA

£12ad2 9" £~

(L
L

T

===

L7
8zL]
62
0€°L
1€
zEL

ces”

/

'H NMR (400 MHz, CDCl;)
MeO
Ph\a\

ket

Her

ot

JCT'E
0'T
0'T

H{O.H

=00'T

200°¢
60T
59
8"

0.0 -0.5 -1

0.5

1 (ppm)

6T°1€ —

LS TS~
8€°5G ~\
0L'sS 7

€8°/9 —

€10a0 +8'9~ /
€10ad 91°/L N
€100 8v°LL

698 —

SS'ETT
6v'9¢T /
§5°9¢1
9T’/CT
LT°8CT
L¥'8CT
29'8¢T
c/L8et
CL'SET —

29°EPT N,
0TvbT 7

€9'8ST —

13C NMR (100 MHz, CDCl;)

MeO

30

50

70

T T T T T T
160 150 140 130 120 110 100

T
170

(ppm)

f1

S22



[oo]
N
—
T
-0.5

|
O.OV

—
~N
—
—
5

LT F = €0°8T —

0

€1 o 06'ST —
00'Z - LEOE~
10 i Sz —

- S6T Y [

$0°C — €1

vo.m&, _ LA

<071 — = WMo.N o 1678 —
ezt

£0°T] L TH'56 —

S1°Z | 96°/9 —

€10dD0 16'9£ /
€10ad 91°4L W
€10Aad 1v'LL

r¢oc | o
T BGTT R

— = <t
Yot |

N

—

o
.

| t

€8'S8 —

£1 (ppm)

86'€ 1 e
66'€ 1 — —= o7 [
oo.i -
wm.__D F 18°€TT —
90't |
L0
L0
9ep
LE
L0°S
L0°S
80°G
80°S
80°S 1
605
60°S 1
0TS 1
989
88'9 1
€L
sz
£nad 9zs”

—

© 6czeT
€9°/TT~
? 98'2ET \
© TLPET

60'C | @

|

P S S S S S S
T

— = ST

7f\m o | © 60°65T —
@ () o)

() L

=

—

MeO
T

'H NMR (500 MHz, CDCl;)

S23

1 (ppm)

13C NMR (125 MHz, CDCl;)
MeO




T4 T
€L°T
vL T
ST
wo.ﬂ
60°C
oH.Ng
112
[A%4
€1°C
LT°C
LT1°C
81°C 1
81°C1
0T
0Tz
62T
0€°2A

ﬁ
|

et

08°€"
£6°€
JAR N
£6°€
86°¢ |
86°€
66°€
66°€
00°¥

=

90'%
90t
L0
80t
60t
SE€Pv

L6
66t
80°S
s
19'S

Noi
v9'S

$0'9
909
Bi
6091
5291
62°9

om.&
1891
889
889

€T,
YL
sz

/
-

—

S

—

ﬁ

€0ad 9z'L-

/
(/
/
/
/
/
_——
—_—
—
/
/
T
—_—

o

= -

@]

D )

< o]

N 26

=

= 0L

s .

PR

= 3 :

NM

=

ety

62T

terT |

TT°T

=1eg |

211

H/m._”.._” L

=/6'0

#50°'T

Bt |

FEO'T |

ko't

Foot |

Fo0'C

et

1 (ppm)

€pce ~
90°S€E —

[4: A2

(42 e

16°/49 —

€10AaD 16°9L

€10ad oﬁ.hh\
€10dd v/

£8°S8 —

68°€ETT ~
€9°'STT

0L°£TT~
zozet
eLzer—
STHET
so'ze1

TC6ST —

=

Q

2

O 73

§ L

m ©
w S~
u ©
z 7N
s %

Zz =

Q

=

1 (ppm)

S24



TL°T7
<L T
€L°T
20T
VAN
6v°€
T1S°€
08°€ 1
96°€ 1
96°€ 1
L6°E
L6°E
0T 1
0Tt
[A%
LLY
8L 1
609 1
TT°97
<197
Y1791
€v°97
9%'9 1

—

/

i

o
[}
=

¥ orm

OT'T
8T°0

eeo

LT°0

80T

S 9T'T
8'g

L0° T}
H% 12°0

M v0'T

61°0

= 8T°0

=00°7

b0l

T
N 61°0

s oga

0.5

1 (ppm)

ST°0€
Nm.amV
€0'¢S
€5°¢S

¢LES

9€'sS
pteyl
8¢9
629
€100 T6'9L
€00 oL f
€10ad 1v'/LL
no.vw\
1648

$9'ETT
98°€TT >
v€9ZT
LE°92T
99921 7
67°LT1
ops2T ]
S6°L2T
12821 |
1£°82T 1
Sb'8TT
+9'8ZT 1
2,821
€8'821T
TH'0ET
€ TET
9G°T€T
bOEET

T

r—

13C NMR (125 MHz, CDCl,)

0C'SET ]
CTCLET

%
J

6€°EVT

S6'8ST

T

T

190 180 170 160 150 140 130 120 100
1 (ppm)

210 200

110

S25



¥6°0 1
96°0 1
66°0 1
00°T 7§
9S'T |
9G8°T |
LS°T
8S°T
89°T |
69°'T 1
0T ﬁ
04°T A
08°T
78T
vo.N#
S0\
£0°¢C
mo.N/P
60°C
0T'C
ST'C
L1°C
6T°C
08¢
68°€
06'€
16°€ |

z6'e\
0v
b0
v0'b
90t
90t
€5p
Ssb
€1'S I
mH.m%
mﬁi
ST'S
9€'S
9g°s ]
VA&
8€'S 1
or's?
v8'9
vw.owﬂ
s8'9 ]
mw.m%
98°9
8891
61, ]
oz ]
1241
1L
YL
£nad 9z's”

'H NMR (400 MHz, CDCl,)

o
[}
=

dr (C-6) 3:1

Ty 1

Boet

Ryet

Z/SC°0

"oo'1 ,

01 |

Feot

e

A4l

1 (ppm)

06°LT
61'8T V
86'8T
om.ON\
9T'6C
99°'0¢

89°LE~
84°6E

86°CS
mH.mmW
T+'SS

0089
80°89
€10aD +8'9~ \
€10ad 91°4L N
€100 8v°/LL
00'v8 7
0€'+8 /

89°ETT ~,
98'€TT
AR ZA!

S9°6TT

mm.mﬁw
zTser—
6L7EET~
9T'SET 7
S.mmém

LT°9€T

06'8ST ~\

——

13C NMR (100 MHz, CDCl,)

o
[}
=

dr (C-6) 3:1

50

70

T T T T T T
170 160 150 140 130 120 110 100

80

1 (ppm)

S26



wo.:
60°T 1
E€T°T
PTT
hw.:
L8°T 1
D.ﬁ
61°C
6T°C1
61°C1
02°C
02T 1
02°C 1
Ty
12T
[4ara
ov.N)
0b'C A

Hv.N/\r

e
LLEY
18°€ |
€6°€ |
b6°C 1

—

S6°€ 1
96°€
96°€

T

80t
60t
60t
0T’y
oT'v
A4
85y
8'S
S8'S
/(8'S
(4]
SE€9
649
649
089
089

9T’/
9T'L
9T'L

L1
AUE
812
61°2]
072
oz ]
1241
vz L]

€1Dad 9z°2

—_— TS

w

Lz’

—_—
—
j
—
—
~—
—
\
~_~ T
- 3
O
[=]
Q —_—
N = A
<
29 e
s = BRI
g 5
o <
W 012M ~ =
W
H T° ©
- [
=
o
]
=

501

¥2oz |

720°T

A8

26£0
Mot

eor |

=00'T

560

H\oo.o

H\Hm.o t

¥/0°0

/6L°T |

0

0

8
LCr

1 (ppm)

LT6T N\
TC0C —
6t°6¢

mm.mm/

90°TE

£b'8€ ~
VAN

LT°ES
8C°€S
0v'SS 7

56°29
5089
£10aD S6°92
€10ad 9T°2L
enad zeze”
ZTP8
29v8 7
PRIETT |
96°€TT |
£2°921 1
60°£2T |
10827 |

b'8CT ;
0S°82T Y

ww.wNH/

00°6¢CT 7,

%

LTEET

TT'SET
PE'SET
6S°LET

66'8ST 7

13C NMR (125 MHz, CDCl,)

o
[}
=

dr (C-6) 4:1

50

70

T T T T T
160 150 140 130 120 110 100

170

(ppm)

f1

S27



'H - '"H COSY - 90 (600 MHz, CDCl5)

dr (C-6) 4:1

. k6.
4
1
L7
{ L7.
T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0
1 13 2 (ppm)
H (600 MHz) - 13C (125 MHz) HSQC (CDCl;)
MeO
M M. A PN ~ - A '.
— “g F20
1 o' © @ 30
— ® L 10
k50
—
—] ®
L 60
— e 70
L80
— [
t90
k100
110
JE— o®
k120
— o 130
— @)
| 140
T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.

