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Abstract

In recent years, many marine invertebrates were studied in the world,

and many compounds were discovered from soft corals (for example:

sesquiterpenoids, diterpenoids, steroids and so on). From the previous

studies on marine nature products, we found that verticillenes of soft corals

have similar structures to taxoid diterpenoids of Taxus sp. This prompted us

to study Taxus sp., thus we may indirectly understand the correlation of

verticillienes of Taxus with verticilliene diterpenes of the soft corals.

In order to discover new taxoid derivatives, the twigs and leaves of

the Formosan T. sumatrana growing in Taiwan were investigated.

Chromatographic separations of acetone extract of the leaves and twigs of

this species yielded taxoid-enrich extracts. Fractionation of T. sumatrana has

resulted in the isolation of four new compounds 1- 4. All structures were

established primarily on the basis of 1D and 2D NMR experiments and other

physical methods, such as mass spectroscopy, infrared, ultraviolet and

optical rotation. The compound 1 is a taxoid 6/10/6 ring skeleton. The

compounds, 2~4, are the verticillene skeleton, but the functional groups are

different.
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verticillene

taxoid cespitularin
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sesquiterpenoids diterpenoids steroids

verticillene 1

(taxoids) 2

verticillenes

(WHO)
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Taxol Dr. Wall 3 Taxus

brevifolia Taxol
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Eleutherobia eleutherobin

(microtubule polymer) 4

verticillenes

taxoids

(Taxus sumatrana)

verticillene

Taxoids

taxoids verticillenes

verticillenes
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yew

Gymnspermas

Taxopsida

(Taxales)

Taxaceae

Taxus

Taxaceae

Amentotaxus

Torreya

Austotaxus

Pseudotaxus

Taxus

taxoids

Taxus baccata, T. brevifolia, T. canadensis, T. chinensis, T. cuspidata,

T. floridana, T. globosa, T. mairei, T. wallischiana, T. sumatrana,
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T. yunnanensis
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(T. sumatrana) 2005 Dr. Shen

taxoids tasumatrols E~G (5~7) tasumatrols M~O

(8~10) 2,7
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(T. mairei) 2004 Dr. Shen

taxoids

2 ,9 ,10 -triacetoxy-5 ,14 -dihydroxy-4(20),11(12)-taxadiene (11),

9 ,10 -diacetoxy-2 ,5 ,14 -trihydroxy-4(20),11(12)-taxadiene (12)

9 ,10 -diacetoxy-2 ,5 ,14 -trihydroxy-4,20-epoxy,11(12)-taxene (13)

OAc

OH
H

OR
HO

H

AcO

11 R= Ac
12 R = H

OH
H

OH

OAcAcO

H
HO

O

13

2006 Dr. Shi taxoids

2 -hydroxy-9 ,10 ,13 -triacetoxy-5 -cinnamoyloxytaxa-11-en-4 ,20

-epoxide (14) 15) 1-deoxypaclitaxel (16 7 ,10 -

diacetoxy-2 ,5 ,13 -trihydroxy-2(3 20)-abeo-taxa-4(20),11-dien-9-one

(17) 2 ,13 -diacetoxy-10-hydroxy-2(3 20)-abeo-taxa-4(20),6,11-

triene-5,9-dione(18) l0-deacetyltaxinine (19) 9~11
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(T. chinensis) 2004~6 Dr. Wang

Zhao Xia taxoids

14 -benzoyloxybaccatin IV (20) 14 -benzoyloxy-13-deacetylbaccatin IV

(21) and 14 -benzoyloxy-2-deacetylbaccatin VI (22) 13,15-epoxy-13-epi-

taxayunnasin A (23) taxchinin N (24) 2,20-O-diacetyltaxumairol N (25)

14 -hydroxy-10-deacetyl-2-O-debenzoylbacatin III (26) 12~14
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H
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(T. baccata) 2004 Dr. Shi

taxoids

5 ,9 ,10 ,13 -tetraacetoxy-14 -O-( -D-glucopyranosyl)taxa-4(20)

