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Abstract-Investlgatlon of a rare genotype of Tanacetum vulgare afforded a series of tetrahydrofuran-type terpenolds, 
whose pattern was different m flowers and leaves The major constituent of the flowers was the trans A39 4- 
hydroperoxlde of davanone, whereas the leaves gave mostly a peroxyhermketahc compound resulting from the 
intramolecular cychzatlon of the CIS A ‘* 4-hydroperoxlde of davanone Structures were elucidated by spectral data and 
chemical reactlons, including correlation with natural (+)-davanone The peroxyhemlketahc compound upon 
acylatlon of its hydroxyl group gave an instantaneous complex reaction, resulting m the formatlon of a /?-acyloxyenone 
and loss of one molecule of acetone Among the minor constituents of the leaves, a C-10 carboxyhc acid blogenetlcally 
related with davanone was Isolated 

INTRODUCTION 

Many studies have shown that Tanacetum vulgar-e L 
displays a noteworthy mfraspecdic vanatlon m the ter- 
pene constituents of its essential 011 [ 1,2] Furthermore, a 
wide range of non-volatde sesqulterpenes have been 
isolated from different collections of this plant [310], 
showing that the species 1s characted by an abnormally 
high mfraspecfic varlablhty of its whole terpenold pat- 
tern As a part of a Joint chemosystematrc study on T 
vulgare, we have now investigated the extractwe con- 
stituents of a rare genotype, whose flowerheads have been 
reported to afford an essential 011 made up almost 
exclusively (95 %) [l] by the sesqulterpene ketone da- 
vanone (1) [ 1 l] Prehmmary analysis of different parts of 
the plant revealed that only the flowers contained da- 
vanone, whereas the leaves gave a complex mixture of 
oxygenated terpenolds, some of which were also present 
m flowers, five sesqulterpenes and one terpene carboxyhc 
acid blogenetlcally related with davanone were isolated 
We present here the structural elucldatlon and chemical 
properties of these compounds 

RESULTS AND DISCUSSION 

The flowers and the leaves were extracted separately, 
and the extracts were chromatographed on a slhca gel 
column, the compounds isolated and the respective yields 
are listed m Table 1 

Compound 2, the major constituent of the leaves, gave 
posltlve reactions for the presence of a peroxide bond 
(liberation of iodine from alcohohc potassmm iodide, 
blood-red colour with ferrous thmcyanate) Thrs bond 
was part of a peroxide bndge, as shown by the failure of 
the reduction mth tnphenyl phosphme, which ruled out 
the presence of a hydroperoxyl group The electron- 
impact mass spectrum (EIMS) showed a prominent peak 
(57 %) at m/z 236, resultmg from the loss of one molecule 
of oxygen from a low-mtenslty (1%) ion at m/z 268, the 

Table 1 Terpenold composltlons of 
leaves and flowers of Tanacetum uulgare* 

Compound Leaves Flowers 

1 - 028% 
2 075% 020% 
9 006% 031% 
10+11 004% - 
12 0 10% 012% 
13 017% - 

*Yields are referred to dned plant 
material 

latter was the molecular ion, as shown by the chemical 
lomzatlon mass spectrum (CIMS) using ammoma as a 
reaction gas (peak at m/z 286 [M + NH41 ‘) The molecu- 
lar formula C15Hz404 was deduced from exact mass 
measurements on the peak at m/z 268 in the EIMS 
Overall, the EIMS of 2 was very slmllar to that of 
davanone (I), the major difference being, besides the 
presence of the peak at m/z 268, the greater mtenslty of the 
peaks at m/z 236 and 125 

The IR spectrum of 2 showed the presence of one 
tertiary hydroxyl (sharp band at 34OOcm-‘) and the 
absence of carbonyl groups The “C NMR spectrum 
displayed signals charactenstlc of the l-(S-methyl-S- 
vmyltetrahydrofuran-2-yl)ethyl moiety (A) of davanones 
and their derrvatwes [12] (Table 3) Multlphclty and 
chemical shift conslderatlons as well as the molecular 
formula required the remammg SIX carbons to be accom- 
modated m a 6,6-dlmethyl-3-hydroxy-A4*5-1,2-dloxan-3- 
yl structure (B) Formula 2 (excluswe of stereochemlstry) 
was thus assigned to the major constituent of the leaves 
This formula was in accordance wth the close slrndarlty 
between the EIMS of 1 and 2 Loss of one molecule of 
oxygen from 2 gives m fact the enol form of davanone 

