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INTRODUCTION

The essential oil of C. nepeta (L.) Savi ssp glandulosa (Req.)
P. W. Ball grown from seeds in the Botanical Garden of
the State University of Gent (Belgium) is particularly rich
in the oxides of piperitone and piperitenone, and is free of
pulegone, menthones and menthols [1]. C. nepeta (L.) Savi
ssp. nepeta on the other hand mainly contains the latter
substances [2, 3]. Because the morphological charac-
teristics of these subspecies as described in Flora Europaea
tend to overlap [4], it appeared possible that the com-
position of the essential oils might be used to separate
them. However, it is clear that before drawing any such
conclusions, more specimens, preferably collected in the
wild, had to be studied.

RESULTS AND DISCUSSION

The first indication that the composition of the essential
oil of C. nepeta ssp. glandulosa prepared from plants raised
in our Botanical Garden [ 1] might be an extreme case, was
gleaned when a new specimen, grown from the original
supply of fruits, afforded a more complex oil, containing
the menthones, pulegone and the oxides of piperitone and
piperitenone (Table 1A).Further plant material was then
collected in the wild. Referring to the earlier findings
[1-3]), GC analysis gave rather unexpected results: six
samples, identified as C. nepeta ssp. nepeta yielded oils
which not only contained pulegone, the menthones and
menthols, but were also rich in the oxides of piperitone
and piperitenone (Table 1C-H). The essential oil of the last
sample (Table 1B), identified as C. nepeta ssp. glandulosa,
has a composition which, save for the presence of some
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piperitone and piperitenone oxides, is identical to the
published composition of C. nepeta ssp. nepeta [ 2, 3]. This
shows quite clearly that the same oils can be produced by
both subspecies, and this rules out their use for chemota-
XONOMIC purposes.

EXPERIMENTAL

Essential oils were prepared by hydrodistillation in a semi-
micro Likens-Nickerson apparatus, and analysed by GC and GC-
MS on WCOT and FSOT SE-52 columns in circumstances as
described before [1]. Plant material was collected in Tanneron
(Alpes Maritimes, France; sample B), near Le Lauzet-Ubaye
(samples C-F), the Réservoir de Serre-Pongon (Les Demoiselles
Coiffées; sample G) and La Fresquiére (sample H) (Alpes de
Provence, France). Voucher specimens were deposited in the
herbarium Gent: A = PG5463; PGB = 5616; C-F = PG
5609-5612; G = PG 5608; H = PG 5607.
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Abstract—The aerial parts of Pulicaria arabica afforded in addition to known caryophyllene derivatives seven new
ones. The configuration at C-11 of previously reported derivatives has to be corrected as followed from the observed

NOEs.

INTRODUCTION

The relatively large genus Pulicaria (Compositae, tribe
Inuleae, subtribe Inulinae) has been studied by several
groups. In addition to widespread compounds two species
gave diterpenes [1, 2], two others unusual caryophyllene
derivatives [ 3, 4] and one species, which has been placed in
the Francoeuria, afforded different types of sesquiterpene

lactones [5]. We now have reinvestigated P. arabica (L.)
Cass.; the results are discussed in this paper.

RESULTS AND DISCUSSION

Pulicaria arabica has been investigated previously and
from the aerial parts several flavones and flavone glyco-



Short Reports

1 2 3 4 ]
R B-OHH B-OMc,H B-OMe,H a-OMeH a-OHH
R' OH OH OAc OAc OH
OR!

R
6 7 8 9 10 i1 12
R H H OH OAc OAc OAc OAc
R' H Ac Ac H Ac H Me
R? O o o) [0} o] a-OH,H (o]
A’E AE

13 14

sides and reported [6]. Our investigation gave the thymo!
derivative 14, also present in other Pulicaria species [ 3, 4]
and 13 caryophyllene derivatives, the known ketones 1
and 6-10 [3, 4] as well as seven new ones, the AS4.
derivatives 24, the corresponding dihydro derivative §,
the A°-derivatives 11 and 12 and the dimeric compound
13.

Comparison of the 'HNMR spectrum of 2 (Table 1)
with that of 1 [3] clearly showed that the corresponding 5-
O-methyl ether was present. In the spectrum of 3 (Table 1)
only the methylene doublets of the oxygen bearing carbon
were shifted down field and an acetoxy singlet was present,
therefore, the structure was also clear. However, NOE
difference spectroscopy clearly indicated that the con-
figuration at C-11 has to be reversed. Clear effects were
observed between H-13, H-9 (10%;) and H-10x (8 %). H-5
gave a NOE with OMe (10 %), but not with H-9, which is
an indication that a f-methoxy group was present. This
also followed from the coupling if models were inspected.
Furthermore the 'H NMR data of 4 (Table 1) clearly
indicated that this methyl ether was the 5a-epimer of 3.
Accordingly, the couplings of H-5 were altered and now
clear NOEs were observed between H-5, H-1 (79,), H-88
(4%) and OMe (5%), between H-12, H-1 (8%,), H-88
(5%), H-108 (4 %;) and H-13 (5 %) as well as between H-13,
H-9 (10%) and H-10a (5 %).