,11-diene (27) 1 ,2 ,9 ,10 -tetrahydroxy-5 -cinnamoyoxytaxa-4(20),

11-dien-13-one (28) 11-dien-13-one (29) 9 -acetoxy-2 ,10 -dihydroxy-

5 -cinnamoyoxytaxa-4(20),11-dien-13-one (30 2 ,10 -diacetoxy-1 ,

9 -dihydroxy-5 -cinnamoyoxy-3,11-cyclotaxa-4(20)-dien-13-one (31) 15
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AcO H
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OHO
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HO

R1 OH
H

OR2
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28 R1 = OH, R2 = H
29 R1 = H, R2 = H
30 R1 = H, R2 = Ac
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31

HO

(T. canadensis) 2004~7 Dr. Shi

taxoids

di-propellane A (32) di-propellane B (33) di-propellane C (34)

2 ,7 ,9 ,10 ,13-pentaacetoxy-11 -hydroxy-5 N,N-dimethylam

-phenyl)-Propionyloxytaxa-4(20),12-diene (35) 2 ,9 -dihydroxy-10 ,

13 -diacetoxy-5 ethylam axa-4(20)

,11-diene (36) 2 17-dihydroxy-9 ,10 ,13 -triacetoxy-5 -

N,N-dimethylam onyloxytaxa-4(20),11-diene (37)

2 -hydroxy-7 ,9 ,10 ,13 -tetraacetoxy-5 N,
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N-dimethylam onyloxytaxa-4(20),11-diene (38)

9 -hydroxy-2 ,10 ,13 -triacetoxy-5 N,N-dimethylam

-propionyloxytaxa-4(20),11-diene (39) (40)-(47)7 ,10 ,13 -triacetoxy-5 -

ethylamino-3 )-oxy-2 -hydroxy-2(3 20)abeotaxa

-4(20),11-dien-9-one (48) 2 ,10 -diacetoxy-9 -hydroxy-5 yl-

am 1-cyclotax-4(20)-en-13-one (49) 10 ,

13 -diacetoxytaxa-4(20),11-diene-5 ,9 ,14 -triol (50) 4 ,13 -diacetoxy-

2 ,20-epoxy-11(15 1)abeotaxa-11,15-diene-5 ,7 ,9 ,10 -tetraol (51)
16-20

O
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2004 Dr. Petzle taxoids

1 ,2 ,9 -trihydroxy-10 -acetoxy-5 -cinnamoyloxy-3,11-cyclotaxa-4(20)-e

n-13-one (52) 2 ,9 ,10 -triacetoxy-11,12-epoxy-20-hydroxytaxa-

4-en-13-one (53) 7 ,9 ,10 ,13 -tetraacetoxy-11(15 1)abeo-taxa-4(20),

11-diene-5 ,15-diol (54) 21
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(Cespitularia sp.)

verticillene Cespitularia sp.

(Cnidaria)

(Anthozoa)

(Octocorallia)

(Alcyonacea)

(Xeniidae)

Cespitularia sp.
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Cespitularia

1. C. hypotentaculata

2. C. taeniata May

Cespitularia 2002 Dr.

Duh C. hypotentaculata

cespitularins A~H (55~62) 55~58 verticillene

cespitularin E (59) norditerpene 60~62 cespitularane
1

O
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56 R = H
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H
O

O
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H

H H
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2005 Dr. Shen C. taeniata May

cespitulactams A~C (63~65) 22

N
O
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H R

63 R = H 65
64 R = OH

N
O

O

H

H

2006 Dr. C. taeniata May

cespitulactones A~B (66~67) cespitulactone A
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Dr. Duh C. hypotentaculata

cespitularane cespitularins I-L (68~71)

norverticillane cespitularins M-N (72~73) verticillane

cespitularins O-P (74~75) norditerpene

cespitularin Q (76) xenicane cespitolide (77)

