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Abatraet-The structure of ligustrin a constituent of Eupororium ligumimm DC. has been established as 

a sesquiterpene lactone of the guaiane series represented by formula Ia. 

RECENTLY, we have examined several collections of Eupatorium species in search of 
sesquiterpene lactones and we now wish to describe the chemical investigation of 
Eupatorium l@ustrinum DC. A Compositue distributed in the northern part of Veracruz. 

Chromatography of the ethanol extract of E. ligustrinum led to the isolation of a 
guaianolide which we propose to name ligustrin. The evidence cited below indicates 
that this sesquiterpene possesses structure Ia. 

Ligustrin (Ia; C1sH1s03) m.p. 135-137”, [a&, +56” contains a secondary OH 
group (IR band at 3580 cm-‘) which forms an acetate and is oxidized to a keto group. 
Ligustrin (Ia) possesses three double bonds one of them conjugated with a y-lactone 
function (IR band at 1765 cm- ‘) as demonstrated by the UV absorption at 208 rnp 

(E, 11,~). 
The exocyclicmethylene group was saturated by reduction with sodium borohydride 

or aluminium amalgam. The resulting dihydroderivative IIa had IR bands at 3550 
and 1775 cm- ‘. It had no high absorption in the region of 210 mp in the UV spectrum. 
The dihydroderivative Ha gave the acetate IIb. The NMR spectrum* of ligustrin 
(Ia) exhibited two low field doublets (J = 3.5 c/s) at 6.38 and 5.63 corresponding to 
the protons of the exocyclic methylene group conjugated with the lactone. A vinylic 
proton is responsible for a signal found at 5.63 superimposed on one of the doublets. 
A pair of singlets at 5-03 and 4.97 with apparent long range coupling are assigned 
to the exocyclic methylene group substituted at C-lo.? A pair of doublets (J = 8.5 c/s) 
partially superimposed, centred at 4.42 are attributed to the proton attached to the 
carbon bearing the ethereal oxygen of the lactone. The above pair of doublets is 
superimposed on a multiplet ascribed to the proton bonded to the carbon carrying 
the OH group. In the NMR spectra of Ib and IIb this multiplet is shifted downfield 
(at 5.57 and at 5.22, respectively) whereas the signal corresponding to the proton 
bonded to the carbon bearing the ethereal oxygen of the lactone remains stationary 
and is observed as a triplet (J = 10 c/s) characteristic in the guaianolide series of a 
lactone oriented at C-6. In the NMR spectrum of ligustrin (Ia) a vinylic Me group is 

l The NMR spectra were determinal by Mr. Eduardo Dlaz on a Varian A-6OA spectrometer, in CDC1, 
soln using TMS as internal reference. All chemical shifts are reported in ppm as 6 values. 

t The chemical shift of these signals is very similar to that of the singlets corresponding to the exocyclic 
methylene group substituted at C-10 of Zaluzamin C (see Ref. 3). 
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responsible for a slightly broadened doublet (J = 1 c/s) at 1.85 with apparent long 
range coupling. The NMR spectrum of dihydroligustrin IIa did not exhibit the low 
field doublets corresponding to the exocyclic methylene conjugated with the lactone. 
A doublet (J = 7 c/s) at 1.26 is assigned to a secondary Me group. Chromium trioxide 
oxidation of dihydroligustrin IIa gave a dehydro derivative (III). Its UV spectrum 
showed a maximum at 287 mu (E, 110) due to the transition n + x* of the P,r- 
unsaturated ketone. The latter is substituted in the 7-membered ring as shown by a 
CO band at 1715 cm-’ in the IR spectrum of dehydrodihydroligustrin (III). The 
NMR spectrum of the ketone III had the following signals : An unresolved multiplet 
(1H) at 559 and a complex signal (3H) which could be defined as a quadruplet (J = 2 
c/s) at l-87, both signals exhibit long range coupling (-CH=C-CH,), two quadru- 
plets (J = 1 c/s) at 5.23 and 5.07 showing also long range coupling (C-10 exocyclic 
methylene), a triplet at 4.14 (J = 10 c/s) (C-6 proton), a sharp signal at 3.30 (2H, 
C-9 hydrogens), a doublet (J = 7 c/s) at 1.24 (secondary Me group). 

Careful acid treatment of a benzene solution of 111 caused isomerization of the 
C-10 exocyclic double bond to endocyclic conjugation. The resulting a&unsaturated 
cycloheptanone IV had a strong W absorption at 239 mu (s, 11,300). IR bands at 
1775 cm- l (y-lactone) and at 1660 cm- ’ (cycloheptenone). The signals corresponding 
to the C-10 exocyclic methylene observed in the NMR spectrum of the ketone III 
are not present in the spectrum of IV. The latter exhibited a triplet (J = 1.5 c/s) 
at 6.01 ascribed to the vinylic proton at C-9. An unresolved multiplet at 5.61 corre- 
sponds to the vinylic hydrogen at C-3. Two vinylic Me groups are responsible for two 
signals partially superimposed which could be defined as a doublet (J = 1.5 c/s) 
at 2.00 and a triplet (J = 1 c/s) at 1.93. 

