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Figure S1. NOESY (800 MHz, CS,/DMSO-d;) spectrum of cis-3e, and the nuclear

Overhauser effect between the two methine protons is indicated by the curved arrow.
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Figure S2. NOESY (800 MHz, CS,/DMSO-dy) spectrum of cis-3f, and the nuclear

Overhauser effect between the two methine protons is indicated by the curved arrow.

S3



5
=, g 909.1513
8 |
5]
£3000 -
2500 ~
1 MALDI-TOF MS of compound cis-3a
2000 —
1500 -
1000 -
500 -
‘ |
e ‘JJ. ]{ALL . |E «1‘!]“; Al | PR khﬂ_‘ "
775 ‘800 825 850 875 900 925 ‘950 975 1000 '10‘2%,'2

S4



008
_

004
!

1

(wu) Yyibusjanepn

009 009G 00v
I | 1

I

00¢€
|

£|9H9 Ul |£-s19 punodwod jo wnijoads SIA-AN

— 00

I

<

(@)
uondiosqy

— 80

S5



1. O0E+O9

-9, OOE+OS

8. OOE+OS

7. OOE+DE

6. OOE+DS

5. OOE+OS

-4, OOE+HDE

3. OOE+OS

2. OOE+O8

-1, OOE+OS
0. OOE+O0

kOO0 0

G35oT”
TEST”
BSAT "
o

CleE”
ik’
BROF "
930k "

tELE
abhe
Bepe
sage”
pEED
koD
650"
£
LT
BOBL-

18657
93457
FLE
kb2’

0lbd”
0958 "
FE:
92887
BLID”
a0z’
29807
2k’

BT’
[I3:10
B302
89z
TFEE
0B6Z "
BB5S
ckis”

4
2
2

Al

E'|

£l
1—
G

Hies

_{f

'H NMR (500 MHz, C5./DM50-d,) of compound cis-3a

S6

|

0.0

Foes

Fa50

Fast|
Fret]

TEETO

Feot

-

7.0 6.5 6.0 5.5 B.0 4.5 4.0 3.5 a0 2.5 2.0 1.5 1.0 0.5
fl (ppm)

T.5



o
000001+
00000z
o0o0g+
00000%
000005+
ooo0a—
00000+
ooo0g+
cccaamh

0000001+

000001 1+

000008 1+

00000s T+

00000%T+
0000057+
0000027+
00000L 1+
0000081

000006 T+

(uddy 13

ar 0z e 0F 05 iz} oL oz 06 oot arr 0z1 et kT asr 081 OLT 0er 061 oog o1
1 i L i i " | I L 1 i 1 " i " 1 i L I i I " | " I L 1 i 1 " 1
ec-s/2 punodwo? jo (*p-0SWAFS D THIN SZ1) WK D¢,
! lertfom. ) el Nl s
& U Ean 5 R PUMBIELRREGS HUBF i
& FLNEERED M BILR FoEidonBTRE 9829 $

S7



0
0a0o0 1+
0a0o0z-
00000E+
00000 %+
000005+

0a0o0g-

0a0o0 L
na0o0g—
0a0o0eE—

0000007+
GDDDGHH“
0a0a0e 1+
00000E T
00000F T+
0000057+
0000021+
000004 T+
0a0anzT1-

000006 T+

{uddy 13

5 0FT 07Tk STFT 0°¢Fl Sl 0°Erl SEFI 0°FFI 5 BRI 0751 S9FT 0°9FT SOFT 0°LFI
1 " I I L i " 1 " I 1 " L | " i 1 1 Il
eg¢-512 punodwo2 yo Pp-OSNAFES D ZHIN SZ1) HIN Dg,
Lozl 2l dldldddls 1] ST ST 40 FO B 6 e | Il ! |
BBE8E BEFPPEPEEESES I R G EEREER £ EREZESGH & B & B
BEUZ BHBNIZSEEDE B g BEEd FREgER G BEREEZEGHN & 8 0z 3 S

S8



aeTun

0.

6. DE-DB

E+)8
E+08
E+0&

hal
LOE+D

5. 5

-5, OE+DE
3.5

4. BE+DE
4. DE+D8
3. 0E+D8
2. BE+DB
2. DE+08
1. 0E+D8

F1.

i)

i
(L]
[

BhEE
Lo
i
(B
Bk
Li |k
SRIR

RERL
BUGL T
PR
1E1R"
RG

v

ERO0°S
Bl

bl g
‘i
P
4
“
b

(1)
LELL
Ll
[
[

Skl

Ll
Bilile b
Ll
LR b
St

i
‘2
0
0

2
7

'k
b
t

e

S

>

OCHs

"H NMR (800 MH z, CS./DM $O-d;) of compound cis-3b

H

= bl Y

E=REO

s

=N

Fesa

=ib0

86w [

Ei N

AL

=007 [

0.0

1.0

(L)

2.0

(L)

4.0
f1 (ppm)

[I=)
=

[T

[T
[F=]

6.0

(L)

[I=]