3,11-dihydroxy-5,6-epoxy-9,11-secocholestan-9-one (78)

3,11-dihydroxy-5,6-epoxy-9,11-secogorgostan-9-one (79) 24
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2006 Dr. C. hypotentaculata

norditerpene cespihypotins A~D (79~82) 25
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(28.5 kg)

acetone n-Hex(3:1)

( 1.5 kg

wet) MeOH LH-20

fractions

HPLC 4 2 ( )

(

)
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28.5 kg

, acetone : hex( 3 : 1 )
, , ,

(1.5 kg wet)

LH-20
MeOH

T1(95 g) T2(200 g) T3(160 g) T4 T5

Polarity gradient
n-Hex :CH2 Cl2 : MeOH
100:100:1 --> 5 : 5 :1

14~17 13,15 28~29
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13,15 16 17 18

Hydrolysis K2CO3 10 mg 75 % MeOH 5 mL

Na2SO4 ,

NP plate

1~5
x

T1-13-H6 (2 mg)
87

T1-13-H7 (5 mg)
88

(n-Hex : CH2Cl2 : MeOH = 5 : 5 : 1)

27



14 ~ 17 , 1350 mg
Flash column
CH2 Cl2 : MeOH (polarity gradient)
200:1 --> 10:1

1 ~ 3
X

4 ~ 8
282 mg

9 ~ 10
356 mg

11
254 mg

NP HPLC (n-Hex : CH2Cl2 : MeOH = 100 : 100 : 1)

1
X

2
63 mg

RP HPLC (MeOH : H2O : MeCN = 58 : 37 : 5)

1
X

T1-14-4-2-2
taxachitriene A

T1-14-4-2-3 (4 mg)
1

4
x
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28~29 (3200 mg) Flash column
CH2 Cl2 / MeOH (polarity gradient)
200:1 --> 10:1

1
x

2
132 mg

3
342 mg

4
40 mg

5
362 mg

6
172 mg

7
77 mg

8
x

6~7

NP HPLC (n-Hex : CH2Cl2 : MeOH = 20 : 20 : 1)

a
45 mg

b
145 mg

RP HPLC
MeOH : H2O : MeCN

58 : 37 : 5

RP HPLC
MeOH : H2O : MeCN

58 : 37 : 5

c
x

1~3
x

T1-28-6a-4 (3 mg)
2

1
x

T1-28-6b-2 (21 mg)
3

3 ~ 4
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T2-16 (4550 mg) T2-17 (5220 mg) T2-18 (6130 mg)

Flash column
CH2 Cl2 : MeOH (polarity gradient)
200:1 --> 10:1

m (1910 mg)k l

Flash column
CH2 Cl2 : MeOH (polarity gradient)
50:1 --> 10:1

m1 (526 mg) m2 (750 mg)

ji

NP HPLC (n-Hex : CH2Cl2 : MeOH = 15 : 15 : 1)

1 (114 mg) 2 (140 mg) 3 (262 mg)

m3 ~ m5
x

RP HPLC (MeOH : H2O : MeCN = 58 : 44 : 5)

T2-17-m1-2-7( 4 mg)
4

T2-17-m1-2-2
3 mg

T2-17-m1-2-1
4 mg
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O

O

AcO

OH

OAc

OAc

1

20

3
5

7

911

13 15

16

17

18 19

4

8

14

2H

1

H

[ ]D
25 -5.7(c 0.4 CHCl3) IR (

3.) 3474 cm-1(-OH) 1734 cm-1(ester)

HR-ESI-MS ( 4.) m/z 513.2104 [M+Na]+

C26H34O9

1H 13C NMR ( 1)

(-OAc) H 2.05 2.10 2.15 C 21.4 21.0 21.0 170.0

169.7 170.1 H 1.18 (Me-16) 1.18 (Me-17)

1.70 (Me-18) 1.21 (Me-19) C 21.7 (C-16) 32.5 (C-17) 19.0 (C-18)

