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Abstract—An investigation of Artemisia arborescens afforded, in addition to the known compounds matricin,
artabsin and artemetin, the new guaianolide 4-epimatricin. The stereostructures of 4-epimatricin and matricin were

assigned on the basis of spectroscopic evidence.

INTRODUCTION

The dark-blue essential oil of Artemisia arborescens,
containing up to 50% of chamazulene[1], has been the
subject of several studies[1-7]. However, nothing
was known about the compounds responsible for the
formation of this blue hydrocarbon during steam dis-
tillation of the plant. Arborescin, a sesquiterpene
lactone previously isolated from this plant and
claimed to be a proazulene[8], actually fails to
produce chamazulene under the mild conditions of
steam distillation[9].

Chemical investigation of the plant revealed the
known proazulenes artabsin (1)[10] and matricin[11],
and yielded a new sesquiterpene lactone, which was
the C-4 epimer of matricin, and was therefore called
4-epimatricin. Evidence leading to stereostructures 2
for 4-epimatricin and 3 for matricin is now presented.

RESULTS AND DISCUSSION

Matricin (3) and 4-epimatricin (2) showed almost
superimposable IR, UV and mass spectra, while their
'H NMR spectra differed significantly only for the
position of the signals corresponding to the C-2, C-3,
C-5, C-6 and C-15 protons (Table 1). As the multi-
plicity and coupling constants for all the signals were
practically the same in both compounds, it was con-
cluded that 2 and 3 differed only in the stereochemis-
try at the quaternary carbon C-4.

---OAc

---OAc

2 OH Me
3 Me OH 4

Assuming the usual a-orientation for H-7[12], the
stereochemistry at C-5, C-6 and C-8 followed by
inspection of the coupling constants of the cor-
responding protons (Js¢=10.8 Hz; J,,=10.8Hz;
J.s =104 Hz), the o-configuration of the methyl
group at C-11 was deduced from the observed upfield
shift of the H-13 doublet when changing from deu-
terochloroform to deuterobenzene as solvent
(A8cpenicsps = — 0.18 for 2 and —0.20 for 3)[13].

The lower position of the H-5 signal in 3 (5 2.82 in
3 and 2.22 in 2) suggested a cis relationship and
therefore the same a-orientation for this proton and
the C-4 hydroxyl group in this epimer. This was
confirmed by lanthanide-induced shifts (LISs) upon
addition of Eu(fod);. The shifts for the C-5 hydrogen
in 3 were almost double the ones observed under the
same conditions for this proton in 2. In accordance
with the B-orientation of the C-4 hydroxyl group in 2,
the shifts for the C-6 proton were higher in 2 than in
3.

The signals of H-2 and H-3 formed an asymmetric
AB system (J,;=35.4Hz), the downfield doublet of
which (H-2) was sharp, while the upfield one (H-3)
was broader. The latter was shown by double-
resonance experiments to couple not only with the
C-10 methyl, but also with H-5 (J,5=0.8 Hz). Al-
though similar homoallylic couplings have been
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Table 1. '"H NMR spectral data for compounds 2-4 (200 MHz, C.Ds
except 4 in CDCl;, TMS as internal standard)

Protons 2 As* 3 Ad* 4
H-2 6.12d +0.32 6.01d +0.42  6.16d
H-3 5.78 brd +0.74 5.90brd +1.12 642d
H-5 2.22 brdg +0.78 2.82brdg +1.46 —
H-6 390t +1.20 3.58dd +1.14 5.08 brd
H-7 1.80 m + 1.80 m ¥ +
H-8 4,58 td +1.10  4.66 td +1.04 5241d
H-9, 2.16 dd + 2.18 dd + +
H-9, + + + + +
H-11 1.95m t1.95m ¥ 1
H-13 1.14d +0.60 1.16d +0.58 1.22d
H-14 1.52brs +0.28 1.50brs +0.31 216 st
H-15 140 s +0.82 1305 +1.28 2.18 5%
OH 2.34 5 — 2.34s — —_
OAc 1.58 s +0.18 1.58s +0.18 2.06s

Most coupling constants were virtually identical for 2 and 3; those for 2
are given as representative; values for those that changed significantly in
3 are also given: J.3=54Hz; Ji, = 10.8 Hz; Js,= 10.8 Hz; J;4 = 10.4 Hz;
]g.ga = 10.4 HZ; J&gh =32 HZ; Jgayb =12 HZ; J“']] =6.5 HZ; Jz_s =0.8 Hz:

for 3: Jo-=10.0Hz. For 4. J,3=5.0Hz; Jo;=10.0Hz; J,, ;= 6.5Hz.