£2 (ppm)

1 (ppm)

£1 (ppm)

S28



NOESY-2D (600 MHz, CDCl;)

MeO

L A
o [ o
]
L]
3.0
(0]
3.5
° P- La.o
0
& 0 s
o 9 0 L
@
8 L5.0
@@ L5.5
|
- @? @@ ' ° 9 X
IJ 5) 6.0
s O
- w@ 0 0 0
6.5
P ]
7.0
j # 6 0 e ®
7.5
T T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£2 (ppm)

£1 (ppm)

S29



S30

60 50 40 30

70

[S°T T |
£5°T] F o
8S9°T 1 L s
8S°T I
< :
1 =
69°T | |
0,1 0 S6°LT~
WM.MJ re 61817
HM.MH L 5867\
9/°€1 56'62 7
18°€ 1 by © bLte
06°€ _ 85T —
€0t | - ~o0z'g
6b°b T N E 81°7 © 851§
0S¥ 1 N Heeg o mm.mm/
U v80r 025~
€L > . © £b'€S
0S°S 1 o'y mm.mm\
16°G 1 = bS5
vm.m.ﬁ F e om.nov
MM.W. - 9/ 16°£9
o 68 1L €100D 16'9
/89 “To.m @ L €pad orLLy
89l L g .
.o dF €T'T a8 €10Aad 1vLL
889 = ¥ o & e
ot | = G €048 7
68'91 h JE.H - S9'b8
[ W
689 820 1 TOETT
s f - TR0 < 2LETT
60721 - = 00'T 90°9ZT 7
607/ 1 ] | © 6€'9CT 1
0T°£] 10 92T
T Bl 10°£2T
EN; = 3 mw.w‘m 67°LTT #
ST°Z1 N = %0 88°/2T 1
9T/ | o £0°8CT
9T/ - 19°82T 1
L1741 IR 748\ -~
AVE ~ TS°TET S
8T/ ) 9T HET \ a
A0 - - SE'SET 7 ©
N2 T — £L°SET o
ozl = ¥ T6'EPT N = Q =
1Tl = ©Q ETHbT 7 v =
Y i = (2]
L = g =
£z's] e © o )
i 2 9l e
N sgest” NNA=
€10ad 97°£ e o =L
8T/ - x
mm.ﬁ
62°L
1€, m M

80
(ppm)

dr (C-6) 4:1
150 140 130 120 110 100 90
f1

160

170




T1°¢

e
€T
08
z6¢ ]
6]
€6°€
v6€ |
b6°c
20t
b0 1
90'p
90'p
80
95
85
09°'b
19t
0,5
0L
om.&
98'9 ]
889
68°9
9z°L
YA
€1DaD 92°Z 1

1

PR S S S S S

—

ﬁ

—

"

8zL”

MeO
"
10
98
3j
dr (C-6) 2:1

"H NMR (400 MHz, CDCl;)

13
L'y

'R BN

<9

w

916 |

H6'C

Reez |

ﬂmw.ﬂ

160 |

00T
126'C

LT |

99 |

Fso9 |

9% |

Ss |

70'6 |

1 (ppm)

vm.HN
oo.mm/
€e°se
w'sT

v9T 7

mo.mN\
64°6¢C
6T°0¢€
/LL°9€
ST°LE

£0'2S
NN.va
Les57

88°/9
01°89 v.
€10dd 16'92 /
€10ad 91°/LL N
€10ad 1v'LL
¥9°€8
98°€8 N.

S8'ETT
68°€TT >
€0°82T
mo.wﬁw
11°821
0,821 F
Hm.mﬁ\
€€°0€T
T0°SET

ST'SET

0T'6ST
€T°6ST V

13C NMR (100 MHz, CDCl;)

30

50

70

T T T T T T
160 150 140 130 120 110 100

170

80

1 (ppm)

S31



19°T 1
78°T T
60°Z 1
1T
[A%4
€171
E.Ng
pT'T
91°Z 1
€2z
b2
SCC
5721
92z |
o |
Vid4 |
87’z
87’z

!
LLT
8/'C
6L'C
6L'C
08¢

08¢
08°'€
08'€
¥6'€
v6°€
s6'c
96°¢
S0b
90'b
80
80
8bb
6bb
0S'b
WYALEN
15 \ﬁ
1£°G7
25
s
€15
08's |
18°S ]
186
78'S 1
z8's
989
ww.i
88'9
mmi
sL
£12AD 9L 1
Lz
gz,

—_—

"H NMR (400 MHz, CDCl,)

MeO

3k
dr (C-6) 3:1

ﬁow.ﬁ ,

“gg:

e |

(4

ze |

STl

#90'S |

1991

B9t

ST

=6E°0

Y187 |

=00'T

1 (ppm)

[4WA4
£6'8¢
Hv.omW
19°0€
mH.Nm\
T€CcE

8¢ Ly~
IKXSRN
€9°¢Ss —
6€°'SS

88°/9
¢0°'89 v.
€10dd +¥8'94

€DA9F£L

€1DAD 8b°£L
1648~
0z's8”

¢8’ETT
[8'ETT V

T0°'8¢T
mo.wwﬁ/
LETET
ov.NmH/
SbCeT F

LY'EET
I8'VET

88'bET

ST'6ST —

13C NMR (100 MHz, CDCly)

Me

3k
dr (C-6) 3:1

30

70

T T T T T
160 150 140 130 120 110 100

T
170

(ppm)

f1

S32



8TC
Yad
1T
08¢
08'c ]
g6¢ ]
$6'€
v6°€ ]
Y0t ]
S0'b 1
90°t
L0t 1
L0 ]
bt |
b |
0€°s
0€'s 1

———

—

0£°s
Hm.i
€S
68'9
om.i
£8'9]
£8'9
b/ |
STLT
€100 92°Z 1
9z, ]

—

mm.h;

TH NMR (500 MHz, CDCl;)

veLET

HTt

H/mN.H |

J00°T
600

¥60°0

660 |

Isze i

Foset

1 (ppm)

€891
/(89T

S8'6Z\
€b°0€
S5°0€ J

€9°9¢ \

9Lt
S /b
05°2S ~
mm.mmw
6£°SS

06°£9
$0'89 b
€1DAD 16'9L
€000 9TLL )
€DAD T'LL
88\
91°58 7

6L°€TT
S8'ETT v

61°92T
mN.RH%
S6°£2T

£0'82T /
60°SET —

LTTHT —

TT°6ST —

13C NMR (125 MHz, CDCl,)

dr (C-6) 7:1

(ppm)

f1

S33



06°T 1
0T°C1
T1°C1
LT°C 1
8T°C1
6T°C1
mH.Ng
0T
12T
T2°C1
T
T
+9°C
S9°C1
99°C 1
99°C 1

Loz

19T
897
18°€
86°€ 1
66°€ 1
66°€ 1

00°%
601
0T ¥
TP

Hso

FeTt
12T

Feo't

TT'¥ Y
SS'v

LSt
ST'99
ST'91
hw.mg
88'91
88'91
6891
ve' LA
ST'LA
ST/
€1Dad 92°Z
87/ 1
87/ 1
6C°L Y
621
0€'L
TE LA
1€ 2N
€L
e
bes ]
2]
]
s ]
b/
I

—r—

f

|
W

—

bbs

'H NMR (500 MHz, CDCl;)

- ¥60°'T

= o't

——— =00'T |

oz

£80'C

ezt

Hee|

1€ [

B0t |

hssy

1 (ppm)

12°62~
95°0€ —
o6ze”

¥6'LY —
[ WAYA I
0t'SS ~

£0°89 —

€10aD 16°9£ /
€10a0 91°4L W
€10ad 1v'/LL

T1°S8 —

ow.VMH*

LY 9T
8L°E€VT —

0C¢°6ST —

13C NMR (125 MHz, CDCly)

T T T T T
160 150 140 130 120

T
170

80

1 (ppm)

S34



'H - TH COSY - 90 (500 MHz, CDCl;)
MeO

= <

b !
g

=

T
6.0 5.5 5.0 4.5 4.0
2 (ppm)

°S

(o)

40

=70

=100

110

=120

=130

140

3.

5

3.

o

2.

5 2.0 1.