24.1 (C-19) H 5.56 (d J=10 Hz H-20) H 5.85(d

J=9 Hz H-2) 4.28 (t J=4.5 Hz H-5) H 5.34 (d J=8.5 Hz H-7) H

5.69 (s H-10) C

139.4 (C-4) 121.3 (C-20) 145.9 (C-11) 136.8 (C-12)

(C=O C 209.8 (C-9) 199.7 (C-13

33



COSY H1.79(H-1) 5.85(H-2) 2.74(H-14)

H 5.85(H-2) 5.56(H-20) H1.43 2.34(H-6) 5.34(H-7)

4.28(H-5) HMBC H5.69(H-10)

C52.7(C-8) 209.8(C-9) 145.9(C-11) 136.8(C-12) 36.5(C-15) C-10

(-OAc) H 5.56(H-20) C47.1(C-1) 70.7(C-2)

139.4(C-4) 66.6(C-5) C-16 ( H 1.18)

47.1(C-1) 145.9(C-11) 36.5(C-15) C-18 ( H 1.70)

C145.9(C-11) 136.8(C-12) 199.7(C-13) C-19 ( H 1.59)

C 67.8(C-7) 52.7(C-8) 209.8(C-9) ( 7.)

16 17 19

NOESY

H1.21(Me-19) 5.69(H-10) 4.28(H-5) 4.28(H-5) 2.34(H-6)

H1.18(Me-16 17) 1.18(H-1) 5.85(H-2 5.69(H-10)

2.47(H-14) ( 11.)

H-10

Shen7 Shi11,20

taxoids H-10 1
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O

O

AcO

OH

OAc

OAc

1

20

3
5

7

911

13 15

16

17

18 19

4

8

14

2H

1

H

C26H34O9

[ ]D
25 -5.7 (c 0.6 ,CHCl3 )

UV (MeOH) max

(log ) 245(3.28) nm

IR (neat) max (CHCl3 )

3474, 1734, 1717, 1654, 1457, 1373, 1228, 1018, 755 cm-1

HR-ESI-MS m/z

513.2104 [M Na] calcd for C26H34O9Na 513.2100
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3. 1 IR

4. 1 HR-ESI-MS
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1 NMR

compound 1 (T1-14-4-2-3)
NMR

position
1H 13C

1
2
3

4
5
6

7
8
9
10
11
12
13
14

15
16
17
18
19
20
OAc
OAc
OAc

1.91 d (J = 8.0 Hz)
5.85 d (J = 9.0 Hz)
1.94 d (J = 16.0 Hz)
2.72 d (J = 16.0 Hz)

4.28 m
1.43 d (J = 14.5 Hz)
2.34 m
5.34 d (J = 10.0 Hz)

5.69 brs

2.47 d (J = 16.0 Hz)
2.74 m

1.18 s (overlap)
1.18 s (overlap)
1.70 s
1.21 s
5.56 d (J = 10.0 Hz)
2.05 s
2.10 s
2.15 s

47.1 d
70.7 d
32.1 t

139.4 s
66.6 d
37.7 t

67.8 d
52.7 s

209.8 s
72.0 d

145.9 s
136.8 s
199.7 s
36.0 t

36.5 s
21.7 q
32.5 q
19.0 q
24.1 q

121.3 d
170.0 s, 21.4 q
169.7 s, 21.0 q
170.1 s, 21.0 q

s = C, d = CH, t = CH2, q= CH3, m = multiplet
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5. 1 1H NMR

6. 1 13C NMR

38



O

O

AcO

OH

OAc

AcO

1

20

3

5

7

9

11

13 15

16

17

18 19

4

8

14

2H

COSY correlations

HMBC correlations

7. 1 COSY HMBC

8. 1 COSY
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9. 1 HMBC

10. 1 HMQC
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H OH

H

AcO
OOAc

H

H

HH OAc

O

H

H

H
H

11. 1 NOESY
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•• 2 (T1-28-6a-4)

H

1

11

13

18

16

17

OAc

AcO
OAc

OAc

19

20

3 5

7

9

15

O

AcO

OH

2

[ ]D
25 +46 (c 0.3 CHCl3) IR (

12.) 3441 cm-1(-OH) 1738 cm-1 (ester)

HR-ESI-MS ( 13.) m/z 615.2420 [M+Na]+

C30H40O12
1H 13C NMR ( 2.)

