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1-Deoxypaclitaxel andabeoTaxoids from the Seeds offaxus mairei

Qing-Wen Shi,* Yong-Ming Zhao! Xiao-Tang Sit Zuo-Ping Li} Teiko Yamadd, and Hiromasa Kiyota*

Department of Natural Product Chemistry, School of Pharmaceutical Sciences, Hebei Medigaisitpi 050017 Shijiazhuang,
Hebei Prajince, People’s Republic of China, and Laboratory of Applied Bioorganic Chemistry, Graduate School of Agricultural Science,
Tohoku Uniersity, Sendai 981-8555, Japan

Receied September 14, 2005

A new paclitaxel derivative and two new 2{20)-abeotaxoids were isolated from a methanol extract of the seeds of
Taxus maireiand their structures were established as 1-deoxypaclitixelf,103-diacetoxy-2,5a,130-trihydroxy-
2(3—20)-abeotaxa-4(20),11-dien-9-on&), and 2x,13a.-diacetoxy-1@-hydroxy-2(3—20)-abeotaxa-4(20),6,11-triene-
5,9-dione 8) on the basis of spectroscopic data analysis. Tafdasedhe first example of a paclitaxel analogue with a
C-15 hydrogen substituent. Taxa®es an 2(3—20)-abeotaxane with a rare C-5 ketone and C-6 double bond.

The extensive utilization of Taxol (paclitaxéBs an anticancer  Supporting Information). ThéH NMR spectrum ofl showed the
agent has stimulated interest in the analysis of the vaff@xus characteristic signals of four tertiary methyl groupsiatl.17, 1.22,
species to find alternative sources of paclitaxel or related compounds1.66, and 1.80 and two acetyl groupsdat2.22 and 2.38, which
with improved activity. As a result, about 400 taxane diterpenoids were further supported bYC NMR signals atic 20.8; 171.2 and
have been isolated and identifiedt. The Chinese yewlaxus mairei 22.5;170.1. Three aromatic protons occurred,a?.49, 7.60, and
(Taxaceae), a variety ofaxus chinensigPilger) Rehd. Taxus 8.09 as well as signals for an oxetane ringdat4.15 and 4.38,
chinensisvar. mairei,® is an evergreen tall tree growing in the  which were mutually coupled with a coupling constantlef 8.3
southeast of mainland China. Previous phytochemical study of this Hz. In addition, théH NMR spectrum ofl displayed the diagnostic
plant has resulted in the isolation of numerous taxane diterffenes. signals for paclitaxel, such as &t-3z 3.63 (d,J = 6.9 Hz), 045
In a continuing search for new taxoié&we have isolated three  4.99 (d,J = 10.2 Hz),04-7 4.41 (M), dn-10 6.24 (S), andy_13
new taxanesl(—3) including a rare 1-deoxypaclitaxal) from its 6.05 (br, t,J = 8.6 Hz). The only difference was that H-2 appeared
seeds. Herein we report the isolation and structural elucidation of as a doublet of doublets &t;—» 5.65 (dd,J = 6.9, 2.9 Hz) and not
these compounds. as a doublet as in paclitaxel, due to the signala2.14 (1H, m),

which correlated with H-14. Thus, this signal was assignable to

@) H-1. In turn, C-1 resonated at_; 45.4 instead of abc_1 78.6 in
Ph)I\NH o paclitaxel’ The presence of a side chain similar to the C-13 side
/-\z)J\ chain of paclitaxel was suggested by the signaléa#.78 (1H,

Ph™® O dd,J = 4.5, 2.4 Hz, H-2, 5.77 (1H, ddJ = 9.0, 2.4 Hz, H-3,

6.96 (1H, d,J = 9.0 Hz, NH), 7.33-7.50 (5H, m, Ph), and
N-benzoyl aromatic signals aby 7.70, 7.41, and 7.49. The
qaclijaxel R=0H molecular weight ofl was 16 mass units less than that of paclitaxel,
which was compatible with the loss of an oxygen atom at C-1.

