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Abstract—The essential oil composition of fruits from Smyrnivin perfoliatum obtained by hydrodistillation has
been investigated. A large proportion of the oil was composed of sesquiterpene hydrocarbons (60.5%) with
germacrene D (45.2%) as main constituent. The {raction of oxygenated compounds (29.8%) was dominated
by furanosesquiterpenoids (17.3%). Among them 1p-acetoxyfuranoeudesm-3-ene (9.0%), |p-acetoxyfurano-
eudesm-4(15)-ene (4.7%) and glechomafuran (1.3%) could be identified. Additionally, small amounts of the
furanoazulene linderazulene were isolated and are found to be responsible for the deep violet colour of the oil.

¢ 1998 Published by Elsevier Science Ltd. All rights reserved

INTRODUCTION

Smyrnium perfoliatum L. is a biennial umbellifer
native to the Mediterranean region of South Europe
extending to S. W. Asia. Due to its cultivation as a
garden plant in former centuries, it is also naturalized
in Western Europe (France, The Netherlands, Austria
and G.B.). As its synonym Smyrnium dioscoridis sug-
gests, S. perfoliatum is described in ancient literature

as a medicinal plant. Regarding the composition of

the essential fruit oil, there is only one publication
in 1928 {1]. One monoterpene and one sesquiterpene
hydrocarbon were isolated in addition to one oxy-
genated sesquiterpene, none of which has been ident-
ifled; however, a dark violet colour of the oil was
mentioned. The occurrence of sesquiterpene lactones
in fruit and root extracts of §. perfoliatum was
reported in 1987 [2]. Additionally, a recent paper deals
with the essential oil composition of the epigeous and
hypogeous parts of S. perfoliatum {3]. In the epigeous
parts, aromadendrene, neryl isovalerate, v-muurolene
and a-santalene were found as major components,
whereas z-pinene, aromadendrene and a-terpinyl val-
erate were described as dominant compounds in the
hypogeous parts of the plant. As no further studies
have been done concerning the composition of the
essential fruit oil we have analysed the volatiles
obtained from ripe fruits of S. perfoliatum.

+ Author to whom correspondence should be addressed.

RESULTS AND DISCUSSION

Table 1 gives a complete analysis of the essential oil
obtained by hydrodistillation of fruits from S. per-

Soliatum. Using capillary GC, 69 components were

detected, out of which 57 compounds comprising
91.78% of the oil could be identified by means of mass
and NMR spectroscopy. The oil is characterized by a
high content of sesquiterpene hydrocarbons (60.68% ).
above all germacrene D (45.22%), whereas mono-
terpene hydrocarbons could only be detected in minor
quantities. The fraction of oxygenated compounds
(29.89%) is mainly composed of sesquiterpenoids,
among them a large proportion of furanosesquiterpen-
oids (17.49%).

The most prominent furanosesquiterpenoid, com-
pound 1 (Peak no. 64), has been identified as 1f-
acetoxyfuranoeudesm-3-ene. Although the mass spec-
trum of this substance differs completely from data
presented in [4], the respective '"H NMR data are in
agreement (Table 2), even if in literature the signals
of several protons were not included and the solvent
used was not mentioned. The structure could be veri-
fied by the *C NMR spectrum (Table 3) and the 2D-
NMR data.

