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THREE NEW TAXANE DITERPENOIDS FROM 
THE SEEDS OF THE CHINESE YEW, 

TAXUS CHINENSIS VAR MAIREI * 
QING-WEN SHI”i, TAKAYUKI ORITANI“..’. JI-SHUN GU b. 

QING-ZHI M E N G h  and REN-LIN LIU‘ 
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I - I Tsutsumidor i- Amumiw , A oba-k u , Sendni 98 1-8555. .I upcm ; 
Plirrriniicrrrtiral Department, Cangzkou IIrollh Burcuii. Hehoi Proviric.c.. 

Chinu: ‘Jiangxi Forestry School, Jiurtgxi Provinw, Chinri 

‘l’hrsc new taxoids were isolated from the seeds of the Chinesc ycw. 7kvii.s ~ ~ / ~ i i w m s i . ~  var 
uwiwi, their structures were established as 9~~,13a-diacctosy-5n-cinnamoyloxy- I I (  I5 - )  1 ) -uhw- 
taxa-4(20). I I-diene-l Og, I 5-diol, and 
20.7j-1, I0Striacetox~~-5t.~-cinnamyloxy-9a-hydroxy-taxa-4~2~). I I-dicnc-13-onc o n  the basis of 
ID. 2D NMR,and MSspectralanalyses. 

K~,~woIY/.Y: Tkrus cliintnsis var rnuirci; Taxaceae: Taxoids; I 1 ( 1 5 - 1 )-Abrwta.ww; Sccds 

2 ~ x . 9 ~ ~ .  10,8-triacetoxy-taxa-4(20). I I-diene-Sty. 13rr-diol 

INTRODUCTION 

During the course of our studies on the taxane diterpenoids of yew trees, 
we have reported the isolation and characterization of several bicyclic and 
rearranged taxoids from the needles and bark of the Chinese yew, Tusus 
c*himwsis var mriirei [l-41. In view of only a few studies on the constituents 
of the seeds of T. chinensis var nzuirei that were carried out [5 ] ,  we recently 
investigated the components of the seeds of T. chinensis var nzairei, and this 

This paper is dedicated to memory of the 1at.c associate professor Takcyoshi Sugiyama. ’ Corresponding author. ‘rel.:’Fax: OX1 -22-71 7-8783. E-mail: oritani(u.:biochem.tohoku.ac.jp. 
E-mail: shi(;l: biochem.tohoku.ac.jp. 
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Taxol@ (paclitaxel) 

FIGURE 1 Thc structures of taxol and new taxoids from T a m  chinensh var mcrirri 

led to the isolation of thrce new taxaiie diterpenoids. This communication 
deals with the isolation and structure elucidation of three new taxoids from 
the seeds of T. chinensis var mairei (Fig. I ) .  

RESC'LTS AND DISCC'SSION 

A methanolic extract of the seeds of T. chinensis var muirei was processed 
as described in the Experimental section to afford three new taxane diter- 
penoids (1, 2 and 3). Compound 1 was isolated as a colorless gummy sub- 
stance in a yield of 0.001% on the dry material. FAB-MS produced a 
protonated ion peak at m/z  567 ([M + HIf) and an ion peak at m/z  605 
([M + K]+). The molecular formula of compound 1, C33H420X, was deduced 
from combined analysis of HR-FAB-MS at m/z  605.2510 ([M +K]+) and 
13C-NMR spectrum. Intensive absorptions at 3400, 1730, 1710, and 
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TAXANI 1)ITERPENOIDS FROM TA YL'S C MI1 I ,L 515  \i \ R  21 IIRt-.l 3 I i 

'FABLE 1 ' H -  and "C-NMR spectral data of I and 2 (300MHr I'ur 'H.  I25MHr for ' I t .  
c DCI,) 

1 ' 0 . S i l  I 0 1 1  1 2 

( '  ' H  .I ' H  .J I '(' I ?  