2545 
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(Scheme 1) Structure 2 was further confirmed by treat- 
ment of 2 with an excess of lithium alummium hydride m 
THF, which afforded the epnnenc dlols 3 and 4 These 
compounds were separated by preparative TLC The 
‘H NMR and 13C NMR spectra of 3 and 4 showed that 
one of the two newly-formed hydroxyls was tertiary, 
trlchloroacetyl lsocyanate (TAI) induced shifts [13] m the 
‘H NMR spectra of 3 and 4 further vetied that the 
gemmal methyl groups were adJacent to the tertiary 
hydroxyl [ 131 

The peroxyhemlketahc hydroxyl group of 2 was not 
sllylated upon treatment with tnmethylchlorosllane 
(TMCS) or N,O-bls(tnmethylsllylacetamlde) (BSA) m 
standard condltlons [14] Acetylatlon with acetlc 
anhydnde-pyndme or acetic anhydr~de-dlmethylammo- 
pyndme furnished no product that could be isolated 
When 2 was treated with the powerful acylatmg agent TAI 

[ 133 directly m the NMR sample tube, a complex reaction 
took place, resulting m the loss of acetone and the 
formation of the enol ester 5 (Scheme 2) The j?- 
acyloxyenone structure of the latter was evident from the 
characteristic chemical shift of the enone olefimc carbons 
and protons (Tables 2 and 3) The formation of 5 from 2 
can be ratlonallzed m terms of acylatlon of the hydroxyl 
group of 2, followed by a perq&c (3,3)-sigmatropic shift 
of the ‘ethereal’ ester bond, and cycloelmnnatlon of the 
resulting A 3*4-l,2-dloxane derivative to the enolester 5 
and one molecule of acetone (Scheme 2) Compound 5 
could not be isolated from the reaction nuxture, the 
attempted work-up (pourmg into a cold 5% sodmm 
bicarbonate solution or a phosphate buffer, pH 7, and 
extraction with pentane) resulted m the hydrolysis of the 
ester moiety, with formation of the /3-ketoaldehyde 6 The 
latter was a very unstable product, existing m solution at 

m/z 125 (60%) m/z 111 (100%) 

1 -CHz= CH2 

OH 

1 
+ 

1 -H,O 

m/z 97 (28%) m/z 93 (62%) 

(a) Charge locahzatlon on the dlene system 
(b) Charge locahzatlon on the tetrahydrofuranyl oxygen 

1 + 

m/z 69 (27%) 

Scheme 1 Mass spectral fragmentation pattern of compound 2 
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1 
O-+$--R 

II 
0 

TAI = CCL,-CO-N=C=O 

R = CCLx-CO-NH- 

N,HCO, 
- 

6 

B’ F 04 
H 

H 

7 

Scheme 2 ReactIons of compound 2 

room temperature mostly as zts hydrogen-bonded /?- 
hydroxyenone form (7) The hydrogen bonding 
stabllzzmg 7 over 6 requrres a czs-relatzonshzp between the 
enone olefimc protons, this zs m accordance with the 
dramatic decrease of their vzcmal coupling observed when 
going from 5 to 7 (A.! = 8 2 Hz) 

The stereochemistry of 2 was deduced as follows the 
value of J6, 7 (9 5 Hz) showed that 2 belonged to the 1 
(6S*, 7S*) series of davanone denvatlves [12] (this senes 
has been referred to m the literature as ‘threo’ [ 121 or ‘ant? 
[15] The descriptor threo 1s evidently to be intended 
according to the ‘aldol notation’ [ 161, as application of the 
definition found m the textbooks on stereochemzstry [ 171 
would lead to an erythro descriptor for the (6S*, 7S*) 
series The recently introduced l/u configurational no- 
tation [18] allows unambzguous specification of thzs 
series, and has therefore been adopted) The high-field 
posztzon of H-6 (6197) m the ‘H NMR spectrum of 2 

