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Ecdysteroids from Serratula wolffii Roots
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Two new natural ecdysteroids, 20,22-didehydrotaxisterbnen(d 1-hydroxy-20,22-didehydrotaxistero@ (vere isolated

from the roots ofSerratula wolffii Their structures were elucidated by 1D and 2D NMR spectroscopy and mass
spectrometry. The biological activities of these compounds were determined via oralAaphitidsiphon pisur(Harris))

tests. Compound was inactive and compouri2lexhibited very low toxicity in the oral aphid test. The activities of
these two ecdysteroids were in agreement with those of other 22-deoxyecdysteroids.

Zooecdysteroids are steroid hormones that control the molting 1 Me Me
of arthropods. Phytoecdysteroids, compounds structurally related 1sMe N
to zooecdysteroids, are widely distributed secondary constituents 25 Me
of plants? Many plant species biosynthesize phytoecdysteroids for HO
protection against insects. Ecdysteroids are lead compounds for the
development of selective invertebrate pest control ageiitse
occurrence of ecdysteroids in relatively large amounts in plant HO
species has made investigation of their pharmacological effects 0
possible. Ecdysteroids exert significant anabolic action without IR
androgenic side effectdRecent research into ecdysteroids has been 2 R=
intensified as a consequence of their application in gene expression

systems. On the basis of the molecular ion peak observed by HRESIMS,

Serratu_laspecies are rich sources of ecdyster@iﬂgighteen compounc? was assigned the molecular formula/@,,06. ESIMS
ecdysteroids have been reported to occurarr&ula wolffii Andrae indicated pseudomolecular ions @tz 501 [M + K]* and 463

(Asteracea€).The aerial parts of this species produce not only [M + H]*. The UV spectrum of compour@iwas consistent with

several known biolog_ically activ_e _ecdysteroids conFaining ?1' the presence of a 7-en-6-one ecdysteroid chromophore (241 nm
hydroxy and 7,9(11)-dienone moieties, but also a series of minor (log € = 3.95)).

new ecdysteroids. These results stimulated our interest in the
possible presence of ecdysteroids in the rootS.ofvolffii. The
isolation of known ecdysteroids from this part of this plant has
already been publishéd.

We now report the isolation and structure determination of two
new 20,22-didehydro derivatives of taxisterdAe20,22-didehy-

The structures of and2 were determined from th#d and*3C
NMR data. The!H and *°C data for compoundd and 2 are
summarized in the Experimental Section. The singlet methyl signals
in the 'H NMR spectrum aided in their assignments using the
characteristic HMBC correlations of these signals over two and
drotaxisteronel) and 1-hydroxyl-20,22'-d_idehydrotaxisterorﬁa.( w;ie Lt:r(]);]g]sb.i:Jdueonutglcg\'j:/?:goftghetr?;:nlrrﬁtt/lai 23 Gg%Mforzr;g;%un?S
These cqmpoungls were t.eSte.d for toxicity on the-1; larvae of whereas Me-21 correlated with two olefinic carbon atoms exhibiting
Acyrthosiphon pisurHarris) via oral uptak?. » strong deshieldingd 127.7, 134.8). Differentiation between the

A methanol extract of the roots & wolffii was purified by a Hs-19 and H-18 atoms of the methyl groups was achieved
multistep isolation procedufteincluding precipitation, column considering the coupling of the latter with C-17, which also coupled
chromatography on polyamide and on octadecyl-silica, and rotation . Hs-21. In accordance with a 6-oxtZ8&-moiety, the H-7 olefinic
planar c.hromatography. The final chromatographic step using hydrogens ofl and2 (6 5.81, 5.83) correlated with C-5, C-9, and
preparative HPLC afforded compoundisind 2. C-14. The high value of th&C chemical shift for C-1 in compound

