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Abstract-The daucane/carotane class of sesquiterpenes is reviewed. Aspects of their chemistry, stereochemistry, 

spectroscopy and biogenesis are discussed. All the known daucanes are listed. together with their sources, in the 

Appendix. 

The daucane class of sesquiterpenes is a relatively small 

group of compounds which, for a long time, seemed to be 

restricted to members of the plant family Umbelliferae 

Cl]. In recent years, daucane derivatives have also been 

found in the Compositae, Rosaceae, the Bryophyta, fun- 

gal and marine sources. Since the last readily accessible 

review on the daucanes [2], the number of examples has 

increased significantly. Despite the advances in informa- 

tion retrieval, it seems that erroneous claims of the 

isolation of new compounds plague the area of natural 

products research. The section under review is no ex- 

ception. Added to this is the fact that in times of rapid 

expansion of a particular field, errors in structural assign- 

ment are sometimes left uncorrected, thus complicating 

the task of subsequent researchers. The primary aim of 

this review is to present, in graphical form, all the 

compounds so far classifiable as daucanes. together with 

their origin and literature references. In addition, aspects 

of their chemistry, spectroscopy and biogenesis are cov- 

ered. It is hoped that this might provide a reasonably 

extensive background to this class of compounds and 

help to avoid duplication of effort. 

In the literature, the names carotane and daucane are 

used interchangeably although, historically, daucane has 

precedence. Furthermore, the majority of the examples 

known to data are based on a skeleton (1) which is 

stereochemically distinct, albeit biogenetically related, to 

that of the hypothetical parent skeleton (2) of the dauc- 

ane/carotane class. However, the diene (3) which is 

formally derivable from both skeletons has been named 

daucane [3]. Several different numbering systems have 

been used, none of them complying with systematic rules 

for numbering the azulene skeleton. In this review, dau- 

cane will be used as the preferred name for both skeletons, 

in preference to carotane which could be confused with 

carotene. The numbering system shown in (1) is re- 

commended on the grounds that it reflects the numbering 

of the acyclic C, 5 biogenetic precursor. 

HETORICAL ASPECTS 

The first daucane derivative to have been chemically 

investigated appears to be laserpetin, the bitter principle 

of Loserpilium latijolium (Umbelliferae), whose constitu- 

tion was studied by Feldmann in 1865 [4]. The structure 

was fully defined in 1970 [S] but only after much chemical 

work on simpler members of the class had disclosed the 

basic skeleton of this group of sesquiterpenes. One of 

these simpler compounds was daucol (4) (Scheme I), 

which was isolated in 1909 during an investigation of the 

ethereal oil of carrot seeds (Daucus curom L.) [6]. A 

different sesquiterpene alcohol, carotol (5). was isolated 

from the same source in 1925 by Asahina and Tsukamoto 

[rJ. The structure of carotol, the compound contributing 

to the smell offresh carrots, was investigated by Sorm and 

Urbanek [8-IO] some 23 years later. Although the 

structure first suggested proved to be wrong [ 1 I - 133, the 

simple relationship between daucol and carotol was 

established. Treatment of carotol with perphthalic acid 

gave a compound, with properties in agreement to those 

recorded for the oxide prepared from carotol by Asahina 

and Tsukamoto, which was shown to be identical to 

daucol [I I - 133. 

By 1960, three skeletons A [8-lo], B [ 14, IS] and C 

[ 1 l- 131 had been proposed for carotol. Only C could be 

regarded as having a regular sesquiterpene skeleton. The 

extensive work of F. Sorm and his group [I I - I33 pointed 

to structure C, a conclusion supported by spectroscopic 

studies with the then emerging proton NMR technique 

[16]. The assignment of relative configuration was pur- 

sued by French workers [ 17,183 and was confirmed by an 
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Scheme I. Correlation of carotol (4) with daucol (5). 

X-ray crystallographic study on the (+)-alaninate hydro- 
bromide derivative of daucol [ 193. The absolute config- 
uration of carotol, daucol and daucene was determined 
by chiroptical (CD) studies on cr-bromodaucone and 
daucone [17, IS]. Synthetic correlation with (-)-dihy- 
drocarvone [20. 211 and R-( +)-limonene [22] further 
substantiated the assignment. 

