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Abstract—Two new abietane-type diterpenes, taxodistines A (1) and B (2), have been isolated by the guidance of inhibitory effect of
tubulin polymerization from the fruits of Taxodium distichum and the structures were elucidated by using 2D NMR data. Taxodis-

tine B (2) showed inhibition of tubulin polymerization.
© 2007 Elsevier Ltd. All rights reserved.

Antimitotic agents interact with microtubule formed by
the self-association of the o,p-tubulin heterodimers and
are of interest for the insights they can provide into the
roles of microtubules as well as their potential activity in
the treatment of cancer diseases.! In recent years, struc-
turally diverse antimitotic agents such as paclitaxel and
vinblastine have been isolated from higher plants. Paclit-
axel is potent inhibitor of cell proliferation and arrests
cells in mitosis, but in contrast to vinblastine, promotes
the polymerization of purified tubulin, causing stabiliza-
tion and bundling of microtubules.! Recently much ef-
fort has been directed to the isolation and synthesis of
new antimitotic drugs that target the tubulin/microtu-
bule system and display efficacy against drug-refractory
carcinomas.

During our search for bioactive compounds targeting
the tubulin/microtubules from medicinal plants,? we
found that the extract from the fruits of Taxodium disti-
chum (Taxodiaceae) remarkably inhibits polymerization
of tubulin. Several diterpenes such as taxodione (3) and
taxodone from 7. distichum have been known to show
potent cytotoxic activity.* Our efforts on identifying
new natural products that target tubulin resulted in
the isolation of two new abietane-type diterpenes, taxo-
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distines A (1) and B (2), from the fruits of 7. distichum.
This paper describes the structure elucidation of 1 and 2
on the basis of spectroscopic data as well as inhibitory
effects on tubulin assembly.

Structures of Taxodistines A (1) and B (2).

The fruits of T. distichum were extracted with MeOH,
and the extract was partitioned between CH,Cl, and
H,0. CH,Cl,-soluble materials were subjected to SiO,
columns (CH,Cl,/MeOH and Hexane/EtOAc/MeOH/
0.5% TFA) and then an ODS column (MeOH/H,0) to
afford taxodistines A (1, 0.4% yield) and B (2, 0.02%
yield) together with taxodione (3, 0.3% yield).>

Taxodistine A {1, [o]5 4+ 81° (¢ 0.9, CHCl3)} was re-
vealed to have the molecular formula C,;H3,04, by
HRESITOFMS  [m/z 3712210 (M+Na)", A
+1.2 mmu]. The UV absorption at 318 nm and 282 nm
indicated the presence of the benzene ring. IR absorp-
tion implied the presence of hydroxyl (3450 cm™')
group. The 'H and '>*C NMR data (Table 1) suggested
the presence of one sp”> methine, five sp® quaternary
carbons, three sp® methylenes, four sp® methines, two
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Table 1. 'H [0y (J, Hz )] and 3C [6c] NMR data of taxodistines A (1) and B (2) in CDCl; at 300 K
Compound 1 2
lH 13C lH 13C
la 1.38 (1H, ddd, 13.3, 11.0, 4.8) 36.9 1.43 (1H, ddd, 12.4, 11.9, 3.1) 39.1
1b 2.99 (1H, ddd, 13.3, 5.4, 4.8) 2.08 (1H, brd, 11.9)
2a 1.28 (1H, m) 19.0 1.61 (1H, m) 189
2b 1.68 (1H, m) 1.76 (1H, m)
3a 1.28 (1H, m) 424 1.23 (1H, m) 2.7
3b 1.47 (1H, m) 1.48 (1H, m)
4 33.7 33.9
5 1.51 (1H, d, 11.2) 53.2 1.25 (1H, m) 52.9
6 423 (1H, dd, 11.2, 8.7) 68.8 4.61 (1H, dd, 10.0, 2.8) 86.1
7 448 (1H, d, 8.7) 85.9 4.69 (1H, d, 2.8) 81.9
8 126.5 125.1
9 133.6 149.7
10 41.6 38.5
11 141.9 6.63 (1H, s) 110.0
12 139.9 153.0
13 132.1 131.6
14 6.81 (1H, s) 115.7 7.11 (1H, s) 128.7
15 3.03 (1H, m) 273 3.15 (1H, m) 26.8
16 1.25 (3H, d, 7.4) 226 1.25 (3H, d, 7.4) 226
17 1.26 (3H, d, 7.4) 227 1.26 3H, d, 7.4) 22.6
18 1.23 (3H, s) 35.8 1.04 (3H, s) 34.9
19 1.20 (3H, s) 23.2 1.16 (3H, s) 224
20 1.44 (3H, s) 21.8 1.30 (3H, s) 25.1
21 3.24 (3H, s) 53.0 3.35(3H, s) 54.9

sp’ quaternary carbons, and six methyl groups. Among
them, two sp> methines (d¢ 68.8 and 85.9), two sp> qua-
ternary carbons (dc 141.9 and 139.9), and one methyl
(0c 53.0) were substituted to the oxygen atom.

