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A new anthrasteroid hydrocarbon was isolated from cuticular integument of engorged feouss ricinus and its
structure was determined by interpretation of spectroscopic and nuclear magnetic resonance adtd)a 1@—6)-
abeocholesta-3,5,7,9(10)-tetraen®).(

Tick mating is a complex procedure regulated by sex phero- measurement provided the molecular formulaHz, which
mones. In the hard ticks (Ixodidae), at least three types of sex corresponds to eight double-bond equivalents. To determine the
pheromones are involved in mating: an attractant sex pheromone,number of nonaromatic double bonds, hydrogenation was used.
a mounting sex pheromone, and a genital sex pherofdriene CompoundL accepted two hydrogen atoms, suggesting the presence
attractant sex pheromone is typically released from feeding femalesof one saturable double bond and one aromatic ring. The presence
and stimulates searching behavior in males. The mounting sexof an aromatic ring was indicated in the mass spectrurh. &n
pheromone is present on the surface of the engorged female tick’sintense peak atvz 362 (30%), and a less pronounced onenét
body and serves as a recognition cue for males searching for360 (4%), represented consecutive neutral losses of hydrogen
females. The genital sex pheromone provides a conspecific identi-molecules from the molecular ion atz 364. As the first loss was
fication and induces spermatophore production in males. The sheepVery intense (more intense than the loss ok CE%), the formation
tick Ixodes ricinus(L.; Ixodidae, Prostriata) is an important vector of a condensed, two_ring aromatic system was inferred. Thus, the
for many serious human diseases. In a search for chemical com-saturable double bond should be in a ring adjacent to the aromatic
pounds involved ir. ricinus reproductive behavior, the composi-  ring. The high intensity of the molecular ion (100%) also supported
tion of the cuticular integument off ricinus was studied. We  the assumption that an aromatic ring is present. The hydrogenation
describe herein the isolation and identification of the monoaromatic of 1 provided only one producB( tg = 24.7 min), eluting earlier
anthrasteroid hydrocarbod)(from engorged females of this tick.  tan1 (Figure S1C). When compared with the mass spectrum
of this product showed a more intense loss of;C{é.g., 17%)
and a peak atvz 159; other masses were two mass units higher
and the hydrogen neutral losses were less pronounced. No match
of hydrogenated with the NIST mass spectral library was found,;
however, the mass spectrum showed similarity with an anthra-
steroid, 14(H)-1(10—6)-abecacholesta-5,7,9(10)-triene, found in
Cretaceous black shdle.

The 'H NMR spectrum ofl gave basic information about the
presence of three aromatic/olefinic protons, one methyl attached
to a double bond, three secondary methyls, one tertiary methyl,
five protons with signals in the region 2-:2.8 ppm, five others in

H the region 2.6-2.3 ppm, and unresolved protons with the intensity
A B of 12 protons in the region 1:01.7 ppm. The obtainet}C NMR
spectrum confirmed the measured molecular compositiohsvaith

The chloroform cuticle extracts dfricinus males and engorged 27 carbon atoms in the molecule. On the basis of H,H-COSY,
females were examined by GC-MS. Two distinct peaks appearedgHSQC, and g-HMBC 2D NMR spectra, two characteristic
specifically in the chromatogram of the female extract (major peak structural fragment#\ andB, were determined. Their combination
1: 92%,tgr = 25.3 min; minor peal2: 8%,tgr = 19.9 min (Figure allowed us to formulate the hypothesis of an anthrasteroidal skeleton
S1A, Supporting Information)). The minor pe&khas not been of 1. Mass spectroscopic data observed Toagreed with those
completely characterized and will not be discussed further in this given in the literature for a similar compound, anthracholestatet-
communication. The EIMS of the main compoutidshowed a raene, prepared synthetically by Tsuda and coauthors in 1963.
molecular ion M* at m/z 364 (base peak). An accurate mass However, this paper did not provide any NMR data allowing
comparison. Fragmemt was described in detail by Bird at af.,

