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fatty acid (5OOmg) with 5-methylhexanol (1OOOmg) with a 2. Martinez Nadal, N. G. de (1%9) Chem. Abstr. 70, 80837. 
drop of cont. H2S04 for 3 hr at 150’ gave the corresponding 3. Mody, I. C., Rao, A. V. and Datar, D. S. (1971) Indian 
esters (950 mg). 

Synthesis of 2-ethylhexyl esters. Esterification of the fatty 4. 
acids with 2-ethylhexanoI[3] as above gave the correspond- 
ing esters. 5. 
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Abstract-The composition of the essential oil of A. rehan has been studied. A total of 22 components were 
icben~‘heb.Yne major com_Donen>sbtimB bavanone anh cam_shm~, a&tit Dccin-r*ncE ti5 ~3&h~n~isn*~~k~\kre 
first time. The characteristic blue colour of the oil is due to chamazulene. 

Artemisia rehan Chiov is an odorous herb which is 
widespread in and native to Ethiopia. Although 
numerous reports appear in the literature on the 
chemistry of different species of Anemisia no studies 
have been reported on A. rehan. In this paper we 
report our findings on the chemical constituents of 
the oil obtained by steam distillation of the whole 
plant. 

RESULTS AND DWXJS8ION 
The essential oil from the whole plant, obtained by 

steam distillation of fresh material, was separated on 
silica gel with hexane and ethyl acetate to separate 
the hydrocarbons from the oxygenated derivatives. 
Tnefratiions were?nen sddJe&e~‘ro5X anh~W#X 
Identification was confirmed by comparison of R, 
values with those of standard compounds as well as 

*Address all correspondence to this author at: Depart- 
nnen1 01 CtieailsQv. ‘bos’ron Ykvers&, BoWn, Xkli WZl5,. 
U.S.A. 

by computerized matching of acquired mass spectra 
with stored NBS mass spectral library in the data 
system of the GC/MS. A total of 22 components 
representing 87% of the oil were identified (see Table 
1). Among the main components, davanone 1 and 
chamazulene 2 were isolated by CC and identified on 
the basis of IR, ‘H NMR and mass spectra. The 
spectra obtained were identical with literature values 
[1,2] for these compounds. The results of the analysis 
of the essential oil show that camphor (24%) and 
davanone (44%) are the major constituents of the 
oil. Davanone 1 is also reported to occur in the oil of 
A. pallens [3,4] and in one of the genotypes of 
Tanacetum uufgare [5]. Capillary GC/MS analysis of 
the oil showed the presence of two additional com- 
pUlletiS ‘&:@o Zllb ‘rra&J -firdn Kdgavt: -Very -&Tih 

mass spectra to that of the major constituent, 
davanone. These are designated in the table as 
davanone-isomer-l and davanone-isomer-2. It is not 
mtire?y s!&x. whether. these ~8 dkter8samerk Sam-- 
pounds or closely related structures such as artemone 
3. ti km3 ken ShaMl ti& 3m!r&ik ~-va-rI~ ti&- 
tereomers can be separated on a capilIary column 
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Table 1. Constituents of the essential oil of A. rehan 

Compound % of oil Method of identification Compound % of oil Method of identification 

Bornyl acetate 1.76 
Camphene 0.01 
Camphor 23.49 
Chamazulene 0.26 
1, I-Cineole 0.50 
Davanone-isomer-l 0.60 
Davanone-isomer-2 trace 
Davanone 44.36 
c&Ethyl cinnamate 1.38 
trans-Ethyl cinnamate 2.93 
Eudalene 2.05 

GC/MS 
GC 
GCIMS 
MS, IR, NMR 
GC 
GC/MS 
GC/MS 
GC/MS, IR, NMR 
GC/MS 
GC/MS 
GCIMS 

Eudesmol 0.81 
Linalol 3.88 
Limonene 0.25 
Mentol 0.63 
Menthone 0.35 
Myrcene 0.33 
a-Pinene 0.04 
P-Pinene 0.30 
y-Terpinene 0.65 
Terpinene-4-01 5.16 
a-Terpineol trace 

GC/MS 
GCIMS 
GC 
GC 
GC 
GCIMS 
GC 
GC 
GC 
GC/MS 
GC/MS 

Total recovered 86.74 

[6,7]. The co-occurrence of artemone and davanone 
in the oil of A. pallens [8] and the observation that 
both compounds exhibit similar mass spectra are also 
documented. Attempts are currently under way in 
our laboratory to isolate and determine the structures 
of the minor components. 