— 'H-'H COsY
— HMBC

Figure 1. Selected 2D NMR correlations for taxodistine A (1).

#° "« NOESY

Figure 2. Selected NOESY correlations and relative stereochemistry
for taxodistine A (1).

Partial structures a—c (C-1-C-3, C-5-C-7, and C-15-C-
17) were deduced from detailed analyses of 2D NMR
data ("H-"H COSY) of 1 (Fig. 1). The HMBC cross-
peaks of H3-19 to C-3, C-4, C-5, and C-18 indicated

— 'H-"H cosy
— HMBC

Figure 3. Selected 2D NMR correlations for taxodistine B (2).

#° "+ NOESY

Figure 4. Selected NOESY correlations and relative stereochemistry
for taxodistine B (2).



5870 Y. Hirasawa et al. | Bioorg. Med. Chem. Lett. 17 (2007) 5868-5871

0.10

ABS4p0

control
taxodistine A (200 uM)

vinblastine (1.0 uM)
taxodistine B (30 uM)

taxodione (100 pM)

vinblastine (10.0 uM)
taxodistine B (100 uM)

Time (min)

Figure 5. Inhibitory effects of taxodistines A and B, and vinblastine on the polymerization of tubulin protein. Various concentrations of diterpenes
were mixed with tubulin protein (1.0 mg/mL) at 0 °C and incubated at 37 °C. The absorbance at 400 nm was measured.

the connection among C-3, C-5, C-18, and C-19 through
C-4. HMBC correlations for H;-20 to C-1, C-5, C-9, and
C-10 indicated connection among C-1, C-5, C-9, and
C-20 through C-10. On the other hands, HMBC corre-
lations for H-7 to C-8, C-9, and C-14 supported the con-
nectivity of the benzene ring (C-8, C-9, and C-11-C-14)
and C-7. And the connection between C-13 and C-15
was deduced from HMBC correlations of H3-16 to C-
13, and H-15 to C-12 and C-14. Furthermore, the pres-
ence of a methoxy group at C-7 was elucidated by the
HMBC correlation from H3-21 to C-7. Thus, the gross
structure of taxodistine A was assigned as 1.

The relative stereostructure of 1 as shown in computer
generated 3D drawing (Fig. 2) was deduced from
cross-peaks observed in the NOESY spectrum and >J
coupling constants. The NOESY correlation of H-6/
H;-18 and H3-20 indicated B-orientation of H-6, CH;-
18, and CH3-20. The coupling constant, 3 Tas/me
=11.2 Hz, indicated anti conformation between H-5
and H-6. And the coupling constant, *Jyem7 = 8.7 Hz
indicated anti conformation between H-6 and H-7.
The a-configuration of both H-5 and H-7 was supported
by the NOESY cross-peak between H-5 and H-7. Thus,
the relative stereochemistry of 1 was assigned as shown
in Figure 2.

Taxodistine B {2, [o]3; 4+ 63° (¢ 0.5, CHCl3)} was re-
vealed to have the molecular formula C,;H3,05, by
HRESITOFMS [m/z 3002107 (M-MeOH)", A
+1.8 mmu]. The UV absorption at 278 nm indicated
the presence of the benzene ring. IR absorption implied
the presence of hydroxyl (3420 cm ') group. The 'H and
3C NMR data (Table 1) suggested that 2 had the same
abietane-skeleton as that of 1, except for the presence of
an aromatic proton at C-11 (o 6.63, oc 110.0) (Fig. 3).
The relative stereochemistry of taxodistine B (2) was de-
duced by NOESY spectrum and *J coupling constants.
The configuration of B-oriented H-6, CH;-18, and
CH3;-20 was supported by the NOESY correlation of
H-6/H5-18 and H3-20. The coupling constant, >Jys/e
=10.0 Hz indicated anti conformation between H-5

and H-6. And the coupling constant, 3 Jaemn = 2.8 Hz
indicated gauche conformation between H-6 and H-7.
Thus, the relative stereochemistry of 2 was assigned as
11-deoxy-7-epi-taxodistine A (Fig. 4).