The next daucane sesquiterpene to have its structure 
completely defined was laserpetin (6). The source of this 
compound, L. latifoliunz, has long been known in folk 
medicine [23]. Since its isolation in 1865, several attempts 
had been made to establish its molecular formula [24-261 
and much chemical work was carried out [27,28] before 
the relative configuration was established by chemical 
[29, 303 and X-ray methods [31]. Two other daucdnes 
have been isolated from this plant [32-351. The absolute 
configuration of laserpitin was established some 16 years 
after its characterization [S]. The difficulty in securing the 
structure and stereochemistry of laserpetin stemmed from 
the fact that it presented essentially a new stereochemical 
class of the daucane skeleton. 

ASPECIS OF THE CHEMISTRY OF THE DAUCANES 

General 

Most of what is known about the chemistry of the 
daucanes was discovered during the period 1950--1970 
and can be found in the papers describing the structural 
elucidation of carotol, daucol and laserpitin mentioned 
above. It is not the intention to cover those aspects in this 
review. However, these papers contain an array of dcriv- 
atives, some of which may turn out to be naturally 
occurring. Researchers in this area should check these 
papers to ensure that the claim of the novelty of the 
natural compound they have isolated stands up to scru- 
tiny. In the following, some general chemistry of the 
daucanes is emphasized. 

The conversion of carotol to daucol by treatment with 
peracids has been mentioned above. This reaction is now 
known to proceed via the intermediate 2.3~z-epoxide 
which undergoes ring opening with the participation of 
the tertiary hydroxyl group at C6 (Scheme I). In contrast, 
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Scheme 3. Acid-catalysed fragmentation. 

PCC to yield the same keto alcohol (14). Since reduction 
of 14 with 9-borabicyclo[3.3.1]nonane also gave predom- 
inantly the 1,6-diol, the hydroxyl at Cl was assigned the 
a-configuration. Both Iasidiol angelate (13) and 14 are 
potent repellents towards the leafcutter ant. 

The first daucane isolated from a fungal source was 
aspterric acid (16) which is produced by a strain of 
Aspergillus terreus IFO-6213 (Deuteromycotina) [52]. 
The structure was proposed on the basis of chemical 
degradation and NMR spectroscopic analysis. X-ray 
crystallographic studies on the derived p-bromobenzoate 
confirmed the structure and also showed that the abso- 
lute stereochemistry was the same as for the plant derived 
daucanes. A total synthesis of aspterric acid has been 
described [53]. Aspects of the biosynthesis of aspterric 
acid were also investigated. Feeding 13MeCOONa and 
‘“MeCOONa simultaneously to the fungus resulted in a 
1.32% incorporation into aspterric acid. The 13C NMR 
spectrum of the labelled acid showed 13C-enrichment at 
C2, 4, 6, 8, 10, 12, 13, and 14. 13C-‘3C coupling (J 
=42.7 Hz) between C6 and Cl0 was observed, indicating 
that these linked carbons were derived from C2 of acetic 
acid. 

Another fungal daucane derivative (17), erroneously 
claimed to be the first, was isolated from Gliocludium 
uirens IF0 9166 (Ascomycotina). The structure and rela- 
tive configuration were established entirely from spectral 
data which included results from HETCOR, ZD-INADE- 
QUATE and NOE difference techniques [54]. The 
metabolite from G. uirens showed activity against Can- 
dida olbicans strains. Fulvoferruginin (18) is the first 
daucane isolated from a Basidiomycete [55]. Its structure 
was determined by spectroscopic and X-ray crystallo- 
graphic studies and the absolute configuration rests on 
chiroptical measurements. This metabolite is structurally 
related to hercynolactone (19), the only daucane so far 
isolated from liverworts [56]. 

A daucadiene hydrocarbon (20) was recently described 
as a metabolite of a relatively rare marine sponge, a 
Higginsia species [57]. The relative stereochemistry was 
assigned on the basis of spectroscopic analysis and by 
reference to model compounds. In this context, it is 
interesting to note that another sponge, Epipofasis re- 
iswigi, produces the daucane isoprenologue (21) of known 
relative [58, 593 and absolute stereochemistry 1593. The 
metabolites from the sponges share the same relative 
stereochemistry as far as the perhydroazulene system is 
concerned. Daucane isoprenologues have also been ob- 
tained from terrestrial plants [60, 611. 

