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Abstract—Two new taxane diterpenoids as well as a known one, taxayunnansin A, were isolated from the roots of
Taxus yunnanensis. One of the new compounds was identified as a unique taxane with a 2,20-oxetane ring. Their
structures were elucidated by spectroscopic techniques, especially by 2D NMR spectra.

INTRODUCTION

Although taxol, a unique diterpenoid alkaloid, has
shown unusual anticancer activity and has been recently
approved for treating the sufferers of advanced ovarian
cancers [ 1], its scarcity has limited its widespread use and
this has stimulated a search for new sources of taxol.
Semi-synthesis from natural taxoids has been successful
in producing taxol and related compounds [2]. The total
synthesis to taxol has recently been achieved [3], but it
has an uncertain future in affording large-scale produc-
tion of taxol. Cell culture is hoped to provide a new
resource for producing taxol or taxol precursors. The
search has resulted in the isolation of a large number of
new taxoids from Taxus plants. Among these new tax-
oids, a new kind of taxane diterpenoid with an A-5 ring
rearranged skeleton has been discovered {4, 5]. As a con-
tinuation of our investigation on T. yunnanensis [6-8],
A-5 ring-rearranged toxoids were also obtained. We now
report three such taxanes: taxayunnansin A (2) [5] and
two new ones, named taxuyunnanine E (1) and F (3),
respectively. These three compounds were isolated from
the ethereal extracts of the roots of T. yunnanensis as
minor constituents, One of them (1) proved to have
a 2,20-oxetane ring and H-a configuration on C-9, which
has never been reported in Taxus plants before. The
structures of the two novel taxanes were determined by
spectroscopic means, including 2D NMR spectra.

RESULTS AND DISCUSSION

Compound 1, {«]3° + 3.3° (CHCl;; ¢0.6), produced
a[M — 1] ion at m/z 629 in the FAB-mass spectrum.
The combination of FAB-mass and !3C NMR spectra
(including DEPT technique) suggested a formula

+ Authors to whom correspondence should be addressed.

Cy3H,;0,,, which was confirmed by high-resolution
FAB-mass spectrum (m/z 629.25797 [M — H] 7). Com-
pound 1 was shown to have four methyl groups, two
methylene groups, one oxymethylene group, one methine
group, six oxymethine groups, two quaternary carbons,
two oxyquaternary carbons, two olefinic quaternary car-
bons, three acetyl groups and one benzoyl group in its 'H
and '3 C NMR spectra (Tables 1 and 2). Based on the
comparison of NMR spectra of 1 with those of known
taxanes, as well as consideration of the structures of
taxanes from the genus Taxus, we presumed 1 to have
a taxane diterpenoid skeleton. By comparing the 'H and
13CNMR spectra of 1 with those of taxanes from the
genus Taxus, we could easily assign the only methine
group as C-3 [642.57 (1H, dd, J = 7.7 and 1.6 Hz) and
d8c51.1 (d)], the only oxymethylene group as C-20
[6u4.37 (1H, dd, J = 11.5 and 1.8 Hz) and 3.69 (1H, d,
J =115 Hz) and 6. 72.8 (t)], one quaternary carbon as
C-8 (6c43.2), the two olefinic quaternary carbons as C-11
(6c139.5) and C-12 (5<141.7), the four methyls as Me-16
[6n1.10(3H, s) and 6:27.8 (g)], Me-17 [0 1.50 3H, 5) and
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Table 1. '"HNMR spectral data of compounds 1-3 [in CDCl;, 400 MHz, 4 in ppm with

reference to the signal of CDCl;(67.24 ppm)]

