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Abstract-Fourteen new bibenzyl derivatives have been isolated from the liverwort Radula kojana together with two 
previously known bis(bibenzyls) and their structures characterized by spectral and chemical evidence. Seven new 
bibenzyls, 3,5-dihydroxy-2-(3-methyl-2-butenyl)-, 3-methoxy-5-hydroxy-2-(3-methyl-2-butenyl)-, 3-hydroxy-5- 
methoxy-2-(3-methyl-2-butenyl)- and 2-geranyl-3,5-dihydroxybibenzyls, 2,2-dimethyl-7-methoxy-5-(2-phenylethyl)-, 
2,2-dimethyl-5-methoxy-7-(2-phenylethyl) and 2-methyl-2-(4-methyl-3-pentenyl)-7-methoxy-5-(2-phenylethyl) chro- 
menes have been synthesized from pinosylvin and its dimethyl ether. 3,5-Dihydroxy-2-(3-methyl-2-butenyl)- and 2- 
geranyl-3,5-dihydroxybibenzyls showed 5-lipoxygenase and calmodulin inhibitory activity. Radula kojana belonging 
to the subgenus Odontoradula is chemically different from species of the subgenera Radula and Cladoradula as it 
produces chromene derivatives (six-membered) and the latter two genera elaborate dihydrooxepins (seven-membered) 
and benzofurans with a propenyl group (five-membered). Our chemical resdlts support the modern classification of 
Radula species. 

INTRODUCTION 

Rudula species of liverwort are rich sources of prenyl 
bibenzyls [14]. As part of a chemosystematic study 
[7, 81 and search for biologically active substances 
[9-121, we have investigated the chemical constituents of 
R. kojana and isolated 14 new bibenzyl derivatives along 
with the previously known two bis(bibenzyls) [6, 71. In 
this paper, we wish to report the isolation, character- 
ization and synthesis of new bibenzyls and their biolo- 
gical activity, and to discuss the chemosystematics of 
R. kojana. 

RESULTS AND DISCUSSION 

A combination of column chromatography on silica 
gel and Sephadex LH-20, and preparative TLC of the 
methanol extract of R. kojana resulted in the isolation of 
14 bibenzyls, viz. 3,5-dihydroxy-2-(3-methyl-2-butenyl)- 
(l), 3-methoxy-5-hydroxy-2-(3-methyl-2-butenyl)- (2), 3- 
hydroxy-5-methoxy-2-(3-methyl-2-butenyl)- (3), 2- 
geranyl-3,5-dihydroxy- (S), 3-methoxy-4’-hydroxy-4- 
(3-methyl-2-butenyl)- (8), 3,5-dihydroxy-2-(2,3-epoxy- 
3-methylbutyl)- (9) and 3-hydroxy-5-methoxy-2-(3- 
hydroxy- 3-methylbutyl) bibenzyls (lo), 2,2-dimethyl-7- 
hydroxy- 5-(2-phenylethyl) chromene (12) and its methyl 
ether (13), 2,2-dimethyl-5-hydroxy-7-( 2-phenylethyl)- 
(14), 2,2-dimethyl-5-hydroxy&carboxy-7-(2-phenylethyl)- 
(la), 2(S)-2-methyl-2-(4-methyl-3-pentenyl)-7-hydroxy-5- 
(Zphenylethyl)- (18) and 2(S)-2-methyl-2-(4-methyl-3- 
pentenyl)-6-carboxy-7-hydroxy-5-(2-phenylethyl) chro- 

*Part 39 in the series ‘Chemosystematics of Bryophytes’. For 
Part 38, see ref. [25]. 

menes (20) and 6-hydroxy-4-(2-phenylethyl) benzo- 
furan (22) together with two previously known bis- 
(bibenzyls), perrottetins E (24) and F (25) [6, 73. The 
crude extract was also directly analysed by GC-MS to 
detect the presence of trans-/I-farnesene, 2-hydroxy- 
cuparene, campesterol, stigmasterol and sitosterol. 

The molecular formula, C,,H,,02 ([Ml’ m/z 
282.1637) of 1 was determined by high resolution mass 
spectrometry. The UV and IR spectra indicated the 
presence of a hydroxyl group (3600 cm-‘) and an aro- 
matic ring (1230,285 nm; 1620,159O cm- I). Methylation 
of 1 with methyl iodide gave a dimethyl ether (4) 
(C,,H,,02 [M]’ m/z 310.1913; 63.75, 3.79 each 3H, s), 
indicating the presence of two phenolic hydroxyl groups in 
1. The presence of a non-substituted benzyl group was 
confirmed by the intense fragment ion at m/z 91 (84%) 
and the ‘H NMR signals at 67.18 (3H, m) and 7.28 (2H, 
m). The ‘H NMR spectrum (Table 1) of 1 contained the 
signals of a 2,2-dimethylallyl group (6 1.72, 1.79 each 3H, 
s, 3.28,2H,d,J=6.4,5.09, lH, t,J=6.4Hz)and twometn- 
coupled protons (6 6.23, 6.26, each lH, d, J = 2.4 Hz) and 
two benzylic methylenes (62.83, 4H, s). The above data 
indicated that 1 was a bibenzyl with two phenolic 
hydroxyls and one 2,2-dimethylallyl group. The substitu- 
tion pattern of the benzene rings and the position of each 
functional group were confirmed by difference NOE 
experiments on 1 and 4. NOES were observed between 
(i) benzylic methylene protons (H-B) and H-6, (ii) H-cc and 
H-l’ in 1 and between (i) H-cr and H-6, (ii) H-a and H-l’, 
(iii) H-4 and OMe-5, (iv) H-6 and OMe-5 and(v) H-4 and 
OMe-3 in 4. Thus, the structure of 1 was shown to 
be 3,5-dihydroxy-2-(3-methyl-2-butenyl)bibenzyl. The 
’ 3C NMR spectra of 1 and 4 supported this structure. All 
the carbon signals of 1 and 4 (Table 2) were assigned by 
the long range lH-13C 2D COSY NMR spectra and it 



T
ab

le
 

1.
 

‘H
 N

M
R

 
(4

00
 M

H
z)

 
sp

ec
tr

al
 

da
ta

 
fo

r 
co

m
po

un
ds

 
l-

10
 

an
d 

12
-2

3 
(C

D
C

I,
-T

M
S)

 

H
 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
12

 

2 3’
 

4 5’
 

6 7 8 9 IO
 

F 2’
6”

 

3”
s”

 
4’

 

O
H

 

3-
O

M
e 

5-
O

M
e 

6-
O

M
e 

7-
O

M
e 

C
O

,M
e 

6.
23

 d
 (

2.
4)

* 

6.
26

 d
 (

2.
4)

 
_.

. 

3.
28

 d
 (

6.
4)

 

5.
09

 t
 (

6.
4)

 

1.
72

 s
 

1.
79

 s
 

2.
83

 s
 

2.
83

 s
 

7.
17

 m
 

7.
28

 m
 

7.
19

 m
 

4.
80

 h
r 

s 

5.
25

 b
r 

s 

- 

6.
30

 d
 (

2.
3)

 

6.
26

 d
 (

2.
3)

 

3.
29

 d
 (

6.
4)

 

5.
05

 t
 (

6.
4)

 

1.
66

s 

1.
74

 s
 

2.
83

 s
 

2.
86

 s
 

7.
19

 m
 

7.
29

 m
 

7.
20

 m
 

4.
69

 b
r 

s 

3.
78

 s
 

6.
31

 d
 (

2.
6)

 

6.
34

 d
 (

2.
6)

 

3.
30

 d
 (

7.
8)

 

5.
11

 t
 (7

.8
) 

__
 

1.
73

 s
 

1.
80

s 

- 2.
85

 m
 

2.
85

 m
 

7.
18

 m
 

7.
29

 m
 

7.
22

 m
 

5.
19

 s
 

3.
73

 s
 

6.
35

 d
 (

2.
4)

 

6.
31

 d
 (

2.
4)

 

3.
32

 d
 (

6.
6)

 

5.
08

 f
 (

6.
6)

 

1.
66

s 

1.
75

 s
 

2.
86

 s
 

2.
86

 s
 

7.
20

 m
 

7.
29

 m
 

7.
21

 m
 

3.
79

 s
 

3.
75

 s
 

6.
23

 d
 (

2.
5)

 
6.

35
 d

 (
2.

7)
 

6.
28

 d
 (

2.
5)

 
6.

31
 d

 (
2.

7)
 

3.
27

 d
 (

6.
4)

 

5.
08

 t
 (

6.
4)

 

2.
02

 m
 

2.
02

 m
 

5.
03

 r
 (

6.
4)

 

1.
55

 s
 

1.
63

 s
 

1.
74

 s
 

2.
77

 b
r 

s 
2.

17
 b

r 
s 

7.
13

 m
 

7.
24

 m
 

7.
15

 m
 

5.
71

 b
rs

 

6.
12

 b
rs

 

3.
32

 d
 (

6.
3)

 

5.
07

 t
 (

6.
3)

 

2.
00

 m
 

2.
00

 m
 

5.
05

 r
 (

6.
3)

 

1.
55

 s
 

1.
62

 s
 

1.
74

 s
 

2.
86

 s
 

2.
88

 s
 

7.
20

 m
 

7.
29

 m
 

7.
19

 m
 

- 3.
79

 s
 

3.
75

 s
 

6.
34

 d
 (

2.
7)

 

6.
30

 d
 (

2.
7)

 

3.
31

 d
 (

6.
6)

 

5.
11

 t
 (

6.
6)

 

2.
04

 m
 

2.
04

 m
 

5.
04

 t
 (

6.
6)

 

1.
57

 s
 

1.
65

 s
 

1.
78

 s
 

2.
85

 m
 

2.
85

 m
 

7.
17

 m
 

7.
30

 m
 

7.
17

m
 

5.
35

 s
 

3.
71

 s
 

6.
63

 d
 (

1.
3)

 

6.
21

 d
 (

2.
4)

 
6.

34
3 

d 
(0

.7
) 

7.
03

 d
 (

8.
6)

 

6.
71

 d
d 

(8
.6

, 
1.

3)
 

6.
33

 d
 (

2.
4)

 
6.

34
1 

d 
(0

.7
) 

3.
28

 d
 (

7.
2)

 

5.
29

 t
 (

7.
2)

 
- 1.

70
 s

 

1.
73

 s
 

2.
48

 d
d 

(1
6.

5,
 5

.4
) 

2.
67

 t
 (

7.
4)

 

2.
72

 d
d 

(1
6.

5,
 5

.4
) 

3.
72

 t
 (

5.
4)

 
1.

67
 t

 (
7.

4)
 

1.
24

 s
a 

1.
28

 s
 

1.
29

 $
 

1.
28

 s
 

- 
- 

_.
_ 

- 2.
84

 s
 

2.
84

 s
 

7.
07

 d
 (

8.
4)

 

6.
75

 d
 (

8.
4)

 

4.
68

 b
r 

s 

3.
79

 s
 

2.
76

 m
 

2.
83

 m
 

7.
14

 m
 

7.
26

 m
 

7.
18

 m
 

5.
20

br
s 

3.
73

 s
 

2.
86

 s
 

2.
86

 s
 

7.
20

 m
 

7.
29

 m
 

7.
20

 m
 

3.
13

 s
 

_ 

5.
50

 d
 (

10
.0

) 

6.
44

 d
 (

10
.0

) 

6.
18

 s
 

6.
19

 s
 

1.
40

s 
3 

2.
80

 b
r 

s 
2.

80
 b

r 
s 

7.
17

 m
 

7.
28

 m
 

7.
18

 m
 

4.
83

 b
r 

s 

*C
ou

pl
in

g 
co

ns
ta

nt
s 

(J
 i

n 
H

z)
 

ar
e 

gi
ve

n 
in

 p
ar

en
th

es
es

. 
‘A

ss
ig

nm
en

ts
 

m
ay

 
be

 i
nt

er
ch

an
ge

ab
le

 
in

 e
ac

h 
ve

rt
tc

al
 

co
lu

m
n.