The relationship between the daucanes and the acor- 
ane sesquiterpenes merits some comments (Scheme 6). 
This first emerged from the observation that the synthetic 
isoprenoid (22) prepared from racemic dehydrolinalool 
or R-( + )-limonene, on treatment with formic acid, was 
converted into daucene (3) and the acoradiene (23) [22, 
621. The synthetic carotol-ether (24) also could be conver- 

Scheme 4. Formation of daucane peroxides. 
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Scheme 5. Interrelation of lasidiol angelate (13) with carotol (5). 

ted into 23 as well as the acoratriene (25) with dichloroal- 
uminum hydride [63]. Elimination of the oxygen at C-6 
in carotol (5) or carotol acetate provides daucane (3), 
acoradienes (23.26 and 27) and the acoratriene (25) [SO, 
64,653, the proportion formed of each depending on the 
conditions used. It is significant that the 2,3double bond 
is necessary for the rearrangement to take place [64]. 
Furthermore, the acoradienes are themselves converted 
to daucenes under acidic conditions in oitro, albeit with 
racemization [65]. This observation may be considered of 
some significance and will be taken into account in the 
discussion on the biosynthesis of the daucanes. 

Relative and absolute stereochemistry 

The relative configuration of a number of daucane 
derivatives has been established or confirmed by X-ray 

23 

5 26 27 

Scheme 6. Formation of daucanes and acoranes. 
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Fig. f. Structures ofdaucanes studied by X-ray diffraction methods (relative configuration only, except for those 
marked *). 

diffraction studies (Fig. 1). The determination of absolute would insert into the double bond of jaeschkeanadiol(7), 
con~guration of the daucanes by this method appears to a known metabolite from the source reported to produce 
be restricted to only two examples; aspterric acid (16) [533 28. 
and the dichloro jaeschkeanadiol derivative (28) 1661. 
Although no comment is made in the original paper as to 
its origin, this fast compound is most likely an artefact of NM R specrrtmapy 

the isolation procedure. Exposure of chloroform to a In recent times, a large number of daucane derivatives 
basic reagent (e.g. chromatographic support) could con- have been isolated and, for the most part, their structures 
ceivably generate the dichloromethylene carbene which have been assigned on the basis of detailed NMR (‘H- 
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and “C-) spectroscopic techniques. In Figs 2 and 3 the ‘%NMR spectral parameters [68, 691 suggests that 
13C NMR, spectral details of the perhydroazulenic per- these two compounds have identical skeletons. In par- 
tion of representative daucanes are collected. A com- titular, the 13C chemical shifts show a remarkable degree 
pilation of the spectroscopic data for the sesquiterpenes of correspondence for compounds that are stereochemi- 
from Ferula species, mostly daucanes, up to 1987 is tally different at three asymmetric carbons. Unfortu- 
available [67]. NMR spectroscopy is a powerful tech- nately, the stereochemistry of feruginin had been assigned 
nique and greatly facilitates the structural determination by comparing its * 3C NMR parameters with those of a 
of daucane derivatives. However, overreliance on this daucane [70] for which the structure originally proposed 
technique or casual application is littered with pitfalls. A had been corrected [36] a short time before the isolation 
single illustrative example should suffice. The lactone of feruginin was reported. 
fercolide, isolated from F. commnis var communis, has 
been assigned structure (29) on spectroscopic grounds 
[68]. A short time later, a similar lactone, feruginin, was The isodauca”e “as’ 
reported from F. jaeschkeana and assigned structure (30) In recent years, several members of a related class of 
also on the basis of NMR measurements including lim- sesquiterpenes have been isolated from natural sources. 
ited NOE results [69]. A comparison of the ‘H and The skeleton represented in this class has been named 

CH&H 
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39R=H 41 R=NCS 

32 

35 R = a-OH; f&H 
36 R=O 

37 



E. L. GHISALBERTI 

REF 57 

27.4 

26 

219 

‘.J 
CH3 
231 

REF. s7.97 

209 

275 

C6D6 
45 

R = &Valery1 98 

Fig. 2. “C NMR parameters for selected daucanes (in CDCI,, unless otherwise noted). 