Inspection of the '"H NMR spectrum of 5 (Table 1)
showed that this ketone was a 6,14-dihydro derivative.
Accordingly, a methyl doublet at 41.14 had replaced the
exomethylene signals of H-14. The observed NOEs
between H-12, H-1 (7%) and H-88 (10%), between H-6
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and H-5 (10%;), between H-13 and H-108 (5 9,) as well as
between H-1 and H-5 (10%) established the configur-
ations at C-5, C-6 and C-11.

The 'H NMR spectrum of 11 (Table 1) again showed
that a diol was present. However, a low field
broadened double doublet at §5.52 indicated a A® double
bond and an acetoxy singlet together with a pair of
doublets a 11-acetoxy methylene group. Spin decoupling
allowed the assignment of nearly all signals. The resulting
sequences required the proposed structure and the NOEs
indicated a cis-relationship between H-7 and H-1, be-
tween H-5and H-14 as well as between H-13and H-9. The
'H NMR spectrum of 12 (Table 1) was in part close to that
of 11. However, the absence of a H-7 signal and the down
field shift of H-5 indicated a conjugated A®-ketone. The E-
configuration followed from the chemical shift of H-5. A
reinvestigation of the configuration at C-11 by NOE
difference spectroscopy in the ketones 8-10 showed that
all have the same one. Thus, the preliminary proposed
stereochemistry at C-11 has to be reversed (compounds
1-3,5-7, 12and 13 inlit. [3]). Typical for caryophyllenes
with an oxygen function at C-12 or C-13 are the chemical
shifts of the methylene protons which are always at higher
fields in 13-hydroxy derivatives. This was observed also in
the isomeric 12-and 13-hydroxycaryophyllenepoxides [7]
prepared by microbiological transformation of
caryophyllene.

The '"HNMR spectrum of 13 (Table 1) was nearly
identical with that of 6. However, no [M]* could be
detected in the EI mass spectrum. The highest fragments
were at m/z 233 and 217. CI mass spectrometry gave a
clear (M + 1]* peak at m/z 451. Accordingly, 13 was the
corresponding ether formed from two molecules of 6.

EXPERIMENTAL

Air-dried aerial parts (300g, voucher deposited in the
Herbarium of the University of Zagazig) were extd with
Et,O-McOH-petrol (1:1:1). The ext. obtained was treated with
MeOH to remove long chain saturated compounds affording 9 g
of sol. material. CC (silica gel) gave four fractions (1: Et1,O-petrol
(1:3), 2: Et,O-petrol (1:1), 3: Et,0, 4: Et,0-MeOH (9:1). TLC
of fraction 1 (silica gel, PF 254, Et,O—petrol, 1:20) gave thymol
(12 mg), thymolisobutyrate (10 mg), stigmasterol (12 mg), sitos-
terol (30 mg) and dammradienyl acetate (14 mg). TLC of fraction
2 (Et,O-petrol, 1:1) gave 14 (19mg) and 7 (9 mg). TLC of
fraction 3 (Et,O-petrol, 1:1) afforded 6 (15 mg) and TLC of
fraction 4 (Et,0) gave 13 (4 mg), 11 (2 mg), 5 (2 mg), 1 (5mg), 8
(5 mg) 10 (3 mg) and two crude fractions (A and B). Fraction A
gave by HPLC (RP 8, ca 100 bar) (MeOH-H,0 13:7), 9 (2 mg)
(R, 7.5 min), 2 (3 mg) (R, 8.5 min.). 4 (9 mg), (R, 13 min) and 3
(8 mg) (R, 14.5 min) and fraction B (MeOH-H,0, 7:3) 12 (2 mg)
(R, 10 min). Known compounds were identified by comparing
their 400 MHz 'H NMR spectra with those of authentic material.

12-Hydroxy-58-methoxy-6(14)-dehydro-5,6-dihydrocaryo-
phylien-T-one (2). Colourless oil: IR vﬁﬂ‘, cm " : 3600, 1690; MS:
m/z (rel.int.): 264.173 [M] " (4) (calc. for C,H,,0;: 264.173), 249
(4),235(8), 147 (62), 119 (78),93 (83),91 (100); [«]3* — 9 (CHCl;
c 0.3).