A more drastic acid treatment of the ketone III resulted in formation of the un- 
conjugated ketone V. It did not show high absorption in the UV spectrum. A 
carbonyl band at 1720 cm - ’ in the 1R spectrum of V corresponds to a cycloheptanone. 
The NMR spectrum of the ketone V showed only the vinylic proton substituted at 
C-3 as an unresolved multiplet at 5.52. A pair of doublets (J = 10 c/s) centered at 
4.47, a triplet (J = 6.5 c/s) at 3.78 and a multiplet (J = 7 c/s) at 2.66 are attributed to 
the C-6, C-7 and C-l 1 protons, respectively. A complex signal (6H) at 1.76 is assigned 
to two vinylic methyls. A secondary Me group is responsible for a doublet (J = 7 c/s) 
at 1.28. 

Hydrogenation of the ketone V afforded a tetrahydro derivative (VI). Its IR 
spectrum had bands at 1780 cm- ’ (y-lactone) and at 1710 cm- ’ (7-membered ketone). 
Three doublets at 1.26, 198 and 0.92 are found in the NMR spectrum of VI corre- 
sponding to three secondary Me groups. 

Chromium trioxide oxidation of ligustrin (Ia) confirmed the relative position of 
the OH group and the lactone in the 7-membered ring, already deduced from the 
transformations described above. It gave a cross conjugated ketone (VII ; La, 262 mu, 
E, 12,700). Its IR spectrum had bands at 1770 cm-’ (y-lactone), weak bands at 1665 
cm-’ (cycloheptenone),* at 1635 and 1615 cm-’ (C&C double bonds). The NMR 
spectrum of VII showed a quadruplet (J = 1 c/s) at 6.17 and an unresolved multiplet 
at 5.76 ascribed to the C-9 and C-3 vinylic protons. A pair of broad doublets 

l The cyclohtptanone bands very frequently are weaker than those corresponding to the y-lactone. 
This also occurs in the IR spectra of 111. IV. V and VI. 
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(J = 2 c/s) with apparent long range coupling centered at 5.13 is assigned to the C-6 
proton. Three vinyl Me groups are responsible for a doublet (J = 2 c/s) at 2.30, a 
doublet (J = 1 c/s) at 24)7 partially superimposed on a triplet (J = 1 c/s) at 2QO. 

Pyrolysis of ligustrin (Ia) in the presence of Pd-C permitted the establishment of the 
guaiane skeleton of Ia. This reaction gave chamazulene VIII characterized as its 
TNB adduct. 

We could obtain a further proofconceming the structure of ligustrin in the following 
way. Desulfurization of the cycloethylene thioketal of dehydrodihydroligustrin IX 
with Raney Ni occurred with simultaneous reduction of the exocyclic double bond 
since the crude product obtained from this reaction yielded a crystalline monoepoxide 
X on treatment with mchloroperbenzoic acid. This epoxide (X) was identified as 
tetrahydroestafiatin C obtained by catalytic hydrogenation of estafiatin (XI).’ 
Therefore the asymmetric centers of ligustrin at C-l, C-5, C-6 and C-7 possess the 
same orientation as in estaliatin (XI).2 Treatment of the epoxide X with BF,etherate 
afforded a ketone which proved to be identical with tetrahydroestafiatone XII 
(obtained also as a transformation product of zaluzanin C).’ This correlation permit 
to establish the stereochemistry of the C-5, C-6 and C-7 asymmetric centers of ligustrin 
as shown in formula la. 
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EXPERIMENTAL 
M.ps are uncorrected, Analyses by Dr. Franz Pas&r, Bonu, Germany. UV spectra: 95% EtOH solo, 

Be&mau DIC2 spectrophotometer. IR spectra: CHC& soIn, Perkiu-Ehua 21 doubk beam spectrophoto- 
meter. The ahimina used in the chromatograms was Alcoa F-#) (washed with A&Et). Rotations in CHCI, 
at 200. 