isodaucane [71] and differs from the daucanes in the aphanamol II and the 6,lO diepimer (37) [76], and 
position of Cl4 which is now attached to C4. The first compounds (35-37) have been reported as constituents of 
example of this type was (-)-mintsulfide (31). found as a Senecio crassij?orus [77]. The epoxide (38) and the hemi- 
constituent of peppermint [72] and clary sage oil [73]. acetal(39) have been isolated from the Vietnamese. medi- 
The l,S-epoxy analogue of mintsulfide and the eneone cinal plant Homalomena aromatica [78]. Isodaucanes are 
(32) are also present in clary sage oil 1733. The structure not restricted to terrestrial sources since the isonitrile (40) 
and absolute configuration of (-)-mintsulfide have been and isothiocyanate (41) were isolated from the marine 
secured by X-ray diffraction methods and by synthesis sponge Acanthella acutu [79]. It is noteworthy that all 
from (-)-germacrene D (33) [72]. Aphanamol I and II (34 these examples, with the exception of 37, contain the cis- 
and 35) were isolated [74] as the minor toxic principles of fused ring junction with the isopropyl group in a syn- 
the fruits of the timber tree Aphanamixis grandijblia and disposition. Synthetic [72] and biomimetic trans- 
their absolute configuration established by synthesis formations [80] of germacrene-D yield products with the 
[75]. Aphanamol II co-occurs [71] with the correspond- isodaucane skeleton. It is tempting to assume that the 
ing ketone (36) in the Paraguyan medicinal plant, Chro- biosynthesis of these compounds arises from a similar 
molaena laeuigata, and 36 has also been isolated from a macrocyclic intermediate. Interestingly, as mentioned 
Neomiranda sp. [75]. Critonia quadranguloris produces below, the intermediacy of a germacrene in the biosyn- 
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Fig. 3. 13C NMR parameters for selected daucanes (in CDCI,, unless otherwise noted). 
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thesis ofthe daucane skeleton was eliminated by radiotra- 
cer studies [81]. A possible biosynthetic origin from a 
bicyclic cadinol has been proposed [71]. The suggestion 
[73] that the skeleton contained in these compounds be 
named ‘salvialane’ has the merit of not implying a similar 
biosynthetic origin to that of the daucanes. 

Biosynthesis 

Despite the structural simplicity of the daucane skel- 
eton, the biogenesis of this bicyclic system has been a 
matter of conjecture for some time. In the first study of the 
biosynthesis of the daucanes, sodium (l-14C) acetate fed 

to growing carrot plants was incorporated into carotol 
[81]. The radioactive carotol was oxidatively degraded to 
yield acetic acid, the carbons of which originated from C- 
3 and C-14. This contained 16% ofthe total radioactivity, 
as expected for the cyclization of cis, trans farnesyl 
pyrophosphate without any methyl group transposition. 
This result eliminates a sequence which involves the 
formation of a macrocyclic germacrene. The only other 
study of this type involved incorporation of 2-14C- and 2- 
13C-labelled acetates into aspterric acid produced by 
Aspergihs teweus. ‘3C-enrichment of C2.4, 6, 8, 10, 12, 
13 and 14 and ‘3C-1 jC coupling between C-6 and C-10 was 
observed. Although this result was taken to mean that 
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formation of the daucane skeleton occurred with concer- 
ted cyclization of cis, trms famesyl pyrophosphate, this is 
not necessarily the case. 

A biosynthetic sequence for the generation of the 
daucane skeleton is illustrated in Scheme 7. The underly- 
ing assumptions in devising this sequence are as follows. 
Although daucanes are often accompanied in nature by 
sesquiterpenes of other skeletal types, germacranes, 
guaianes, himalachanes, humulanes and selinanes [67-J, 
none of these are readily rationalized as arising from a 
common cyclic precursor which could generate the per- 
hydroazulenic ring system of the daucanes. On the other 
hand, the co-occurence of bisabolanes and acoranes with 
daucanes in R. rugosa suggests a biosynthetic correlation 
between the three structural types [45, 46J particularly 
when the in vitro interconversion between the daucane 
and acorane skeletons is taken into account [64, 651. In 
the scheme, the most economical route that allows gen- 
eration of these three types is developed. Thus, in 

cyclization steps only trans-addition to the double bonds 
is considered. In hydride or C-C bond shifts, the migrat- 
ing groups are considered to have a trans-antipexiplanar 
relationship. 

As shown in the scheme, the stabilized species (42) 
arising from cyclization of the acyclic tertiary pyro- 
phosphate can become the precursor to the bisabolene 
alcohol (43), the acorene ion (44) and the cycloheptenyl 
ion (45) which can be regarded as a precursor of the 
daucanes. Formation of the cyclopentane ring could 
generate the tertiary carbonium ion (46) with a tram- 
fused ring junction. This ion can partition between a 
number of isomeric ions arising from l,2-hydride shifts 
and, for each ion, elimination of a proton or participation 
of water neutralizes the charge (Scheme 8). The genera- 
tion of the marine daucane (17), in which the isopropylene 
group at C-10 is rrans to the C-7 methyl group, can be 
accommodated by allowing the formation of the C-6-C- 
10 bond to occur by attack of the si-face of C-10 to C-6. 
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Scheme 7. Hypothetical scheme for the biosynthesis of the daucanes. 
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Umbelliferae, some of which have been subsequently 
shown to produce daucanes. 