12-Acetoxy-SB-methoxy-6(14)-dehydro-5.6-dihydrocaryo-
phyllene-1-one (3). Colourless oil; IR vECh, cm ™ 1745, 1690; MS
m/z (rel. int.; 306.183 [M]* (21) (calc. for C,gH,30,: 306.183),
277 (18), 247 (10), 246 (7), 147 (77), 119 (94), 93 (78), 91 (100);
(e3¥" — 90 (CHCl,; ¢ 0.2).
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Table 1. 'HNMR spectral data of 2-5 and 11-13 (CDCl;, 400 MHz, 3-values)

H 2 3 4 5 11* 12 13
1 2.73 br ddd 2.71 br ddd 274 m 295 m 243 br ddd 2.48 br ddd 2.38 br ddd
5 4.19 br dd 4.18 br dd 434 br dd 442 brs 552 br dd 6.45 br dd 589 br dd
8 335dd 314 dd 269 dd 299 dd 204 m 297 dd 291 dd
8 252 dd 246 dd 277 dd 243 dd 167m 252 brd 232brd
9 200m 198 m 215 m 205 m 1.74m 1.86 br dd 1.73 br dd
10 204 dd 2.04 dd 210 dd 214 dd 1.86 dd 201 dd 1.89 dd
100 1.78dd 1.82 dd 1.75 dd 1.73 dd 1.51dd 1.57 dd 1.57 dd
3.69 dd 4154d 368 dd 4.14d 4.104d
12 362 dd 403d 4105 363 dd 404 d 406 d 104 s
13 109s 1135 1.15s 109 s 1.10s {125 104 s
14 595 brs 589 brs 596 brs 1.14 d 433 brd 401 brd 424 brd
14  581brs 581 brs 568 br s 417brd 3954 4104
15 4.83 brs 483 br s 484 br s 4.77 br s 498 br s 503 brs 504 brs
15 473brs 473 br s 47 brs 461 br s 484 brs 497 br s 495 br s
OR 148t (OH) 208 s 2105 1.47 1 (OH) 209s 209 s
3295 {(OMe) 3295 330s 328 s

*H-6292dq; H-74.23dd. J[Hz]: 1.9 — 1,10 = 1, 10’ = 9;10,10' = 11;compounds 2and 3:4,5 = 4,5 = 8;8,8' = 10.5;89 = 12;8'9
=35,12,12' = 11.5; 12 OH = 5;compound 4:4,5, = 4,4,5 = 11;8,8' = 89 = 12;89 = 4.5; compound 5: 5,6 = 2.5, 6,14 = 7,8 8 = 11;
89 =125 89 =3 12,12’ = 11.5; 12, OH = 5; compound 11: 45 =6; 4,5 = 10.5; 78 =6, 7.8 = 10; 12,12' = 11; 14,14 = 12
compounds 12 and 13: 4,5 = 4; 4,5 = 12; 8,8’ = 15; 8,9 = 12; 14,14’ = 12; compound 13: 12,12’ = 11.5.

12-Acetoxy-5e-methoxy-6(14}-dehydro-5,6-dihydrocaryo-
phyllen-1-one (4). Colourless oil; IR vCC4, em™*: 1750 (OAc),
1690 (C = CC =0}, MS m/z (rel. int.y: 306.183 [M] * (28) (calc. for
C1aH;604: 306.183), 277 (25), 247 (12), 246 (5), 147 (66), 119 (80),
93 (78), 91 (100) [«1%" + 39 (CHCl;; ¢ 0.2).

5a,12-Dikydroxy-5,6-dihydrocaryophyllen-1-one (8). Colour-
less oil; IR vS5, cm™*: 3600 (OH), 1710 {C=0% MS m/z (rel.
inty 252 [M]* (0.8}, 234 (2), 93 (58), 57 (100).

12- Acetoxy-Ta,14-dihydroxy-SE-caryophyllene (11). Colour-
less oil; IR vECk, cm ™! 3600, 1750; MS m/z (rel. int.x 276 [M
—H,0]* (1,234 [M — HOAc] " (2.6), 221 (2), 105 (64), 93 (100),
91 (90); [a]¥ — 10 (CHCl;; c 0.2).

12-Acetoxy-14-methoxy-SE-caryophyllen-7-one (12). Colour-
fess oil; IR vgg‘,cm' 1: 1750, 1690; MS m/z {rel, int.): 306 [M]*
(11), 246 (7), 147 (63), 93 (100); [a] " — 90 (CHCl; c0.2).

Bis-[52-7-0xo-caryophyllene]-14-O-ether (13). Colourless oil;
IR vEEk cm™1: 1700; MS myz (rel. int.);: 233 [CysH;,0,]" (8),
217[C,sH;, 01" {10), 205 (8), 189 (10), 147 (44), 119 (36), 93 {84),
69 (100).
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