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Abstract--The investigation of Montanoa frutescens afforded a new sesquiterpene lactone of the germacrolide type, 
montafrusin, besides the known diterpenes kaurenic acid and its 15e-isovalerate. 

INTRODUCTION 

Montanoa frutescens and M. tomentosa (Compositae, 
Heliantheae) are Mexican plants commonly known as 
'zoapatles'. Previous studies of Montanoa tomentosa have 
shown the presence of several diterpenoid compounds 
[1] and a sesquiterpene lactone [2]. 

R E S U L T S  AND D I S C U S S I O N  

Recently we have undertaken the study of Montanoa 
frutescens and have isolated kaurenic acid and its 
corresponding 15ct-isovalerate, and a new sesquiterpene 
lactone of the germacrolide type which we named 
montafrusin (la). The proposed structure and stereo- 
chemistry of l a  were established by spectroscopic 
methods; Montafrusin (la) C2oH2606, mp 184-6 ° 
showed IR absorptions at 3540 and 3450 cm- 1 ;.ndicating 
the presence of OH groups. An absorption at 1765 
cm- 1 was typical of ct,fl-unsaturated ;~-lactones, a band at 
1710cm -~ corresponded to an ~,fl-unsaturated ester 
and one at 1650 cm- ~ to double bonds. The MS showed 
a molecular ion at m/e 362 (C2oH2606) and other 

spectral peaks at 344 (M + -18), 262 (M + -100), 
244 (M* -118) as well as the strongest peaks at m/e 83 
(100%) and 55 which suggested the presence of a five- 
carbon ester side chain, which must be an angelate 
group on the basis of the vinyl proton signal appearing 
at 6.1 ppm in the XH NMR spectrum [3, 4]. 

The XH NMR spectrum (Table 1) of l a  exhibited 
doublets of doublets typical of the lactonic exocyclic 
methylene with absorptions at 6 6.09 (4j = 3.8, 2j = 1) 
and 5.64 (4j = 3.5, 2j = 1), the large allylic coupling 
constant suggesting a trans-fused lactone ring [5, 6]. 
A doublet of doublets at 4.19 (J = 10, J = 4) which was 
assigned to H-9, collapsed to a doublet (d = 10) upon 
D20 addition. All other proton assignments were 
determined by spin-spin decoupling experiments. The 
doublet of doublets at 4.54 (J = 10, J = 3) was assigned 
to H-8 since irradiation of this signal affected H-9. The 
overlapping signals at 4.8-5.05 were assigned to H-2 
and H-5, the signal being affected by irradiations of the 
absorptions centred at 5.6 (H-l) and the doublet of 
doublets at 5.33 (H-6). The latter resonances were 
assigned to H-1 and H-6, respectively, on the basis that 
irradiation at the centre of ~5 5.6 sharpened the C-10 
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Table 1. ~H NMR data* of montafrusin (la). montafrusin 
diacetate Ilb) and Cope rearrangement product t31 

l a  lh  3 

H-I 5.6? 5.77+ 4.42 d17.51 
H-2 4.92 brt (8) + 6.99 d (7.5) 
H-3a 2.72 dd (13, 81 2.78dd(14,7) 5.11 t (1.5) 
H-3b 2.36 brd (13) 2.33 dd (14, 2) 4.82 br 
H-5 4.95 brd (l l) 4.9 brd(lO) 2.95 d (11.5) 
H-6 5.33dd(10,8) 5.33 dd (10, 8.5) 4.26 dd II 1.51 
H-7 2.75 m 2.69 m 3.02 m 
H-8 4.54 dd (10.3t 4.78 dd 110.31 5.51 dd t7.61,} 
H-9 4.t9 dd (10.4)~ 534 d (10) 5.61 d (7) 
H-13 6.09 d (3.81 6.23 d (3.8) 6.11 d(3) 
H-IT 5.64,/(3.5) 5.61 d13.5) 5.43 d(31 
H-14 1.9 s 1.87 ~ 1.36 s 
H-15 1.8 br 1.87 s 1.86 br 
H-3' 6.1 brq 6.1 brq 6.18 brq 
H-4' 1.9 2.0 m 1.9 2.1 m 2.01 m 
H-5' 1.9 2.0m 1.9 2.1 m 1.86rn 
Ac 2.03, 2.11 s 1.94, 2.2 s 

*Run at I00 MHz in CDCI~ with TMS as internal standard. 
la was run in acctone-d~. Values are in ppm (0i. Values in 
parentheses are coupling constants m Hz. 