The mass spectrum of compound 2 (Peak no. 63),
the second important furanosesquiterpenoid, clearly
suggests that this substance is an isomer of 1. Both
mass as well as '"H NMR spectral data (Table 2) of this
constituent are in accordance with those published for
1 p-acetoxyfuranoeudesm-3(15)-ene [5]. which could
be confirmed by the *C NMR spectrum (Table 3).
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Table 1. Composition of the essential oil of Smyrnium perfoliatum (fruits)
Peak Method of
no. Compound R, % identitication
1 2-Butanone 953 0.11 GC, MS
2 Pentan-2-one 976 0.05 GC, MS
3 n-Pentanal 982 0.19 GC, MS
4 o-Pinene 1037 0.19 GC. MS
5 n-Hexanal 1080 0.04 GC. MS
6 p-Pinene 1102 4.44 GC, MS
7 Sabinene 1112 0.03 GC, MS
8 Myrcene 1150 0.05 GC. MS
9 Limonene 1186 0.06 GC, MS
10 2-Methylbutanol 1195 0.09 GC. MS
11 Isoamyl alcohol 1196 0.08 GC, MS
12 v-Terpinene 1234 0.02 GC, MS
13 a-Cubebene 1469 0.13 GC, MS
14 3-Elemene 1482 0.08 GC, MS
18 o-Ylangenc 1485 0.08 GC, MS
16 «-Copaene 1508 0.44 GC, MS
17 f-Bourbonene 1537 0.42 GC, MS
18 Benzaldehvde 1542 0.07 GC, MS
19 f-Cubebene 1558 0.70 GC, MS
20 Linalol 1568 0.07 GC, MS
21 f-Ylangenc 1576 0.25 GC, MS
22 p-Elemene 1590 1.88 GC,MS
23 f-Gurjunene 1617 0.24 GC, MS
24 p-Caryophyllene 1623 1.13 GC,MS
25 ~-Elemene 1665 0.71 GC, MS
26 a-Humulene 1699 0.50 GC, MS
27 y-Muurolene 1720 0.71 GC, MS
28 a-Terpineot 1729 0.09 GC, MS
29 Germacrene D 1746 45.22 GC, MS
30 Bicyclosesquiphellandrene 1748 0.31 GC, jIMS
31 a-Muurolene 1755 0.76 GC, MS
32 Bicyclogermacrene 1766 1.54 GC, MS
33 Geranyl acetate 1784 0.08 GC. MS
34 d-Cadinene 1788 1.80 GC, MS
35 y-Cadinene 1791 0.32 GC. MS
36 f-Sesquiphellandrene 1794 0.14 GC.MS
37 Methyl sulicylate 1798 0.11 GC. MS
38 Cadina-1.4-diene 1813 0.10 GC. MS
39 o-Cadinent 1823 0.10 GC. MS
40 Germacrene B 1861 3.03 GC, MS
41 Isofuranogermacrene 1898 0.17 GC, MS
42 epi-Cubebal 1916 0.29 GC, MS
43 1.5-Epoxysalvial-4(14)-ene” 1950 0.25 MS
44 Cubebol 1963 0.33 GC, MS
45 Caryophyllene oxide 2008 0.20 GC, MS
46 Salvial-4(14)-en-1-one? 2030 .09 MS
47 Germacra-1(10)E,5E-dien-4f-ol 2064 0.67 GC, MS
48 CsHO (/22 109, 93, 161, 41, 35) 2075 0.16 MS
49 Epi-cubenol 2079 0.12 GC, MS
50 CsH.,0 (ne/2: 107, 121,135, 67, 93) 2089 0.17 GC, MS
Sl p-Elemenone 2099 0.56 GC, MS
S2 Spathulenol 2128 0.47 GC, MS
S3 CsHa0 (mi/z: 107, 135, 136, 67, 91) 2168 0.19 MS
54 7-Cadinol 2167 0.38 GC, MS
55 -Muurolol 2182 0.76 GC, MS
56 4-Cadinol 2191 0.25 GC, MS
57 a-Cadinol 2219 1.54 GC, MS
58 Germacrone 2223 4.49 GC, MS
59 CsH 30, (m/z: 43, 230, 187, 109, 145) 2333 0.56 MS
60 2345 0.28 MS

CisHy0, (m/z: 119, 159, 202, 43, 120)
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Table t. Continued

Peak Method of
no. Compound R, % identification
61 CysH 05 (mjz: 172, 187, 108, 230, 43) 2594 0.59 MS

62 Furanosesquiterpene* (m/z: 199, 214, 274, 43, 172) 2655 1.01 MS

63 1 B-Acetoxyfuranoeudesm-4(15)-ene 2663 4.65 NMR, MS
04 1 B-Acetoxyfuranoeudesm-3-ene 2677 9.04 NMR, MS
65 Glechomafuran 2871 1.28 NMR,MS
66 IF'uranosesquiterpene™ (mjz: 199, 232, 172, 147, 41) 2902 0.28 MS

67 FFuranosesquiterpene* (m/z: 232, 108, 109, 91. 43) 2965 0.43 MS

68 IFuranosesquiterpene™® (m/z: 232, 108, 43, 109. 41) 3011 0.28 MS

69 lLinderazulene 3062 0.35 NMR, MS

Total 96.20

reagent).

OAc

1 3-acetoxyfuranoeudesm-4(15)-ene 1 B-acetoxyfuranoeudesm-3-ene

3 4
glechomafuran linderazulene

Compound 3 (Peak no. 65) was identified as
glechomafuran by comparing its ‘H and "“C NMR
spectral data (Tubles 3 and 4) with the respective data
given in [6-&], however in [7] the signals at § 121.9 and
116.0 were wrongly assigned. As the HMBC dem-
onstrates, the signal at 6 116.0 is coupled with the
doublet at ¢ 3.45 (H-9) while the signal at 5 121.9
shows no connectivity to H-9. Consequently C-7 must
be assigned to the signal at § 121.9 and C-11 to the
signal at ¢ 116.0. The mass spectrum is comparable
to the data presented in [8], although the intensive
fragments at m;- 43, 108 and 109 were not mentioned
in the paper.