The stereochemistry of the side chain was concluded t6R& 3
by the TH NMR vicinal coupling constants compared with the
known data for paclitaxeldy 3 = 2.2 Hz andJz 4 = 9.0 Hz)°
This conclusion was also verified by lack of an NOE correlation
between H-3and Me-18!! The relative configuration at C-2, C-7,
C-10, and C-13 il was established on the basis of chemical shifts,
splitting patterns, and coupling constant values of corresponding
protons as well as by comparing with analogous data for paclitaxel.
Taking all these observation into account, the structuré wfs
elucidated as 1-deoxypaclitaxel.

Compound2 was obtained as a white amorphous solid. Its
molecular composition was established ggHz40g5 on the basis

HO o) of its HRFABMS data. TheH NMR spectrum of2 (Table 2)
AcO disclosed characteristic signals for a-2{20)-abeotaxane deriva-
3 tive,23912including the signals for four tertiary methyl groups at

) o on 1.10 (3H, s), 1.19 (3H, s), 1.26 (3H, s), and 2.08 (3H, s), two
Compound_l, an amor_phous white powder, exhibited a HR- acetyl groups aby 2.06 (3H, s) and 2.15 (3H, s), and an isolated
FABMS quasimolecular ion peak at'z 876.29938, [M+ K]*, spin system of doublets @t 1.89 and 2.55 with a large coupling
corresponding to a molecular formula of,H5;NO;3. Complete constantd = 15.5 Hz). The HMQC spectrum (Table S1, Supporting
assignments of thiH and™*C NMR signals were determined (Table  |nfromation) showed one olefinic carbon & 129.8 bearing one
1) from the'H—*H COSY, HMQC, and HMBC spectra (Table S1, proton ¢y 5.79, d,J = 9.5 Hz). The connectivities of the protons
on the taxane skeleton & were determined by analysis of the

* To whom correspondence should be addressed. (Q.W.S.) fé6- H—1H COSY spectrum. Interpretation éH and *3C NMR and
3i%:g%g'sg_%léiI'_E'E;gia%%ig&mi%@igﬁg?g%g??' (HK.) Fax81-22- HMBC spectra permitted the positional assignment of all the
* Hebei Medical University. ’ R functional groups. The singlet signal &t 6.32, which showed

* Tohoku University. correlations with C-9, C-11, C-12, and C-15, as well as an acetyl
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Table 1. 'H and!3C NMR Data of1—3 (500 MHz forH, 125 MHz for3C, CDCk, 6 in ppm)