*Plus 0.15 eq Eu(fod)s.

+Could not be assigned because of overlapping signals.

tAssignments are interchangeable.

reported to occur between the olefinic protons and a
B-anti hydrogen in compounds having a strained
cyclopentene moiety[14, 15], it is noteworthy that in 2
and 3 the proton at the ring junction (H-5) affected
only one of the two S-olefinic hydrogens. The "C NMR
spectral data for 2 and 3 are reported in Table 2.
Assignments are based upon chemical shift con-
siderations, evaluation of the residual coupling con-
stants in the single frequency off resonance decou-
pled spectra and by selective proton decouplings. The
most remarkable difference between the two spectra
is the chemical shift of C-15 (8 29.48 in 2, 25.07 in 3).
The difference in the C-15 resonance between 2, in
which this carbon and C-6 are trans, and 3, where a
cis relationship between these two carbons exist,
is in keeping with the differences observed for
the methyl groups in epimeric 1,2-dimethyl-
cyclopentanes [16]. The higher chemical shift
of C-5 in 3 is also easily explained by taking into
account the larger B-effect attributable to the
hydroxyl group with regard to a methyl group[17],
and it is in agreement with data reported for epimeric
2-methylcyclopentanoles[16] and  8-hydroxylated
iridoids{17]. Inspection of the literature data[18]
suggests that these arguments can also explain the
chemical shift differences at C-4 and C-5 in other C-4
epimeric guaianolides. The chemical shift of C-13 is
in agreement with the S-configuration («-methyl) for
the C-11 asymmetric centre in both epimers[19].

Addition of trichloroacetyl isocyanate to the sam-
ple in the NMR sample tube has been reported to give
the fulvene 4 from 3([20]. This unexpected instan-
taneous elimination instead of acylation of the C-4
hydroxyl group was also observed for compound 2
under these conditions.

Different chemotypes of A. arborescens seem to
exist. Arborescin was not found in the samples in-
vestigated and '"H NMR analysis of crude chloroform
extracts revealed that some samples contained only
4-epimatricin, whereas mixtures of both epimers were
present in others, the method of extraction being the
same. Artabsin and the flavonoid artemetin[21] were
found in all the samples analysed.

Table 2. "C NMR spectral data for compounds 2 and 3
(50.3 MHz, CDCl,, TMS as internal standard)

Carbon no. 2 3
C-1 13891 s 136.67 s
C-2 132.07 d 129.71d
C-3 13891 d 140.54 d
C-4 83.30 s 84.04 5
C-5 57.60 d 58.68 d
C-6 79.12d 79.18 d
C-7 54.81d 56.54 d
C-8 71.53d 71.73d
C-9 42411t 42.37 ¢
C-10 124.69 s 123.61 s
C-11 40.27 d 4031d
C-12 177.40 s 177.47 s
C-13 15.15¢q 1534 g
C-14 23.32¢q 2343 g
C-15 29.48 q 25.07 q
OAc 169.67 s 169.78 s
21.08 q 21.10 ¢




Proazulenes from Artemisia arborescens

EXPERIMENTAL

Mps are uncorr. 'H and *C NMR spectra were run at 200
and 50.3 MHz respectively; NMR solns for shift reagent
expts were prepared by the ‘incremental dilution
technique’[22). Typical values of A8 are given in Table 1;
trichloroacetyl isocyanate was added to CDCl; solns of 2
and 3 as described in ref. [20].

Plant material. A. arborescens L. was collected near
Sassari (Sardegna, [taly) in May 1981, and was identified by
Professor Tommaso Sacco (Universitd di Torino). A
voucher specimen is kept at the Herbarium of the Istituto di
Botanica Speciale Veterinaria, Universita di Torino.