Additionally, small amounts of compound 4 (Peak
no. 69) were isolated and identified as linderazulene.
This substance. which is known us a pigment of gor-
gonians [9], has been found in a higher plant for the
first time. It is responsible for the deep violet colour
of the oil. In addition, we have detected the same
compound in some oils of Curcuma zedoaria as a trace
constituent [10].

* Positive reaction on TLC after spraying with 0.25% dimethylaminobenzaldehyde in acetic acid-phosphoric acid (EP-

Witk the exception of 4 all the furanosesqui-
terpenoids in this study are known constituents of
other Smyrnium species. Compound 1 has been found
in fruits of S. galaticum 4], while 2 and 3 have been
isolated from fruits of S. olusatrum previously [5].

Comparing these results with those recently pub-
lished »y Tirillini ez a/. [3], it is very surprising that
there is no similarity, since the investigations of herbs.
roots and fruits of other Smyrniunt species [10] exhi-
bited only quantitative differences between the respec-
tive essential oil compositions. 1t is particularly aston-
ishing. that furanosesquiterpenoids have not been
detected in any of the investigated organs, as the pres-
ence of this group of substances has been described
for all species of the genus Smyraium [11-15]. Con-
cerning 8. perfoliatum, furanodiene has been found as
a constituent of the roots previously {2].

EXPERIMENTAL

Plant  material and isolation of the volatile
compounds. The fruits of Smyrnium perfoliatum were
harvested in July 1992 from Kirklareli in Turkey. A
voucher specimen has been deposited in the Her-
barium of the Department of Pharmaceutical Biology.
University of Hamburg. The ripe fruits were crushed
and subjected to hydrodistillation for 6 h [16] yielding
0.65% of a deep violet coloured oil. Before detailed
GC and GC-MS analysis, the oil was prefractionated
by silica gel dry CC using n-pentane and a mixture of’
n-pentane and Et.O (8:2) as eluents [17).

GC. A Varian series 3700 gas chromatograph equip-
ped with an FID and a DB-Wax fused-silica capillary
column (30 m x 0.25 mm, film thickness: 0.25 um) was
employed. Oven temp. was programmed from 45 to
220" with a heating rate of 3 min '. Injector and
detector temp. were 220; carrier gas was 0.9 ml min '
N,. Calculation of the percentages was based on peak
areas cbtained with a HP 3396 A integrator without
response factor correction.

Compounds 1-4 were isolated by prep. GC using a
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Table 2. 'H NMR spectral data of compounds 1 and 2 in comparison to the literature (é-values)
H 1* literature [5]} 244 literature [4]f
1 4.83 dd 4.83 dd (4.5.12) 4.88 dd 4.92 dd (4,11)
(la,2e = 4.4) (la,2a = 10.4,
la,2e = 6.1)
2 1.47 ddt 1.58 dddd 1.98-2.10 m —
(2a.2e = 13 8,
2a,3a = 12.1),
2a,Ja =120,
2a.3e =44
2 1.81-1.86 n: 1.90 dy 2.36-2.44m —
3 1.90 dt 225m 5.34 brs S27hrd(1})
(3a,3e = 138,
3a,2e = 4.4y
3 2.09 ddd 2.25m —
(3e,2¢ = 2.5)
S 1.77-1.83 n 233dd (3.12) 2.24-237Tm —
6 228 m 240 dd (5.12) 2.58m —
6 228m 247 dd (5,12} 2.58m
9 2.45d 241 d(16) 2.33d 2.08 d (12)
(9a,9¢ = 16.1) (9a.9¢ = 16.1)
9 276 d 2.57d(17) 2.50d 2.27
12 7.02 brs 7.04 br s 7.04 br s 7.08 brs
13 1.79d (13,12 = 1.2) 1.92d (1) 1.93d (13,12 = 1.0) 1.94 4 (1)
14 082 0.81s 0.86 s 1.34 5
15 4.65d 4.79d (1) 1.69d (153 =1.2) 1.70 s
(1515 =1.6)
15 4.77d 492d — -
2ac 1.64 5 2.06s 207 s 2.14

Coupling constants in parentheses in Hz.
“*all protons were assigned by COSY, NOESY. HMBC. and HMQC.
*in C,Ds.

+in CDCI,.

1 solvent not mentioned.