1 (ppm)

£1 (ppm)

S35



NOESY-2D (500 MHz, CDCl,)

MeO

»M\_M\_JL
0
|:~ ®
0
O

<>

£2 (ppm)

f1 (ppm)

S36



78'T 1
€8T 1
S8°T
0T°2
4% 4
€1°Z
mH.Ng
9271
iad
62°C1
0€°Z 1
1€°C
€€
SE'TH
mm.Ng
952 1
£S°C
85S¢
LL7€
8L°€ 1
€0'b |
S0V
8T'b
8T't |
0Tt
021
0Z't 1
mm.vg
b6t |
91'91
wﬁ.f
8T1°9 1
0Z'9 1
0+'9
b9 1
98'91
98'9 |
/891
88°9 1
88'9 1
68'91
90°Z 1
907/
L0
£0°2A
61°L
HN.L
122
€ad 9z°L
8z'L]
o€,
1€
e L
€L
ve L
se'/

r—

—

—

N

'H NMR (400 MHz, CDCly)

MeO

/]

For1
ST
0T
T
0T

=8Te
790°T
0T

=0T

Feo't
F00'T

#10'T
4670
50’1
Z€'S

0.0 -0.5 -1

0.5

96°0€ —
¥8'GE —

Sy —

§9'SS —

¥¢'89 —

€10dd +¥8°94 /
€10ad 91°/4L N
€10a0 8v°/LL

0or'¥8 —

f1 (ppm)

86'€TT
| ZAVAN! /
|Yaraat
HH.QNH”
ST°/CT
05'8¢T \
T19°8¢T
IS'TET /
L6°EET
9'LET \

0€'6ST —

13C NMR (100 MHz, CDCl,)

Br

MeO

(ppm)

f1

S37



LLT
8L'T
64T
08T
18°1T
8T
€8T
€8T

£120aD 9T°Z ]
8T°L
62,7

'H NMR (400 MHz, CDCly)

/]

/

c0°E |

9'9
Rzt

201

8o |

¥00'T

k20T |

00T

m\omum

61T |

H/wﬁ.v

1 (ppm)

T9°6T ~\,
96617

18°¢€ —
TL°S€—

T0°8Y —

#0'89 —

€10dd +¥8'94 \
€10ad 91°/LL N
€10a0 8v°/LL

<198 —

€6°€CT
0T'9¢T
9T°'/CT
89°/CT
T9°8¢T —
mo.mNH“
rIET F
68'SET
§9'9¢€T
6S°LET

9/'6€T

13C NMR (100 MHz, CDCl,)

Me

Me

(ppm)

f1

S38



#8'T 1
S8'T T
/£8'T 1
P1°C 1
9T'Z 1
8T°C1
wH.Ng
0Tz
0€'€
66°'€ 1
T0'v
0t 1
€0'% 1
6T 1
0Tt 1
TP
[44a
80°S 1
60°S
669 1
669 1
TOZ
TOZ
mo.m%
€0°L 1
0"/
90/ 1
90/ 1
L0°LF
LOLAF
80°Z 1
60°L 1
60 1
60°Z 1
OHNQ
HH.NQ
1/
0T'L
12,
TC LA
T LA
LA
€T
€T LA
£10dD 9T L
62,
0€" LN\
0L
zeL

T

——

e

zeL
€eL
s/
Se L]
9g°/
L€
L€

'H NMR (400 MHz, CDCl)

/]

F60'T |

Bt

8ot |

Hr1e

£90'T |

=00'T

oy

Ty |

wmm.o

T
0.0 -0.5 -1

0.5

1 (ppm)

€€ 1E—

£0°0S —
0¢'SS —

T0°89 —

€10a0 +8°9L \

€10ad 91°/4L N

€10ad 8v°/LL
LEP8 —

6L°2TT
92T
6v°92T
€z /21
17'8CT
69°82T
zLgen
8.°8eT
sozer’
b9 THT \
08'ZhT —
b0bT 7

13C NMR (100 MHz, CDCl,)

T T T T T T T
160 150 140 130 120

e
170

1 (ppm)

S39



ST
LLT
8/L°T
08T 1
vo.ﬂ
mo.mg
L0°C
€€
SET
25T
ST
SSC
8S°C
18°C 1
€8'C1
S8'C 1
98°C
64°€
[{
S0t
90V
L0V
L0V
601 |
601
0T ¥
TP

M T T T p—

[ 1]

A

= 80T
= 760'T

- m\mo I

Nm.vg

€%
08'91
1891
28'91
€891
50/
mo.E
oo.hg
L0°L1
100D 92°£ 1
LTLA
LT LA
82/
82°L1
6C°L A
62°L1
62°LA
0€°LA
0€ /LN
1€
zeL
zeL ]
€L
e/

Tr——

|

PE L
v/

vE L
9g°/

Ph
3q

TH NMR (400 MHz, CDCL;)
MeO

= =1T'€
‘M Fere

= *00'T

0.0 -0.5 -1

0.5

1 (ppm)

yce —
¢S'LE—

81705 —
8€'SS —

¢1'89 —

€10dd +¥8'94 \
€10ad 91°/LL N
€10ad 8v°/LL

66'S8 —

TI6°€TT —

vcoct
¢sLan V
Sb'8¢T w
/£8°6CT \
SG'CET

19°¢hT —

60'8ST —

13C NMR (100 MHz, CDCly)

MeO

3q

70

T T T T T
160 150 140 130 120 110 100

T
170

80

(ppm)

f1

S40



aL L

9/°T
LLTH
8T
mh.Hg
ow.:
mH.Ng
ST¢
91°Z
17T
8T°C 1
6T°C 1
02°C 7
VAN
8T°€
6T°€
0Z°€ 1
HN.mJW
e
86°€
10°% 1
0"t 1
oo.v;

——

80°%
0Tt
6T
0T’
1T
T
€T
<

mhfv.

9L'v

T

oo.hg
Ho.hg
oHNg
8T°LY
6T°L
T4
€T\
€CL\
STAVA
£10ad 9L

K
872

67
1€/
mml
mm.h;
L€

'"H NMR (400 MHz, CDCl,)

S S

Fsor

Fer1

Feon

Y0'T
SO'T

=o00m

1.0 0.5 0.0

o

0 85 80 75 7.0 65 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0

-0.5

1.5

06'0€ —
6,15 —
09'65 —
16709 —
€100 892\
~ €Dad9T/LL 7
m. €10aD 8¥°LL
2 €8'v8 —
—
Y
98'sCT
8t°92T
85°92T
€691
11°82T
€1°821T
9t°821
£9'82T
0£'8TT
. E9°EbT
% mo.miw
2 10bbT
@)
5
T 5
= o>
> >,
=] <
T c \\
x & T
=
4
@)
«

30

50

70

T
110 100

T
120

T T T
160 150 140

T
170

(ppm)

f1

S41



0T'T Y
oT'T 1 ,
1T L
T
T
€T'T1 L
5T 1
75°T
5T -
ST bIET~N
mm.H; o 8o'er”
bS'T

vm.L — B Reoz | 29°'1E ~
G5'TA yITT | 10 19°€€
S5'T

—_— = vsb8 [ 8°L6—
95°T

95°T i —
85'1

65T
S.i
097 ]
Z6'1
89'¢
89°€¢ -
YA

oss

-0.5

0.0

0.5

/

e ™ Y9 Ly —

w0 8/'vS —

S 65°€9 —
o1

0 €10dD 16°9/

S42

60 50 40 30 20 10

70

. o ® €10aD 9142
1€ (14 .
1€ o1 [ o €10aD TH°LL
e <
€Le L
8¢ - 76—
08¢ <

[4Ya 8
[A¥A e
€1°£1 o
b1 F
ST°Z L
ST'Z
ST°Z - [43T4)!
€TLA L~ _Vm.wﬁ/
€T°LA 08221\
v LA 0 81°8¢T T
YT L F mo.wﬁ\
STLA €4°8CT
SC/LA [}

£10aD 92°£ ) e
9z 2 — 78
—
3

J

1 (ppm)

8L7EPT ~
pESPT

L Hi'p
Rmﬁ Agge | ©

€e r
peLd
ses ]
ses ]
SE/
9g°/
9e°/ ]
L€

'H NMR (500 MHz, CDCl;)
(o)
2 1
3
0
13C NMR (125 MHz, CDCly)

80
(ppm)

160 150 140 130 120 110 100 90
f1

170




ANS
8T'T1
0C'T 1
1T
15T
€5°T 1
9G°T
09T
79T 1
€9'T
€9°T
S0 |
997
£9°TA
89'T /W
L1~
98'T
[8'T N
€8'C
v8'C
€5°€ Y
€5°€1
bSE
SS°EN
29°€N
€97}
$9°€ 1
59°€
L9°€]
69°¢
E.&
e
TL°€]
e
€L€
boe ]
bse ]
YAl
LL°€
8/°€
6L°€
€T,
ST,
91°L
91°L
VAW
€TL~
mm.iw

€10ad 9z°2
LzL]
8z,
622 ]
[4
v
9e°2 1
L€

e

'H NMR (400 MHz, CDCl,)

F66'0 |

£eo't

foog |

LT

L'y

6'€

1 (ppm)

(TTE—
cree’
z8' /e —

08'TS ~
8b°€S
16°€9
T0'v¥9
vo.mw\

€10dd 16'94

€10A0 9T=#&
€10ad 1v'LL
61°08

89°/TT
1821 T
08'82T

06'8¢T

€v'9CT
¥8'9¢T /
e

OT'EPT ~
60°SPT

13C NMR (100 MHz, CDCly)

1 (ppm)

S43



vm.:
mﬂﬁg
SE'T
9€'T 1
8€'T |
Tv'T
€T
2%
ST
SPT
9T
LY'T A
19°TH

€9°T
bo'T
bo'T
59T
89'T
01
mmi
SLT

SLT
ST
S6°T
86T 1
zre
p1Z ]
51z |
[TT
81'C
we
65°C
0921
0921
192
v9°T
88'C1
682
18°€

