


Abbreviation

Ac acetyl

n-Bu normal-butyl

t-Bu, tertiary-butyl

BPO benzoyl peroxide

caled calculated

cfu colony formation unit

CM carboxymethyl

COSY 'H-'H correlation spectroscopy

CSA 10-camphorsulfonic acid

DDQ 2,3-dichloro-4,6-dicyano-1,4,-benzoquinone
DEAE N,N-diethylaminoethyl

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

DSS 3-(trimethylsilyl)-propanesulfonic acid, sodium salt
EI electron impact

ESI electron spray ionization

ESR electron

Et ethyl

FAB fast atom bombardment

HMBC heteronuclear multiple bond connectivity
HMQC heteronuclear multiple quantum coherenece
IR infrared absorption

dJ coupling constant

LC liquid chromatography

lit. literature

Me methyl

MeCN acetonitrile

MeOH methanol

MS mass spectrometry

MTPA o-methoxy(trifluoromethyl)phenylacetyl
mult multiplicity

MW molecular weight

NBS N-bromosuccinimide

NMR nuclear magnetic resonance

NOE nuclear Overhauser effect

ODS octadecyl silica-gel

PCC pyridinium chlorochromate



PDC
Pd-C
Ph
PTLC
QAE

rt

TBS
TBAF
TBAOH
TEMPO
TFA

Tf

THF
TLC
TMEDA
TMS
UV, UV/vis

pyridinium dichromate

palladium on activated carbon

phenyl

preparative thin layer chromatography
quanternary aminoethyl

room temperature
tertiary-butyldimethylsilyl
tetrabutylammonium fluoride
tetrabutylammonium hydroxide
2,2,6,6-tetramethyl-1-piperidinyloxy
trifluoroacetic acid
trifluoromethanesulfonyl
tetrahydrofuran

thin layer chromatography
N,N,N’,N’-tetramethylethylenediamine
trimethylsilyl, tetramethylsilane

ultraviolet-visible
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Satratoxin H 14

xylindein
16
Xylindein 19
Xylindein 22
Xylindein 26

( )
35
36
32 37
32 41
hipposudoric acid (32) 46
46
38 48
Hipposudoric acid (32) 51
33 54
58
64

68
71
139

143



(Podostroma cornu-damae)

2000

Xylindein

(5.9)
xylindein

1999

1 0.5 mg

(Chlorociboria sp.)

200

xylindein
1965

xylindein

dimethylxylindein



(Hippopotamus amphibius)






(Podostroma

19

cornu-damae)

30

2000

4-7

1999

24



( 25 -3009) 40 mg

IH NMR
1,1-
1 : =1:1
1 1H 13C NMR H-H COSY HMQC HMBC
o,pB- o,B,y,0- 1,1,-
FAB
514 NMR 1
9,10
verrucarol verrucarol
1
verrucarol
verrucarol Figure 1
’ 13 29
verrucarin 31 roridin
1
roridin E (Figure 1, Table 1)11-15
H
H 05
C i é o
HO
verrucarol
roridin E : 6R,13R
isororidin E : 6'S13'S
epiroridin E : 6R,13'S
epiisororidin E : 6'S, 13R
Figure 1



Table 1. '"H NMR data of compound 1 and roridin E

1 (300 MHz, CDCls, TMS=0)

roridin E1% (300 MHz, CDCl3z, TMS=0)

position ppm (mult, J (Hz)) ppm (mult, J (Hz))
2 3.85 (d, 4.9) 3.8 (m)
3 ~2.50 (m) 2.5 (m)

2.53 (m) 2 (m)
4 6.22 (dd, 8.3, 4.0) 6.22 (dd, 8, 4)
7,8 ~2.02 (m) 2 (m)
10 5.48 (brd, 4.3) 5.5 (d, 5)
11 3.90 (d, 4.3) 3.7 (m)
13 2.82 (d, 4.1) 3.0 (AX, 4)

3.14 (d, 4.1)
14 0.79 (s) 0.82 (s)
15 3.94 (d, 12.0) 4.15 (AX, 12)

4.32 (d, 12.0)
16 1.71 (br s) 1.75 (s)
2' 5.96 (br) 5.98 (s)
4' ~2.50 (m) 2.4-2.7 (m)
5' ~3.56 (m) 3.5-4.0 (m)
7' 5.90 (dd, 15.4, 3.2) 5.7-6.0 (m)
8' 7.52 (dd, 15.4, 11.4) 7.53 (dd, 15, 11)
9' 6.58 (dd, 11.4, 11.4) 6.58 (t, 11)
10 5.75 (d, 11.4) 5.75 (d, 11)
12 2.27 (d, 1.4) 2.30 (d, 1.5)
13 3.64 (q, 6.1) 3.7 (q, 6)
14 1.20 (d, 6.1) 1.22 (d, 6)
13'-OH not detected (br)

roridin E 15 IH NMR 13
1.5 2.5ppm
13
Roridin E 6’ 13’
4 Jarvis Myrothecium verrucaria
Jarvis
1 4 13C NMR
7 8’ 1 roridinE

(Table 2)



Table 2 3¢ NMR chemical shifts'? and optical rotations of epimers of roridin E
8 c/ppm
compounds '/C8'
p cT cs A FE 8];0 %7) /IC8 [a]p (CHCI3)

I 1380 1265 115 -22(c038,225°C) _
roridin E 138.1  126.6 115 -24+2 (c 0.8, 25 °C)*4?
isororidin E 1352 131.0 4.2 -65.1 (24 °C)**
epiroridin E 137.8 126.8 11.0 +0.70 (c 1.8, 30 °C)*?
epiisororidin E 134.7 131.0 3.7 -29.2 (¢ 1.5, 30 °)**?

1 1L 28 mg
mg

1 IH NMR 2 3.2 mg 2 1

verrucarin J1-12, 16-18 (Figure 2, Table 3)
1 2 3 (1.5 mg)
3 1 2 satratoxin H (Figure 2, Table 4) 15, 19-20

roridin E (1), verrucarin J (2),

roridin E (1) verrucarin J (2) satratoxin H (3)
Figure 2
1 3 0.5mg 20
2 20
1 3 Stachybotrys atra
15, 19-20

Stachybotrys atra






Table 3. '"H NMR data of compound 2 and verrucarin J

2 (300 MHz, CDCls, TMS=0)

verrucarin Ji73) (270 MHz, CDClz, TMS=0)

position ppm (mult, J (Hz)) ppm (mult, J (Hz))

2 3.85 (d, 5.2) 3.86 (d, 5)

3 2.16 (ddd, 15.2, 5.2, 5.2) ~2 (m)
2.45-2.60 (m) 2.53 (m)

4 6.00 (dd, 8.2, 4.3) 6.01 (dd, 8, 4)

7,8 1.7-2.1 (m) ~2 (m)

10 5.47 (brd, 5.1) 5.47 (d, 5)

11 3.75 (d, 5.1) 3.76 (d, 5)

13 2.83 (d, 4.1) 2.84 (d, 4)
3.14 (d, 4.1) 3.15 (d, 4)

14 0.83 (s) 0.83 (s)

15 3.97 (d, 12.2) 3.97 (d, 13)
4.42 (d, 12.2) 4.44 (d, 13)

16 1.72 (br s) 1.72 (s)

2' 5.83 (br s) 5.85 (d, 1.5)

4 2.45-2.60 (m) 2.50 (t)

5' 4.15 (ddd, 11.7, 8.0, 5.3) 4.15 (m)
~4.45 (m) 4.47 (m)

7 6.00 (d, 15.2) 6.01 (d, 16)

8 8.07 (dd, 15.2, 11.5) 8.07 (dd, 16, 11)

9' 6.63 (dd, 11.5, 11.5) 6.63 (t, 11)

10 6.10 (d, 11.5) 6.11 (d, 11)

12 2.28 (d, 1.5) 2.28 (d, 1.5)




Table 4. '"H NMR data of compound 3 and satratoxin H

3 (300 MHz, CDCl3, TMS=0.00) satratoxin H'% (300 MHz, CDCls, TMS=0)
position ppm (mult, J (Hz)) ppm (mult, J (Hz))
2 3.85 (d, 4.9) 3.9 (m)

3 2.20 (ddd, 15.2, 4.9, 4.9) 2.20 (dt, 15, 4.5)
2.45 (dd, 15.2, 8.2) 2.45 (dd, 15, 7.5)
4 5.90 (m) 5.9 (m)
7,8 1.88-1.96 (m) 1.9 (m)
8 2.00-2.09 (m) 2.1 (m)
10 5.45 (brd, 5.1) 5.46 (d, 5)
11 3.60 (d, 5.1) 3.62 (d, 5)
13 2.83 (d, 4.1) 2.81 (d, 4)
3.14 (d, 4.1) 3.12 (d, 4)
14 0.82 (s) 0.83 (s)
15 3.86 (d, 12.5) 3.88 (d, 12)
4.56 (d, 12.5) 4.56 (d,12)
16 1.73 (br s) 1.74 (s)
2 5.84 (d, 2.2) 5.85 (d, 2)
4’ 2.66 (m) 2.6 (m)
~3.85 (m) 3.74 (dt, 10, 3)
5' 3.74 (ddd, 11.7, 11.7, 2.9) 3.9 (m)
~3.85 (m)
7 6.08 (d, 16.7) 6.09 (d, 17.5)
8' 7.35 (dd, 16.7, 10.0) 7.36 (dd, 17.5, 10.5)
9 6.61 (dd, 10.0, 10.0) 6.63 (t, 10.5)
10 5.90 (d, 10.0) 5.91 (d, 10.5)
12 3.99 (d, 6.5) 3.97 (s)
13’ 4.36 (q, 6.6) 4.38 (q, 7)
14 1.16 (d, 6.6) 1.16 (d, 7)
12’-OH 2.36 (d, 6.5)
13'-OH 2.41 (s)




IH NMR

TLC
satratoxin H (3)
3
4 1 3
3 2.09, 2.14 ppm
4 3 2 satratoxin H
12',13'-diacetate Satratoxin H 12',13'-diacetate
Eppley 3 15 4
56 1H
NMR 3 4
1 56 satratoxin H monoacetate
5 6 NMR satratoxin H 12'-acetate satratoxin H
13'-acetate (Figure 3, Table 5) 4 6

satratoxin H (3) : R=R’=H

satratoxin H 12',13'-diacetate (4) : R=R’=Ac
satratoxin H 12'-acetate (5) : Rl=Ac, R?=H
satratoxin H 13'-acetate (6) : R=H, R’=Ac

Figure 3
4 6 0.5 mg
satratoxin H
Stachybotrys atra
lg satratoxin H 3 mg

Stachybotrys atra
satratoxin H

10



(1)

satratoxin H
Fong

21

verrucarin J (2)

1-6

14d

Eppley 3

satratoxin H

H

1 3 4 6

satratoxin H (3)

(2
(PDC / DMF)
1
1 12’

5 3 6 1

11

roridin E

65

6'-12’

satratoxin



Table 5 'H NMR data of compounds 4, 5, and 6 (300 MHz, CDClI5s)
4 5 6
position ppm (mult, J (Hz)) ppm (mult, J (Hz)) ppm (mult, J (Hz))
2 3.84 (d, 5.1) 3.80~4.00 (m) 3.85 (d, 5.1)
3 2.19 (ddd, 15.3, 5.1, 5.1) 2.20 (ddd, 15.6, 4.8, 4.8) 2.20 (ddd, 15.3, 5.4, 5.4)
2.44 (dd, 15.3, 8.4) 2.44 (dd, 15.6, 8.1) 2.45 (dd, 15.3, 8.2)
4 5.89 (dd, 8.4, 4.9) 5.90 (dd, 8.1, 4.8) 5.90 (dd, 8.2, 5.4)
7,8 1.8~2.1 (m) 1.86~2.14 (m) 1.86~2.12 (m)
10 5.43 (brd, 5.1) 5.44 (br d, 4.5) 5.45 (brd, 4.0)
11 3.58 (d, 5.1) 3.58 (d, 4.5) 3.60 (d, 4.0)
13 2.84 (d, 4.1) 2.84 (d, 3.9) 2.83 (d, 4.1)
3.14 (d, 4.1) 3.14 (d, 3.9) 3.14 (d, 4.1)
14 0.83 (br s) 0.82 (s) 0.83 (s)
15 3.85(d, 12.2) 3.85(d, 12.8) 3.86 (d, 12.3)
4.52 (d, 12.2) 4.54 (d, 12.8) 4.55 (d, 12.3)
16 1.72 (s) 1.72 (s) 1.73 (br s)
2' 6.02 (d, 2.2) 6.02 (brd, 2.0) 5.85 (d, 2.2)
4' 2.56 (m) 2.55 (m) 2.62 (m)
~3.85 (m) 3.80~4.00 (m) ~3.85 (m)
5' 3.70 (ddd, 12.0, 12.0, 3.1) 3.73 (ddd, 11.8, 11.8, 3.0) 3.66 (ddd, 11.8, 11.8, 3.1)
~3.85 (m) 3.80~4.00 (m) ~3.85 (m)
7 6.03 (d, 16.8) 6.08 (d, 17.3) 6.04 (d, 16.7)
8' 7.38 (dd, 16.8, 10.0) 7.41 (dd, 17.3, 10.1) 7.33 (ddd, 16.7, 10.1, 1.0)
9 6.63 (dd, 10.0, 10.0) 6.61 (dd, 10.1, 10.1) 6.64 (dd, 10.1, 10.1)
10' 5.93 (d, 10.0) 5.92 (d, 10.1) 5.93 (d, 10.1)
12 5.26 (s) 5.29 (s) 3.95 (d, 8.6)
13 5.41 (q, 6.6) 4.22 (q, 6.7) 5.54 (q, 6.2)
14' 1.08 (d, 6.6) 1.02 (d, 6.7) 1.22 (d, 6.2)
-OR 2.09 (s) 2.12 (s) (-OAc) 2.10 (s) (-OAc)
2.14 (s) not detected (OH) 2.38 (d, 8.6) (-OH)

12



Table 6. °C NMR data of compounds 4, 5, and 6 (75 MHz, CDCls)

4 5 6 4 5 6
position ppm ppm ppm position ppm ppm ppm
2 79.06 79.06 79.07 4' 25.84 25.82 25.20
3 34.30 34.28 34.33 5' 60.30 60.40 60.24
4 74.17 74.10 74.17 6' 79.39 80.22 80.72
5 48.89 48.89  48.87 7 131.42 131.04 131.98
6 43.26  43.28 43.33 8 134.33 134.25 134.59
7 20.25 20.25 20.28 9' 142.40 142.65 142.57
8 27.45 27.45  27.57 10' 120.90 120.64 120.71
9 140.40 140.38 140.40 1 166.98 167.06 167.01
10 118.77 118.78 118.78* 12 73.23 73.25 73.33
11 68.10 68.05 68.13 13 71.32 69.24 71.83
12 65.45 65.44 65.47 14 14.89 15.30 15.13
13 48.08 48.08 48.10 -OCOMe 21.20 21.04 21.42
14 7.65 7.63 7.58 21.33
15 64.15 64.15 64.14 -OCOMe 169.88 169.61 170.35
16 23.36 23.34 23.36 170.20
1 166.04 166.04 166.19
2' 122.34 122.14 119.21*
3 149.84 149.97 154.68

*interchangeable

13



Satratoxin H

Satratoxin H (3) 6" 12" 13" Epply
15 2'- 12’
24 NOE
12’
2'- 3 (Figure 4)

Figure 4 (arrow : NOE on 3, Epplys' work)

CSA 7
(Scheme 1)

Me,C(OMe),, CSA

satratoxin H (3)

Scheme 1
1,3- 13C NMR
22
7 13C NMR 98.54 ppm 19.36
29.82 ppm 7 13’
12’ 14
e

14



7- 8
6',12',13’ 6'S,12’S,13'R (Figure 5-a)
6'R,12'R,13'S (Figure 5-b)

Me

2% 6%

a:6's, 12's, 13'R b:6R, 12'R, 13'S
Figure 5 (arrow : NOE on 7)

3 roridin E (1) 13 R 12
6’ 12’ S 1
14 3 MTPA Mosher 23
12’ satratoxin H 13'-acetate (6)
(+)-MTPA 8 (-)-MTPA 9
12’
(Figure 6) 12’
24
Mosher 3 6'R,12'R,13’S
roridin E (1) 13 (R) 25

O—4.é 0
+111
1120 1323

Figure 6: A5 values (A8 = 3(-)-6(+)/Hz) obtained for MTPA esters 8 and 9
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xylindein




(Chlorociboria aeruginosa)

(Chlorociboria aeruginascens)

1000
xylindein (10)26-32 (Figure 7)
200 1728 Geffroy
32 Rommier xylindein
Fodos 26a.,b Liebermann xylindein
xylindein
xylindein 27 Kogl
28-29 1962 Blackburn
30 1965 Edwards Blackburn
31 200
xylindein
O OH O O OH
Xylindein (10) Xylaphin
Figure 7
10 0 -
C2 extended quinone
xylaphin (Figure 7)
11

32

(Scheme 2)

16



O
(12, =

OH
O
11
10
30-31 Edwards
4,10
10
Figure 7
10
10

Xylindein (10)

10

OH
o] 0 —t
HO.
I Y

OH O (0]

12 10
Scheme 2

Figure 7
10 3,9-
13 (Scheme 3)31
10
2
1979 1990 Giles

33-34

acetylation

Scheme 3
Kogl 10
28-29 10
tetraacetylxylindein (14)
(Scheme 4) Blackburn 10

15

35

17



acetylation

OAc OAc O OAc OAc O

10 14 15

Scheme 4

xylindein (10)
xylindein
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Xylindein

Xylindein (10) Edwards Blackburn
27 10
1997 1998
Liebermann
27
80 ( ) X
2
(Figure 8) 10 2 10
Figure 8
( 1.22 A) C-0O
(1.43 A)
1  3,9- 4,10- 4,10-

1.28 136 135
o)’ )
4

Figure 8 (bond length (A))

10 2

Mosher
23 xylaphin 10
X Mosher
10 MTPA
24 xylaphin

19



10 Edwards Blackburn
10

31,35

Edwards 31

( )
3,9-dimethylxylindein(16)

(Scheme 5) 5,11
16 IH NMR 5,11
16
Pd-C
16 THF 17 17
16 Pd-C
p-
17 p- DMF
(THF ) 18
18 10 80
X 10 2 18 8
2 S
(Figure 9)
10 3 18 X xylindein (10) 2’
27 2'S, 2"S

H,, 10% Pd-C/ THF
rt, 30 min, quant.

CHAN. / OR OMe O

2N _ p-BrBnBr, _

rt, 15 h, 60% 16 (R = Me) rt, 35 min, 58% 18 (R = p-BrBn)
Scheme 5

20



OMe O(p-Br)Bn

o

o
[
=
(e}

p-BrBnO

18

Figure 9
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Xylindein

xylindein (10)

Fordos
26,31
10 10
TLC
3
TLC (ODS)
10 12
10
xylindein
dimethylxylindein (16)
16 16 19
(5:1) 1H NMR
16 xylindein
1
19
20 20 IH NMR 19 1
20

(Scheme 6, Table 7)2b

Scheme 6

22



Table 7

'H NMR data of compounds 16, 19, and 20 (300 MHz, TMS=0.00 ppm)

position

16 (CDCl3s)
ppm (mult, J (Hz))

19 (CDCI3-CD3OD)
ppm (mult, J (Hz))

20 (CDCl5s)

ppm (mult, J (Hz))

5 11

-OMe

-OAc

6.48 (s)

2.91 (dd, 16.8, 11.5)
3.42 (dd, 16.8, 2.8)

4.56 (m)

1.83 (m)
1.94 (m)
1.65 (m)
1.04 (t, 7.6)
0.83 (br s)
4.08 (s)

6.51 (s)
6.52 (s)

5.20 (d, 1.7)(H-1")

2.95(H-1")*

3.46 (dd, 16.8, 2.8)(H-1")

4.76 (m)
4.48 (m)
1.81 (m)

1.52 (m)
0.86 (t, 5.9)
0.97 (t, 5.9)
4.01 (s)
4.02 (s)

6.48 (s)
6.50 (s)

6.39 (d, 1.7)(H-1")

2.89 (dd, 17.4, 15.4)(H-1")
3.41 (dd, 17.4, 2.8)(H-1")

4.77 (m)
4.46 (m)
1.81 (m)

1.51 (m)
0.86 (t, 7.0)
0.96 (t, 7.0)
4.01 (s)
4.06 (s)
2.09 (s)

*Chemical shift (ppm) was figured out from 1H-1H COSY spectra.

19
1!

10

Scheme

Blackburn

A (10-22-23.25_21)

21
(
i 2’
21
22
11
11

23

21

2!

21

10

35

21

10

11

xylindein

C (102224 21)

21

B (10-22_25.21)

21



22
enzymic H,0
Path D oxic}/ation H \/{ Michael addition bath A
2 Path B a
C

Path

o

air oxidation (Path A,B)

CH2N2 CH2N2
19 disproportionation (Path D) 2
Scheme 7
10 20 27
p- 28
(Scheme 8)

H,, 10% Pd-C / THF
rt, 15 min, quant.

