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Phthalides, and their corresponding dihydro and tetrahydro analogues, are components of several genera of the plant
family Apiaceae. These taxa have been reported as exhibiting a wide range of bioactivities against experimental
models of several illnesses and physiological conditions, including microbial and viral infections, stroke, tuberculosis,
and vasoconstriction. Many of these genera are purported to possess medicinal values, and of these several are
considered to be traditional herbal medicines. This review provides an overview of the methods of investigation, the
structural diversity, and the bioactivity of phthalides, dihydrophthalides, tetrahydrophthalides, and dimers from plants
in the Apiaceae.

Introduction

Phthalides, and their corresponding dihydro, tetrahydro, and
dimer analogues, are found as constituents of several genera within
the family Apiaceae. Several of these plants have been reported to
possess a variety of ethnobotanical applications. For instance,
Ligusticumspecies are used among certain Hispanic cultures for
the treatment of bronchitis, diarrhea, pneumonia, or colds.1-3 In
the Native American culture,LigusticumandLomatiumspecies are
employed for a multitude of other illnesses such as viral infections
and tuberculosis.4 In addition to the above ethnobotanical uses, a
number of Asian cultures also have a rich history of species from
Angelicaand Ligusticumbeing used as traditional medicines for
treatment of blood vessel diseases,5 atherosclerosis,6 anemia,7 and
stroke.8 Beyond the ethnobotanical uses of some genera of the
Apiaceae, the genusApium is utilized for agricultural purposes. It
has been reported that phthalides are the source of the “strong
characteristic odor of celery”.9

To date, 71 phthalides, including dihydro, tetrahydro, and
hexahydro derivatives, as well as associated dimers, have been
isolated from and/or implicated as being in 40 species of plants
within the family Apiaceae and four plants from other families.
The present review provides an overview of the methods of
investigation, the structural diversity, and the bioactivity of phtha-
lides, dihydrophthalides, tetrahydrophthalides, and dimers from
plants in the Apiaceae. Included in this review are brief discussions
on the biosynthesis, synthesis, and reactivity of phthalides, as well
as phthalides from other plant families. The literature discussed is
derived from readily accessible papers spanning the early 1960s to
the end of 2006. This topic has not been the subject of review
previously.

Methods of Investigation

The following sections provide succinct summaries of the
methods employed for the extraction, isolation, and analytical
techniques for the characterization and dereplication of known
compounds. The citations provided are not inclusive and are meant
only to serve as a representative reference. A more detailed dialogue

of isolated compounds is provided in the Structural Diversity of
Naturally Occurring Phthalide Derivatives section.

Extraction. With the majority of the phthalides discussed being
relatively nonpolar, many of the extraction techniques have centered
on the use of hexanes,10,11 pentane,12 or petroleum ether13 as the
initial extraction solvent. Additionally, many phthalides are com-
ponents of essential oils of their plant of origin, in which case steam
distillation has been regularly employed.9,14 This latter method
appears to have been the method of choice in the earlier decades
covered by this review. For the more polar compounds, such as
the diols or polyols, rhizomes or roots have been defatted and then
extracted with chloroform,15 or extracted with water followed by
further removal with an organic solvent,16 or extracted with
methanol.17,18

These methods of extraction have remained widely utilized into
the present decade with some small variations in the solvent type
or makeup depending on the particular compounds it was desired
to extract. The use of continuous extraction was originally noted
in the literature in 1963 (with reference to use in the 1940s)9 and
was not noted again until the early 1980s during extraction of the
first reported phthalide dimer.19 The early to mid-2000s saw the
refinement in extraction methods with the use of supercritical CO2

20

or biomembranes21 utilized for extraction of phthalides, and
pressurized liquid extraction employed for their quantification.22,23

The optimization of phthalide extraction procedures was also
reported.24

Isolation. In many of the early investigations crude organic
extracts were subjected to a series of basic aqueous partitions
to remove the relevant acids and phenolics.9,10 The resultant
organic layer, termed the “neutral oil”, was then subjected to
distillation, and the various boiling point fractions were collected
to yield the phthalides.10,25It was via this method that the isolation
and identification of the chief phthalides included in this review
were reported. It should be noted that some phthalides had been
detected prior to these 1960 papers. References for these earlier
findings are contained within the papers cited above.

Column chromatography is the benchmark method for the
isolation of natural products and is prevalent throughout the
literature on phthalides, with silica gel being the most widely used
adsorbent.10,26 Other separation media used for column chroma-
tography of phthalides have included alumina,19 LH-20,27 polya-
mide,28 and reversed-phase (C18) silica gel.29
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High-performance liquid chromatography (HPLC) is also a
common method used for the isolation of phthalides, utilizing both
normal-phase30 and reversed-phase columns.31 During the 1980s
the use of HPLC for isolation of compounds became widespread
and may have even been responsible for the increase of phthalide
diversity reported in this decade.16 Other methods that were utilized
in the isolation process were medium-pressure liquid chromatog-
raphy (MPLC),32 vacuum-liquid chromatography (VLC),33 prepara-
tive TLC (PTLC),34 high-vacuum low-temperature distillation,35

centrifugal circular TLC (CCTLC),28 high-speed countercurrent
chromatography (HSCCC),36 and droplet-countercurrent chroma-
tography (DCCC).31