H 1 2 3
2 493 d(1.7) 6.06 d (7.8) 5.87d(7.4)
3 2.57 dd (7.7, 1.6) 3.09d (7.8) 2.84 d (1.4)
5 430 ddd (11.4, 7.8, 2.6) 491 d(7.3) 491 dd (8.2, 1.6)
62, 200 m 248 dt (16.1, 8.2) 2.44 dt (16.0, 8.2)
6p 184 m 1.85 dd (16.0, 8.7) 1.18 m
7 4.82 dd (12.6, 3.2) 5.50 t (8.3) 534t (84)
9 5.20 d (4.0) 6.10 d (10.8) 5.73 d (10.3)
10 490 d (4.0) 6.49 d (10.8) 453 ¢ (10.1)
13 562 brt(6.9) 445 m 555¢(7.2)
14o 2.12 dd (14.9, 7.4) 1.59 dd (15.1, 7.2) 1.5Tm
148 2.28 dd (14.9, 7.3) 2.20 dd (15.2, 7.5) 2.06 m
Me-16 1.10 s 1.02 s 105 s
Me-17 1.50 s 1.12 s 112 s
Me-18 1.35s 197 s 1.76 s
Me-19 152s 1.63 s 1.57 s
20a 437 dd (11.5, 1.8) 4.50 AB d (7.6) 438 AB d(7.5)
20b 3.69d (11.5) 4.36 AB d (7.6) 432 AB d (7.5)
H,-3" 7.96 dd (8.0, 1.6) 7.80 dd (7.3, 1.2)
H,-4 7.40 tt (7.6, 1.6) 7.37 1 (7.6)
b 7.55 1t (7.8, 1.6) 7.50 1t (7.6, 1.1)
OH-5 440 d (2.6)
OH-10 3.84 d (10.0)
OH-15 272 br s 229 brs
OAc-Me 208 s 211 s 206 s
205s 2.03 s (2-) 2,06 s
193 5(7-) 198 s 204 s
1.69 s(9-) 201 s
1.94 5

0c27.9 (g)], Me-18 [641.35 (3H, s) and d:12.9 (q)] and
Me-19 [641.52 (3H, s) and 8-15.0 ()], respectively. From
these NMR signals, we could assign all other proton
and carbon NMR signals by using 'H-'H COSY, 'H-
13C HETCOR, and COLOC techniques (Tables 3 and 4).
The long-range correlation of two quaternary carbons
(0¢65.0 and 76.3) to Me-16 and Me-17 revealed one of
them was C-1 and the other was C-15, and the signal of
d¢65.0 was further judged as C-1 owing to its long-range
correlation to H-3. Compared with that of normal
taxanes, the unusual shift downfield of the C-1 signal and
upfield of the C-15 signal in '3C NMR spectrum sugges-
ted 1 to have an A-ring rearranged carbon skeleton [4],
which was supported by the following. The signal at
045.20 (1H, d, J = 40 Hz) was assigned to H-9 from
observation of long-range couplings to C-3 and C-11,
from which we established the signal at ,4.90 (1H, d,
J =40Hz) as H-10 owing to the presence of direct
coupling to H-9 in the COSY spectrum. H-10 showed
three-bond coupling with C-1 in the COLOC spectrum,
which thus confirmed 1 to have the rearranged carbon
skeleton of taxayunnansin A (2).

The !*C NMR and DEPT spectra (Table 2) showed
the presence of two methylenes in 1. HETCOR experi-
ment proved one methylene carbon (6-29.9) as attached
by the §,2.00 (1H, m) and 1.84 (1H, m) protons, and the
other one (5-35.6) was attached by the 6y42.12 (1H, dd,