tSignal obscured. 
~Changes to a sharp doublet (J = 101 on DzO exchange. 
§No first order pattern. 

vinylic methyl  absorp t ion  at  1.8 and  i r radia t ion  at 5.33 
affected the H-7 signal at 2.8. Conversely, i r radia t ion at  
2.8 (which affects one of H-3 signals) collapsed the 
exocyclic methylene  p ro ton  signals to singlets and the 
H-6 and H-8 signals at 5.33 and  4.54, respectively, to 
b road  double ts  (J = 10), the over lapping  H-2 signals at 
4.92 also being affected by this i r radiat ion.  It  is interest ing 
to point  out  tha t  i r radia t ion  at  4.91 (H-2 and  H-5) 
no t  only affected the H-3, H-1 and  H-6 signals but  also 
the C-10 methyl  absorp t ion  which appeared  as a doublet  
(J = 1.5) indica t ing  a long range coupl ing between H-2 
and  the C-10 methyl  group. 

According to the above  data,  montaf rus in  could be 
represented by either l a  or 2 exclusive ofs tereochemist ry ,  
which would be the 2 -OH isomer of the s t ructure  re- 
por ted  for tomentos in  [2]. Acetylat ion of montaf rus in  
( la)  afforded the diacetate  l b  with IR absorp t ions  at 
1775, 1735, 1720, 1650 and  1600cm -~. The ~H N M R  
spectrum displayed two sharp  acetate methyl signals at 
62.03 and 2.11 and  a downfield absorp t ion  at  5.14. 

Montaf rus in  showed a C D  curve typical of a C-6 
trans-fused 7-1actone in accord with the S t6ck l in -  
Wadde l l -Ge i s sman  rule [7]. A negative Cot ton  effect 
was observed at 262 n m  cor responding  to the n - *  rr* 
t rans i t ion  of the unsa tu ra ted  7-1actone, besides a s t rong 
posit ive band  at 214 n m  due to the rc ~ 7r* t rans i t ion of 
the trans annular -cross  conjugated double  bonds.  

Final  conf i rmat ion  of the s t ructure  of l a  was achieved 
by ob ta in ing  the Cope  rea r rangement  product  3 by 
pyrolysis of the diacetate  lb. The ~H N M R  spectrum of 
the enol-aceta te  3, exhibi ted the H-5 signal as a doublet  
at  6 2.95 (J = 11.5) and  the H-6 signal as a double t  of 
double ts  at 4.26 (J = 11.5, J = 11.5) indicat ing the 
trans diaxial re la t ionship  between H-5 and  H-6 which 
indicates  a trans-fused lactone ring, since H-7 and  H-5 
are generally ~ in germacrol ide-der ived elemanolides.  
These  chemical  shift values and  coupl ing cons tants  for 
H-5 and  H-6 are similar to those reported for the Cope 

r ea r r angemen t  products  o fch ihuahu in  [8] and  eupaserr in  
acetates [9]. The ~H N M R  spectrum also exhibited a 
th ree-pro ton  singlet at  ~ 1.36 and two vinyl p ro ton  signals 
at 5.11 and 4.82. The H-1 and H-2 signals appeared as an 
AX pat tern  at 6.99 and 4,42 tJ  - 7.51 indicat ing a cis 
re la t ionship of the enol-acetate.  This result placed the 
second hydroxyl group of the molecule at C-2 and 
assigned the / / -conf igura t ion  of this Ot-1 group in l a  [10]. 
The H-8 and  H-9 p ro ton  signals represented the AB part  
of an ABX pat tern  with the H-9 signals appear ing  as a 
double t  centred at 5.61 (J = 7) and H-8 at 5.51 as a 
double t  of doublets  (J = 7, J = 6). 

Concern ing  the s tereochemistry at C-8 and C-9, the 
large coupl ing cons tan t  IJ = 101, observed between H-8 
and  H-9 in l a  suggested a diaxial relat ionship between 
these protons  placing H-8 /S-axial and H-9 ~-axial. 
Fur thermore ,  the assigned H-8 stereochemistry is in 
accord with the observed splitting( ~ 1 Hz) of the exocyclic 
methylene double t  signals, due to the geminal coupl ing in 
~,/S,-unsaturated C-6 7-1actones with ei ther a C-8 
~-OH or ester side chain [11]. 