[£2] [=a] [Ea] (=] (=] (=4} [£4] [£2] [£2] I [=]
T T T = T T T T T T 7
[E5) [E5) [EX) [53) [£3) [E3) [£5) [E5) [E5) [EX) [E5)
o o o L [ L o L o L] o
[T} -+ -+ o o ol ol — — [t} =
1 n 1 1 1 1 1 1 1 1 1 I 1 I
R — -
15EL 5 I
LEk '|} — T
Blikel "1 L
—_—
i -
7
o IR
(%]
- = -
= Ty
= =
o il
= |
E
] i L
gt — 10
=]
- L
b
o
> B
=
=}
T
[%4]
[}
T |
e o=
itk e
t!?Lk'h% = L
RS = L
TR g :r_f’-" !
G - P
o o =
OR Ry =
GLEDG = +
ol
BEGE L -
I
RBYE L
EEEE L —— (7
BLEE L
BILE L
FLEG L B
I)L‘.?H'L} il

S10

0.0

L0

(L]

2.0

4.0
f1 (ppm)

(L&}
=H

=]}

6.0

7.0



]

-15000000
14000000
13000000
F12000000
11000000
10000000
9000000
FE000000
000000
-G000000
000000
4000000
3000000
2000000
1000000

18000000
17000000
16000000

o

. : 5 T EES
13C NMR (125 MH z, C So/DMSO-d,) of compound cis-3c

190

S11

10

20

90

100

ppm)

(

110
f1

120

160

0

17

180

200

10



7000000

[}

FE000000
7000000
-G000000

18000000

16000000

15000000
14000000

13000000

12000000
11000000
:JDDDDDDD
000000

1

e |
Lok 'C?UI&
TEL el =
T
BhR Ok

Okl =—2
Bl |

DL I
H I
L
I LN
kRS ]

RIS k]

GUE k]~
RH‘EB'II.rI}—

SO Rk —
LB Rk —

R LA
el i1~
185 | =

L 'I:I-rl-\

R El | —
TR

EHAS
REE Wil ==
4% P~
BUE Wbl =

BEE W]

13C NMR (125 MHz, C S:/DMS0Q-d) of compound cis-3c

P e —

| —

PG Bl —

L LU o R

S12

000000

5
4000000

3000000

2000000

1000000

143.0 142.5 142.0 141.5 141.0 140. 5

143.5

prm)

{

146.0 145. 5 145.0 144. 5 144.0
fl

146. 5

147. 0




2. BE+D8

2. DE+D8

1. 5E-D8

1. 0E+D8

0EHOT

.

RO O—

A |
I:I:H'I}
EIGLT

I-ri’.liil-r'i’.jl

Bk R
13
L L
RITER

flkE BT
L %

s '|:§
QG L
TR

HEES
OLERT
nREgRT
LELRT

I';UIU:H?

GG

L
LR L
kL
BTN
FhlE L
SRRk L
OO L
GEOG L
L
L
L
L

LEOG T

H NMR {800 MHz, CS-/DMSQ.-d;) of compound cis-3d

S13

L—U. DE+00

0.0

3

i A

ol

ah o |

ol

=001

=100

E-R0 R

=00 R T

1.0

(L&)

2.0

4.0
fl (ppm)

=)
=

[T
=]

6.0

(L&)

r=
[



FE000000

000000

6000000

000000

o

4000000

3000000

2000000

1000000

=
e
s

R
ORd’

BLY T —

RIE 'Hl}_

bk il
R 1
1L Tl
T
BOE " T¥1
Bl

13C NMR (125 MHz, CS/DMSO-d;) of compound cis-3d

B CE T

T

S14

10

20

40

g0

110 100 90

120

200 190 180 170 160

L0

£l (ppm)



= L=} = = = = = =
= = = = = = = =
(=1 (=] (=] (=) (=] = (=1 =
(=} (=} [= [= [=} [= (=} [=
= = = = =] = = =
(=1 (=] (=) (=] (=1 (= (=1 (=
Ea) = L] (=] =t [3%] [} —
L 1 1 1 1 L L L

BES k1=

L G| ~Z

T 0kl ~

L Ok

e

(BE4)

il

(L
L 'E
L
b E

] —
Bl —

o R
kel
Tl ——

nhk

L
tik
Uk
Uhh
L
(B4}
il

(B

bl

L4

it

BUG

LIg

e | =
'l-'l-'lf

el —

o
el
N
ol

Shl=_

| =
el
=
=T

ikl —

Bl —

el —

e —

Wrl—

13C NMR (125 MHz, C5J/DMS0-d;) of compound cis-3d

144. 5 144.0 143.5 143.0 142.5 142. 0 141.5 141.0 140. 5

145.0

5

L

146. 5 146.0 14

7.0



. e 2 & 84 & B =& & B a4
= = = = = = = = = & =
) L] o ] L) L] o L] L) o L]
—_ o oo [ 0w ) = ] ol —_ =
1 1 1 1 1 1 1 1 L 1 1 L 1 L
N —J
—— 00

B R
Ok TR

QO T
T
hds

E L s
Rl 'n\_
|:|ms'r.i_
R
ARG L
PR t-\
E50 L
LG
wl b

EH’.‘_?'H'/

i) "5
FELD T
PN
1+ 41

2wz

LI
Ry
GG
Bk

ws

G N

s

SR L

3
BEal L
SLA1L
ORI CL
BEGT L
SR
RhaE L
W L
SBRLE L
GIRE L
LG T
[T
i L
L?
L
3
3
3
L
L

'H NMR (500 MHz, CS./DMS0-d) of compound cis-3e

S16

=

b [

Fwwe|
Feaoe |

oo

i1

Fooi [

Bl

=L

=l

=l [

0.0

1.0

(L&}

2.0

4.0

6.0

(L]

8.0

.