suggested a fl-orzentatlon (assuming the same absolute 
configuratzon as davanone at C-6) for the hydroxyl group 
a strong mtramolecular hydrogen bonding was m fact 
present between this hydroxyl and the tetrahydrofuranyl 
oxygen (It 1s well known that hemlacetal hydroxyls form 
strong hydrogen bondmgs [19], the -OH stretching 
pattern m the IR spectrum and both posztlon and shape of 
the sharp signal of the hydroxyhc proton m the ‘H NMR 
spectrum of 2 were practically unaffected by dzlutzon) 
This bonding requires locking of the molecule m a 
‘spzrane-like’ conformatzon, with the two hetero-rings 
lying on approximately perpendicular planes The zntra- 
molecular hydrogen-bonded conformation expected for 
the S/Lhydroxy derivative (C) has H-6 gauche to one 
oxygen, whereas the correspondmg one for its C-5 eplmer 
(D), has H-6 gauche to two oxygen atoms, and so 
subjected to more considerable deshleldmg As the cherm- 
cal shift of H-6 was virtually the same m 2 and the dlols 3 

Table 3 13C NMR spectral data for compounds 2-7 and 9-13* 

Carbon 2 3,4 5 7 9 10,ll 12 13 

c-1 24 24 qt 31279 3068qt - - 2962qt 11066t 29284 - 
c-2 7647s 7129s 7079s - 8071s 145 86s 7080s - 
c-3 13445d$ 14049dt 14060dS 148 10d 175 50d 148 51 d 7143, 7089d 152508 - 
c-4 12548d$ 12703dt 12720d$ 11476d 10170d 128311 48 12,47 76 t 125141 - 
c-5 9864s 7142d 70991 20157s 20153 s 202 62 s 21404, 21400s 20274s 179 02 s 
C-6 4596d 4493d 43 53d 50461 49261 49 60d 52 83, 52 60d 49 70d 45 33d 
c-7 8069d 84381 8186d 8065d 8038s 80391 81 16, 80968 8033d 8021d 
C-8 32 lot 3101 t 3203d 3736t 37551 29621 3013t 2961 t 3762t 
c-9 3693t 3733t 3743t 2980t 2956t 3750t 3733t 3754t 2931~ 

c-10 8456s 8438s 8365s 8307s 83 00s 8308s 8335s 8283s 8367s 
c-11 143 80d 143 67d 14400d 14438d 144 34d 14428d 14401d 14442d 143 86d 
c-12 111741 112 14t 11192t 11138t 11160t 111321 11154t 11132t 111921 
c-13 24 69qt 31279 3093qt - - 24 09 qt 184On 29289 - 
c-14 13039 12 309 12969 13 169 13 769 12959 1292q 12999 13 199 
c-15 27009 26919 26479 26469 26514 26469 26519 26469 26529 

*Run at 25 18 MHz in CDCIJ, stufts are m parts per million downfield from TMS 

t, SAsslgnments m the same column are Interchangeable 
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9 

6H 

12 

Scheme 3 Possible biogenetic relatlonshlps among the tetrahydrofuran-type terpenold Isolated from T uulgure 

and 4, m which H-6 can be gauche only to one oxygen 
atom, the /I-onentatlon for the hydroxyl group seems 
hkely 

The stereochemistry at C-10 could not be established 
on the basis of spectral data alone, as m compounds of the 
lmalyl oxide-type there IS a surprising similanty of 
“CNMR chermcal shift values between compounds 
belongmg to the CIS and trans senes [ 121 The stereochem- 
istry at this centre as well as the absolute configuration, 
were assessed by correlation of 2 with natural (+)- 
davanone (1) A plausible biogenetic route to 2 would 
involve photo-oxygenation of davanone (1) to afford the 
CZS-A~~ 4-hydroperoxlde 8, and then direct [ 1,2] attack of 
the highly nucleophlhc hydroperoxyl group on the enone 
group (Scheme 3) Photo-oxygenation of (+ )-davanone 
and chromatography of the reaction murture gave mostly 
the transd’ 4-hydroperoxlde (9) However, small 
amounts of 2 were directly obtained from less polar 
fractions Therefore these results allowed us to assign a 
(5S,6S,7S,1OR~2,6,1O-tr~methyl-2,5-ep~d~oxy-7,1O-epoxy- 
dodeca-3,11-dlen-S-ol structure to compound 2 Previous 
studies on the photo-oxygenation of davanone had shown 
that different compounds could be obtained according to 
the way m which the reaction mixture was reduced [20] 
When the latter was directly chromatographed on a sihca 
gel column, it yielded small amounts of a compound 
believed to be the hemlketal14 and 10 % of a compound 
to which the structure of hydroxydavanone (12) was 
assigned [20] The couphng constant between H-3 and H- 
4 (J = 10 5 Hz, the same value as m 2) m the published 
spectrum of 14 IS scarcely consistent with the structure 

