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Abst ract  - - L i g u s t i l i d e  (1). r i l i g u s t i l  i d e  (2). 2-6.6',7.3a'-diligustilide (z), 
i s o v a n i l l i n  and 4-hydroxy-3-methoxycinnamic acid,  were i s o l a t e d  from the  roo ts  

o f  L iqust icum porteri C. & R. ( fami ly  Umbel l i ferae; common name: chuchupate), which 

a re  used i n  t r a d i t i o n a l  medicine. The chemical cha rac te r i za t i on  o f  3.8-dihydro de- 

r i v a t i v e  of 1 @),allowed the  s t r u c t u r a l  reassignment of a  cons t i t uen t  p rev ious ly  

i s o l a t e d  from L. w a l l i c h i i .  

Several p lan ts  belonging t o  the  genus L iqust icum (Umbel l i fe rae)  a re  used i n  t r a d i t i o n a l  medicine!.' 

I n  p a r t i c u l a r ,  t he  roots tocks rhizomes of .. w a l l i c h i i  a re  used i n  As ia  fo r  t h e  preparat ion o f  a  

h o t  water e x t r a c t  having haemdynamic and analgesic e f fec ts .  Phtha l ides have been i s o l a t e d  as the 

main cons t i t uen ts  from t h i s  p l a n t .  

L. porteri Coul ter  & Rose (Tarahumara name: wasia; Mexican name: chuchupate; American Ind ian  and - 

Spanish American name: o s h i )  i s  w e l l  known as t r a d i t i o n a l  medicine i n  Mexican c o m n u n i t i e ~ . ~  Among 

var ious e thn ic  groups of Mexico and the  ad jacent  Uni ted States, t he  r o o t s  a r e  prepared as an i n f u -  

s ion which i s  drunk t o  t r e a t  g a s t r o i n t e s t i n a l  a i lments  and headaches and as a  p o u l t i c e  which i s  

app l i ed  t o  t h e  body t o  a l l e v i a t e  var ious pains. Teas and t i n c t u r e s  a re  consumed as remedies f o r  

b ronch i t i s ,  pneumonia, tubercu los is ,  colds, coughs and sore th roa ts .  As p a r t  of our  c o l l a b o r a t i v e  

s tud ies  on use fu l  Mexican p lan ts  o f  t he  Umbel l i ferae,6 we have inves t iga ted  the  chemistry o f  L.- 
t e r i ,  a  p l a n t  whose na tu ra l  d i s t r i b u t i o n  i s  l i m i t e d  t o  t h e  pine-oak f o r e s t s  o f  t h e  Northern S i e r r a  - 
Madre Occidental ,  Mexico. 

The roo ts tocks  o f  L. p o r t e r i  were obta ined from Market i n  Chihuahua C i t y ,  Chihuahua, Mexico,' a i r  

d r i e d  and exhaust ive ly  ex t rac ted  w i t h  fl-hexane, ch loroform and ethanol .  Pre l iminary  comparative 

chromatographic ana lys i s  i nd i ca ted  t h a t  the  chloroform e x t r a c t  contained t h e  major organic  cons t i -  

tuents  o f  t he  p l a n t  m a t e r i a l ,  and t h i s  res idue was chromatographed on an open column o f  s i l i c a  gel  



( 4  x  120 cm) using increas ing concent ra t ions o f  e t h y l  acetate  i n  n-hexane as so lvent  system. The 

residues were handled a t  low temperatures, pro tected from l i g h t  and under Argon atmosphere. The 

appropr ia te  f r a c t i o n s  were f u r t h e r  p u r i f i e d  by succesive column chromatography and by Prep-TLC. 

The major metabol i te ,  ( i s o l a t e d  i n  0.31% y i e l d  o f  t he  d r y  weight of t h e  r o o t ) ,  was analysed f o r  

CI,H~VOZ by mass spectra and elemental ana lys i s .  The compound lacked s p e c i f i c  r o t a t i o n  and was 

recognized t o  be i d e n t i c a l  t o  2 - l i g u s t i l i d e  (1) by d i r e c t  comparison.' 