H 2.00 2.01 2.02 2.11 2.21 C 20.1 20.6

20.8 20.9 21.3 168.5 169.1 169.4 170.6 170.1 170.2

H 1.17(Me-16) 1.27(Me-17) 2.11(Me-18)

1.47(Me-19) C 24.0(C-16) 35.0(C-17) 18.5(C-18) 10.6(C-19) H

6.85(d J=10.5 H-3) H 5.94 (dd J=10.0 7.0 Hz

H-2) H 5.03 (t J=8.0 H-7) H 7.04 (d J=1.5Hz H-10) H 5.23 (d

J=7.0 Hz H-13) 4 C

139.(C-3) 134.5(C-4) 126.8(C-8) 141.8(C-9) 139.9(C-11) 138.6(C-12)

C199.7(C-5)

COSY H 2.36(H-14) 2.20(H-1) 5.23(H-13)

H5.94 (H-2) 2.20 (H-1) 6.85 (H-3) H 2.87 3.29(H-6)

42



5.03(H-7) HMBC H6.85(H-3) C

69.3(C-2) 134.5(C-4) 199.7(C-5) H2.87 3.29(H-6) C

199.7(C-5) 63.1(C-7) H 7.04(H-10) C 36.2(C-15)

126.8(C-8) 141.8(C-9) 139.9(C-11) 138.6(C-12) C-10

(-OAc) H2.36(H-14) C 46.5(C-1) 70.1(C-13)

C-16 ( H 1.17) C46.5(C-1) 139.9(C-11) 36.2(C-15)

C-18 ( H2.11) C139.9(C-11) 138.6(C-12) 70.1(C-13)

C-19 ( H 1.47) C 63.1(C-7) 126.8(C-8) 141.8(C-9)

H 4.90 4.04(H-20) C 134.5(C-3) 139.3(C-4)

199.7(C-5) C-20 ( 16.)

NOESY ( 20.) H1.17(Me-16

2.20(H-1) 5.23(H-13) 1.27(Me-17 H 5.94(H-2)

H 5.03(H-7) 6.85(H-3 7.04(H-10)

2
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2 (T1-28-6a-4)

H

1

11

13

18

16

17

OAc

AcO
OAc

OAc

19

20

3 5

7

9

15

O

AcO

OH

2

C30H40O12

[ ]D
25 46 (c 0.3 ,CHCl3 )

UV (MeOH) max

(log ) 221(4.65) nm

IR (neat) max (CHCl3 )

3441, 2982, 2933, 1737, 1673, 1436, 1376, 1236, 1105, 1022, 967, 740

cm-1

HR-ESI-MS m/z

615.2420 [M Na] calcd for C30H40O12Na 615.2417
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12. 2 IR

13. 2 HR-ESI-MS
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2. 2 NMR
compound 2 (T1-28-6a-4)

NMR
position

1H 13C

1
2
3
4
5
6

7
8
9
10
11
12
13
14
15
16
17
18
19
20

OAc
OAc
OAc
OAc
OAc

2.06 m
5.94 dd (J=7 , 10 Hz)
6.85 d (J=10.5 Hz)

2.87 dd (J=8 , 15.5 Hz)
3.29 dd (J=8 , 15.5 Hz)
5.03 t (J=8 Hz)

7.04 d (J=1.5 Hz)

5.23 d (J=7 Hz)
2.36 m

1.17 s
1.27 s
2.11 s
1.47 s
4.90 d (J = 12.0 Hz)
4.93 d (J = 12.0 Hz)
2.02 s
2.01 s
2.02 s
2.11 s
2.20 s