 



T
ab

le
 

1.
 C

on
ti

nu
ed

 

H
 

13
 

14
 

2 3 4 5 6 I 8 1’
 

2 3’
 

4 5’
 

6 I 8 9 l(
Y

 

; 2”
6”

 
3”

5”
 

4”
 

O
H

 
3-

O
M

e 
5-

O
M

e 
6-

O
M

e 
7-

O
M

e 
C

O
,M

e 

5.
50

 d 
(1

0.
0)

 
6.

45
 d

 (
10

.0
) 

6.
26

 s
 

6.
21

 s
 

1.
41

 S
 

1.
41

 s 

2.
86

 b
r 

s 
2.

86
 b

r 
s 

7.
18

 m
 

7.
28

 m
 

7.
18

 m
 

5.
55

 d
 (

10
.0

) 
6.

59
 d

 (
10

.0
) 

._
 

6.
11

 S
 

6.
30

 S
 

1.
42

 s
 

1.
42

 s
 

_ -.
 2.
77

 m
 

2.
86

 m
 

7.
17

 m
 

7.
28

 m
 

7.
18

 m
 

4.
82

 b
r 

s 

15
 

._
 

5.
51

 d
 (

10
.0

) 
6.

62
 d

 (
10

.0
) 

6.
18

 d
 (

1.
0)

 

6.
33

 d
 (

1.
0)

 
1.

41
 S

 
1.

41
 S

 

- - 2.
81

 m
 

2.
87

 m
 

7.
18

 m
 

7.
28

 m
 

7.
19

 m
 

3.
76

 s
 

- 

16
 

5.
52

 d
 (

10
.0

) 
6.

68
 d

 (
10

.0
) 

- 6.
22

 s
 

1.
43

 s
 

1.
43

 s
 

- 3.
18

 m
 

2.
85

 m
 

7.
17

 m
 

7.
25

 m
 

7.
17

 m
 

17
 

5.
63

 d
 (

10
.0

) 
6.

54
 d

 (
10

.0
) 

- - 6.
47

 S
 

1.
43

 s
 

1.
43

 s
 

- 2.
83

 m
 

2.
83

 m
 

7.
18

 m
 

7.
28

 m
 

7.
19

 m
 

3.
80

 s
 

3.
90

 S
 

18
 

5.
46

 d
 (

10
.0

) 
6.

47
 d

 (
10

.0
) 

__
. 

6.
16

 d
 (

2.
4)

 

6.
18

 d
 (

2.
4)

 
1.

66
m

 
2.

08
 m

 
5.

10
 t 

(7
.0

) 
- 1.

58
 s

 
1.

66
s 

1.
36

 s
 

2.
83

 s
 

2.
83

 s
 

1.
17

 m
 

7.
28

 m
 

7.
19

 m
 

4.
89

 b
r 

s 

19
 

5.
46

 d
 (

10
.0

) 
6.

48
 d

 (
10

.0
) 

6.
24

 d
 (

2.
4)

 

6.
26

 d
 (

2.
4)

 
1.

67
 m

 
2.

09
 m

 
5.

10
 t

 (
7.

0)
 

1.
58

 s
 

1.
66

s 
1.

37
 s

 

2.
85

 b
r 

s 
2.

85
 b

r 
s 

7.
18

 m
 

7.
28

 m
 

7.
19

 m
 

3.
73

 s
 

24
3 

21
 

22
 

23
 

5.
51

 d
 (

10
.0

) 
5.

52
 d

 (
10

.0
) 

6.
52

 d
 (

10
.0

) 
6.

49
 d

 (
10

.0
) 

6.
30

 b
r 

d 
6.

31
 S

 
1.

66
 m

 
1.

67
 m

 
2.

05
 m

 
2.

09
 m

 
5.

07
 t

 (
7.

0)
 

5.
10

 t 
(7

.0
) 

1.
57

 s
 

1.
58

 s
 

1.
65

 s
 

1.
67

 s
 

1.
33

 s
 

1.
38

 S
 

3.
27

 m
 

2.
71

 m
 

7.
13

 

7.
29

 m
 

2.
81

 s
 

2.
81

 S
 

7.
20

 m
 

1.
29

 m
 

7.
20

 m
 

3.
79

 s
 

3.
89

 s
 

7.
47

 d
 (

2.
2)

 
7.

51
 d

 (
2.

2)
 

6.
65

 dd
 (

2.
2,

 1
.0

) 
6.

67
 d

d 
(2

.2
, 

1.
0)

 

6.
62

 d
 (

2.
2)

 
6.

70
 d

 (
2.

2)
 

6.
83

 d
d 

(2
.2

, 1
.0

) 
6.

90
 b

r 
d 

(2
.2

) 

- - 
- - 

- 
- - 

3.
05

 s
 

3.
09

 m
 

3.
05

 s
 

2.
99

 m
 

7.
20

 m
 

7.
20

 m
 

7.
28

 m
 

7.
29

 m
 

7.
20

 m
 

7.
20

 m
 

7.
10

 b
rs

 

- 3.
83

 s
 



T
ab

le
 

2.
 

13
C

 N
M

R
 

(1
00

 M
H

z)
 

sp
ec

tr
a1

 d
at

a 
fo

r 
l-

7,
9,

 
10

 a
n

d 
12

-2
3 

(C
D

C
l,-

T
M

S
)*

 

C
 

1
 

2 
3 

4 
5 

6 
7 

9 
10

 
12

 
13

 
14

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 

4”
 

1 2 3 4 3-
O

M
e 

5 6 I 8 5-
O

M
e 

9 10
 

1’
 

2 3’
 

4’
 

5 6 7 8 9 l(
Y

 

; 1”
 

2”
6”

 
3”

s’
 

14
2.

1 
14

2.
0 

14
1.

8 
14

2.
0 

14
2.

0 
14

2.
0 

14
4.

7 
14

2.
4 

14
1.

9 
11

7.
6 

12
0.

7 
11

7.
4 

12
0.

7 
11

7.
6 

12
0.

9 
11

7.
6 

10
9.

3 
11

9.
7 

15
5.

1 
15

8.
7 

15
5.

7 
15

8.
4 

15
5.

9 
15

8.
5”

 
15

5.
7 

15
5.

4 
15

5.
3 

10
1.

4 
97

.0
 

99
.9

 
96

.4
 

10
1.

5 
96

.5
 

10
0.

0 
10

2.
0 

10
0.

1 
15

4.
4 

15
4.

3 
15

8.
6 

15
8.

4 
15

4.
4 

15
8.

4”
 

15
8.

5 
15

3.
7 

15
8.

5 
10

8.
9 

10
7.

9 
10

7.
8 

10
5.

6 
10

8.
9 

10
5.

8 
10

7.
7 

10
9.

0 
10

7.
2 

_.
. 

._
 

24
.9

 
24

.4
 

24
.9

 
12

2.
6 

12
3.

8 
12

2.
6 

13
4.

2 
13

0.
7 

13
4.

3 
25

.7
 

25
.7

 
25

.7
 

18
.0

 
17

.9
 

18
.0

 

24
.4

 
24

.8
 

12
3.

8 
12

3.
8 

13
0.

5 
13

8.
1 

25
.7

 
39

.6
 

11
.9

 
26

.4
 

12
2.

5 
- 

13
2.

0 

12
6.

0 
12

5.
9 

12
6.

0 
55

.6
 

--
 

- 
- 

55
.2

 

._
 

35
.7

 
35

.2
 

35
.9

 
37

.5
 

31
.5

 
37

.7
 

14
1.

7 
14

2.
0 

14
1.

8 
12

8.
4 

12
8.

4 
12

8.
4 

12
8.

4 
12

8.
4 

12
8.

4 

25
.1

 
17

.7
 

16
.2

 
35

.5
 

35
.7

 
37

.6
 

37
.5

 
14

1.
6 

14
1.

7 
12

8.
3 

12
8.

4 
12

8.
3 

12
8.

4 
12

5.
9 

12
6.

0 
55

.4
 

55
.1

 
- 

24
.4

 
24

.9
 

12
4.

4 
12

2.
6 

13
4.

2 
13

7.
7 

39
.1

 
39

.6
 

26
.7

 
26

.4
 

12
3.

9 
12

3.
8 

13
1.

2 
13

1.
9 

25
.7

 
25

.6
 

17
.7

 
17

.7
 

16
.3

 
16

.2
 

35
.6

 
35

.9
 

37
.6

 
31

.6
 

14
1.

8 
14

1.
7 

12
8.

4 
12

8.
4 

12
8.

4 
12

8.
4 

12
5.

9 
12

6.
0 

55
.1

 
55

.3
 

55
.1

 

28
.4

 
19

.4
 

69
.9

 
42

.9
 

76
.3

 
71

.9
 

24
.6

 
29

.5
 

21
.9

 
29

.5
 

34
.5

 
35

.5
 

34
.4

 
34

.6
 

31
.4

 
37

.6
 

36
.6

 
37

.8
 

37
.4

 
37

.5
 

37
.9

 
38

.5
 

14
1.

7 
14

1.
4 

14
1.

6 
14

1.
6 

14
1.

7 
14

1.
8 

12
8.

4 
12

8.
4 

12
8.

4 
12

8.
4 

12
8.

3 
12

8.
3 

12
8.

5 
12

8.
5 

12
8.

4 
12

8.
4 

12
8.

4 
12

8.
5 

12
6.

0 
12

6.
0 

12
6.

0 
12

6.
0 

12
5.

9 
12

6.
0 

- 
55

.2
 

._
_ 

55
.6

 
- 

52
.1

 
-_

 

6-
O

M
c 

- 
--

 
- 

7-
O

M
e 

- 
- 

- 
C

O
,M

e 
- 

- 
- 

co
 

- 
- 

- 

_ 

75
.6

 
75

.6
 

12
1.

9 
12

7.
9 

11
8.

7 
11

8.
9 

13
9.

1 
13

8.
8 

10
8.

7 
10

7.
9 

15
5.

9 
16

0.
0 

10
2.

0 
10

0.
1 

15
4.

6 
15

4.
5 

11
2.

9 
11

2.
8 

27
.7

 
21

.7
 

21
.7

 
21

.1
 

75
.9

 
75

.9
 

12
8.

5 
12

8.
1 

11
6.

3 
11

6.
8 

15
1.

1 
15

5.
1 

10
7.

9 
10

3.
5 

14
3.

5 
14

3.
4 

10
9.

3 
10

9.
4 

15
3.

9 
15

3.
6 

10
7.

4 
10

8.
5 

27
.8

 
27

.8
 

21
.8

 
27

.8
 

_.
 

77
.5

 
16

.4
 

12
7.

6 
13

0.
1 

11
6.

2 
11

6.
6 

15
8.

3 
15

4.
0 

10
3.

8 
11

2.
8 

14
7.

8 
14

1.
4 

11
1.

8 
11

3.
2 

16
0.

5 
15

5.
0 

10
7.

6 
12

0.
2 

28
.3

 
21

.9
 

28
.3

 
27

.9
 

_.
 

78
.0

 
77

.9
 

12
7.

0 
12

6.
9 

11
9.

2 
11

9.
2 

13
9.

0 
13

8.
7 

10
8.

5 
10

7.
7 

15
4.

9 
16

0.
0 

10
1.

9 
10

0.
0 

15
5.

9 
15

4.
8 

11
2.

8 
11

2.
6 

41
.0

 
41

.0
 

22
.7

 
22

.7
 

12
4.

2 
12

4.
2 

13
1.

7 
13

1.
6 

25
.1

 
25

.1
 

17
.7

 
17

.6
 

26
.2

 
26

.2
 

__
 

_.
 

38
.0

 
36

.1
 

34
.4

 
34

.6
 

38
.9

 
37

.6
 

31
.4

 
31

.5
 

14
2.

0 
14

1.
6 

14
1.

6 
14

1.
7 

12
8.

4 
12

8.
4 

12
8.

4 
12

8.
4 

12
8.

4 
12

8.
4 

12
8.

4 
12

8.
4 

12
5.

9 
12

6.
0 

12
6.