Isolation of proazulenes. Dried aerial parts (leaves and
flowers, 3kg) were extracted with CHCl; at room temp.
(1x121; 3% 101). The tarry residue remaining after remo-
val of the solvent at red. pres. was purified according to
standard procedures{23] to afford an unstable thick syrup
(110 g) which turned blue upon standing on Si gel. Due to
this instability, prep. HPLC proved to be the best technique
to obtain the proazulenes without causing extensive
decomposition of these compounds[24].

4-Epimatricin. Unstable colorless needles from EtOAc
(yield 0.08% on dried plant material); mp: 147°; ()5 -80°
(CHCl;; ¢ 0.52); IR: the most remarkable difference between
the IR spectra of 2 and 3 was the position of a medium
intensity band in the vc.g) region, found at 1120 cm™! (KBr
disc) in 2 and 1070 cm™ (KBr disc) in 3; UV AE%nm
(log €): 244 (4.28); EIMS: 70eV, mfz (rel. int.): 306 [M]"
(0.3), 291 [M — 151" (5), 288 [M — 18]" (5), 246 [M — 60]" (65),
231 [M — 60~ 151" (100).

Acknowledgements—We thank Professor T. Sacco, Istituto
di Botanica Speciale Veterinaria, Universitad di Torino, for
the plant material and its identification, Dr. F. Belliardo for
his help during the separation of proazulenes and Dr. C.
Bicchi and C. Frattini for the mass spectra. We also thank
Professor G. M. Nano for his useful advice and helpful
discussions.

REFERENCES

1. Pellini, G. (1923) Ann. Chim. Appl. 13, 97.
2. Jona, T. (1914) Ann. Chim. Appl. 2, 63.

N bW

18.

19.

20.

21.
22.

23.

24,

2557

. La Face, F. (1922) Riv. Ital. Esseze Profumi IV, 63.

. Beckley, V. A. (1935) East Afr. Agric. J. 1, 469.

. Weizmann, A. (1952) Bull. Res. Counc. Isr. 1, 92.

. Rattu, A. and Maccioni, A. (1953) Rend. Semin. Fac. Sci.

Univ, Cagliari 23, 91.

. Sacco, T., Frattini, C. and Bicchi, C. (1982) Planta Med.

(in press).

. Meisels, A. and Weizmann, A. (1953) J. Am. Chem. Soc.

75, 3865.

. Sorm, F. and Dolej§, L. (1965) in Guaianolides and

Germacranolides, p. 18. Herman, Paris.

. Voka¢, K., Samek, Z., Herout, V. and Sorm, F. (1969)

Collect. Czech. Chem. Commun. 34, 2288.

. Cekan, Z., Herout, V. and Sorm, F. (1956) Chem. Ind.

1234,

. Hendrickson, J. B. (1959) Tetrahedron 7, 82.
. Narayanan, C. R. and Venkatasubramanian, N. K.

(1968) J. Org. Chem. 33, 3156.

. Snyder, E. 1. and Franzus, B. (1964) J. Am. Chem. Soc.

86, 1166.

. Tsankova, E., Kempe, U. J., Norin, T. and Ognyanov, 1.

(1981) Phytochemistry 20, 1436.

. Christl, M., Reich, H. J. and Roberts, J. D. (1971) J. Am.

Chem. Soc. 93, 1971.

. Damoft, S., Jensen, S. R. and Nielsen, B. J. (1981)

Phytochemistry 20, 2717.

Bohlmann, F. and Knoll, K. H. (1979) Phytochemistry
18, 995.

Pregosin, P. S., Randall, E. W. and McMurry, T. B. H.
(1972) J. Chem. Soc. Perkin Trans 1, 299.

Samek, Z. and Budé$insky, M. (1979) Collect. Czech.
Chem. Commun. 44, 558.

Cekan, Z. and Herout, V. (1955) Chem. Listy 49, 1053.
Shapiro, B. L. and Johnston Jr., M. D. (1972) J. Am.
Chem. Soc. 94, 8185.

Mabry, T. J., Miller, H. E., Kugan, H. B. and Renold, W.
(1966) Tetrahedron 22, 1139.

Belliardo, F. and Appendino, G. (1981) J. Lig. Chroma-
togr. 4, 1601.