The Umbelliferae was the first family of flowering 
plants to achieve general recognition. Because of their 
distinctivechemistry reflected in odour, flavour, esculence 
and toxicity, members of this family were familiar pre- 
historically to many peoples. References to the Umbelli- 
ferae can be found dating back to ancient Crete and the 
Chinese classic of materia medica, Pen Ts’ao Chin 
(300-200 B.C.). The Indians of Mexico had developed a 
crude botanical classification that included some Umbel- 
liferae [823. 

‘Narthekodes’ was the name given by Theophrastus of 
Eresus to the Umbelliferae, a plant family which he 
defined and recognized to include dill, coriander, anise, 
cumin and fennel. In Greek art, Dionysius was frequently 
depicted as holding a dried stalk of the plant. Sub- 
sequently, the name was translated into Latin as Ferulu, 
meaning dried stalk or fennel. The Greek Herbal of 
Dioscoroides lists over 50 species of Umbelliferae under 
the general heading of herbs. Members of this family have 
been used for food, beverages and medicinals, some being 
highly poisonous [83]. 

The genus Fe&a is found throughout Eurasia. Some 
130 species are distributed in the Old World from the 

Mediterranean to Central Asia and also in Macronesia, 
and approximately 172 species are known world-wide 
[84]. Members of the Ferula genus are characterized by 
the production of coumarins and sesquiterpenes of the 
germacrane, himalachane, humulane, selinane, guaiane 
and daucane class. A number of them became well known 
for their production of gum-resins which were widely 
recognized for their medicinal value. Some of the better 
known are listed below. 

(a) Ammoniacum; this gum-resin is derived from Dor- 
emu ammoniacurn (Umbelliferae) but the name is also 
commonly used to describe similar resins from Ferula 

spp. In each case, on incision of the plant, the resin exudes 
as a latex which hardens to a solid resinous mass. In the 
case of F. foetida a foul odour is associated with the resin 
(asafetida) produced (referred to as devil’s dung). It 
possesses a bitter, acrid and biting taste and a strong 
garlic odour arising from the presence of sulphur com- 
pounds. Small amounts were used in condiments and 
sauces and it. reputedly, has been used as an antispasmo- 
dic. 

(b) Galbanum; a resin obtained from F. galhanipua. It 
is related to asafetida and sagapenum and has a long 
history. It is believed to have been used by the Israelites as 
an ingredient in incense. The resin is referred to by 

Table 2. Reputed uses of selected members of the Umbelliferae 

Plant USeS 

F. alliacca Boiss. 

F. ussa+etida L. 

F. communis L. 

var and subsp 

F. communis var hrecijolia 

f’. elaeochytri.s Korovin 

F. jijertda (Bungc) Regel 

F. ~ulhan~flpuu Boiss. & Buhse 

F. jueschkeana Vatke 

F. marmarica Asch. & Taub 

F. nurthe.u Boiss. 

f. orientalis var orientalis 

F. persica Willd. 

F. ruhlicuulis Boiss. 

F. schair Borszcs. 

F. sumhul (Kauffmann) 

Hook 1. Sumbul 

F. sioswft;iunu DC. 

F. trnyitanu L. 

Laserpitium latlfolium L. 

L. prutenicum L. 

(L. selenoides Crantz) 

L. siler L. 

(L. monf4num Lam.) 

Sum lat~fihbm L. 

S. sisarum L. and 

variettcs 

Slum spp. 

Carminative, intestinal antiseptic; used for scorpion stings. hysteria, eptlepsy [23]. 

Source of asafetida, gum-resin, used in llavouring; expectorant, carminative, laxative, antispasmodic, 

emmenagogue, anthelmintic; used in veterinary medicine [23. 83, 871. 

Called ‘narthex’ by Romans; medicinal plants; latex 

of some species toxic IO stock; used as an antihysteric and for dyxntery [68, 85, 86, 88. 891. 

Medicinal plant, toxic to animals and humans [903. 

Aerial parts added to diet of sheep and cattle to increase fertility [34]. 

Medicinal, same uses as for F. asso-foetida [23]. 

Galbanum (gum-resin), antispasmodic, expectorant, carminative. stimulant; used for hysteria, 

amenorrhea. turnours. boils, swellings. Church incense, used in perfumery [23. 873. 

Similar gum-resin to asafettda; used for wounds and brutses [40]. 

Source of gum ammotnac [23]. 

Asafettda gum-resin, possibly a spice [23J. 