0 
12

6.
0 

--
 

55
.2

 
- 

55
.2

 
- 

63
.1

 
17

5.
5 

16
8.

5 
-.

 
--

 

78
.7

 
78

.5
 

12
7.

8 
12

7.
7 

11
9.

2 
11

8.
8 

14
0.

8 
13

6.
1 

10
9.

7 
11

2.
3 

15
3.

7 
15

7.
3 

10
3.

3 
98

.4
 

15
9.

5 
15

5.
8 

11
3.

3 
11

6.
5 

41
.4

 
40

.1
 

22
.7

 
22

.1
 

12
3.

9 
12

4.
0 

13
1.

8 
13

1.
8 

25
.6

 
25

.7
 

17
.6

 
17

.6
 

26
.1

 
26

.3
 

31
.8

 
32

.2
 

37
.1

 
37

.4
 

14
2.

0 
14

1.
6 

12
8.

3 
12

8.
3 

12
8.

4 
12

8.
5 

12
5.

9 
12

6.
1 

- 
52

.2
 

- 
55

.9
 

16
3.

1 
16

9.
0 

14
3.

1 
14

3.
5 

11
1.

5 
11

1.
5 

13
5.

2 
13

5.
3 

10
4.

7 
10

4.
8 

15
4.

6 
15

8.
0 

95
.8

 
93

.6
 

15
5.

8 
15

5.
8 

11
9.

4 
12

0.
1 

35
.2

 
35

.4
 

36
.7

 
36

.8
 

14
1.

7 
14

1.
7 

12
8.

3 
12

8.
4 

12
8.

3 
12

8.
4 

12
5.

5 
12

6.
0 

_ 

55
.7

 

._
 

*A
ll

 a
ss

ig
nm

en
ts

 w
er

e 
co

n
fi

rm
ed

 b
y 

th
e 

IN
E

P
T

, 
‘H

-l
%

 
an

d 
lo

n
g 

ra
n

ge
 ‘

H
-l

%
 

C
O

S
Y

s 
“A

ss
ig

nm
en

ts
 m

ay
 b

e 
in

te
rc

h
an

ge
ab

le
 i

n
 e

ac
h

 v
er

ti
ca

l 
co

lu
m

n
. 



Prenyl bibenzyls from Radulu kojana 223 

was confirmed that C-4 of 1 and 4 appeared at very high 
fields (S 96.4 in 1 and 101.4 in 4), which was useful for the 
structural determination of the other bibenzyf analogues 
($3,5,9,10,18, u) and 22). Conclusive evidence that the 
structure of 1 was correct was obtained by its synthesis 
(see later). 

1 R'= P - H’ 
2 RI= H,Ra= Me 

3 RI = Me, b = H 
4 R’ = R* - Me 

A high resolution mass spectrum established the 
molecular formula, C20H2402r for 2. Its ‘H NMR spec- 
tral data (Table 1) were quite similar to those of 1, except 
for the presence of one methoxyl group (63.78, 3H, s) in 
place of a hydroxyl group in 1, suggesting that one of the 
two phenolic hydroxyl groups is methylated in 2. The 

OR 

12 R = H 
13 R = Me 

OR 

OR’ 

5 RI = R’ = H 

OR2 6 R’= R’= Me 

7 R’ = Me, R” - H 

OH 

I 

OMe 

OR” 

OH 

14 R’ = R2 = H 

15 R’ = H, R’ = Me 

16 R’ = CC&H. R’ = H 

i? R’ = CO&-, R’ = Me 

18 R’ = R* = ii 

19 R’ = H,Ra= Me 

20 R’ = COtH, R’ = H 

21 R’= COIMe R’ = Me 

22 R = H 
23 R = Me 

25 R a OH 
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position of the methoxyl group at C-3 was established by 
the difference NOE examination of 2 and thereby the 
NOES were observed between (i) H-a and H-6, (ii) H-a 
and H-l’, (iii) H-a and H-2’ and (iv) H-4 and OMe-3. 
Thus, the structure of 2 was determined to be 3-methoxy- 
S-hydroxy-2-(3-methyl-2-butenyl)bibenzyl. The structure 
(2) was conclusively confirmed by synthesis (see later). 

Compound 3 possessed the same molecular formula 
C2,,H,,0, as that of 2, and its ‘H and 13C NMR spectral 
patterns were almost identical to those of 2 with the 
difference of their chemical shifts, showing that 3 was 
3-hydroxy-5-methoxy-2-(3-methyl-2-butenyl) bibenzyl. 
This assumption was confirmed by difference NOE ex- 
periments. NOES were observed between (i) H-4 and 
OMe-5, (ii) H-6 and OMe-5, (iii) H-a and H-6 and (iv) H-LX 
and H-2’. Furthermore, this structure was supported by 
the 13C NMR (Table 2) and its synthesis (see later). 

Compound 5, C24H3002 ([Ml’ 350.2229) had a hy- 
droxyl group (3600 cm-r) and an aromatic ring (1 232, 
265 nm; 1620, 1598 cm-‘). Treatment of 5 with methyl 
iodide gave a dimethyl ether (6), C,,H,,O, ([Ml’ m/z 
378.2554; S 3.75, 3.79 each 3H, s), indicating the presence 
of two phenolic hydroxyl groups in 5. The ‘H and 
13C NMR spectral data (Tables 1 and 2) of 5 and 6 
resembled those of 1 and 4, except for the presence of 
three vinylic methyls, two additional allylic methylenes 
and one proton on a trisubstituted double bond, suggest- 
ing that 5 might be 2-geranyl-3,5-dihydroxybibenzyl. 
This assumption was further confirmed by a NOE experi- 
ment on 5 and 6. NOES were observed between (i) H-a 
and H-6 and (ii) H-a and H-2’ in 5 and between (i)H-6 and 
OMe-5, (ii) H-4 and OMe-5 and (iii) H-4 and OMe-3 
in 6. Recently, Crombie et al. [ 131 predicted the presence 
of 2- and 4-geranyl-3,5-dihydroxybibenzyls (= o- and p- 
cannabigerols) (5 and 43) in plants and synthesized them 
by geranylation of 3,5-dihydroxybibenzyl(41) with geran- 
iol in the presence of p-toluene sulphonic acid and at the 
same time, pointed out that our previously reported 
3,5-dihydroxy-4-geranylbibenzyl (43) isolated from 
R. complanata [7], R. javanica (= R. uariabilis) [2] and R. 
tokiensis [4] should be revised to 2-geranyl-3,5- 
dihydroxybibenzyl (5). We also synthesized 5 and 3,5- 
dimethoxy-4-geranylbibenzyl (44) using a different pre- 
nylation method (see later) and carefully compared their 
spectral data with those of natural products and their 
methyl ethers. In fact, the natural geranyl bibenzyl isol- 
ated from the present and previously reported species was 
identical to 2-geranyl-3,5-dihydroxybibenzyl (5). More 
recently, we found that some Radula species 

Kondo, K., unpublished results]. 
A compound ([Ml’ m/z 296) 

showed group (6 3.79,3H, 
group [m/z 107 (79%); 6.75,7.07 (each 

Hz)], a 1,3,4_trisubstituted 
5=1.3 Hz, each lH, dd, J=8.6, 

group and 
two benzyl methylenes (Table 1). The position 

prenyl groups 

(iii) H-/I and (iv) 
H-p and H-6” and (v) H-2 and OMe-3. above data 
established 

oyam- 
has been suggested GC-MS [S]. The identity 

crude extract of R. oyamensis 

signal pattern of compound 
([Ml’ m/z 298.1550), 

except for the presence 
group (6 each 3H, s, each lH, dd, 
J= 5.4 Hz; t, 69.9 d, 76.3 s), in of a 2,2- 
dimethylallyl group, suggesting 
2-(2,3-epoxy-3-methylbutyl)bibenzyl. Oxidation 

spec- 
tral data of were identical those of the natural 

([Ml’ m/z 314.1914) showed the same biben- 

groups was 
confirmed 
1.67,2.67eacht,J=7.4Hz;619.4,t,42.9,t,29.5,q,71.9,~). 
A difference 

H-l’, (ii) H-r and H-2, H-4 
and and (iv) H-6 and OMe-5. above data 
suggested 

([Ml’ m/z 296.1795; 
whose spectral 

those of 3. 
The high resolution 

([Ml’ m/z 280.1459) 

benzyl and 1,2,4_trisubstituted 
benzyl group 

7.28, 2H, m; lH, brs, 2.80,4H, 
(Table 2). Methylation 

methyl iodide afforded a monomethyl ether (13), 
C,,H,20, ([Ml’ which was also isolated 

showed the presence 
moiety in 12 absorption bands 

shifts at 6 5.50,6.44 
(each 

higher carbon signal (6 d, 
On the of the 12 and 13 

are suggested 2,2-dimethyl-5-(2-phenylethyl)-7- 
hydroxychromene ether, respectively. 

proved by the measure- 

(iii) 
H-6 and and (iv) H-8 and OMe-7. 

([Ml’ m/z 
280.1443), 

group [14, IS], a 2-phenylethyl group 

methyl iodide ether 
C,,H,,O, ([Ml’ 63.76, 3H. s), indic- 

ating group. The 
similarity 

those of 12 and 13 suggested 

methyl ether. 

OMe-5, (ii) H-r and H-6 
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and (iii) H-a and H-8. Conclusive evidence for structure 
14 was obtained by the synthesis of 15 (see later). 

Compound 16, C20H2004 ([Ml’ m/z 324.1357) 
obtained from the polar fraction had a hydrogen bonded 
carboxylic group (360&3400, 164Ocm-‘; 6175.5, s). 
Methylation of 16 with methyl iodide gave a methyl ester 
(I7), (Cz,H,,O, ([Ml’ m/z 352.1656); S3.80, 3H, s, OMe, 
3.90, 3H, s, COzMe). The NMR signal pattern (Tables 1 
and 2) of 16 and 17 resembled those of the chromenes 14 
and 15, suggesting that 16 contained the carboxylic group 
at C-6 of 14. This hypothesis was further proved by the 
presence of difference NOES between (i) H-a and H-8 in 
16 and between (i) H-ol and H-8 and (ii) H-4 and OMe-5 in 
17. On the basis of the above data, 16 is established 
to be 2,2-dimethyl-5-hydroxy-6-carboxy-7-(2-phenyl- 
ethyl)chromene. 

Compound 18, Cz,H,,O, ([Ml+ m/z 348.2115), was 
an unstable liquid which gradually polymerized to be- 
come a brown oil at room temperature. Methylation of 18 
with methyl iodide afforded a monomethyl ether (19), 
&HJ002 (CM] + m/z 362.2256; 6 3.73, 3H, sh indicating 
the presence of one phenolic hydroxyl group in 18. The 
‘H NMR signal pattern of 18 was similar to that of 12, 
except for the presence of two sp3 methylenes, two vinyl 
methyls and one proton on a trisubstituted double bond, 
in place of one of two tertiary methyl groups, suggesting 
that 18 was a chromene derivative formed by cyclization 
between the hydroxyl group at C-3 and C-3’ of 2-geranyl- 
3,5-dihydroxybibenzyl (5). This assumption was further 
confirmed by the presence of a base peak at m/z 265 
corresponding to [M-C6Hi1]+ [16, 171 and by the 
i3C NMR spectrum (Table 2). The substitution pattern 
and the position of the phenolic hydroxyl group at C-7 
and the 2-phenylethyl group at C-5 were established by 
the presence of difference NOES between (i) H-a and H-4, 
(ii) H-u and H-6, (iii) H-6 and OMe-7 and (iv) H-8 and 
OMe-7 in 19. The absolute configuration of C-2’ in 18 and 
19 was established to be S by the presence of positive 
Cotton effects at 262 nm in 18 and 271 nm in 19, in their 
CD spectra [15]. Consequently, 18 was 2(S)-2-methyl-2- 
(4-methyl-3-pentenyi)-7-hydroxy-5-(2-phenylethyl) chro- 
mene. The methyl ether (19) was synthesized from 6 by 
dehydrogenation with DDQ (see later). Crombie et al. 
[13] have synthesized ( f )-o-cannabichromene (18) and 
its pisomer by base catalysed chromenylation of 3,5- 
dihydroxybibenzyl (41) with citral by heating. The spec- 
tral data of the natural product (18) were identical to 
those of synthetic o-cannabichromene. 