Compound 2, ( i s o l a t e d  i n  0.03% y i e l d  o f  t he  d r y  weight of t h e  roo t ) ,  was dimer of 1 as determined 

by both mass spectrometry and 13C NMR methods, and showed i d e n t i c a l  spectroscopic p roper t i es  t o  

those recen t l y  repor ted f o r  r i l i g u ~ t i l i d e . ~  The absence o f  o p t i c a l  a c t i v i t y  as we l l  as the  centro- 

symnetric c r y s t a l  s t r u c t u r e  found by X-ray analysis" gave d e f i n d t i v e  evidence o f  t he  presence of 

both  enantiomers. C a t a l y t i c  hydrogenation o f  2 (H,, Pd-C lo%, EtOAc, 3  h rs . )  a f fo rded  a mix ture 

o f  two compounds which were separated by Prep-TLC (fi-hexane:acetone, 7:3, two developments). The 

more mobi le compound i s  the  6.7,3',8'-tetrahydro d e r i v a t i v e  3." s ince t h e  v i n y l i c  s igna ls  i n  the  

'H I4MR spectrum were absent and appeared add i t i ona l  s igna ls  between 6 2.10-1.30. A t  6 4.85 reso- 

nates the  proton geminal t o  t h e  l a c t o n i c  c losure (H-3') and the  broad double t  (J = 6 Hz) cent red a t  

s 3.33 corresponded t o  H-7'. The conf igurat ion o f  C-3' o f  3 was estab l ished as 3 ' 1  according t o  

the  a c c e s i b i l i t y  f o r  hydrogen from the  fi face a t  t h i s  cent re  of t he  molecule 2. The less  mobi le 

product,  4, had the  same MW as 2 and showed i n  the  'H NMR spectrum complex 4H- s igna ls  a t  6 7.85- 

7.35, i n d i c a t i n g  t h e  presence o f  aromatic protons. On the  o the r  hand, the  complex s igna l  centred 

a t  6 4.83 belongs t o  the  proton geminal t o  t h e  e therea l  oxygen o f  t h e  y l a c t o n e  r i n g  (H-3 ' ) .  This 

c l e a r l y  demonstrates the  presence o f  a  4.5-dehydro-3',8'-dihydro d e r i v a t i v e  of 2.13 The 1 configu- 

r a t i o n  a t  C-3' of 4 was estab l ished fo r  the  same reason descr ibed above f o r  the  stereochemistry of 

3. These r e s u l t s  were analogous t o  those obta ined fo r  the  reduct ion o f  angeol ide (2), '* and were - 
a t t r i b u t e d  t o  the  h i g h  degree of s t e r i c  sh ie ld ing  of t he  s p i r o  l ac tone  system present i n  both  com- 

pounds 2 and 5. 
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The na tu ra l  product 1 (0.03% y i e l d ) ,  mp 123'C, was a lso  a d imer ic  p h t h a l i c  lactone, as demonstra- 

ted  by mass spectrometry and ''C NMR. The spectroscopic data are cons is tent  w i t h  those publ ished 

fo r  1,L-6.6',7.3a'-diligustilide 6, a D ie ls  A lder  adduct o f  2 - l i g u s t i l i d e  (1) i s o l a t e d  previous- 

l y . =  D i r e c t  comparison o f  the substances from L. w a l l i c h i i  and L. p o r t e r i  k i n d l y  provided by Pro- 

fessor Kaouadji, c o n f i n e d  t h e i r  i d e n t i t y  of both. The already publ ished formula 6,9,'5 does not  

c l e a r l y  show the stereochemistry a t  C6' and C3a'. However, the i d e n t i t y  o f  1 w i t h  l e v i s t o l i d e  A 

i s o l a t e d  from Levist icum o f f i c i n a l e  ( l e v i s t o l i d e  A)16 suggests tine endo ( ra the r  than s) or ien ta -  

t i o n  o f  the  Die ls-Alder  adduct, as depicted i n  f o n u l a  1. 

