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1H-NMR (±)-1-Benzyloxy-5-oxo-bicyclo[2.2.2]octane-2-endo-carboxylic acid 
methyl ester (10).  
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13C-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐oxo-­‐bicyclo[2.2.2]octane-­‐2-­‐endo-­‐carboxylic	
  acid	
  
methyl	
  ester	
  (10).	
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1H-NMR (±)-1-Benzyloxy-5-endo-(tert-dimethyl-silanyloxy)-bicyclo[2.2.2]octane-2-
endo-carboxylic acid methyl ester (12) 
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13C-NMR (±)-1-Benzyloxy-5-endo-(tert-dimethyl-silanyloxy)-bicyclo[2.2.2]octane-
2-endo-carboxylic acid methyl ester (12)  
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S8	
  

1H-NMR (±)-[2-exo-Allyl-1-benzyloxy-5-endo-(tert-butyl-dimethyl-silanyloxy)-
bicyclo[2.2.2] oct-2-yl]-methanol (15). 
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S9	
  

13C-NMR (±)-[2-exo-Allyl-1-benzyloxy-5-endo-(tert-butyl-dimethyl-silanyloxy)-
bicyclo[2.2.2] oct-2-yl]-methanol (15). 
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S10	
  

1H-NMR (±)-[2-endo-Allyl-1-benzyloxy-5-endo-(tert-butyl-dimethyl-silanyloxy)-
bicyclo[2.2.2] oct-2-yl]-methanol (16) 
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S11	
  

13C-NMR (±)-[2-endo-Allyl-1-benzyloxy-5-endo-(tert-butyl-dimethyl-silanyloxy)-
bicyclo[2.2.2] oct-2-yl]-methanol (16) 
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S12	
  

1H-NMR (±)-2-exo-Allyl-1-benzyloxy-5-endo-(tert-butyl-dimethyl-silanyloxy)-
bicyclo[2.2.2]octane-2-carbaldehyde (17). 
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S13	
  

13C-NMR (±)-2-exo-Allyl-1-benzyloxy-5-endo-(tert-butyl-dimethyl-silanyloxy)-
bicyclo[2.2.2]octane-2-carbaldehyde (17). 
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S14	
  

1H-­NMR	
  (±)-­‐(6’S*)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐spiro-­‐
[bicyclo[2.2.2]-­‐octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐ol	
  (19)	
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S15	
  

13C-NMR (±)-(6’S*)-1-Benzyloxy-5-[endo-tert-butyl-dimethylsilyloxy]-spiro-
[bicyclo[2.2.2]-octane-2,1’-cyclohex-3’-en]-6’-ol (19) 
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S16	
  

1H-­NMR	
  (±)-­‐(6’R*)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐ol	
  (20)	
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S17	
  

13C-NMR (±)-(6’R*)-1-Benzyloxy-5-[endo-tert-butyl-dimethylsilyloxy]-
spiro[bicyclo[2.2.2]octane-2,1’-cyclohex-3’-en]-6’-ol (20) 
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S18	
  

1H-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐one	
  (22).	
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S19	
  

13C-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐one	
  (22).	
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S20	
  

1H-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐4’-­‐en]-­‐6’-­‐one	
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S21	
  

13C-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐4’-­‐en]-­‐6’-­‐one	
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S22	
  

1H-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐endo-­‐hydroxy-­‐spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐
cyclohex-­‐4’-­‐en]-­‐6’-­‐one	
  (5).	
  

	
  

9.
5

9.
0

8.
5

8.
0

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

0.
5

0.
0

pp
m0.638

0.643
0.647
0.673
0.678
0.682
1.237
1.242
1.249
1.260
1.265
1.268
1.274
1.284
1.333
1.340
1.368
1.383
1.405
1.411
1.419
1.427
1.433
1.440
1.448
1.559
1.702
1.709
1.717
1.737
1.745
1.752
1.938
1.952
1.956
1.963
1.974
1.980
1.993
1.998
2.766
2.801
3.882
3.907
3.924
3.953
3.980
4.009
6.043
6.046
6.050
6.053
6.068
6.071
6.075
6.078
6.343
6.349
7.104
7.111
7.124
7.130
7.167
7.172
7.185
7.187
7.199
7.203

1.029

5.630
1.113
2.059
2.039

1.028

1.009

1.094
2.110

0.985

1.000

5.850

D
1 

   
   

   
 0

.0
01

00
00

0 
se

c
TE

   
   

   
   

   
 2

94
.6

 K
D

E 
   

   
   

   
   

 6
.0

0 
us

ec
D

W
   

   
   

   
   

69
.3

33
 u

se
c

RG
   

   
   

   
   

  7
1.

8
A

Q
   

   
   

   
3.