I 61.66 47 67 I 7 5 b r d  6.9 
2 1  27.65 2.00 111 71.26 5.41 tid I .9. 5.8 
2 1) I .33 rn 
3 40 63 2.78 d 7.C) 41 7 3  3.46 d s x  
4 147 21 145.17 
5 7 5  no 5.37 brs 77.20  4.30 br-s 
O L I  77 I6 I .s  I I l l  3 2 . m  I .70 111 
6 h I . I8  I l l  

7 2X.W I.X0111 26.56 I .v5  111 

Y. 41 50 44.72 
0 80 93 5.60~1 9.7 77.01 5.76ti 10 i 
I 0  67.37 4.51 d 9.7 73 34 6.05 d 10 5 
I I  141 79 132.99 
I7 140.14 142.21 
13  80. I7 5.22 hrt 7 .o 68.03 4.35 111 

1461 44.01 1 . I0 111 31.85 2.70 m 
14 2.38 dd 6.6. 13.5 1 .5h I11 
15 7h.75 30.96 
I (7 75.39 I 34s  75.64 1 .hh s 
I7 27.63 1.12s 12.43 0.93 v 
I8 I1  20 1-90 brs 16.62 I.I. 7 3 5  hrr 
I 9 16.99 0.78 s 17.26 0.85 5 

202 112.17 4.7X brs 1 1  5.20 4.84 hrs 
2(Jb 5.22 hrs 5.21 hss 
2-0.4c 21.23 2.01 

169.49 
'L0:2c 21.17 2.10s 20.81 2.03 \ 

171 .>4 170.05 
10-OAc 21.14 2.05 \ 

170.0x 
I 3 - 0 4 c  20.46 I..50 s 

171 I0  
I '  165.63 

I I K  59 0.39 cl 16.2 
I44 2 0  7 65ci 16.2 

7' 

?I 

4' 1.34 ;o 
5' I2h 84 7.50 Ill 

13(1..311 7.36117 
h'  7.36111 
-2, 

1630cm--' in thc IR spectrum implied tha t  I possesses hydroxyl. ester. (1 ,  j- 

unsaturated ester groups and c.i,,!%unsaturated double bond, respeclivcly. 
The 'H-NMR spectrum of 1, shown in Table I .  exhibited thc proton signals 
due to the four methyl groups at (5 0.78. 1.12. 1.34, and I .90. two acetyl groups 
rcsonaled a t  (5 2.10 and 1.50, which was confii-mcd by the observation of 
I3C-NMR signals at h 17 I .54, 17 1.10, 20.46 and 2 1.17. These signals sug- 
gestcd that 1 had a taxane-type skeleton. Proton signals due to a cinnamoyl 
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314 Q.-W. SHI et al. 

group were observed at S 7.50 (2H, in), 7.36 (3H, m), 7.65 ( lH,  d, J =  
16.2Hz), and 6.39 ( lH,  d, J =  16.2Hz; trans-oriented). UV absorption at 
278nm and prominated fragment peak at m/z 131 (C9H70) in FAB-MS 
supported the presence of a cinnamoyl group in 1. The connectivities of the 
protons at the taxane skeleton of I were determined by the analysis of the 
'H-'H COSY spectrum. Interpretation of 'H-, I3C-NMR, HMQC and 
HMBC spectra permitted the positional assignment of functional groups. 
The 'H-NMR signals at 6 5.22 ( lH,  brs), 4.78 ( lH,  brs) and 2.78 ( lH,  d, 
J =  7.9 Hz) are characteristic of an exocyclic methylene and C-3 ring junc- 
tion proton in a taxa-4(20), 1 l-diene, respectively [6]. Additionally, four 
oxymethine protons appeared at lower field, they were assigned as H-58, 
H-9P, H-100, and H-13P on the basis of 'H- 'H COSY and HMBC spectra. 
Large vicinal coupling indicated a trans-oriented configuration of the H-90 
and H-lOa. The spin system derived from 18-CH3, H-138, H-14a, and 
H-140 was readily interpreted. The C-11 and C-12 carbon signals showed 
cross-peaks with the H-140 resonance indicating that both C-11 and C-12 
are three bonds apart from H-148. This means that the A ring was a cyclo- 
pentene as in an 11( 15 -+ I)-aheotaxane structure [7,8]. The carbon signal at 
6 76.75, assigned to the hydroxyl-bearing C- 15, displayed a cross-peak with 
the C-16 and C-17 methyl resonances at S 1.34 and 1.12. The C-1 signal 
(6 61.66), apart from H-lOa, also showed three-bond coupling with the 
H - 3 a  and C-16, C- 17 methyl signals. Since no cross-peak was observed 
between C-16, C-17 (methyl) signals and the C-1 1 olefinic carbon in the 
HMBC spectrum, it further supported the 1 l(15 4 I)-abeotaxane skeleton 
for 1. The location of the acetyl and cinnamoyl groups were deduced at  C- 13, 
C-9 and C-5 from the HMBC spectrum (Fig. 2). The relative stereochemistry 

FIGURE 2 
(500 MHz). Most protons have been omitted for clarity. 