1 2 3
position o (*H) mult2  J(Hz) o (*3C) position O (*H)mult2  J(Hz) o (3C) position o (*H) mult2 J (Hz) o (Bcp
1 2.14 (m) 454 1 1.65(brd) 83 492 1 1.74 (dd) 79,24 48.3
2 5.65 (dd) 6.9,29 721 2 463(brd) 95 671 2 5.72 (dd) 10.5,2.4 69.5
3 3.63 (d) 6.9 433 3a 2.55 (d) 15.5 357 a3 3.14 (dd) 15.8,1.6 35.2
3b 1.89 (d) 15.5 8 2.55 (dd) 15.8, 2.4
4 81.1 4 1345 4 133.8
5 4.99 (d) 10.2 842 5 4.58 (brs) 684 5 189.1
60t 2.56 (m) 356 6ab 2.03 (m) 350 6 6.27 (d) 10.0 131.4
68 1.88 (m) 7
7 4.41 (br.m) 720 7 5.25 (dd) 11.2,45 703 7 6.53 (dd) 10.0,1.6 148.7
OH-7 2.41 (br)
8 589 8 524 8 51.8
9 2040 9 206.1 9 210.5
10 6.24 (s) 756 10 6.32 (s) 782 10 5.05 (d) 1.3 78.9
OH-10  4.13(brd) ~2.0
11 1329 11 128.7 11 133.3
12 140.2 12 140.6 12 136.5
13 6.05 (t) 8.6 721 13 410 (brd) 95 66.7 13 5.26 (d) 10.0 67.8
140 1.71 (m) 266 14 2.19 (m) 277 14 1.97 (d) 16.8 26.7
148 2.51 (m) 18 2.54 (m) 18 2.67(ddd)  16.8,10.0,7.9
15 38.3 15 37.3 15 37.2
16 1.17 (s) 302 16 1.10 (s) 361 16 1.17 (0 s) 24.5
17 1.22 (s) 260 17 1.19 (s) 244 17 1.16 (0 s) 34.3
18 1.80 (s) 148 18 2.08 (s) 19.4 18 1.51(0's) 16.9
19 1.66 (s) 95 19 1.26 (s) 19 1.51(0's) 28.4
20a 4.38 (d) 8.3 76.6 20 5.79 (d) 9.5 129.8 20 6.40 (dd) 10.5,2.4 134.6
20b 4.15 (d) 8.3
OAc-4  2.38(s) 225 OAc-7  2.06(s) 202 OAc2  2.03(s) 21.1
170.1 170.3 170.1
OAc-10  2.22(s) 208 OAc-10  2.15(s) 211  OAc-13  2.17(s) 21.1
171.2 169.2 170.7
OBz-2
ipso-Ph 165.0
o-Ph 8.09 (d) 7.4 129.8
m-Ph 7.49 (0.1) 128.5
p-Ph 7.60 (1) 7.4 133.5
1
2 4.78 (dd) 45,24 730
OH-2 3.48 (br d) 45
3 5.77 (dd) 9.0,24 547
Ph-3 7.50-7.33 128.5
126.9
NBz-3
NH 6.96 (d) 9.0
c=0 166.9
o-Ph 7.70 (d) 7.6 126.9
m-Ph 7.41(0t) 128.8
p-Ph 7.47 (0t) 131.7

a Mutiplicity: o, overlapped? The 13C chemical shifts were extracted from the HMQC experimer@.2 ppm). The numbers in bold represent
guaternary carbons whose chemical shifts were obtained from the HMBC experir@atgpm).

carbonyl carbon abc 169.2 in the HMBC spectrum, was assigned H-19 all showed two- or three-bond correlations with C-9 in the
to H-10. The signal appearing as a doubletogt5.79, which HMBC spectrum. The relative stereochemistry of compoRinds
correlated with the olefinic carbon a¢ 129.8 (C-20) in the HMQC deduced from the coupling constants and from the ROESY spectrum
spectrum, was assigned to H-20. Using H-20 as a reference, the(Table S1, Supporting Information). The protons at C-2, C-5, C-7,
spin system from H-26~ H-2 — H-1 — H-145 — H-140 — H-13 C-10, and C-13 were assigned &as8, a, o, andf, respectively,
was readily interpreted. The chemical shifts of Hé2 @.63, d,J having the same configurations as found in most natural taXeénes.
= 9.5 Hz) and H-13dy 4.10, d,J = 9.5 Hz) indicated that two The ROESY spectrum showed NOE correlations between H-2 and
hydroxyl groups were positioned at C-2 and C-13. The doublet of H-3a, H-17 and between H-20 and H44which indicated that
doublets signal aby 5.25, which showed a long-range correlation the C-4 double bond is in ak-configuration. In addition, the
with C-9 in the HMBC experiment, was attributed to H-7. The correlations between H-1 and H-2, H-13 and H314-1 and
chemical shift of H-7 suggested that the remaining acetoxyl group H-143, H-1 and CH-16, and CH-16 and CH-17 agreed with the
was attached to C-#2although an expected long-range correlation S-configurations assigned for H-2 and H-13. ROESY correlations
between H-7 and the carbonyl carbon in the HMBC spectrum was between H-10 and H-7 and GHS8 in 2 implied that H-10 is

not observed. Using H-7 as a starting point, the spin systems from a-oriented. These findings were consistent with an unusual cage
H-7 to H-6 to H-5 were assigned from thd—'H COSY spectrum. conformation previously reported for taxine B derivativé$!