85"H 1

———

W

S

—

]

€19
£8°9
£8'9
68'9
68'9
A
€10ad 9z°2 7
1€,
€eL
s/
zvs |
WL
b L]

19
mﬁo\

™

=

bbs

'H NMR (400 MHz, CDCl;)

A
Fosz |
ot | ©
@Ho.m N
Ho'z
01 | ©

=11e | o

=001 | ¥

=001 |

2o | @
JE€ECT |
6TV | 0

00z 1

1 (ppm)

€10dd +8°94 \

€10ad 91°/LL N

€100 8v°/LL
mnéw“
8€'H8

hm.wmﬁw

T1S°9€T
LSTEVT —

LT°6ST —

13C NMR (100 MHz, CDCl,)

(ppm)

f1

S44



9€'T
LE'TH
b1
0s1
SLTH
SLTH
LL7TH
8,11
6411
18°T 1
[8'T1
ww.Hg
68T 1
mm.H)
002
912
8T°2
612
0z'e
vee
9z'C
192
292
€92
€9z
97
omi
16°C W
€9°€
$9°€ ]
m@i
69°€
78°¢
£8°¢ 1
88°€¢ |
68°¢ 1
06°¢ 1
Nmi
€6'€
19°% 1
€9
T
[4%°)
[AR°)
68°9~
1697
STLA
£10ad 92°2
Vel
og'L]
€L
zes
€€/ ]
SE/ T
L]
bbs

e TS\

-rn

—

===

TH NMR (400 MHz, CDCl,)

Nepp [

WMH.H
0T

Wm.ﬁ I
0'T

WOH.N L

¥90°'T

ez |

Fsts

0T

=00'T

¥86'T

¢ET |

(44
“s0'z

1 (ppm)

se6z”
88'ze
$0°6€
65657
€6'Tt
6°9% —
0975\
[ART RN

¢S°S9
mm.m@v

€10a0 16'9£ \

€10ad 91°/LL N

€10dd Hv.hh\
¢S'8L
19'¥8 /

T6°€TT —

YRTa! /
90°2T
Torre1
Sb8zT \
A
eree1
8€°9€T
£6°EhT —

EV°6ST —

13C NMR (100 MHz, CDCl,)

50

70

T T T T T T
160 150 140 130 120 110 100

T
170

(ppm)

f1

S45



i

08°€
Sbb |
bt
20°97
€09
€0'9 1
S0'9 1
509
no.f
L0911
609 1
€9
9€°9
487917
6891
8T°L
6T°L1
61°Z 1
0z's
0T'L
1247
YL
ST/
€1DAD 92°Z
[TLA
LT LN
1217
8z,
62,7
62,
0
0€°L
o€z
1€

—

|

zeL?

H NMR (400 MHz, CDCl3)
MeO

1

/o

=gre |

o't

Ho1

00T |

802 |

J€0°T

reoL g

1 (ppm)

99°6C ~-
68°6¢
8L'vE

60°9t 7
bl 8b
AT RN

€000 16'9£\

€0ad 912 T

€10ad 1v'LL
9008

mw.mw\

19T _
€9°L6T7
=
O
S
=
vm.mﬁ\m
=
<
~
=
z
O
Z

Me
Me

5,

0.
7

2
3

MeO

4

3w

th;

1 (ppm)

S46



69°C 1
69°C 1
04721
WYard
12T
LT
€771
€T
ST
mh.ﬁ
9T
LL7T
8121
64721
85°€ ]
09°€ |
19°¢ |
€9°€ |
78°€ 1
9e°s
mm.L_
91°9 1
81°9 1
61°9 1
61°9 1
1z791|
TT9
15°91
15°91
7591
vm.ﬁ
5591
5591
8891
6891
069 1
169 7
€691
£6'9 1
0T°L 7
wL
€L
€T
YL
YL
ST/
E1DAD 97"
Vada
8z,
02
1€/
7€
e L
€]
ees]
pes?

—

S

L

—hmdrr—

'H NMR (500 MHz, CDCly)

.

)

Fsrzg

For
=1

960

0.0 -0.5

0.5

1 (ppm)

ST'8€ —

¢5°0S —
9%'SS —

€10dD 16’92 /
€10ad 9T1°4L N
€10Ad 1v'LL

Tv'68 —

T9'6ST
+9'6ST

13C NMR (125 MHz, CDCl5)

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

170

fl

S47



'H - 'H COSY - 90 (500 MHz, CDCly)

=D

T T T T T T T T T T T T T T T T T T T T T T T
5.6 5.4 5.2 50 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4

£2 (ppm)
JL o
D
— ©
| 'y
— (o}

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
7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 50 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6
£2 (ppm)

=40

=60

=70

100

=110

=120

=130

140

160

£1 (ppm)

1 (ppm)

S48



NOESY-2D (500 MHz, CDCl3)

00

N
1 0 4 0
3 ”
2 O
= ®
0
0
«@W '
%
@) 0
T T T T
8.0 6.0 5.5 5.0

2 (ppm)

1 (ppm)

S49



LL7€
L0
0T
YT ]
ST
[T ]
87
62°S ]
0€°S
€191
€191
€191
ST'9 1
ST'91
ST'9 1
£5°9 ]
859
659
659
19°9 1
19°9 1
b2'9 1
b9
5291
9/°91
5891
5891
5891
agof
L899 R
[8°9
8891
8891
112
2L
ersg
e
ST°Z1
9T°L ]
1T
T L
NNNQ
L
x4 |
€24
YL
YT L~
sz

€10ad 922 ]

1zt
8z,
67, |
62/
0€'2
1€,
1€’

'H NMR (400 MHz, CDCl,)

L

/!

2o

v €0°T

7 €01

=007

= 96°0

¥ S0'T

=96°Tr

R 967
v 60'T

beror

0.5

1 (ppm)

86 \
or'ss
zres

€10aD +8'9£ /
€10ad 91°/LL W
€10ad 8v°/LL

02’88 —

co'oct
8¢'9CT
S6°9¢T
96'9¢T
9T’/CT
¢S'8¢T
69'8¢T
8/'8CT
¢8'8¢T
0S'PET /
SS'TPT
[4ax44! v.

PP'60T
mm.m:/

TH'65T
96'65T

13C NMR (100 MHz, CDCl,)

1 (ppm)

S50



€27
ST
8b'T 1
66T 1
€9°C 1
b9'T T
b9 1
99 1
bhE T
ShE T
€ T
LbE
LYE T
8b€ ]
6 ]
e
mn.mg
0t |
L0t
ST ]
9zt
[T
8Th |
b6t 1
6% 1
999 1
99°9 1
£9°9 1
£9°9 1
899 1
9491
9291
291
LL:9]
89
6491
86'9 1
669 1
66°9 1
669 1
202
€07/
mo.h)
S0°Z Y
80
6072~
€12
€12
mﬁi
9T,

e
7z ]

T T T —

— T

—

|

/

o

= HTT |

i
N
—
o

;¢
ﬁ

'H NMR (500 MHz, CDCl,)

€T,
vz L]
ve L
£10ad 9z,

S

.

5
W\mom.m

4

FSEP T
IM =9t'0

Y0€0 |

0'9
2179 |
M/mw.v

0.5

1 (ppm)

St'6T
99°¢¢

(AT
L1795 1
75765
06°09 1
€€°T97
€100 1694
€10aD 91°24
€10d0 T LL
bET18
LETES
19'+8
mw.mw#
CHETT
LLETT

T

vo.oNH;

geozT |
15921t
v9'92T 1
6€°£21 ]
L0
£6°£2T 1
96°£2T 1
0T°82T 1
£1°8¢T 1
ozset |

9%'8¢T
€578CT
£S5°8CT

£9821 ¢
(AL T4 %

04°'SET~
STerl f
66T \
65°ELT

95'8ST —

13C NMR (125 MHz, CDCl,)

MeO

“Ph

3z
dr 8:1 (C3-C4)

1 (ppm)

S51



'H - '"H COSY -90 (500 MHz, CDCl,)

MeO MeO
295 Me
\3 4/
Ph—="  "Ph
Ph
B

3z
dr 8:1 (C3-C4) JUM
A M

;
|

=

a@.

=

=

((emm))]
=
T
IS
o

=5
=D
&3
T

MeO

. [
dr 8:1 (C3-C4) A "

90

100

=110

=120

130

140

7.0 6.