OR OMe O

p-BrBnBr, -
NaH, DMF, E27 (R=H)
rt, 25 min, 50% 28 (R = p-BrBn)

Scheme 8

28 X
2’ (S) 1’ R

24



(Figure 10) 1 2’

(A C) 1',2'-

o OMe O(p-Br)Bn

p-BrBnO OMe O

28
Figure 10
( ) 19 10 r
26 (Figure
11)
26 26 25 21
21 B Scheme
7 21 25 ( D)

OMe OMe O

26
Figure 11

25



Xylindein

xylindein (10) Kaogl 10
/ 14 10
tetraacetylxylindein

1965 Blackburn
14 15 10

(Scheme 9)35

Ac,0/AcONa

OAc OAc O OAc OAc O

14 15

Scheme 9 (Scheme 4 )

10 14
Blackburn

TLC 10

TLC
IH NMR Blackburn
15 I 2 1 2
15’ (Scheme 10)

OAc OAc O OAc OAc O

10 14 15

Scheme 10

26



15’ 10
22 23
14
15

Xylindein (10)

16
1195
FAB-MS M+ ]+
29 FAB-MS
29 16

10
29

2 Scheme 7

10
Blackburn 15
14
10
dimethylxylindein (16)
2
(5% MeOH-CHCls) IH NMR
dihydrodimethylxylindein (17)
IH NMR xylindein
FAB-MS
ESI-MS 1191
16 (Figure 12)
29
Figure 12
mu El
29 16 17 16
16 17 29

(Scheme 11)

27



MeOH-CHCljg

16
Scheme 11
Blackburn (Scheme 9)
16 xylindein
17 29 (Table 8)
17 16
1H NMR
( ) 17 29
(runs 1-3)
29
(runs 5,6) 16 17
29
Table 8. Generation of 17 and 29 under the various conditions.
in the dark irradiation
run solvents temp, time yield (%) temp, time yield (%)
17 : 292 17 : 292
1 MeOH-CHCI3 (1 :1) re,1d no reaction 19 °C, 20 min 5:5
2 HCO,H rt,1d no reaction 19 °C, 20 min 12:11
3 AcOH rt,1d no reaction 19 °C, 20 min 22:21
4 HCI-MeOH (10 eq.) 19 °C, 20 min trace 19 °C, 20 min 25:27
/ CHCl3

5 pyridine 19 °C, 20 min 14 :13 19 °C, 20 min complex mixture
6 Et3N (10 eq.)/ CHCIy rt,3d 29:27 - -
7 AcOH reflux, 3 h 11:1 - -
8 pyridine reflux, 3 h complex mixture — —

a) The ratio (17 : 29) was determined by IH NMR spectrum.

28




29
16

29

29(7%)
17

16 17

1H NMR

17 29

40

(Table 9)

29 29
(runs 1,2) 17 16
16 17
17 (50%) 16 17(10%)
(run 3) 16 17
16 (run 4)
Table 9. The photo-induced reaction of 16 in AcOH?.
run substrate atmosphere yield (%)
17: 29°
1 16 Ar 22:21
2 16 02 0:2
3 16:17=1:1 Ar 60:7
4 16:17=1:1 0O, 17:1
a) A stirred solution of 16 (or 16 + 17) in AcOH was irradiated with
sunlight lamp for 20 min at 19 °C.
b) The ratio (17 : 29) was determined by 1H NMR spectrum.
29 16
40
40 17 29
TLC 40 17 20
17 29 16 17 29
60

29



17

36

17 or 29 / mol

16/ mol

0 10 20 30 40 50 60
time / min

Figure 13 Time-dependent formation of 17 and 29.

16
17 29
16 [16*+16]
) 16" 16 (Scheme 12) 16
30 30 2
38 167" 16*d 29 39

30

37

(*

16



Scheme 12

16" 16
31
38 30 31
17 29 (Scheme 13)

31



16"

167~

16

+ 31

Scheme 13

32

(Scheme 14)

17

29

30

31



o+

+ 16

+ 16
Scheme 14
29
16* 16 16*
3
40 16
16~
16 16 16°°d
16 17 29
(Scheme 15)
Et3N o+
+ Eth
+ Et3N

33



16 17 (Table 8,
run 7)
16 16

38,41 16 17

xylindein 16
xylindein 21 25
21 25

(Schemel6)

o OH OH

90
(0]
OH O
LS

OH OH O

25

disproportionation

Scheme 16

21 25
xylindein (10) 16

42,43 16

34






47

35

45,46

46

44

45



36

10

31

15

pH 4
pH 2

20

(pH 8-10)

24

14



32

1/4
OoDS
HP-20
Sephadex G-15
Sephadex G-15
(Scheme
17) 32 G-15
33
32 G-15 G-25

32 33

Hippopotamus' sweat (wiped with gauze)

— Hzo
l«— evaporation to

IH NMR IH 1/4 volume
NMR red solution
<— gel filtration
chromatography
(Sephadex G-15, H,0)
(Sephadex G-25, H,0)

Fr.1 Fr.2 Fr.3 )
(brown) (red) (orange, including 33)

<~— Sephadex G-25 (powder)
lyophylization

-<—ion exchange chromatography

(QAE Sephadex A-25,
ODS  Sephadex 1.7 M NaCl - 0.2 M

LH-20 HP-20 Sephadex G-25 phosphate buffer, pH 6.1)
G-25 32/ phosphate buffer

Scheme 17

32 !H NMR
2 (ABg, & 6.63, 6.55) 1
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(8 6.44)

4.7 ppm
HOD
3~4 ppm
Sephadex
Sephadex A-25
(pH 7.2) QAE
2) pH
6.1)
530, 411, 240 nm
1IH NMR
2H
1IH NMR
13C NMR NMR
32
FAB-MS

Sephadex G-25

QAE

3H

38

HOD

3~4

32

ppm

DEAE Sephadex A-25 QAE
0.05M
32
0.4 M
1)
3) 3
0.2 M (pH
QAE Sephadex A-25
1.7 M
uv
3.34 ppm
(6.44 ppm)
M+H



32

18-a)

Fr. 2 (after gel filtration)
(red)

<~— Sephadex G-25 (powder)
lyophylization
~<—0.2 M phosphate buffer (pH 6.1)
~—ion exchange chromatography
(QAE Sephadex A-25,
1.7M NaCl-0.2M
phosphate buffer, pH 6.1)
—A4—FAB-MS
l«—dialysis (MW 10000)

32 / phosphate buffer
(for FAB-MS)

a

Scheme 18

32
m_
329 331 333
287

ESI
ESI FAB

LC LC

32

10000

(Scheme

Fr. 2 (after gel filtration)
(red)

<~— Sephadex G-25 (powder)
lyophylization

—4—ESI-MS
~—0.2 M TEA-HCO,H buffer (pH 6.1)
<—ion exchange chromatography

(QAE Sephadex A-25,

1.7M NaCl-0.2M

EtzN-HCO,H buffer, pH 6.1)
<—dialysis (MW 10000)

32/ EtzN-HCO,H buffer

(for ESI-MS)

b

331

ESI-MS

ESI-MS
LC-MS

ODS LC



0.2M

FAB-MS

525 nm

285

TFA 0.1

1.7 M NaCl/
(Scheme 18-b)
LC 50
329
FAB-MS
327
32
uv £
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32

1)
2) 3 3 4)
DOPA
DOPA (3,4-dihydroxyphenylalanine) DOPA DOPA
DOPA (Scheme 19)48-50
DOPA 49

51,52 DOPA

DOPA
DOPA

HO COzH o COzH o
) SR NS G ey o g W
HO 2 o 2 o N 2

DOPA DOPA-quinone DOPA-chrome
(orange) (red)
Scheme 19
32
TLC ODS, 50%
- UV(365 nm)
TLC
34
pH
pH 2 34
TLC ODS, 65
- 35 35
TLC ODS, 50 i1H
NMR 35 (35a,35b) 1
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1 35a, 35b
32 IHNMR 3
7.8~9.5 ppm 3 4.9 ppm 1H
3.5~4.1 ppm 3 32 NMR
35 IH NMR
3
TBSCI TLC
TBSOTf 2,6-
TBS 36 36 PTLC (SiO2,
) 35 2 36 35
TBS
Scheme 20
raj plgment 32 Na28204 34 CH2N2 35 TBSOTf, 2,6-Iut|d|ne 36
recrystallized from MeOH
Scheme 20
36 35
IH NMR 35 3
2 TBS 13 NMR
4 5 3 2
NOE 5.04 ppm TBS
(0.26, 0.29 ppm) NOE (6.91, 6.57 ppm)
TBS (0.28, 0.23 ppm) NOE 6.21 ppm
(9.83 ppm) (3.01 ppm)
NOE HMQC HMBC
1 FAB-MS 602 ESI
603 FAB-MS
C31H460sSi2
X Figure 14
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TBSO 9002'\"6 OTBS

OH
CO,H
CO,Me
OH

homogentisic acid

Figure 14

36

IH NMR
NMR NOE HMBC
(Figure 15)

OMe OH MeO (0]
301 983 56.3 (128.5)
'H NMR (5 / ppm, 300 MHz, C¢Dg) 13¢ NMR (5 / ppm, 75 MHz, CgDg)

(* interchangeble)

¥ 0.8 /_\
CO,Me ;| coaMe

OMe HO 3.6, 6.2
H 85 17 HH
HMBC-correlation NOE (%)

Figure 15
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36
2
HO COuH
OH HO
34
36
34
32
34
ESI 329
331 333
329
329
328
(sudor)

53 (Figure 14)

54

HO COzMe g HO COzMe g
COzH CO,Me CO,Me
OMe HO OH MeO
35a 35b
Figure 16
34 35 Figure 16
2 32
333 32 FAB 331
FAB ESI
EI-MS  FAB-MS
55 32 FAB-MS
329
331 333
ESI
32
32 (hippopotamus)
hipposudoric acid (Figure 17)

CO,H

hipposudoric acid (32)
Figure 17
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32

(Figure 18) 9 sp
IH NMR
IH NMR 9
5.2 ppm 32 5ppm
HOD
32 33 32
COZH o COZH COLH

32b\/ \/°

CO,H CO,H
! !l ’\/COZH ! !! ’\/COZH
32e
Scheme 21
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hipposudoric acid (32)

32
32
32
32
(Scheme 22)5¢
32
Ac Ac (e)

HO OH HO OH HO (0] o
D Sakh ¢ YL 95 6
ag. Nap,COg3 AcC

OH OH OH OH HO
usnic acid
Scheme 22
Friedel-Crafts (Scheme 23a)
(Scheme 23b)
0
L+ 0 989
5 4
O o)
o O D — — G0
X X
Scheme 23
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32

4,5
57-59
Pschorr 60
Pschorr
61,62 Kiesman
62
Pschorr 4.5-
Pschorr
Scheme 23-b
32 34 4 2
34 39
38 2 (9 3 )
O-
1
Pschorr (Scheme 24)

o  COH g COZH COZH

37

O'O oxidation deprotectlon
CO,H

(0] @) OH HO

reductl on Q. Pschorr

39
Scheme 24

40

a7

38

39

40




38

63-67
Simpson6t3 Walsh66

Freidel-Crafts
1(Scheme 25a)

64.65(Scheme 25b) Freidel-Crafts
67(Scheme 25c)

0 0 0
a X 4 Ar Ejf‘\Ar ©fJ\Ar
NHP NHP NH,
0 o} o}
o) Ar Ar
b E:f‘\/)\+ Ar-M R
N NHAC NH,
0 o )
NOZ N02 NH2
Scheme 25
Scheme 25c¢ Freidel-Crafts
66,67 40 Scheme 25a
25¢ B-

Freidel-Crafts

40
(Scheme 26)

? OH 0]
Ar Ar
+ Ar-M .
NO, NO, NH;
Scheme 26
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2,5-dimethoxybenzaldehyde
Raiford

68 2,5-dimethoxybenzaldehyde

IH NMR

3,6-dimethoxy-2-nitrobenzaldehyde (41a)
2,5-dimethoxy-4-nitrobenzaldehyde (41b)

3:1
60 (Scheme 27)
OMe OMe OMe
OHC OHC OHC
HNO;
0°C, 5 min, 57% +
min () O_N NO,

OMe OMe OMe
2,5-dimethoxy- 41a 41b
benzaldehyde 3:1

Scheme 27
41a
4-bromo-2,5-dimethoxytoluene(42) 2,5-dimethoxytoluene
42
n-BulLi t-BulLi
t-BulLi t-BulLi
Jebaratnam 65 41a
PCC
43 (Scheme 28)
oM 1) t-BuLi, THF, -78 °C,
© OMe 15 min, then 41a/ THF, oMe ©  OMe
Br
Br,, CH,Cl -78°C~rt, 2 h
rt, 10 h, 75% 2) PCC, CH,Cly, 1t, 12 h
2 steps 97% NO;
OMe OMe OMe OMe
2,5-dimethoxytoluene 42 43
Scheme 28
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40

Pschorr

39
39 9
38

Fe/ AcOH - H,0

(10: 1)
43
reflux, 1 h, 86%

2

69

40 Jebaratnam

62 Jebaratnam

(Scheme 29) 9
TFA 70
OMe MeO ¥ OMe

1) i-amyl nitrite,

ACcOH, rt, 30 min
2) hydroguinone,
rt, 1 h, 79%

OMe MeO OMe

EtsSiH, TFA, ~39:X =0
rt, 15 min, 81%~38: X = H,

Scheme 29

39

50

38

65



Hipposudoric acid (32)

38 2 9 3
(Scheme 30) 9
46
3
39 3 44 TFA
45 45 TMEDA n-BulLi
71 46
9
Meo  CO2R ome
CO,R
MeO  OMe R=HorMe

1) n-BuLi, TMEDA
' 2) CO,, or MeOCOC!

MeO Q@  oOMe _ MeO ! OMe
Et;SiH, TFA,
0.0 rt, 15 min, 79% 0.0
X Br
MeO OMe MeO OMe

39:X=H ) NBS, BPO, benzene 45

44: X =Br< reflux, 13 h, 92%
Scheme 30
44 3
TMSCN
72 44
DeShong
TBAF
TMSCI KCN
TBAF

TMSCN

51

MeO COzR OMe

989

MeO OMe
46

R=H or Me

3 TMSCN

74

TMSCN
TMSCN



TBAF 44
(DMSO, DMF, MeCN)

TMSCN
TLC 44 UV(365 nm)
TBAF
TBAOH
TMS 47
47 48
TMS
74 TMSCI-MeCN-Nal
75 Berden
76
BFs: Et20
Silverman e 47 BFs: Et20
48
48
49 49
2 NMR 49
0
1H NMR
34 (Scheme 31)
R
MeO O  oOMe Meo NG OMe RO  GOR oR
. TMSCN, TBAF . HCI-AcOH (3: 1) .
20 °C, 15 min, 69% reflux, 3 h, 60%
Br CN CO,R
MeO44 OMe MeO OMe OR HO
Et3SH, BF3Et,0 47 :R=0TMS BBr3, CH,Cl,  ~49: R=Me
CH,Cl,, 0°C,1h, 99%~ 48 R=H 0°C,5h, quant>~34: R=H
Scheme 31
34 (Scheme 32)
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52



34

34
1:1
34
0.2 M
0.2 M CM Sephadex A-25
1IH NMR
DSS 10
32
Ho  $O2H oy
CM Sephadex, 0.2 M QAE Sephadex, 0.2 M
0.0 FeClg, glycerol-H,0 (10: 1)  phosphate buffer, pH 6.1  phosphate buffer, pH 6.1
CO,H  5°C,5min then 1.7 M NaCl / 0.2 M
HO HO phosphate buffer, pH 6.1
34
Scheme 32
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33

33
33
32 33
32
33
2.3 M
32 1.7 M
1H
NMR
(2H)
(2H)
(1H) 32
7.05 ppm
(1H) uv
32
2 (511, 418,
243 nm) 32
32 33
log ¢ 33
NMR
LC-ESI-MS
284 32
32
33
35(Scheme 20) H NMR

50a 50b(1: 1)

32

Sephadex G-15

32

33

(Scheme 33)

Hippopotamus' sweat (wiped with gauze)

red

- Hzo
l«— evaporation to

1/4 volume
solution
<— gel filtration
chromatography
(Sephadex G-15, H,0)
(Sephadex G-25, H,0)

Fr.1 Fr. 2
(brown) (red)

Fr.3
(orange)

<—Sephadex G-15 (powder)
lyophylization

«— ion exchange
chromatography
(QAE Sephadex A-25,
23MNaCl-02M
phosphate buffer, pH 6.1)

orange pigment 33

Scheme 33

DSS

Pd-C

(Scheme34)

54

1H
uv

33

32



H, / Pd-C CH,N,

orange pigment 33 50a + 50b
Scheme 34
33 7.05 ppm
3.73(4H), 3.75(2H), 3.76(2H) ppm 8 (50a 50b
4 ) 2
2 35 IHNMR 3
2 9
50a 50b 32 45
45 51
O-
IH NMR
50a 50b (Scheme 35)

MeQ OMe
0.0 _HBr-AcOH (3: 1) 0.0 _CHaNp, B0
R reflux, 3h O,H EtOAc

CO,Me

HO HO OR! OR?
TMSCN, TBAF ~ 45:R=Br 50a, 50b
MeCN, 50°C, 6 h> 51 : R=CN (mixture of mono-methyl ethers:
99% R!=H, R?=Me and R*=Me, R?=H)
Scheme 35
33 32
33 32 1 norhipposudoric acid

(Figure 18)

CO,H

nor hipposudoric acid (33)
Figure 18
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33 H NMR 7.05 ppm 1H 9
33 33a
33b~e (Scheme 36)

G~ 30

REGIFARENGAT

HO 0 o) OH
! !! '\/COZH l! !! '\/COZH
O O O O
33d 33e

Scheme 36
32 33 uv
32
33 9 7.05 ppm
IH NMR
33a
(Scheme 37) NMR
9
33a

Scheme 37
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33

32

57

33



32 33

53 54 (Figure 19)

MeO OH OH
OMe HO HO
53 54
Figure 19
52 32 42 55 53 52
56 54 32
42 bromobenzene (Scheme 38)
OMOM OMOM COZMe
Br same as
Schemes 28, 29 0.0 Q.O
CO,Me
OMOM OMe OMOM OMe OH
55 56 52
\ MeO OH
OMe OH
OH
o8 S0 ’
bromobenzene OH
54
Scheme 38

58

52



52 DDQ IH NMR

( 57) ( 57)
57 57’
57’ (4 ) 10.62 ppm 5
53 DDQ
( 58) 58’
58’ (4 )
10.31 ppm 57 58 9
54 ( 59)
1 4,5 (Scheme 39)
CO,Me CO,Me CO,Me
MeO s OH MeO 0 MeO o}
CO,Me O O CO,Me O CO,Me
OMe OH OMe O OMe OH
52 57 57
MeO OH MeO O MeO 0
T L) =
OMe OH OMe O OMe OH
53 58 58
OH 0 o}
@ _ .~ N
- ) == O
OH 0 OH
54 59 59'
Scheme 39
32 33
32 33 1 4 5 8
(Schemes 21, 36) 4- 5 32b(33h)
32¢(33c) 79,80
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fast
CO,H

4625?)5

33b

Scheme 40

32 33 32b(33b) 32¢(33c)
33 9 1H
NMR 33b  33c
Scheme40 4- 5
60 61
(Figure 20)

HO OH o o

9SONENNG e

60 61
Figure 20

60 61
58( ) 58 ( ) UV IH NMR
400 nm 530 nm
IH NMR

ppm 61
Scheme 40
4- 5
Scheme 40 60
32 41a 2-bromo-1,4-dimethoxybenzene
(Scheme 41)

OMe OMe
CHO Br

HO OH
+ same as Schemes 28, 29 “ii”'lzii'7
NO,
HO OH

OMe OMe
4la 2-bromo-1,4-dimethoxy- 60
benzene

Scheme 41
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60 DDQ

uv 538 nm
IH NMR
61 7.38 ppm 9 1H
2H 2
2,3,6,7
4- 5
16.8 ppm
11 13 ppm
Lluch
(18.85 ppm) low barrier
hydrogen bond 81 61
32 33 61
4- 5 4- 5
61’
82,83(Figure 21)
o} o}
¢ O
0 O
H
61'
Figure 21
61 uv 538 nm 1 32
530, 411nm 33 511, 418 nm 2
61 32 33
61
61 10 uv
522, 412 nm 2
32 33 61
IH NMR
61
ODS( )
uv 518, 410 nm 2
61
2 uv
32 33 61 61 pKa

61



33

33

32

84

33

a) Hendrickson-Cram-Hammond, Organic Chemistry, 3rd Ed., 1970.