F ina l  proof f o r  the  s t ruc tu re  and. stereochemistry of 2.2'-6.6',7.3a'-diligustilide 1, was obtained 

by s i n g l e  X-ray d i f f rac t ion .  The absence of o p t i c a l  a c t i v i t y  i nd ica ted  the  presence of racemic 

compound. F igure 1 i s  a computer perspect ive drawing of an enantiomer o f  7.17 



Figure 1. 

Computer - generated 

pespect ive drawing of 2 

Hydrogenation of a s o l u t i o n  of Z i n  e t h y l  acetate  over 10% Pd-C fo r  24 h, gave a m ix tu re  o f  two 

products which were separated three t imes by Prep-TLC, e l u t i n g  w i t h  o-hexane-acetone, 7:3, 7:3 and 

4:1, respect ive ly .  The minor (10% y i e l d )  and more p o l a r  compound i s  t h e  3,8,7',7a)-tetrahydro de- 

r i v a t i v e  4,20 s ince the  s igna ls  of t he  v i n y l i c  protons H-7 and H-8 disappeared and the  proton gemi- 

na l  t o  the  7- lactone resonates a t  6 4.52 (H-3, wllz = 12 Hz). The I R  absorpt ions a t  1792 and 1753 

cm-' gave evidence fo r  an e n o l i c  v- lactone and an o,B-unsaturated 7-lactone, respec t i ve l y ,  inagree-  

ment w i t h  formula 4. The 5 conf igurat ion a t  C-3 and R a t  C-7a' were es tab l i shed  according t o  the  

less  h indred approach of hydrogen t o  the  C-3 re and C-7a' faces of t h e  depic ted enantiomer o f  2. 

The major (70% y i e l d )  and l e s s  p o l a r  compound, 9,'' showed t h e  s igna ls  f o r  H-7' a t  6 7.29 and H-8' 

a t  6 4.54. The sa tu ra t i on  of t he  C3-C8 double bond ( i ns tead  of C3'-C8') was conf irmed by the  d i s -  

appearance o f  t h e  UV absorpt ion a t  273 nm, due t o  the  a,~,y,6-unsaturated carbonyl chromophore. The 

h igh s t e r i c  sh ie ld ing  around t h e  C3'-C8' double bond does n o t  a l l ow  i t s  s a t u r a t i o n  under these reac- 

t i o n  condi t ions.  

The s t r u c t u r e  9 (w i thout  t h e  stereochemistry a t  C-3) was r e c e n t l y  assigned as L'-3,8-dihydro-6.6', 

7 .3a ' -d i l i gus t i l i de ,  an o i l y  d imer ic  ph tha l i de  d e r i v a t i v e  i s o l a t e d  from L. ~ a l l i c h i i . ~  However, t o  

our  surpr ise,  i n  a d d i t i o n  t o  t h e  d i f f e rences  i n  phys ica l  states, comparison o f  spectroscopic data 

showed q u i t e  d i f f e ren t  values and c l e a r l y  i n d i c a t e  t h a t  our d ihydro d e r i v a t i v e  9 and the  na tu ra l  

product o f  t he  French workers a re  d i f f e r e n t  compounds. I n  p a r t i c u l a r ,  t h e  proposed assignments f o r  
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H-3 (6 5.11) and H-8' (6 5.18)' were a t  low f i e l d  w i t h  respect ours (H-3: 6 4.54; H-8': 6 4.96).21 

Furthermore, the reported hmax a t  273 nm (due t o  a conjugated dienone chromophore) i s  no t  consis- 

t e n t  w i t h  formula 9,  and therefore the proposed s t ruc tu re  f o r  the natura l  product i s  i n  e r ro r .  