Source of ammoniacum, medicinal uses 185, 881. 

Source of sapagenum gum-resin, uses as for F. assa-fietida and galbaniflua. 

Source of galbanum, uses as for F. qu/hun$ua. 

Source of galbanum, uses as for F. yalhamJ7uu. 

Antispasmodic, stimulant, carminative, nervous 

system disorders, for cholera, delirium tremens and gleet; used as perfume, incense. 

Source of gum-resm; used for rheumatism [23]. 

Source of ammoniac gum-resin; used in medicine [23, 881. 

Used in beer; stomachic, veterinary medicine; root used as tonic, diuretic, emmenagogue, purgative. 

Root used for skin disease. 

As a condiment and in liqueur; emmenagogue, 

stomachic, diuretic, vulnerary, and for toothache. 

Diuretic, antiscorbutic, aperitive. Root-stock said to be poisonous. 

Roots of var sisurum cultivated, food. co& 

substitute, as tonic and digestive. 

Widely regarded as potsonous. 

*Unless otherwise specified, data is from ref. 83. 



The daucane (carotane) class of sesquiterpenes 609 

Horace and Pliny and the Romans apparently used it in 18. Levisalles, J. and Rudler, H. (1967) Bull. Sot. Chim. 
fumigation. France 2059. 

(c) Sagapenum; a gum-resin from F. persica with the 
unpleasant odour of asafetida. 

F. orientalis L. var orientalis, a medicinal plant from the 
subgenus Peucedanoides (Boiss.) Korovin (Apiaceae), 
according to Discoroides is a source of “ammoniacurn”. 
Two other possible sources are F. tingitana L. and F. 
communis L. subsp. communis. The latter is a medicinal 
plant [85] which has been used as an anti-hysteric and for 
the treatment of dysentery. F. communis is also a latex- 
containing plant in the Mediterranean reputed to be toxic 
to livestock [86]. It causes an often lethal haemorrhagic 
disease, ferulosis, similar to those of poisoning from 
sweet-clover and it has been suggested that Fe&a com- 
munis contains anti-thrombinic coumarins. In Sardinia, 
both toxic and non-toxic varieties occur. 

A listing of species of the three genera Fe&a, Loserpi- 
tium and Sium, some of which have been shown to be 
sources of daucanes, and their reputed uses is collected in 
Table 2. 

19. Bates, R. B., Green, C. D. and Sneath, T. C. (1969) 
Tetrahedron Letters 3461. 

20. De Broissia, H., Levisalles, J. and Rudler, H. (1972) 
Chem. Comm. 855. 

21. De Broissia, H., Levisalles, J. and Rudler, H. (1972) 
Bull. Sot. Chim. France 4314. 

22. Yamaski, M. (1972) Chem. Comm. 606. 
23. Uphof, J. C. Th. (1968) Dictionary of Economic 

Plants, 2nd Edn. Von J. Cramer, Wheldon and Esley 
Ltd., Codicote, Herts. 

24. Kllz R. (1883) Arch. Phuram. 221, 161. 
25. Morgenstem, 0. (1912) Monatsh. Chemie 33, 709. 
26. Splth, E. and Gandini-Kezster, F. (1952) Monutsh. 

Chemie 83, 1301. 
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APPENDIX 

This appendix contains the structures, origin and literature references for all the daucanes isolated so 
far. Corrections have been made where the original literature was ambiguous. 
The structures have been listed, approximately, in order of increasing level of nuclear oxygenation. 
Derivatives based on the same skeleton, but carrying different acyl groups, have been combined. The 
key to the abbreviations used for acyl groups is as follows: 

Ang = Angeiyl Anis = Anisyl Benz = Benzoyl 

iBu = ire-Butanoyl Cmn = Cinnamyl Coum = Coumasyl 

Epxysmg =Epoxyangelyl 2MeBu = 2-Me~ylbu~yl Van = Vanillyl 

Ver = Veratryl rVal = ire-valeryI 
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Fen& cDIltntfutic 

subsp c#u?lfufis = 

R R=CH3 
Rosa rugosa I38 
R=CHO 

R. rugosa 43. 47 

R=C&H 

R. rtqpsa JJ 

R = CH#i 

R Rosa rugos~ * 

R=CHO 

R. ragosa 45 
R = C02H 
R. rugosa 4s 

ft R=CHO 
Rosa rngosa 45 

R=CO,H 

Rosa fugosu 4s 

Rosa rugosa *’ Ca&a pruni&lia im 
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Rosa rugosa J5 