Table 10

62

61 oDSs
OoDSs
61 104 M 32 33
61
33 UV loge 61
61 ODS(
pH  pH uv
pH pKa 2.7-3.3
plumbagin pKa Table 10 61 pKa
61
pKa
(pH 8.5-10) (pH 6.1)
32 33 pH 6 10 uv
pH
pH
pKa
MeOH - H,0 (1:1) H,0?%
61 2.7-33
phenol 11.8 10
OH O
98 —
& plumbagin
acetylacetone — 9.0
benzoic acid 5.6 45+0.5
acetic acid 5.6 45+ 0.5 (4.76)

32



32

4,5

32 33 61
32 33

33

protonated
32: R'= CH,CO,H, R?= CO,H
33: R!=CH,CO,H, R?=H
61:R'=R*>=H

Figure 22

63

Figure 22

61

dissociated
32:R'=CH,CO,, R*= CO,
33:R'=CH,CO,, R?=H
61:R'=R*>=H



uv
(UV-A : 320-400 nm, UV-B : 290-320 nm)

85

hipposudoric acid (32) norhipposudoric acid(33)
32 33

32 33
TLC
32 33
365 nm 471, 456 nm

32 33

86

7

(Bacillus stearothermophilus, Candida albicans QC, Klebsiella pneumoniae,
Escherichia coli, Staphylococcus aureus Smith, Mycobacterium vaccae ATCC,
Pseudomonas aeruginosa A3)

Bacillus stearothermophilus
Pseudomonas aeruginosa A3 Klebsiella pneumoniae
4 Bacillus
stearothermophilus, Pseudomonas aeruginosa A3 Klebsiella pneumoniae

Staphylococcus aureus 209P 4
0.1 (10-6 cfu/mL) MIC(minimum
inhibitory concentration) (Table 11) Bacillus
stearothermophilus
2 pH 9 pH 8.5
4
32 33
(32:1.7M, 33:2.3M)
0.1 M
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40mg/ L

32 33

32
0.1 M

100 mg/L 176 mg/ L

MIC

Bacillus stearothermophilus Klebsiella pneumoniae,
Pseudomonas aeruginosa A3 (Table 11)

2 cfu
Table 11 MIC value of 32 and 33
Bacterial species hippos’ sweat? 32 33
Klebsiella pneumoniae 1/4 25 mg / Lb 88 mg /L
Pseudomonas aeruginosa A3 1/4 12 mg/ LP ¢
Bacillus stearothermophilus 1/512 50mg /L 88 mg /L
Staphylococcus aureus 209P 1/2 50mg /L ¢
a) Sweat sample was directly diluted by 0.1% micro broth medium.
b) Determined from measurement of cfu.
c) Activity was not observed.

32 Klebsiella pneumoniae 25 mg / L
Pseudomonas aeruginosa A3 12mg/L
Pseudomonas aeruginosa A3 32 50mg/L
33 32
33 32 2.0x 104
M (55-60 mg / L) 32 Klebsiella pneumoniae
Pseudomonas aeruginosa A3
Bacillus stearothermophilus 32
Bacillus stearothermophilus
34
Bacillus stearothermophilus 34 32
32
34
34 87 34

32

32
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88

88,89 (Scheme 42a)

90.91(Scheme 42b)
@ °
- L — O, —
o o® o

B — b4
N/
®

Scheme 42
32 33 1
ESR 33
(7.0x 10-4M)
33 2.5x 10 3 M
ESR
Hydroxy-TEMPO 33 2.19x 106 M
33 0.08% 2.19x 106 M
ESR
g 2.0043
33
33
33
33 32
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(Podostroma cornu-damae)
roridin E (1) verrucarin J (2) satratoxin H (3)
satratoxin H (3)
satratoxin H 12’,13’-diacetate (4) satratoxin H 12’-acetate (5) satratoxin H
13'-acetate (6) 1 3-6 0.5 mg
1~3 Stachbotrys atra

(Figure 23)

roridin E (1) verrucarin J (2) satratoxin H (3) : R=R?=H
satratoxin H 12',13'-diacetate (4) : R=R?=Ac
satratoxin H 12'-acetate (5) : Rl=Ac, R?=H
satratoxin H 13'-acetate (6) : R=H, R?=Ac

Figure 23
(Chlorociboria sp.)
xylindein (10) 2’, 2”7 xylindein
3 tetraalkylxylindein 18 18 X 10
2'S, 2"S (Figure 24)

(0] OMe O(p-Br)Bn

(0] OH O p-BrBnO OMe O

xylindein (10) 18

Figure 24
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1 10 19
26 19 10 1's, 2'S, 2”S
(Figure 25)

19 26
Figure 25
xylindein dimethylxylindein (16)
dihydrodimethylxylindein (17)
dimethylxylindein dimmer (29) (Scheme 43)
16
17 29

17

hv

Scheme 43 (Scheme 11 )

(Hippopotamus amphibius)
32 33 32
3 36 36 X 32
(Figure 26)
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TBSO CO2Me 51pg

Figure 26

33 32
33 32 9
uv
4 5

protonated

hipposudoric acid (32) : R' = CH,CO,H, R*= CO,H
norhipposudoric acid (33) : Rl= CH,CO,H, R’=H

Figure 27

32 33
32

33

hipposudoric acid norhipposudoric acid

70

32:R=CO,H
33:R=H

IH NMR

(Figure 27)

dissociated

32:R'=CH,CO,, R*=CO,
33:R'=CH,CO,, R*=H

32 33

Xylindein



General

The melting points (mp) were determined on a micro hot-stage Yanaco MP-S3 and were uncorrected.
Optical rotations were measured on a JASCO DIP-360 photoelectric polarimeter. UV /Vis spectra were
recorded on a HITACHI U-2001. Fluoresce spectra were recorded on a HITACHI F-4500. IR spectra were
recorded on a JASCO FT-IR-200 spectrometer. *H and 13C NMR spectra were recorded on a JEOL
lambda 300 or Varian MERCURY plus 300 or JEOL alpha 400 at ambient temperature. 13C chemical
shifts were determined with complete proton decoupling. *H NMR spectral data were reported as follows:
chemical shift in parts per million (ppm) downfield or upfield from internal standard (noted before data),
integration, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet),
coupling constants (/ Hz), assignment. 13C chemical shifts are reported in ppm donfield or upfield from
internal standard (noted before data), assignment (determined by HMQC, HMBC spectra). ESR spectra
were recorded on a JEOL JES-RE3X. High-resolution (HR) and low-resolution (LR) electron impact (EI)
mass spectra (MS) were recorded on GC mate mass spectrometer. High-resolution and Low-resolution
fast atom bombardment (FAB) mass spectra were recorded on the same instrument using
m-nitrobenzylalcohol or glycerol as matrix. Low-resolution electron spray ionization (ESI) mass spectra
were recorded on API1-300 (PE SCIEX Co.) mass spectrometer. Elemental analysis (Anal.) was obtained
on Elemental vario EL analyzer. Analitical thin layer chromatography (TLC) were performed using
Merck TLC (silica gel) 60F-254 plates (0.25 mm) and Merck TLC (ODS) F-254 (Art. 5715), and
visualization was accomplished with UV lamp (254, 365 nm) or with spraying an ethanolic
phosphomolybdic acid or an ethanolic iron trichloride. Column chromatography was performed on silica
gel, Fuji silysia PSQ 100B, and Fuji silysia BW-200, or ODS, Merck Silica gel 60 extra pure. lon
exchange chromatography was performed through Pharmacia Biotech QAE Sephadex A-25 (anion
exchange) or CM Sephadex A-25 (cation exchange). Gel filtration was performed through Pharmacia
Biotech Sephadex G-15 and G-25. HPLC (high performance liquid chromatography), connected ESI-MS,
was performed on ODS column UG-80 (Shiseido Co.). Air- and moisture-sensitive reactions were carried
out under argon atmosphere with oven-dried glassware. The organic solvents were purified and dried by
appropriate procedures, and evaporation and concentration were carried out under reduced pressure

below 30 °C, unless otherwise noted.
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Mushroom material

The mushrooms were collected in September, 1999, in Hokkaido and in October, 1999, in Niigata,
Japan.

Fermentation

The fungus was isolated from the culture tissue of Podostroma cornu-damae. The mycelium was
grown in a stationary culture in a 500 mL flask containing 100 mL of a medium consisting of 10 g of

malt extract and 2 g of yeast extract per 1 L of distilled water at 27 °C for three weeks.

Extraction and isolation of macrotrichothecenes from culture medium

A culture broth (1010 mL) of Podostroma cornu-damae was extracted with hexane (300 mLx 3), and
the combined hexane layer was evaporated. The obtained mixture (28.0 mg) was
chromatographed on silica-gel PTLC (50% EtOAc-hexane) to give roridin E (1) (22.1 mg) and
verrucarin J (3.2 mg). The culture broth was then extracted with Et2O (300 mLx 3), and the
combined ether layer was evaporated. The obtained mixture (24.5 mg) was chromatographed on
ODS (20 g) with 50% MeOH-H:0, and then the main component was purified by silica-gel PTLC
(3% MeOH-CHCIs) to give satratoxin H (3) (1.5 mg).

Extraction and isolation of macrocyclic trichothecenes from culture filtrate

The fruit bodies (100 g, collected in Hokkaido) of Podostroma cornu-damae were cut and half (50 g)
was extracted with water (100 mLx 2). A part (90.1 mg) of The extracts (3.27 g) was
chromatographed on ODS (8.0 g) with 1 : 1 methanol-water to give satratoxin H (3) (2.5 mg). The
rest (50 g) of the fruit bodies was extracted with methanol (100 mLx 2). A part (700 mg) of the
extracts (1.29 g) was partitioned between H20 (5 mL) and EtOAc (5 mLx 3). The combined EtOAc
layer was evaporated and the residue (48.8 mg) was chromatographed on silica-gel (40 g) with 50%
EtOAc-hexane to give satratoxin H (3) (5.5 mg) and satratoxin H 12’,13'-diacetate (4) (13.4 mg).
The other fractions were concentrated and the residue was subjected to silica-gel PTLC with 30%
EtOAc-hexane to give satratoxin H 12'-acetate (5) (3.0 mg) and satratoxin H 13'-acetate (6) (4.9 mg).

Roridin E (1). A colorless amorphous powder; R=0.47 (40% hexane-EtOAc), [a]p225= -22 (c 0.38,
CHCIs) [lit.1! [a]p25 = -24+2 (¢ 0.798, CHCI3). lit.13 [a]p23 = -16+1 (c 0.815, CHCI3)]; UV (EtOH) Amax
nm (log €): 263 (4.18), 223 (4.26) [lit.11 263 (4.30), 223 (4.40), 195 (4.2). lit.13 262 (3.98), 218 (4.25),
198.5 (4.26)]; IR (CH2Cl2) vmax cmt: 3578, 2976, 2930, 1712, 1650, 1600, 1438, 1420, 1398, 1362,
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1221, 1180, 1150, 1121, 1082, 1038, 1010, 998, 967, 923, 865 [lit.1t 3570, 3050, 2975, 1712, 1647,
1603, 1365, 1220, 1180, 1148, 1142, 1096, 1090, 1080, 966, 814. lit.13 3500, 1705, 1640, 1595]; 1H
NMR (CDClz, TMS =0) 6 0.79 (3H, s, H-14), 1.18 (3H, d, J = 6.1 Hz, H-14"), ~1.66 (1H, m, H-7), 1.71
(3H, br s, H-16), ~2.00 (1H, m, H-7), ~2.02 (2H, m, H-8), 2.05 (1H, m, H-3), 2.27 (3H, d, J = 1.4 Hz,
H-12'), ~2.50 (2H, m, H-4"), 2.53 (1H, m, H-3), 2.82 (1H, d, J = 4.1 Hz, H-13), 3.14 (1H, d, J = 4.1 Hz,
H-13), ~3.56 (2H, m, H-5), 3.64 (1H, q, J = 6.1 Hz, H-13'), 3.69 (1H, m, H-6"), 3.85 (1H, d, J = 4.9 Hz,
H-2), 3.90 (1H, d, J = 4.3 Hz, H-11), 3.94 (1H, d, J = 12.0 Hz, H-15), 4.32 (1H, d, J = 12.0 Hz, H-15),
5.48 (1H, br d, J = 4.3 Hz, H-10), 5.75 (1H, d, J = 11.4 Hz, H-10"), 5.90 (1H, dd, J = 15.4, 3.2 Hz, H-7"),
5.96 (1H, br, H-2), 6.22 (1H, dd, J = 8.2, 4.0 Hz, H-4), 6.58 (1H, dd, J = 11.4, 11.4 Hz, H-9"),7.52 (1H,
dd, J = 15.4, 11.4 Hz, H-8"); 13C NMR (CDCls, CDCls = 77.00) & 6.64 (C-14), 18.23 (C-14'), 20.30
(C-127), 21.55 (C-7), 23.23 (C-16), 27.63 (C-8), 35.78 (C-3), 41.21 (C-4’), 42.67 (C-6), 48.11 (C-13),
48.36 (C-5), 63.69 (C-15), 65.57 (C-12), 67.18 (C-11), 69.83 (C-5’), 70.63 (C-13'), 74.14 (C-4), 79.19
(C-2), 83.89 (C-6"), 117.12 (C-2")*, 117.76 (C-10"), 118.80 (C-10)*, 126.50 (C-8'), 138.00 (C-7’), 140.18
(C-9), 143.62 (C-9), 159.20 (C-3"), 165.78 (C-11"), 166.42 (C-1") [*: interchangeable]; FAB- MS m/z
515 [M+H]*, C29H380s.

Verrucarin J (2). Acolorless amorphous powder; Rf= 0.66 (40% hexane-EtOAc), [a]p?2= +8.1 (c 0.20,
CHClg) [lit!, [a]p?2 = +2042 (c 1.011, CHCIs); UV (EtOH) Amax nm (log ¢): 262 (3.90), 220 (4.00) [lit.1
262 (4.16), 219 (4.30), 196 (4.19). lit.18 261 (4.34), 220.5 (4.33)]; IR (CH2Cl2) vmax cm-1: 3601, 2958,
2932, 2877, 1712, 1662, 1590, 1462, 1413, 1380, 1358, 1225, 1182, 1151, 1085, 1043, 1000, 968, 880,
822 [lit.11 2810, 1710, 1650, 1630, 1588, 1352, 1221, 1180, 1147, 1070-1088, 1042, 995, 968, 877, 820.
lit.17a 3022, 2962, 1712, 1650, 1224, 1182. lit.18 (KBr) 1705, 1650, 1595]; 1H NMR (CDCls, solvent
residual peak = 7.26) 8 0.83 (3H, s, H-14), 1.7-2.1 (4H, m, H-7, 8), 1.72 (3H, br s, H-16), 2.05 (1H,
ddd, J =15.2, 5.2, 5.2 Hz, H-3), 2.28 (3H, d, J = 1.5 Hz, H-12'), 2.45-2.60 (3H, m, H-3, 4), 2.83 (1H, d,
J = 4.1 Hz, H-13), 3.14 (1H, d, J = 4.1 Hz, H-13), 3.75 (1H, d, J = 5.1 Hz, H-11), 3.85 (1H, d, J = 5.2
Hz, H-2), 3.97 (1H, d, J = 12.2 Hz, H-15), 4.15 (1H, ddd, J = 11.7, 8.0, 5.3 Hz, H-5), 4.42 (1H, d, J =
12.2 Hz, H-15), ~4.45 (1H, m, H-5'), 5.47 (1H, br d, J = 5.1 Hz, H-10), 5.95 (1H, br s, H-2’), 6.00 (1H,
dd, J = 8.2, 4.3 Hz, H-4), 6.00 (1H, d, J = 15.2 Hz, H-7’), 6.10 (1H, d, J = 11.5 Hz, H-10’), 6.63 (1H, dd,
J =115, 11.5 Hz, H-9'), 8.07 (1H, dd, J = 15.2, 11.5 Hz, H-8"); 13C NMR (CDCls, CDCl3z = 77.00) 6 6.95
(C-14), 17.19 (C-12'), 20.74 (C-7), 23.26 (C-16), 27.65 (C-8), 35.10 (C-3), 40.20 (C-4’), 43.03 (C-6),
48.05 (C-13), 48.84 (C-5), 60.42 (C-5'), 63.31 (C-15), 65.45 (C-12), 67.28 (C-11), 75.32 (C-4), 79.04
(C-2), 118.12 (C-10), 118.62 (C-2"), 125.51 (C-10'), 127.37 (C-7"), 139.11 (C-8), 139.46 (C-9'), 140.44
(C-9), 156.58 (C-3"), 165.53 (C-11"), 165.79 (C-1'), 166.09 (C-6’); ESI-MS m/z 485.5 [M+H]*, 507.4
[M+Na]*. C27H320s.

Satratoxin H (3). A colorless amorphous powder; Rf= 0.23 (40% hexane-EtOAc), [a]p?25= +73 (c
0.10, CHClg); UV (MeOH) Amax nm (log €): 255 (4.04), 229 (4.29), 205 (4.21) [lit.20 255 (4.02), 225
(4.17)]; IR (CH2Cl2) vmax cm-: 3580, 2979, 1718, 1652, 1595, 1437, 1410, 1361, 1259, 1239, 1218,
1192, 1153, 1081, 1043, 1002, 964, 882 [lit.1° 1720, 1650, 1595]; *H NMR (CDCls, TMS = 0.00) 5 0.82
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(3H, s, H-14), 1.16 (3H, d, J = 6.6 Hz, H-14"), 1.73 (3H, br s, H-16), 1.88-1.96 and 2.00-2.09 (each 2H,
each m, H-7 and 8), 2.20 (1H, ddd, J = 15.2, 4.9, 4.9 Hz, H-3), 2.36 (1H, d, J = 6.5 Hz, 12"-OH), 2.41
(1H, s, 13'-OH), 2.45 (1H, dd, J = 15.2, 8.2 Hz, H-3), 2.66 (1H, m, H-4'), 2.83 (1H, d, J = 4.1 Hz, H-13),
3.14 (1H, d, J = 4.1 Hz, H-13), 3.60 (1H, d, J = 5.1 Hz, H-11), 3.74 (1H, ddd, J = 11.7, 11.7, 2.9 Hz,
H-5'), ~3.85 (2H, m, H-4', 5"), 3.85 (1H, d, J = 4.9 Hz, H-2), 3.86 (1H, d, J = 12.5 Hz, H-15), 3.99 (1H,
d, J = 6.5 Hz, H-12"), 4.36 (1H, g, J = 6.6 Hz, H-13'), 4.56 (1H, d, J = 12.5 Hz, H-15), 5.45 (1H, br d, J
= 5.1 Hz, H-10), 5.84 (1H, d, J = 2.2 Hz, H-2'), 5.90 (1H, d, J = 10.0 Hz, H-10"), 5.90 (1H, m, H-4),
6.08 (1H, d, J = 16.7 Hz, H-7"), 6.61 (1H, dd, J = 10.0, 10.0 Hz, H-9"), 7.35 (1H, dd, J = 16.7, 10.0 Hz,
H-8); 13C NMR (CDCls, TMS = 0.00) § 7.58 (C-14), 15.73 (C-14'), 20.30 (C-7), 23.38 (C-16), 25.25
(C-4"), 27.59 (C-8), 34.35 (C-3), 43.33 (C-6), 48.10 (C-13), 48.89 (C-5), 60.42 (C-5"), 64.17 (C-15), 65.47
(C-12), 68.12 (C-11), 69.65 (C-13'), 73.55 (C-12'), 74.09 (C-4), 79.11 (C-2), 81.26 (C-6"), 118.83 (C-10)*,
119.03 (C-2")*, 120.36 (C-10’), 132.01 (C-7’), 134.23 (C-8'), 140.38 (C-9), 142.93 (C-9'), 154.96 (C-3),
166.26 (C-1"), 167.11 (C-11)[*: interchangeable]; ESI-MS (CH3:CO2NH4 was added) m/z: positive:
529.5 [M+H]*, 551.3 [M+Na]*; negative: 483.2 [M-H-COz], 527.2 [M-H], 587.2
[M+CH3COz2],C29H3600.