Selected H-C long-range correlations observed from the HMBC spectrum of 1 
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FIGURE 3 Relative stereocherniatry of I ,  proposed by NOESY cxperiiiient (500 MHL) .  

of the terpenoid skeleton of 1 was determined from the chemical shifts. 
coupling constants and NOESY experiment. A coupling constant between 
H-9 and H-10 of J = 9 . 7 H z  indicated that the B-ring was the chair-boat 
conformation. The NOESY experiment established the relative stereochem- 
istry of 1 at all  the positions, and the results are shown in Fig. 3. Thus the 
structure of 1 was established as 9n. 1 3n-diacetoxy-5cr-cinnarnoyloxy- 
1 l(15 + I j-cthro-taxa-4(20j,ll-diene-lOfi, 15-did. 

Coinpound 2, which was isolated as a colorless gummy substance, had a 
composition o f  C26H380X as derived from a molecular ion peak at m / z  
478.2571 in its HR-El-MS. The IR spectrum had bands at 3410cm ~' 
(hydroxy). and 1735cmp' (ester). Thc 'H-NMR and "C-NMR spectra 
showed well-dispersed characteristic signals for a taxa-4(20). 1 1 -diem with 
signals for the exocyclic methylene at  6 4.84 (IH, brs), 5.21 (1H. brsj, and 
carbon signals at S 115.29 and 145.12. In addition. the presence of four 
methyl signals (6 0.85. 0.93, 1.66. arid 7.25) and three acetyl groups were 
verified by observation of the 'H- and I3C-NMR spectral data (Table I ) .  
The proton connectivities were established by the analysis of 'H-IH COSY 
spectrum. Interpretation of 'H-, "C-NMR, HMQC and HMBC spectra 
permitted the positional assignment of functional groups. A methine proton 
a t  h 5.41 (IH,  dd, J -  1.9,5.8Hzj was assigned to H-2 because it correlated 
with H-3 a t  6 3.46 ( IH .  d, J = 5 . 8  Hz) and H-1 at  5 1.75 ( IH.  brd. J =  
6.9 Hz). A pair of doublets at 6 5.76 and 6.05 with a large coupling constant 
(./- 10.5 Hz) were atributed to H-90 and H-Ion, respectively. Lower field 
chemical shifts suggested three acetyl groups attached to C-2. C-9. and 
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316 Q.-W. SHI et al 

FIGURE 4 Relative stcreochcmistry of 2, proposed by NOESY experimenr (500 MHz) 

C-10, which was verified by HMBC spectrum. Therefore, the structure of 
2 was determined to be 2n,90,1 O&triacetoxy-taxa-4(20), 1 1 -diene-5a, 13a- 
diol. The relatlve stereochemistry of 2 was deduced from the chemical shifts, 
coupling constants and NOESY experiment, the results are shown in Fig. 4. 

