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Abstract-Chemical investigation of a rare chemotype of Tunacetum vulgare afforded a series of non-volatile 
sesquiterpene alcohols which have been called tanacetols. The structures of tanacetols A and B, the two most abundant, 
have been established on the basis of spectroscopic data, chemical reactions and X-ray diffraction analysis of tanacetol A 
and tanacetol B acetate. 

INTRODUCTION 

The sesquiterpene lactones of Tanacetum vulgare have 
been the subject of several studies, and various germacra- 
nolides [l, 23, some eudesmanolides [3-51 and one 
modified germacranolide [6] were isolated from different 
chemotypes of this plant. All these compounds possess an 
cr-methylene-y-lactone moiety. The presence of sesquiter- 
penes having this feature has been claimed to be character- 
istic for the whole genus Tunacetum [7]. 

During our chemosystematic investigation on T. vul- 
gare [l, 5,6,8,9], we found that chloroform extracts of 
some samples of this plant lacked the characteristic IR 
absorption band of y-lactones at ca 1770 cm-’ and, 
therefore, probably did not contain sesquiterpene lac- 
tones. Chemical investigation of this rare chemotype 
confirmed this, and led to the isolation of a series of non- 
volatile sesquiterpene alcohols all possessing an a- 
hydroxyisopropyl moiety. The structural elucidation of 
the two most abundant and least polar of them, which 
have been called tanacetols A and B, is presented here. 

RESULTS AND DISCUSSION 

Tanacetol B (la) was the main constituent of this 
chemotype (yield: 0.11 y0 of dried plant material). It was 
crystallized from diethyl ether to afford shining crystals of 
mp 163” and [a]? - 65.4”. 

HRMS showed a MW of 296.1968, corresponding to 
the molecular formula C,,H,,O,. Compound la con- 
tained an acetate group (IR absorption bands at 1735 and 
1240cm-‘;a three proton singlet at 6 2.OOin the ‘H NMR 
spectrum; a singlet at 6 170.2 and a quartet at 6 2 1.2 in the 
’ 3C NMR spectrum) and two hydroxyls, one of which was 
tertiary, since upon acetylation of la under usual con- 
ditions, a monoacetyl derivative (lb) still containing a 
hydroxyl group (IR absorption band at 3510cm-‘) was 
obtained. Both the acetylable hydroxyl group and the 
acetate were secondary, as the 13C NMR spectrum of la 
showed the presence of two doublets (6 73.6 and 72.1) 
besides the singlet (72.6) of the tertiary hydroxyl group in 
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the region of sp’ hybridized carbons carrying oxygen 
atoms. 

Oxidation of the secondary hydroxyl group of la 
afforded the ketol Za, identical with tanacetol A a 
crystalline compound isolated from less polar fractions of 
the extract. 

The 13C NMR spectrum of la revealed the presence of 
two double bonds and, therefore, this compound, which 
had an acetate group and a total of four degrees of 
unsaturation, had to be a monocyclic acetoxy sesquiter- 
pene diol. 

A prominent peak (70’:“) at m/z 59 in the mass spectrum 
of la was attributed to the fragment [Me,COH] +, 
derived from an a-hydroxyisopropyl side chain [lo]. This 
was confirmed by the presence of two high field methyl 
signals, significantly shifted downfield upon in situ trich- 
loroacetyl carbamoylation of the tertiary hydroxyl group 
[ 111, in the ‘H NMR spectrum of la and its derivatives. 

Double-resonance experiments established the hydro- 
gen succession depicted in partial formula A. As 2a, the 
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Table 1 ‘H NMRspectraldataforcompounds la lfand 2amm2c (200 MHz,CDCI,except lb, Id (C,D,iand le (C,D,Nl. TMSaa 
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Most coupling constants were virtually the same for compounds la lf and 2a 2c: those for la and 2a are g~\rn as representative. 

For la: J, L = 1 I Hz: J,,,, = 10 Hz: .J2 _sh = 5.OHz: J,,,,,. = 13 Hz; .li,,, = .I,,,,,. = 4 Hz For 2a: J, L = 9 HL J, >,, = 9 HI: .I, Zr 

= 6 Hz; J,, ,3b = 12 HL; J,,,,, = 14 Hz; J,,, - = 10 Hz; J,,,,,- = 3 Hz. 
*Signals could not be observed because of overlapping. 