The broad singlet resonating &t 4.58 was assigned to H-5 and a  Taking all these spectroscopic data into account, comp@umas

free hydroxyl group was located at C-5, as judged from its chemical elucidated as [7,103-diacetoxy-2t,50,130-trinydroxy-2(3—20)-

shift and molecular formula. Thus, the remaining keto carbonyl abeotaxa-4(20),11-dien-9-one.

group had to be located at C-9, as in most-2g®)-abeo- Compound3 was obtained as a colorless gummy substance. The
taxanes:3912This was verified by the fact that H-3, H-10, and HRFABMS revealed a potassium adduct [M K]* ion at m/z
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469.16297, suggesting an empirical formula ofjH30,0;. This
molecular formula was consistent with data from theand13C
NMR spectra of3. The'H NMR spectrum (Table 3) exhibited three-
proton signals due to four tertiary methyl groupsatl.16, 1.17
(each 3H, s), and 1.51 (6H, s) and two acetyl group8,a2.03

(half bottle of seeds, TM-2000-9-1) have been deposited in the
Laboratory of Natural Product Chemistry, School of Pharmaceutical
Sciences, Hebei Medicinal University, Hebei Province, the People’s
Republic of China.

Extraction and Isolation. Air-dried seeds of. maireiwere ground
. o - 1418 g) and extracted with petroleum ether to remove the lipids and
apd 2.17, which were verified by the observation'8 NMR 'Ehen eg(iracted with methangl five times at room temperatl?re. The
S|gna_ls atéc_ 21.1,_ 1_70.1 andc 21.1, 170.72. Three oxygenated  .ompined methanolic extracts were evaporated under reduced pressure.
methines, six olefinic carbons, and two keto carbonyl groups were \yater (2 L) was added, and lipids were further removed by stirring
also observed as downfield resonanced:#9.5, 78.9, 67.8, 133.8,  the mixture with petroleum ether. The aqueous phase was then salted
131.4, 148.7, 133.3, 136.5, 134.6, 189.1, and 210.5. These signalsand extracted with ethyl acetate. The combined ethyl acetate extracts
indicated that3 has a taxane-type skeletdthand thelH NMR were dried with anhydrous sodium sulfate, filtered, and evaporated,
connectivities were determined by analysis of the-H COSY yielding a dark extract, 25.5 g. The ethyl acetate extract was absorbed
spectrum (Table S1, Supporting Inforimation). Interpretation of the Onto 25 g of silica gel and packed on a wet column used for
1H NMR, 3C NMR, and HMBC spectra permitted the positional chromatography. Successive elution with petroleum ether, a gradient

assignment of functional groups (Figure S1, Supporting Informa-
tion). The absence of a C-3 ring junction proton and the presence
of a doublet of doublets signals that resonated,g2.55 and 3.14
with a large coupling constant df = 15.5 Hz are characteristic
signals of a 2(3-20)-abeotaxane'?13 The signal aby 5.24 (1H,

d, J = 10.0 Hz), which showed an HMBC correlation with the

of petroleum etherethyl acetate, and a gradient of petroleum ether
acetone yielded 114 fractions (FiFr14), These were pooled on the
basis of their TLC properties. grto Frygo were combined (1.0 g) and
chromatographed over silica gel and eluted with a hexatieyl acetate
gradient, affording 18 further fractions @zr; to Frgz—1g). Fraction Fgr—»
was subjected to preparative HPLC to yiél(lL.1 mg,tr = 37.93 min).
Fractions 1 to Frgs were combined (500 mg) and chromatographed

tetrasubstituted double bond between C-11 and C-12, was assigne@ver silica gel and eluted with hexanethyl acetate, yielding 23

to H-13. The chemical shift of H-13 indicated that an acetyl group
was located at C-13, which was confirmed by the correlation
between H-13 and a carbonyl carbordatl70.7. Using H-13 as a
starting point, the connectivities from C-13 to C-14 to C-1 to C-2
to C-20 were deduced from th#—1H COSY spectrum. The
chemical shift of H-2 §4 5.72) indicated that an acetyl group was
attached at C-2, which was also verified by the HMBC correlation
between H-2 and the carbonyl carbonyat70.1. The signal aiy
5.26, which exhibited a long-range correlation with C-11, C-12,
and C-15 and a keto carbonyl groupay 210.5 in the HMBC
spectrum, was assigned to H-10. Two olefinic protoné.a6.27