Compoundl was assigned the molecular formulg-&8.,0s 2 (6 76.6) justifies assignment of an OH group attached to this
(using HRESIMS). Its UV spectrum revealed absorption at 242 atom. The hydrogen atoms of ring A form a common spin system,
nm (log e = 4.387) characteristic of an,f-unsaturated ketone.  which was analyzed biH,'H-COSY and HMQC-TOCSY experi-
The electrospray mass spectrum demonstrated a quasimolecular ioments. TheH signal assignments of rings C and D, as well as the
atm/z485 [M + K] *. The characteristic fragment ions were formed = side chain attached to C-17, were obtained in an analogous way.

from the intact parent compound by the loss of watevz 429 Since the amount of compouriiwas limited, signals of C-6 and
M + H — HOJ]", mz 411 [M + H — 2H,0]*, and m/z 393 C-8 remained under noise level. The existence of a conjugated
[M 4+ H — 3HO]". C=0 unit was supported by comparison with #i& chemical shifts

of compounds from previous wofk.The H,-9/H,-2 and H-19/
* Corresponding author. Tel: 0036-62-545558. Fax: 0036-62-545704. Hz-5 correlations in the NOESY spectrum biproved acis-type

E-mail: bathori@pharm.u-szeged hu. junction of rings A/B, and the p12/H-18, H-12/ H-21, and
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* Budapest University of Technology and Economics. . .
§ Plant Protection Institute of HAS. In compound?, $-orientation of the OH group attached to C-1
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stationary phase for RPC was silica gel 60,6 FE. Merck). A Zorbax-
SIL column (5um, DuPont, Paris, France) was used for normal-phase
HPLC.

Plant Material. Roots ofSerratula wolffiiwere collected in August
2003 from Herencsg, Hungary. A voucher specimen (collection
number S94) has been deposited at the Department of Pharmacognosy,
University of Szeged, Hungary.

Extraction and Isolation. Fresh roots (4.7 kg) were extracted with
MeOH and purified by fractionated precipitation with acet8rgne
dry residue (137.5 g) of the purified extract was applied to a polyamide
column (MN-polyamide SC 6, Woelm, Eshwege, Germany). The
fraction eluted with water (24.4 g) was subjected to low-pressure
reversed-phase column chromatography on octadecyl-silica<0.08
um, Chemie Uetikon, Uetikon, Switzerland). Fractions eluted with 60%
MeOH-H,0 (70 mg) were further purified by rotation planar chro-
matography. From the fractions eluted with £H—MeOH—CsHg (50:

5:3) (1.5 mg), compound (0.5 mg) was obtained and was further
purified by normal-phase HPLC [8,—i-PrOH—H,O (100:40:3)].
and coupling constant (t; 3.1 Hz) preclude the axi&ldrientation Fractions eluted with MeOH were repeatedly separated by RPC.
of H-1 because of the absence of an axial/axial coupling constant Fractions eluted with EtOAeEtOH—H,0 (80:5:2) (3 mg) were purified
(9—10 Hz). Second, maniH and13C NMR signals of the atoms by normal-phase HPLC [§E11,—i-PrOH—H,O (100:40:3)] to give
in ring “A” and methyl-19 are broad, as opposed to the corre- compound?2 (2.5 mg).
sponding signals of compourdindicating hindered conformational 20,22-Didehydrotaxisterone (1):colorless crystals; mp 231233
motion of ring “A”. Thetransarrangement of C-21 and H-22 was  °C; [a]%% +71 (c 0.025, MeOH); UV (MeOH)imax (l0g €) 242 (4.387)
proved by the NOESY correlations H-22/H6, H-22/H-16, H-22/ nm; *H NMR (CD;0D, 500 MHz)4 5.81 (1H, d,J = 2.6 Hz, H-7),
Ha'17| H3'21/H/3'12: and H'Zl/Hg-lS (Figure 1) 5.30 (lH, t,J=7.1 Hz, H-22), 3.96 (lH, m, H-@, 3.84 (lH, ddd,.]