@
=)
)
o
o
@
)
~

.5 1.0 3.5 3.0 2.5 2.0 1.5
£2 (ppm)

£1 (ppm)

£1 (ppm)

S52



NOESY-2D (500 MHz, CDCly)

MeO MeO
295 Me
3 4
Ph—%" “Ph
\\Ph
3z B A . M JLL_A M
dr 8:1 (C3-C4)
| : 6
I >
. 0
I b
4
< 0 0 @ 0
0
|
0
0 0
0
L I
T T T T T T T T
5.0 3.0 2.5 2.0 1.5 1.0
12 (ppm)

£1 (ppm)

S53



S54

1 (ppm)

L6°0
660 1
10°T |
[ 89°9T
00°€ ]
T0°€ ]
20°€ |
Mmum. o 8E°SS |
| S
MM”MH 81795 1
se'e ] £€'85 1
9€°€ ] S8'091
9t'e ] €10aD 16794 1
Lee] €0aD 9T°££1
ol €10AD Tr'2L |
wm.mg SLLLA
1
0Tt 1
3 7998
Mm.wg mv.m:i
1
L57 — v1°921
mm.v; %
Mm.w. —~ b 9TT | W
‘O 1 \ .
61921 1
m@.@% 2
59'9 1 , g '
so9 - N S8'£21 1
ON.OHW N f
joud | £0°8TT ]
98'9] - [AX:TA%
9891 . TT'8eT
9891 £2'82T1
£8'97 | LE°8TT
MM.N ] 0 Riaa |
14 Lo
. (o]
66'9 1 g _ I Hm.wmj 2 .
00°Z7 s & o £5°8T1 Y P
00°Z7 o= < 65°82T Y el
102 el £ I : o, £
oy = T H\D.o 0 weer” S o
iy 9 £ . _ ] R bet™ L
oz | 8 * — = H\mw.w © eEIT 8 *
V2 T S — — =2 o 3
mo.nw. m 3 o} - DV.N 1< m o}
wip £ 2 48 15[ surf = 2
S = @< I uﬂ‘w ﬁv.m I 6T EPT e
1T°L 53 e} = 9c | © -
[ 5 To| ™ 65°EYT &
€12 m , =
mﬂi z L2 west” G
1L = ® &
[ o
YTL L
V2L 1 d 4
£1Dad 9z’ 2 2

M

3aa
dr 13:1 (C3-C4)




TH - TH COSY - 90 (500 MHz, CDCly)

MeO MeO
295 wMe
3 4,
6 ‘
Ph\i Ph
Ph
B
3aa

dr 13:1 (C3-C4)

e

[ —>]
=]

=
1

T T

o IS

=] o

MeO

3aa

T
4.5 4.0
£2 (ppm)

3.5 3.0 2.5

20

40

50

60

=70

L 80

=90

100

L1110

120

130

k140

160

T
4.5 4.0
£2 (ppm)

1 (ppm)

1 (ppm)

S55



NOESY-2D (500 MHz, CDCl,)

MeO
295 wMe
\3 4,
Ph—="  Ph
Ph
B
3aa
dr 13:1 (C3-C4) JIe i M g e
i
0 © 60 w00 @
Q
v Bt ’
@ s
@g & 0
) !
o @ @ 1

% i

®

L e e e e e e e e e e e e I B e o e e e e L B A B e e e e e e S N Y B e e s e
5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3

2 (ppm)

£1 (ppm)

S56



B e

———

009
109
619

68'9
AU
8T,
8T/
v
sz ]
£10aD 92°L 1
Vsl
82,1

[44)
mw.o\

=

67°L°

'H NMR (400 MHz, CDCly)

1.

.

et |

H\MN.H

H\wN.m L
T

0'T

90'1T

S90°€ |

=0T
K0T

oot

F66°0

B6'T
ST

889 1

1 (ppm)

£9°9¢

86°6¢C /
¥0'9€ —
NN.Nv/

(421 e

2069 —
€10ad 16'9£ /

€10ad 91°/LL W
€10ad 1v'LL

95'G8 —

Tv'6ST —

RN
—_—
)
a
S
N
e
= _—
S
=
c
x 9 £
=z °
4
&

1 (ppm)

S57



SE'TH
9€'C 1
8€'C 1
6£°C 1
T
b
St
DV.NQ
64T
0S°C
15721
18°C1
25T
€571
vS'T
65°C
09
19°C
29t
9t
79T
+9°¢C
8L°C
08¢
8T
+8°'C
8'€—

60°S ~\,
or's”

€0'9
$0'9
09
90'9 ¢
1097
15 2° N
997
z6'9
€TL
YL
ST,
€10ad 9z°2
(7L
Vel
67,1
62,
0€°'2 1
1€
zeL?

=

'H NMR (400 MHz, CDCl,)

A

MeO

) 111

T -

4

Ph

3ac

601

Fspe |

660

1|
434
il

0.5

1 (ppm)

PO'SE~
0s'se”
85 bb —

05'SS —

€10dd 16'92

€10ad 91°/LL
€10Aad ¢v'LL

€1°98 —

CEPIT —

£8°S¢CT
oN.oNH/
|YAVA4S
SYAVA At

vn.wm.ﬂ\
om.omﬁ\
oH.mmH\
¢6'9€T

TT°09T —

60°9LT —

13C NMR (100 MHz, CDCly)

MeO

3ac

J\

I

I
J

L

1 (ppm)

S58



€T |
$ET 1 o
9€°Z 1 L s
LE7T !
1971
€971 L
5971
1971
00°€ 1 r
00°€
00°€ 1 S
Ho.mg —
10°€ ,
20°€ 10
Z0°E —
£0°€ | ,
€0°€ 1 ©
Nm.fﬁ N
$S°€ _ .
o5's é - B R
64°€ ~ - 00T
9€'G ]
8€°G 1
L0791

F 901 5
6079 1
0791

J *66°0 o
[4%°8 ,

0.0

0.5

/

/
|

—

059 1 = 86'C
€591 <
$8'91 I
/89 10
8T/ 1 <
6T°L1 ,
6T°L1
02°L 1 ﬁ o
0z'L i
HN.L ~ — =60 0
12
T
T L
T L
mN.m;
€T°L1
vm.mg
v L
YL
AT

epad 9z f
LzL
8z,
62,1
ges ]
pEL
Se/ ]
ses]
9gs?

/
T
6.0

Fzot
F00' 17 o«
16T ©

I8co1l

~Irg e

H
8
3ad
major diastereomer A
T

MeO

TH NMR (500 MHz, CDCl,)
,_6
¢
Ph

1 (ppm)

09°€€ —

198y —
¢S'ES
€p'9S —

€10dd 16'94 /
€10ad 91°/4L N
€10dd 1v'LL

888 —

9THIT —
Y4

get/zT

ss/en

60421
L6721
85°87T
0z'62T
b9"0ET
ZTIET
86°TET
19°9€T
TETHT

=TT

[
—

6/°6ST —

96°SLT —

13C NMR (125 MHz, CDCl;)

MeO

3ad
major diastereomer A

30 20 10

50

70

T
100

1 (ppm)

S59



+9°C
S9°'C1
89°C 1
69'C 1
64T 1
08'C 1
78'C 1
+8'C 1
76T 1
6'C
€67C
mm.Ng
€6°C
¥6'C
LyE
6v"€ 1
1S8°€
8/°¢
LTS
8T1°G 1
ST'91
92’9 1
8791
0€'9 1
6v°9 1
2591
8491
849 1
649 1
08'9 1
069 1
069 1
16°9 1
Nm.cg
61°L 1
mH.hg
61°L 1
0Ty
1241
€T LY
v L
STV
ST/
ST /LA
€10dD0 9L A
8T,
0€7£L N
0€°L ]
1€°2

——

E—

/1

1€
1€,
ze ]
€€/ ]
€€/
bEL ]

pes?

o
]
=

'H NMR (500 MHz, CDCl,)

minor diastereomer B

07T
190°T
o1

0T
=10°€

=160

20'T
o001
JE6'T
86'T

9t
7109

0.5 0.0

0

1 (ppm)

awee —

¥9'8v —
79'CS ~
St'SS —

€100 06°9£ /

€10ad 91°/LL N

€100 1v'/LL
ST'v8 —

ST'PIT —
JA4°TA
£8°9¢CT
[4 A4
S6°LCT
90°'8¢T
9/'8¢T
8T'6CT
6t'6CT
0C'TET
0s'¢CeT
Y9'9€T
8¢ TvT

¥9'6ST —

8€'9/LT —

13C NMR (125 MHz, CDCly)

o]
]
=

minor diastereomer B

T T T T T
160 150 140 130 120

170

1 (ppm)

S60



96°T 1
96T 1
66T 1
66T 1
80°¢C 1
60°¢C 1
60°C
0T°C
TT°C
[4%a
€1°C1
LT7CH
8T°C1
19'¢
N@.L
€9°C
S9°C
14T
(e
€L7T

YL TN
Hw.mg
mm.vg
86'% 1
86°S 1
66°S 1
0079 1
T0'9 1
No.mg
€091
#0797
0€°9 1
0€'9
0€°9 1
PE€°9
PE9
€79
16'97
169 1
€691
€69
69
HNN)
1T,
TT LA
< LA

€L )w

€L
€z
sz
E10ad 922
1z
1T
8T/
62,1

|

ﬁ

—

ﬁ

ogL?