£l (ppm)



10000000

Fanoaooo

-a00a00o

FTo00000

FG000000

+e000000

4000000

3000000

-2000000

1000000

£05

Gie

T

T —

0068

LB8T

:ﬁ?w

QBQ'EEﬁ
£68°6E

GL00F

E0T

28t

I —

LR

FO0°GL

st
559
2oL
Gl
a6
#00
181
0EF
¥
1
i
oo
L¥0
OzE
otk
108
GZO
£00
880
T
06t
¥FO
Lo
3t
e
GE8
EEB
G856
Lgo
280
GET
BIL

ogg "
FOO
oGo
LI’

T
T
T
THT
THT
TF

TFI

TH

THT
THI
THT
TR
TF1
THT
I
I
R
1
1
1
1
haa!
E8
I
I
I
GHI
i

e

sft

T

Ll
EEI'\

PEl—~—

s
DEI-/-

13C NMR (125 MHz, C $5,/DMS0-d;) of compound cis-3e

S17

200 190 180 170 160 150 140 130 120 110 100 a0 a0 Ta 60 50 40 30 20 10

o

1 (ppm)



9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

-1000000

FIG°
ong
659 °
oL’
GFL

226
Fa0
Fan
181

0%

Gog -
L
ong

el
LF0

OZE
9%
T0g

£ag
gen”
o0
e0’
Ger”
il
ozl

RO
L9
£1e
e
[}
ZE6
[}
L50
g0
GET
FLT

286

0gt

2l

Ogd

FEF% 0000000
Ll

R

oA
Lidkel
Rl
TR

ERL=
i
BRI

T

FFI
'Wli
FFI

T

T
TP
i B

i
il

BT —

T

r—

T —

13C NMR (125 MH z, € $,/DMS0-d;) of compound cis-3e

S18

146.5 146.0 145, 5 146.0 144, B 144.0 143.5 143.0 142.5 142. 0 141.5 141.0 140, 5

147. 0

f1 (pom)



(=] (=1} o (=2} [ra] [=a) (=1} (w1} (=4 o o=
T T T T T T T T i T =
=t & & & & & & = = & =
L] ] (] ] L] =) ] ] =) (=] )
— o [} = =} [T=] = e el — =1

1 1 1 1 1 1 1 1 1 1

O — —

k] | — e
EEOK T

bk 7

BLOEE

HA

[

ERL

1LELE e
BEDL f - o
PERE

L P
|<m:'|:>' Lpeoar
e BG I
HETd :

% 1o

Gy
1B 4"
[l
LRGN

= o

BELES
LhllS
FLATE
[RE1EE

BLEE L

BOLE L
BRLR L=
[ RC)

Lt
I1LE "L

BLOET)
IRIB'.{:}

H NMR (800 MH z, C So/DMSO-d;;) of compound cis-3f

S19

— 00

_ﬁ =l [

= =l

ﬁ = | I

3.0 2.0 1.0 0.0

4.0
f1l (ppm)

[T¥]
=]

6.0



2000000

1900000

1800000

0o0o0

17

1600000

1500000

1400000

1300000

F1200000

1100000

1000000

BO0000

FE00000

00000

E00000

00000

o

400000

300000

200000

100000

bl !

13C NMR (200 MHz, C5,/DMS0-dg) of compound cis-3f

S20

200

]

ppm)

(

i |



2000000

1800000

700000
00000

-1600000
700000

1800000
el

1500000
1400000
1300000
llZDDDDD
1100000
1000000
900000
FE00000
800000
400000
300000
200000
100000

!

BLE
=N

[
Rk

By
B
GBIl
[
aon

[
noh e
Tl =—
b=
4
REL S

LRG
b

LIy
iRl

bl

45

48]
Lol
wHl
Bl
4
LOE
Bl

HEL
nhil

Bih
o H]
LE
[IEH
kL]
SO
13
iR

Pl

ShR

4114

Bl
N

=T
Gt

Bl =

R

bl —
kel
'lrlrll
=2
kel
bk
gl

kel
'Hrlk_
KR |
'Hrl%
ikl
R
k| =
L
ikl

¥

Elrlf

:Elrlf

il —

] —

e —

rl—

140. 5

13C NMR (200 MHz, CSo/DMSQ-d;) of compound cis-3f

142.5 142. 0 141. 5 141.0

143. 0

(L]

146.5 146.0 145. 5 145.0 144. 5 144.0 143,

0

i.

14

fl (ppm)



(7] [=7] [ar) [=7] o g N [=r] o [ea) o o o o o0 oo o oo [ g
Tooow AR M R ma FhoUE O OBE Gm oo En wp i B R e W aE ol
g4 # &8 §#8 @ 9 &6 @ @ @ §8 9 @ @ @ 9 g @ g 5
o0 == w w =t (o] (] — o o o L] ) L] ) L] o L] o i,
g B o = i Y B A
1 1 1 I 1 1 I 1 1 | 1 1 n 1 1 i 1 1 1 1 1 1 1 1 1
]
1000 1 — e Fo
(L]
=
[=]
ROV el e
iR ey
(L]
I~
(o]
e
VRO |
TN
120k T —
Vhidk & Bzl
e e
it E .
bk r
: } = D
— ]
© b | e
=
= !
: g Fu)
EO o
a
RS E L '::
5L 19 2 — 0
(1113 =
£y =] |
=
b L=
o =
(%]
E b
2
\J
UE: _IFJ-
(] =
P e ;:T
UL b
::<.ax|;'1r§- = &
BIGE T = ol S
R e
B 2
[ o
G0 =
= [T=)
== s
]
=
(L]
=
[=]
2
(L]
ET e
B B R
BLLL L j b
WLEL L =il
=
o