. . =12.0,4.2, 3.3 Hz, H®), 3.18 (1H, ddd) = 11.2, 7.2, 2.6 Hz, H-Q),

Compoundsl and2 are the f.II‘St ecdystermd; known to possess 5 gq (1H, t,)= 9.2 Hz, H-171), 2.39 (1H, dd] = 12.7, 4.5 Hz, H-B),
an extra double bond in the side chain at position 20{2Zhese 2.13 (2H, m, H-23), 2.09 (1H, td, = 13.0, 8.0 Hz, H-1&), 2.02 (1H,
ecdysteroids are also of interest in view of their unusual hydroxy- m, H-153), 1.95 (1H, tdd,J = 12.0, 9.2, 2.3 Hz, H-18), 1.84 (1H, m,
lation pattern. The natural ecdysteroids generally contain an OH H-110), 1.83 (1H, m, H-160), 1.79 (1H, m, H-1&), 1.76 (1H, m, H-4),
group in the side chain at position 20 and/or 22. Fourteen 1.70 (1H, dtJ = 14.2, 4.5 Hz, H-#), 1.69 (3H, s, H-21), 1.66 (1H,
ecdysteroids have been isolated previously that do not contain them, H-15x), 1.63 (1H, m, H-1f), 1.54 (1H, dddJ = 13.0, 5.3, 1.7
20,22-diol structure. Five of these compounds were isolated from Hz, H-125), 1.50 (2H, m, H-24), 1.43 (1H, dd] = 13.4, 12.2 Hz,
plants, mainly from species of the family Cactac&s¥. H-15), 1.20 (6H, 5, H-26, H-27), 0.96 (3H, s, H-19), 0.57 (3H, 5, H-18);

. . C NMR (CD;0OD, 125 MHz)o 206.7 (C, C-6), 167.9 (C, C-8), 134.9
Compoundl (LCso > 100 ppm on day _4) proved .nactlve_, gnd (C, C-20), 127.7 (CH, C-22), 121.9 (CH, C-7), 85.0 (C, C-14), 71.5
compound2 (LCso = 48.5 ppm) exhibited low oral activity — (cH, c-25), 68.85 (CH, C-2), 68.67 (CH, C-3), 54.3 (CH, C-17), 52.0
(mortality) against aphid larvaé€yrthosiphon pisunfHarris)) in (CH, C-5), 48.9 (CH, C-13), 45.0 (GHC-24), 39.5 (C, C-10), 37.6
comparison with the active, main phytoecdysteroid, 20-hydroxy- (CH,, C-1), 35.4 (CH, C-9), 33.0 (CHC-4), 32.3 (CH, C-15), 31.1
ecdysone (L& = 1.07 ppm). These results verify that the presence (CH,, C-12), 29.3 (CH, C-26, C-27), 24.6 (Ck C-19), 24.4 (CH,
of the 20,22-diol is an essential structural requirement for ecdys- C-23), 24.1 (CH, C-16), 21.8 (CH, C-11), 18.4 (CH, C-21), 17.7
teroids to attain high mortality in this test. An earlier investigation (CHs, C-18); ESIMSmz485 [M + K]* (69), 447 [M+ H]* (93), 429
of the structure-activity relationship indicated that oxygen functions g\|/'_| g]';'(;) 2242]26()1(3)(2)2) &%llthA;STM_ﬁvzzjﬂ;(()?s [:7\;’_?_ m ++(c|?:|dc_d

- - i 6 2 ’ 3 ’ .
at C-20 and C-22 are important molecular features for acthvity for CoHsOs, 447.3021).
Experimental Section 1-Hydroxy-20,22-didehydrotaxisterone (2):colorless crystals; mp
218-220°C; [0]% +10 (c 0.05, MeOH); UV (MeOH)Amax (log €)