J =149 and 74 Hz) and 228 (1H, dd, J =149 and
7.3 Hz) protons. In addition, the COLOC spectrum re-
vealed three-bond couplings of one methylene proton
(642.00 and 1.84) to C-8 and another methylene proton
(6u2.12 and 2.28) to C-15, which indicated the former
methylene was C-6 and the latter was C-14. Since the
dermination of the two methylenes, the six oxymethines in
1 could only be assigned to C-2, C-5, C-7, C-9, C-10 and
C-13, respectively. The remaining oxyquaternary carbon
(6c94.6) on the skeleton of 1 was determined to be C-4 by
constdering its long-range correlations to H-3, H-20 and
H-6. Examining the '3CNMR data between 1 and
taxayunnansin A (2), we noticed that the »>C NMR data
changed strikingly at C-2, C-3, C-4 and C-5 [6c79.2 (d,
C-2),51.1(d, C-3),94.6 (s, C-4) and 71.7 (d, C-5)] in 1. The
13 ppm upfield shift of C-5 revealed the scission of a 5,20-
epoxy group. The observation of three-bond coupling of
C-2 and H-20a [644.37 (dd, J = 11.5 and 1.8 Hz)] strong-
ly suggested the connection between C-2 and C-20
through an oxygen atom. The severely deshielded
13C NMR shift of C-4 [5] was explained by the hydrogen
bond of OH-5 [644.40 (d, J = 2.6 Hz)] formed to the
oxygen atom which connected to C-4. The same phenom-
enon has been observed in taxuyunnanine A and related
compounds, in which the hydrogen bond of OH-10 to the
carbonyl oxygen atom of C-9 led to a 7 ppm downfield
shift of C-9 in the 1*C NMR spectra [7].
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Table 2. '3C NMR spectral data of compounds 1-3 [in CDCl;,
100 MHz, 6 in ppm from the signal of CDCl; (677.0 ppm)]
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Table 3. 2D 'H-'H COSY and NOESY data for compounds
1 and 3 (in CDCl,;)

C 1 2 3 DEPT
1 65.0 677 670 C
2 792 68.1 687 CH
3 1.1 44.1 47 CH
4 94.6 799 94 C
s 717 85.0 846  CH
6 299 348 47  CH,
7 70.5 704 706 CH
8 432 438 433 C
9 752 76.6 792 CH
10 69.1 69.2 661  CH
11 139.5 134.0 1399 C
12 141.7 151.5 1428 C
13 81.8 770 794  CH
14 356 39.6 365  CH,
15 763 755 762 C
16 278 275 278  CH,
17 279 254 255  CH,
18 129 118 112 CH,
19 15.0 126 126  CH,
20 728 749 745  CH,
1 164.8 164.1 C
2 129.7 129.2 C
3 129.7 129.5 CHx2
4" 1284 1287 CHx2
5 1333 133.3 CH
OAc-Me 219 2.2 219  CH,
209 (75) 215 214  CH,
209 213(2-) 214  CH,
205(9-) 201  CH,
2.t CH,
OAc-C=0 1720 1710 1707 C
170.3 1703 (20 1704  C
170.1 (7-) 1698 (9) 1704  C
1698 1699 C
1690 C

Similarly to most taxane compounds, 1 also possessed
acyl groups. Its NMR spectra showed the presence of
three acetyl and one benzoyl group, which could be
assigned by the following considerations. The long-range
COLOC spectrum revealed the correlations of the pro-
ton signals at 644.82 (1H, dd, J = 12.6 and 3.2 Hz, H-7)
and 5.20 (1H, 4, J = 4.0 Hz, H-9) with the carbon signals
at c170.1 (s, the carbonyl carbon of an acetyl) and 164.8
(s, the carbonyl carbon of benzoyl) respectively, indicat-
ing that an acetoxy group was attached to C-7 [8¢70.5
(d)] and the benzoxy group to C-9 [6-75.2 (d)]. An
acetoxy substituent was assigned to C-13 [4.-81.8 (d)]
owing to the deshielding of H-13 in the "H NMR spectrum
[6u5.62 (1H, br t, J = 69 Hz)]. The 'HNMR data of
H-10 and H-5 appeared at usual chemical shifts for
hydroxylated positions [634.90 (1H, d, J = 4.0 Hz, H-10)
and 644.30 (1H, ddd, J = 11.4, 7.8 and 2.6 Hz, H-5)]. In
the EI-mass spectrum of 1, the prominent peaks at m/z
512 [M — MeCO;H - Me,COT*" (7%), 452 [M -
MeCO,H x 2 — Me,COT™ (83%), 392 [M — MeCO,H
x 3 — Me,CO]* (12%) and 390 [M — C,H;CO,H —