S22

fl (ppm)



300000
3600000

3400000

3200000

3000000

2800000

F2E00000

2400000

F2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000

G00000
400000
200000

UL E

BT I I T

S23

10

20

40

60

110 100 90

120

160

170

200 190 180

L0

£l (ppm)



= 2 2 2 2 2 2 2 2 82 2 2 8 2 8 o o o o
(] (] (] (=] (] (] (] (=] (=] (] ) (o) o) (=] (=] o) o) (=] (=]
() [ () [=) () () ) () (=) (=) (=) (=] (=] (=) (=) (=) (=) (=) (=)
[=1 ] =] [=] = [=] =] =] [=] (=] [ [ =) [=] [=] = = [=] (=]
[Fd] [rs] = (8] (=] [F5] [rs] = (8] (=] [Fa) w =H (85} (=] (o) [ (=] (=]
o o 2] 2] 3] =] =] ] o] =] = — — — —_ ) fre) - =)
1 1 1 | —— | T —— 1 1 1 1 1 1 1 1 1 1 1

L% k]

B0 b1~

bk ikl —

LIR Okl —=

zeeor <

BEG Tl =~

TN

BEE "Ik

VR b

BIE ] =

Bk 1kl

BRI -

RN

RN

145 Tkl ==

T e ="

LB Bk —

1 Rkl —

R e

FIL Bkl —

LEG Bkl —
151 Wkl
FRI | =~
LEE W~
I 'lrlrlf
BRE k|
1k 'lrlrl-f
FIb k]

R el |~
BAL k|

BER k|

i’.i?l}'lrlrl-'t
Bbb el | =
B il =
PR k|~
(I B L
BIE Gkl —
BAE Gl =
E T

DOded | —

IR e |

BI9 | —

BIG Lk —

13C NMR {200 MHz, CS5,/DMS0-d;) of compound cis-3g

142.5 142. 0 141. 5 141.0 140. &

143. 0

1]
C'j-

144. 5 144.0 14

145.0

(L)

146. 5 146.0 145.

47. 0

fl (ppm)



[=7] [=7] [=7] [=7] [=7] o [=7] [=7] (=4} (=] (=] (=] [=a] (=] [=a] [=a] [=a] = g
T T oo oEl o O oF oop oE o o3 omoam oE 3F 5O
I N - T - - - - B R B R - R B =
[ (] o = (o] L8] — ) o ) =) ) o ) o o o o s
— — — — - — ] — = o [ =} =) g ] ol — =1 |
1 1 i 1 1 1 1 1 I 1 1 1 i 1 1 n 1 1 1 i 1 1 1 1
: _d =)
TR F =
(L]
Mo
o
LR — o
(I}
(=]
I e
[T
REOF 1
1R R —t]
Wb R L=
BRIV R o
e
GEYEE |
mma'r.%
QERE R B,
LBRE L | =
UEI}R'E-"II = Ere | el
[T = Skl
TN @ L
LG o
1est g = o
= L=
AL .I:k E] 2}
chnf'}li'j: g — 0001 |
GRILE E
o L=
[ =
=)
-“5 k
=
g L I.Cf
185Gy = b
Ly =
LR = 1
BB )
19001 6 8] L=
AN 2 o T
S0 = Lo
0511, = L
REE | 5
ki 8- = i
irie — K
) =4
= L
=
= &
(I}
=
L (=]
'
L (L)
b=
kL — —d 001 |
L (=1
o
blop B— —— |
(L]

S25

£l (ppm}



DI

0000001+

0000002

0000002+

000000%

0000008+

0000005+

00000024

0000008

0000006+

00000001

000000TTH

000000214

00000021

000000% T4

00000091+

(odd) 13

0at 01t
1

0Z1 0ET 0%l 0st 051

1 1 i 1 L 1 L 1

0T

L

08T
I

00z 01

|

B4 B RE
Bl £ il

y¢-s12 punodwoa jo (*p-0SWAFS D ‘ZHW SZ1) HIIN D¢,

4
4

Ly
[

TERTEN
i
ox

=

L8 OR

AT

e

S26



15000000

14000000

13000000
12000000
11000000
10000000
2000000
E000000
7000000
-E000000
000000
4000000
:SDDDDDD
2000000
1000000

-

124
L]
1RL

Bhh
B
BRI
ke
Lo
(G

kiiAt
[

Lok

B

OBE
oEE -

2
LT

LB
[E410n
[E=1 0
L
kEE
[
Okl
Lkl
e
ikl
oo
LR
BOG
Rl
[
ikl
LU
ki
Bl

L]

R

kel o
kel —
ikl RN

] =
'Il.rl“'f
el =
T
Il ——
el

[t

Tl ~

Il —
1=

Tkl =—

Wkl

okl —

L e

el —

Lkl

13C NMR (125 MHz, C5/DMS0-d,) of compound cis-3h

144. 5 144.0 143. 5 143.0 142.5 142, 0 141.5 141.0 140. 5

145.0

b

[is]

146.5 146.0 14

]

fl (ppm)



o
7 T ams SRR e Um o R ST cad el Bel oan i om IR O
g B B g 8 &8 4 g g 4d 8 8 8 g 48 g 8 85
=] [L5) e [aF] (3] — (=] [=] L=] (=] (=] [=] [=] (=] (=] [=] L=] .
— — - — — — — o [Fa) == w (L] = (3] (5] — L] |
i 1 I 1 I 1 i 1 i 1 1 1 L L | 1 1 1 1 n 1 I 1 i 1 i 1
=
EER O — M
(L)
=
(=]
T =~
sl ——— ]
aral | |
(L)
=
(=]
I ed
VR T |
[
Bl 7

LT (T}

N

i E
i |
66 Bk

b

kHH?'I:7
[BueE
ur.m'l:f

PhEE

T
2,

Faoe | e

F"i?IJ Al

[Ix]
< Cc)\J = [0 ;
Z .