lsolotion c$ @us& (Ia). Etqwrdm &gwdnwn DC was cxdkted in October (1966) in Sierra de 
Chkonquiaco (Eatado de Veracruz)). The dried pIant (8.5 Kg) was extracted with EtOH (22 I.) for 16 hr 
under reflex. The extract was filtered, concentrated to 3 L and treated with a soil of kad acetate (8Og) 
iu water (3 I.), idt at room temB fiIt& diluted with water ad cxtfzxct~ twice wit& CHC&. T&c extract 
was evaporated to dryness and the residue dissolved in benzene was c~o~to~~ on alumina (1 Kg). 
The aystaIIiue fractions eIyted with benzene were combi& and recrystaIIi& from acetone-ether. This 
~eldadIa(2~1g),~p.l3$_137”;[a],+~o;;lacL~~;e,ll,scla;~ban&at3580cm~‘(OHgroup~ 
at 1765 an”” (r-Iactone) and at 1640 cm-’ (C==C doubk bondj. (Fouod: C, n97; y 736; 0, 1964. 
Cak for C15H1103: C, 73.14; I++ 7.37; 0,194s-o/,). 

f&&r& ace&re (Ib) Acetylation of Ia with Ac@-pyridi~ on the steam bath for 1 hr yielded Ib, m.p. 
106-107”; [ah +22”; L 207 mp; E, iOJo0; IR bands at 1765 cm-’ (y-lactoneA at 1740 an” (acetyl 
group), at 16x) and 1640 ~rn-~,fC&C double bonds). (Found: C, 7070; H, 671; 0, D63. Cak for 
C,,H,,O,: C, 71)81; H, 6%; 0,~204). 

CnhydtoI~IIaToaJolnofIa(400mg)inEtOH(100ml)wasaddexfAIamalgam(Zg)aMfthe 
mixture was heated under reflu for 13 hr. The solu was Wered, evaporated to dryness in aocucl and the 
residue crystaIIi& from aoetone-isopropyl ether. This yielded Ha (325 mg} mp. 163-W”; [aJo +92”; 
IR bands at 35x) cm-’ (OH group), at 1775 cm-’ (y-lactone) and at 1640 cm” (C=C doubk bond). 
(Found: C, 72*39;H, &21; 0,1932 Cak. for CllH2,,0J: G, 7255; H, 8.12; 0,19*33%). 