assigned [21] No samples of the compounds obtamed 
m these studies were available for direct comparison 
with 2 and 9, and we were unable to obtwn compounds 
correspondmg to 14 and 12 from the direct photo- 
oxygenation of 1 

Further elutlon durmg the column chromatography of 
the extract from the leaves gave the epunerlc alcohols 10 
and 11, the hydroperoxide 9, its correspondmg alcohol 12 
and the carboxyhc acid 13 Compounds 10 and 11 could 
not be separated The assigned structures followed from 
‘H NMR and “C NMR analysis of their mixture (Tables 
2 and 3) These alcohols are known compounds [20], but 
to our knowledge have not been isolated previously from 
natural sources Only minute amounts of the hydro- 
peroxide 9 were present in the leaves, but this compound 
was the maJor constituent of the flowers (Table 1) 
Reduction of 9 gave the known alcohol 12 (hydroxydava- 
none) [22] Compounds 9 and 12 were identical to the 
mam product which we obtamed durmg the photo- 
oxygenation of (+ )davanone and its reduction product, 
respectively A compound having the same constltutlon as 
9 has recently been isolated from Artemwa mculta [23] 
The published spectral and physical data for this com- 
pound, whose stereochemistry was not estabhshed, are m 
good accordance with those of 9, and it IS therefore likely 
that these compounds are the same Comwson of the 
“C NMR spectra of 9 and 12 revealed the charactenstlc 
P-upfield and y-downfield shifts typical of the ally1 
hydroperoxldes relative to their correspondmg alcohols 
[24] The “C NMR spectrum of 13 displayed only ten 
signals Besides the ones corresponding to the moiety A, a 
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OH I 

A B 

smglet at 179 02 ppm was present The latter was assigned 
to a carboxyhc group owing to the presence of diagnostic 
bands at 3300-2700 and 171Ocm-’ m its IR spectrum 
Compound 13 has previously been obtamed from the 
oxldatlon of davanone [ll], and It has recently been 
synthesized stereos@cally [15] However, as far as we 
know, It has not been reported as a natural product 
Compound 13 might be formed from 2 through a cyclo- 
ehmmatlon reaction (Scheme 3) Compounds 10,ll and 
13 are synthetically related to davanone [ll, 201 
However, the [a&, values for these compounds have not 
been reported The absolute configuration of natural 10, 
11 and 13 is thus not known The fact that compounds 10, 
11 and 13 co-occur in T vulgare with compounds 1,2,9 
and 12, all having the absolute configuration 6S, 7s and 
lOR, nught suggest that the absolute configuratton at 
these centres 1s the same also for natural 10, 11 and 13 

A possible biogenetic relatlonshlp among the com- 
pounds isolated from this genotype of T vulgar-e IS 
depicted m Scheme 3 It 1s worth noting that the 
stereoselectlvlty of the first step (photo-oxygenation of 
davanone) 1s different m flowers and leaves In the flowers 
mostly the trunsd ‘, 4-hydroperoxlde (9) 1s formed 
(Table l), whzle zn the leaves formatzon of the CZS-A’*~- 
hydroperoxzde (8) prevails, and only small amounts of 
compounds denved from the czs-A3*4-hydroperoxzde 9 
are present 

The genotype of T uulgare desctlbed here zs most 
unusual m several aspects The mevalonate pathway IS 

shlfted towards the formation of sesqmterpenes, and 
consequently monoterpenes, which are the charactenstlc 
constituents of the oils from T oulgure [l, 21, are present 
only m small amounts Furthermore the sesqulterpenes 
produced are atypical for this spectes, as the other 
genotypes so far investigated gave mostly sesqmterpene 
lactones [3-91 or unlactomzed analogues of them [lo] 

