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Abstract - Z-Ligustilide (1), riligustilide (2}, Z-6.6',7.3a'-diligustilide (7),
isovanillin and 4-hydroxy-3-methoxycinnamic acid, were isolated from the roots

of Ligusticum porteri C. & R. (family Umbelliferae; common name: chuchupate), which

are used in traditional medicine. The chemical characterization of 3,8-dihydro de-

rivative of 7 (9), allowed the structural reassignment of a constituent previously

isolated from L. wallichii.

Several plants belonging to the genus Ligusticum {Umbelliferae} are used in traditional medicine*
In particular, the rootstocks rhizomes of L. wallichii are used in Asia for the preparation of a
hot water extract having haemodynamic and analgesic effects. Phthalides have been isolated as the
main constituents from this plant.

L. porteri Coulter & Rose (Tarahumara name: wasia; Mexican name: chuchupate; American Indian and
Spanish American name: oshd) is well known as traditional medicine in Mexican communities.® Among
various ethnic groups of Mexico and the adjacent United States, the rcots are prepared as an infu-
sion which is drunk to treat gastrointestinal ailments and headaches and as a poultice which is
applied to the body to alleviate various pains. Teas and tinctures are consumed as remedies for
bronchitis, pneumonia, tuberculosis, colds, coughs and sore throats. As part of our collaborative
studies on useful Mexican plants of the Umbelliferae,® we have investigated the chemistry of L. por-
teri, a plant whose natural distribution is 1imited to the pine-oak forests of the Northern Sierra
Madre Occidental, Mexico.

The rootstocks of L. porteri were obtained from Market in Chihuahua City, Chihuahua, Mexico,’? air
dried and exhaustively extracted with n-hexane, chloroform and ethanol. Preliminary comparative
chromatographic analysis indicated that the chloroform extract contained the major organic consti-

tuents of the plant material, and this residue was chromatographed on an open column of silica gel
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{4 x 120 cm) using increasing concentrations of ethyl acetate in n-hexane as solvent system. The
residues were handled at Jow temperatures, protected from light and under Argon atmosphere. The
appropriate fractions wére further purified by succesive column chromatography and by Prep-TLC.

The major metabolite, 1 (isolated in 0.31% yield of the dry weight of the root), was analysed for
C12H1402 by mass spectra and elemental analysis. The compound lacked specific rotation and was
recognized to be identical to Z-ligustilide {1) by direct comparison.®

Compound 2, (isolated in 0.03% yield of the dry weight of the root), was dimer of 1 as determined
by both mass spectrometry and *3C NMR methods, and showed identical spectroscopic properties to
those recently reported for riligustilide.? The absence of optical activity as well as the centro-
symmetfic crystal structure found by X-ray analysis'® gave definitive evidence of the presence of
both enantiomers. Catalytic hydrogenation of 2 (H;, Pd-C 10%, EtOAc, 3 hrs.) afforded a mixture
of two compounds which were separated by Prep-TLC {n-hexane:acetone, 7:3, two developments). The
more mobile compound is the 6,7,3',8'-tetrahydrc derivative 3,*% since the vinylic signals in the
1 MR spectrum were absent and appeared additional signals between § 2.10-1.30. At & 4.85 reso-
nates the proton geminal to the lactonic closure {H-3') and the broad doublet (J = 6 Hz) centred at
& 3.33 corresponded to H-7'. The configuration of C-3' of 3 was established as 3'R according to
the accesibility for hydrogen from the si face at this centre of the molecule 2. The less mobile
product, 4, had the same MW as 2 and showed in the H NMR spectrum complex 4H- signals at & 7.85-
7.35, indicating the presence of aromatic protons. On the other hand, the complex signal centred
at s 4.83 belongs to the proton geminal to the ethereal oxygen of the y-lactone ring (H-3'). This
clearly demonstrates the presence of a 4,5-dehydro-3',8'-dihydro derivative of 2.'* The R configu-
ration at C-3' of 4 was established for the same reason described above for the stereochemistry of

1% and were

3. These results were analogous to those obtained for the reduction of angeolide (5),
attributed to the high degree of steric shielding of the spiro lactone system present in both com-

pounds 2 and 5.