-
B
(%]
-
=
=
=
&
E
o
w
e
=] (]
o I =
v
o L
(%]
E [Es)
i) e
w
(4] -
w
== y L=
o = - uop | 9
RO = |
LR 2
= 4 [T=]
= s
=
= -
(=]
Mo
(L]
o
| (=]
[
BhEEL Fo
B L
BRI L
GRGR L r
VRO L R
P =
% F 3
VEL R .
VEEL R Ek
TRKI R 3
IR 2
#)

S28

.

£l (ppm)



0000001

0000002

000000E

0000007+

00a000s+

0000009

0000001+

00000034

0000006+

00000001

(wdd) 13

00t

011

M

0zT

L

0cT

071

0

]

T

08T

011

081

1

i

061
|

00z

01

R

Lo

B4 ek

(K]
LEI
BhE LY

S29



15000000

14000000

7000000
000000

113000000
o

12000000
11000000
10000000
9000000
8000000
FE000000
4000000
3000000
2000000
1000000

i

kLY

RiG
ikl

Bk
bkt
i)
Ll
il
i
LIk
15k
GLY
i

bl

LIt
Ikl

OB
LR

SOG E

Gai
[
E§1
[k
L

ok
Loy
ol
okl
.
fay

BER
1R
GBI

L]

ki

i
bERt

Okl =~
el 4
=
B ]

="
Tl —
Kl

e
e
Tel—
Tl
Irl

QIS

S e

N
Bl

Tkl —
Tl

N
k=

YRRl —

il ——
il R

ikl —

k-

13C NMR (125 MHz, C So/DMSO-dg) of compound cis-3i

s

s

142.5 142. 0 1415 141.0 140.

143.0

Te]

144.0 143,

1445

145.0

Lo
1=}

146.5 146.0 14

.0

fl (ppm)



o)
=) = =) @ =) o = = o [o) oo e} o0 [} o) oo oo =1 =
=1 = = = = = = = = =1 = = = = = = i
i 1 i 1 1 i 1 i 1 i i i 1 i 1 1 I 1 1

=
g 2 #2 &8 # &2 &8 &2 89 4 g4 98 @ @ 84 4 # # 5
= =} =} = o il — =] = =) = = = =) =) = = = )
— — — — — — — — = o] = 7= 1] = ] o — = 1
I 1 L i i 1 T 1 L1 I [ 1 1 | 1

14 - — —

15l 71 =
UHI'I} < By
[RETI |

SR R

[HEE \
oLl 'ﬁ}'
HETH

Fh b8
LE Gk 'ﬁ%
Ll ok
GEG
WL
OL50CE
BRSO E
BLLOE

BRYSE
Bl A.
MEE
(il f

Il iy
[
L0
L=
IR G
GE R
I]EQC:"UJ

'H NMR (800 MHz, C S./DMS0-dg) of compound cis-3j

S31

—

Sepn
e

ool

Fao'l |

R

=]
g il

=0 |

0.0

w

L0

(L]

2.0

o

4.0

[T
-

N

[T
[T

6.0

w

E.0

w

f1 (ppm)



1200000

1100000

1000000

900000

800000

0o0o0

-E00000

0o0oo0

2

400000

300000

200000

100000

13C NMR (200 MHz, CS.DMSO-d.) of compound cis-3j

S32

10

20

40

B0

110 100 a0

120

200 150 180 170 160

10

f1 (ppm}



1200000

1100000

1000000

900000

800000

700000

-E00000

0o000

o

400000

300000

200000

100000

(e
LRI

R —
Brl—

LhL

L9E

&ih

ELA

e

e —

Bl —

Bl —

el —

15C NMR (200 MH z, CS./DMSO0-dg) of compound cis-3j

S33

144. 0 143.5 143.0 142.5 142. 0 141.5 141. Q 140. 5
f1 (ppm)

144. 5

145.0

2

[t

146.0 14

146. &

.0



1. BOE+09

1. B0E+09

1. 10E+09
1. 00E+09
9. D0E+08
8. O0E+08
DOE+08
6. O0E+08
DOE+08
4, DOE+08
3. O0E+08
2. D0E+08
1. O0E+08
0. OCE+00
1. DOE+08

1. 40E+09
1. 30E+09
1. Z0E+09

OE
1. 60E+09

LIGT°
LGET"
0LaT’

S10F°
R
2o0%F
L
GOTE

e
oL e
¥iog
n.gg
G050
G350
oian
agLn

N
£i1o
L6210
k0

LG0G "
TG
G006
0EEG"
SGED°
15807
I560°

HUTE
091 g
05t
28
Lozz”
2662
anos
6108
0308
160
6602
it
Bors
zare”
TS
TugE
1505
BEGE
050p
5505

TOO% "L

0.0F
0z0s -’
FOTS
19187
LE S
FOFD’
03F0°
o¥oo’
959"

o
"
]