Table 3. 'H NMR spectral data of compounds 3 and 4 in comparison to the literature (6-values)

H R literature [6]1 literature [7]F 41 literature [9]§
I 2.37dd 286 d(11) 2.86 dd (10.5, 2) -
(la.2a = 10.3,
la,2e = 1.9)
2 1.66-1.72m 1.5-2.2m 214 m(l,2a=2) 6.95d(2,5=32) 7.04 di4)
2 0.98-1.07 m 1.5-22m 1.49 m (1,2b = 10.5) -
3 1.85m 1.5-22m 231m 7.11d 7.25d
¥ 0.98-1.07m 1.5-22m 1.38 m —
5 2.77-2.85m 3.16 ¢ (9.5, 2.5) 3.20dd (10, 2.5) - —
6 2.18m 2.56 d(17) 2.36 ddd (18, 10, 1.5) 8.14 5 8.10 &
6 2.77-2.85m 3.03d4(17) 3.03 br d(18) -— .
9 2.36d 2.30m 257 brd(17) 7.03 s 7.28 s
(9a.9e = 15.8)
9 345d 3.45d(15) 341d(17) — -
12 6.83 br s 7.06 br s 7.08 brs 7.37 brs A3s
13 1.59d (13,12 = 1.3) 1.81 d(1.9) 1.93d(1.5) 2.15d (13,12 = 1.3) 2335
14 097s 1.30 s 1.29 ¢ 2.55s 275s
15 0.92s 1.25s 2445 264

Coupling constants in parentheses in Hz.
“all protons were assigned by COSY, NOESY. HMBC, and HMQC.
*in C.D,.

tin CDCL.
1in acetone-d.
§in CCl,.

1.18 5
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Table 4. '*C NMR spectral data of compounds 1-4 (J-values)

C 1 2 3 4
| 80.1 77.1 67.5 133.7
2 28.3 29.0 24.1 116.9
3 34.0 119.7 36.6 132.2
4 147.4 134.6 58.9 136.6°
5 44.1 44.2 60.9 127.1%
6 20.7 21.2 24.8 1249
7 11587 116.6 116.2 121.2
8 149.1 150.1 147.0 158.8
9 36.0 33.0 38.5 111.4
10 40.2 37.5 60.3 139.5
11 119.3 119.4 121.9 119.7
12 137.8 127.8 136.7 139.1
13 8.1 8.1 8.4 7.6
14 1.0 11.4 17.4 243
15 104.0 20.8 16.2 13.2
lac 169.7 169.8
20.6 -

2ac 20.6

Measured in €D, All signals were assigned by HMBC.
and HMQC.
“signals may be interchanged.

Varian aerograph 1700 equipped with a stainless steel
column (1.95 m x 0.5 mm) packed with 20% silicon
GE SE-30 on &0-100 mesh Volaspher A2 connected
with an outlet splitter/FID (split-ratio: 10:1). The
column was held isothermal at 190, the N. flow rate
was 190 ml min .

GC-MS. A Hewlett-Packard 5890 A series 11: MSD
5970B GC--MS system equipped with a HP-UX series
9000, Mod.34( data system was used. A DB-Wax
fused-silica capillary column (60 m x 0.25 mm, film
thickness: 0.25 um) was directly led into the ion source
(220), temp. program as above. flow: 0.9 ml min '
He, ionisation voltage: 70 eV (E.I.-mode).

Component identification. The identification of the
individual constituents was performed by computer
search of the Wiley/NBS Registry of Mass Spectral
Data, the TNO Library of Mass Spectral Data, and a
user generated library with retention indices and mass
spectral data of authentic reference substances. The
structures of compounds 1-4 were determined by 'H
and "“C NMR spectroscopy. including COSY,
HMBC, HMQC, and NOE measurements.

| p-Acetoxyfuranoeudesm-3-ene  (1). 'H NMR:
Table 2; "C NMR: Table 4; EIMS (70 eV, 220 ) m/:z
(rel. int.): 274 [M]* (57), 214 (88), 199 (100). 185 (52).
171 (27), 159 (33), 135 (28). 108 (36). 91 (38). 79 (28).
43 (76).
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18- Acetoxyfuranceudesm-4(15)-ene (2). 'H NMR:
Table 2; *C NMR: Table 4; MS data are in agreement
with [5].

Glechomafuran (3). 'H NMR: Table 3; “C NMR:
Table 4; EIMS (70 eV, 220°) m/z (rel. int.): 248 [M]*
(39), 161 (13), 135 (17), 109 (44), 108 (81), 91 (27), 79
(31), 77(22), 65 (13). 55(15). 43 (100), 41 (26), 39 (19).

Linderazulene (2). '"H NMR: Table 3; *C NMR:
Table 4; EIMS m/z (rel. int.): 210 [M]* (85), 209 (100),
195 (29). 166 (12), 165 (41), 152 (171, 82 (11), 45 (20).
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