Compound 20, C,,H,,O, ([Ml’ m/z 392.1977), was 
obtained as a liquid from the polar fraction. It was very 
unstable and again gradually decomposed to give a 
brown oil. The IR spectrum of 20 indicated the presence 
of a hydrogen bonded carboxyl group (350@-3100; 
1635 cm- ‘; 6 163.1, s). Compound 20 when treated with 
methyl iodide gave a carbomethoxy derivative (21), 
C27H3204 ([Ml’ m/z 420.2302; S 3.89,3H, s; S 169.0,55.9 
each s) with a methoxyl group (63.79, 3H, 6 52.2, s). The 
above data showed that the carboxyl and phenolic hy- 
droxyl groups were placed at an ortho position. The ‘H 
and 13C NMR spectra of 20 and 21 were similar to those 
of the chromenes (18 and 19), except for the absence of 
one aromatic proton signal. The above spectral and 
chemical evidence indicated that compound 20 was a 
chromene carboxylated at C-6 of 18. Conclusive evidence 
for this assumption was obtained by the presence of the 
NOES between(i) H-a and H-4 and (ii) H-8 and OMe-7 in 

21. The absolute configuration at C-2’ was also deter- 
mined as S since the CD spectra of 20 and 21 showed 
positive Cotton effects at 250.5 nm in 20 and 275 nm 
in 21 [lS]. Thus, 2(S)-2-methyl-2-(4-methyl-3-penten- 
yl)-6-carboxy-7-hydroxy-5-(2-phenylethyl)chromene is 
given as 20. 

The final compound 22, C,,H,,O, ([Ml’ m,/z 
238.1015), possessed a hydroxyl group (3580cm-i), an 
aromatic ring (1620, 1600 cm- ‘), a non-substituted ben- 
zyl group (m/z 91 (base); 67.20, 3H, m, 7.28, 2H, m), two 
benzylic methylenes (63.05, 4H, s) and meta-coupled 
protons(S6.62, lH,d,J=2.2,6.83,1H,dd,J=2.2, 1.0 Hz), 
one of which showed long range coupling (J = 1.0 Hz). 
Methylation of 22 with methyl iodide gave a monomethyl 
ether (23), C1,Hi602 (CM]’ m/z 252.1137; 63.83, 3H, s; 
655.7, s), showing the presence of one phenolic hydroxyl 
group in 22. One of the two oxygens of 22 was suggested 
to be the ether oxygen atom since neither a carbonyl nor a 
hydroxyl absorption band was observed in the IR spec- 
trum of 23. The ‘H NMR spectral data of 22 and 23 and 
decoupling experiments of 22 showed the presence of a 
4,6-disubstituted benzofuran; irradiation of the doublet 
and 67.47 (J =2.2, H-2) caused the double doublet at 
66.65 (J= 2.2, 1.0 Hz, H-3) to collapse to a doublet (J 
= 1.0 Hz). Irradiation of the double doublet at 56.83 (J 
= 2.2,1.0 Hz, H-7) caused the doublet at S 6.62 (J = 2.2, H- 
5) and the double doublet at 66.65 (J =2.2, 1.0, H-3) to 
collapse to a singlet and a doublet (J= 1.0 Hz), respect- 
ively, indicating long range coupling between H-3 and H- 
7. Conclusive evidence of the substitution pattern of each 
benzene ring and the position of each functional group on 
the benzofuran ring were provided by the presence of 
NOES between (i) H-5 and OMe-6, (ii) H-7 and OMe-6 
and (iii) H-z and H-5. Thus, the structure of 22 is 
elucidated as 6-hydroxy-4-(2-phenylethyl)benzofuran. 

Syntheses ofprenyl bibenzyls l-3 

We focused on pinosylvin (26) and pinosylvin mono- 
methyl ether (27) obtained from the higher plant, Ahus 
sieboldiana (Betulaceae) [18] to synthesize l-3 and 5. 
Stilbene derivatives (26 and 27) are obtained from male 
buds of A. sieboldiana in high yield. The stilbene (27) was 
hydrogenated in the presence of 10% Pd-C to give 
3-hydroxy-5-methoxybibenzyl (29). The methanol solu- 
tion of 29 was treated with 28% sodium methoxide in 
methanol and the reaction mixture was prenylated with 
2,2-dimethylallylbromide to give prenylated products 
which were purified by column chromatography on silica 
gel to afford 3-hydroxy-5-methoxy-2-(3-methyl-2-buten- 
yl) bibenzyl (3) (34.9%), 3-hydroxy-5-methoxy-4-(3- 
methyl-2-butenyl)bibenzyl(30) (27.2%X 3-hydroxy-2,4-di 
(3-methyl-2-butenyl)bibenzyl (32) (2.2%) and 3-(2,2-di- 
methylallyloxy)-5-methoxybibenzyl (34) (6.8%), respect- 
ively (Scheme 1). Compound 3 was also prepared from 29 
by the following method (Scheme 2). The dihydrostilbene 
(29) was treated with 3-chloro-3-methyl-l-butyne in the 
presence of potassium carbonate to give the etherated 
product (36), which was hydrogenated in the presence of 
Pd-BaSO, to afford a dihydro product (37), followed by 
heating at 140” in xylene to furnish 3 (10.4%) and 30 
(11.7%). Treatment of 37 with silica gel at room temper- 
ature also gave 3 (13.5%) and 30 (17.8%). These two 
synthetic routes for 3 produced byproducts and the yield 
of 3 was low. To improve the above synthetic methods, 
the regioselective introduction of a prenyl group to C-2 
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OR1 

26 R' = R' = H 

OR2 
27 R’ = Me, R* = n 

OMc 

27 t OH 

3 R = Pr 

7 R = Cr 

cZ”” 

30 R = Pr 32 R = I+ 

St R = Gr 33 R = GI 
I’ 

34 R = Pr 

35 R = Cr 

Scheme I. Synthesis of prenyl bibenzy& from stiibene derivative 27. 

29 x. O--C(Me)y--C=CR (2) 

(I) CH---_C- CfMejJC1 f2t H~~Pd-3aSO~~q~~~~n~ (3) xyknei14O*or 

(4) SIOZ, wG,H,~ + C,,H$, mom temp. 

Scheme 2. Synthesis of prenyl bibenzyls from stilbene derivative z9 

for 17 was carried out as follows (Scheme 3). The 3,5- 
dimeth~xybi~n~yI(28) obtained from 29 by methy~ati~n 

treated with n-butyl lithium (n-&&i) and then pr~nylated 

with methyl iodide was brominated with N-bromosuccin- 
with ~,Z-d~methyla~~yl bromide to afford 3,5-dimethoxy- 

imide (NBS) to give a m~n~bromide (38) (79.5%) and a 
Z-methyl-2-bnteny1~ (4) (58%) which was afso prepared 
from 3 by methy~ati~n with methyl iodide, and 3,5- 

dibr~midc (39) (6.4%). The former bromide (38) was dimethoxybibenzyl f2@ (38%). Treatment of 4 with BBr, 
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dR=Pr _(I 3 
ijR=C,-o f 

(I> UcI/K,C’O, (2) NBS/DUF (3) n-BULI (4) Ue,CZCHCH,Br or 

Mt*C=CH(CH,),C(Me)=CHCH,Br 

Scheme 3. Synthesis of prenyl bibenzyis from stilbene derivative 28. 

gave a demethyl product (1) (19.8%) and a chroman 
derivative (40) (67%) which was formed from 1 (Schemes 
3 and 4). On the other hand, 4 was treated with NaH in 
the presence of ethanethiot (EtSH) to yield two mono 
demethyl products (2) (28.0%) and 3 (34.4%). Further- 
more, the reaction of 3 with NaH in EtSH and 
hexamethylphosphoric triamide (HMPA) gave 1 (52.5%) 
and the deprenylated product, 41 (17.8%) (Scheme 4). 
Compound 1 was also prepared from 26. Hydrogenation 
of 26 gave a dihydro derivative (41) which was treated 
with sodium methoxide and 2,2-dimethy~aIlylbromide to 
afford 1 (21.6%), and two 2,2-dimethylchromans (40) 
(17.9%) and 42 (17.2%), respectively (Scheme 5). 

Synthesis of 5 and 44 

Compound 29 was treated with geranylbromid~ in the 
presence of sodium methoxide to give 2-geranyl-3- 
hydroxy-5-methoxybibenzyl (7) (29.7%), 3-hydroxy-5- 
methoxy-4-geranylbibenzyl (31) (21.8%), 3-hydroxy-S- 
methoxy-2,4-digeranylbibenzyl (33) (6.1%) and 3- 
geranyloxy-5-methoxybibenzyl (35) (6.7%), respectively 
(Scheme 1). In order to obtain 2-geranyl-3,5-di- 
methoxybibenzyI(6), 28 was treated with NBS, followed 
by prenylation with geranylbromide in n-BuLi to furnish 
6 (58.5%) which was also obtained from 7 by methylation 
with methyl iodide (Scheme 3). Compound 7 was then 
treated with EtSNa in HMPA to yield 2-geranyl-3,5- 
dihydroxybibenzyl(5) (61.2%) and a dealkyl product (41) 
(14.8%) (Scheme 5). Compound 28 was treated with n- 
BuLi and geranylbromide to give 4-geranyl-3,5- 
dimethoxybibenzyl(44) which was also prepared from 31 
by methylation (Scheme 3). 

Synthesis of 13, 15 and 19 

3-Hydroxy-5-methoxy-2~3-methyl-2-buteny~)bi~n~~ 
(3) was treated with 2,3-di~hIoro-5,~dicyano-l,4-~nzo- 

quinone (DDQ) in benzene to give 2,2-dimethyl- 
7-methoxy-5-(2-phenylethyl)chromene (13) (36.3%) 
(Scheme 6). The same treatment of 3-hydroxy-S-methoxy- 
4~3-methyl-2-butenyl)bi~nzyl (30) and 2-geranyl-3- 
hydroxy-5-methoxybibenzyl(7) as described above gave 
2,2-dimethyl-5-methoxy-7-(2”phenylethyhchromene (15) 
(62.3%) and 2-methyl-2-(4-methyl-3-pentenyl)-7-meth- 
oxy-5-(2-phenylethyl)chromene (19) (72.9%) (Scheme 6). 
The spectral data of the synthetic bibenzyls (l--3,5,13,16 
and 19) were identical to those of the natural products. 
The structures of all intermediates and byproducts during 
the course of the syntheses of the natural bibenzyls were 
established by analyses of their spectral data (UV, IR, ‘H 
and ‘jCNMR, ‘H-‘H, ‘H--13C and long range 
lH-13C NMR and difference NOE, mass spectrometry) 
and elemental analyses. 

The Radulaceae are taxonomi~lly divided into three 
subgenera: ~~du~~~ Cl~oradula and ~dontor~duta [ 191. 
Previously, we studied the chemical constituents of spe- 
cies belonging to the Radula and Cladoradula and 
reported that the former produced characteristic biben- 
zyls with a dihydrooxepin skeleton (seven-membered 
ring) and the latter elaborated bibenzyis with a five- 
membered ring, together with 2-prenyl-3,4,5-trihy- 
droxybibenzyls [ l-5,7]. The present species belonging to 
the Odontoradula biosynthesized the bibenzyls with a 2,2- 
dimethylchromene skeleton (six-membered ring), along 
with 2-prenyl-3,5-dihydroxybibenzyls. These chemical 
differences among the three genera support the modern 
classification of the Radulaceae [19]. Almost all the 
compounds isolated from R~u~a species are bibenzyl 
derivatives and the presence of terpenoids is extremely 
rare. These data also support that the Radulaceae is a 
very isolated family in the Jungermanniales [19]. 