Compound 3 was shown to have the molecular formula of C35H42010 
(miz 622.2782 Mt, A t0.4mmu) by HR-EI-MS analysis. The 'H-NMR 
spectrum of 3 suggested that 3 has a taxane-type skeleton. Proton signal due 
to a cinnamyl group appeared at 6 7.77 (2H, d, J =  6.87 Hz), 7.45 (3H, m), 
7.68 (IH, d, J =  15.9Hz), and 6.44 (lH, d, J =  15.9 Hz). The 'H-NMR sig- 
nals at S 5.41 (IH, brs), 4.93 (lH, brs) and 3.22 (lH, brd, J=5.8Hz) are 
characteristic of an exocyclic methylene and C-3 ring junction proton in a 
taxa-4(20), 1 1-diene, respectively. The fact that 18-CH3 was a sharp singlet 
suggested that C-13 did not have a hydrogen attached, but instead bore 
a ketone function. In accordance with this, H2-14 displayed a large 
J,,, = 20.1 Hz. By means of 'H 'H COSY spectrum, the complete con- 
nection network wab established for H-14a-H- 14fl-H-lfl-H-2P-H-3a:- 
H-20a-H-20b-H-5P-H2-6-H-7a. H-3a: and H-5P had allylic coupling with 
H-20a and H-20b. Lower field chemical shift of H-2a and H-7a indicated 
acetoxy groups located at C-2 and C-7. Remaining acetate group was con- 
nected to C-10, the H-lOa (6 6.12, lH, d, J =  10.2Hz) was deshielded by 
neighboring acetoxy group and C-11.12 double bond. The signal at 6 4.29, 
which correlated with H-lOa and a hydroxyl signal at 5 2.58 (lH, d, J =  
8.2 Hz), was attributed to H-9,B. The cinnamate group was located at C-5~2, 
in accordance with what is observed in the other taxinine derivatives [9,10]. 
Thus, the structure of 3 was elucidated as 2a,7P, lOP-triacetoxy-5a-cin- 
namyloxy-9a-hydroxy-taxa-4(20), I 1 -diene- 13-one (9a-deacetyl taxinine B). 
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TAXANE DITERPENOIDS FROM T.4XC'S C'IfI!VE!VSIS VAR !MAIRE1 -3 17 

Thc relative stereochemistry or 3 was deduced from thc NOESY cxpcriment, 
and the results are described in the experimental section. 

EXPERIMENTAL SECTION 

General Experimental Procedures 

Optical rotations were recorded on a Horiba SEPA-300 digital polarimeter. 
UV spectrum w a s  run on a Shimadzu UV-1600 spectro-photometer, IK 
spectra were obtained on a Jasco IR-810 instrument. MS were measured on 
a Jeol JMS-700 spectrometer using EI and FAB modes. "C-NMR spectra 
were obtained on Varian linity Iiiova 500 spectrometers operating at 
125 MHz, 'H- and IH-'H COSY spectrum were measured on Varian 
GEMINI 2000/300 spectrometer at 300 MHz. in CDCI? at 20"C, chemical 
shifts are expressed in parts per million scale relative to that of tetra- 
mcthylsilane (TMS, b = 0) as an internal standard, and coupling constants 
are given in Hertz. ' H  I3C HETCOR and HMBC experiments were per- 
formed on the same spectrometer, using standard Varian pulse sequences. 
Open column chromatography was im-formed using Merck silica gel 60 
(100&200 mesh). Thin layer chromatography (TLC) was carried out with 
the precoated Merck silica gel 60 F154 plates. Preparative TLC was per- 
formed with the same type of plate as used for TLC but with 0.85 min thick- 
ness (dried for 24h at  room tcmperature and activated for 4 h  a t  12O"C, 
developed in an unsaturated tank). The spots were detected under LJV 
(254nm) and/or by spraying with 10% sulfuric acid and then heating on a 
h o t  plate . 

Plant Material 

The seeds of T. chiiirrisis var mairei were collected in Jinggangshan. in thc 
south-east of China, in October 1995. The botanical idcntification was 
made by Prof. R.L. Liu. A voucher specimen has been deposited in our 
laboratory. 

Extraction and Isolation 

Air dried seeds ( 1  1 kg) were crushed and extracted with 12-hexane three 
time$ a t  room tcrnperature to remove the major part of nondesired neutral 
components. The rcciduc was extracted twice with methanol (McOH), 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
4
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



318 Q:W. SHI et al. 

the MeOH extracts were condensed to a residue under reduced pressure. 
Subsequently, this residue was diluted with water and then extracted five 
times with EtOAc. The combined EtOAc layer was further extracted with 
5% HCl. The EtOAc layer, upon evaporation, yielded 5.5g of yellowish 
syrup, which was subjected to column chromatography (CC), which was 
repeatly eluted with n-hexane : acetone (vjv 4 :  1, 2 :  1, 1 : 1, and 2 : 3). Each 
fraction was then applied to preparative TLC with different developing sol- 
vents (CHCl3 MeOH, 100 : 4.5; n-hexane EtOAc, 2 : 3; n-hexane-acetone. 
3 : 2), and finally compound 1 (n-hexane acetone, 3 : 2, Rf 0.37,12.5mg), 
2 (n-hexanc-EtOAc, 2 : 3, Rf 0.40,3 mg), and 3 (n-hexane-acetone, 3 : 2, Rf 
0.52,l mg) weIe separated. 