Satratoxin H 12',13-diacetate (4). A colorless amorphous powder; Rf= 0.63 (40% hexane-EtOAc),
mp 167-172 (not recrystallized); [a]p25 = +28 (¢ 0.87, CHCI3); UV (MeOH) Amax Nnm (log €): 230
(3.98); IR (CH2Cl2) vmax cm-1: 2976, 1738, 1655, 1595, 1376, 1242, 1226, 1190, 1157, 1094, 1043, 1020,
963; 1H NMR (CDCls, CHCls = 7.26) § 0.83 (3H, s, H-14), 1.08 (3H, d, J = 6.6 Hz, H-14'), 1.72 (3H, br
s, H-16), 1.8-2.1 (4H, m, H-7, 8), 2.09 (3H, s, -OAc), 2.14 (3H, s, -OAc), 2.19 (1H, ddd, J = 15.3, 5.1,
5.1 Hz, H-3), 2.44 (1H, dd, J = 15.3, 8.4 Hz, H-3), 2.56 (1H, m, H-4"), 2.84 (1H, d, J = 4.1 Hz, H-13),
3.14 (1H, d, J = 4.1 Hz, H-13), 3.58 (1H, d, J = 5.1 Hz, H-11), 3.70 (1H, ddd, J = 12.0, 12.0, 3.1 Hz,
H-5'), 3.84 (1H, d, J = 5.1 Hz, H-2), ~3.85 (2H, m, H-4', 5'), 3.85 (1H, d, J = 12.2 Hz, H-15), 4.52 (1H,
d, J = 12.2 Hz, H-15), 5.26 (1H, s, H-12), 5.41 (1H, q, J = 6.6 Hz, H-13"), 5.43 (1H, br d, J = 5.1 Hz,
H-10), 5.89 (1H, dd, J = 8.4, 4.9 Hz, H-4), 5.93 (1H, d, J = 10.0 Hz, H-10'), 6.02 (1H, d, J = 2.2 Hz,
H-2'), 6.03 (1H, d, J = 16.8 Hz, H-7’), 6.63 (1H, dd, J = 10.0, 10.0 Hz, H-9"), 7.38 (1H, dd, J = 16.8,
10.0 Hz, H-8); 13C NMR (CDCls, CDCls = 77.00) & 7.65 (C-14), 14.89 (C-14"), 20.25 (C-7), 21.20
(-OCOMe), 21.33 (-OCOMe), 23.36 (C-16), 25.84 (C-4'), 27.45 (C-8), 34.30 (C-3), 43.26 (C-6), 48.08
(C-13), 48.89 (C-5), 60.30 (C-5"), 64.15 (C-15), 65.45 (C-12), 68.10 (C-11), 71.32 (C-13'), 73.23 (C-12),
74.17 (C-4), 79.06 (C-2), 79.39 (C-6"), 118.87 (C-10), 120.90 (C-10"), 122.34 (C-2’), 131.42 (C-7)),
134.33 (C-8’), 140.40 (C-9), 142.40 (C-9’), 149.84 (C-3), 166.04 (C-1'), 166.98 (C-11"), 169.88
(-OCOMe), 170.20 (-OCOMe); FAB-HR-MS m/z positive 635.2448 [M+Na]*, calcd for C3sH40011Na,
635.2469.

Satratoxin H 12'-acetate (5). A colorless amorphous powder; Ri= 0.46 (40% hexane-EtOAc), mp
116-120 (not recrystallized); [a]p3! = +25 (¢ 0.18, CHCI3); UV (MeOH) Amax nm (log €): 255 (4.03),
230 (4.19), 208 (4.08); IR (CH2Cl2) vmax cm-1: 3581, 2978, 2937, 1721, 1657, 1595, 1413, 1372, 1259,
1230, 1193, 1157, 1082, 1043, 1018, 964; 1H NMR (CDCls, CHCI3= 7.26) 5 0.82 (3H, s, H-14), 1.02
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(3H,d, J=6.7 Hz, H-14), 1.72 (3H, br s, H-16), 1.86-2.14 (4H, m, H-7, 8), 2.12 (3H, s, 12-OAc), 2.20
(1H, ddd, J = 15.0, 4.8, 4.8 Hz, H-3), 2.44 (1H, dd, J = 15.6, 8.1 Hz, H-3), 2.55 (1H, m, H-4"), 2.84 (1H,
d, J = 3.9 Hz, H-13), 3.14 (1H, d, J = 3.9 Hz, H-13), 3.58 (1H, d, J = 4.5 Hz, H-11), 3.73 (1H, ddd, J =
11.8, 11.8, 3.0 Hz, H-5'), 3.80-4.00 (3H, m, H-2, 4', 5", 3.85 (1H, d, J =12.8 Hz, H-15), 4.22 (1H, q, J =
6.7 Hz, H-13"), 4.54 (1H, d, J = 12.8 Hz, H-15), 5.29 (1H, s, H-12), 5.44 (1H, br d, J = 4.5 Hz, H-10),
5.90 (1H, dd, J=8.1, 4.8 Hz, H-4), 5.92 (1H, d, J = 10.1 Hz, H-10'), 6.02 (1H, d, J = 2.0 Hz, H-2’), 6.08
(1H, d, J=17.3 Hz, H-7"), 6.61 (1H, dd, J = 10.1, 10.1 Hz, H-9), 7.41 (1H, dd, J = 17.3, 10.1 Hz, H-8");
13C NMR (CDCls, CDCIs=77.00) 6 7.63 (C-14), 15.30 (C-14"), 20.25 (C-7), 21.04 (-OCOMe), 23.34
(C-16), 25.82 (C-4"), 27.45 (C-8), 34.28 (C-3), 43.28 (C-6), 48.08 (C-13), 48.89 (C-5), 60.40 (C-5), 64.15
(C-15), 65.44 (C-12), 68.05 (C-11), 69.24 (C-13"), 73.25 (C-12"), 74.10 (C-4), 79.06 (C-2), 80.22 (C-6),
118.78 (C-10), 120.64 (C-107), 122.14 (C-2), 131.04 (C-7’), 134.25 (C-8’), 140.38 (C-9), 142.65 (C-9),
149.97 (C-3’), 166.04 (C-1"), 167.06 (C-11"), 169.61 (-OCOMe); EI-HR-MS m/z 570.2454 [M]*, calcd
for C31H38010, 570.2465.

Satratoxin H 13'-acetate (6). A colorless amorphous powder; Rf= 0.49 (40% hexane-EtOAc), mp
152-155 (not recrystallized); [a]p3! = +71 (c 0.40, CHCIs3); UV (MeOH) Amax Nm (log ¢€): 257 (4.10),
228 (4.29); IR (CH2Cl2) vmax cm-l: 3695, 3602, 3063, 2962, 1720, 1605, 1376, 1242, 1191, 1079, 964;
1H NMR (CDCIs, CHCIz= 7.26) 5 0.83 (3H, s, H-14), 1.22 (3H, d, J = 6.2 Hz, H-14"), 1.73 (3H, br s,
H-16), 1.86-2.12 (4H, m, H-7, 8), 2.10 (3H, s, 13'-OAc), 2.20 (1H, ddd, J = 15.3, 5.4, 5.4 Hz, H-3), 2.38
(1H, d, J = 8.6 Hz, 12-OH), 2.45 (1H, dd, J = 15.3, 8.2 Hz, H-3), 2.62 (1H, m, H-4"), 2.83 (1H, d, J =
4.1 Hz, H-13), 3.14 (1H, d, J = 4.1 Hz, H-13), 3.60 (1H, d, J = 4.0 Hz, H-11), 3.66 (1H, ddd, J = 11.8,
11.8, 3.1 Hz, H-5), ~3.85 (2H, m, H-4", 5), 3.85 (1H, d, J = 5.1 Hz, H-2), 3.86 (1H, d, J = 12.3 Hz,
H-15), 3.95 (1H, d, J = 8.6 Hz, H-12'), 4.55 (1H, d, J = 12.3 Hz, H-15), 5.45 (1H, br d, J = 4.0 Hz,
H-10), 5.54 (1H, g, J = 6.2 Hz, H-13'), 5.85 (1H, d, J = 2.2 Hz, H-2'), 5.90 (1H, dd, J = 8.2, 5.4 Hz, H-4),
5.93 (1H, d, J = 10.1 Hz, H-10'), 6.04 (1H, d, J = 16.7 Hz, H-7"), 6.64 (1H, dd, J = 10.1, 10.1 Hz, H-9),
7.33 (1H, ddd, J=16.7, 10.1, 1.0 Hz, H-8); 13C NMR (CDCls, CDCls=77.00) § 7.58 (C-14), 15.13
(C-14"), 20.28 (C-7), 21.42 (-OCOMe), 23.36 (C-16), 25.20 (C-4'), 27.57 (C-8), 34.33 (C-3), 43.33 (C-6),
48.10 (C-13), 48.87 (C-5), 60.24 (C-5'), 64.14 (C-15), 65.47 (C-12), 68.13 (C-11), 71.83 (C-13’), 73.33
(C-12), 74.17 (C-4), 79.07 (C-2), 80.72 (C-6"), 118.78 (C-10)*, 119.21 (C-2)*, 120.71 (C-10'), 131.98
(C-7), 134.59 (C-8), 140.40 (C-9), 142.57 (C-9'), 154.68 (C-3), 166.19 (C-1'), 167.01 (C-11"), 170.35
(-OCOMe)[*: interchangeable]; FAB-HR-MS m/z positive 571.2577 [M+H]*, calcd for Cs1H39010,
571.2544.,

Acetonide of satratoxin H 7. To a stirred solution of satratoxin H (7.7 mg, 0.015 mmol) in acetone
dimethylacetal (0.15 mL) was added CSA (0.2 mg, 8.6x 104 mmol) at 0 °C. After stirring for 1.5 h
at room temperature, the reaction mixture was quenched with saturated aqueous NaHCOs3 (1.0 mL),
and extracted with EtOAc (1.0 mLx 3). The combined extract was dried over Na:SO4, and
evaporated in vacuo. The residue was chromatographed on silica-gel (50% EtOAc-hexane) to give

satratoxin H 12’,13-dimethylacetal (7)(7.8 mg, 92%) as a colorless amorphous solid: tH NMR
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(CDCl3, CHCls = 7.26) § 0.80 (3H, s, H-14), 1.31 (3H, d, J = 6.3 Hz, H-14"), 1.50 (6H, brs, CMe2), 1.72
(3H, br s, H-16), 1.8-2.1 (4H, m, H-7, 8), 2.18 (1H, ddd, J = 15.1, 5.1, 5.0 Hz, H-3), 2.44 (1H, dd, J =
15.4, 8.3 Hz, H-3), 2.78 (1H, m, H-4"), 2.82 (1H, d, J = 4.1 Hz, H-13), 3.14 (1H, d, J = 4.1 Hz, H-13),
3.59 (1H, d, J = 5.4 Hz, H-11), 3.82 (1H, d, J = 5.1 Hz, H-2), ~3.85 (1H, m, H-4, 5), 3.82 (1H, d, J =
13.1 Hz, H-15), 3.99 (1H, g, J = 6.3 Hz, H-13"), 4.05-4.12 (1H, m, H-5)), 4.14 (1H, s, H-12"), 4.53 (1H,
d, J = 13.1 Hz, H-15), 5.43 (1H, br d, J = 4.6 Hz, H-10), 5.63 (1H, d, J = 16.7 Hz, H-7’), 5.82 (1H, d, J
= 2.0 Hz, H-2), 5.89 (1H, d, J = 10.2 Hz, H-10’), 5.92 (1H, dd, J = 8.3, 5.0 Hz, H-4), 6.53 (1H, dd, J =
10.2, 10.2 Hz, H-9"), 7.44 (1H, dd, J = 16.7, 10.2 Hz, H-8"); 13C NMR (CDCls, CDClz= 77.00) § 7.77
(C-14), 14.14 (C-14’), 19.36 (axMe of IP), 20.49 (C-7), 23.48 (C-16), 26.84 (C-4), 27.73 (C-8), 29.82
(eqMe of IP), 34.54 (C-3), 43.41 (C-6), 48.13 (C-13), 49.18 (C-5), 61.04 (C-5), 64.12 (C-15), 65.51
(C-12), 68.31 (C-11), 70.88 (C-13’), 71.95 (C-6") 74.08 (C-4), 74.84 (C-12’), 79.27 (C-2), 98.54 (CMe>),
118.96, 119.81 (C-2, 10), 120.74 (C-10"), 133.45 (C-7’), 133.90 (C-8’), 140.49 (C-9), 142.89 (C-9),
153.42 (C-3"), 166.25, 166.86 (C-1', 11°).

Formation of MTPA esters 8 and 9 from satratoxin H 13'-acetate (6). To a solution of 6 (7.7 mg, 1.5
x 102 mmol) in dry CH2Cl2 (0.15 mL) at 0 °C under Ar were added triethylamine (3.0 uL, 2.2x 102
mmol), DMAP (0.8 mg, 6.6x 10-3 mmol), and (S)-(+)-MTPACI (3.3 uL, 1.8x 10-2 mmol). After stiring
for 15 min at room temperature, the reaction mixture was quenched with saturated aqueous
NaHCOs, and extracted with EtOAc. The combined extract was dried over Naz2SO4, and evaporated
in vacuo. The residue was chromatographed on PTLC (50% EtOAc-hexane) to give (+)-MTPA ester
of satratoxin H 12’ acetate 8 (7.8 mg, 70%) as a colorless amorphous solid. On the other hand, the
corresponding (-)-MTPA ester was prepared by the similar manner as above using (R)-(-)-MTPACI to
afford 9 as a colorless amorphous solid. (+)- MTPA ester 8: 1H NMR (CDCl3z, CHCIlz= 7.26) 6 0.84
(3H, s, H-14), 1.08 (3H, d, J = 6.6 Hz, H-14"), 1.74 (3H, br s, H-16), 1.8-2.1 (4H, m, H-7, 8), 2.06 (3H, s,
13'-OAc), 2.20 (1H, ddd, J = 15.0, 4.9, 4.9 Hz, H-3), 2.46 (1H, dd, J = 15.0, 8.5 Hz, H-3), 2.56 (1H, m,
H-4'), 2.85 (1H, d, J = 3.9 Hz, H-13), 3.15 (1H, d, J = 3.9 Hz, H-13), 3.57 (1H, d, J = 5.2 Hz, H-11),
3.63 (3H, s, -OMe), 3.66 (1H, m, H-4"), 3.70 (1H, m, H-5), 3.85 (1H, d, J = 5.1 Hz, H-2), 3.89 (1H, d, J
= 12.4 Hz, H-15), 4.53 (1H, d, J = 12.4 Hz, H-15), 5.36 (1H, g, J = 6.8 Hz, H-13"), 5.38 (1H, s, H-12),
5.45 (1H, br d, J = 5.1 Hz, H-10), 5.89 (1H, dd, J = 8.5, 4.9 Hz, H-4), 5.94 (1H, d, J = 10.3 Hz, H-10"),
6.02 (1H, d, J = 16.9 Hz, H-7’), 6.09 (1H, d, J = 2.4 Hz, H-2'), 6.63 (1H, dd, J = 10.3, 10.3 Hz, H-9),
7.39 (1H, dd, J = 16.9, 10.3 Hz, H-8"), 7.4 (5H, m, Ph). (-)-MTPA ester 9: 1H NMR (CDCls, CHCls =
7.26) 8 0.83 (3H, s, H-14), 0.92 (3H, d, J = 6.6 Hz, H-14), 1.73 (3H, br s, H-16), 1.8-2.1 (4H, m, H-7, 8),
2.02 (3H, s, 13'-OAc), 2.20 (1H, ddd, J = 15.2, 4.9, 4.9 Hz, H-3), 2.33 (1H, m, H-4'), 2.45 (1H, dd, J =
15.2, 8.6 Hz, H-3), 2.85 (1H, d, J = 3.9 Hz, H-13), 3.15 (1H, d, J = 3.9 Hz, H-13), 3.51 (3H, s, -OMe),
3.59 (1H, d, J=5.3 Hz, H-11), 3.68 (1H, dd, J=11.8, 3.5 Hz, H-4), ~3.85 (2H, m, H-4", 5"), 3.85 (1H, d,
J =5.1 Hz, H-2), 3.88 (1H, d, J = 12.7 Hz, H-15), 4.53 (1H, d, J = 12.7 Hz, H-15), 5.10 (1H, q, J = 6.6
Hz, H-13'), 5.39 (1H, s, H-12"), 5.44 (1H, br d, J = 4.1 Hz, H-10), 5.89 (1H, dd, J = 8.6, 4.9 Hz, H-4),
5.93 (1H, d, J = 10.7 Hz, H-10’), 6.00 (1H, d, J = 17.0 Hz, H-7"), 6.11 (1H, d, J = 2.0 Hz, H-2)), 6.62
(1H, dd, J = 10.7, 10.7 Hz, H-9), 7.38 (1H, dd, J = 17.0, 10.3 Hz, H-8'), 7.4 -7.5 (5H, m, Ph).

76



Lethal toxicity

An ethanol (0.05 mL) solution of each compound (1, 3~6: each 0.5 mg) was diluted with 0.2 mL of
physiological saline (0.9 wt% aqueous NaCl). This was immediately injected into abdominal cavity
of female ddY strain mice, weighing 25-30 g. Lethal activity was observed one day after these

injections.
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verrucarin J (2)

1H NMR spectrum of verrucarin J (2) (300 MHz, CDCls)
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Collection of fungus material

The fruiting bodies of Chlorociboria species and the infected wood were collected in groves of beech
trees in the Tanzawa mountain range and Okutama mountain range in Japan in October 1996, May
1997, October 1997, September 1998, May 1999, October 1999.

Extraction and isolation of xylindein (10)

The chips of the infected wood (20 g) was broken into powder and extracted with 500 mL of
refluxing CHCIs according to the procedure of Edwards and Kale. 31 The suspension of crude
extract was filtered and the residue was dried in vacuo and crystallized from 80% aqueous PhOH to

give magenta —navy plates (28 mg).

Xylindein (10) 4 PhOH: magenta-navy plates; mp > 200 °C [lit3t 300 °C]; UV (5%
2,2,2-trifluoroethanol-CHCI3) Amax Nm (log €): 658 (4.60), 611 (4.45), 488 (3.55), 428 (4.09), 405 (4.21),
384 (4.19), 348 (4.59), 256 (4.65); IR (nujol) vmax cm-1: 1699, 1625, 1592, 1300, 1241, 1190, 1080, 1064,
980, 885, 842, 805; 1H NMR (CF3CO2D, TMS = 0.00) 4 1.10 (6H, t, J = 6.9 Hz, H-5', 5”), 1.72 (4H, m,
H-4', 47), 1.98 (2H, m, H-3', 3"), 2.09 (2H, m, H-3', 3"), 3.33 (2H, dd, J = 11.7, 17.3 Hz, H-1’, 1), 3.91
(2H, d, J = 17.3 Hz, H-1, 17), 4.91 (2H, m, H-2", 2"), 6.92 (8H, m, PhOH), 7.03 (4H, m, PhOH), 7.03
(4H, m, PhOH), 7.32 (2H, s, H-5, 11); TSI-MS m/z 569 [M+H]*, Cs2H24010; Anal. Found: C 70.63, H
4.87%, calcd for CssHa8014: C 71.18, H 5.12%.

Purified 10 was obtained by washing the crystal with ethanol. 10 (free from PhOH): 1H NMR
(CF3CO2D, TMS = 0.00) 8 1.11 (6H, t, J = 6.9 Hz, H-5", 57), 1.71 (4H, m, H-4’, 4”), 1.98 (2H, m, H-3’,
3"), 2.09 (2H, m, H-3', 3"), 3.33 (2H, dd, J = 11.7, 17.3 Hz, H-1’, 1"), 3.90 (1H, d, J = 17.3 Hz, H-1’, 1"),
4.92 (2H, m, H-2, 2"), 7.32 (2H, s, H-5, 11).

X-ray crystallographic analysis of 10 4PhOH. Monoclinic, space group P21, a=8.434(1) A, b =
24.027(2) A, ¢ =11.621(1) A, p = 102.222(9) A, V = 2301.7(4) A3, Z = 2, Dcarc = 1.363 g cm3. Reflection
data were collected on a Rigaku AFC5R diffractometer with graphite-monochromated Cu-Ka to
20max 120.3% an empirical absorption correction based on azimuthal scans of several reflections was
applied. A final refinement gave R(Rw) = 0.091 (0.115) for 1257 reflections with 1 > 3o(l).

Conversion of 10 to derivative 18

Xylindein 3,9-dimethylether (16). Xylindein (10, 500 mg) suspended in CHCIs (360 mL) was
methylated with CH2N2 (1 M in Et20, 20 mL) according to the procedure of Edwards and Kale3! and
the resulting crude methyl ether was subjected to silica-gel column chromathography (20%

acetone-CHCIs) to give 16 (300 mg) as a magenta amorphous solid; Rf= 0.78 (20% acetone-CHClIz);
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UV (CHCI3) Amax nm (log ¢): 570 (4.58), 525 (4.42), 488 (4.04), 455 (3.67), 405 (3.96), 382 (4.04), 339
(4.49), 259 (4.50); IR (KBr) vmax cm-t: 3460, 2940, 2870, 1738, 1719, 1639, 1580, 1450, 1327, 1200,
1103, 1072, 1040, 978, 942, 850; tH NMR (CDCls, TMS =0) 4 1.04 (6H, t, J = 7.6 Hz, H-5', 5"), 1.65
(4H, m, H-4, 4”), 1.83 (2H, m, H-3", 3"), 1.94 (2H, m, H-3', 3"), 2.91 (2H, dd, J = 11.5, 16.8 Hz, H-1',
1), 3.42 (2H, dd, J = 2.8, 16.8 Hz, H-1', 1), 4.08 (6H, s, 3-, 9-OMe), 4.56 (2H, m, H-2', 2”), 6.48 (2H, s,
H-5, 11); 13C NMR (CDCls, TMS = 0.00) 5 13.9 (C-5', 57), 18.2 (C-4', 4”), 28.0 (C-1', 1), 36.8 (C-3', 3"),
63.6 (3-, 9-OMe), 77.3 (C-2’, 2"), 111.0 (C-5, 11), 118.0 (*), 120.0 (*), 121.0 (*), 124.8 (*), 133.2 (*),
142.4 (*), 153.6 (*), 158.0 (C-3, 9), 159.9 (2-, 8-C=0), 180.7 (C-4, 10) [*: C-1, 7 or C-2, 8 or C-3a, 9a or
C-5a, 1l1a or C-6a, 12a or C-9b, 12b or C-12c, 12d]; EI-HR-MS m/z 598.1850 [M+2H]*, calcd for
C34H30010, 598.1838.