Rosa rugosa a’ 

Rosa rugosa 45 

Ferala commaais 

subsp covvnunis sh 

CHO CHO 

Rosa rugosa Js Rosa rugosa as 

R=Ang 

~~n~~~~~‘c~sa 5t 

R = Cinn 

Biuinvillca acme& lo5 

R = Anis 

3. acmeliff lo5 

Iva xanth.i~lia lo6 
Xaathium catharticum ‘Ot 
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Bktinviilen acntefla lo* 

R=Ae 

R=Ver 

F. Iinkii ‘OB 

F. commwlirsubsp 

.68 rontntwtts 

R=H 

Daucus carom tw 

(J-43 
R=OH 
D. carota ’ 

F. Iinkii ‘OB 

hpergiNt4s terretis ” Maramus ji&o~erru@teus ” 

R=Van 

F. rigid& “’ 

F. jaeschkeatta h6 F. jaedtkea.tt~ ’ ’ ’ 
F. jaedtkeiuta~69. ti2 

F. sittaica ’ I3 
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HO 
CHs 

R=Ang 

F. commwCs w 

F. claeochryrris 34 

F. jaeschkeana ‘I2 

F. Ii&i 98 

Heiiopris 

helionthoide “’ 

R=tVal 

F. linkii 98 

R = 2MeBu 

F. lit&ii 98 

R = Cinn 
F. rig&la ‘lo 

R = Coum 
F. rigtdufa ‘lo 

R=Ben R = 3,QDihydroxybenzoyl 

F. rlacochyrris 34 F. 0kirschkensi.s “’ 

F. jaeschkeana “2 F. jaewhkeana ’ ” 
F. rigidala ‘IO R=Van 
F. sinaica ’ I3 F. jaeschkeana ” 

R = p-Hydroxybenzoyl F. oriemalis vat orienfolic 89 

F. communis W-J F. elaeochytris 34 

F. claeochywis w F. rigidula ‘lo 

F. Ianccrottensir ’ I5 F. tentiecra ’ I9 
F. kuhkranica ’ I4 R=Ver 

F. jaeschkeana 69. ’ ” F. commanis var 

F. oriemalis var orienral~ a9 brevijolia 9’ 

F. rigidula 110 F. akirrchkensis ‘lo 

F. sitmica ’ I3 F. Iinkii % 

F. renuisecfa ’ ” R = 3-Hydroxy4methoxy 

R = Anls bellz0yl 

F. commrmir F. renuisecta ’ I9 
subsp communis s6 R = 3.4.5Trimethoxybenzoyl 

F. communis 87 F. pallida ’ ’ ’ 
F. claeochyrris )4 R = 2-Hydrosybenzoyl 

F. kahisratrica ’ ” F. elaeochybis 34 

I;. Ii&ii 39 90 F. jaeschkeana ‘I2 

F. rigidala ’ ” F. rigid&a “O 

F. sinaica “X “’ R = 3.4-Methylenedtoxy 

benwyl 
F. jaeschkeana ‘I2 

R = pHydroxybenzoy1 

F. jaeschkeana “’ Gliocladium virens 54 

R = Anis 

Ferula comm~ris 

subsp commwzis 86 
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CH3 

R=Anis 

F. commwlir 

subsp 
co?Fmhs~ 

R=iVai 
F. h&i 39 

9H R=ff 

F. latlpi~ 3g 
R = Anis 

CH3 F. communis 
subsp co??mwt&~ 

i\cjR R = 2MeBu 
F. Iinkii = 

R=Ang 
F. comnwris 

var brevt~olio 9’ 