* To whom correspondence should be addressed. Fef20) 220 183 and its'H NMR data fit quite well with those found for tick
339. Fax: (-420) 220 183 582. E-mail: blanka@uochb.cas.cz. compoundL (Table 1). Unfortunately, the ring containing the double

f:hlns(t:ltutehofROrgaLr}!C Chemistry and Biochemistry, Academy of Sciences bond in the fragmenA (Scheme 1) is rather flexible, and that is
° ¢,\‘3,aXZSf;nckan“Sﬂ{ﬁ'te for Chemical Ecology, Jena. the reason for the complex character of fitt NMR spectrum
§ Institute of Parasitology, Academy of Sciences of the Czech Republic. provided. Another compound with an anthrasteroidal skeleton was
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Table 1. 'H and'3C NMR Spectroscopic Data of Compoutid
in CDClg

position Oc On

1 23.8 2.69-2.8 (m)

2 23.4 2.31(m)

3 126.7 5.94 (dt, 4.3, 4.3, 9.5)

4 128.4 6.4 (dt, 1.8,1.8,9.5)

5 131.2

6 121.9 6.6 (bs)

7 137.7

8 133.8

9 132.7

10 130.6

11 26.2 2.69-2.8 (m)

12 37.2 1.65 (dddqg, % 0.5, 8.2, 10.7, 13.0)
2.25(ddd, 2.1, 7.1, 13.0)

13 41.8

14 51.8 2.66 (m)

15 24.2 1.42-1.52 (m)
2.05-2.1 (m)

16 28.9 1.42-1.52 (m)
2.05-2.10 (m)

17 55.2 1.32 (m)

18 111 0.59 (d, 0.5)

19 14.5 2.14 (bs)

20 36.2 1.42-1.52 (m)

21 18.8 0.99 (d, 6.5)

22 36.1 1.051.11 (m)
1.35-1.40 (m)

23 23.8 1.13-1.20 (m)
1.35-1.40 (m)

24 39.5 1.13-1.20 (m)

25 28.3 1.53 (m)

26 22.6 1.88(d, 6.6)

27 22.8 1.88(d, 6.6)

@ Chemical shifts are reported in ppm relative to the internal signal
of TMS and CDC{ resonances at 77.0 ppm f6€ NMR; multiplicity
andJ values in Hz are given in parentheses.
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shift of the methyl signald 0.59) indicated that the C-18 methyl
group and proton H-14 il had atrans configuration. This
assumption was supported by a 2D-ROESY NMR experiment (for
the most important interactions see Table S1, Supporting Informa-
tion). The structure of, elucidated from NMR measurements, was
consistent with the EIMS data discussed above. The expected
position of the double bond in ring A was confirmeal{z 251
resulted from C-8 aliphatic chain-cleavage, and the even mass
m/z 224 ion resulted from a neutral loss ofd, from ring D.
More intensem/z 209 and 197 ions represented trihydro-2,9-
dimethylanthracenyl and trihydro-9-methylanthracenyl cations,
respectively. The presence of an isopropyl group was indicated by
an abundant ion at/z 43. Analysis of all the experimental
data led to the conclusion that the engorged-tick female-spe-
cific compoundl has the structure 2§H)-1(10—6)-abeccholesta-
3,5,7,9(10)-tetraene.

Compounds with anthrasteroidal skeletons are quite rare in
nature. Anthrasteroids found in Cretaceous black shales are
considered specific geochemical markers of immature sea sedi-
ments? Other anthrasteroidal structures were described among
metabolites associated with mycelia of a new hybrid strain derived
from Penicillium citreaviride.® Our data provide the first example
of an anthrasteroid in animals. The role and origirL@f I. ricinus

described by Koshino and coauthors in 1989 in the grass fungusbiology is not known. Compound. is likely produced from

Epichloe typhin& The structure of rings B, C, and D of this
compound is identical with, and correspondinH and3C NMR
data of these two compounds are similar (Table 1).

The terminal step in the structural identification bfwas to
characterize its side chain and its stereochemistry. The &eT

cholesterol derivatives taken up with blood during feeding. Cuticle
deposits ofl might represent a way of removing excess amounts
of such derivatives from the body fluid (detoxification) or a way

to fight against pathogens (protection). Alternatively, the production
of cuticular steroid hydrocarbons might represent a means of

NMR spectrum c_Jfl suggested the presence of eight unassigned producing signals for intraspecific communication (pheromones).
carbon atoms (five with odd and three with even numbers of Female specificity of compountl supports the latter possibility
protons) and three secondary methyl signals. Such data indicatedyyt goes not exclude other scenarios. In a closely related tick

the presence of adll;;7 fragment, a characteristic feature of many

species). persulcatussteroids such as cholesterol and its deriva-

steroids. Similarities between already published NMR data of many tjyes were found to be an integral part of lipophilic compounds on

steroid§ and the present NMR analysis @f clearly supported
the conclusions that the side chain bhas a steroidal structure
(Table 1).