'H NMR (400 MHz, CDCl;)

// ////

MeO

/

/

Wwo'T |

H\OHH

T°C

0°T

oot

r66°0 |

=0€ |

66°0

kot

00'T |

6’1
6°0

9

1 (ppm)

€9'v¢C
8567
L6'PE
£9°6E

PSS —

€10dd +8°94 \
€10ad 91°/LL N
€10ad 8v°/LL

98 —

CTPIT —

0T'9¢1
NH.mNH/
LY LT~
99'8¢T

Nh.wNH\
hm.omﬁ\
om.NmH\
60°LET

¢0°09T —

TP TLT —

13C NMR (100 MHz, CDCl;)

MeO

T T T T T T
160 150 140 130 120

170

80

1 (ppm)

S61



85721
85°C 1
09°C 1
TL°C1
T4°C
CLT
CLT
vLT
vL'T
ST
ST
€Te
ST'E
SL°€E
SL'E
8L°€
8L°€
08°€ 1
18°€
18°€
8¢
90V §
90 |
L0b
80t
TP

————

144

ez
vTb
09'b
09't
9
9
ho...j
89°9 |
6991
6991
G891
98'9 ]
9891
£8°9
£8°91
88'9
88’9}
68'9 ¥
68'97
YA
sts ]
0z'L]
sz
sz
£pad 9z
1T
Vsl
62,1
6z,

'H NMR (500 MHz, CDCl,)

MeO

MeO

MeO

(o]
[}
=

(+)-3af
dr 5:1 (C3-C4)

_J

3

p0 |

220
$0T°T

Feczt

m\mo”H |

¢C0

11°€
mk.o I
19°€

vP0'T

N/MO.H L

12°0
1o
M/

H/mH.o

H\om”._”

=6E0 [

Sygy
/86°E

Sy [

0

T0'T

1 (ppm)

Tyce—
§9°'SE —

bETS
mH.vm/
VM.mm/
mm.mmw
0b'SS
¥0°'LS

00°v2
mN.mN/
€10ad Hm.ﬁ%
€100 9T'LL
€10aD v 2L
6E°58 ~
€2'98
Z9°ETT
on.mHL
L8ETT
€6°ETT
bSO |

Sy'/LT1 ;
YL LTT A
b1°82T
T¥°82T 4
99'82T 4
66°8CT /W
98621 “F
Hm.omﬁ\

98'0€T

mm.mmﬁ\
0T'THT
N

¥0'8ST

9¢'6ST

13C NMR (125 MHz, CDCl,)

MeO

MeO

(o]
]
=

B

(+)-3af
dr 5:1 (C3-C4)

30

60 50

70

T T T T T T T
160 150 140 130 120 110 100

170

1 (ppm)

S62



0T°CH
60°€ 1
0T°¢
TT°€
TT°€1
A%
ST'E
9T°¢ 1
9T € 1
8T°¢ 1
6T°€E 1
6T°¢
ore
mc.mg
wo.mg
vm.mg
96°¢
mo.vg
L0°% 1
80t
60°v |
I4d9a
9T

E.vm

wﬁ.vg
mm.vg

—

()
%mo.ﬁx
= m\ +1°0

9S'y
8597

0991
92791
£L79 1
L1791
wm;.:
6491
6491
5697
969 1
2679
£6°9
00°Z
0027
$0°L
907/
207/
60°Z

m.ﬁ.m/w

— T

1L~

YAV
€ad 9z°L
8z
67,
0g' ]
1€/ 1
1€°2 ]
€L

ﬂ

zeL?

MeO

'H NMR (500 MHz, CDCl,)

MeO

= = 1170

(+)-33g
dr 8:1 (C-3-C4)

-0.5

0.0

0.5

2.5

1 (ppm)

mo.hmg
NN.mNQ
ow.ng

LLSh
0T'Lb |
S9°6% 1
vE€°0S |
2r'ss |
bb°SS |
60°LS ]
09091
SSbL
96°S/ 1|

£100D #8'9/ 1

£10aD 91247

€10AD 8v°LL
T8 |
9°58 |

6'ETT |
L6°€ETT |
£9°STT 1
£L°STT
££°92T 1
08°921 |
Tz LT
0€°£2T |
09°£2T 1
78°£TT 1
SE'8CT 1
6€°82T 1
25°82T 1
85°82T 1
69°82T 1
£8°8TT 1
S6°82T Y

——

—

— T

— T

TO'6¢CT N

SEPET /

€p'9cT 7

9€'EVT
' EPT

se'esT”

13C NMR (125 MHz, CDCl,)

MeO

(+)-3ag
dr 8:1 (C-3-C4)

MeO

20 10

30

50

70

T T T T T T
160 150 140 130 120 110 100

T
170

(ppm)

fl

S63



'H - '"H COSY - 90 (500 MHz, CDCl;)

S64

(udd) 13 (uddy 13

o ° ° ° o ° o )

AU, w 0 © < 5 S o < N < =3 =3 =3 =3 =] — N o <+ n <
o« kel A <+ n [} © © o~ o~ w © o~ 0 [ - - — — - — —
1 1 1 1 1 1 1 N 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2.8

T T
3.0 2,
o

T
2
E]

T
3.4 3.
©

|

T

3.

.8

T T
1.0 3
MMM
(CR®))

2

T

T T
6 4.4 4.
.
©
o
@

T T
5.0 4.8 4.

T
5.2
2 (ppm)

T T T
6.0 5.8 5.6 5.4

Qo

£2 (ppm)

T _

TH (500 MHz) - '3C (125 MHz) HSQC (CDCl,)



NOESY-2D (500 MHz, CDCl3)

“Ph

MeO
(0)
2'5
3 4
S E
Ph\i
Ph

<
a2

Ph

(+)-3ag

dr 8:1(C-3-C4)___ M

A

S65



€0°S

———

—

L0°ST
£0°S
15'S |
€b°G 1
bb'S |
SP'S Y
L6'S |
009
0791
#1791
6897
069 1
16'9 1
16°9 7§
mNNg
£100D 977
VAR
87/
8T/
04N
0€'2
1€,
1€,
€L
ee ]

Tr—

— T

—r—

W

€€/ ]
€€/ ]
bEL ]

ses )

'H NMR (500 MHz, CDCl,)

MeO

MeO

(+)-3ah
dr 5:1 (C3-C4)

Fseo

Fezo

9C'g

0cC'0

¥ 1T

Fery

7 0o

¥ 660

W om.o,

9¢'Q

L4 ¢

Fserorl

1 (ppm)

65°0€ ~
PTEE T

LT°8Y

wm.HmW
09'¢S ~
St'SS -
oﬁ.om\

9T'vL
mN.mh/

€10dd 16'94

£10aD 9T~
€10aD Tt'LL
1S'¥8~
8£98
S6'ETT
oo.EL
TH'STT |
T9'STTH
18'927T
08°£ZT 1
16°£2T1
mH.wNHF
8°82T 1
T8'82T
68°82T ;W
£5°TET
mo.NmHW
£L72€T
om.mmﬁ\

€G°EET

¢6'9€T
LO°LET

13C NMR (125 MHz, CDCl,)

o
7]
=

1 (ppm)

S66



T0°CH
20°C 1
07T 1
€571
PS7C T
SS'C1
9S°C 1
£S°C 1
wm.mg
85°C1
65°C 1
65°C 1
09°C
09°¢
09°C
097y
19°C 1
1921
79°C
$9°C

0T’€
e

9€°€
mm.m/
8¢€'€

ot’'€

wm.mw

18°€
[4:%3
80't 7
60"t
Si
4%

mN.¢%

a4
6t

—n

Uy
A4

[ S —

96°S

¥6'S
S6°'S
S6'S

889
om.w/
€TL

VN.A/

£10AaD 9¢° L\

6L
og's
€eL]
ez
b/ ]
e
9/

ﬁ

LE°L
g2’

'H NMR (400 MHz, CDCl,)

MeO

3-C-4)

A
i

(+)3ai

dr7:1(

€60

Feot

Feco
Feog

20T
g0t

€1°0
o 8¥°¢

90'T
W 0

10°T
v ¥1°0
J 00°T
J P10

91’0
66°0

= 87°¢

Tw.mH

0.5 0.0 -0.5

0

1 (ppm)

mw.hmg
NN.mNQ
ow.ng

11°SbA
0T Lt 1
S9'6b 1
$€°0S 1
7h'SS
$H°SS 1
6045 1
09709 1
SS'b/A
96°G/ 1
£120aD ¥8°9/ 1
€100D 9T°4L
€100 8%°£L 7
T8
+9°581
b6 'ETT |
L6'ETT J
£9°STT ]
LL°STT #
€£°92T 1
08°92T 1
L
0€°£TT 1
09°£2T {
78°/TT
GE8CT T
6£'82T 1
75'8¢T 1
85°8CT 7
69°8¢T 4
£8'8CT
66821 |
10°62T ~¢
SEPET /

——

—

— T

€ ocT 7

9€'EPT
P EVT

se65T 7

—_—
]
=
~_~ ‘|HA
= =
©]
a ]
o - —
- =
= O _oO :
9] 3 o P—
M = © o
2 to
= N
> S
= ]
V4 IS
@) o
a

MeO

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

1 (ppm)

S67



64T
08T 1
18°T 1
8T
€8'T
+8°T 1
S8'T
6T°C 1
12°C1
cTT
vy
ST
LT¢C V
6C°¢C
1€°¢C
144
Sb'C
9T
VA4
VA4
6v°C
10y
0y
€0y
SOy
90
L0V Y
v
€Ty
144
9T'v
8’y
0S'v

84T
|

£10Aad 9L
6C’'L
0€L
[44
veL
9€'L

'H NMR (400 MHz, CDCl,)

tran-3aj

F60'1

Fgee
£80'T

vZ0'T

11

960

Feot
F00'T

€1
Lo

H/mm.m

0.0

0.5

1 (ppm)

9p'cE —

99°G€E

T8y

91°89

€10d0 ¥8'94
€10ad 91°/LL
€10a0 8v'LL

€1°98

T1°9¢T
6€£°9¢T
TcLen
[4°aa)
r'8CT
6v'8¢T
¢9'8¢T
9G'TET
€5°LET
8t vl

A

/

|

7

*

L bl

4

ey Ao

N

bt b b L

=

Q

a

Q

S s

S .