A soln of Ia (300 mg) in MeOH (15 ml) wan treated at 0” with NaBH, and stirred for 15”. &idified with 
AcOH and evaporated to dryness in vucuo. The residue dissolved in benzene was pas& on alumina (4 g) 
and ~8~ from a~~~propyl ether. This yiekkd Ifa (190 mg) m.p. 162-163”. 

~~~~~ UC&Z& (II& Acstyiation of IIa with AC@-pyridiue for 1 hr on the steam bath aftbrded 
IIb,m.p. 108*;[a], +15”;IRbandsat 1765cm-‘(y-Iactonehat 174Ocm-‘(acetylgroup)audat 164L5cm-’ 
~3=CdoubkbondfLOd:~7~l5~~7.74;0,22forC,,H,,O4:C;7032;Y7#;0,22000~ 

Chromfum rriorti oxidation ~2~~ (Ia). A soln of Ia (1% mg) in acetone (6 ml) was treated with 
8N CrO, at 5” until the persisteuce of au orange c&our. The soIn was diluted with AcOEt, washed with 
water, drkd and evaporated to dryness. Chromatography on aIumina (2 g) and crystaUization f&n acetone- 
hexane afforded VII 130 ms) m.p. 170-174”; A_ 201,262 mp; e, 15,900,12;700; IR bands at 1770 cm-’ 
(y-Iactone), at 1665 cm-l (cycIoheptenone), at 1635 aud at X615 cm” (G==C double bpnds) (Found: 
C, 73.76; H, 668; 0.1960, Cak. for C,,HlsO,: C, 73.75; H, MO; 0,19%5Y& 

Dehydrdhy&d~ (III). A soln of IIa (325 mg) iu acetone (Zo mI) was treated with 8N 00, at 5”. 
Chromatography on alumina [4 g) and crystaIIization tram acetona-hexane yiehied III (180 mg) m.p. 
115-11%“;[ajr, +80”;,%_287nqqs, 1lO;IRbandsat 178Ocm-“(y-Iactone),at 1715cm”(cycIohe@anoue) 
and at 1645an- * (G=CdoubIc bonds). (Found: C, 7293; H, 7.39; 0,2006. Cak. for C,,H*,O,: C, 73-14; 
H, 7.37; 0,1949’Q 

Isomerizuzfo* ofketone III. A soh of III (90 mg) in W (6 ml) was treated with ptolueuesulfonic acid 
(40 mgf and heated under re&x for 30 min. The soln was diluted with A&Et, washed with aq NaHCO,, 
dried over Na&O‘ and evaporataI to dryness. The residue ~~ from ether-isopropyl e&r. This 
yiekkd IV (40 mg) mp. 125-127”; [aID - 164”; L 204,239 m)r; e, 60OO,fl,MO; IR bands at 1775 cm-’ 
(y-Iactoneh at 1660 cm”’ (cycloheptcnone) and at 1620 cm-t (G=C doubk bonds). (Found: C, 7306; 
H, 746; 0,19+40. Cak. for CIsH,sO,: C, 73.14; H, 737; O,194po/,). 

~IZ&MIZ ~&hy~~~~~i~ (III) with IfCf. A soIu of III (100 m& in MeOH (8 mI) was treat@ 
with cone HCI (@8 ml), heated under refhrx for 1 hr, concentrated in uucuo, diluted with water and extractad 
with AcOEt. The organic laya ~89 washed with NaHCOsaq, dried over Nn,SO, and evaporated to 
dryntss, The residue was passed throw siIka geI and uysta&zai from acetone-&xanc This yielded V 
(45 rng) m.p. 218-220’; [ah, +222”; L 207 w; t: 5100; IR bands at 1780 cm-’ f7-Iactone) and at 1720 
cm-’ ~~~oh~~onc~ (Found: C, 73.20; H, 7.40; 0, 19.38. Calc. for C$,H,sOs: C, 73.14; H, 7.37; 
0,19*4Y/& 

~eh~~~~~l~ VI. A sob of V (130 mg) in A&Et (20 ml) was hydrogenated in the presence 
of 5% Pd-C (4U mg) until the absorption of H, ceased. The sob was f&red and evaporated to dryue~. 
Sublimation under high vacuum of the residue yielded t&e analytical sample (40 mg) m.p. 175”; [a&, + 180”; 
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IRbaMLsat1780~~*fy-lactone)Pndat1710nn”(cycloheptanone).~ouod:C,71~7l;H,~91;0,19~43. 
talc. for C,&,,O,: c, 7197; H, 8.86; 0,1917%). 

Arom&&aiion ~l@srrin (Ia). A mixture of Ia (480 ml& nujol(4 ml) and 5% Pd-C (750 mg) was heated 
to 300“ for 15 ruin, cooled, diluted with hexauc fiiemd and chromatograpbed on alumina (30 g& The blue 
fraction was evaporated to drpm amf the axulcnc purified through the HSPOl adduct. The latter was 
dccomposal with ice-water and extracted with hexanc. Tbc organic soln was evaporatai to dryness and 
the residue converted to the TNB adduct. Crystallixation from h&OH gave the TNB adduct of chamaxulenc 
(15 msf m.p. 128-129”. ldcntilkd with an authentic specimen by the standard methods. 

Cycioethylene thioketd of dehydm&h~ol~ (IX) A soln of III (550 mg) in ethancdithiol(1 ml) 
aud BF,-ctheratc (1 ml) wax left at room temp for 2 hr and diluted with AcOEt The organic soln was 
washed with NaHCOxaq, water, dried over Na,SO, aud evaporated to dryness. Crystallixation of the 
residue fram acetone-bcxanc yielded IX (380 mg) m.p. 138-140”; [a&, +58”; IR bands at 1760 cm-’ 
(y-lactonc) and at 1635 cm-t (eSc double bonds) (Found: C, 63-43; H, 695; 0,lQol; S, 19.71. Calc. for 
C,,H,,O$,: C, 63.34; H, 6.88; 0,992; S, 19-85x). 

Epoxfde X A soln of IX (350 mg) in EtOH (80 ml) was treated with Ni-Ra (4 g), heated under reflux for 
6 hr. l&red and the solu evaporated to dryncsa, The residue was dissolved in CHQ, (15 ml),350 mg of 
m-chloropcrbcuxoic acid was added and the mixture heated under r&x for 2 hr, washed with NaHC03 aq 
and evaporated to dryuws The residue was dissolved in hcxanc and chromatographal on alumina (6 g). 
The crystalline fractions WM: combined and rccrystalkd from ether-hexane. This yielded (70 mg) m.p. 
139-140” un@r~& on admixture with the tct~y~~~~ lap. 144-146Q.s The IR spectra were 
superimposirblc. 

7keubruuu 4th egoxide X with BFS. A soln of X (60 mg) in bcrucnc (6 ml} wax treated with BF,-ethcratc 
(05 ml) Ielk for 1 hr at room tcmp and diluted with AcOEt The organic layer was washed with NaHCOl aq, 
dried over Na,SO, aud evaporated to dryness, Crystalliition of the residue from acctone-hexanc yielded 
XII f40 mg) mp. 197-200” undcpresxed on admixture with te~ydr~tone.2 The IR spectra were 
superimposable. 

Rckwwledgawnr-We arc grateful to Mr. H, Qucro of the institute de Biologia (UNAM) for the cuIkction 
and idcntihtion of E:ligwWmm Voucher Q-7, Hcrbario National de la UNAM (MEXU). 
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