99
98

90
1 

se
c

FI
D

RE
S 

   
   

  0
.1

25
00

5 
H

z
SW

H
   

   
   

   
72

11
.5

39
 H

z
D

S 
   

   
   

   
   

   
 2

N
S 

   
   

   
   

   
   

 8
SO

LV
EN

T 
   

   
   

  C
6D

6
TD

   
   

   
   

   
 5

76
90

PU
LP

RO
G

   
   

   
   

zg
30

PR
O

BH
D

   
5 

m
m

 P
A

BB
O

 B
B/

IN
ST

RU
M

   
   

   
  s

pe
ct

Ti
m

e 
   

   
   

   
 1

1.
06

D
at

e_
   

   
   

 2
01

30
70

8
PR

O
CN

O
   

   
   

   
   

 1
EX

PN
O

   
   

   
   

   
  1

1
$
0
(�
���
���
���
60

ï6
0
D�
��

HO
Bn
O O 5

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S23	
  

13C-NMR (±)-1-Benzyloxy-5-endo-hydroxy-spiro[bicyclo[2.2.2]octane-2,1’-
cyclohex-4’-en]-6’-one (5). 
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S24	
  

1H-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohexan]-­‐6’-­‐one	
  (23).	
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S25	
  

13C-NMR (±)-1-Benzyloxy-5-[endo-tert-butyl-dimethylsilyloxy]-
spiro[bicyclo[2.2.2]octane-2,1’-cyclohexan]-6’-one (23). 

 

2
3
0

2
2
0

2
1
0

2
0
0

1
9
0

1
8
0

1
7
0

1
6
0

1
5
0

1
4
0

1
3
0

1
2
0

1
1
0

1
0
0

9
0

8
0

7
0

6
0

5
0

4
0

3
0

2
0

1
0

0
p
p
mï�����

ï�����

������
������
������
������
������
������
������
������
������
������
������

������

������

������

������

�������
�������
�������

�������

�������

SF
   

   
   

 1
00

.6
12

74
95

 M
H

z
SI

   
   

   
   

   
 3

27
68

SF
O

2 
   

   
 4

00
.1

31
60

05
 M

H
z

PL
12

W
   

   
  0

.3
41

56
93

9 
W

PL
2W

   
   

  2
7.

00
71

60
19

 W
PL

12
   

   
   

   
  1

3.
98

 d
B

3/
��
���
���
���
���
��ï
��
��
�G
%

PC
PD

2 
   

   
   

   
80

.0
0 

us
ec

N
U

C2
   

   
   

   
   

  1
H

CP
D

PR
G

2 
   

   
  w

al
tz

16
==

==
==

==
 C

H
A

N
N

EL
 f2

 =
==

==
==

=

SF
O

1 
   

   
 1

00
.6

22
82

98
 M

H
z

PL
1W

   
   

  5
8.

63
89

04
57

 W
3/

��
���
���
���
���
��ï
��
��
�G
%

P1
   

   
   

   
   

  8
.6

0 
us

ec
N

U
C1

   
   

   
   

   
 1

3C
==

==
==

==
 C

H
A

N
N

EL
 f1

 =
==

==
==

=

TD
0 

   
   

   
   

   
   

1
D

11
   

   
   

 0
.0

30
00

00
0 

se
c

D
1 

   
   

   
 0

.0
01

00
00

0 
se

c
TE

   
   

   
   

   
 2

96
.4

 K
D

E 
   

   
   

   
   

 6
.0

0 
us

ec
D

W
   

   
   

   
   

20
.8

00
 u

se
c

RG
   

   
   

   
   

   
 5

7
A

Q
   

   
   

   
0.

99
99

89
2 

se
c

FI
D

RE
S 

   
   

  0
.5

00
03

0 
H

z
SW

H
   

   
   

  2
40

38
.4

61
 H

z
D

S 
   

   
   

   
   

   
 4

N
S 

   
   

   
   

   
 5

00
0

SO
LV

EN
T 

   
   

   
  C

6D
6

TD
   

   
   

   
   

 4
80

74
PU

LP
RO

G
   

   
   

 z
gd

c3
0

PR
O

BH
D

   
5 

m
m

 P
A

BB
O

 B
B/

IN
ST

RU
M

   
   

   
  s

pe
ct

Ti
m

e 
   

   
   

   
  1

.0
8

D
at

e_
   

   
   

 2
00

81
10

7
PR

O
CN

O
   

   
   

   
   

 1
EX

PN
O

   
   

   
   

   
  2

N
A

M
E 

   
   

   
   

SM
a6

15

T
B
S
O

B
n
O O 23

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S26	
  

1H-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐endo-­‐hydroxy-­‐spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐
cyclohexan]-­‐6’-­‐one	
  (7).	
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S27	
  

13C-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐endo-­‐hydroxy-­‐spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐
cyclohexan]-­‐6’-­‐one	
  (7).	
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S28	
  

1H-­NMR	
  (±)-­‐(6’R*)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐spiro-­‐
[bicyclo[2.2.2]-­‐octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐acetate	
  (21).	
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S29	
  

13C-­NMR	
  (±)-­‐(6’R*)-­‐1-­‐Benzyloxy-­‐5-­‐[endo-­‐tert-­‐butyl-­‐dimethylsilyloxy]-­‐spiro-­‐
[bicyclo[2.2.2]-­‐octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐acetate	
  (21).	
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S30	
  