Prenyl bibenzyl derivatives possess antimicrobial and 
antifungal properties [20-231. Compounds 1 and 5 
showed 5-lipoxygenase (50% at 1O-6 mol in 1 and 11% at 
lo-” mol in 5) and calmodulin inhibitory activity (ID,, 
4.9 I*gml-’ in 1 and 4.0 pg ml - ’ in 5). 
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Scheme 6. Synthesis ctf compounds 13,15, and 19. 
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spectral measurements were 
TMS-CDCl, [‘H NMR (400 MHz); 13C NMR (100 MHz)]; 
EtOH (UV); MeOH (CD and [u]o); CHCIJ (IR), unless other- 
wise stated. CHCl,-MeOH (1: 1) was used for Sephadex LH-20 
CC. TLC, GC and GC-MS were carried out as previously 
reported [24], 

Plant muted. R. kojano Steph. was cchcted in Kainan-cho, 
Todoroki, Tokushima in April 1985 and identified by Dr M. 
Mizutani and Y.A, A voucher specimen is deposited in The 
Institute of Pharmacognosy, Tokushima Bunri University. 

Extraction and i.wlotion. Airdried R. kojajana (237 g) was 
extracted with MeOH for 1 month. The resultant MeOH extract 
evapd in uacuo gave a green oil (15.1 g)- A small amount of 
the crude extract was analysed by TLC, GC and GGMS to 
detect the presence of trans-fl-farnesene, 2-hydroxycuparene, 
camp-, stigma- and sitosterol. The remaining material (15.05 9) 

was chromatographed oa silica gel using a C,H,-EtOAc: gra- 
dient to give 5 frs. Fr. 1 (C,H, iOO%, 1.289g) was further 
chromatographed on silica gel using a n-hexane<,H, gradient 
to give chromene (13) (55.8 mg). Fr. 2 {2% EtOAc, 705 mg) was 
rechromatographed on Sephadex LH-20 and then silica gel 
using C,H, and purified by prep. TLC (n-hexane-EtOAc, 4: 1) to 
afford bibenzyls (2) (5.3 rngh 3 (6.5 mg), 8 (1.9 mg), 9 (16 mg), 14 
(7.3 mg) and 18 (17.8 mg), Fr. 3 (5-10% EtOAc, 8.818 g) was 
further chromatographed on Sephadex LH-20 and then on silica 
gel using a C,H,-EtOAc gradient to afford bihenzyls l(4.600 g), 
5 {400 mg) and 22 {12 mg). Fr. 4 (2&50x EtOAc, 2.063 g) was 
rechromatographed on Sephadex LH-20 and then on silica gel 
using the same solvent system as described above and further 
purified by prep. TLC (C,H,-EtOAc, 4: 1 or 9: I) to afford 1 
(16.0 mg), 9 (39 mg), 10 (14 mg), 16 (22 mg), 20 (6 mg}, 24 (16 mg) 
[S, 71 and 25 (8 mg) [5,7]. Fr. 5 (EtOAo lOO%, 4.3148 g) was 
also chromatographed on Sephadex LH-20, but no bibenzyls 
were isolated. 

Compouti 1. Mp 91.5-92.5” (from cyclohexane). UV &, nm 
(loge): 215 (4.37), 23Osh (4.03), 285 (3.44). IR I’,,,~~ cm-l: 3600, 
1620, 1595, 1495, 1450, 1370, 1130, 1040, 340, 690, ‘H and 
“C NMR (Tables 1 and 2). HRMS: found: 282.i637, CIBH,,O, 
requires 232.1620; EIMS n/z (rel. int.): 282 [M]’ (99), 227 (loO), 

225 (731, 191 (391, 177 (331, 149 W}, 91 (84). 
Compound 2. Mp 634” (from n-hexane). UV Jmax nm (log E): 

218 {4.36), 230sh (4X), 282.5 I3.60). IR v,,, cm-‘: 3600, 2940, 
1602,l595,1462,1080,690. ‘H and 13C NMR (Tables 1 and 2). 
HRMS: found: 296.1774, C,,H2.,tJ2 requires 296.1776; EIMS 
m/z (rel. int.): 296 [Ml+ (741,281 (?3),240 (291,239 (100), 205 (12), 
191 (33), 163 (221, 137 (lo), 105 (131, 91 (38). 
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Compound 3. Mp 40-41” (from n-hexane). UV &,,*, nm (log E): 

215 (4.40), 230sh (4.06), 280 (3.47), 287.5 (3.75). IR vmBX cm-‘: 

3600, 2950, 1618, 1585, 1495, 1450, 1140, 690. ‘H and 

13C NMR (Tables 1 and 2). HRMS: found: 296.1772, C2sHz402 

requires 296.1776; EIMS m/z (rel. int.): 296 CM)’ (lOa), 281 (8), 
265 (17), 241(77), 240 (29), 239 (71), 238 (9), 205 (26), 191(37), 163 

(25), 147 (29), 137 (29), 105 (16), 91 (62). 

Compound 5. Mp 57-58” (from n-hexane). UV ,&,, nm (log s): 

216 (4.40X. 232sh (4&l), 285 (3.58). IRv,,,cm-‘: 3600, 1620, 

1598,1492,1450,1130, g35,822,690. ‘II and r3C NMR (Tables 1 

and 2). HRMS: found: 350.2229 C2J&,02 requires 350.2246; 
RIMS m/z (ref. int.): 350 EM]” (l$), 265 (69X 227 (IOO), 225 (32), 

189 (26), 105 (35), 91(82), 69 (26). The ‘H and r3C NMR spectral 

data of 5 were identical to those of synthetic o-cannabigerol [ 13). 

Compound 8. ‘H NMR (Table 1). EIMS m/z (rel. int.): 296 

[M]’ (82), 241 (12), 239 (28), 180 (lOO), 107 (79). 

Compound 9. Mp 9&91” (from Et,O-cyclohexane). UV 

&-n&G, nm (log E): 214 (4.32), 229sh (4.00), 280 (3.42), 287 (3.43). 

IRv rnpl cm -I: 3600, 2980, 1620, 1598, 1495, 1488, 1450, 1130, 
1060, 1025, 1005, 690. ‘H and r3C NMR (Tables 1 and 2). 

HRMS: found: 298.1550 C,,Hz&, requires 298.1569; EIMS 

m/z (ret. int.): 298 [M] f (74), 265 (7), 227 (lOOf, 225 (7), 207 (14), 9 1 

(4% 
C~rn~ou~ IO. Mp 97-98” (from n-hexane). UV i,,,.. nm (log e): 

214 (4.38), 230 (4.06), 280 (3.50), 287 (3.52). IR v,,, cm- ’ : 3&Q 

2960,1610,1585,1495,1330,1 190P 1140,1048,960,900,830,690. 

‘H and 13C NMR (Tables 1 and 2). HRMS: found: 314.1914, 

CZ0HZ603 requires314.1882;EIMSm/z(rel.int.): 314 [M]’ (12), 

296 (37), 241 (lOO), 205 (36), 91 (43). 
Compound 12. UVi.,,, nm (log E): 217 (4,29), 235 (4.1 l), 280 

(3.73) 287 (3.74) 305 (3.56) 317 (3.52). IR v,, cm-‘: 3550, 1610, 
1580, 1490, 1448, 1135, 1125,690. ‘II and ‘jC NMR (Tables 1 

and 2). HRMS: found: 280.1466, C,,H,,O, requires 280.1463; 

RIMS m/z (rel. int.): 280 [M]+ (21), 265 (100x 189 (7), 174 (31), 
91 (10). 

Compound 13. UVI,,, nm (log&): 218 (4.30), 233 (4_21), 243 
(44.04jT 277 f3.77), 287 (3.783, 306 (3.57), 316 (3.53). IR Y,,, cm-’ : 
3ooO,2980,2850,1608,1490,1140~ 1120,690. ‘H and 13C NMR 

(Tables 1 and 2). HRMS: found: 294.1610, C&H,@, requires 

294,1620; EIMS m/z &cl. int.): 294 [MI’ (21), 279 (IOO), 203 f7), 
188 (29) 91 (9). 

Compound 14. UVd,,, nm (log E): 230 (4.31), 280 (3.94), 290 
(3.91). IR v,,, cm - ’ : 3590, 2950, 2900, 1620, 1575, 1570, 1240, 

1109, 1050, 690. ‘H and 13C NMR (Tables 1 and 2). HRMS: 

found: 280.1443, C,,H,,O, requires 280.1463; EIMS m/z (rel. 
inr.): 280 CM]’ (16), 265 (lo), 189 (9), 174 (41), 91 (11). 

Compound 16. Mp 122-123” (from n-hexane_CHCl,). 

UVi max nm (log E): 207 (4.16), 248 (4.25), 290 (3.56) 330 (3.39). 

IRV msxcm-‘: 3600-3400, 2980, 2930, 1640, 1618, 1565, 1495, 

1465, 1452, 1372, 1265, 1122,690. ‘H and t3C NMR (Tables 1 
and 2). HRMS: found: 324.1357, C&H,@, requires 324.1361; 

EIMS m/z {ref. int.): 324 [M] ’ (Z), 309 (20), 291 (17), 265 {8), 1.50 

(38), 122 (29), 105 (45), 104 (41), 91 tlOO), 77 (311, 51 (16). 
Compound 18. UV&,, nm (log E): 220 (4.34), 237 (4.26), 245 

(4.10), 280(3.79), 288(3.80), 307.5(3.66), 318 (3.62). IR v,, cm-‘: 

3600,2930,1612,1585,1451,1140,1130,692. ‘H and 13C NMR 
(Tables 1 and 2). HRMS: found: 348.2115, C&H2s02 requires 

348.2090; EIMS m/z (rel. int.): 348 [M]’ (7) 333 (4) 265 (100) 

174(21),91(13):[~],~21.4’(c0.14);C~:A~~~~~~ $.0.6,A~zs~,,~ 
+0.3 (c 198 x 10--lmol 1-l). 

Comound 20. UV i mar nm (log E): 23 3 (4.39), 247 (4.1 l), 290 
(3&l), 325 (3.34). IRv,,,cm-‘: 3600, 350%3100, 2920, 1635, 

1600,1492, 1450, 1370,1250,1150,11#, 690. ‘Hand r3CNMR 
(Tables 1 and 2). HRMS: found: 392.1977, C2,H,,0, requires 

392.1988; EIMS m/z (rel. int.): 392 EM]’ (l), 333 (g). 265 (lOO), 
174(41), 149(13),91 (llb69f6),57(6),B$f6).41(8f.[a]D+26.8”(c 

0.047). Ca: A~e~~~-2.0, A~~s~~,,~+1.3, Ae,,O,,-i-l.l. 

Compound 22. Mp 217-218” (from MeOH-Et,O, 1: 1). UV 

&,,,l nm (log E): 219 (4.36), 249 (4.09), 262 (4.05), 289 (3.89), 295 

(3.72). IR v,,, cm -‘: 3580, 2910, 1620, 1600, 1490, 1132, 1105, 
690. ‘H and 13CNMR (Tabies 1 and 2). HRMS: found 

238.1015, C16W1402 requires 238.0993; RIMS m/z (rel, int.): 238 

[M] + (35), 147 (lOO), 91 (23), 65 (10). 

Methylation of 1. To compound 1 (20 mg) in Me&U (10 ml) 

was added Me1 (0.1 ml) in the presence of K$ZO, (50 mg). Work- 

up gave a diMe ether (4) (19 mg). UV L,,,,,, nm (log 8): 214 (4*42), 

232sh (4.061, 282 (3.47). IR Y,, cm-’ : f6@3, 1590, 1463, 1455, 
1310, 1200, 1148, 1082, 1055,495. ‘H and 13C NMR (Tabks 1 
and 2). HRMS; found: 310.1913, C,,H,,O, requires 310.1933; 

EIMS m/z (rel. int.): 310 [Ml’ (69), 295 (13), 255 (13), 254 (32), 

253 (lOO), 242 (15), 219 (18), 205 (51), 151 (20), 105 (IQ, 91 (23). 

Methylation ujY5. Compound 5 (57 mg) was treated in the same 

manner described above to afford a diMe ether (6) (43 mg). 

UVI,, nm (log E): 216 (4.44), 230sh (4.12), 279 (3.49), 285 (3.48). 