0
o
0
0
4

T
|

E:E} ...--..===:::::§ Fos5g

2
-
2
2
2

10T

et

=g 00T

¥
¥
¥
¥
g
g
g

i

g

'H NMR (800 MHz, C5,/DMS0-d;) of compound cis-3k

L

L

L

L Szt
L FOZ
L W 00T
L

L

L

L

L

00T

kY

S34

ooz |

66T [
}

—d i
=001 |

0.0

[¥)

L0

[I¥)

2.0

3.0

4.0
fl (ppm)

(L)

[I=)
[T=]

6.0

[Ix]



9000000
8000000
TO00000
E000000
000000
4000000
3000000
2000000
-1000000

o

BEG ET=——

080 TE— a7
1206t
ast'ﬁawk F
F5E6E

T

asg'se{,i
£58 6L L
0200

LWEEE—

60

#GEEL
EEE'EL%
RS
£67 92T
610 BT
666 82T
LGT "BET
867 BT
019 "OFT
EEL OFT
FLL ORI
056 0T
66 P11
EZT TET
HiM S
¥ TR
#G6E THI]
5 TFT
615 1T
L19 131
¥E0 FPI
¥5T BRI
01T FHT
BLZ PRI
T1E BRI
B6L FHT
HER
896 #51
666 #¥1
0T “GET
92T SFT
96T “5FT
007 "5FT-
IR

L0 20T

EEB'EEIl
LB OGT=F
GET 'QET./

13C NMR (125 MHz, C 5./DMS0-d,) of compound cis-3k

Lo

S35

f1 (ppm)



2000000

8000000
7000000
+E000000
000000
4000000
3000000
2000000
1000000

T

i

£85
oLe
119
il

oga

£
261

P
ol
G5k
i
GLE
L1O

oo
LIt

e -
£6g
L0s -
e’

G

a0
51
oLt

118

£en
a6l
£re
a58
206
666
ort
o1
0&T
o0z
olg

11e

oo

LET

L¥0

LGa

T —
L
T -
T

T
$66°
TRT

B4R
TR~
TET—
TR~
TET
TR
TET—
TR

i
i

i S

L
Bl
FIT
LT
T

HI—
I
b
HI—
I
FI—
R
Gt
!

s
'Eﬂf

Tl S

i

i S

i

T

13C NMR (125 MHz, C 5./DMS0-d;) of compound cis-3k

144. 5 144.0 143.5 143.0 142, 5 142.0 141.5 141.0 140. 5

145.0

e
1}

146.0 14

146.5

]

147

fl (ppm)



1. QOE+09
1. BOE+09

1. TOE+OS

1. GOE+HDS

1. GOE+HDY

1. 40E+09

1. 30E+09

1. 20E+09

1. 10E+09

1. OCE+09

9. OOE+08
8. OOE+08

7. OOE+08

6. OOE+08

5. OCE+03

4. OCE+03

3. 00EHDE

2. OOE+08
1. O0OE+08

0. OOE+00
1. OOE-+HIE

ca
=
=
=
T

1T
T2¥1 'I}
86¥1 1

8T I
\

BB 2
sgmv'z%_
BEE T

11182

fReg-8-
i

806G
£R GG
0000
00705~
WED'EJF
5EF0E
£075E
SN
a5t £~
gLk e

G900 5

521078
92:0'5&
28206

ADOT "5
ozt 5T
ssst'sj'
15818

FEEG”
BOEG"
88Ea

ERTY
anst
a08tr
0g a8t
8ear
SFET
£68T
£a81
LGET
LEGT

L\tlf_;__ b

e T -]

'"H NMR {800 MH z, C $,/DM50-d;) of compound cis-31

S37

I

0.0

o B

a1y

Frez
Fat

60

=EG0

=E60

=F0°0 |

620
’(DD'I

f. b f.0 5.5 5.0 4.5 4.0 3.5 3.0 2.8 2.0 1.5 1.0 0.5
1 (ppm)

.0

7.5



12000000

11000000

10000000

3000000

FE000000

000000

FE000000

000000

-5

4000000

3000000

2000000

1000000

bl Bl —

[E1R+) 'I:Jl-"l

90 15—
kL EL
ALk 2%

LEGTEL
I'JH?'H.'.?-

IRIE
L10 21~
LR
ELCTEI

Tl

L) el o
BIL kI

13C NMR (125 MHz, C 5,/DMS0Q-d,) of compound cis-31

S38

10

20

40

60

110 100 ]

120

170

200 190 180

Lo



000000

5

14000000

13000000

12000000

11000000

10000000

9000000

2000000

7000000

FE000000

000000

L5

4000000

3000000

2000000

1000000

]

Gkl

HES

vl

Bl —

BOG
il
L)
Bl
Lkl
il
BEE

i

ol
Lk
LEl
L
R
il
LRl

GLE G

LER
ELG

1k

154

=
=

Bl =——
Tl

'I-rlrll
el —
el —
==
e | —

el —

Wbl ——
k|
el e
bl =
RO
| =

el

G |

i | —

Bl

el —

e | —

Tl —

13C NMR (125 MH z, € 5./DMS0-d) of compound cis-31

S39

146.5 146.0 145. 5 145.0 144. 5 144.0 143.5 143. 0 142.5 142. 0 141.5 141.0 140. 5

0

i.