General Experimental Procedures.Optical rotations were mea- 241 (3.95) nmH NMR (CDsOD, 500 MHz)6 5.84 (1H, d,J = 2.5
sured with a Perkin-Elmer 341 polarimeter. The UV spectra were Hz, H-7), 5.30 (1H, tJ = 7.0 Hz, H-22), 4.04 (1H, br, He), 3.88
recorded in MeOH with a Shimadzu UV 2101 PC spectrophotometer. (I1H, t,J = 3.1 Hz, H-21), 3.82 (1H, br, H-), 3.10 (1H, t.J = 8.8
NMR spectra were recorded in MeGd4-in a Shigemi sample tube at Hz, br, H-9x), 2.89 (1H, t,J = 9.2 Hz, H-1#), 2.61 (1H, ddJ =
room temperature, with a Bruker Avance DRX-500 spectrometer. The 12.8, 4.5 Hz, H-B), 2.13 (2H, m, H-23), 2.06 (1H, m, H-13, 2.05

. = (1H, m, H-1%), 1.95 (1H, tddJ = 12.0, 9.2, 2.2 Hz, H-16), 1.83
structures of the products were determined by means of comprehenswe(

; . - (1H, m, H-43), 1.82 (1H, m, H-1&), 1.78 (1H, m, H-4), 1.72-1.69
1D and 2D NMR methods, using widely accepted strateyi€s. (2H. m, H-110, H-118), 1.68 (3H, s, H-21), 1.66 (1H, m. H-5, 1.52

Chemical shifts are given on thiescale and were referenced to the ) . ) .

Solvent (MeOHel: dc = 49.15 anddy = 3.31). In the 1D measure- (31’ & b 11/18). .96 (311 o, 11680 NMK (GO0 L5 ratieys
ments (H, 13C, DEPT'135), 64K data pOintS were used for the FID. 134'8 ’(C”C_zo)” 127.7 (C|,_|"C_22)”1220 (CH, C'?)‘, 84.8 (C, C'14),
The pulse programs of the 2D experiments [gs-COSY, gs-HMQC, 76.6 (CH, C-l), 715 (CH, C-25), 71.1 (CH, C-S), 68.6 (CH, C-Z),
HMQC-TOCSY (mixing time= 80 ms), gs-HMBC, 1D NOESY 543 (CH, C-17), 48.9 (CH, C-13), 47.0 (CH, C-5), 44.9 (CH-24),
(mixing time = 350 ms), 2D NOESY (mixing time= 400 ms)] were 44.0 (C, C-10), 36.0 (CH, C-9), 33.7 (GHC-4), 32.3 (CH, C-15),
taken from the Bruker software library; the other parameters (pulse 31.1 (CH, C-12), 29.3 (CH, C-26, C-27), 24.3 (CH C-23), 24.0 (CH,
length and levels, delays, etc.) were the same as given in our previousC-16), 22.2 (CH, C-11), 20.2 (CH, C-19), 18.4 (CH, C-21), 17.7
work.'"18The mass spectrometric measurements were performed on a(CH,, C-18); ESIMSm/z 501 [M + K] * (26), 463 [M+ H]* (4), 445
Finnigan TSQ 7000 tandem mass spectrometer (Finnigan MAT, San[M + H — H,O]* (100), 427 [M+ H — 2H,O]* (8), 408 [M+ H —
Jose, CA) equipped with a laboratory-built nanoelectrospray ion source. 3H,0]* (2), 391 [M + H — 4H,0]" (14), 374 (4), 363 (5), 336 (4);

A high voltage of about 1000 V was used in the ion source. The HRESIMSn/z 463.2976 [M+ H]* (calcd for GsH430s, 463.2970).
instrument was scanned in the normal MS mode over the mass range

10-1500, with a scan time of 2 s. HRESIMS recordings were made  Acknowledgment. This project was supported financially by a grant
on a Finnigan MAT 95SQ tandem mass spectrometer (Finnigan MAT, from the Hungarian National Science and Research Fund (OTKA
Bremen, Germany). RPC was carried out on a Harrison Model 8924 T046127) and T€ JAP-22/02 (OMFB-00756/200). A.S. is grateful for
Chromatotron instrument (Harrison Research, Palo Alto, CA). The a Varga/Rohr Fellowship.

Figure 1. Steric view of compound. Arrows show characteristic
proximities obtained by NOESY experiment.
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