1
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The natural product 7 (0.03% yield), mp 123°C, was also a dimeric phthalic lactone, as demonstra-
ted by mass spectrometry and '°C NMR. The spectroscopic data are consistent with those published
for 2,7'-6.6',7.3a'-diligustilide 6, a Diels Alder adduct of Z-ligustilide (1) isolated previous-

Ty.® Direct comparison of the substances from L. wallichii and L. porteri kindly provided by Pro-

fessor Kaouadji, confirmed their identity of both. The already published formula 6,515 does not
clearly show the stereochemistry at C6' and C3a'. However, the identity of 7 with levistolide A

solated from Levisticum officinale (levistolide A)'® suggests the endo (rather than exo) orienta-

tion of the Diels-Alder adduct, as depicted in formula 7.

Final proof for the structure and stereochemistry of Z,2'-6.6',7.3a'-diligustilide 7, was obtained
by single X-ray diffraction. The absence of optical activity indicated the presence of racemic

compound. Figure 1 is a computer perspective drawing of an enantiomer of 7.7
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Figure 1.
Computer - generated
pespective drawing of 7

Hydrogenation of a solution of 7 in ethyl acetate over 10% Pd-C for 24 h, gave a mixture of two
products which were separated three times by Prep-TLC, eluting with n-hexane-acetone, 7:3, 7:3 and
4:1, respectively. The minor {10% yield} and more polar compound is the 3,8,7',7a'-tetrahydro de-
rivative 8,2" since the signals of the vinylic protons H-7 and H-8 disappeared and the proten gemi-
nal to the y-lactone resonates at & 4.52 (H-3, wi/z = 12 Hz). The IR absorptions at 1792 and 1753
cm™! gave evidence for an enclic y-lactone and an «,3-unsaturated y-lactone, respectively, inagree-
ment with formula 8. The S configuration at C-3 and R at C-7a' were established according to the
less hindred approach of hydrogen to the C-3 re and C-7a' si faces of the depicted enantiomer of 7.
The major (70% yield) and less polar compound, 9,2! showed the signals for H-7' at & 7.29 and H-8'
at 6 4.54, The saturation of the C3-C8 double bond (instead of C3'-C8') was confirmed by the dis-
appearance of the UV absorption at 273 nm, due to the o,B8,v,8~unsaturated carbonyl chromophore. The
high steric shielding around the C3'-C8' double bond does not allow its saturation under these reac-
tion conditions.

The structure 9 (without the stereochemistry at C-3) was recently assigned as 2'-3,8-dihydro-6.6",
7.3a'-diligustilide, an oily dimeric phthalide derivative isolated from L. wallichii.? However, to
our surprise, in addition to the differences in physical states, comparison of spectroscopic data
showed quite different values and clearly indicate that our dihydro derivative 9 and the natural

product of the French workers are different compounds. In particular, the proposed assignments for
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H-3 (s 5.11) and H-8' (5 5.18) were at low field with respect ours (H-3: § 4.54; H-B': § 4.96).2!

Furthermore, the reported Ana at 273 nm (due to a conjugated dienone chromophore) is not consis-

X
tent with formula 9, and therefore the proposed structure for the natural product is in error.

Analysis of the published data® led to the deduction that the constituent from L. wallichii is rel
(3'R)-Z-3',8'-dihydro-6.6',7.3a' -diligustilide 10, since this structure is in accord with (a) X nax
at 273 nm, (b) the signal at & 5.18 corresponds to H-8, consistent with a & proton of a conjugated
dienone, (c) the signal at & 5.11 is assigned to H-3' and the configuration at C-3 in the depicted
enantiomer is R, since H-3 is deshielded by the carbonyl group at C-1, and {d) the diamagnetic

shift of H-7 of § {6 3.02) with respect to that of 7 (s 3.27) is also in agreement with the satu-
ration of the C3'-C8' double bond. Therefore, structure 10 is the natural product from L. walli-

chii.??

Finally, from the more polar eluates of the main column chromatography traces of isovanillin and 4-
hydroxy-3-methoxycinnamic acid were isolated and identified by direct comparison with authentic
samples.

An extremely interesting feature of the dimeric phthalides isolated from this group of plants is
that they are found as racemic mixtures.??

The pharmacological properties of the compounds isolated from L. porteri are being studied under
the auspices of the International Organization of Chemistry for Development (I0CD). In order to
meet the increasing demand for this medicinal herb, a biological study funded by the Agency for
International Development {AID) of the United States has begun cultivating this plant which is
threatened with local extinction due to overcollecting for commercial medicine purposes.
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