45.0 d
69.3 d

139.3 d
138.6 s
199.7 s
46.5 t

63.1 d
126.8 s
141.8 s
68.3 d

134.5 s
139.9 s
70.1 d
24.0 t
36.2 s
35.0 q
22.9 q
18.5 q
10.6 q
57.5 t

168.5 s, 20.8 q
170.1 s, 20.8 q
169.1 s, 20.8 q
170.2 s, 21.3 q
169.5 s, 20.1 q

s = C, d = CH, t = CH2, q= CH3, m = multiplet
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14. 2 1H NMR

15. 2 13C NMR
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H

1

11

13

18

16

17

OAc

AcO
OAc

OAc

19

20

3 5

7

9

15

O

AcO
COSY correlations

OH

HMBC correlations

16. 2 COSY & HMBC

17. 2 COSY
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18. 2 HMBC

19. 2 HMQC
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O

OAc

OH

OAcOAc

OAc

AcO

H

H

H

H

H

H

H

H

20. 2 NOESY
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3 (T1-28-6b-2)

H

1

11

13

18

16

17

OAc

AcO
OAc

OAc

19

20

3 5

7

9

15

OH

AcO

OH

3

[ ]D
25 +18 (c 2.1 CHCl3) IR (

21.) 3446 cm-1 (-OH) 1733 cm-1 (ester)

HR-ESI-MS ( 22.) m/z 617.2576

[M+Na]+ C30H42O12
1H 13C NMR ( 3.

2 ( H 20.4 20.9 21.0 21.4 21.5 C 168.

169.5 169.9 170.7 170.8) ( H 1.10 1.26 2.20 1.59)

( C 124.5 137.4 128.4 141.3 136.8 134.9)

3 (C=O) ( H5.7

)

COSY H-6 H-7 H-5 HMBC

H-3 C-2 C-4 C-5 H-6 C-5 C-7

H-10 C-15 C-8 C-9 C-11 C-12 C-10 (-OAc)

H-14 C-1 C-13 C-16 C-1 C-11

C-15 C-18 C-11 C-12 C-13 C-19

C-7 C-8 C-9 H-20 C C-3 C-4 C-5
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C-20 COSY HMBC

( 23.)

NOESY ( 29.) Me-16

H-2 Me-17 H-1 H-13 H-1 H-2

H-7 H-3 H-10 H-5 H-6

2 5

3
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3 (T1-28-6b-2)

H

1

11

13

18

16

17

OAc

AcO
OAc

OAc

19

20

3 5

7

9

15

OH

AcO

OH

3

C30H42O12

[ ]D
25 18 (c 2.1 ,CHCl3 )

IR (neat) max (CHCl3 )

3446, 2943, 1732, 1669, 1439, 1371, 1237, 1102, 1018, 959, 755, 666, 607

cm-1

HR-ESI-MS m/z

617.2576 [M Na] calcd for C30H42O12Na 617.2574
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21. 3 IR

22. 3 HR-ESI-MS
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2. NMR
compound 2 (T1-28-6b-2)

NMR
Position

1H 13C

1
2
3
4
5
6

7
8
9
10
11
12
13
14

15
16
17
18
19
20

OAc
OAc
OAc
OAc
OAc

1.79 dd (J=4.8 , 6.6Hz)
5.77 dd (J=4.8 , 11.4 Hz)
6.21 d (J=11.1 Hz)

4.50 s
1.99 m
2.43 m
4.36 d (J=7.5 Hz)

6.99 brs

5.31 d (J=9.3 Hz)
2.14 m
2.53 m

1.10 s
1.26 s
2.02 s (overlap)
1.59 s
4.30 d (J=12.6 Hz)
4.90 d (J=12.6 Hz)
2.00 s
2.01 s
2.02 s (overlap)
2.14 s
2.21 s