The upfield chemical  shift of H-8 requires a comment .  
The al ternat ive possibility of a C-8 lactone could explain 
the upfield chemical  shift of H-8. The negative Cot ton  
effect observed in the CD spectrum al 262 nm is predicted 
either for a C-6 trans-fused 7-1actone or a C-8 cis-fused 
7-1actone [7], but  the later case would not  be in agree- 
ment  with Samek's  rule [5, 6], since the 4 j  values observed 
for the exocyclic methylene signals in montafi-usin are 
3.8 and  3.5 Hz. According to these facts and  the Cope 
rea r rangement  product  3, monlafrus in  must be a C-6 
trans-fused 7-1actone. In an a t tempt  to interpret  the 
upfield chemical  shift of H-8, we have observed that  in 
C-6 trans-fused germacrol ides  with :~ C-8 ester a t tach-  
ments,  tulipinolide, tulipinolide diepoxi [12], ch ihuahu in  
[8], lanuginolide 11,13 dehydro  [13], the /S H-8 (axial) 
signal has a higher chemical  shift (~4.5-5.2) than the 
~H-8 (equatorial) signal in germacrol ides  with /S C-8 
ester a t tachments ,  epitulipinolide [12], eupator iopicr in  
[14], eupasserr in [9], lipiferolide [15], epitulipinolide- 
diepoxi [15], costunolide 8[~' angeloxy, 3/s-9-~-dihydroxy 
[16], which are always further downfield ((~ 5.7 5.9) 
due to the equator ia l  posi t ion and the deshielding effect 
of the A TM ~3 bond.  On the other  hand,  C-6 1tans-fused 
7-1actones with a C-8/S side chain ester normal ly  have a 
small  J r .  s ( ~< 1 Hz) and  C-6 trans-fused 7-1actones with a 
C-8 ~ side chain ester have a large Jv.~ (7- 9 Hz). However,  
the J7,8 (3 Hz) observed for montaf rus in  lies between 
both  values, indicat ing that  a certain torsion of the 
dihedral  angle H - C < C s - H  allowing a value near 120  
might  exist, and  could be due to the combined  influence 
of the A ~ '~3  bond  and the C-8 ~ angeloxy function. 
Based on all these facts we propose l a  as the more  likely 
s t ructure  for montafrusin.  

EXPERIMENTAL 

Isolation Of monta[rusin (I a). Al(,ttanoa [?utesccns (Mairet) 
Hemsl. was collected m Morclos, Mi-xico. 60 km S of M6xico 
City on 1 November 1976. A voucher is deposited at the lnstituto 
de Biologia (UNAM), Mdxico, 

A 3 kg sample of the leaves, flowers and stems was extracted 
first with petrol, then with CHCI 3, and the resultant extracts 
chromatographed on a Si gel column. From the chromatography 
of the petrol extract caryophyllene, taraxasterol acetate, kau- 
renic acid and its corresponding 15~-isovalerate were isolated. 
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From the chromatography of the CHC13 extract in the fractions 
eluted with EtOAc,~a dark brown syrup was obtained which 
crystallized upon addition of CHCIy Montafrusin was re- 
crystallized from EtOAc-CHCI3, mp 184-6 °. UV 2~ t°H: 213 nm 
(e = 23650); IR v~]~ cm-~: 3540, 3450, 1765, 1710, 1650; CD 
(MeOH): 262 nm ([0] - 2093), 214 nm ([0] + 14953); MS re~e: 
362 (M+), 344 (M + - H20), 262 (M + - CaHTCOOH), 244 
(M + -- H2OC4HvCOOH), 83 (C5H70), 55 (C4H7). 

Montafrusin acetate (lb). A 30 mg sample of la, 2 ml Ac20 
and 0.5 ml Py were combined and left overnight at room temp. 
The resultant residue, after removing the excess of Ac20 and Py 
under high vacuum, was purified by TLC (CHCla-Me2CO, 9:1) 
yielding the oily diacetate. UV 2Era t°n 213 nm (e = 14200); IR 
v ~  cm- l :  1775, 1735, 1720, 1650, 1600. 

Pyrolysis of lb. Montafrusin diacetate (lb) (25 mg) was heated 
for 10 rain under high vacuum at 200 ° in a sublimation tube, to 
give a colourless oil. The 1H NMR spectrum indicated the 
presence of one major component which was in accord with 
structure 3 (Table 1). IR Vfmila~Cm-~: 1775, 1755, 1720, 1675, 
1650. 
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