14

fl (ppm)



8. OE+08

7.0E+DB

I-6. OE+08

-o. DE+08

-4. DE+08

3. 0E-D8

I-2. DE+D8

1. DE-DB

X
|:uu|;'c>?\
LR 0
B R 0
hLE
[LENE
NG
TNE
ATHE
I
TNE
IR
e
HNE

[N
pLUT
1hend "1
BLIL I
SRR
Uik’
OLER’
LR
Lkl
LR
EEOL
gl
i
ELEG
B L
N
BEGE
ELGRS
12506
lik bl

e

[HAE 'ﬁ%
Gl R
(RS 'F.J.'

O R
[ 1 E

N

File 4
LHEE
YRLE R
it
BETLE
BRELE
LIORE
[NE
WERE
ESERE
BELRE
[

i

BEGOE
G R

SRR

O ER
G
e

1GEE 1
L0471
kRES I
Ll
Blelsl
[LeXtEN | #

'H NMR (500 MHz, C 5,/DMS0-d;) of compound cis-3m (major)

L—~ 0. OE+00

5S40

Fuon
T
Fuw
o

"

—imn |
0

0.0

2.8

4.8

o

1]

=
=]

£l (ppm)



2000000

1500000

1000000

00000

il

15 O—

b
N

ol PPt S
G|
] -
el
el
i
e
TG O]
I
Tkl
vl

il
il
LY

e

13C NMR (125 MHz, CS,/DMS0-d) of compound cis-3m (major)

i

S41

10

60 40 20

90 B0

100

£l (ppm)

110

120

200 190 180

10



2000000

1500000

1000000

00000

o

RER Tl —
LG =
DL TRk —

(<1
LB E
LLEE
[t
el
[+
AL
Blh

Db | =
BI b

B "] —=
L
UGl "kl =
|:u|¢'w|4;,'-
106 b1
-
bt G

ETE "kl —

o e
N

GG Sk —

Bl | —

156 "Ll | ==

13C NMR (125 MHz, CS./DMSO-d,) of compound cis-3m {major)

S42

s

)

143.5 143.0 142, 5 142.0 141. 5 141.0 140,
ppm)

144.0

144.5

(L]
-+
—_

(L]

146. 0 145,

146.5

147. 0

(

£l



9, OEHIT

8. OEHIT

7. OEHIT

6. OEHIT

5. OEHIT

4. OEHIT

3, OEHIT

-2, OEHT

1. OEHIT

onan o

OF12
C9pE°
209E
08.LE8°

SELRT
196"

T8RE"
ET0F°
R0k
F20k"
BLIF"

CEFE
192587
OriE”
i

16lE"
TERE"
arok "
LR

Sk88°
a0eg”
22067
chif”

0fas”
FGEGT
CBRGT
B919°
IFL
Thlb’
C20n”
9010°
STk
29517
TTiT”
99027
TE2E°
9952 "
SheEl”
8kPET

i, W

I,

B

By

ey

"H NMR (500 MHz, CS,/DMS0-d;) of compound cis 4a

S43

cis-4a

'l— 0. OEH10

—4 Fst

——-_.—_-"_‘J Feo

—d Fo

—

- 0

[=X-R-%-"1

b gkl b
oTow
M-

£

5

‘Z

‘o

o

n

7.0 A.5 f.0 b5 5.0 4.5 4.0 b 30 2.5 2.0 1.5 1.0 0.5 0.0
£l (ppm)

7.5



Ske
65
ake
g4
296
920"
ig”
a1k
kg
940
el

e’
28k
2287
ThZ

= = = = = = = =
= = = = = = ) =
= = = = = = ) =
= = = = = = = =
= = = = = [ = =
= = = = = = = =
(=] . w uw - o (o] — =
1 1 1 1 1 1 1 1 1
b8y 1—
Zat1 9t—
1207657
881 6E
FGE 6E
=t
43965
zss'ss:”l.l
B0 Ok~
#6E Ok
el 7]
a.0° 49 =
E]
BZE Sl X}
ale gL~ -
199791~ =
-
[=]
=
£
[=]
o
—
-]
ez
=
=}
]
=
=
=
oy
v
3] 1]
~ ¥
= o
= 3]
[[x]
o~
=
=4
=
=
)
@

S44

200 180 180 170 160 150 140 130 120 110 1a a0 &0 T0 Ll a0 40 a0 20 10
f1 (ppm)

Lo



F&000000

7000000

6000000

-B000000

4000000

3000000

2000000

1000000

Fa

oS-
285

1
08
tkh
296 "
ga0
i

FrF -
FOS
Tis”

i)

BSE
118°

Tes "
eg”

oo
9E0-

03T’
EE
tis
ik’

919

kG

L=l
28k "
940
861 °
Flsr

Zbk

Sk9

a2l

20t -’
GET °

bl ——
apT=—"

Pt ="

opT="
R~

it
="
ThI~_

TFI—

Y

ThT—

T

2Pl —

EpT—
EpT—

EPT——
[

FFT—
PT—"

PhT—"

PRl
PRI

| S

PRI

PRI

PPT~F
vy

gpT~"

SFT—~_
SFT=—

gt

"GP

GPT—

GFT
GFT—"

13C NMR (125 MHz, CS,/DMSO0-d;) of compound cis 4a

S45

cis-4a

145.5 145.0 144.5 144. 0 143.5 143.0 142.5 142.0 141.5 141.0 140. 5

146. 0

f1 (ppm)