46.3 d
69.0 d

124.5 d
137.4 s
68.3 s
39.0 t

62.3 d
128.4 s
141.3 s
68.4 d

136.8 s
134.9 s
69.1 d
25.4 t

36.0 s
33.7 q
24.6 q
16.8 q
11.6 q
60.0 t

168.5 s, 20.1 q
168.5 s, 20.8 q
169.5 s, 20.1 q
170.1 s, 20.6 q
170.2 s, 21.3 q

s = C, d = CH, t = CH2, q= CH3, m = multiplet
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23. 3 1H NMR

24. 3 13C NMR
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H

1

11

13

18

16

17

OAc

AcO
OAc

OAc

19

20

3 5

7

9

15

OH

AcO
COSY correlations

OH

HMBC correlations

25. 3 COSY HMBC

26. 3 COSY
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27. 3 HMBC

28. 3 HMQC
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OH

OAc

OH

OAcOAc

OAc

AcO

H

H

H

H

H

H

H

H
H

29. 3 NOESY
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4 (T2-17-m1-2-7)

H

1

11

13

18

16

17

OH

AcO
OAc

OH

19

20

3 5

7

9

15

O

AcO

OH

1'

3'
5'

7'

4

O

[ ]D
25 +87 (c 0.3 CHCl3) IR (

30.) 3420 cm-1(-OH) 1732 cm-1 (ester)

HR-ESI-MS ( 31.) m/z 663.2785 [M+Na]+

C35H44O11 640 1H 13C NMR (

4.) 2 ( H 1.10 1.21 2.08 1.59)

( C 128.1 135.7 128.1 141.2 136.4 135.7)

( H 21.1 20.8 20.4 C 170.6 168.8 169.4)

( H 4.70 5.70 4.47 7.04 5.30)

cinnamoyl(C6H5CH=CHCO-)

COSY 2

HMBC

H-6 C-5 C-7 H-10 C-8 C-9 C-11 C-12 C-15

C-10 (-OAc) H-14 C-1 C-13 H-20

C-3 C-4 C-5 C-20 Me-16 C-1 C-11

C-15 Me-18 C-11 C-12 C-13 C-19
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C-7 C-8 C-9 COSY

HMBC (

34.)

NOESY ( 38.) Me-16

H-1 H-13 H-5 H-6 H-20 H-7

H-3 H-10 H-2 Me-17 H-20

2 5

cinnamoyl 2 20 4
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H

1

11

13

18

16

17

OH

AcO
OAc

OH

19

20

3 5

7

9

15

O

AcO

OH

1'

3'
5'

7'

4

O

[ ]D
25 87 (c 0.3 ,CHCl3 )

UV (MeOH) max

(log ) 277(3.87) nm

IR (neat) max (CHCl3 )

3420, 2927, 1732, 1716, 1636, 1372, 1237, 1018, 756 cm-1

HR-ESI-MS m/z

663.2785 [M Na] calcd for C26H34O9Na 663.2781
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30. 4 IR

31. 4 HR-ESI-MS
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4. NMR
compound 4(T2-17-m1-2-7)

NMR
position

1H 13C

1
2
3
4
5
6

7
8
9
10
11
12
13
14

15
16
17
18
19
20

OAc
OAc
OAc
OCinnamoyl

1.79 m
4.70 dd (J = 5.5••10.5 Hz)
5.58 d (J = 10.5 Hz)

5.70 s
2.05 m
2.58 m
4.47 d (J = 8.5 Hz)

7.04 s

5.30 d (J = 10 Hz)
2.10 m
2.50 m

1.10 s
1.21 s
2.08 s
1.59 s
3.69 d (J = 12.5 Hz)
4.41 d (J = 12.5 Hz)
1.76 s
1.98 s
2.23 s

6.55 d (J = 16 Hz)
7.80 d (J = 16 Hz)