= ‘Y, o
S SN
o~

z £
QO

]

tran-3aj

AR

L

Y

!

10

20

50

70

T T T T T T T
160 150 140 130 120 110 100 90

T
170

(ppm)

fl

S68



68°T 1
06°T 1
06T 1
T6°'T {
Hm.:
mm.:
¥6°T 1
91"
LT17C
95°¢1
€6°€ 1
¥6°€E 1
P6°€ 1
96°€ 1
96°€ 1
86°€ 1
ON.vﬂ
Hm.j
Wy
€Y
€CP
mo.mg
mo.mg
66°S 1
0079 1
T0'9
TO9
0’9 1
mo.f
09 1
€091
€2°97
€291
mm.oé
929 1
£T°9 1
6T°L
6T°L1
0T,

——

122
ST
E1DAD 92/ 1
LTLA
87°L Y
62°L
0€° LN
HM.N /F
€eL
veL]
ve L
sz
SE/ ]
SE/ ]
LEL]
Le2?

ONN%

'H NMR (400 MHz, CDCl5)

s/

/

/

cis-3aj
15t fraction

AR
Feee
V60T

kot

660

Feot
F00'T

-0.5

0.5 0.0

0

5

(ppm)

fl

80°'T€ ~
cLEE T

8v'Er —

85749 —

€10aD T6'92

€10a0 9124

€10a0 TH'2L
cveg”

0921
85°92T
80°/z1
Az
o18e1
19'82T
z0'62T
£7°621
TZTET
TL7LET
65°0pT

13C NMR (100 MHz, CDCl;)

cis-3aj
15t fraction

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

170

fl

S69



06°T
06°T 1
06T 1
T6°T 1
Nm.:
6T
mH.Ng
ANA
€
v
ST'C
¥6°€ ]
P6°€ 1
96°€ 1
86°€ 1
+0'b 1
€TV
Hm.j

—r—

1Ty
€Y
6v't
05t 7
mo.mg
L0°S
T0'9 1
€09 1
€09 1
S0'9 1
mH.wg
NN.og
€091
€2°97
L2797
09
P19
6T°L
6T°L
0T,
0C°L 7
0C'/

ozt

._”N.mg
L
£12aD 9T°£
[T LA
8T LA

8T L
mN.N /s

YA
62,
o€z
o]
pes ]
SE/ ]
ses]

—

—

"H NMR (400 MHz, CDCl;)

I

9gs?

cis-3aj

2" fraction
dr 1.5:1 (C-3)

S /// ////

SrrS

PN e

¥ 9L'T

=t

WWHHA,

€91

960

=¢S'T

€8'¢l

€/¢

1 (ppm)

90°TE\
ShzE~
69°€E 7,
S.mm\
9b €y —
61°8b —

S5 29~
S1'89 7

€10dd 18°94

€000 ETZZ]

€pad bhes
ob'€8
erog”

10°921
11921
8€°921
55921 1
5021
1T L2
09°£TT
£T°82T
14821 7
8b°82T
85°821
198271 1
0621
wH.Hmi
LS°TET

=t/

=

——

95°0bT

69°c€1 |
|
porred

13C NMR (100 MHz, CDCly)

cis-3aj

2" fraction
dr 1.5:1 (C-3)

50 30

T T T T T T
160 150 140 130 120 110 100 80 70
1 (ppm)

170

S70



IH - "H COSY - 90 (400 MHz, CDCl;)

"~
2 5
3 4

cis-3aj
2" fraction

dr 1.5:1 (C-3)

——

[

:
——

-

G Wy |

a o

9 - Lis

O@D L5.0
5.5

@ »6.0

'H (400 MHz) - 3C (100 MHz) HSQC (CDCl3)°

"~5
2 5,
\3 4

cis-3aj
2" fraction

FYRY O™

T T T
6.0 5.5 5.0

T T
4.5 4.0

2 (ppm)

3.5 3.0 2.5 2.0

dr1.5:1 (C-34

L]

Cpo®

30

=50

=70

=90

100

110

=120

130

140

5.5 5.0
f2

4.5 4.0
(ppm)

3.5 3.0 2.5 2.0 1.5

1 (ppm)

1 (ppm)

S71



NOESY-2D (400 MHz, CDCly)

Pha S

cis-3aj
2" fraction
dr 1.5:1 (C-

W
W o

tl 0t
[

1 (ppm)

T

T T
5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6
£2 (ppm)

S72



9z'1
09°'T
19T
91
291
€9'1
€9'T
€9'T
$9'T
59T
99'T
ST
9/'1
9,1
08’1
81 {f
€8'T1
S8°'T1
66T 1
10°C 1
1021
€0°C1
60°C
08'€
18°€
16°€
z6°€
€6°¢
b6°€ 1
66°€ 1
10
10
10
€0
mo.v.ﬁ
€0
€SP 1
S5
S8'91
88'9 1
seL]
€1Dad 9z°2
Lz’

¥

————

—

'H NMR (400 MHz, CDCl;)

= Iezt|

7T
= 6'€ |
T

ise

c0'T

—= 60T

== F00°T

= ey

T

_J J0C¢E |

70T

¥66'T

H1er

1 (ppm)

6t°9¢
mm.wNW
29'9¢
€€°0€
Vm.omw
€L°CE
98'6€ —

¥67¢S ~
9€'SS —
0’89 —

€100 $8°9L

€A E.R\

€10aD 8" LL
L0487

¢8ETT —

91'8¢T —

0S'SET —

¥0'6ST —

13C NMR (100 MHz, CDCl;)

T T T T T T T T
160 150 140 130 120

170

1 (ppm)

S73



HN.:
vv.:
wv.:
8¥'T 1
61T 1
0S'T
0S°'T 7§
TS°T
<S'T
ST
<S'T
€S°T
€5 T

PSTAL

vS'T
SS'T
551

os'1T

L6571
/5T
(ST
65°T |
8T
64T 1
08°T
081 1

==

Hm.i
18'1
R
8T
€8°T
v0'T ]
90T
807
bTT
08'€
v6°c ]
s6°c |
96'€
L6°E
€0t
SO'b |
90°b |
L0°b ]
L0°b ]
Shb 1
b
89
98'9 ]
Bi
/89
sz
9z°/ 1
£102AD 9L 1
s
L]

———

—

'H NMR (400 MHz, CDCl,)

—

S—

—

.

T'T
= woWH,

8°S

&\vN.m
20T |
%ﬁﬁ

—
~—

=00'T

=2rer

= z0€'E [
= 80T
= m/ho.._“

F60'¢

1 (ppm)

$0°S¢
mm.mmV
86°0€\
¥9'1€
Hw.HmN.