IR v,,, cm - ’ : 2940, 1609, 1590, 1490, 1462, 1455, 1421, 1342, 

1282, 1200, 1148, 1085, 1070, 1055,820,695. ‘H and 13C NMR 
(Tables 1 and 2). HRMS: found: 378.2554, C26H3402 requires 

378.2559; EIMS m/z (rel. int.): 378 [M] * {36), 309 (ZO), 255 { lOOf, 

254(25), 253 (46), IS1 (28h 121(12), 105 f#), 91(25), 69;119), 57f6). 

~e~~d~ut~un of IO, To compound IO (10 mg) m C,H, f3 ml) 
was added p-T&H (1 ml) and the soln refiuxed for 40 min. 

Work-up gave a residue which was purified by prep. TLC (n- 
hexane-EtUAc, 4: 1) to afford the starting material 10 (1 mg), 3 

(1 mg) and 11 (4 mg). Compound 11. UV&,,,, nm (loge): 212.5 

(4.27), 230sh (3.81), 280 (3.12), 287.5 (3.13). IR vmal cm-t. 2930, 

1610, 1580, 1480, 1378, 1315, 1138, 1114, 1045, 690. ‘H NMR 
(90 MHz): al.30 (6H, s), 1.76 (2H, t, 5=6.8 Hz), 2.55 (2W, c, J 
=6.8), 2.84 (4H, s), 3.74 (3H, s, OMe), 6.26 (lH, d, J=2.6), 6.38 

(lH, d, J=2.6), 7.24 (5H, mf. HRMS: found: 296.1795, C,,Hz,02 

requires 296.1’776; EIMS m/z (rel. int.): 296 (69), 241 (lOO), 239 

j17), 205 (20), 191 (1 I), 163 (lo), 137 (16), 105 (7), 91 (27). 

M&~&&on ofI2. Compound 12 {5 mg) was treated with Me1 

as described above to give a monoMe ether {2mg) whose 
spectral data were identtcal to those of the natural chromene (13). 

~~f~~~af~~~ of 14. Compound 14 (3 mg) was also methylated 

with Mel as described above to grve a monoMe ether (15) (3 mg). 

Mp 31-32” (from n-hexanef. UV E.,,, nm (log E): 230 (4.30), 281 

(3.97). 290 (3.95). IR v,,, cm-‘: 2940, 1615, 1570, 1461, 1450, 

1423,1370,1120,1100,690. ‘H and 13C NMR (Tables 1 and 2). 

HRMS: found: 294.1609, C,,H,,O, requires 294.1620; EIMS 

m/z (rel. int,): 294 [M]’ (131, 279 (lOO), 203 (3), 188 (28), 91 (7). 

Methyl&on 0~” 16. Compound 16 (4 mg) was treated m the 

same manner as described above to give a Me ester (17) {5 mg). 

UV A,,, nm (log E): 214 (4.29), 237 (3.84), 273 (3.84), 283 (3.82), 

307(3.44),313(3.33).IRv,,,cm-1:2940, 1720, 1609, 1.560, 1450, 

1320, 1280, 1235,1149,1 f 11,1055,970,690. ‘H and ‘%J NMR 

(Tables 1 and 2). HRMS: found: 352.1656, CzZHZ4Q4 requires 
352.1675; EIMS m/z (rel. int.): 352 [M]’ (13), 337 (1001, 321 (4), 