COSY NOESY

H 1 3 1

2 H-3 H-3 H-3, 19

3 H-2, 20a H-2, 20b H-2

5 H-6 H-6

H,-6 H-5,7

6o H-5, 688, 7

6f H-64, 7

7 H-6 H-6 H-10

9 H-10 H-10 H-10, 19
10 H-9 H-9, 10-OH H-7,9, 18
13 H-14 H-14, 18

14 H-13, 148 H-13, 148

148 H-13, 14« H-13, 14x

Me-16 H-17 H-17
Me-17 H-16 H-16
Me-18 H-13
Me-19
20a H-3, 20b H-20b H-20b
20b H-20a H-3, 20a H-20a
H,-3" H-4" H-17, 19, 4"
H,-4" H-3", 5" H-3", 57
5" H-4" H-4"
OH-5 H-6
OH-10 H-10

MeCO,H — Me,COT ™ (11%) confirmed the presence of
a Me,(OH) group in 1. We could, therefore, conclude
that the last acetoxy group was connected to C-4.

The orientation of those secondary oxy groups could
be obtained by analysing the ‘H-'H NOESY spectrum
(Table 3). The observation of NOEs between H-2 and
Me-19 established the oxy substituents of C-2 as ¢-orien-
tated. Both H-7 and H-10 were determined to be x owing
to the presence of a NOESY correlation between the two
protons. H-9 was also assigned to a-configuration owing
to its small coupling constant to H-10 (J = 4.0 Hz) and
the observation of NOEs between the benzoyl protons
and Me-17. The last secondary oxy group at C-13 was
judged to be o from comparison of the coupling pattern
of H-13 with those similar congeners. Consequently, we
established the structure of taxuyunnanine E as 1.

Compound 3, {«]37 — 22.6° (CHCl;; ¢ 0.9), had a mo-
lecular formular of C3;oH4,0,3, which was determined
by the high-resolution FAB-mass spectrum (609.25131
[M—1]7). The 'H and *3CNMR spectra revealed
metabolite 3 closely resembled that of taxchinin B [9]
except that 3 contained five acetate groups but no other
kind of acyloxy groups. 'H-'H COSY, 'H-
BBCHETCOR and COLOC (Tables 3 and 4) were used
to assign proton and carbon signals. The chemical shifts
at 64587 (1H, d, J = 74 Hz), 534 (1H, t, J = 8.4 Hz),
573 (1H, d, J = 10.3 Hz), 4.53 (1H, t, J = 10.1 Hz) and
5.55 (1H, t, J = 7.2 Hz) were assigned as H-2, H-7, H-9,
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Table 4. COLOC data for compounds 1 and 3 (in CDCl;)

Correlated proton

C 1 (6/8 Hz) 3 (8 Hz)

1 H-3,10,140,16,17 H-16,17

2 H-20a H-2

3 H-3,9,19,20a H-19

4 H-3,60,20 H-20b

5 H-6,5-OH H-20b

6 5-OH

7 H-6,7,19

8 H-3,6,10,19 H-19

9 H-9,10,19 H-3,19
10 H-9
11 H-9,10,18 H-18
12 H-10,1453,18 H-18
13 H-14a,18 H-18
14 H-14
15 H-14,16.17 H-16,17
16 H-17 H-16,17
17 H-16 H-16,17
18 H-18
19 H-19
20 H-20 H-20

1” H-9,3"

Py

3 H-3"4"5"

4" H-4"5"

5" H-3"
OAc-Me-2 H-2-OAc
OAc-C=0-2 H-2-OAc
QAc-Me-4 H-4-OAc H-4-OAc
OAc-C =04 H-4-OAc H-4-OAc
OAc-Me-7 H-7-OAc H-7-OAc
OAc-C=0-7 H-7,7-OAc H-7-OAc
OAc-Me-9 H-9-OAc
OAc-C=0-9 H-9-OAc
OAc-Me-13 H-13-OAc H-13-OAc
OAc-C=0-13 H-13-OAc H-13-OAc