LTty —
8/'¢S ~

PE'SS —

06749 —
€10a0 +8°9L \

€10ad 91°/LL W
€10a0 8v°LL

06'S8 —

SLETT —

L1°8CT —

8T'GET —

0T'6ST —

13C NMR (100 MHz, CDCly)

50 30

70

T T T T T T T
160 150 140 130 120 110 100

T
170

1 (ppm)

S74



ON.:
€T
9C'T1
62T 1
mo.mg
(0] 8r4
e
St'C
VA4
r48
€E°¢E
PEE T
mm.m.w
€8°¢€ 1
90°% 1
L0V
80°F 1
mo.vg
1%
€0
€Y
STP
€911
mm.v;
169 1

2691
mm.m%
60°L 1
60°Z 1k
60°Z |k

M —

—

112
1T°Z ﬁ
VA
9T/
LT
NNNQ
€T°L
€T LY
vTL
ST/
€10aD 92°/ 1
om.mg
TEL
€L
ves |
sz
T §
9c'L F
9g°
LE°L]
L2
8/ ]
6es ]
ov'L ]
e
L)

'H NMR (500 MHz, CDCl,)

oSS S

MeO

Ph

/S

¥er'e

PS9'€

€ r

182

1 (ppm)

€10ad 91°/LL

c[JDUJ 16 wh\
€10ad 1v'LL

:.QW\
€6°ETT 1
01T |
68°SCT 1
b6°STT 1
65°92T
69921 |
90°£2T 1
01°£2TH
2Lz
60421
8€°82T
8T
zs°8eT i
s8'8eT
/88211
00621
ST'HET

—_—

=¥ (fr—

LEVPT
00°9¢T

PP 6ST

13C NMR (125 MHz, CDCl,)

MeO

(+)-6¢c
dr 7:1 (C3-C4)

50 30

70

T T T T T T T T T T
160 150 140 130 120 110 100

T
170

1 (ppm)

S75



'H - '"H COSY - 90 (500 MHz, CDCl;)

(+)-6¢

dr 7:1 (C3-C4) i

1 (ppm)

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
2 (ppm)

(+)-6¢ - o .+ @ . L 30
dr7:1(C3-ca) e o

£1 (ppm)

= 100

=110

=120

= 130

140

= L 160
T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

2 (ppm)

S76



NOESY-2D (500 MHz, CDCl,)

(+)-6¢
dr 7:1 (C3-C4)

~0.5

PN

T T T T T T T T T T T T T T T T T T T T
5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8
£2 (ppm)

S77

1 (ppm)



STS\
9z's”

£8'9
88'9 |
68'9 1
069
26'91
Ly
21
€12
b2
0z
Y
€pad 9z°z |
e,
be'L
s,

=

[E——

§8'6 —

'H NMR (400 MHz, CDCly)

—

Feee

¥Iv'E [

~e0'T

66°0 |

v10% |

/€60

0T b

“90°¢

80 |

0.0

1.0 0.5

3.0 2.5

-0.5

2.0 1.5

5

1 (ppm)

06+~
16’87
9t°55 .

€10dd 16'94 /
€10ad 91°/LL N
€10ad 1v'LL

09'68 —

68'60T
PTPTT A
61121
z9'vet 1
89°L2T |
€0°62T
60°62T

A

TH'6ST
(86517

S€'00C —

13C NMR (100 MHz, CDCl,)

e
180

e
190

50

70

T T T T T T T T T T T T
160 150 140 130 120 110 100
1 (ppm)

e
170

10 200

S78



04Ty
04T
14711
T
LT
bLT
bLT
SLTA
SLT
wm.H)
00°¢
1072
10°C
€0'C
€0'C
v0'C
90T
6b°€
0S°€
0s°€
15°€
15°€
443
s
443
98¢
88°c |
80°t
60" |
60°F |
0T'd 1
b
LT
87y’

= )

—

8T,
61,
61T,
0cL
£10ad 9L
8¢, 3
6L
6C'L
1€2L
LE°L
6€°L

'H NMR (500 MHz, CDCl;)

i

I///

o1t

ot

F96°0

660 ,

He't

¥96°0 |

ST

Feoaf

7

0.5

1 (ppm)

18°6¢C —

€Sy —

8PS —

¢8'89 —
€10dD 16'9Z

[ Z1I=A= = oy = =
€10dd Hv.mm\
SS°08

81821
8c'8eT |
Nm.wﬁ\
96'8CT

98°ZHT .
ozt

/£8°9CT
hm@NH/
N\

6t'SLT —

13C NMR (125 MHz, CDCl,)

(ppm)

fl

S79



'H - '"H COSY - 90 (500 MHz, CDCls)

0]
‘3 4

(=) e

R

= o
=

T T T T T T T T T

{60

90

100

=110

=120

=130

140

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2.5 2.0 1.5
2 (ppm)
'H (500 MHz) - 13C (125 MHz) HSQC (CDCly)
HO.C S
AV
Ph—%
\
Ph || e~
8 .
4 o (o]
Q
: 0
1 e
: )
3 (%4
T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2.5 2.0 1

£2 (ppm)

f1 (ppm)

£1 (ppm)

S80



NOESY-2D (500 MHz, CDCl,)
HO,C
©
PR
Ph

8 ~1.5

90 0
| 0 @»
A

4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7 1.6
£2 (ppm)

S81



LL L

64T 1
08'T 1
18°T
PET
SE'T
9€'C 1
9€'C 1
LET
8€°C 1
8€°C 1
6E£°C
6£°C 1
0t°C
[A e
ST
9T
Ly T
8v°C

8 ZF
SS'TF
95T
85T
65T

20
€0y
b0y
S0y
S0'h ]
sov
€Ty
ST
ST'b
9Ty
[T
8Ty
bbby
9

[ S S W

€DAD 92°L 7
[TLA
LT LA
82,
8T L
624\
e6c L
zeL
€es]
bEL
vmi
se'L

TH NMR (400 MHz, CDCl5)

HO,C—8<

Fsp1

1€°C |

TT°T

Y601 |

M1

H/OH.H r

=00'T

70°'T +

[a4

0.5

1 (ppm)

SECeE—
S0°9¢€ —

STvb—

96'£9 —

€10dd 16'92

CIoQI JF LT

€10dd 1v'/LL
€/°S8 —

SE'9ZT\
00821 ~
z9'8z1

9CTYT —

YL 9LT —

13C NMR (100 MHz, CDCls)

HO,C-2

T T T T T T T
160 150 140 130 120

T
170

1 (ppm)

S82



[44ray
[4aray
€T
PTC
PTT T
v
mm.mg
mN.Ng
STAa
€€°C
PET
PET
9€°C
S8°C
S8'C 1
98°C 1
98'C 1
£8°CH
8z
88°C
S0°€E Y
mo.m;
80°€
60°€ “F
ST'°€E
9T’¢
8T°¢
6T°¢E
hm.m\
vm.v;
wm.v;
78°'S
+8°G
98°G
£8°S Y
079
€09
ow.J

289 ﬁ
No.m;
VO'L |
w._”.mg
6TL 1
oz
12N
1T
L
i
vesd
£10ad 97°2 1
[TL
8z ]
TAVA
67,
0€°L ]
ogL?

//

YAy

s

(T

'H NMR (500 MHz, CDCly)

N

v v1'g

oty

+ 801

v 0T'T

801l

=Ty

=0T

901

= 00T

™61

=01°¢

Tum.ﬂ,

0.5

1 (ppm)

98'€E
€e'se

20° L~
pe8r

St'SS —

€1DAD 16'9Z .

€A E.RN

€A TH'LL
v6eg”

6T vIT —

€€°'SCT
[44-T4
T0°LCT \

99°/CT %
6C°'8¢T
69'8¢T
98'8¢T
99'6¢CT
0C'0€T
LPEET
/8'9€T
¢0'8€T

S0°09T —

TL0LT—

13C NMR (125 MHz, CDCly)

1 (ppm)

S83



'H - '"H COSY - 90 (500 MHz, CDCl;)
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NOESY-2D (500 MHz, CDCl;)
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NOESY-2D (500 MHz, CDCl;)
MeO

=

o3

0

4.4 4.2
£2 (ppm)

4.

0

3.

8

3.

6

3.

4

3.

2

3.

0

2.

8

2.6

1 (ppm)

S88



292
29'C
€9°¢C
€9°C1
¥9°C 1
¥9°C 1
8T
¥8'C 1
88'C 1
68'C 1
hm.Ng
(AN
8/°€
80°S 1
60°'S 1
18°S 1
¥8'S 1
S8'S
/£8°'S
T+°9 1
Sb'97

6v'9 1L
159

15791
699 1
0491
1497

ey

)

I

29
291
€L'91
L0°L 1
L0721
80°Z 1
60°Z 1
602 |
VA
8T°L 1

(Vravay
<L

XA |
YL

ST/
£102AD 9L
LT[

LTL~¥
87,7

8z,
1€,
€€/
ees ]

=

wﬁmﬁ
61°L

1571
TS,
€5°/ 1
€52

'H NMR (500 MHz, CDCly)

I

v LOT

J 80°T}

=207

= 00T

=90'¢

=007

Epo1|

10°T

1 (ppm)

8¢'9€ —

95°9% ~
TETS A\
£8°€5
£b°55

€10dd 16'92

€10dd oﬁ.mh\
€10ad Nv.hh\
¥8'¢8

£v°C6 —

20 HTT —
8b°92T
€£'92T
6bLTT
66°L2T —
L1°82T
81821
0z'621 |
0c'62T
98°TET
80°CET
L9TET
0v'9€T
S LET ]
L6°LET
SO'THT
65T

L
T

——=

61'84T —

13C NMR (125 MHz, CDCly)

140 120

160

100 90 80 70 60 50 40 30

110

130

150

170

1 (ppm)

S89



'H - TH COSY - 90 (500 MHz, CDCl;)
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NOESY-2D (500 MHz, CDCl;)
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— 7.26 CDCI3
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'H - TH COSY - 90 (500 MHz, CDCl;)
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19F NMR (471 MHz, CDCl,)
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19F NMR (471 MHz, CDCly)
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