EXPERIMENTAL 

High- and low-resolutzon mass spectra were determmed on a 
Crates MS80 and Varzan MAT CH7 apparatus, respectively 
‘H NMR and ‘“C NMR spectra were obtamed on a Varzan XL 
200 and Varzan XL 100 spectrometer, respectively &e&gel 60 
(70-23Omesb, Merck) was employed for column chromato- 
graphy, and pre-coated Kzeselgel 6OF,,, plates (Merck) were 
used for TLC and preparatzve TLC (thzckneas 2 mm) Spots were 
revealed by spraymg wzth H2S04-EtOH (1 1) and heating. 

Plant mated T n&are came from expmmental cultivatzons 
at the Research Institute for Med~cmal Plants of BudakalBsz 
(Hungary), and was collected dunng the years 1982-1983 The 
flowers were collected zn August, and the leaves m September 
Samples of leaves collected monthly from May to September 
durmg the year 1983 showed the same terpenozd pattern 

Isolatzon ofconstztuezzts Drzed, powdered leaves (315 g) and 
flowers (50g) were extracted separately wzth CHCl, at room 
temp The extracts so obtazned were worked up by standard 
procedures [25] to gzve 6 2 g and 0 98 g of purzfied extracts, 
respectively, that were separated by CC on szlzca gel Compounds 
were eluted m the followmg order 1, 2 [petrol (bp 50-70°F 
CHCl,, 3 11, 10,ll (petrol--CHCI,, 1 l), 9,12,13 (CHCl,) The 
yzekis are lzsted m Table 1 

(5S,6S, 7S,1OR)-2,6,1O-Tnmethyl-2,5-epzdzoxy-7,lO-epoxydo- 
deco-3,11-dzen-5-01 (2) Colorless 011, [a];’ + 0 45” (CHCl,, c 
2 16), [a] :;s - 2 02” (CHCl,, c 2 16), IR vtid slm cm-’ 3400, 
3080, no band m the carbonyl regzon, 1140, EIMS see Scheme 1, 
CIMS (NH,)m/z (rel mt ) 286 [M +NH,]+ (lo),268 [Ml’ (18), 
111 (100) Anal talc for ClsHZ404 mol wt 268 1674, found 
mol wt (mass spectrometry) 268 1679 

Reductzon of2 wzth LuUH4 To a stirred suspenszon of LzAlH4 
(250 mg) m dry THF (2 ml), was added 185 mg of 2 dissolved zn 
3 ml of dry THF The mzxture was stirred at room temp for 
45 mm, and then the excess of reagent was destroyed by addition 
ofa few drops of EtOAc, followed by 10 ml of a cold satd MgS04 
soln The mzxture was extracted wzth CHC13 (4 x 10 ml), afford- 
zng 161 mg of a mzxture of compounds 3 and 4 Tlus mzxture 
(80mg) was separated by prep TLC (CHCI-Me&O, 6 1) to 
yield 46 4 mg and 17 3 mg of pure dzols as colorless 011s The 
major dzol had [a]:: +49 9” (CHC13, c 0 80), IR vkdfi’m cm-’ 
3600,3100,1180 EIMS 70 eV, m/z (rel mt ) 239 [M - 151’ (l), 
221 [M-15-18]+ (3), 203 [M-15-18-18]+ (2), 125 (40), 
111 (90), 97 (100x 93 (80), 69 (40), 55 (50) The spectral data for 
thzs compound are presented m Tables 2 and 3 before the ones of 
the minor dzol The minor dzol had [a]:: - 27 5” (CHCI,, c 0 41), 
IR ,Jlqud film cm - ’ 3600,3100,1160 EIMS 70 eV, m/z (rel mt ) 
239 $), 221 (3), 203 (6), 125 (40), 111 (97), 97 (lOO), 69 (50), 55 
(46) The spectral data of this compound are presented m Tables 2 
and 3 after the ones of the maJor dzol 