H-10 and H-13, respectively according to the results of
2D 'H-'H COSY, 'H-'3C HETCOR and COLOC ex-
periments (Tables 3 and 4). Comparing the 'H NMR
shifts of 3 with those of taxchinin B, the deshielded H-2,
H-7, H-9 and H-13 signals established four acetate
groups attached to C-2, C-7, C-9 and C-13 respectively,
but the usual chemical shift of H-10 indicated no acetate
group attached to C-10. Additionally, the stronger ion
peak at m/z 432 in the El-mass spectrum of 3, being
produced by the fragment pathway of [M — MeCO,H x
2 — Me,CO], suggested the remaining acetate group at-
tached to C-4 but not to C-15. Thus the structure of
taxuyunnanine F is 3.

Compounds 1-3 all belonged to A-5 ring rearranged
taxoids, and 1 was the first example having a 2,20-
oxetane ring and the H-a configuration on C-9 in the
taxane diterpenoid family. The stereo-conformation of
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2 [5] was similar to that of usual taxoids, which implied
that the A-5 ring rearranged taxoids with a similar taxol
13-side chain would possess similar bioactivity to that of
taxol.

EXPERIMENTAL

Prep. HPLC: 10 C,3 Cosmosil Packed Column, 20 x
250 mm. NMR: Bruker AM-400 Fourier transform spec-
trometer operating at 400.134 and 100.614 MHz for 'H
and '*C. The samples were made up in CDCl;. All
chemical shifts are expressed in ppm with reference to the
solvent signals: 7.24 ppm/77.0 ppm for CDCl;.

Plant material. The roots were collected in the suburb
of Kunming, Yunnan, China and identified as Taxus
yunnanensis. A voucher specimen is kept in the Yunnan
Academy of Forestry, Kunming, Yunnan, China.

Isolation of taxuyunnanine E and F. Dried, powdered
roots (40 kg) of T. yunnanensis were extracted with Et,O
(6 x1001) at room temp. during 3 weeks to give 650 g
crude extract. The ethereal extract was chromatographed
on a silical gel column (2 kg), which was eluted with
CHCl3-Me,CO. The CHCI;-Me,CO (4:1) eluting part
(500 mg) was subjected to prep. HPLC (10 C,4 Cosmosil
Packed Column, 20 x 250 mm) eluting with MeOH-H,0
(3:1) to give taxuyunnanine E (1, 14.1 mg), F (3, 35.6 mg),
and taxayunnansin A (2, 27.7 mg), respectively.

Taxuyunnanine E (1). C33H4,0,,, powders, [a]8°
+ 3.3° (CHCly; ¢ 0.6); IRvEBr cm ~!: 3400, 3250, 2960,
2910, 17185, 1595, 1450, 1357, 1320, 1260, 1175, 1105,
1070, 1040, 1015, 945, 828, 810, 755, and 715; EIMS m/z:
612 [M — H,0]" (10%), 597 [M — Ac]® (6%), 570
[M — MeCO,H] " (4%), 552 [M — MeCO,H — H,0]*
(2%), 512 [M — MeCO,H — Me,CO1t (7%), 481
(M — CsHsCHO — Ac]* (4%), 452 [M — MeCO,H x
2 — Me,CO]" (83%), 434 [M — MeCO,H x
2 — Me,CO — H,01* (15%), 392 [M — MeCO,H x
3~ Me,CO]" (12%), 390 [M — CcHsCO,H —
MeCO,H — Me,CO]* (11%), 373 [M — MeCO,H x
3—CeHs]" (27%), 356 [M — MeCO,Hx3 —
Me,CO — H,0 x2]* (13%), 330 {[M — C¢HsCO,H —
MeCO,H x 2 — Me,CO]Y (84%), 313 [M
— C¢H;CO,H — MeCO,H x2 —~ Me,CO — OH1*
(58%), 297 [M - MCCOZH x3 - MCZCO - C6H5 -
H,0]" (22%), 270 [M — C¢HsCO,H — MeCO,H x
3 — Me,CO]" (41%), 252 [M — CzH;CO,H —
MeCO,H x 3 — Me,CO — H,0]" (34%), 179 (28%),
148 (53%), 133 (71%), 122 [C¢Hs;CO,H]" (43%),
105 [CeHsCO]™ (64%), 77 [CeHs]" (96%), 60
[MeCO,H]* (37%), and 43 [Ac]* (100%); FAB-MS
m/z: 629 [M — 177 (100%); HRFAB-MS m/z 629.25797
(calcd 629.25980 for C;3H4,04;); 'H and '*CNMR
data: see Tables 1 and 2, respectively.