4,10-Dihydroxylindein 3,9-dimethylether (17). A suspension of xylindein 3,9-dimethylether (16,
300 mg, 0.503 mmol) and 10% Pd-C (30 mg) in THF (80 mL) was stirred for 0.5 h under an
atmospheric pressure of H2.  The mixture was rapidly filtered through Celite and the filtrate was
evaporated in vacuo, giving 17 (301 mg) as an orange amorphous solid. A small portion of this was
subjected to silica-gel column chromatography (12% acetone-CHCIz3) in order to obtain an analytical
sample; Rf= 0.82 (20% acetone-CHCI3); [a]p27= -789.5 (c 0.04, CHCI3); UV (CHCI3) Amax Nm (log ¢):
442 (4.62), 415 (4.63), 322 (4.52), 259 (4.57); IR (KBr) vmax cm-1: 3320, 2959, 2938, 2877, 1708, 1619,
1608, 1582, 1499, 1417, 1381, 1362, 1238, 1150, 1104, 1063, 1019, 962, 940, 838, 762; 'H NMR
(CDCl3, TMS = 0.00) § 1.02 (6H, t, J = 7.0 Hz, H-5", 57), 1.60 (4H, m, H-4", 4”), 1.73 (2H, m, H-3', 3"),
1.85 (2H, m, H-3", 3"), 2.42 (2H, dd, J = 11.2, 16.8 Hz, H-1', 1"), 2.90 (2H, dd, J = 2.5, 16.8 Hz, H-1,
1"), 4.06 (6H, s, 3-, 9-OMe), 4.39 (2H, m, H-2', 2”), 6.12 (2H, s, H-5, 11), 9.33 (2H, s, 4-, 10-OH); 13C
NMR (CDCIs, TMS = 0.00) § 13.9 (C-5', 57), 18.2 (C-4, 4", 27.2 (C-1', 1), 36.9 (C-3', 3"), 64.3 (3-,
9-OMe), 77.2 (C-2, 2”), 101.4 (C-5, 11), 102.6 (*), 112.3 (*), 113.5 (*), 118.5 (*), 124.3 (*),143.6 (*),
146.8 (*), 155.2 (C-4, 10), 155.8 (C-3, 9), 162.3 (2-, 8-CO), [*: C-1, 7 or C-2, 8 or C-3a, 9a or C-5a, 11a
or C-6a, 12a or C-9b, 12b or C-12c¢, 12d]; EI-HR-MS m/z 598.1841 [M]*, calcd for CsaH30010,
598.1838.

4,10-Dihydroxylindein 4,10-Bis(bromobenzyl)-3,9-dimethylether (18). To a stirred solution of the
above crude 17 (301 mg, 0.503 mmol) and 4-bromobenzyl bromide (377 mg, 0.755 mmol, 1.5 equiv.)
in DMF (10 mL, degassed and filled with Ar) was added a suspension of NaH (27 mg, 0.553 mmol,
1.1 equiv.) in DMF (13 mL, degassed and filled with Ar). After 1 h the reaction was quenched with
saturated aqueous NH4Cl and the mixture was extracted with EtOAc (10 mLx 3). The combined
extract was washed several times with H20, and evaporated in vacuo. The residue was subjected to
silica-gel column chromatography (3% THF-benzene) to afford 18 (239 mg, 51%) as an orange
amorphous solid. The resulting solid was recrystallized from hot 80% aqueous PhOH to give
orange plates. 18 4PhOH: Rs= 0.44 (5% THF-benzene); [a]p27=-89.6 (c 0.5, CHCI3); UV (CHCI3) Amax
nm (log €): 442 (4.61), 415 (4.65), 393 (4.64), 318, (4.66), 259 (4.76); IR (KBr) vmax cm-1: 3322, 2960,
2930, 2870, 1690, 1600, 1490, 1477, 1440, 1379, 1345, 1330, 1252, 1170, 1118, 1065, 1010, 968, 950,
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883, 821, 809, 757, 690; H NMR (CDCls, TMS =0) § 0.98 (6H, t, J = 7.3 Hz, H-5", 5”), 1.58 (4H, m,
H-4', 47), 1.69 (2H, m, H-3, 3"), 1.84 (2H, m, H-3', 3"), 2.47 (2H, dd, J = 11.8, 16.8 Hz, H-1’, 1), 3.00
(2H, dd, J = 1.4, 16.8 Hz, H-1', 1), 3.74 (6H, s, 3-, 9-OMe), 4.35 (2H, m, H-2", 2"), 4.84 (4H, s, PhOH),
4.94 (2H, d, J = 11.6 Hz, BrPh-CHy-), 5.06 (2H, d, J = 11.6 Hz, BrPh-CH2-), 6.23 (2H, s, H-5, 11), 6.84
(8H, m, HO-C-CH-CH-), 6.93 (4H, m, HO-C-CH-CH-CH-), 7.25 (8H, m, HO-C-CH-), 7.37 (4H, d, J =
8.4 Hz, Br-C-CH-), 7.51 (4H, d, J = 8.4 Hz, Br-C-CH-CH-); 13C NMR (CDCls, TMS = 0.00) & 13.9 (C-5,
57), 18.2 (C-4, 4"), 27.5 (C-1', 1), 36.9 (C-3, 3"), 63.5 (3-, 9-OMe), 70.7 (BrPh-CHz>-), 77.2 (C-2, 2"),
99.1 (C-5, 11), 103.2 (*), 1152 (*), 1153 (HO-C-CH-CH-), 117.2(*), 119.3 (*), 120.6
(HO-C-CH-CH-CH-), 122.1 (Br-C-CH-CH-C-), 125.4 (*), 129.1 (Br-C -CH-CH-), 129.6 (HO-C-CH-),
131.7 (Br-C-CH-), 134.9 (Br-C-), 142.9 (*), 145.9 (*),155.6 (HO-C-), 156.4 (C-4, 10), 156.8 (C-3, 9),
163.0 (2-, 8-C=0), [*: C-1, 7 or C-2, 8 or C-3a, 9a or C-5a, 11a or C-6a, 12a or C-9b, 12b or C-12c,
12d]; Anal. Found: C 65.31, H 4.65%, calcd for C72He4014Br2: C 65.86, H 4.91%.

X-ray crystallographic analysis of 18 4PhOH. Monoclinic, space group P21, a=12 .677(2) A, b =
11.141(4) A, ¢ = 22.048(1) A, B = 99.117(6) A, V = 3074.7(9) A3, Z = 2, Dcaic = 1.418 g cm-3. Reflection
data were collected on a Rigaku AFC5R diffractometer with graphite-monochromated Cu-Ka to
20max 120.3% an empirical absorption correction based on azimuthal scans of several reflections was
applied. A final refinement gave R(Rw) = 0.048 (0.066) for 2529 reflections with 1 > 3o(l). The
absolute configuration was determined by comparison of intensity of Friedel pairs which were
largest 14 reflections in a value of |Fo(h)-Fc(h)]/s(Fo). The sign of Fo(h)-Fc(h) of all Friedel pairs

were consistent with one derived from an absolute configuration of 18 (2'S, 2"S).

Extraction of red pigments from Chlorociboria species

The chips of infected wood (20 g) were extracted according to the procedure of Edwards and Kale. 3!
The suspension of crude extract was filtered and the filtrate was dried in vacuo. The residue (105
mg) was extracted with methanol (dark-green residue (75 mg) was remained) and the resulting
red-brown solution was evaporated. The red-brown extract (30 mg) was chromatographed on ODS

(66% acetone-H20) to give a mixture of three red pigments.

Extraction and isolation of 19 and 26 from crude extract of Chlorociboria species via methylation

The above residue (75 mg, after extraction with methanol) was dissolved in CHCIs (50 mL) and
added CH2N2 (1 M/ Et20, 1.5 mL). After 1 h, the solution was evaporated in vacuo and the residue
was subjected to silica gel chromathography (16% acetone-CHCI3) to give 16 (23 mg) and 17 (2.0 mg).
The other red fraction was further separated on PTLC (silica-gel, 5% MeOH-benzene) to give
1’-hydroxyxylindein 3,9-dimethylether (19) (6.3 mg) as a magenta amorphous solid. While less polar
fraction, collected via repeated extraction, was separated on PTLC (silica-gel, 5% MeOH-benzene)
to give 4,10-dihydro-1'-hydroxyxylindein 3,4,9,10-tetramethylether (26) as a yellow amorphous solid.
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19; Rt = 0.09 (5% MeOH-CHCIs); *H NMR (20% CDsOD-CDCls, TMS = 0.00) 5 0.86, 0.97 (each 3H,
each t, J =5.9 Hz, H-5, 57), 1.52 (4H, m, H-4', 4”), 1.75, 1.90 (2H, m, H-3', 3"), 2.95* (1H, H-1"), 3.46
(1H, dd, J = 2.8, 16.8 Hz, H-1"), 4.01, 4.02 (each 3H, each s, 3-, 9-OMe), 4.48 (1H, m, H-2"), 4.76 (1H,
m, H-2), 5.20 (1H, d, J = 1.7 Hz, H-1"), 6.51, 6.52 (each 1H, each s, H-5, 11)[* solvent residual peak
was overlapped.]. 26; Rf = 0.45 (5% MeOH-CHCI3); IR (KBr) vmax cm-1: 3450, 2940, 2870, 1720, 1700,
1600, 1580, 1450, 1432, 1407, 1352, 1332, 1252, 1230, 1198, 1165, 1106, 1065, 978; 1H NMR (CDCls,
TMS = 0.00) 5 0.92, 0.99 (each 3H, each t, J = 7.5 Hz, H-5', 57), 1.2-1.8 (4H, m, H-4", 4”), 1.8 (2H, m,
H-3', 3"), 1.9 (2H, m, H-3", 3"), 2.53 (1H, br, H-1"), 2.73 (1H, br, 1'-OH), 3.01 (1H, br d, J = 15.0 Hz,
H-1"), 3.91, 3.92 (each 6H, each s, 3,4,9,10-OMe), 4.36 (1H, m, H-2"), 4.63 (1H, m, H-2'), 4.96 (1H, m,
H-1), 6.37, 6.39 (each 1H, each s, H-5, 11); EI-HR-MS m/z 643.2262 [M+H]*, calcd for CssH3s011,
643.2179.

Conversion of 19 to 28

1’-Acetoxyxylindein 3,9-dimethylether (20). To a stirred solution of 19 (2.8 mg, 4.38x 10-3 mmol) in
pyridine (0.7 mL) was added acetic anhydride (0.1 mL) at room temperature. After 10 min, the
reaction mixture was evaporated in vacuo and chromatographed on silica-gel (10% acetone-CHClIs)
to give 20 (2.0 mg, 69%) as a yellow amorphous solid; Rf = 0.45 (5% MeOH-CHCI3); UV (CHCI3) Amax
nm (log ¢): 563 (4.76), 525 (4.76), 488 (4.47), 456 (4.16), 403 (4.35), 381 (4.35), 349 (4.57), 318 (4.56),
258 (4.61); IR (KBr) vmax cm1: 2600, 1743, 1723, 1638, 1619, 1582, 1455, 1423, 1400, 1370, 1333,
1262, 1190, 1021, 948, 859, 800; 1H NMR (CDCls, TMS = 0.00) & 0.86, 0.96 (each 3H, each t, J = 7.0
Hz, H-5', 57), 1.51 (4H, m, H-4', 4”), 1.75 (2H, m, H-3', 3"), 1.86 (2H, m, H-3', 3"), 2.09 (3H, s, 1'-OACc),
2.89 (1H, dd, J = 15.4, 17.4 Hz, H-1"), 3.41 (1H, br d, J = 2.8, 17.4 Hz, H-1"), 4.01, 4.06 (each 3H,
each s, 3-, 9-OMe), 4.46 (1H, m, H-2"), 4.77 (1H, m, H-2"), 6.39 (1H, d, J = 1.7 Hz, H-1'), 6.48, 6.50
(each 1H, each s, H-5, 11); 13C NMR (CDCls, TMS = 0.00) 5 13.6 (C-5'), 13.8 (C-57), 18.1 (C-4"), 18.7
(C-4), 20.9 (-OCOMe), 28.0 (C-1"), 34.3 (C-3"), 36.7 (C-3'), 63.6, 63.8 (3-, 9-OMe), 62.6 (C-1), 77.3
(C-2"), 80.6 (C-27), 111.1, 111.9 (C-5, 11), 118.2 (*), 119.3 (*), 119.4 (*), 120.5 (*), 121.3 (*), 124.3 (*),
123.9 (*), 125.0 (*), 126.8 (*), 133.2 (*), 142.4 (*), 142.4 (*), 153.2 (*), 153.8 (*), 157.7 (2-C=0), 158.6,
159.2 (C-3,9), 160.1 (8-C=0), 169.6 (-OCOMe), 180.6, 180.7 (C-4, 10)[*: C-1, 2, 7, 8, 34, 5a, 6a, 9a,
11a, 12a, 9b, 12b, 12c, 12d]; EI- MS m/z 657 [M+3H]*, C3sH33012.

1’-Acetoxy-4,10-dihydroxylindein 4,10-bis(bromobenzyl)-3,9-dimethylether (28). 1’-Acetoxy-

xylindein 3,9-dimethylether (20, 4.5 mg, 6.88x 10-3 mmol) was transformed to 28 (2.2 mg, 2.31x 103
mmol, 33.9%) via hydrogenation and alkylation by the similar manner as those for 18. The obtained
28 was recrystallized from toluene to give 28 1PhMe as yellow plates. 27 (hydrogenated product);
R=0.52 (6% THF-benzene); UV (CHCIs) Amax nm (log €): 447 (4.08), 421 (4.08), 395 (4.15), 317 (4.14),
252 (4.58); 1H NMR (CDCls, TMS = 0.00) 5 0.82, 0.88 (each 3H, each t, J = 7.0 Hz, H-5', 5”), 1.52 (4H,
m, H-4", 4”), 1.75 (4H, m, H-3", 3"), 2.06 (3H, s, 1'-OAc), 2.49 (1H, dd, J = 14.0, 16.3 Hz, H-1"), 3.02
(1H, br d, J = 2.8, 16.3 Hz, H-1"), 3.98, 4.02 (each 3H, each s, 3-, 9-OMe), 4.35 (1H, m, H-2"), 4.64
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(1H, m, H-2"), 6.05 (1H, d, J=1.4 Hz, H-1'), 6.37, 6.42 (each 1H, each s, H-5, 11), 9.35 (2H, br s, -OH).
28; Rt = 0.72 (6% THF-benzene); *H NMR (CDCls, TMS = 0.00) & 0.86, 0.92 (each 3H, each t, J=7.0
Hz, H-5', 57), 1.50 (4H, m, H-4', 4”), 1.80 (4H, m, H-3', 3"), 2.07 (3H, s, 1'-OAc), 2.52 (1H, dd, J=10.6,
16.3 Hz, H-1"), 3.04 (1H, br d, J = 2.8, 16.3 Hz, H-1"), 3.68, 3.73 (each 3H, each s, 3-, 9-OMe), 4.31
(1H, m, H-2"), 4.63 (1H, m, H-2'), 5.04 (4H, s, BrPh-CH2-), 6.09 (1H, d, J = 1.7 Hz, H-1'), 6.44, 6.50
(each 1H, each s, H-5, 11), 7.37 (4H, d, J = 9.0 Hz, Br-C-CH-), 7.50 (4H, d, J = 9.0 Hz, Br-C-CH-CH-).

Acetylation of xylindein (10) 35

A mixture of xylindein (120 mg, 2.11x 10-4 mol), anhydrous AcONa (100 mg, 1.22 mmol), and acetic
anhydride (5 mL) was refluxed for 1 h under argon atmosphere. After cooling to room temperature,
to the obtained brown mixture was added saturated aqueous NH4Clag (5 mL) and the resulting
mixture was extracted with CHCIs (5 mLx 3). The combined extract was washed several times with
H20, and evaporated in vacuo. A part (35 mg) of the extract was subjected to PTLC (silica-gel, 0.5%
MeOH-CHCIs), to afford 4,10-dihydroxylindein 3,4,9,10-tetraacetate (14) (4.5 mg, yellow amorphous
solid) and 1'2'-dehydro-4,10-dihydroxylindein 3,4,9,10-tetraacetate (15') (2.4 mg, orange amorphous
solid). 14; Rf = 0.58 (0.5% MeOH-CHCIz3); 1H NMR (CDCls, TMS = 0.00) 6 0.98 (6H, t, J = 7.6 Hz, H-5,
5”), 1.66 (4H, m, H-4', 4™), 1.85 (4H, m, H-3', 3"), 2.38, 2.43 (each 6H, each s, -OAc), 2.62 (2H, dd, J =
11.6, 16.3 Hz, H-1", 1), 3.09 (2H, dd, J = 2.7, 16.3 Hz, H-1’, 17), 4.41 (2H, m, H-2', 2"), 6.76 (2H, s,
H-5, 11). 15’; Rf = 0.71 (0.5% MeOH-CHCIs); tH NMR (CDClIs, TMS = 0.00) 5 0.98, 1.00 (each 3H,
eacht,J=6.5Hz, H-5, 5"), 1.50, 1.71 (each 2H, each m, H-4', 4”), 1.68, 1.84 (each 1H, each m, H-3"),
2.38, 2.39, 2.43, 2.48 (each 3H, each s, -OAc), 2.46 (2H, m, H-3"), 2.59 (1H, dd, J = 11.0, 17.0 Hz,
H-1"), 3.05 (1H, dd, J = 2.4, 17.0 Hz, H-1"), 4.40 (1H, m, H-2"), 6.35 (1H, s, H-1'), 6.71, 6.78 (each 1H,
each s, H-5, 11).

Photo-induced disproportionation of 16

A solution of dimethylxylindein (16) (4.0 mg, 6.71x 10-3 mmol) in 50% MeOH-CHCIs (4.47 mL,
1.5 mM) contained in a pyrex test tube was irradiated by day light lamp (WACOM, 75 W) (interval:
70 mm) at 19 °C under argon atmosphere. After 20 min, the reaction mixture was evaporated in
vacuo with shading. The molar ratio of the products, 4,10-dihydroxylindein 3,9-dimethylether (17)
and xylindein 3,9-dimethylether dimer (29), against material 16 was determined by *H NMR
spectrum of the crude products. This method was basically applied to other various conditions
(other solvent, temperature, atmosphere, or additive). In order to obtain an analytical sample, the
reaction mixture was subjected to silica gel column chromatography (5% MeOH-CHCI3) to afford 29
as a blue amorphous solid; R=0.23 (20% acetone-CHClIz); UV (CHCI3z) Amax nm (log ¢): 620 (4.49), 588
(4.49), 410 (4.26), 351 (4.68), 259 (4.71); IR (KBr) vmax cm-L: 3460, 2940, 2870, 1730, 1635, 1580, 1535,
1440, 1418, 1375, 1320, 1195, 1100, 1068, 1000, 970, 935, 840; 1H NMR (CDCls, TMS = 0) 5 0.92,
0.98 (each 6H, each t, J = 6.4 Hz, H-5', 5”), 1.60 (8H, m, H-4’, 4”), 1.86 (8H, m, H-3", 3"), 2.48 (2H, dd,
J =118, 16.8 Hz, H-1', 1"), 2.98 (2H, dd, J = 11.2, 17.0 Hz, H-1', 1), 3.18 (2H, dd, J = 2.2, 16.8 Hz,
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H-1'or 17), 3.49 (2H, dd, J = 2.8, 17.0 Hz, H-1'orl”), 3.95, 3.99 (each 6H, each s, 3-, 9-OMe), 4.56,
4.90 (each 2H, each m, H-2', 2", 6.58 (2H, s, H-11); 13C NMR (CDClsz, TMS = 0.00) & 13.4, 13.8 (C-5'
57), 18.1, 18.2 (C-4', 4”), 28.0, 28.1 (C-1’, 1), 36.1, 36.8 (C-3', 3"), 63.4, 63.6 (3-, 9-OMe), 77.2, 77.6
(C-2', 27), 111.4 (C-11), 114.0 (*), 118.1 (*), 118.1 (*), 119.1 (*), 120.1 (¥), 121.0 (¥), 121.5 (*), 123.4 (*),
124.9 (*), 133.4 (*), 134.2 (*), 142.3 (*), 143.0 (*), 151.7 (*), 153.8 (*), 159.3, 159.4 (C-3, 9), 159.8,
160.6 (2-, 8-C=0), 177.2, 180.7 (C-4, 10)[*: C-1, 2, 5, 7, 8, 34, 5a, 63, 9a, 11a, 12a, 9b, 12b, 12¢, 12d];
EI-MS m/z 1191 [M+H]*, CesHs5020, 1191; FAB-MS m/z 1195 [M+5H]*, CesHs9020; Anal. Found: C
67.39, H 4.83%, calcd for CesHs4020: C 68.57, H 4.57%.
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Extraction and Isolation of Hipposudoric Acid

The samples of sweat were collected by wiping a hippopotamus’ face and back with 3-4 sheets of
gauze once a day. The wet gauzes were immediately refrigerated using dry ice. Within one day,
the gauzes were extracted with 200 ml of H20, and the crude solution was concentrated until 50 mL.
The colored solution was applied to gel filtration on Sephadex G-15 (swelling to 120 mL) eluted with
H20 to give a red-brown solution (100 mL) and an orange solution (30 mL). The resulting
red-brown solution was concentrated to 30 mL, then applied to gel filtration on Sephadex G-25
(swelling to 100 mL) to give a red solution (30 mL) and a brown solution (30 mL). To the red
solution was added a powder of Sephadex G-25, and the mixture was lyophilized. The red pigment
was eluted from the pigment-adsorbed gel powder with 0.2 M phosphate buffer (pH 6.1), the
resulting red solution was added to a suspension of QAE Sephadex A-25 (pre-equilibrated with 0.2
M phosphate buffer, pH 6.1) until the color of supernatant disappeared. The colored resin was
washed with the phosphate buffer (5 mL X3), and washed with the deuterated buffer (prepared
with D20 instead of H20) (5 mL X2), and finally added 1.7 M NaCl / 0.2 M deuterated phosphate
buffer (pH 6.1) to give red pigment (hipposudoric acid, 32) solution. The 'H NMR spectrum was
measured directly by using the solution, and UV spectrum was then measured by using the
recovered sample diluted with 0.2 M phosphate buffer. The amount of sample was estimated by the
IH NMR spectrum using DSS as an internal standard. The sample for measurement of
LC-ESI-MS analysis was prepared as follows; the ion exchange step was performed by using 0.2 M
EtsN-HCO:2H buffer instead of phosphate buffer. The obtained pigment solution was dialyzed
(MW = 10000) against H20. The desalted sample was purified by ODS-HPLC (50%
acetonitrile-Hz20, containing 1% acetic acid, 0.4 mL min-1, 530 nm detection), connected to ESI-MS,
to give major peak corresponding to the pigment 32 at 2.0-2.1 min. The ESI-MS spectrum
corresponding to the peak of 32 was measured. To obtain HR-MS data, the sample of 32 was

prepared in the same manner as those for LC-ESI-MS and analyzed by FAB-MS.