Fragmentatzon reoctzon of 2 To a soln of 2 (108 mg, 0 4 mM) zn 
0 5 ml CDCl, m a NMR sample tube, five drops of TAI were 
added This resulted zn an exothermzc reactzon, and the soln 
became yellowzsh The ‘H NMR spectrum revealed the quantz- 
tatzve disappearance of compound 2, and the formatzon of 
compound 5 After the regzstratzon of the spectrum, the contents 
of the NMR sample tube were poured mto a cold 5 % NaHCO, 
soln (or phosphate buffer, pH 7), which was extracted with 
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pentane (3 x 10 ml) The organic phase was dned (MgS03 and 
evaporated at 0” to yield 70mg of 7 as a yellowish od This 
compound was very unstable, and decomposed at room temp in 
CDCIJ soln in 2 days 

Photo-oxygenation of ( + )-dauanone Natural ( + )-davanone 
(1) (820 mg), 96 % punty by GLC, [a]f: + 71” (CHCI,, c 0 80) 
(lit values from + 69” [26] to + 77 7” [ll]) was dissolved m 
MeOH (20 ml) contammg 10 mg of methylene blue The mixture 
was irradiated with a 700 W halogen lamp with mtroductlon of 
oxygen and cooling After 2 hr all of compound 1 had reacted, 
and the reaction mixture was worked-up by evaporating the 
solvent The residue was then dissolved m CHtCll (25 ml) and 
passed through a short column of s~hca gel to remove the dye A 
yellowish od(760 mg) was obtamed The latter, when analysed by 
‘H NMR spectroscopy, was found to be almost excluswely the 
hydroperoxlde 9 The reaction mixture was then separated by CC 
on slhca gel (45 g), 50 ml eluates were collected, and fractions 
were eluted m the followmg order petrol (bp 50-70”)-CHCl,, 3 1 
(fr l-5), CHCI, (fr 616) and CHCI,-Me&O, 9 1 (fr 17-22) 
Fractions 9-12 gave 28 mg of 2, [a]g +0 80”, [a]& - 160 
(CHCI,, c 0 70), fractions 17-20 gave 360 mg of 9 (yield 44%) 
[a]&’ +48” (CHCIJ, c 12) The IR and ‘H NMR spectra of 
synthetic 2 and 9 were ldentlcal with those of the natural 
compounds Ad&Ion of TAI to synthetic 2 gave the enol ester 5 

(6S*,7S*, lOR*) -3 -Hydroxy -2,6,10 -tnmethyl-7,lO -epoxydo- 
deca-l,ll-dlen-S-one (ca 3 2 mixture of C-3 epmws) lO+ 11 
Yellowish 011, [a]: + 10” (CHCla, c 0 60) IR v”qu“ a’m cm - ’ 
3500,1705,1360, EIMS 70 eV, m/z (rel mt i 234 5 - 18]+ (1). 
219[M-18-15]+ (2),167(5),111(50),93(40),71(38),43(100) 

(6S,7S,lOR) -2- Hydroperoxy -2,6,10 -tnmethyl -7,10-epoxydo- 
deca-3,11-dlen-5-one (9) Colourless 011, [a]$ + 48” (CHQ, c 
0 83), IR v&d film cm- i 3300, 3090, 1690, 1660, 1640, 
UV 1%” nm (log E) 232 (3 2), EIMS 70 eV, m/z (rel mt ) 236 
[M-O,]+ (2), 234 [M - H202]+ (4), 129 (20), 111 (100),93 (SO), 
71 (36) 

Red&ton ofcompound 9 A 20 mg sample of 9 (0 075 mM) was 
dissolved m 2 ml MeOH and the soln was treated with 22 mg 
(0080 mM) of PhsP for 5 mm at room temp The soln was 
evaporated to dryness, and the residue was punfied by prep TLC 
(CHCI,-Me&O, 6 l), affordmg 12 mg of compound 12, [a]:: 
+ 38” (CHCl,, c 0 5), IR, mass and ‘H NMR spectra super- 
imposable with those of natural (+)-hydroxydavanone obtained 
from the extract of T utdgare 