Eudalene 4, a non-terpenoid aromatic compound, 
whose occurrence in plants and essential oils has not 
been reported previously was identified as a com- 
ponent of the oil of A. rehan. Eudalene may very well 
be an artefact arising by the loss of one carbon from 
a labile and highly functionalized sesquiterpenoid 
precursor. 

* @ 

3 4 

Chamazulene 2, which is responsible for the blue 
colour of the oil has also been identified in other 
essential oils [9] and is believed to be an artefact 
formed during steam distillation. 

EXPERIMENTAL 

Isolation of essential oil and chromatographic analysis. 
Plants were collected around Addis Ababa and identified at 
the University Herbarium. Steam distillation of fresh whole 
plant material gave a dark blue oil (0.20%, density 0.912). 
The oil was separated on Si gel which was successively 
eluted with hexane and EtOAc. The oil as well as the 
various fractions were analysed by GC with dual FID 
detector using two columns packed with 10% Carbowax 
20M (1.5 m x 3 mm stainless steel) and 10% UCON (1.5 m x 

3 mm copper). Analyses were performed either isothermally 
at 180” or by programming from 70 to 200” at 2”lmin. 
Injector temp. was 200” and detector, 250”. N2 at 30ml/min 

was used as carrier gas. GC/MS analysis was carried out 
using 50-m WCOT sp1000 glass capillary column. 

Isolation and characterization of davanone. The com- 
bined EtOAc fractions 2 and 3 (550 mg). containing the 
major component of the oil chromatographed on a column 
of Si gel and eluted with mixtures of EtOAc-hexane in the 
ratio 1: 20-l: 1. Davanone 1 was isolated and had [a]:: + 69”; IR 
YE:; cm-‘: 1710, 1640,915,990. ‘H NMR (60 MHz, CDCl& 6 
0.88 (3 H, d, J = 7 Hz), 1.17 (3 H, s), 1.57 (3 H, s), 1.70 (3 H, 
s), 2.60 (1 H, m), 3.08 (2 H, br d, J = 7 Hz), 3.88 (1 H, m), 
4.96 (1 H, dd, J = 10, 2 Hz), 5.04 (2 H, dd, J = 16,2 Hz), 5.78 
(1 H, dd, J = 10, 16 Hz). MS, 70 eV, m/z (rel. int.): 236 (M’), 
111 (lOO), 93 (50), 55 (27), 69 (24). 94 (18). 

Isolation and characterization of chamazulene. The hex- 
ane fractions from CC contained the blue component and 
gave a single spot on TLC (n-hexane-EtOAc, 26: 1, R, 0.59) 
and on GC UCON column. This was identified as chamazu- 
lene on the basis of its spectra: IR vg:j cm-‘: 3100, 2975; ‘H 
NMR (60 MHz, CDCl,): 6 1.33 (3 H, t, J = 7 Hz), 2.55 (3 H, 
s), 2.75 (3 H, s), 2.71 (2 H, q. J = 7 Hz), 6.55 (1 H, d, J = 
10 Hz), 7.05 (1 H, d, I = 4 Hz), 7.15 (1 H, dd, J = 10, 2 Hz), 
7.45 (1 H, d, J = 4 Hz), 7.93 (1 H, d, I = 2 Hz). MS, 70 eV, 
m/z (rel. int.): 184 (M’), 169 (lOO), 184 (66), 153 (44), 155 
(38), 128 (34). 152 (34), 77 (32), 155 (31). 