3. OEHIS

2. 8EHI9

2. BEHID

2. 4EHIS

2. 2EH19
2. 0EHI9
1. 8EHIS
1. 6EHIS
1. 4EH9

1. 2EHIB

1. 0EHIS

8. 0EHIS

6. OEHIS

4. 0EHIS

2. OEHIE
0. OEHID

F—2. (E+08

oooo - o-—

S5EE°

816k
cans’
S0g8°

PSR’
SEFR°

SLTR
a5tk
16Tl

L
antn’
stan’
2se0°

2IFE’
95"
a0LE°
ngg”
18627
BROST

Fral’
Bagn’
LT
nzan’
8827
BA0% "

508
PR’
S9L8°
iy
BoCR’
Ti96°
Tpa1”
FLFAS
TERT°
FSEE"
BOSE"
992’
bLID"
0EeE”

Z
'z}
Z

e

"H NMR (500 MHz, CS,/DMSO0-d;) of compound trans 4a

S46

trans-4a

I

0.0

Fare

g0

Faot
oot

Feoot [

Fsen|

7.0 6.5 6.0 k] 5.0 4.5 4.0 3.5 a0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

T.5



000000

5500000

FE000000

4500000

4000000

3500000

3000000

2500000

2000000

1800000

1000000
500000

FEb”
Sig”

20°
181
FSE”

BT
P1—"

6

BE
BE-)
o

ferae
189°
sl
nzo’
rag’

grt

185"
]
BEE’

=
5L

b

"

cl
'Sll

Sif

22l "9
526 92T
Fab '}.ZI:}'—

cdz T
BBE ‘T
L9°T

FT
FT
FI-

819 5F1
BFE FFT

£C85 "SpT

109 28T

bi ze—
054 “PST—F
Ry

3C NMR (125 MHz, CS,/DMS0 -¢) of compound trans-4a

trans-4a

\

S47

200 180 180 170 160 150 140 130 120 110 100 eli] &0 T0 60 50 40 30 20 10

L0

f1 (ppm)



Rt
L

0TI

S°TFI
1

07T
!

{uddy 13
§EH 0ckl 5 CH
1 L |

0 FpI
L

!
1

05%T
|

57GRT
I

0

000005+

0000007+

Qaoanst

0000002

0000052+

000000+

000005E-

000000 -

000005k

0000005

0000055+

0000009+

284 OFT——
593 ORI~ _
BE3 OFT—"
&6 OPT—"

9ET "TRT=,

NIz "1pT

s
AT
A
=

2ot 'TFT

BAZ TFT

E5E 'TFT

L2k "TPT

149 TpT—

15 TRT—

TOZ "ZFT

ep-SuB)

ep-suesy punodwod yo Pp-OSWA/SSD ‘THIN GZL) HINN D¢,

129 "Ep1—

89 Pl

7

BES PRI~
045 FFT—

BPE PPT=—
5CE PRI~
Flb FPT
Ak FFT

ErL FRT=—

a0s Fri—

Bal SpT-—

P21 "GFT—

00E "SFT—

EGE SFT—

B0l SPT—"

o5l gkt
093 " GFT—

0P "9pT—~—
598 "9FT—"

S48



1. 20E+09
1. LOE+09
1. D0E+09
9. DOE+08

8. DOE+O3
7. DOE+O8
6. DOE+O8
5. DOE+08
4. DOE+08
3. DOE+O8
2. DOE+08
1. D0E+O8

(. O0E+00

I

0.0

gnan”

A S -

CEER°T
SSEV'[} ——L  T-C[ D
215871

!
X
=

[

Foot

-

frans5a

ERIE 6+
3260°8~%
bk g g7
opag s

185 5—

Frot

"H NMR (500 MHz, CS,/DMS0-d;) of compound trans 5a

=—p0 T B

!

GpTE L=
b2’
Ekka”
Bo6E "
qI1sg”
09257

E149°
95897

et
A2

O e
LH"'L"’I}l

} —— 002 |

S49

T.0 i .0 5.6 5.0 4.5 4.0 3.6 30 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.5




(udd) 13

0 o1 0z 115 oF 0s i) oL 0z 06 oot 1183 0z1 0eT OFI as1 091 0Lt 031 061 0oz ol
| i 1 i L 1 i 1 i 1 i L L 1 | i | " | " L 1 i 1 n 1 i ! " L Il i | i | " |
0 ﬁ*-.;tfesg_-
000001
000002
000005
00000 F-
BGoLEY]
000005
000009
000004
000002
000006+
| eg suen punodwod jo (3p-0SWASSD ZHW GZ1) HINN D¢,
0000007
Q0oooT T+
A e | 1A AN s N
£ 2EEERES 8 S2d e e R i
00000z 1 24 BEulEag o83 kS e ol

S50



F1200000

1100000

1000000

800000

800000

-T00000

00000

500000

400000

300000

-200000

100000

S0
901 °

cha

bS5
Fl9°
a1l
At

kL)

08

]
B9l

b
FEN

182

ooLe
ATL
i
g
096
0go
960
8T

s
Sk
215"

9k9
1897
2kl
kS
bag -

ET1

0g9

5987
S06

ORI~

it

OpT—

At
0pT~

npr—

OpPT—_

Pl

TpT—

TpT—

TFT—

TpT——

ZPT—
EFT—

BRI

SpT—F
'Sblf

SPT—
pT="

o
BT
PRI

FFT——

FP1I—
FFT
[

PRI
FPT—

PRI
PRI

pET—"

BFT—

Pl —

CPT——
SPTI—"

13C NMR (125 MHz, CS,/DMS0.d;) of compound transHa
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