261 {S), 231 (131, 91 (3). 

~~~~~~a~~o~ of 18, Treatment of 18 (3 mg) with Mel as 

described abave gave a monoMe ether (19) (2 mg). UV lmpX nm 

(log E): 219 (4.28), 227 (4.26), 235 (4.23) 277 (3.76), 287 (3.75), 307 

(363), 317 (3.57). IRv,,, cm--‘: 2930, 1610, 1570, 1490, 1450, 
1141, 690. ‘II and 13C NMR (Tables 1 and 2). HRMS: found: 

362.2251, C,,H,,O, requires 362.2246; EIMS m/z (ml. int.): 362 

CM]’ (6) 347 (5), 279 (lOO), 188 (18), 91 (3). [a],,+ 828” (~‘0.005). 
CD: AQUA Rm +9.8,A~,,,,,+8.0(c1.38x10~‘~4moll~1). 

Methyl&ion of 20. Compound 20 (2.7 mg) was methylated 

with Me1 as described above to afford a monoMe ether (21) 
(2.3 mg). UV Lmax nm (log E): 212.5 (4.29), 219 (4.33), 227 (4.32), 

234 (4.31), 242 (4.21)_ 292 (3.63), 307 <X61), 320 (3.53). 

IRv max cm -‘: 2824. 1724, 1600, 1434, 1375, 1365, 1275, 1190, 
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1144, 995, 690. ‘H and WNMR (Tables 1 and 2). HRMS: 
found: 420.2302, C2,HJ204 requires 420.2301; EIMS m/z (rel. 
int.): 420 (6), 389 (3), 337 (lOO), 305 (5), 231 (12), 188 (4), 91 (9), 69 
(5). [a],,+ 125.8” (~0.024). CD: AsZO1 .,-2.0, A~~~.s~~+0.3, 
Ae,,,.,+1.2(c5.7~ 10-4moll-1). 

Methyl&on of 22. Treatment of 22 (7.2 mg) with Me1 as 
described above yielded a monoMe ether (23) (3.6mg). UV 
A,,,,, nm (log E): 218 (4.34), 249 (4.04), 261 (4.02), 286 (3.64), 294 
(3.61). IR v,, cm -I: 2920, 1618, 1600, 1490, 1450, 1420, 1298, 
1140, 1118, 1038, 690. ‘H and “C NMR (Tables 1 and 2). 
HRMS: found: 252.1137, C,,H,,O, requires 252.1150; EIMS 
m/z (rel. int.): 252 [M]’ (36), 161 (100), 118 (18), 91 (14). 

Oxidation of 1. Compound 1 (15 mg) was dissolved in CHCl, 
(3 ml) and then m-chloroperbenzoic acid (MCPBA) (15 mg) was 
added. The reaction mixt. was stirred at room temp. for 2 hr, the 
resulting product filtered to remove excess MCPBA and m- 
chlorobenzoic acid, and the filtrate treated in the usual manner 
to give a residue which was purified by prep. TLC to give an 
epoxide (5 mg) whose spectral data were identical to those of the 
natural epoxybibenzyl (9). 

Isolation of pinosyluin (26) und pinosylvin monoMe ether (27). 
Fresh male buds of Alnus sieboldiana Matsum. (11.7 kg) collected 
at Naruto, Tokushima in February 1986 were extd with MeOH 
(20 1 x 2). The MeOH ext (248 g) was chromatographed on silica 
gel (800 g) and eluted with a n-hexane_EtOAc gradient. The 30% 
EtOAc-n-hexane eluant gave a residue (36 g) which was sub- 
jected to Sephadex LH-20 CC to yield pinosylvin monoMe ether 
(27) (18.92 g) as white crystals [18]. The 50% EtOAc-n-hexane 
eluant gave a residue (11.2 g) which was chromatographed on 
Sephadex LH-20 to give pinosylvin (26) (7.85 9) as lemon yellow 
crystals [18]. 

Catalytic reduction of 27. Compound 27 (9.2 g) was hydrogen- 
ated over 10% Pd-C (2 g) in EtOAc (50 ml) at room temp. for 
2 hr with stirring. Afier removal of catalyst, the filtrate was coned 
in wcuo. The residue (9.25 g) was chromatographed on Sephadex 
LH-20 to afford dihydropinosylvin monoMe ether (29) (8.95 g, 
96.4%) as an oil. IRv,,,cn-‘: 3400, 1615, 1600, 1495, 1455, 
1340, 1190, 1150, 1055. ‘H NMR: 62.76,2.83 (each 2H, m, H-a 
and H-B), 3.64 (3H, s, OMe), 6.27,6.28,6.30, (each lH, dd, J=2.2, 
2.2 Hz, H-2, H-4 and H-6), 7.08-7.24 (5H, m). HRMS: found: 
228.1166, C,,H,,O, requires 228.1150; EIMS m/z (rel. int.): 228 
[M]’ (lOO), 138 (ll), 137 (lOO), 91 (55). 

Reaction of 29 with NaOMe and 2,2&methylullylbromide. To a 
soln of 29 (1.432 g) in dry MeOH (10ml) was added 28% 
NaOMe-MeOH soln (1.4 ml). The resultant soln was stirred at 
room temp. for 30 min and evapd to dryness in vucuo. The 
residual brown crystals were suspended in dry CsHs (10 ml) and 
evapd again to remove traces of H,O. The residue was again 
suspended in dry C,H, (15 ml), to which was added 2,2-dimeth- 
ylallylbromide (860 mg).’ The mixt. was vigorously stirred at 
50-55” for 30 min and then poured into ice-H,0 and extracted 
with EtOAc. The EtOAc layer was successively washed with 1 M 
HCl, H,O, dried over MgSO, and evapd to give an oil (2.25 g) 
which was chromatographed on silica gel using a n-hex- 
ane-EtOAc gradient. The eluant with 2% EtOAc-n-hexane was 
evapd to give an oil (305 mg) which was further chromato- 
graphed on silica gel (C,H,-n-hexane, 1: 1) to yield 32 (51 mg; 
2.2%) and 34 (126 mg; 6.8%). The eluant with 5% EtOAc-n- 
hexane was evapd to yield 30 (515 mg; 27.2%). The eluant with 
6% EtOAc-n-hexane gave 3 (660 mg; 34.9%) as white crystals. 
Evapn of the eluant with 10% EtOAc-n-hexane gave 29 (289 mg; 
20.2%). 

compound 30. uv 1%:” nm (logs): 219 (4.35), 272.5 (3.13). 
IRvz; cm -I: 3450, 2925, 2850, 1615, 1590, 1510, 1495, 1420, 
1340, 1220, 1155, 1080. ‘H NMR: S 1.73, 1.80 (each 3H, s), 2.83, 
2.90 (4H, m), 3.37 (2H, d, 5=6.8 Hz), 3.76 (3H, s), 5.23 (lH, t, J 

=6.8 Hz), 6.28 (lH, brs), 6.35 (lH, brs), 7.17-7.30 (5H, m). 
“C NMR: S 17.8,25.8 (each q, C-4’ and C-S), 22.2 (t, C-l’), 37.7, 
38.0 (t. C-a and C-p), 55.7 (q, OMe), 103.7 (d, C-2), 108.8 (d, C-6), 
113.0 (s, C-4), 122.4(d, C-2’), 125.9 (d, C-4”) 128.3, 128.4(d, C-2”, 
C-3”, C-5” and C-6”), 133.6 (s, C-3’), 141.2, 141.8 (s, C-l and C-l”), 
155.0 (s, C-5), 157.9 (s, C-3). HRMS: found: 296.1792, C H 20 24 0 2 
requires 296.1776; EIMS m/z (rel. int.): 296 [Ml+ (lOO), 281 (31), 
241 (98), 209 (lo), 205 (62), 163 (lo), 137 (12), 105 (16), 91 (30). 

Compound 32. IR vE:i cm -l: 3475, 2925, 1615, 1585, 1495, 
1455, 1420, 1210, 1165, 1105. ‘H NMR: 61.17, 1.72, 1.79, 1.80 
(each 3H, s), 2.86 (4H, m), 3.33 (2H, d, J=6.6 Hz), 3.37 (2H, d, J 
=7.1 Hz), 3.74 (3H, s), 5.12 (lH, t, J=6.6 Hz), 5.22 (lH, t, J 
=7.1 Hz), 5.43 (lH, brs, OH), 6.28 (lH, s), 7.19-7.30 (5H, m). 
13C NMR: 6 17.8, 18.0, 25.7, 25.8 (each q), 22.5, 25.2, 35.9, 37.9 
(each t), 104.4 (d), 113.6, 118.5, (each s), 122.5, 123.3, 125.9, 128.3, 
128.4 (each d), 132.9, 133.5, 138.6, 142.0, 153.8, 155.8 (each s). 
HRMS: found: 364.2393, C H 0 requires 364.2403; EIMS 25 32 2 
m/z (rel. int.): 364 [M]’ (lOO), 309 (27x 308 (36), 307 (21), 293 (60), 
273 (lo), 265 (22), 259 (ll), 253 (33), 241 (lo), 217(62), 203 (31), 175 
(20), 91 (67), 69 (18). 

Compound 34. IR vr.‘j cm -I: 2925, 1595, 1460, 1450, 1375, 
1340, 1285, 1190, 1145, 1055, 1035, 820, 690. ‘H NMR: 6 1.72, 
1.78, (each 3H, s), 2.87 (4H, m), 3.72 (3H, s), 4.43 (2H, d, J 
=6.8 Hz), 5.47 (lH, t, 5=6.8 Hz), 6.33, 6.35 (3H, m), 7.17-7.29 
(5H,m). ‘“C NMR: 6 18.1,25.8(eachq),37.6,38.2(each t), 55.1 (q), 
64.6 (t), 98.5 (d), 106.5, 107.1 (each d), 119.7, 125.8, 128.3, 128.4 
(each d), 137.9, 141.6, 144.0, 159.9, 160.6 (each s). HRMS: found: 
296.1800, &,H2,,0a reqmres 296.1776; EIMS m/z (rel. int.) 296 
[M]’ (S), 229 (14), 228 (lOO), 165 (25), 137 (79), 91 (36), 69 (18). 

Reaction of 29 with NaOMe and gerunylbromide. To a soln of 
29 (2.3Og) in dry MeOH (20ml) was added 28% 
NaOMe-MeOH (2.14ml). The reaction mixt. was stirred at 
room temp. for 30 min. The resultant mixt. was treated in the 
same manner as described in the reaction of 29 with 2J- 
dimethylallylbromide to give a residue to which was added 
geranylbromide (2 g). The mixt. was then vigorously stirred at 
5&55” for 30 min and then poured into ice-H,0 and extd with 
C,H,. The CsHs layer was treated in the same manner as 
described above to afford an oil (2.95 g) which was chromato- 
graphed on silica gel using a n-hexane-EtOAc gradient 
to furnish 33 (306 mg, 6.1%), 35 (247 mg, 6.7%), 31 (7.99 mg; 
21.8%), 7 (1.089 g; 29.7%) and starting material (29) (735 mg; 
3 1.9%), respectively. 

Compound 7. UVI,,, nm (logs): 210 (4.75), 283.5 (4.00). 
IRv~;cn-‘: 3450, 2925, 1615, 1590, 1495, 1440, 1435, 1195, 
1135, 1050, 825. ‘H and 13C NMR (Tables 1 and 2). HRMS: 
found: 364.2413, C,,H,,O, requires 364.2423; EIMS m/z (rel. 
int.): 364 [M]’ (31), 279 (48), 241 (lOO), 239 (28), 137(16), 105 (23), 
91 (20). 

Compound 31. UVI,,, nm (logs): 211.5 (4.71), 271 (3.81). 
IRvkf: cm-‘: 3450, 2920, 1615, 1590, 1450, 1420, 1205, 1160, 
1090, 1070. ‘H NMR: 6 1.58 (3H, s), 1.66, 1.79 (each 3H, s), 2.06 
(4H, m), 2.84 (4H, m), 3.38 (2H, d, J=7.3 Hz), 3.74 (3H, s), 5.05, 
5.23 (each lH, t, J=7.3 Hz), 5.32 (lH, br s, OH), 6.26,6.35 (each 
lH,d,J=1.5Hz),7.16-7.29(5H,m). 13CNMR:616.1,15.7(each 
q), 22.1 (t), 25.6 (q), 26.5, 37.4, 37.7, 39.7 (each t), 55.7 (q), 103.6, 
108.9 (each d), 112.8 (s), 122.1, 124.0, 125.9, 128.3, 128.4 (each d), 
131.8, 137.8, 141.2, 141.8, 155.4, 157.8 (each s). HRMS: found: 
364.2389, C,,H,,O, requires 364.2375; EIMS m/z (rel. int.): 364 
[M]’ (15), 295 (20), 279 (15), 242 (23), 241 (lOO), 123 (5), 105 (17), 
91 (16). 

Compound 33. UV I,, nm (log 6): 212.5 (4.78), 283 (3.79). IR 
vky cm-‘: 3450,1900,1615,1580,1492, 1450,1370, 1315,1205, 
1105, 810, 740,690. ‘H NMR: 1.57, 1.58 (each 3H, s), 1.64, 1.67, 
1.78, 1.80 (each 3H, s), 2.06 (8H, m), 2.86 (4H, m), 3.34 (2H, d, J 
=5.9 HZ), 3.40 (2H, d, J=6.6 Hz), 3.74 (3H, s), 5.05, 5.97 (each 
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lH,t,J=6.2Hz),5.14,5.23(eachlH,t,J=6.6Hz),5.44(1H,brs, 

OH), 4.29 (lH, s), 7.17-7.30(58, m). 13CNMR: 16.1, 16.3, 17.7, 

18.0(each q). 22.4,25.0(each t), 25.7 (q), 26.5, 35.9,37.8, 39.7, 39.8 
(each t),55.7(q), 104.3(d), 113.7, 118.7(eachs), 122.4, 123.3,124.1, 

125.9, 128.4, 131.6 (eachd), 136.4, 137.2, 138.6, 142.0, 154.0, 155.8 

(each s). HRMS: found: 500.3642, &H4a02 requires 500.3648; 

EIMS m/z (rel. int.): 500 [M]’ (2), 405 (ll), 307 (6), 203 (lo), 91 

(88), 69 (100). 

Compound 35. UV 1. Max run (1ogE): 210 (4.70), 276 (3.81). 
IR vF:i cm-‘: 2920, 1595, 1450, 1430, 1342, 1190, 1145, 1055, 

1035,820,690. ‘H NMR: S 1.61, 1.68, 1.73 (each 3H, s), 2.11,2.88 

(4H, m), 3.74 (3H, s), 4.47 (2H. d, J = 6.6 Hz), 5.10,5.48 (each lH, t, 
J=6.6H@, 6.34, 6.36 (lH, d, J=2.2Hz), 6.71-7.29 (5H, m). 
13C NMR: 6 16.7, 17.7,25.7 (each q), 26.3, 37.7, 38.2, 39.6 (t), 55.2 

(q), 64.8 (t), 98.6 (d), 106.5, 107.2, 119.5, 123.8, 125.9, 128.3, 128.4 

(each d), 131.8, 141.1, 141.7, 144.0, 160.0, 160.7 (each s). HRMS: 
found: 364.2407, C,,H,,O,, 364.2402; EIMS m/z (rel. int.): 364 
[M] + (1) 229 (16), 228 (76), 167 (16), 148 (29), 137 (96), 105 (23), 99 

(21) 91 (100). 

Treatment of 29 with 2-chloro-2-methyl-1-butyne. To 29 
(1.067g) in Me&O (3Oml) was added KI (0.15g) K,COJ (1.578) 

and 2-chloro-Z-methyl-1-butyne (1.52 g) and the reaction mixt. 
refluxed at 80” with stirring for 43 hr. After filtration, evapn of 

solvent, the product was extracted with EtzO, washed with H,O, 

10% NaOH and evapd to give a residue (1.06 g) which was 

chromatographed on silica gel (n-hexane-EtOAc gradient) to 

afford 36 (919.1 mg). ‘H NMR (90 MHz): 6 1.62 (6H, s), 2.54 (4H, 

s), 3.74 (3H, s). EIMS m/z (rel. int.): [M]’ 294 (5), 279 (lOO), 137 
(32) 91 (13). 

Hydrogenation of 36. Compound 36 (102.0 mg) in EtOAc 

(10 ml) was hydrogenated in the presence of Pd-BaSO, (41.5 me) 

and quinoline (0.3 ml) until 1 mol H, was absorbed. After 

removal of catalyst, the filtrate was dried over MgSO, and the 

solvent evapd to give a residue (95.3 mg) which was chromato- 
graphed on silica gel (n-hexane-EtOAc gradient) to afford 37 

(86.8 mg, 84.5%). IR v,,, cm -‘. 2925, 1600, 1450, 1250, 1090, . 
1000. ‘H NMR (90 MHz); 6 1.35 (6H, s), 2.78 (4H,s), 5.50(1H, dd, 

J = 9.0,2.0 Hz). EIMS m/z (ml. mt.): 296 [M] ’ (45X 294 (1 l), 280 

(16), 279 (lOO), 229 (25). 228 (27), 188 (35), 137 (38), 91 (27). 