Mass spectral data. MS, 70 eV, m/z (rel. int.): Davanone- 

isomer-l :236 (M’, 4), 180 (II), 125 (25). Ill (93). 93 (lOO), 81 
(49), 69 (68), 55 (54), 43 (55). Davanone-isomer-2: 236 (M’, 
4), 180 (3) 125 (5), 111 (lOO), 93 (52). 81 (1 l), 69 (51), 55 (39). 
Eudalene: 184 (M’, 98). 183 (22). 169 (lOO), 155 (26), 153 
(29), 152 (22), 128 (17), 115 (12). 
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Abstract-Calea reticulata afforded in addition to known compounds two new sesquiterpenes. These were 
germacrane and eudesmane derivatives, identified as germacra-4(15), 5,10( 14)-trien-l-one and 6-epi-&verbesinol 
coumarate, respectively. 

The aerial parts of Calea reticulata Gardn. afforded 
germacrene D, the triynenepoxides 1 and 2 [1] and 
ichthyotherol (3) [2]. Furthermore, a sesquiterpene 
ketone was present, molecular formula C,sH,,O. The 
‘H NMR spectrum (Table 1) showed that it was 

Table 1. ‘H NMR spectral data of com- 
pound 4 (4OOMHz, CDC&, TMS as int. 

standard) 

H-2 3.03 m H-9 2.32 m 
H-2’ 2.50 ddd H-9 2.38 dd br 
H-3 2.71 ddd H-11 1.48 dq 
H-3’ 2.32 mm H-12 0.88 d 
H-5 5.75 d H-13 0.81 d 
H-6 5.25 dd H-14 4.82 s br 
H-7 1.78 dddd H-14’ 4.73 s br 
H-8 1.96 dddd H-15 5.71 s br 
H-8’ 1.55 m H-15’ 5.51 d 

J (Hz): 2, 2’ = 12.5; 2, 3 = 10; 2’, 3 = 4; 2’, 
3’= 7; 3, 3’ = 13; 5, 6 = 15.5; 6, 7 = 10; 7, 
8 = 10; 7. 8’= 3.5; 7, 11 = 11, 12 = 11, 13 = 
7; 8, 8’ = 15; 8,9 = 4; 8,9’ = 12; 8’, 9 = 5; 8’, 
9’ - 1.5; 9, 9’ = 12.5; 9, 14 = 1.5. 

*Part 431 in the series “Naturally Occurring Terpene 
Derivatives”. For Part 430 see Bohlmann, F., Ahmed, M. 
and Jakupovic, J. (1982) Phytochemistry 21, 1793. 

Table 2. ‘H NMR spectral data of com- 
pound 5 (4OOMHz, CDC&, TMS as int. 

standard) 

HA5 2.11 d H-2’,6’ 6.84 d br 
H-6 5.18 dd H-3’,5’ 7.39 d br 
H-7 2.29 m H-7’ 7.59 d br 

;:;:) 0.92 d 

H-14- 0.80 s 
H-15 4.76 s br 
H-15’ 4.36 s br 

H-8’ 6.29 d 

probably a derivative of germacrene D as the typical 
signals of H-S, H-6, H-12, H-13 and H-15 were nearly 
identical with those of germacrene D. A pair of 
downfield shifted narrowly split signals at S 5.51 and 
5.7 1 indicated a methylene ketone which was supported 
by the IR band at 1680 cm-‘. Spin decoupling allowed 
the assignment of all signals, which led to the struc- 
ture 4. The roots gave germacrene D and y-humulene 
as well as a sesquiterpene coumarate, its ‘H NMR 
spectral data led to the structure 5. (Table 2). The 
nature of the ester residue followed from the typical 
pairs of doublets, while the presence of an eudes- 
mane derivative was indicated by comparing the ‘H 
NMR spectral data with those of B-verbesinol cou- 
marate [3, 41. However, the large couplings JSS6 and 
56.7 clearly showed that the ester group was cu-orien- 