To determine the stereochemistrylofiwo different approaches

were combined: inspection of the theoretical conformation based

on molecular mechanics (M#) calculations and the 2D-ROESY

NMR experiments. There are two possibilities concerning the

relative orientations of the C-18 methyl group and proton H-14
(Figure 1; Table S1, Supporting Information). When this

the surface of the tick’s bod¥.Cholesteryl esters and cholesterol
serve as contact sex pheromones in tick species suBb@shilus
microplus (Canestrini)* and Dermacentorvariabilis (Say)? and

in other hard tick speci€ks.

Experimental Section

General Experimental Procedures.GC-MS experiments were
performed using a HP 6980 series gas chromatograph (Agilent)
connected to a MasSpec magnetic sector-field mass spectrometer

orientation is considered, the expected angle between the aromatiqmicromass, Manchester, UK). A nonpolar DB-5 MS column (30 m

ring and the C-13/C-18 bond is about 22ihd the methyl group
is deflected. In the case ofteans orientation, an angle of about
80° brings the C-18 methyl group significantly more into the field

long, 0.25 mm internal diameter, film thickness 0.2&, J. & W.
Scientific) was used for separations. The injector was operated in
splitless mode at 220C. The source temperature was set to 200

of the aromatic ring current. The calculated value of the chemical standard 70 eV spectra were recorded at 1 scan/s. The temperature of
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the GC oven was programmed as follows: “&€Q) hold for 2 min; 10 Compound 1: '*H and*3C NMR, see Table 1; EIM$®/z 364 M',
°C/min to 320°C and hold at 320C for 10 min. Helium was used as  100%), 362 (M' — Hy, 30), 360 (M" — 2H,, 4), 349 (M — CHg', 4),
a carrier gas at a constant flow of 0.7 mL/min. The data were analyzed 251 (M" — CgHi7, 10), 225 (4), 224 (M — CioHzo, 17), 209 (35),
using OPUS software, and Wiley version 6 and NIST libraries were 197 (21), 195 (16), 181 (7), 179 (9), 167 (5), 165 (7), 157 (17), 155
used for spectral data searches. HREIMS data were obtained on the(7), 55 (5), 43 (15); HREIMSWz 364.3125, calcd £Hao 364.3130.

same MasSpec instrument in positive ion mode using 70 eV ionization  Acknowledgment. Financial support from the Institute of Organic
energy. A perfluorokerosine mixture was used as an internal standard. chemistry and Biochemistry, Prague (project Z40550506), the Grant
'H and**C NMR spectra were recorded on a Bruker AVANCE-500  agency of the Czech Republic (206/04/0751), the Institute of Parasitol-
spectrometer, equipped with a TX| 5 mm cryoprobe, in CL¥@ldrich, ogy (Z60220518), and the Max-Planck-Gesellschaft is acknowledged.
99.9% D), using the signal of tetramethylsiladed(0 for*H NMR) or We thank to O. Blaek for skillful technical assistance and J. Erhart

; . f
the central line of solvent signab (77.00 for'*C NMR) as references. ¢, ovidingl. ricinus. We also thank anonymous referees for valuable
Chemical shifts are given in ppm; coupling constants, in Hz. For 2D . . -

criticism of the manuscript.

NMR experiments the standard pulse programs provided by the

manufacturer of the spectrometer were used. The characteristic spectral Supporting Information Available: Reconstructed chromatograms

width was 8 ppm for'H and 150 ppm fof*C NMR spectra. at m/'z 364 obtained for male, female, and hydrogenated female ex-
Animal Material. Adult males and females of ricinus were tracts and selected HMBC and ROESY correlations afe available

collected in the field. [Several voucher specimens have been depositedyt hitp://pubs.asc.org.

in the Laboratory of Natural Products, Institute of Organic Chemistry

and Biochemistry (IR-2005-9-1).] No information about mating history References and Notes
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