R-Ver 

F. commwris 

subsp c0mmwG.s 86 

R=Ang 

F. p&da I23 

F. kafiipinna 38 

R = Benz 
F. comtunis suhsp 

communir 04 

R=H 
F. iinkii 9B 

F. sinaka Ia, 

R=Ang 
F. commwds * 

F. Iapidosa “’ 

F. ht@itlM 33 

F. ii&ii 98 

R = 2MeBu 
F. linkii 98 

R=iBu 
F. fir&~ ge 

R=iVal 
F. comnuurir 9o 

R = p_Hydroxybenzayl 
F. commimis 

var brevifolin 91 

F. h@ntua )a 

F. sinaica 8 13 
F. ring&m lo’ 

R = Anis 

F. commune 

subsp communis 86 
F. I~~inM 38 

R = p-Hydroxybenzoyl 

F.&&ii 98 

F. sinaicn ‘O” 

R = Anis 

F. commuiiis 9o 

F. lit&ii 9B 

R=Vaa 

F. iatipimuz 38 

R = 3.4~‘I’rimethoxybcnzoyl 

F. pal&& ts 

R = 3.4-Wthylenedioxy- 
Sm&oxybenzoyL 
F. pallida ‘= 



R = Ctnn 
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R=H 

F. sinoica ’ ‘3 
R = iVal 

F. /in&ii “’ 

R = pHydroxybcnzoy1 

F. jaeschkea~ ‘= 

F. sin&a ‘O” 

R=Van 

F. rigidda ‘lo 

R=iVaI 

F. linkii ” 

R = pHydroxybeazoyl 

F. lancero~~ensir ‘I5 

F. jaeschkana ‘I2 

F. orientalis 

vu oricnlalis lx9 

R = Anis 

F. lit&ii ” 

F. rigidula ’ lo 

R=Van 

F. oricnralis 

var orienfalis 89 

F. jacschkeana w 

R=Ver 

F. tinkii 39 

R = Cinn 

F. rig&la lo 

R = pHydmxybcnmyl 

F. jaeschkmna ‘= 

R=iVal 

F. link3 s 

R=H 

F. sinaica ’ I3 
R=Van 

F. rigidula ‘lo 

R=Van 

F. rig&la ’ lo 

Nardastachys 

chincnsis 13’ 

Rosa rugosa 4’. 47 

R = C02H 

Rosa rugosa 42. ” 

R = C&Me 

R. rugosa 44. 4’ 

Rosa rugosa 44 



R = ~-Hyd~xy~~~yi 

F. omtmm~ * 

R = Anis 

F. commwtb 9~ 

F. communis 

subsp commlufi5 6s 

F. rittgitana lo’ 

R=H 

F. akitschkensk ‘)’ 

F. ~~sc~a~~ ’ * ’ 
R = pHydroxybcnmyl 

F. jaesrhkeana ’ ’ ’ 
R = Anis 

F. sinaifn ixJ 

ii=Y2Sl 

F. ~sc~~cana I32 

F. commwtk 

s&p comnuurir w 
R = p-Hydroxybcnmyl 

F. crxnmnais 

vat bn?vifbia 9’ 

R = Anis 

F. cmunir 

SU~~~~ 

R=H 

Cb F. @sclkeana ’ ’ 1 
R = p-Hydmxybenzoyl 

F. akifschkrnsis I3 t 
CH3 

R = 3.4Dihydmxybenmyl 

F. akitschkettsis ’ ” 
F. jaeschkcana ’ ’ 2 

R=Ang 

F. co~~~* 
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Rosa rugoso O4 
R = C02H 

Rosa rugusa @ 

z 

P ,,,.. 0.8 0 

, 

Rosa mgasa 44 

F. sinaica ‘33 

OR 
0 

F. sinaico ‘I3 
R = pHydroxytmzoyl 

F. jmschkra~ ’ I2 

R=Ang 

F. co- w 
F. ii&ii ~3. 98 
F. Wpinna 38 

R = Epox~~ 
F. linkii 9~4 98 F. ri,#dula I lo 

F. jaeschkem 69 

F. co- 
suapp commwrir 68 

R=Ang 
F. linkii 93 
F. latipkna uI 
F. retuukcta w 
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R--H 
F. linKi 39 

R=Ang 

F. iatipin~~ 38 
F. linki 3g 

HO 
* 

- 6Ang 

R=H 

F. tingiram 35. Iai 
R=Ac 

F. tingitana ‘ol 

R=Anis 

F. communic 
SilbSP 

cm% 

R=Ver 

F. cotmnwis 
SUbsp 

co& 86 
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R=iVal 
F, /* 129 

R=Ang 

F. linkii ‘t9 

R = p-Hydmxybenzoyl 

F. sinaica ’ I3 

R = p-Hydroxybenzoyl 

F. sinaica ‘O” 

R=Ang 

F. lapidosa % 

F. sinaica ‘OO 

R = pHydroxybenmyl 

F. sinaica IM 

R=iBu 

L4lWrpilillm 
lat@iwn 4’ 

R=Ang 

L. kat@liwn 4. ‘. 4’ 

F. jaeschkeana 99 

R = pHydroxybenmyl 

F. jacschkmna 66 

F. lapidosa % 

A &al F. lit&ii “’ 

& R=CHO 

Rosa rqosa 46 

R=C@H 

R. rugosa 44 

Rosa rqosa 46 Rosa rngosa 46 