(6S,7S,lOR) -2- Hydroxy -2,6,10-trunethyl-7,10 -epoxydodeca- 
3,11-dren-5-one (hydroxydauanone) Colourless oil, [a]g +44” 
(CHCI,, c 0 35) 9 IR vl’qlr’dfi’m cm-’ 3300 3090 1690,166O 1640 
UV I%” nm (log sp30 (3 0), EIMS ;O eV,&z (rel m;) 25; 
[M]’ (1),237[M-15]+ (11),234[M-H,O]+ (8), 193 (S), 166 
(15), 142 (16), 138 (22), 111 (IOO), 93 (83) 

(2S*,3S*,6R*)-2,6-Dane~hyl-3,6-epoxyocta-7-enouz acrd (13) 
Yellow gum, [a]&’ + 27” (CHQ, c 0 lo), IR vza3 cm-’ broad 
band between 3300 and 2700,1710,910, EIMS 70 eV, m/z (rel 
mt) 184[M]+ (6),169[M-15]C(80),111(100),93(70),81(60), 
55 (80) 

Acknowledgements-We are very grateful to Dr P Naegeh 
(Glvaudan Research Company, LTD) for a generous gft of ( + )- 

davanone from davana 011, and to Drs C Bicchi and C Frattml 
for the determmatlon of mass spectra 

REFERENCES 

1 Htthelyl, E, T&nyl, P, Kettens-Van den Bosch, J J , 
Salemmk, C A, Heerma, W , Vershns, C , Kloosterman, J 
and Sipma, G (1981) Phytochemlswy 20, 1847 

2 Nano, G M , Bicchl, C , Frattnu, C and Galhno, M (1979) 
Planta Med 35, 270 

3 Samek, Z, Holub, M, Grabarcyk, H, Drodz, B and 
Herout, V (1973) Collect Czech Chem Commun 38, 1971 

4 Yunusov, A I, Sldyakm, G P and Nigatullaev, A M (1979) 
Khlm Prw Soedm 101 

5 Nano, G M, Appendmo, G , Blcchi, C and Frattnn, C 
(1980) FItoterapla LI, 135 

6 Yunusov, A I, Abduzlmov, B K and Sldyakm, G P (1980) 
Khlm Prrr Soedm 573 

7 Appendino, G Ganboldl, P and Nano, G M (1982) 
Phytochemzstry 21, 1099 

8 Appendmo, G , Valle, M G and Nano, G M (1982) 
Fltoterapra LIII, 115 

9 Ognyanov, I and Todorova, M (1983) Planta Med 48,181 
10 Appendmo, G, Ganboldl, P and Nano, G M (1983) 

Phytochemzstry 22, 509 
11 Bpma, G and Van der Wal, B (1968) Rat Trau Chum Pays- 

Bas 87, 715 
12 Thomas, A F, Thommen, W, Wdlhalm, B , Hagaman, E W 

and Wenkert, E (1974) Helu Chum Acta 57, 2055 
13 Samek, Z and Budesinskf, M (1979) Collect Czech Chem 

conwnun 44,558 
14 Poole, C F (1978) m Handbook of Derwalwes for 

Chromatography (Blau, K and King, G , eds) pp 152-194 
Helden, London 

15 Barlett, P A and Holmes, C P (1983) Tetrahedron Letters 
1365 

16 Heathcock, C H (1981) Science 214, 395 
17 Ehel, E L (1962) StereochemIstry of Carbon Compounds 

McGraw-Hdl, New York 
18 Seebach, D and Prelog, V (1982) Angew Chem Int Ed 21, 

654 
19 Newton, M D (1983) Acta Crystallogr B39, 104 
20 Thomas, A F and Dubml, R (1974) Helu Chum Acta 57, 

2076 

21 BarbIer, C, Gagnalre, D and Vottero, P (1968) Bull Sot 
Chrm Fr 2330 

22 Jork, H and Nachtrab, M (1979) Archru Pharm (L?hemhelm) 
312,923 

23 Khafagy, S M , Al-Yahya, M A, Zlesche, J and Bohlmann, 
F (1983) Phytochennslry 22, 1821 

24 El-Feraly, F S , Chan, Y M , Caplton, G A, Doskotch, R W 
and Falrchdd, E H (1979) J Org Chem 44, 3952 

25 Appendmo, G , Belhardo, F , Nano, G M and Stefenelh, S 
(1982) J Agrz Food Chem 30, 518 

26 Abegaz, B and Yohannes, P G (1982) Phytochennstry 21, 
1791 