Hipposudoric acid (32). A red buffer solution; UV (0.1 M NaCl / 0.2 M phophate buffer, pH 6.1) Amax
nm (log ¢): 530 (3.95), 411 (4.08), 270 (4.31, sh), 240 (4.72); 1H NMR (1.7 M NaCl / 0.2 M deuterated
phophate buffer, pH 6.1, DSS = 0.00) 6 3.34 (2H, s, 3-CH2-), 6.44 (1H, s, H-2), 6.55, 6.63 (each 1H,
ABg, J = 11.0 Hz, H-6, 7); FAB-HR-MS m/z 329.0299 [M+H]*, calcd for CisHsQOs, 329.0297;
LC-ESI-MS (50% CH3CN-H20, containing 1% CHsCOOH, flow rate 0.4 ml min-1) m/z (retention
time / min): positive 329.4 (2.10, [M+H]*), negative 327.5 (2.08, [M-H]).

Chemical Conversion of Hipposudoric Acid (32)

After ion exchange chromatography, to 32 in 1.7 M NaCl / 0.2 M phosphate buffer (5 mL, c.a.104
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M) was added Na2S204 until the red color disappeared (c.a. 2-3 mg) to give 34 as a dilute solution.
After acidification with one drop of 6 M aqueous HCI, the mixture was extracted with EtOAc (5 mL
X3). The organic layer was collected and concentrated to 5 mL, and filtered through Celite. To the
resulting filtrate was added CH2N2 (1 M / Et20, 0.3 mL), then the solution was dried in vacuo. The
methylated mixture (including 35) was dissolved in 0.6 mL of CH2Cl2 and silylated by addition of
2,6-lutidine (0.027 mL) and TBSOTf (0.020 mL) under argon atmosphere at room temperature.
After 30 min, the reaction was quenched by addition of H2O and the mixture was extracted with
CHCIs (3 mL X 3), washed with H20 (0.5 mL X 2), brine (3 mLX2), and evaporated in vacuo. The
residue was chromatographed on silica-gel (30% EtOAc-hexane), followed by PTLC (SiOz2, benzene)
to afford 36 (1.0 mg, collected from several rots) as a comparably stable colorless solid. The
structure of the 36 was determined by X-ray crystalloglaphic analysis by using the colorless prism

recrystallized from methanol.

Hipposudoric acid derivative 34 (9-carboxymethyl-1,4,5,8-tetrahydroxyfluoren-3-ylacetic acid): Rs =
0.77 (ODS, 50% MeOH-H20); UV (phosphate buffer) Amax nm (log €): 316 (4.72), 275 (4.58), 221
(5.09); tH NMR (D20, solvent residual peak =4.79) 6 3.74 (2H, s, 3-CH2), 6.88 (1H, s, H-2), 6.95, 6.98
(each 1H, ABq, J = 4.8 Hz, H-6, 7). 35a (1,4,8-trihydroxy-5-methoxy-9-methyloxocarbonylfluoren-3-
ylacetic acid methyl ester) (35a and 35b were separated partly by repeated PTLC (MeOH-H20); Rf =
0.64 (ODS, 66% MeOH-H20); *H NMR (acetone-ds, solvent residual peak = 2.05) 4 3.62 (6H, s,
CO:2Me), 3.63 (2H, brs, 3-CHz2-), 4.07 (3H, s, 5-OMe), 4.86 (1H, s, H-9), 6.74 (1H, s, H-2), 6.82 (1H, d,
J=8.8 Hz, H-6 or 7), 7.05 (1H, d, J = 8.8 Hz, H-6 or 7), 7.94, 8.37 (each 1H, each s, 1-, 8-OH), 9.52
(1H, s, 4-OH). 35b (1,5,8-trihydroxy-4-methoxy-9-methyloxocarbonylfluoren-3-ylacetic acid methyl
ester); Rf = 0.64 (ODS, 66% MeOH-H20); tH NMR (acetone-ds, solvent residual peak = 2.05) & 3.63
(3H, s, CO2Me), 3.69 (3H, s, 4-OMe), 3.76 (2H, brs, 3-CH2-), 3.85 (3H, s, CO2Me), 4.89 (1H, s, H-9),
6.73, 6.78 (each 1H, ABq, J = 9.0 Hz, H-6,7), 8.07, 8.65 (each 1H, each s, 1-, 8-OH), 9.08 (1H, s,
4-0OH). 36 (1,8-bis(t-butyldimethylsiloxy)-4-hydroxy-5-methoxy-9-methyloxocarbonylfluoren-3-yl
acetic acid methyl ester); A colorless prism, Rr = 0.67 (30% EtOAc-hexane); mp 127-129 °C; UV
(MeOH) Amax nm (log €): 337 (3.94), 327 (3.93), 311(3.81), 276 (4.12), 267 (4.06), 215 (4.63), 207
(4.65); IR (KBr) vmax cm-1: 3446, 2856, 1745, 1735, 1635, 1492, 1472, 1465, 1448, 1433, 1401, 1263,
1147, 1075, 1025, 853.4, 841.3; 1H NMR (CeDs, solvent residual peak = 7.16) 4 0.227, 0.260, 0.278,
0.290 (each 3H, each s, Me of TBS), 1.12, 1.15 (each 3H, each s, Bu of TBS), 3.01 (3H, s, 5-OMe),
3.28 (3H, s, 9-CO2Me), 3.39 (3H, s, 1'-CO2Me), 3.70, 3.91 (each 1H, ABq, J = 15.6 Hz, H-1'), 5.04 (1H,
s, H-9), 6.21 (1H, d, J = 9.0 Hz, H-6), 6.57 (1H, d, J = 9.0 Hz, H-7), 6.91 (1H, s, H-2), 9.83 (1H, s,
4-OH); 13C NMR (CeDs, CsDes = 128.00) & -4.046, -3.964, -3.816, -3.767 (Me of TBS), 18.56, 25.99,
26.09 (C(CHs3)3), 36.33 (C-1"), 51.40 (C-9), 51.65 (1'-CO2Me), 51.68 (9-CO2Me), 56.31 (5-OMe), 112.34
(C-6), 117.99 (C-7), 122.25 (C-2), 123.38 (C-3), 128.58 (C-4a), 131.78 (C-1a,5a), 133.93 (C-8a), 144.96
(C-1), 145.49 (C-4), 146.58 (C-5), 147.73 (C-8),169.93 (9-CO2Me), 171.76 (1-CO2Me); FAB-HR-MS
m/z 602.2739 [M]*, calcd for C31H460sSi2, 602.2731.
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X-ray crystallographic analysis of 36. Colorless prism crystals of 36 were grown from MeOH.
Crystal data: CsiHss0sSi2, M = 602.87, orthorhombic, space group Pna2:, a = 11.486(1) A, b =
33.999(3) A, ¢ =8.726(2) A, V = 3407.8(9) A3, Z = 4, Dcac= 1.175 g cm3. p (MoKa) = 0.148 mm-,
crystal size = 0.3 X 0.3 X 0.05 mm, 4877 reflections measured, 4395 unique reflections.
Refinement was based on F2 with Rw = [Zw(Fo?2 - Fc2)2/Zw(Fe2)2]12, wl = o2(Fe2) + (0.0385P)2 +
0.4258P, where P = (Fo2+2F¢2)/3 against all the 4395 reflections. The R value Zw | Fo2-Fc2 | /ZwFo2,
was 0.040 for the 2367 reflections with | > 26(1). The Rw value was 0.103. The absolute structure
of 36 was confirmed by Flack parameter, x = -0.04(16).

Total synthsis of hipposudoric acid (32)

2,5-Dimethoxy-6-nitrobenzaldehyde (41a) and 2,5-dimethoxy-4-nitrobenzaldehyde (41b). To 50.0
mL of concd. HNOs (d = 1.38) was added in one portion 10.0 g of 2,5-dimethoxybenzaldehyde (47.4
mmol) with vigorously stirring in ice bath. As soon as homogeneous solution turned to yellow
suspension, the solution was diluted with ice, and the yellow solid products were filtered and
washed with water. The crude product was dried and recrystallized from CHCIs-hexane to obtain
6.85 g (54%) of 41a as yellow needles: Rf = 0.23 (50% EtOAc-hexane); mp 170-172 °C; IR (KBr) vmax
cm-1: 3100, 2898, 2842, 1892, 1691, 1611, 1579, 1540, 1491, 1550, 1532, 1480, 1275, 1188, 1090, 1051,
950, 822, 805, 719, 641, 520; 'H NMR (CDCls, TMS = 0.00): 8 3.87 (3H, s, 5-OMe), 3.95 (3H, s,
2-OMe), 7.13 (1H, d, J = 9.2 Hz, H-3), 7.29 (1H, d, J = 9.2 Hz, H-4), 10.36 (1H, s, -CHO); 13C NMR
(CDCls, CDCls = 77.16): & 56.77 (2-OMe), 57.21 (5-OMe), 114.16 (C-3), 116.15 (C-1), 120.05 (C-4),
138.6 (C-6), 144.49 (C-5), 155.30 (C-2), 186.11 (C-1); HR-EI-MS m/z 211.0480 [M]*, calcd for
CoH9NOs 211.0481; Anal. Found: C 51.09, H 4.16, N 6.74%, calcd for CoHoNOs: C 51.19, H 4.30, N
6.63%. 41b was recrystallized from the mother liquor: yellow needles: tH NMR (CDClz, TMS = 0.00):
8 3.95 (6H, s, 2-, 5-OMe), 7.43, 7.58 (each 1H, each s, H-3, 4), 10.40 (1H, s, -CHO).

4-Bromo-2,5-dimethoxytoluene (42). To a solution of 2,5-dimethoxytoluene (9.80 g, 64.4 mmol) in
CH2Cl2 (93.4 mL) in shaded flask was added Br2 (3.44 mL, 67.6 mmol). After stirring for 10 h, the
reaction mixture was quenched with saturated aqueous NaS20s, and extracted with CHCIs (100 mL
X 3). The combined extracts were dried over Na>SO4 and evaporated in vacuo. The residue was
chromatographed on silica-gel (20% EtOAc-hexane) to give 42 (14.9 g, 75%) isolated as colorless
plates: Rf = 0.73 (25% EtOAc-hexane); mp 88-90 °C; IR (KBr) vmax cm-1: 3002, 2958, 2840, 1500, 1462,
1438, 1384, 1372, 1216, 1181, 1053, 1038, 1007, 863, 787, 712; tH NMR (CDCls, CHCI3 = 7.26): &
2.08 (3H, s, PhMe) 3.68 (3H, s, 2-OMe), 3.74 (3H, s, 5-OMe), 6.64 (1H, s, H-6), 6.99 (1H, s, H-3); 13C
NMR (CDCls, CDCls = 77.16): § 16.43 (PhMe), 57.08, 56.20 (3-, 6-OMe), 108.15 (C-1), 115.53, 115.35
(C-3, 6), 126.96 (C-4), 149.83 (C-2), 152.31 (C-5); HR-EI-MS m/z 229.9929 [M]*, calcd for CoH1102Br
229.9942; Anal. Found: C 46.78, H 4.74%, calcd for CoH1102Br: C 46.78; H 4.80%.

2,5-Dimethoxy-4-methylphenyl 3,6-dimethoxy-2-nitrophenyl methanone (43). tert- Butyllithium

107



(1.62 M /pentane, 0.28 mL, 0.45 mmol) was added dropwise over 5 min to the stirred solution of 42
(69.3 mg, 0.30 mmol) in THF (4.0 mL) at =78 °C. After stirring for 15 min, a solution of aldehyde
41a (50.6 mg, 0.24 mmol) in THF (2.0 mL) was added and the mixture was allowed to warm to room
temperature. To the reaction mixture was added water (4.0 mL) and the new mixture was extracted
with EtOAc. The organic layers were dried over Na2SO4 and condensed in vacuo. To the solution of
the residual pale yellow solids in CH2Cl2 (2.0 mL) was added the mixture of PCC (104 mg, 0.48
mmol) and AcONa (8.0 mg). The mixture was stirred at 25 °C for 5 h. The reaction mixture was
directly separated on silica-gel column chromatography (EtOAc) to give 43 (80.4 mg, 97%) as pale
yellow plates after recrystallization from hexane-chloroform: Rf = 0.37 (50% EtOAc-hexane); mp
164-168 °C; IR (KBr) vmax cm-1: 2946, 2841, 1640, 1608, 1522, 1501, 1486, 1465, 1430, 1401, 1357,
1288, 1262, 1217, 1070, 1058, 1039, 1003, 959, 812, 713; *H NMR (CDCls, CHCIz = 7.26): 6 2.25 (3H,
s, 4'-Me) 3.51, 3.71, 3.84, 3.90 (each 3H, each s, 3,6,2', 5-OMe), 6.71 (1H, s, H-3'), 7.02, 7.04 (each 1H,
ABq, J = 9.8 Hz, H-4, 5), 7.40 (1H, s, H-6"); 13C NMR (CDCls, CDCls = 77.16): § 17.16, 55.92, 56.75,
57.14, 57.41, 110.99, 113.80, 114.24, 115.38, 115.81, 123.91, 129.74, 136.03, 145.96, 152.18, 150.24,
154.72, 188.78; HR-EI-MS m/z 361.1153 [M]*, calcd for C1sH19NO7 361.1161; Anal. Found: C 59.50,
H 5.35, N 3.81%, calcd for C1sH1sNO7: C 59.83, H 5.30, N 3.88%.

2-Amino-3,6-dimethoxyphenyl 2,5-dimethoxy-4-methylphenyl methanone (40). A solution of ketone
43 (4.40 g, 12.2 mmol) and iron powder (2.43 g, 43.5 mmol) in 90% aqueous AcOH (117 mL) was
refluxed for 1 h. After removal of the solvent in vacuo, the residue was dissolved in EtOAc (100
mL), washed with water (30 mL X 3), dried over Na.SO4 and concentrated. The crude product was
purified on silica-gel column chromatography (EtOAc) to give 40 (3.48 g, 86%) as yellow plates after
recrystallization from hexane-CHCls: Rf = 0.67 (50% EtOAc-hexane); mp 129-132°C; IR (KBr) vmax
cm-1: 3477, 3378, 3000, 2939, 2838, 1630, 1610, 1561, 1480, 1458, 1438, 1398, 1267, 1213, 1162, 1116,
1092, 1042, 873, 810, 791, 719, 636; 1H NMR (CDCls, CHCIz = 7.26): 6 2.24 (3H, s, 4'-Me), 3.41, 3.63,
3.77, 3.84 (each 3H, each s, 3, 6, 2’, 5'-OMe), 5.67 (2H, brs, -NH2), 6.03 (1H, d, J = 8.8 Hz, H-5), 6.70
(1H, s, H-3)), 6.74 (1H, d, J = 8.8 Hz, H-4), 6.92 (1H, s, H-6"); 13C NMR (CDCl3, CDCls = 77.16): 5 16.8,
55.89, 56.07, 56.27, 56.94, 97.21, 111.08, 112.82, 113.88, 115.13, 130.59, 130.65, 140.29, 141.91,
151.63, 151.79, 154.72, 1196.17; HR-EI-MS m/z 331.1418 [M]*, calcd for C1sH21NOs 331.1420; Anal.
Found: C 64.96, H 6.35, N 4.11%, calcd for C1sH2:NOs: C 64.90, H 6.28, N 4.32%.

1,4,5,8-Tetramethoxy-3-methylfluoren-9-one (39). To a solution of amine 40 (3.48 g, 10.5 mmol) in
AcOH (450 mL) in shaded flask, isoamyl nitrite (2.83 mL, 21.0 mmol) was added at once with rapid
stirring at room temperature. The deep red reaction mixture was stirred for 0.5 h, and then
hydroquinone (1.40 g, 12.6 mmol) in acetone (30 mL) was added dropwise. N2 gas evolved, and the
reaction mixture became clear yellow. The reaction was stirred additionally for 1 h, and the
solvent was removed in vacuo. The yellow residue was dissolved in EtOAc (100 mL), washed with
saturated agqueous NaHCOs (50 mL X 3), washed with brine(50 mL X 2), and filtered through Celite,

and the solvent was again removed in vacuo. The product was purified on silica-gel column
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chromatography (50% EtOAc-CHCIs) to give 39 (2.61 g, 79%) as yellow solids. For further
analytical samples, recrystallization from hexane-CHCIs afforded orange needles: R = 0.35
(EtOAC); m.p. 198-203 °C; IR (KBr) vmax cm-1: 2939, 2838, 1698, 1588, 1578, 1490, 1480, 1467, 1438,
1268, 1239, 1222, 1178, 1052, 1038, 982, 962, 811; *H NMR (CDCls, CHCI3 = 7.26): & 2.35 (3H, s,
3-Me) 3.70 (3H, s, 4-OMe), 3.92 (9H, s, 1, 5, 8-OMe), 6.69 (1H, s, H-2), 6.86 (1H, d, J = 9.00 Hz, H-7),
7.06 (1H, d, J = 9.00 Hz, H-6); 13C NMR (CDCls, CDCls = 77.16): 6 17.71 (3-Me), 56.43, 56.74, 57.48
(1,5,8-OMe), 62.22 (4-OMe), 115.60 (C-7), 116.21 (C-2), 120.11 (C-1a), 121.54 (C-6), 122.68 (C-8a),
130.49 (C-5a), 135.11, 142.53 (C-3,4a), 148.07 (C-4), 149.14 (C-5), 153.08 (C-8), 154.75 (C-1), 189.27
(C-9); HR-EI-MS m/z 314.1162 [M]*, calcd for C1sH180s 314.1154; Anal. Found: C 68.49, H 5.72%,
calcd for C1sH180s: C 68.78, H 5.77%.

1,4,5,8-Tetramethoxy-3-methylfluorene (38). A mixture of fluorenone 39 (740 mg, 2.35 mmol),
triethylsilane (1.21 mL, 5.88 mmol) and TFA (8.4 mL) was stirred at room temperature. After 15
min, the reaction was quenched with saturated aqueous NaHCOs (10 mL) and extracted with
CHC I3 (10 mL X 3). The combined organic layers were washed with small portion of H20 (3 mL X 3),
and dried in vacuo. The residue was chromatographed on silica-gel (50% EtOAc-hexane) to give 38
(602 mg, 82%) as a colorless poeder: Rf = 0.72 (50% EtOAc-hexane); tH NMR (CDCls, TMS = 0.00):
2.41 (3H, s, 3-Me) 3.73 (2H, br s, H-9), 3.74, 3.88, 3.89, 3.95 (each 3H, each s, -OMe), 6.70 (1H, s,
H-2), 6.82, 6.90 (each 1H, ABq, J = 8.7 Hz, H-6, 7).