7.53 t (J = 4 Hz)
7.42 m
7.41 m

47.8 d
66.1 d

126.7 d
135.7 s
71.5 d
36.2 s

63.6 d
128.1 s
141.2 s
68.3 d

136.4 s
135.7 s
69.6 d
24.8 t

36.5 s
32.8 q
25.0 q
16.1 q
11.4 q
58.1 t

170.6 s••21.1 q
168.8 s••20.8 q
169.4 s••20.4 q

166.3 s
117.8 d
146.1 d
134.0 s
128.1 d
129.1 d
130.8 d

s = C, d = CH, t = CH2, q= CH3, m = multiplet
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32. 4 1H NMR

33. 4 13C NMR
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H

1

11

13

18

16

17

OH

AcO
OAc

OH

19

20

3 5

7

9

15AcO

COSY correlations

OH HMBC correlations

O

O

1'

3'

5'

7'

34. 4 COSY HMBC

35. 4 COSY
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36. 4 HMBC

37. 4 HMQC
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OA

O

OH

OH

cOAc

OH

AcO

H

H

H

H

H

O
H

H

H
H

H

H

38. 4 NOESY

68



verticillene

H

OAc

AcO OAc

OH
OH

AcO

OAc

2-deactyl taxachitriene A

H

OAc

AcO OAc

OAc
OH

AcO

OAc

taxachitriene A

H

OH

AcO OAc

OAc
OH

AcO

OAc

20-deactyl taxachitriene A

H

OAc

AcO OAc

OAc
OH

HO

OAc

13-deactyl taxachitriene A

8483

85 86
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T. sumatrana fractions (T1-13~17)

taxachitriene A verticillene

fractions(T1-13 15)

50 mg T1-13 10 mg (K2CO3) 10 mL75 %

30 2

87 (T1-13-H6) 88 (T1-13-H7)

H

OAc

AcO OAc

OAc
OH

AcO
OAc

taxachitriene A

H

OH

HO OH

OH
OH

AcO
OH

87

H

OH

HO OH

OH
OH

HO
OH

88
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1H NMR

84 1H NMR
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(geranylgeranyl pyrophosphate) taxoid

verticillene

( taxoids )

2~4

1 2 87 88 tasumartrols M N 2

Cespitularia sp. verticillenes taxoid

6 / 12 ring

( verticillene ) 25

2 57 59 81 82

2 C-3 C-4 C-8 C-9

C-4 C-20 57 59 82 C-7 C-8

taxoid C-6 C-6

C-6

taxoid cespitularin

C-10
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H

1

11

13

18

1617

OAc

AcO OAc

OAc

19

20

3 5

7

9

15

O

AcO
OH

2

HO

H

57

O

H

OH

59

O

H

OH

O

81

O

H

O

82
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A. taxoids :

Geranylgeranyl pyrophosphate

cyclase [O]

hydroxylation

oxidation

oxidation

tasumatrol M tasumatrol N

T1-28-6a-4T1-28-6b-2T2-17-m1-2-7

234

verticillene

O
H2O

OH

OH

O

HO OH

OH

HO

HO

OH

OH

HO OH

OH

HO

HO

OH

OAc

AcO OAc

OAc
O

AcO
OH

OAc

AcO OAc

OAc
OH

AcO
OH

OH

AcO OAc

OH

AcO

HO

OH

OH

AcO OAc

OAc

AcO

HO

OH

O

AcO OAc

OAc

AcO

HO

OH

H
+

[O]

O

OH

AcO OAc

O
OH

OH

O

OPP

hydroxylation

oxidation
Ac
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B. verticillenes :

Cyclase +

1S-Verticillene

H

H

OPP

Oxidation &
Rearrangement

H

HO

Cespitularin C

Oxidation &
Hydroxylation

H

HOOC
HO

OH
OH

H

O

OH O

Oxidation

Lactonization

O

OH

O

H

OH

Cespitularin D

O

OH

O

H

H

Cespitularin O

Oxidation

O

OH

O

H

OMe

Cespitularin P

Methylation

57

74 58

75
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••

••

(tasumartrols M N)

•• Cespitularia

2~ verticillene

••
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