Taxodistines A (1) and B (2) showed cytotoxicity against
murine lymphoma P388 cells at ICsq 0.43 and 6.5 pg/
mL, respectively. The effect of taxodistines A (1) and
B (2) was examined against polymerization of microtu-
bules.® Microtubule polymerization and depolymeriza-
tion were monitored by the increase and decrease in
turbidity. The results are summarized in Figure 5 as
the changes in the relative absorbance at 400 nm. After
30 min, polymerization of microtubules was inhibited
90% by 100 uM taxodistine B (2). Taxodistine A (1)
did not inhibit the polymerization process at higher con-
centration (200 pM), while taxodione (3) showed 45%
inhibition at 100 pM.

Acknowledgments

This work was supported by a Grant-in-Aid for Scien-
tific Research from the Ministry of Education, Culture,
Sports, Science and Technology of Japan, and grants
from the Research Foundation for Pharmaceutical Sci-
ences and The Open Research Project. The authors
thank Prof. Koichi Takaya, Tokyo University of Phar-
macy & Life Science, for cytotoxicity assay.

References and notes

1. Iwasaki, S. Med. Res. Rev. 1993, 13, 183; Kavallaris, M.;
Verrills, N. M.; Hill, B. T. Drug Resistance Updates 2001, 4,
392.

2. Tinley, T. L.; Hlubek, D. A. R.; Leal, R. M.; Jackson, E.
M.; Cessac, J. W.; Quada, J. C., Jr.; Hemscheidt, T. K.;
Mooberry, S. L. Cancer Res. 2003, 63, 3211; Verrills, N. M.;
Flemming, C. L.; Liu, M.; Ivery, M. T.; Cobon, G. S;
Norris, M. D.; Haber, M.; Kavallaris, M. Chem. Biol. 2003,
10, 597; Hood, K. A.; West, L. M.; Rouwé, B.; Northcote,
P. T.; Berridge, M. V.; Wakefield, J. St.; Miller, J. H.



Y. Hirasawa et al. | Bioorg. Med. Chem. Lett. 17 (2007) 5868-5871 5871

Cancer Res. 2002, 62, 3356; Hardt, 1. H.; Steinmetz, H.;
Gerth, K.; Sasse, F.; Reichenbach, H.; Hofle, G. J. Nat.
Prod. 2001, 64, 847; Mooberry, S. L.; Tien, G.; Hernandez,
A. H.; Plubrukarn, A.; Davidson, B. S. Cancer Res. 1999,
59, 653.

. Suzuki, H.; Morita, H.; Shiro, M.; Kobayashi, J.
Tetrahedron 2004, 60, 2489; Suzuki, H.; Morita, H.;
Iwasaki, S.; Kobayashi, J. Tetrahedron 2003, 59, 5307,
Kobayashi, J.; Suzuki, H.; Shimbo, K.; Takeya, K.;
Morita, H. J. Org. Chem. 2001, 66, 6626; Morita, H.;
Shinbo, T.; Shigemori, H.; Kobayashi, J. Bioorg. Med.
Chem. Lett. 2000, 10, 469; Kobayashi, J.; Hosoyama, H.;
Wang, X.-X.; Shigemori, H.; Koiso, Y.; Iwasaki, S.;
Sasaki, T.; Naito, M.; Tsuruo, T. Bioorg. Med. Chem.
Lett. 1997, 7, 393.

4. Honda, T.; Yoshizawa, H.; Sundararajan, C.; Gribble, G.

W. J. Org. Chem. 2006, 71, 3314; Roldan, E. J. A.-M,;
Chahboun, R.; Bentaleb, F.; Torres, E. C.; Alvarez, E.;
Haidour, A.; Lopez, J. M. R.; Roldan, R. A.-M.; El, H. S.
Synlett 2004, 2701.

. Kupchan, S. M.; Karim, A.; Marcks, C. J. Am. Chem. Soc.

1968, 90, 5923; Kupchan, S. M.; Karim, A.; Marcks, C. J.
Org. Chem. 1969, 34, 3912.

. Microtubule assembly was monitored spectroscopically by

using a spectrophotometer equipped with a thermostati-
cally regulated liquid circulator. The temperature was held
at 37°C and changes in turbidity were monitored at
400 nm. For the drug—protein studies, drugs were dissolved
in 1% DMSO concentration. The turbidity changes were
monitored throughout the incubation time.
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