1,4,5,8-Tetramethoxy-3-methylfluorene-9-carboxylic acid methyl ester (46). n- Butyllithium (1.5 M
/hexane, 0.084 mL, 0.13 mmol) was added dropwise to the stirred solution of 38 (10.0 mg, 0.033
mmol) and TMEDA (0.02 mL, 0.13 mmol) in benzene (0.50 mL) at 0 °C. A yellow metal salt was
precipitated within 1 h. To the yellow suspension was added methyl chloroformate (0.015 mL, 0.20
mmol) and the mixture was allowed to warm to room temperature. the reaction was quenched with
saturated aqueous NH4Cl (1 mL) and extracted with EtOAc (1 mL X 3). The combined organic layers
were dried in vacuo. The residue was chromatographed on silica-gel (50% EtOAc-hexane) to give 46
(6.7 mg, 56%) as a white powder: Rf = 0.43 (50% EtOAc-hexane); tH NMR (CDCls, TMS = 0.00): &
2.39 (38H, s, 3-Me) 3.67, 3.74, 3.84, 3.84, 3.94 (each 3H, each s, -OMe), 4.75 (1H, s, H-9), 6.70 (1H, s,
H-2), 6.82, 6.94 (each 1H, ABq, J = 9.3 Hz, H-6, 7).

3-Bromomethyl-1,4,5,8-tetramethoxyfluoren-9-one (44). fluorenone 39 (2.61 g, 8.30 mmol)
suspended in benzene (160 mL) was warm to 70 °C. To the hot solution, N-bromosuccimide (1.47 g,
8.30 mmol) and benzoyl peroxide (163 mg, 0.50 mmol) was added and refluxed for 13 h. The
reaction mixture was evaporated, extracted with CHCIs (70 ml), washed with saturated aqueous
Naz2S203 (50 mL X 3). After removal solvent, crude product was separated on silica-gel column
chromatography (50% EtOAc-CHCIs) to give the benzyl bromide 44 (3.01 g, 92%). For further
analytical samples, recrystallization from hexane-CHCIs afforded yellow plates: Rf = 0.45 (EtOACc);
mp 211-214 °C; IR (KBr) vmax cm-1: 2940, 2840, 1698, 1582, 1570, 1499, 1480, 1273, 1218, 1181, 1050,
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1028, 978, 962, 910, 810; *H NMR (CDCls, CHCI3 = 7.26): 5 3.83 (3H, s, -OMe), 3.93 (6H, s, -OMe),
3.95 (3H, s, -OMe), 4.58 (2H, s, 3-CH>), 6.88 (1H, d, J = 9.00 Hz, H-7), 6.91 (1H, s, H-2), 7.08 (1H, d,
J = 9.00 Hz, H-6); 13C NMR (CDCls, CDClIz = 77.16): & 28.05, 56.55, 56.70, 57.33, 63.43, 115.91,
116.46, 121.72, 122.18, 122.42, 129.91, 135.97, 140.94, 147.75, 149.05, 153.17, 154.67, 188.91;
HR-EI-MS m/z 392.0272 [M]*, calcd for C1sH170sBr 392.0259; Anal. Found: C 54.88, H 4.49%, calcd
for C1sH170sBr: C 54.98, H 4.36%.

3-Bromomethyl-1,4,5,8-tetramethoxyfluorene (45). A mixture of 44 (25.0 mg, 6.37 X102 mmol),
triethylsilane (0.05 mL, 0.32 mmol), and TFA (0.6 mL) was stirred at 0 °C. After 15 min, the reaction
was quenched with saturated aqueous NaHCOs (3 mL) and extracted with CHCIs (3 mL X 3). The
combined organic layers were washed with small portion of H20 (1 mL X 3), and dried in vacuo. The
residue was chromatographed on silica-gel (30% EtOAc-hexane) to give 45 (19.1 mg, 79%) as a
colorless amorphous solid: mp 131-133 °C; Rs = 0.54 (30% EtOAc-hexane); IR (KBr) vmax cm-1: 2959,
2938, 2837, 1590, 1508, 1484, 1459, 1268, 1219, 1083, 1061, 1040, 802; 1H NMR (CDClIs, CHCIs =
7.26): 6 3.75 (2H, br s, H-9), 3.88, 3.89, 3.91, 3.95 (each 3H, each s, -OMe), 4.76 (2H, s, 3-CHy), 6.84,
6.90 (each 1H, ABg, J = 8.8 Hz, H-6, 7), 6.88 (1H, s, H-2); 13C NMR (CDCls, CDCls = 77.16): § 29.93,
32.50, 55.78, 55.91, 56.88, 63.19, 109.94, 111.13, 111.52, 129.91, 131.44, 133.53, 134.52, 135.10,
149.64, 150.41, 152.12; HR-EI-MS m/z 378.0459 [M]*, calcd for C1sH1904Br 378.0466; Anal. Found:
C 58.58, H 5.17%, calcd for C1sH1904Br: C 57.01, H 5.05%.

9-Cyano-1,4,5,8-tetramethoxy-9-trimethylsiloxyfluorene-3-ylacetonitrile (47). To a stirred
suspension of benzyl bromide 44 (60.2 mg, 0.153 mmol) and TBAF (0.241 mmol, 1.6 equiv) in THF
(0.241 mL) was added slowly trimethylsilylnitrile (0.361 mL, 2.71 mmol) at 20 °C. The yellow
suspension turned to clear colorless solution. After 15 min, reaction mixture was diluted with cold
CHCIs (5 mL), washed with cold water (3 mL X 3) rapidly, filtered through Celite, and concentrated
in vacuo. The crude product was separated on silica-gel column chromatography (20%
hexane-EtOACc) to give the cyanohydrin TMS ether 47 (46.3 mg, 69%) as a colorless form: Rs = 0.47
(50% EtOAc-hexane); mp 149 °C; IR (KBr) vmax cm-1: 2963, 2838, 1602, 1503, 1483, 1278, 1102, 1043,
1014, 882, 843; 1H NMR (CDCls, CHCIs = 7.26): § -0.22 (9H, s, -OTMS), 3.71 (3H, s, -OMe), 3.88,
3.82 (each 1H, ABq, J = 11.9 Hz, 3-CHy), 3.91, 3.94, 3.99 (each 3H, each s, -OMe), 6.97 (1H, s, H-2),
6.89, 7.08 (each 1H, ABq, J = 9.21 Hz, H-6, 7); 13C NMR (CDCls, CDCls = 77.16): § 0.83, 19.22, 56.02,
56.10, 57.06, 63.03, 72.08, 112.43, 113.45, 116.67, 118.10, 118.68, 126.69, 129.11, 130.59, 130.84,
132.68, 146.76, 149.05, 151.50, 153.27,; HR-EI-MS m/z 438.1611 [M]*, calcd for Ca23H2sN20sSi
438.1611; Anal. Found: C 62.69, H 5.96, N 6.44%, calcd for C23H26N20sSi: C 62.99, H 5.98, N 6.39%.

9-Cyano-1,4,5,8-tetramethoxyfluorene-3-ylacetonitrile (48). A solution of cyanohydrin 47 (46.3 mg,
0.106 mmol) and triethylsilane (0.084 mL, 0.528 mmol) in CH2Cl2 (2.80 mL) was cooled to 0 °C, with
stirring. BF3 -+ Et20 (0.067 mL, 0.528 mmol) was added dropwise to the solution and stirred for 1 h.

The reaction was quenched with saturated aqueous NaHCOs and extracted into CHCIs and the
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organic layers were dried over Na2SO4. After removal of the solvent, the residue was separated on
silica-gel column chromatography (50% EtOAc-CHCI3) to give dinitrile 48 (36.5 mg, 99%) as a
colorless needle that was used without further purification: Rf = 0.37 (50% EtOAc-hexane); mp
204-208 °C; IR (KBr) vmax cm-1: 2938, 2836, 1597, 1502, 1488, 1461, 1307, 1276, 1188, 1085, 1063,
1037, 993, 842, 811; *H NMR (CDCls, CHCI3 = 7.26): 8 3.76 (3H, s, -OMe), 3.85, 3.92 (each 1H, ABq,
J = 18.6 Hz, 3-CH>), 3.95, 3.96, 4.00 (3H, s, -OMe), 4.78 (1H, s, H-9), 6.99 (1H, s, H-2), 6.94, 7.03
(each 1H, ABq, J = 9.00 Hz, H-6, 7); 13C NMR (CDCls, CDClsz = 77.16): 6 19.18 (3-CHy), 32.97 (C-9),
56.30 (8-OMe), 56.35 (1-OMe), 57.00 (5-OMe), 63.16 (4-OMe), 111.12 (C-2), 111.94 (C-7), 114.52 (C-6),
116.42 (C-1a or 4a), 118.31 (C-3-CNCHg3-), 126.61 (9-CN),127.06 (C-8a), 127.21 (C-3), 128.84 (C-1a or
4a), 134.58 (C-5a), 147.03 (C-4), 149.48 (C-5), 150.62 (C-8), 152.52 (C-1); HR-EI-MS m/z 350.1264
[M]*, calcd for C20H18N204 350.1266; Anal. Found: C 68.23, H 5.19, N 7.84%, calcd for C20H18N204: C
68.56, H 5.18, N 8.00%.

4-Hydroxy-1,5,8-trimethoxy-9-methyloxocarbonylfluorene-3-ylacetic acid methyl ester (49). A
solution of nitrile 48 (45.8 mg, 0.131 mmol) in AcOH (15.2 mL) and hydrochloric acid (45.8 mL) was
refluxed with stirring for 3 h. The solvent was removed under vacuum, and the solid dissolved into
MeOH (20 mL). To the solution of the crude dicarboxylic acid, CHz2N2z (1 M in Et20, 5.0 mL) was
added until the color turned to pale green. The mixture was evaporated and separated on
silica-gel column chromatography (12% EtOAc-CHCI3) to give the diester 49 (31.8 mg, 60%) as
pale-yellow needles after recrystallization from CHCIs: Rf = 0.50 (50% EtOAc-CHCI3); mp 204-208
°C; IR (KBr) vmax cm-1: 2938, 2836, 1597, 1502, 1488, 1461, 1307, 1276, 1188, 1085, 1063, 1037, 993,
842, 811; 'H NMR (CDCls, CHCIs = 7.26): 5 3.68, 3.73 (each 3H, each s, -CO2Me), 3.66, 3.75 (each 1H,
ABq, J = 16.1 Hz, 3-CH>), 3.83 (3H, s, 1-OMe), 3.84 (3H, s, 8-OMe), 4.01 (3H, s, 5-OMe), 4.77 (1H, s,
H-9), 6.73 (1H, s, H-2), 6.77, 6.91 (each 1H, ABq, J = 9.00 Hz, H-6, 7), 9.56 (1H, s, 4-OH); 13C NMR
(CDCls, CDCls = 77.16): 8 36.48 (3-CH2), 50.35 (C-9), 52.37, 52.19 (-CO2Me), 56.09 (1-,8-OMe), 56.25,
57.22 (5-OMe), 109.99 (C-7), 112.18 (C-6), 114.01 (C-2), 122.17 (C-3), 127.33 (C-4a), 129.17 (C-1a),
130.95 (C-5a,8a), 144.21 (C-4), 146.12 (C-5), 148.95 (C-1), 151.56 (C-8), 172.63, 171.71 (-CO2Me);
HR-EI-MS m/z 402.1317 [M]*, calcd for C21H2208 402.1314; Anal. Found: C 62.55, H 5.54%, calcd for
C21H220s: C 62.68 H 5.51%.

Hipposudoric acid (32). A mixture of diester 49 (1.0 mg, 3.03 X103 mmol) and boron tribromide
(M in CH2Cl2, 0.3 mL) was stirred for 4 h at 0 °C. The reaction was quenched by addition of
saturated aqueous Na2S203 (0.5 mL), and extracted with EtOAc (0.3 mL X 3). The combined organic
layers were filtered through Celite, and concentrated in vacuo. The crude 34 was dissolved in 10%
glycerol-H20 (1.0 mL) and added FeCls (2.4 mg, 1.52X10-2 mmol) with vigorously stirring in ice
bath. The reaction mixture turned red within 5 min. The resulting red mixture was filtered
through CM Sephadex A-25 (pre-equilibrated with 0.2 M phosphate buffer, pH 6.1) and the eluate
was subjected to anion exchange chromatography (QAE Sephadex A-25, 1.7 M NaCl / 0.2 M
deuterated phosphate buffer, pH 6.1) to give hipposudoric acid 32 in buffer (10% yield, based on 49,
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the amount of 32 was estimated by the 1H NMR spectrum using DSS as an internal standard). 34:
1H NMR (acetone-ds, solvent residual peak = 2.05): 5 3.65 (2H, s, 3-CH2), 4.90 (1H, s, H-9), 6.72, 6.87
(each 1H, ABq, J = 8.5 Hz, H-6, 7), 6.76 (1H, s, H-2); FAB-HR-MS m/z 333.0625 [M+H]*, calcd for
C16H130s, 333.0610. 32 (in buffer solution): UV (0.1 M NaCl / 0.2 M phophate buffer, pH 6.1) Amax
nm (log ¢): 533 (3.83), 412 (3.95), 275 (3.97, sh), 242 (4.56); 1H NMR (1.7 M NaCl / 0.2 M deuterated
phophate buffer, pH 6.1, DSS = 0.00) 6 3.34 (2H, s, 3-CH2), 6.43 (1H, s, H-2), 6.55, 6.63 (each 1H,
ABq, J = 11.0 Hz, H-6, 7); FAB-HR-MS m/z 329.0284 [M+H]*, calcd for C16HoOs, 329.0297.

Isolation of the norhipposudric acid (33)

The preparation of the sample containing norhipposudoric acid (orange solution) via gel filtration
was described above. The resulting orange solution was applied to LC-ESI-MS spectra
measurements; the orange pigment 33 was chromatographed on ODS-HPLC (50% acetonitrile-H20,
0.4 ml min-t, 530 nm detection), connected to ESI-MS, and detected as major peak at 2.25-2.27 min.
The ESI-MS spectrum corresponding to the peak of 33 was measured. On the other hand, the
sample obtained after gel filtration was added a powder of Sephadex G-15, and the mixture was
lyophilized. The orange pigment was eluted from the pigment-adsorbed gel powder with 0.2 M
phosphate buffer (pH 6.1), the resulting eluate was added a suspension of QAE Sephadex A-25
(pre-equilibrated with 0.2 M phosphate buffer, pH 6.1) until the supernatant becomes colorless.
The colored resin was washed with the phosphate buffer (5 mL X 3), followed by with the deuterated
buffer (prepared with D20 instead of H20) (5 mLX2), and finally added 2.3 M NaCl / 0.2 M
deuterated phosphate buffer (pH 6.1) to give orange pigment (norhipposudoric acid (33)) solution.
The *H NMR spectrum of 33 was measured by using the solution and UV spectrum was then
measured by using the recovered sample diluted with 0.2 M phosphate buffer. The concentration of
33 was determined by the 1H NMR spectrum using DSS as an internal standard. HR-FAB-MS of
the pigment was measured by using the sample prepared in the same manner as those employed for
hipposudoric acid (32).

Norhipposudoric acid (33). An orange buffer solution; UV (0.2 M NaCl / 0.2 M phophate buffer, pH
6.1) Amax nm (log €): 511 (3.95), 418 (4.16), 271 (4.29, sh), 243 (4.73); 'H NMR (2.3 M NaCl / 0.2 M
deuterated phosphate buffer, pH 6.1, DSS = 0.00) § 3.33 (2H, s, H-1"), 6.46 (1H, s, H-2), 6.57, 6.62
(each 1H, ABq, J = 10.4 Hz, H-6, 7), 7.05 (1H, s, H-9); FAB-HR-MS m/z 285.0419 [M+H]*, calcd for
C1sH90s, 285.0399; LC-ESI-MS (50% acetonitrile-H20, containing 1% AcOH, flow rate 0.4 ml min-1)
m/z (retention time / min): positive 285.3 (2.27, [M+H]*), negative 283.7 (2.25, [M-H]J).

Chemical Conversion of norhipposudoric acid (33)

After ion exchange chromatography, the 33 in 2.3 M NaCl / 0.2 M phosphate buffer (5 mL, c.a.104
M) under argon atmosphere was added 10% Pd-C (1.0 mg) and stirred for 0.5 h under an
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atmospheric pressure of H2. The mixture was acidified with one drop of 6 M aqueous HCI, and
extracted with EtOAc (5 mL X 3). The combined organic layers were concentrated to 5 mL, and
filtered through Celite. Resulting filtrate was added CH2N2z (1 M in Et20, 0.3 mL), then the solution
dried in vacuo. The residue was chromatographed on ODS (50% acetone-H20), followed by PTLC
(ODS, 20% acetone-H20) to afford 50a and 50b as colorless solid.

Norhipposudoric acid derivative 50a (1,5,8-trihydroxy-4-methoxyfluoren-3-ylacetic acid methyl
ester): Rf = 0.29 (lower)(ODS, 40% acetone-H20); 1H NMR (acetone-ds, solvent residual peak = 2.05)
83.62 (2H, brs, 3-, or 9-CHy), 3.63 (3H, s, -CO2Me), 3.73 (2H, br s, 3-,0r 9-CH2), 4.06 (3H, s, 5-OMe),
6.72 (1H, s, H-2), 6.81, 6.98 (each 1H, ABq, J = 8.4 Hz, H-6, 7), 7.79, 8.19 (each 1H, each s, 1-, 8-OH),
9.51 (1H, s, 4-OH). 50b (3-(1,4,8-trihydroxy-5-methoxyfluorenyl)-acetic acid methyl ester): Rs =
0.29 (upper)(ODS, 40% acetone-H20); 1H NMR (acetone-ds, solvent residual peak = 2.05) & 3.69 (3H,
s, -CO2Me), 3.75, 3.76 (each 2H, each br s, 3-, 9-CHy), 3.84 (3H, s, 4-OMe), 6.69, 6.77 (each 1H, ABq,
J=8.7 Hz, H-6, 7), 6.81 (1H, s, H-2), 7.87, 8.43 (each 1H, each s, 1-, 8-OH), 9.07 (1H, s, 4-OH).

Synthesis of 50

1,4,5,8-tetramethoxyfluorene-3-acetonitrile (51). To a solution of 45 (12.3 mg, 3.24 X102 mmol) in
acetonitrile (0.32 mL) was added trimethylsilylnitrile (0.065 mL, 1.5 equiv) and TBAF (0.006 mL,
1.5 equiv) and stirred at 50 °C. After 6 h, the reaction was quenched with H20 (1 mL) and extracted
with CHCIs (1 mL X 3). The organic layer was washed with small portion of H20 (0.2 mL X 3), and
dried in vacuo. The residue was chromatographed on silica-gel (30% EtOAc- hexane) to give 51 (10.4
mg, 99%) as colorless powder: m.p. 171-174 °C; Rs = 0.54 (30% EtOAc-hexane); IR (KBr) vmax cm-1:
2998, 2958, 2837, 1590, 1508, 1483, 1467, 1270, 1248, 1221, 1084, 1062, 1041, 808; 1H NMR (CDCls,
CHCIz = 7.26): 6 3.74, 3.89 (each 2H, each br s, H-9, 3-CN-CH3>), 3.77, 3.88, 3.91, 3.95 (each 3H, each
s, -OMe), 6.84, 6.90 (each 1H, ABq, J = 8.6 Hz, H-6, 7), 6.88 (1H, s, H-2); 13C NMR (CDCIs, CDCls =
77.16): 5 18.94, 32.50, 55.84, 56.73, 62.78, 109.47, 110.08, 111.39, 118.88, 123.71, 129.59, 133.22,
133.55, 134.88, 146.92, 149.52, 150.41, 152.17; HR-EI-MS m/z 325.1311 [M]*, calcd for C1o0H19NOa4
325.1311; Anal. Found: C 68.93, H 5.86%, calcd for C1osH19NOa4: C 70.14, H 5.89%.