Taxayunnansin A (2). C35H440,3, powders; IR
viBrem ~ 1 3530, 2960, 2875, 1725, 1435, 1365, 1260, 1235,
1180, 1085, 1065, 1025, 982, 915, 845, 712, and 602; FAB-
MS m/z: 711 [M + K] (12%), and 695 [M + Na]™
(13%); 'H and '3C NMR data: see Tables 1 and 2, respec-
tively.
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Taxuyunnanine F (3). C3oH420;:3, powders, [«]d’
— 22.6° (CHCl3, ¢ 0.9); TR vXBrem ~1: 3400, 2970, 2925,
2880, 1730, 1435, 1369, 1235, 1025, 985, 950, 8§98, 845, 780,
755, and 605, EIMS m/z: 432 [M — MeCO;H x
2 — Me,CO1" (44%), 372 [M — MeCO;Hx3
— Me,CO]* (38%), 312 [M — MeCO,Hx4 —
Me,CO]* (21%), 297 (72%), 58 [Me,CO]* (59%), and
43 [Ac]” (100%); FAB-MS m/z: 609 [M — 1]~ (100%);
HRFAB-MS m/z 609.25131 (caled 609.25472 for
C30H410,3); 'H and '3C NMR data: see Tables 1 and 2,
respectively.

Acknowledgements—The authors are grateful to Mr
Xiang Wei (Yunnan Academy of Forestry) for providing
the plant material, and to the members of the analytical
group in the Phytochemistry Laboratory of Kunming
Institute of Botany, Academia Sinica for measuring the
mass spectra, IR and optical rotation data. We also wish
to thank the NMR Laboratory of Institute of Botany
Academia Sinica for opportunities to record NMR
spectra. This work was supported in part by Goho Life
Science International Fund of Japan.

REFERENCES

. Joyce, C. (1993) BioScience 43, 133.
. Kingston, D. G. L. (1991) Pharmac. Ther. 52, 1.
. Nicolaou, K. C,, Yang, Z., Liu, J. J, Ueno, H., Nan-

termet, P. G., Guy, R. K, Claibome, C. F., Renaud,
J., Couladouros, E. A., Paulvannan, K. and Soren-
son, E. J. (1994) Nature 367, 630.

. Fuji, K., Tanaka, K., Li, B, Shingu, T., Sun, H. D.

and Taga, T. (1992) Tetrahedron Letters 33, 7915.

. Liu, X. K., Wu, D. G. and Wang, Z. Y. (1992) Kexue

Tongbao 23, 2186.

. Zhang, H. J,, Takeda, Y., Minami, Y., Yoshida, K,,

Unemi, N., Mu, Q., Xiang, W., Matsumoto, T. and
Sun, H. D. (1993) Acta Botan. Yunnan. 15, 424.

. Zhang, H. J., Takeda, Y., Matsumoto, T., Minami,

Y., Yoshida, K., Xiang, W., Mu, Q. and Sun, H. D.
(1994) Heterocycles 38, 975.

. Zhang, H. J., Takeda, Y., Minami, Y., Yoshida, K.,

Matsumoto, T., Xiang, W., Mu, Q. and Sun, H. D.
(1994) Chem. Letters 957.

. Wahl, A., Gueritte-Voegelein, F., Guenard, D., Goff,

T. and Potier, P. (1992) Tetrahedron 6965.