and 6.53, showing HMBC correlations with C-4, C-8, and C-3,
C-8, respectively, were assigned to H-6 and H-7. Thus, the
remainingo,S-unsaturated keto carbonyl group could be located
at C-5. The coupling constant of H-6 and H-7 implied that the
double bond isZ-oriented. Therefore, the structure 8f was
established asi®2130-diacetoxy-1@3-hydroxy-2(3—20)-abeotaxa-
4(20),6,11-triene-5,9-dione. The relative stereochemisti®wés
elucidated by a NOESY experiment, and the results are depicte
in Figure S1, Supporting Information.

Compoundl is the first example of a 1-deoxypaclitaxel isolated
from aTaxusspecies, although several analogues of this type have
been synthesize It was reported that removal of the C-1 hydroxyl
group of paclitaxel is not crucial for its tubulin assembly activity
and cytotoxicity!> Compounds2 and 3 are further examples of
the rare 2(3-20)-abeotaxanes, with3 having an unusuatt,S-
unsaturated keto group at C-5.

d

Experimental Section

General Experimental Procedures.Optical rotation values were
recorded on a JASCO DIP-370 digital polarimeter. All the NMR data
were obtained at room temperature on a Bruker Avance-500 spectrom-
eter. Positive ion FABMS were obtained with a Vacuum Generators
ZAB-HS instrument. Flash chromatography was performed on silica
gel 60 (230-400 mesh, EM Science). Thin-layer chromatography was
conducted on silica gel 60,5 precoated TLC plates (0.25 or 0.5 mm,
EM Science). The compounds were visualized on TLC plates with 10%
sulfuric acid in ethanol and heating on a hot plate,$@ was the
drying agent used in all workup procedures. Preparative HPLC was

carried out on a Waters Delta Prep 4000 instrument coupled to a Waters

2487 duall absorbance detector set at 227 and 210 nm. The products
were eluted with a 50 min linear gradient of acetonitrile (25 to 100%)
in water at a flow rate of 18 mL/min.

Plant Material. The seeds of axus chinesisar. mairei (Taxaceae)
were collected in September 2000 in Xinning Country, Hunan Province,
the People’s Republic of China. Prof. D. Zhao (Hebei Medicinal
University) made the botanical confirmation. Several voucher specimens

additional fractions (Fi-1 to Frei—»3). Fraction Fsi—7 (23 mg) was
applied to preparative HPLC and yield2d1.0 mg,tr = 25.87 min).
Fractions R4 to Frios were combined (780 mg) and chromatographed
over silica gel and eluted with a hexanethyl acetate gradient, yielding
14 fractions (Fgs-1 t0 Fras—14). Fractions Fys—3 to Fros—s (27 mg) were
subjected to preparative HPLC, with the material that eluteig at
21.73 min collected and further purified by preparative TLC (hexane
acetone, 5:6) to yiel®@ (2.0 mg,R = 0.43).

1-Deoxypaclitaxel (1): amorphous power;d]?>» —57 (c 0.05,
CHCl); H and®*C NMR data, see Table 1; HRFABM&z 876.29938
[M + K]* (calcd for GHsiNOi3K, 876.29974).

7p,1QB-Diacetoxy-2x,5a,13a-trihydroxy-2(3 —20)-abeotaxa-4(20),-
11-dien-9-one (2):amorphous solid;d]?% —89 (c 0.05, CHC}); *H
and 13C NMR data, see Table 1; HRFABMBVz 489.18917 [M+
K]* (calcd for G4H3408K, 489.18908).

20,13a-Diacetoxy-1@3-hydroxy-2(3—20)-abectaxa-4(20),6,11-
triene-5,9-dione (3):gum; [0]?% —43 (c 0.03, CHC}); *H and *C
NMR data, see Table 1; HRFABM®/z 469.16297 [M+ K]* (calcd
for C24H3007K, 46916285)
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