;-Asstgnments are interchangeable. 

oxidation product of la, was an a,,+unsaturated ketone 
(/tgayH 218 nm, log8 = 3.8; IR absorption band at 
1675 cm ‘. carbon signal resonance at 6 195.7 in the 13C 
NMR spectrum), the secondary hydroxyl of la had to be 
allylic. Comparison of the ‘H NMR spectra of la and 2a 
showed that the oxidation of this hydroxyl had caused a 
marked downfield shift of the exocyclic methylene pro- 
tons (A& = 0.49 and 0.50, respectively), while the allylic 
methyl and the olehnic methine had been practically 
unaffected. The carbon carrying the secondary hydroxyl 
group was, therefore, adjacent to the olehnic carbon 
bearing the exocychc methylene. As the signal of the 
proton geminal to this hydroxyl was a triplet, it was also 
flanked by a methylene whose protons were clearly seen in 
the spectrum of 2a as a doublet of quartets. The multi- 
plicity of this pattern showed that this methylene was 
adjacent to a methine, which had to be the methine 
carrying the hydroxyisopropyl chain, as only this methine 
and two methylenes were still unassigned. The latter were 
placed between this methineand the trisubstituted oletinic 
carbon bearing the methyl group, obtaining the final 
structures la for tanacetol B and 2a for tanacetol A.* 

*The bidtmenstonal representation of tanacetols and then 

stereochemistry has done accordmg to estabhshed rules [I:! 141. 

Owing to the close relationship between configuration and 
confflrmatton of these molecules, wedges and broken lines are 

used not only to indtcate the z- or fi- orientatton of the allylic 
methyls and oletinic protons with regard to the plane of the 

molecule [12]. but also for their biogenetically equivalent 
exocycltc methylencs. 

Stereochemistry was deduced as follows. The proton on 
the carbon carrying the acetoxy group was placed axially 
on the basis of its eight peaks pattern. the Y pai’t of an 
ABXY system, resulting from its interaction with one 
equatorial ( J2,_3b = 5.0 Hz) and two axial ( J,,, = 1 I Hz. 
J 2,3a = 10 Hz) protons. Irradiation of the allylic methyl 
(H-14) afforded a lo”,, intensity increase of the II-2 
proton, showing that this methyl and H-2 Mere syn 
related. Since H-l was anti to H-2 (J,,, = II Hz), the 
configuration frans (E) for the endocyclic double bond 
could be deduced. 

The hydrogen on the carbon bearing the hydroxyl 
group (H-5) appeared as a triplet at 6 4.00. whose narrow 
splitting (J,,,, = J5,6b = 4 Hz) showed a lack of tr~~r.s- 
diaxial interactions with the protons at C-6, to which H-5 
was equally coupled. The C-5 hydroxyl was placed syn to 
the exocyclic methylene on the basis of the high para- 
magnetic ;t-shift of the exocyclic methylene upon in situ 

trichloroacetyl carbamoylation [ 1 I] of the hydroxyl 
group (A’5’6n_iia,h = -t 0.13 and + 0.18, respectively). The 
observed shifts were comparable with the ones noted for 
the C-14 protons of artemorin (3), a compound ot 
established configuration [IS] which was isolated from 
some chemotypes of T. c-uigare [l, 61, upon in situ 

trichloroacetyl carbamoylation of their syn C-l /j- 
hydroxyl group (A”‘ci H 14a.h = t 0. I5 and + 0.17, respect- 
ively). A similarity of conformation around the exocyclic 
double bond between the permacradiene rings of ar- 
temorin (3) and tanacetol B (la) was assumed. The 
hydroxyisopropyl side chain was placed in a/j (equatorial) 
position on biogenetic ground [ 16. 171. 

Inspection of models showed that, owing to the con- 
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and flowers, 2.4 kg) were extracted with CHCl, (1 x 15 1.; 3 x 101.) 

at room temp. The tarry residue remaining after removal of the 

solvent at red. pres. was purified by standard procedures [23] 
affording a thick syrup (57 g), part of which (29 g) was chromato- 

graphed on a Si gel (400 g) column, eluted with CHCI, containing 

increasing amounts of MeOH. Fractions eluted with 

CHCl,-MeOH (97: 3) yielded 60mg 2a (O.OOS?,); the ones 

eluted with CHCI,-MeOH (95 : 5) afforded 2.570 g la (0.11’;“). 

In addition to these compounds, fractions eluted with CHCI, 

gave 210 mg tram-chrysanthenyl acetate, and fractions eluted 

with CHCl,-MeOH (9: 1) afforded 800 mg apigenin. 
Tanacefoi B (la). Shining needles from Et,O, mp 163”; [x]b5 

-65.4” (MeOH; <‘ 1.5); IR $&cm -I: 3200, 1735. 1670, 1240, 

1030; EIMS 70 eV, m/r (rel. int.): 296 [Ml+ (0.16). 236 [M - 60]+ 

(4.16) 160[236-Me,CO-H,O]” (36), 145 [160-Me]+ (70), 

59 [C,H,O]+ (70). 43 (100). 