Claisen rearrangement reaction of 37. Compound 37 (72 mg) in 

xylene (0.5 ml) was sealed in a tube which was heated at 130” for 

16 hr. The reactlon mixt. was chromatographed on silica gel (n- 
hexane-EtOAc gradient) to give Claisen rearrangement pro- 

ducts which were purified by prep. TLC (n-hexane-EtOAc, 4: 1) 

to furnish 3 (5.5 mg, 10.4%) and 30 (6.2 mg, 11.7%). 

Treatment of 37 wtth silrca gel. To 37 (292 mg) in 10% n- 
hexane-C,H, (15 ml) was added silica gel (50 g) and the mixt. 

allowed to stand for 12 hr. After removal of silica gel and solvent 

evapd, the residue was chromatographed on silica gel (n- 

hexane-EtOAc gradient) to afford 3 (29.8 mg, 13.5%) and 30 

(39.3 mg, 17.8%) respectively. 

Methylation of 29. To a soln of 29 (3.1 g) in dry Me&O (40 ml) 

was added Mel (8.5ml) and K,COJ (18.8 g). Work-up as usual 
gave 3,5dimethoxybibenzyl (28) (2.90 g). IR v~~~crn-‘: 2925, 

2825, 1600, 1460, 1425, 1195, 1145, 1055, 820, 690. ‘HNMR 

(90 MHz):62.83 (4H, m), 3.50 (6H, s), 6.27 (3H. s), 7.13 (SH, m), 
13C NMR (22.5 MHz): 37.6, 38.2 (each t), 55.2 (q), 98.0, 106.6, 
125.9, 128.3, 128.4 (each 4 141.7, 144.1, 160.8 (each s). HRMS: 

found: 242.1307, C,,H,,O, requires 242.1307; EIMS m/z (rel. 

int.): 242 (1001, 227 (5) 165 (9) 152 (25), 151 (67). 91 (43). 

Bromination of 28 with N-bromosuccinimide (NBS). To a soln of 

28 (2.514 g) in dry DMF (10ml) was added NBS (1.85 g). The 
resultant soln was stirred for 12 hr and poured into ice-cold H,O 
and extd with CH,Cl,. The ext. was dned over MgSO, and 

evapd in LXZCUO to give an oil (2.85 g), which was chromato- 

graphed on sihca gel (n-hexane-EtOAc gradient) to atford 2- 

bromo-3,5-dimethoxybibenzyl (38) (2.651 g, 79.5%) and 2,6- 

dibromo-3,S-dimethoxybibenzyl (39) (250 mg, 6.0%). 
Compound 38. UV A&y” nm (log&): 210 (4.49), 282.5 (3.27). 

IRvz;cm --I. 3025, 2925, 2825, 1590, 1450, 1320, 1195, 1160, 

1085, 1065, 1020, 820, 690. ‘H NMR: 62.88, 3.00 (4H, m), 3.71 

(each3H,s),6.31,6.34(each lH,d,J=2.7Hz),7.18-7.29(5H,m). 

i3C NMR: 635.9, 38.8 (each t). 55.2, 56.1 (q), 97.6 (d), 104.6 (s), 

106.8, 125.8, 128.2, 128.4(each d), 141.3, 142.7, 156.7, 159.4(each 

s); EIMS m/z (rel. int.): 322 ([Ml” + 2) (33), 320 [M]+ (33), 242 
(17), 241 (lOO), 231 (31), 229 (34) 135 (22), 91 (43). Anal. Caicd for 
C16H1702Br; C. 59.82; H, 5.33; found: C, 55.66; H, 5.28. 

Compound 39. UV n:$‘u nm (loge): 212.5 (4.50), 272.5 (3.59), 

292.5 (3.61). IR vkt; cm -I: 2925, 1572, 1450, 1425, 1325, 1205, 

1075, 1040,940,790,740,685. ‘H NMR: 2.82 (2H, m), 3.33 (2H, 

m), 3.90 (3H, s), 6.43 (lH, s), 7.22-7.36 (5H. m). 13C NMR: 34.1, 

39.7 (t), 56.6 (4). 95.4 (d), 105.5 (s), 126.1, 128.4 (each d), 141.5, 

142.0, 156.0 (s). EIMS m/z (rel. int.): 402 (EM]’ f4) (17) 400 
([M]++2) (32), 398 [M]’ (17) 318 (22) 316 (19) 311 (lo), 309 

(21), 307 (ll), 241 (17) 240 (lOO), 239 (14) 222 (ll), 215 (13), 213 

(12), 91 (37). Anal. Calcd for C,,H,,O,Br,; C, 48.03; H, 4.03; 

found: C, 48.44, H, 4.21. 

Reaction of 38 with n-bury1 lithium and 2,2-dimethylallyl- 
bromide. To a soln of 38 (300 mg) in dry Et,0 (10 ml) was added 
1.6 M BuLl soln (0.8 ml), The resultant soln was refluxed under 
Ar for 1 hr, and then 2,2-dimethylallylbromide (150 mg) m dry 

Et,0 (2 ml) added dropwise for 10 min. After stirring for 1 hr at 

40”, the reaction mixt. was poured into ice-cold Hz0 and 

extracted with EtOAc. The extract was washed with H,O, dried 

over MgSO,. Evapn of solvent gave an oil which was chromato- 

graphed on silica gel (C,H,-EtOAc, 3:7) to afford 4 (168 mg, 
58.1%) and 28 (78 mg, 38%). 

Reactron of 38 with BuLi and geranylbromide. To a soln of 38 

(350 mg) in dry Et,0 (10 ml) was added 1.6 ml BuLi (1 ml). The 

resulting mixt. was stirred under Ar for 1 hr at room temp. and 

then geranylbromide (300 mg) in dry Et,0 (5 ml) was added 

dropwise for 10 min. The reaction mtxt. was refluxed for 1 hr 
with stirring. Treatment of the mixt. in the same manner 

described above gave a crude oil which was chromatographed on 

silica gel (C,H,-EtOAc, 3: 7) to afford 6 (241 mg, 58.5%) and 28 

(74 mg, 28.1%). 

Reaction of 28 with BuLi and geranylbromide. To a soln of 28 

(200 mg) in dry Et,0 (20 ml) was added 1.6 M BuLi soln (0.5 ml). 
The mixt. was refluxed under Ar for 5 hr and a soln of getanyl- 

bromide (215 mg) in dry Et,0 (2 ml) was added dropwise for 

3 min. The crude oil after treatment of the mixt. in the same 

manner as described above, was purified by prep. TLC (C,Hs-n- 

hexane, 1: 1) to give 3.5~dimethoxy-4-geranyl bibenzyl (44) 

135 mg, 43.3%) and starting material (28) (85 mg, 42.5%). 
Compound 44. UVAi:y” nm (log&): 217.5 (4.49) 271 (3.14). 

IR vi?; cm-‘: 2920, 1602, 1585, 1450, 1415, 1160, 1110. 

‘H NMR: 6 1.57, 1.64, 1.75 (each 3H, s), 1.94, 2.04 (each 2H, m), 
2.89(2H,m), 3.32(2H,d),3.76(6H,s),5.07(1H, t,J=5.6 Hz),5.19 

(lH, l, J=7.1 Hz), 6.35 (2H, s), 7.17-7.30 (5H, m). 13CNMR: 
6 16.0, 17.6 (q), 22.0 (t), 25.7 (4). 26.8, 38.0, 38.5, 39.9 (each t), 55.9 
(q), 104.3 (t), 116.1 (s), 123.1, 124.6, 125.9, 128.3, 128.5 (each d), 
131.0, 134.3,140.6, 141.9, 158.0(each s). HRMS: found: 378.2553, 

CZ6H,,0, requires 378.2559; EIMS m/z(rel. int.): 378 [M]’ (1 l), 

309 (26). 256 (19), 255 (lOO), 105 (18), 91 (12). 
Methylatron ofsynthetic 3. Compound 3 (40 mg) was methyl- 

ated with Me1 (1 ml) to give 4 (37 mg, 88.3%). 

Methylation of synthetic 7. Compound 7 (38 mg) was meth- 

ylated with Me1 (0.8 ml) to give 6 (31 mg, 78.5%). 

Methylation of 31. Compound 31 (60 mg) was treated in the 

same manner as described above to afford 44 (58 mg, 93.1%). 

Reactton of 3,5-dimethoxy-2-(3-methyl-2-butenyl)bibenzyl (4) 
wah BBr,. To a soln of 4 (250 mg) in dry CH,C& (10 ml) was 
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added BBr, (0.25 ml) at - 78” with stirring. After stirring for 2 hr 

at -10” to 0”, Et,N (1 ml) was added to the reaction mixt. The 
resultant soln was poured into ice-cold H,O and extracted with 

CHCI,. The CHCI, layer was washed with H,O, dried over 

MgSO,, and coned in vacua to give an oil (298 mg) which was 

chromatographed on silica gel (EtOAc-n-hexane, 1: 9) to furnish 

3,5-dihydroxy-2-(3-methyl-2-butenyl)bibenzyl (l) (45 mg, 19.8%) 

and 2,2-dimethyl-7-hydroxy-5-(2-phenylethyl) chroman (40) 
(152 mg, 67.0%). 

Compound 40. IR vzj cm-‘: 3375, 2975, 2925, 1620, 1610, 

1595,1490, 1450,1340, 1320, 1265, 1150,1130, 1110,1035,1020, 

1000. ‘H NMR: 6 1.25 (6H, s), 1.70, 2.47 (each 2H, t, J=6.8 Hz), 

2.75 (4H, m), 6.10 (lH, br s, OH), 6.23, 6.31 (each lH, d, J 
=2.4Hz),7.12-7.26(5H,m). i3CNMR:S19.2(t),26.5(q),32.9(t), 

34.5, 36.4 (each t), 73.8 (s), 102.0, 108.1 (each d), 111.5 (s), 128.2, 
128.3 (each d), 141.7, 141.8 (each s). HRMS: found: 282.1613, 

C H 0 282.1607; EIMS m/z (rel. int.): 282 [Ml+ (85). 227 19 22 2 
(lOO), 225 (30), 191 (23), 149 (16), 123 (13), 91 (43). 

Reaction of 4 with sodium thioethoxide (EtSNa). To a suspen- 

sion of 60% NaH (52 mg) in dry DMF (1 ml) was added a soln of 

EtSH (92 mg) in dry DMF (2 ml) under Ar at room temp. with 

stirring. After stirring for 5 min, a soln of 4 (77 mg) in dry DMF 

(1 ml) was added and the mixt. refluxed for 3 hr at 17&180”. The 
reaction mixt. was poured into ice-H,0 and extd with Et,O. The 

Et,0 layer was successively washed with 1 M HCI, H,O and 

dried over MgSO, and coned in racuo to give a residue (87 mg), 

which was subjected to prep. TLC (n-hexane-EtOAc, 4: 1) to give 

two natural bibenzyls (2) (18 mg, 28.1%) and (3) (22 mg, 34.4%). 

respectively. 

Reaction of 3 with EtSNa. To a suspension of 60% NaH 

(165 mg) in dry hexamethylphosphoramide (HMPA) (2 ml) was 

added a soln of EtSH (0.4 ml) in HMPA (2 ml) under Ar at room 

temp. After stirring for 10 min, a soln of 3 (98 mg) in HMPA 

(2 ml) was added and the mixt. refluxed for 5 hr at 170-180”. The 

reaction mixt. was treated in the same manner as described 

above to give a residue (238 mg) which was chromatographed on 

silica gel (n-hexane-EtOAc gradient) to afford 1 (37 mg, 52.8%) 

and 3,5-dihydroxybibenzyl (41) (12 mg, 17.7%). 

Compound 41. IR vr:l cm -I: 3350, 1295, 1600, 1450, 1320, 

1300,1140,965. ‘H NMR:62.71(4H,m),6.16(1H,br s),6.22(2H, 

br s), 7.067.22 (5H, m). i3C NMR: 6 37.1, 37.5 (each t), 100.7, 

108.4, 125.9, 128.3, 128.4 (each d), 141.5, 145.1, 156.2 (each s). 

EIMS m/z (rel. int.): 214 [M]’ (75), 123 (52), 91 (100). 

Reaction of 3,5-dihydroxybibenzyt (41) with NaOMe and 2,2- 

dimethylallylbromide. To a soln of 41(1.6 g), which was obtained 
from 26 (1.75 9) by hydrogenation, in dry MeOH (15 ml) was 

added 28% NaOMe-MeOH soln (1.5 ml). The resultant soln 

was stirred for 30 min at room temp. and evapd to dryness in 
uacuo to give brown crystals which were suspended in dry C,H, 

(20 ml) and evapd again to remove traces of H,O. The residue 

was again suspended in dry C,H, (30 ml) to which was added 

2,2-dimethylallylbromide (1.23 g). The mixt. was vigorously stir- 

red at 5&55” for 30 min and then poured into ice-H,0 and extd 

with EtOAc. The EtOAc layer was washed successively with 1 M 

HCI, H,O, dried over MgSO, and evapd in uacuo to give an oil 

(1.75 g) which was chromatographed on silica gel (n- 

hexane_EtOAc gradient) to afford 2,2-dimethyl-5-hydroxy-7-(2- 

phenylethyl)chroman (42) (363 mg, 17.2%). its isomer (40) 

(377 mg, 17.9%), the natural bibenzyl (1) (456 mg, 21.6%) and 

starting bibenzyl (41) (486 mg, 30.4%). respectively. 
Reaction of 7 with EtSNa. To a suspension of 60% NaH 

(61 mg) in dry HMPA (3 ml) was added a solution of EtSH 

(0.08 ml) in HMPA (1 ml) under Ar at room temp. with stirring. 

After stirring for 10 min, a soln of 7 (63.8 mg) in HMPA (3 ml) 

was added. The reaction mixt. was treated in the same manner as 

described above to give a residue (278 mg) which was chromato- 

graphed on silica gel (n-hexane_EtOAc gradient) to yield the 
natural 2-geranyl-3,5-dihydroxybibenzyl (5) (15.1 mg, 24.6%) 

and 41 (7.1 mg, 18.9%). 

Synthesis of13. To compound 3 (44.6 mg) in dry C,H, (25 ml) 
was added 2,3-dichloro-5,6_dicyano-1,4benzoquinone (DDQ) 

(50 mg) and the mixt. refluxed for 45 min. Excess DDQ was 

filtered off and the filtrate evapd in uacuo to give an oil which was 

purified by prep. TLC (n-hexane-EtOAc, 10: 1) to afford the 
natural chromene (13) (16.1 mg, 36.3%). 

Synthesis of 15. Compound 30 (52.5 mg) was treated in the 

same manner as described above to afford a residue (38.0 mg) 

which was purified by prep. TLC to yield the monoMe ether (15) 
(32.5 mg, 62.3%) of the natural chromene (14). 

Synthesis of19. Compound 7 (91 mg) was treated in the same 

manner as described above to give a residue (152 mg) which was 

purified by prep. TLC (n-hexane-EtOAc, 4: 1) to yield the 

monoMe ether (19) (66 mg, 72.9%) of the natural chromene (18). 

Synthetic 19. [u]~~O” (CHCI,; c 2.07). All mps, UV, IR, ‘H and 

i3C NMR, HRMS and EIMS of the synthetic natural products 

and their derivatives were identical to those of the natural 

bibenzyls and their derivatives. All the structures of the inter- 

mediates and byproducts during the course of the synthesis of the 

natural bibenzyls and their derivatives were established by 
analysis of their spectral data and elemental analyses. 
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