50 (A mixture of 4-hydroxy-1,5,8-trimethoxyfluoren-3-ylacetic acid methyl ester (50a) and
5-hydroxy-1,4,8-trimethoxyfluorene-3-ylacetic acid methyl ester (50b). A solution of nitrile 51 (23.0
mg, 0.065 mmol) in AcOH (7.7 mL) and hydrobromic acid (23 mL) was refluxed with stirring for 3 h.
The solvent was removed under vacuum, and the solid dissolved into MeOH (20 mL). To the
solution of the crude dicarboxylic acid, CH2N2 (1 M in Et20, 5 mL), was added dropwise. The
mixture was evaporated and separated on ODS PTLC (50% acetone-H20), to afford 50a and 50b as

colorless solid.
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Synthesis of model compound

1,4-dihydroxy-5,8-dimethoxy-9-methyloxocarbonylfluoren-3-ylacetic acid methyl ester (52). 52
was prepared by the similar manner as those of 49 involved 5,8-dimethoxy-1,4-di(methoxymethyl)-
3-methylfluoren-9-one (56). 56 was synthesized from 41a and 4-bromo-2,5-di(methoxymethyl)-
toluene (55) which prepared via methoxymethylation and subsequent bromination of
methylhydroquinone. Through all steps, it had been careful not to be too acidic.92 55: colorless
needles; m.p. 72-73 °C; IR (KBr) vmax cm-1: 2948, 2822, 1490, 1368, 1220, 1193, 1142, 1081, 992, 920,
889, 781, 715; 1H NMR (CDClIs, CHCIz = 7.26): 6 2.18 (3H, s, 5-Me), 3.47, 3.52 (each 3H, each s,
-OMOM), 5.11, 5.15 (each 2H, each s, -OMOM), 6.96 (1H, s, H-6), 7.24 (1H, s, H-3); 13C NMR (CDCls,
CDClz = 77.16): 6 16.39, 56.05, 56.38, 95.16, 95.88, 109.80, 119.17, 119.24, 127.97, 148.40, 150.89;
HR-EI-MS m/z 290.0416 [M]*, calcd for C11H1s04Br 290.0153; Anal. Found: C 45.31, H 4.89%, calcd
for C11H1504Br: C 45.38, H 5.19%. 56: yellow plates; m.p. 117-119 °C; IR (KBr) vmax cm-1: 2940, 2900,
2839, 1702, 1588, 1579, 1500, 1439, 1272, 1152, 1013, 1003, 970, 807; tH NMR (CDCls3, CHCIs =
7.26): 8 2.37 (1H, s, 3-Me), 3.51, 3.55, 3.87, 3.91 (each 3H, each s, -OMe, -OMOM), 4.96, 5.27 (each
2H, each s, -OMOM), 6.84, 7.04 (each 1H, ABqg, J = 9.0 Hz, H-6, 7), 6.85 (1H, s, H-2); 13C NMR
(CDCIs, CDCIs = 77.16): 6 18.59, 56.52, 56.60, 57.39, 57.91, 95.47, 101.54, 115.19, 120.52, 121.80,
122.36, 130.64, 134.42, 142.94, 147.07, 148.90, 152.14, 153.21, 188.92; HR-EI-MS m/z 374.1374 [M]*,
calcd for C20H2207 374.1365; Anal. Found: C 63.85, H 5.83%, calcd for C20H2207: C 64.16, H 5.92%.
52: pale green solid; Rf = 0.61 (SiO2, 12% MeOH-CHCI3); IR (KBr) vmax cm-1: 3283, 2900, 2839, 1737,
1499, 1460, 1408, 1279, 1260, 1195, 1160, 1060, 1018, 965; 1H NMR (acetone-ds, solvent residual
peak = 2.05): 8 3.61 (5H, br s, -OMe, 3-CH?2), 3.63, 3.86 (each 3H, each s, -CO2Me), 4.01 (3H, s, -OMe),
4.80 (1H, s, H-9), 6.73 (1H, s, H-2), 6.95, 7.15 (each 1H, ABq, J = 9.0 Hz, H-6, 7), 7.90 (1H, s, 1-OH),
9.46 (1H, s, 4-OH); 13C NMR (acetone-ds, solvent residual peak = 29.84): 6 36.12, 50.71, 51.81, 52.31,
56.32, 57.73, 111.13, 113.39, 119.26, 123.75, 127.12, 127.32, 131.27, 131.37, 144.37, 146.83, 146.93,
152.48,171.91, 172.33; HR-EI-MS m/z 388.1141 [M]*, calcd for C20H200s 388.1151.

1,4-dihydroxy-5,8-dimethoxy-3-methylfluorene (53). A mixture of 56 (126.0 mg, 3.37 X101 mmol),
triethylsilane (0.173 mL, 8.43 X101 mmol), and trifluoroacetic acid (1.2 mL) was stirred at 50 °C.
After 3 h, the reaction was quenched with H20 (5 mL) and extracted with CHCIs (5 mL X 3). The
combined organic layers were washed with small portion of H20 (1 mL X 3), and dried in vacuo. The
residue was chromatographed on SiO:2 (30% EtOAc- hexane) to give 53 (17.9 mg, 18.6%) as colorless
amorphous solid: Rf = 0.55 (SiO2, 12% MeOH-CHCI3); IR (KBr) vmax cm-1: 3220, 1498, 1463, 1392,
1350, 1278, 1245, 1063, 958, 798; 1H NMR (acetone-ds, solvent residual peak = 2.05): 8 2.19 (3H, s,
3-Me), 3.66 (2H, br s, H-9), 3.88, 4.08 (each 3H, each s, -OMe), 6.65 (1H, s, H-2), 6.89, 7.06 (each 1H,
ABqg, J = 9.0 Hz, H-6, 7), 7.64 (1H, s, 1-OH), 9.36 (1H, s, 4-OH); 13C NMR (acetone-ds, solvent
residual peak = 29.84): § 16.65, 32.37, 56.00, 57.67, 109.77, 111.97, 118.08, 124.69, 126.98, 127.55,
131.47, 132.93, 144.49, 146.45, 147.14, 152.42; HR-EI-MS m/z 272.1049 [M]*, calcd for CisH1604
272.1049.
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1,4-Dihydroxyfluorene (54). 54 was prepared by removal of methyl groups of 1,4-dimethoxyfluorene
which was synthesized by the similar manner as those of 49 from 41a and bromobenzene. The
1,4-dimethoxyfluorene (1.9 mg, 8.40 X 10-3 mmol) in CH2Cl. (0.084 mL) was added boron tribromide
(1 M in CH2Cl2, 0.084 mL) and stirred for 1.5 h at room temperature. The reaction was quenched by
addition of saturated aqueous Na:S203 (0.5 mL), and extracted with EtOAc (0.3 mLX3). The
combined organic layers were filtered through Celite, and concentrated in vacuo. The residue was
chromatographed on silica-gel (50% EtOAc-CHCI3s) to give 54 (1.6 mg, 96%) as colorless solid.
1,4-dimethoxyfluorene: R = 0.75 (SiO2, 50% EtOAc-hexane); IR (KBr) vmax cm-1: 2930, 2835, 1595,
1559, 1503, 1460, 1439, 1392, 1350, 1262, 1096, 1078, 1032, 1019, 950, 800, 778, 738, 718; 1H NMR
(CDCls, CHCI3 = 7.26): 6 3.84 (2H, br s, H-9), 3.89, 3.97 (each 3H, each s, -OMe), 6.78, 6.82 (each 1H,
ABq, J = 8.8 Hz, H-2, 3), 7.27 (1H, ddd, J = 1.2, 7.6, 7.6 Hz, H-7), 7.36 (1H, dd, J = 7.6, 7.6 Hz, H-6),
7.54, 8.15 (each 1H, each d, J = 7.6 Hz, H-5, 8). 54: white powder; Rf = 0.46 (SiO2, 50%
EtOAc-hexane); IR (KBr) vmax cm-1: 3270, 1495, 1404, 1250, 995, 900, 812, 737; tH NMR (acetone-ds,
solvent residual peak = 2.05): 6 3.82 (2H, s, H-9), 6.64, 6.73 (each 1H, ABq, J = 8.4 Hz, H-2, 3), 7.24
(1H, ddd, J = 1.5, 7.5, 7.5 Hz, H-7), 7.33 (1H, dd, J = 7.5, 7.5 Hz, H-6), 7.54, 8.15 (each 1H, each d, J
= 7.5 Hz, H-5, 8), 7.81, 8.28 (each 1H, each s, -OH); 13C NMR (acetone-ds, solvent residual peak =
29.84): & 34.12, 114.05, 114.46, 123.41, 124.43, 124.81, 125.48, 126.34, 127.64, 129.93, 141.64,
142.44, 146.80; HR-EI-MS m/z 198.0684 [M]*, calcd for C13H1002 198.0681.

1,4,5,8-Tetrahydroxyfluorene (60). 60 was synthesized by the similar manner as those of 54 from
41a and 2-bromo-1,4-dimethoxybenzene. 60: white powder; Rf = 0.23 (SiO2, 50% EtOAc-CHCIs); IR
(KBr) vmax cm-1: 3250, 1500, 1380, 1275, 1230, 942, 800, 750; 1H NMR (acetone-ds, solvent residual
peak = 2.05): 8 3.73 (2H, s, H-9), 6.70 (4H, s, H-2, 3, 6, 7); 13C NMR (acetone-ds, solvent residual
peak = 29.84): 6 31.67, 114.54, 114.86, 129.42, 128.16, 143.71, 147.03; HR-EI-MS m/z 230.0579 [M]*,
calcd for CizsH1004 230.0579.

Oxidation of model compounds with DDQ

A mixture of 52 (3.5 mg, 9.0X10-3 mmol) and DDQ (2.0 mg, 9.0X10-3 mmol) in CDCls (1.4 mL) was
stirred for 50 min. The obtained red solution was filtered and directly analyzed. 53 and 54 were also
oxidized by the similar manner as those of 52. 57 (5,8-dimethoxy-9-methyloxocarbonyl
fluorene-1,4-quinon-3-ylacetic acid methyl ester): tH NMR (CDCl3z, CHCIz = 7.26): § 3.53, 3.57 (each
1H, ABq, J = 15.3 Hz, 3-CHy), 3.73, 3.73, 3.85, 3.93 (each 3H, each s, -OMe, -CO2Me), 4.78 (1H, s,
H-9), 6.70 (1H, s, H-2), 6.96 (2H, br s, H-6, 7). 57’ (4-hydroxy-5,8-dimethoxy-9-methyloxocarbonyl
fluorene-1,9-quinonemethid-3-ylacetic acid methyl ester): UV (CHCI3) Amax Nm (log €): 560 (3.53),
380 (3.30, sh); tH NMR (CDCls, CHCIz = 7.26): 8 3.45 (2H, br s, 3-CH>2), 3.76, 3.82, 3.97, 4.01 (each
3H, each s, -OMe, -CO2Me), 6.07 (1H, s, H-2), 6.60, 6.81 (each 1H, ABq, J = 9.0 Hz, H-6, 7), 10.62
(1H, s, 4-OH). 58 (5,8-dimethoxy-3-methylfluorene-1,4-quinone): UV (CHCI3) Amax Nm (log &): 470
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(3.31, sh); tH NMR (CDCls, CHCIz3=7.26): § 2.16 (3H, d, J = 2.1 Hz, 3-Me), 3.78 (2H, s, H-9), 3.88,
3.95 (each 3H, each s, -OMe), 6.60 (1H, g, J = 2.1 Hz, H-2), 6.91 (2H, br s, H-6, 7). 58
(4-hydroxy-5,8-dimethoxy-3-methylfluorene-1,9-quinonemethide)(prepared from 58 by addition of
EtsN): UV (CHCI3) Amax nm (log €): 530 (3.82); H NMR (CDCls, CHCI3 =7.26): 6 2.08 (3H,d,J=1.6
Hz, 3-Me), 3.85, 3.99 (each 3H, each s, -OMe), 6.03 (1H, gq, J = 1.6 Hz, H-2), 6.57, 6.75 (each 1H, ABq,
J=9.4Hz, H-6,7), 7.54 (1H, s, H-9), 10.31 (1H, s, 4-OH). 59 (fluorene-1,4-quinone): UV (CHCIz) Amax
nm (log ¢): 421 (3.36), 343 (3.25), 284 (3.90, sh), 253 (4.27); 1H NMR (CDCls, TMS = 0.00): § 3.86 (2H,
br s, H-9), 6.79 (2H, br s, H-2, 3), 7.45 (2H, m, H-6, 7), 7.59, 8.26 (each 1H, each m, H-5, 8). 61
(fluorene-1,4,5,8-diquinone): UV (CHCI3) Amax Nm (relative absorbance): 538 (1.00), 319 (2.84), 243
(7.22); UV (50% MeOH-H20) Amax nm (relative absorbance): 518 (1.00), 410 (1.60); {H NMR (CDCls,
TMS = 0.00): § 6.67 (2H, d, J = 10.2 Hz, H-2, 7), 6.94 (2H, d, J = 10.2 Hz, H-3, 6), 7.38 (1H, s, H-9),
16.05 (1H, s, -OH); 1H NMR (CDCls, TMS = 0.00)(EtsN added): & 6.42, 6.49 (each 4H, ABq, J = 10.2
Hz, H-2, 3, 6, 7), 7.23 (1H, s, H-9). For pKa measurement, 61 in CHCIs was rapidly filtered through
ODS (50% MeOH-H20). The eluate was partially measured its pH with pH meter, and the rest was
subjected to UV analysis in order to determine concentration of 61. The concentration of 61 was
determined from UV absorbance of 61 by applying ¢ value of 33 to those of 61, since both
chromophores were same; pKa value: 2.7-3.3 (in MeOH-H20).

Antibacterial activity

The sweat solution was separated by gel filtration (Sephadex G-15 and Sephadex G-25). The
resulting red and orange solutions were concentrated to give sample of 32 (100 mg /L) and 33 (176
mg /L) respectively. These samples were filtered through membrane filter (cellulose acetate, 0.2 p)
and subjected to the test. For a control experiment, to these colored solutions were added
suspension of QAE Sephadex A-25 (pre-equilibrated with 0.2 M phosphate buffer, pH 6.1) and the
colorless supernatant were subjected to the test. The activities were measured by micro broth
dilution method in nutrient broth medium with an inoculum (Pseudomonas aeruginosa A3,
Klebsiella pneumoniae PCI1602, Bacillus stearothermophilus, Staphylococcus aureus 209P) of 106
cfu / mL at 37 °C (except for Bacillus stearothermophilus: at 50 °C) for 18 h . The red pigment 32
clearly shows growth inhibitory activities against Pseudomonas aeruginosa A3 and Klebsiella
pneumoniae PCI602 at 12 mg /L and 25 mg/ L, respectively (shown in Table 11).

ESR analysis of 33
A solution of 33 in water, obtained via gel filtration through Sephadex G-15, was concentrated to

2.65X103 M and subjected to ESR spectroscopic analysis; g: 2.0043 (2.19 X106 M, determined by
comparison with hydroxyTEMPO).

116



hipposudoric acid (32)

0.97
0.98

T

ﬁ532

1H NMR spectrum of hipposudoric acid 32 (300 MHz, 1.7 M NaCl /

0.2 M phosphate buffer)

3,001 ‘
|
va |
g [V
\
\
\\.%“
0, 000 | . o~
w200 300 40 anl Bild)

UV spectrum of hipposudoric acid (32) (0.1 M NaCl /0.2 M phosphate buffer)

117



HO

COH oy

HO HO

34

2.00

0.9

T8

0.46

T o3

327

0.30

T H] T T T I [T i T I T T T T T
4 0 [
IH NMR spectrum of 34 (300MHz, D20)
HO COzMeOH
COM
OR! OR? 2ve
35a, 35b
(mixture of mono-methyl ethers:
R!=H, R?%=Me and R'=Me, R?=H)
|
|
|
"
4 1] 4 o o I II |
. i i
| 1 !
L Nt

IH NMR spectrum of 35ab (300MHz, acetone-ds)

118



8BS  {OMe

OMe OH

36

OTBS

Co,Me

1k E"il

T s

- T . i {1 .EII 'r
. I ]- — .J]_i__-J._—.ﬂ_"h'LA_.I'.
1H NMR spectrum of 36 (400 MHz, CsDs)
= Ok ki 7] = bt oy 5
& 96 =3 m;'fr" " ﬁ -
TR AL =2 s o

13C NMR spectrum of 36 (100 MHz, CeDs)

119

= ILE
E FrILE
’ joad

JOUU I G 10D

1= TR R ]
| LETIN | d B - 0

LA L el
WM

Th idd
SR AT Hi
E

2 T3 e
3. TERE wer

2.5 s

1H
0] B Mr
130038 Bh My

K]
133l 45 M
=15

| 2#-Gcn-2a00 10 47: 04507

M FHA
| uETa] e -,




| 1) ik N
srm—pe—r= - B T e =
N . ., r ] L. S | "

[ . B L I . 1 Is
i 1] B I
A e LIL I
T i T T
EERSEEEREE! I
R A R e T T
e ;
o 0 I e
1 o O
3 0 o
ERENREEN 1T I 1 11
T M T T .00
T 0 I . I 1
P T_ et T L =1 i1

HMQC spectrum of 36 (CeDs)

e —————— ; P ———
T 1 '] 1 e
e e 1 8

o B I T

e e 1 A

“ETT T 1] 1

— - 4 1 T d L

_..——. 1 — - — . '\..i e

e BEE e

11 I

B e 0 .

- - i. N .

:*'_-3. i 1

" ] | - . = — e e - e b = =) = —— -

Bl N N I O i ] I 1=

— H S O . ; - -

:..-.:‘__-.._._!_ ..!,.- [ e .I-.- i
..; . RRL e —— ol T - I- - o .. —-— 1
| R } 1 O I LI O I
H ¥ I i L I | - - | |
. H e e i o e N B H R |
SEEEEES T e

HMBC spectrum of 36 (CsDe)

120

4-0C1-3300 Ak 317 &

O ILE
FhE

HEET L

SARGATAI 1LER £
4. 80| pasia- G2
| el s B D

WRIFIGE: | ST Al s Rk -R e

AR G0 CA0E .71
: Flmala]
[LUNE
: lazs
BT 85wy
. =0

£l TH
RE LS LT

ia
10551 WHr
A3l G5 iy

S-0CT-F0RD 13: 06: JU.T4

DF DLE

SYIEATE] 1SN L
1. L TiA] sl 5L

HAZT | B 4 Lenal ser-wn
PP ILE: 1 uFOE] i -SdP &

EARA BT DA
[T o

LU )
idra
1A IO
2]
18
4 A2 wer
R T

4

iy

ul
i

wEEL
L

Y
ERE WRE

s
.r
Y

i

ER

(=1 i.r.r

Lot
HT

A iF My
: LIDERE. e Nir

LIC
10P2 . %0 bhir
nERGAD da Hy
5

510
AD 0 iEEr
]



OMe
OHC
O,N k
OMe =
4la i
; &
% 3
' [ [
| I
L - M |
nll- (5] ) I I lll I I lI: I -\:-I-I- -
1H NMR spectrum of 41a (300 MHz, CDCls)
OMe
OHC
NO,
OMe
41b
|
|
.:l ].J
12 i i L a ? E H 4 3 x 1 - -1 P
t; I-.H '|'.|.l-l:.
[T EWT ] [T

1H NMR spectrum of 41b (300 MHz, CDCls)

121



OMe

Br:
OMe
42
-
|-
[ [
# H . £ 1 ] £ 1 ! s
L .: LT 1.m

1H NMR spectrum of 42 (300 MHz, CDCls)

—
-
L.

1H NMR spectrum of 43 (300 MHz, CDClzs)

122



OMe O OMe

NH, )
OMe OMe |
40 1
i
s E
L] - —
E 4 f-_.lr_'
— I S L-ﬂ S ‘Jl'-#k-uum__q_Jhnq_J'q_
T ] T J T ] T ’ T ] T L T T T
B L] = H
1H NMR spectrum of 40 (300 MHz, CDClzs)
MO [ OMe
MeO  OMe
39

J1] | |
| I

a ? i 5 H H 2

T BoEp (A1)

1H NMR spectrum of 39 (300 MHz, CDClz3)

123



MeO OMe

MeO OMe
38
-
o S b _._."HJ‘—J—J\—)I\—M_..,“'-_._
a T [ H 1 a z B H apm
ﬁ: +'1-|'.'_.' e
1H NMR spectrum of 38 (300 MHz, CDCls)
Meo  OMey
MeO OMe
46
=
.IJ, —
{rp
If g )
- Ll .
M M H 1 H 1 [

1H NMR spectrum of 46 (300 MHz, CDCls)

124



MeO OMe
44
I|' i~
f J

. M 1

T T ; . 5 : 3 i i '
1H NMR spectrum of 44 (300 MHz, CDCls)

MeO OMe
MeO OMe
45

EY)
LR ]

L.H ._JL_- _1'J~.. . .'

1H NMR spectrum of 45 (300 MHz, CDClzs)

125



Me OMe
-,
MeO OMe
47 3 .
: -
[
[
| |
J—— _1 _ﬁ — Iq-\_ | I I T Jlj‘_.
' ! . : e
1H NMR spectrum of 47 (300 MHz, CDClzs)
MeO CN OMe
MeO OMe
48 |
1
L S
—t | .I _,i._ A 1 J
= T T r
B ? a 5 & 1 & 1 " ppe

5. AT

1H NMR spectrum of 48 (300 MHz, CDCls)

126



MeO ConeOMe

MeO OH
49

s

IF-

i

| LN

HO  COH on

HO HO
34

1H NMR spectrum of 49 (300 MHz, CDClzs)

—e ‘Jl | - - l
T T T T T T T T T T

1H NMR spectrum of 34 (300 MHz, acetone-ds)

127



|
hipposudoric acid (32) ' I
[
i
| | - |i . [ |
[ [ ! ' |
i1 :! . ‘ ' |
11 |," . ] | -.
JL | -"III | 1 | | |
Ll _/ '.,._.jl N E L.Jl!q.,,__i\.r,..._l\.rll-.d.ﬁl—l" l....-.,...-..*l.-;_-.-_lhq..p.
T 7 — MMy s p e —
'-;'.";.-*' L H'
1H NMR spectrum of 32 (300 MHz, 1.7 M NaCl /
0.2 M phosphate buffer)
('{r'"—'.l!
| J'r "z
|
}

A
g!! it}

[ERTRTS

UV spectrum of hipposudoric acid (32) (0.1 M NaCl /0.2 M phosphate buffer)

128



norhipposudoric acid (33)

1H NMR spectrum of norhipposudoric acid (33)(300 MHz, 2.3 M NacCl /
0.2 M phosphate buffer)
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