Acerylation of la. Compound la (1OOmg) was acetylated at 
room temp. with Ac,O- pyridine overnight. After the usual 

work-up, the crude product was purified by prep. TLC 
(CHCl,-Me,CO. 6: 1) to give 102 mg lb, which was crystallized 

from C,H, affording 84 mg of shining needles. Larger crystals 

were obtained by slow crystallization from C,H,-Et*O. Mp 

140’; [a],$-205’ (CHCI,; c 0.4); IR v~,B,‘cm~‘: 3510, 3080, 
1725, 1260, 1245, 1020; EIMS 70eV, m/z (rel. int.): 338 [Ml’ 

(0.6) 320 [M -18]+ (1.8). 278 [M-60]+ (lo), 218 [M-60 

-601’ (51). 43 (100). 

Saponification oj.la. A soln of la (180 mg) in MeOH (5 ml) was 

stirred for 2 hr with 5 ml aq. K,C03 (11 7;) at room temp. The 

reaction mixture was diluted with Ha0 (15 ml), neutralized with 

2 ?,, HCl and extracted with CHCI,, affording 162 mg crude le. 

Purification by prep. TLC (CHCl,-Me,CO, 3 : 1) yielded 130 mg 

pure leas a white powder. Mp 175”; [a]$ - 87” (MeOH; c 0.92); 

IRvEcm-‘: 3400,3080,1665,1650,1020; EIMS 70 eV, m/z (rel. 
int.): 254 [MI’ (1X 239 [M - 151’ (2), 236 [M - 181’ (lo), 97 

(loo). 
Horeau esterification ofranacetol B. 60 mg la (0.20 mM) and 

212 mg racemic a-phenylbutyric anhydride were stirred in 2.5 ml 

pyridine for 24 hr at room temp. H,O (3 ml) was then added, 

stirring was continued for 6 hr, and then the soln was further 

diluted with H,O (9 ml) and extracted with Et,O. Work-up as in 

ref. [24], which was preferred to the original procedure [20] 

because of the instability of tanacetol B in the presence of KOH, 

gave 136 mg x-phenylbutyric acid as a colorless oil, whose purity 

was checked by TLC and ‘H NMR. The recovered acid had [a]g 

-- 5.7‘. corresponding to an optical yield of 40 0,. The neutral 

fractions contained 72 mg pure tanacetol B 2-phenylbutyrate 

(colorless oil). 
Benzoylation of la. 60 mg (0.20 mM) la was dissolved in 1 ml 

pyridine and 0.2 ml benzoyl chloride was added. After 24 hr the 

reaction mixture was diluted with H,O (15 ml) and extracted 

with CHCIJ. The CHCl, phase was washed successively with 

dilute HCI, H,O, 5:” NaHCO, and H,O. The dried organic 

phase gave a residue that was purified by prep. TLC 

(CHCl,-MeOH, 6: 1) affording 66 mg If as a colorless oil. IR 
,*$;xr% cm 1: 3500. 1730. 1715, 1603, 1585. 1275, 1250. [a]$ 

- 83.6 (MeOH; c 1.5). 

Oxidation of la to 2a. To a stirred suspension of pyridinium 

chlorochromate (PCC) (580 mg, 2.70 mM) and powdered 

NaOAc (33 mg, 0.4mM) in 5 ml dry CH,Cl,. 400mg (1.35 mM) 

la dissolved in 6ml dry CH,Cl, was added in one step. After 1 hr. 
15 ml dry CH,Cl, was added and the supernatant was decanted 

from the black gum. The organic soln was passed through a short 

pad of Florisil, washed successively with dilute HCl, H,O and 

then dried (MgSO,). Removal of the solvent left 347 mg of a 

colorless oil, which was purified by prep. TLC (CHCI, -MeZCO, 
6: 1 J to give 295 mg 2a. Mp 98 . either alone or in mixture with 

natural 2a; [ali;” - 92” (CHCI,; c 1.15). The ‘H NMR, UV, IR 

and mass spectra were also identical with those of natural 2a. 
Tanacerol A (Za). Needles from &H,-EtOAc: mp 98”: [a];: 

-99” (CHCl,;c l.O);IR v~cm~‘:3510,3100,1720,1675,1250, 
1025, 950; UV khtHnm (loge): 218 (3.8); EIMS 70eV, m/z (rel. 

int.): 294 [Ml+ (4.73). 279 [M - 15]+ (2.3), 276 [M - 28]+ (4.7) 

234 [M 7 60]+ (89), 97 (100). 

Saponification of 2a. Compound 2a (100 mg) was saponified 

as described for la, giving 70 mg 2c as a TLC pure white powder; 

mp 114”; [a]$ - 121“ (MeOH; c 0.8); IR v$,gcm -‘: 34(X,3080, 

1650,1635,1035; UV A&n+ nm (log E): 220 (4.0); EIMS 70 eV, m/z 
(rel. int.): 252 [M] ’ (1.6), 237 [M - lS]+ (4.1). 234 [M - 18]+ 

(58), 97 (100). 
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