1H-­NMR	
  (±)-­‐(6’R*)-­‐1-­‐Benzyloxy-­‐5-­‐endo-­‐hydroxy-­‐spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐
cyclohex-­‐3’-­‐en]-­‐6’-­‐acetate	
  (6).	
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S31	
  

13C-NMR (±)-(6’R*)-1-Benzyloxy-5-endo-hydroxy-spiro[bicyclo[2.2.2]octane-2,1’-
cyclohex-3’-en]-6’-acetate (6). 
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S32	
  

1H-­NMR	
  (±)-­‐2-­‐endo-­‐Allyl-­‐1-­‐benzyloxy-­‐5-­‐endo-­‐(tert-­‐butyl-­‐dimethyl-­‐silyloxy)-­‐
bicyclo[2.2.2]octane-­‐2-­‐carbaldehyde	
  (24).	
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S33	
  

13C-­NMR	
  (±)-­‐2-­‐endo-­‐Allyl-­‐1-­‐benzyloxy-­‐5-­‐endo-­‐(tert-­‐butyl-­‐dimethyl-­‐silyloxy)-­‐
bicyclo[2.2.2]octane-­‐2-­‐carbaldehyde	
  (24).	
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S34	
  

1H-­NMR	
  (±)-­‐(1-­‐Benzyloxy-­‐5-­‐endo-­‐tert-­‐butyl-­‐dimethylsilyloxy)-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐4’-­‐en]]-­‐2’-­‐one	
  (27).	
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S35	
  

13C-­NMR	
  (±)-­‐(1-­‐Benzyloxy-­‐5-­‐endo-­‐tert-­‐butyl-­‐dimethylsilyloxy)-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐4’-­‐en]]-­‐2’-­‐one	
  (27).	
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S36	
  

1H-­NMR	
  (±)-­‐(1-­‐Benzyloxy-­‐5-­‐endo-­‐tert-­‐butyl-­‐dimethylsilyloxy)-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]]-­‐2’-­‐one	
  (28).	
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S37	
  

13C-­NMR	
  (±)-­‐(1-­‐Benzyloxy-­‐5-­‐endo-­‐tert-­‐butyl-­‐dimethylsilyloxy)-­‐
spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]]-­‐2’-­‐one	
  (28).	
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S38	
  

1H-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐endo-­‐hydroxy-­‐spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐
cyclohex-­‐3’-­‐en]-­‐2’-­‐one	
  (8).	
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S39	
  

13C-­NMR	
  (±)-­‐1-­‐Benzyloxy-­‐5-­‐endo-­‐hydroxy-­‐spiro[bicyclo[2.2.2]octane-­‐2,1’-­‐
cyclohex-­‐3’-­‐en]-­‐2’-­‐one	
  (8).	
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S40	
  

1H-­NMR	
  (±)-­‐(2R,3S)-­‐N-­‐benzoyl-­‐3-­‐phenylisoserine	
  ester	
  with	
  spiro[1-­‐benzyloxy-­‐
6-­‐endo-­‐hydroxybicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐4’-­‐en]-­‐6’-­‐one	
  (3).	
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S41	
  

13C-­NMR	
  (±)-­‐(2R,3S)-­‐N-­‐benzoyl-­‐3-­‐phenylisoserine	
  ester	
  with	
  spiro[1-­‐benzyloxy-­‐
6-­‐endo-­‐hydroxybicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐4’-­‐en]-­‐6’-­‐one	
  (3).	
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S42	
  

1H-NMR (–)-(2R,3S)-N-benzoyl-3-phenylisoserine ester with (1R*,2,1’R*,5S*,6’R*)-
spiro[1-benzyloxy-6-endo-hydroxybicyclo[2.2.2]octane-2,1’-cyclohex-3’-en]-6’-
acetate (–)-(4) 
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S43	
  

13C-­NMR	
  (–)-­‐(2R,3S)-­‐N-­‐benzoyl-­‐3-­‐phenylisoserine	
  ester	
  with	
  
(1R*,2,1’R*,5S*,6’R*)-­‐spiro[1-­‐benzyloxy-­‐6-­‐endo-­‐hydroxybicyclo[2.2.2]octane-­‐
2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐acetate	
  (–)-­‐(4)	
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S44	
  

1H-­NMR	
  (1S*,2,1’S*,5R*,6’S*)-­‐spiro[1-­‐benzyloxy-­‐6-­‐endo-­‐
hydroxybicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐acetate	
  (+)-­‐(4).	
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13C-­NMR	
  (1S*,2,1’S*,5R*,6’S*)-­‐spiro[1-­‐benzyloxy-­‐6-­‐endo-­‐
hydroxybicyclo[2.2.2]octane-­‐2,1’-­‐cyclohex-­‐3’-­‐en]-­‐6’-­‐acetate	
  (+)-­‐(4).	
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2. Dose-response curves 

 

Biological data for Table 1.  
Dose response curves for treatment with compounds 3-8 and paclitaxel on MCF10A, MCF7, SkBr3, HCC1937 and L56BrCl cells. The 
biological effect was evaluated with an MTT assay. 
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