9or,13a-Diuceto~~~-Sa-cinnumoylo,~y-I 1 (15 + l)-ubeo-taxa-4f20) ,I I-diene- 
lU~, l5-diol  ( I )  Gum, [a]; -23" (c 0.01, CHC13); IR (film, CHC13) Y,,,: 
3400, 2930, 1730, 1710, 1630, 1440, 1370, 1240, 1170, 1020, and 750cm I ;  

UV (MeOH) A,,, (log E )  278 (4.1) nm; FAB-MS m/z: 605 ([M + K]+), 567 
([M+H]+), 549, 461, 369, 277, 223, 185, 131. 105, and 93. HR-FAB-MS: 
605.2910 (calcd. for C33H4208K, 605.25 14); 'H- and "C-NMR spectral data, 
see Table I. 

2n,~~,lO,/j-Triucetoxy-taxu-4(20), 1 I-dienr-Sa,l3a-diol (2) Colorless 
gum: [a]g +30 ( c  0.01, CHC13); TR (film, CHC13) v,,,: 3410, 2930, 1735, 
1440, 1370, 1240, 1 170, 1020, and 750 cm-'; EI-MS m/z (rel. int.): 478 (8) 
([MI+), 460 (9) ([M - H20]+), 386 (7), 358 (6) ,  284 (30), 256 (loo), 82 (90), 
and 43 (100). HR-EI-MS mjz: 478.2571 (calcd. for C26H3808, 478.2565); 
'H-NMR and "C-NMR, see Table I. 

2n,7/3, I ~/3-Triaccto.~y-5n-cinnum~~lo.~~y-Ya-h~~droxy-taxu-4 (2U), 1 I-dime- 
I3-one 13)  [a]; +17" (c 0.02, CHC13); UV (MeOH) A,,, (log&) 277 
(4.l)nm; IR (film, CHCl?) vmaX: 3450, 3005, 2930, 2820, 1730, 1710, 1670, 
1630, 1450, 1430, 1370, 1240, 1160, 1030. and 760cm-'; EI-MS mjz: 622 
([MI'), 580, 562 ([M-AcOH]+), 502 ([M -2AcOH]'), 283, 131 and 43; 
HR-EI-MS: 622.2782 (calcd. for C7SH42010, 622.2775); 'H-NMR (CDC13): 
2.14 (IH, m, H-l), 5.51 ( lH,  dd, J = 5 . 8 .  2.1I-Iz, H-2), 3.22 ( lH,  brd, J =  
5.8Hz, H-3), 5.39 (IH, brs, H-5), 1.75 ( lH,  m, H-6a), 2.15 ( lH,  m, H-6b), 
5.55(1H,m,H-7),4.29(1H,brt,J=10.2Hz,H-9),6.12(1H,d,J=10.2Hz, 
H-lo), 2.36 (IH,  d, J = 2 0  ~ H z ,  H-140), 2.84 ( lH,  dd, J=20.1, 7.7Hz, 
H-14/3), 1.53 (3H, S, 16-CH3), 1.68 (3H, S, 17-CH3), 2.31 (3H, S. 18-CH3), 
1.16 (3H, S.  19-CHJ), 2.07 (6H, S, CH?CO-), 2.11 (3H, S, CHICO-), 6.44 
( lH,  d, J =  15.9Hz, 2'-H), 7.68 ( lH,  d. J =  15.9Hz, 3'-H), 7.45 (3H, m, 
Ph-H), 7.77 (2H, d, J =  6.9 Hz. Ph-H); NOESY correlations (CDC13, 
H/H). 1/2, 11148, 1/16, 1/17, 2i9, 2/16, 2/19, 3/7, 3/10, 3/140, 3/18, 
5/6a, 5/6b, 5/20b, 9116,9119, 140118, 19/20a. 
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