Analysis o f  the publ ished datag l e d  t o  the deduction t h a t  the  cons t i tuen t  from L. w a l l i c h i i  i s  

(3'R)-1-3',8'-dihydro-6.6',7.3a'-diligustilide 10, since t h i s  s t ruc tu re  i s  i n  accord w i th  (a) hmax 

a t  273 nm, (b) the s ignal  a t  6 5.18 corresponds t o  H-8, consis tent  w i t h  a 6 proton o f  a  conjugated 

dienone, (c )  the signal a t  6  5.11 i s  assigned t o  H-3' and the  conf igurat ion a t  C-3 i n  the depicted 

enantiomer i s  R, since H-3 i s  deshielded by the carbonyl group a t  C-1,  and (d)  the diamagnetic 

s h i f t  o f  H-7 o f  9 ( 6  3.02) w i t h  respect t o  t h a t  of 1 (6 3.27) i s  a lso  i n  agreement w i t h  the Satu- 

r a t i o n  o f  the C3'-C8' double bond. Therefore, s t ruc tu re  10 i s  the natura l  product from L. w a l l i -  

F i n a l l y ,  from the more po la r  e luates o f  the main column chromatography traces o f  i s o v a n i l l i n  and 4- 

hydroxy-3-methoxycinnamic ac id  were i so la ted  and i d e n t i f i e d  by d i r e c t  comparison w i t h  authent ic  

samples. 

An extremely i n t e r e s t i n g  feature o f  the  dimeric phthal ides i s o l a t e d  from t h i s  group o f  p lants  i s  

t h a t  they are found as racemic mixtures." 

The pharmacological proper t ies of the  compounds i s o l a t e d  from L. p o r t e r i  a re  being studied under 

the auspices of the In te rna t iona l  Organization o f  Chemistry f o r  Development (IOCD). I n  order t o  

meet the increasing demand f o r  t h i s  medicinal herb, a b i o l o g i c a l  study funded by the Agency f o r  

In te rna t iona l  Development (AID) o f  the United States has begun c u l t i v a t i n g  t h i s  p l a n t  which i s  

threatened w i t h  l o c a l  e x t i n c t i o n  due t o  overco l lec t ing  f o r  commercial medicine purposes. 
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+ 
r e l .  i n t e n s i t y ) ;  384 (M , loo ) ,  356 (37). 327 (38). 189 (32), 187 (31), 163 (811, 107 (47). 

105 (32), 91  (61). 83 (42). 79 (66), 77 (46). 55 (79). 41 (42). 

(&lo)-&-(35, 65, 75)-3,O-Dihydro-6.6',7.3a'-Diligustilide 9: Mp. 123°C ( f rom EtOAc); hmaX 

(MeOH) = 202 nm ( E  11479); IR  (CHCla) cm-l: 2959, 2933, 2872, 1754, 1710, 1666; 'H NMR 

(80 MHz, CDC1,): 6 7.29 ( lH, b r  4, J 7 1 - 6 1  = 7 HZ, H-7') .  4.96 ( lH, t. J = 8 HZ, H-a'), 4.54 

(IH, m, W1/, = 12 Hz, H-3), 3.18 (lH, b r j ,  J = 9 Hz, H-7). 2.96 (IH, m, J = 6.5, 2.5, 2.5 

+ 
Hz, H-6'); EIMS (70 eV, r e l .  i n t e n s i t y ) :  382 (M , 2.9). 193 (51), 190 ( l oo ) ,  161 (45),  148 

(54),  107 (25),  105 (28),  91 (25), 79 (24),  77 (20), 55 (51), 41 (28). 

W a l l i c h i l i d e  (111, a product t h a t  may be der ived by methanol is is  o f  I ,  has been repor ted  as a 

na tu ra l  product f rom a Japanese c o l l e c t i o n  of L .  w a l l i c h i i :  W. Pushan, G. Xuanling, W. Y i -  

xiong, Y .  Fukuyama, I. Miura and M. Sugawara, Phytochemistr l ,  1984, 21, 2033. 

Di terpenoid  compounds from both ant ipodal  stereochemical se r ies  have been detected w i t h i n  a 

S ing le  species, e.g.: D. E. U. Ekong and J. 1. Okugun, Chem. Comnun., 1967, 72. 

R e c e i v e d ,  2 5 t h  December ,  1985 