Characterization. Until the advent and availability of modern
analytical instrumentation, researchers in the early 1960s relied upon
methods for the characterization of phthalides that included
determination of melting points and mixed melting points10 and
boiling points37 and chemical transformations that consisted of
hydrolysis,10 saponification,10 hydrogenation,38 derivatization,37

ozonolysis,37,38and oxidation.37 These methods were supplemented
with data from infrared (IR) and ultraviolet (UV) spectrophotom-
etry,9,10,38 optical rotations,10 refractive indexes,10,25 gas chroma-
tography (GC),9 elemental analysis,10,37 and mass spectrometric
fragmentation patterns.9 The use of nuclear magnetic resonance
(NMR) spectrometry as a method of phthalide characterization was
introduced in the 1960s.37-39 Thin-layer chromatography (TLC) for
phthalide detection was not reported in the literature until the late
1960s.39

Phthalide research in the 1970s witnessed the decline of chemical
transformations for characterization and relied more upon data
obtained from optical rotation, UV and NMR spectroscopic, and
TLC methods.14 The use of high-resolution mass spectrometry14

and GC coupled to a mass selective detector started to become more
evident during this period.40-42 Interestingly, despite the availability
of more sophisticated instrumentation, the 1970s did not lead to a
large number of new compounds isolated and characterized from
Apiaceae, with only one new phthalide being reported in the
literature during this decade.14 However, this downturn of new
compounds was soon superseded during the 1980s by an increase
in both the quantity and complexity of phthalides being isolated
and characterized. There was a noticeable change in the format of
how new compounds were being reported, with many papers being
devoted to the assignment of proton and carbon NMR chemical
shifts.15,19Use of X-ray crystallographic analysis was also reported
for phthalides for the first time.19 Other methods such as IR, UV,
and GC-MS remained standard, but were no longer the principal
characterization techniques.43 This trend continued into the 1990s
and 2000s with increases in the use of both two-dimensional NMR
techniques and X-ray crystallographic analysis to facilitate structure
elucidation.26,44

Dereplication. By the late 1980s and the early 1990s a large
proportion of the currently known phthalides had been isolated and
many papers began to focus on rapid analysis of compounds in
plant material and medicinal herbal products with the goal of
dereplicating known phthalides. The use of GC-MS45 and HPLC46

became prominent methods of ascertaining and standardizing
phthalide content and did not require the isolation of pure
compounds for NMR analysis. Another factor that added to this
situation was the need to apply quality control to traditional
Asian medicines that were becoming more prominent in the
Western scientific literature.8,47Other areas of study that necessitated
simple, rapid, and sensitive dereplication capabilities were inves-
tigations of chemical differences in plant anatomy45 and geographi-
cal variations48 or seasonal changes of plant metabolites.49 By the
early 2000s, the idea of dereplicating numerous phthalides at one
time had become routine50 and volatile phthalide components were
being analyzed by LC-MS51 and solid-phase microextraction
(SPME).52

Structural Diversity of Naturally Occurring Phthalide
Derivatives

Figure 1 illustrates the most commonly accepted numbering
system for the phthalides discussed herein. Figures 2-5 provide
the structures and the relative configurations, where known, of the
phthalides isolated during the period of this review, with the
compounds in each figure listed in order of relative complexity.
Figure 2 shows all true phthalides (aromatic rings), Figure 3
illustrates the structures of dihydrophthalides and the only hexahy-
drophthalide compound, Figure 4 shows tetrahydrophthalides, and
Figure 5 presents the dimers from associated phthalides. Table S1
(Supporting Information) lists other phthalides that have been noted
as possessing synonymous names and usage within the literature.
Table S2 (Supporting Information) is a list of the 71 compounds
isolated and/or discussed, the source plants from which they were
isolated, and the literature citations in which they were discussed.

Examination of Table S2 (Supporting Information) supplies the
reader with the plants most commonly investigated for phthalides
and, through references, furnishes the decade of interest for that
particular genus. For example,Ligusticum officinale(Makino)
Kitag., synonymous withCnidium officinaleMakino,17 andApium
graVeolensL. var. dulce (P. Mill.) DC were heavily investigated
in earlier decades and continue with fewer reports more recently.
In contrast,Ligusticum chuanxiongHort. was almost exclusively
examined in the 1990s and 2000s.

Table S2 (Supporting Information) also illustrates compounds
that have attracted the most attention in the literature. For example,
(Z)-3-butylidenephthalide (1) and (Z)-ligustilide (20), the two main
isolates from plants in the Apiaceae, are referenced 74 and 112
times, respectively. During the 1960s and 1970s several common
phthalides (1, 5, 20, 25, and33-37) were isolated from various
plants. The following provides a discussion of the common
phthalides isolated, as well as some of the problems encountered
with structure elucidation and nomenclature during this time frame.

Common Phthalide Natural Products. The earliest paper of
this review reports on the isolation of1 and 20 (Figure 1) from
Angelica acutilobaKitagawa, with the latter being a newly reported
isolate.10 The correct structure for20was put forward by Mitsuhashi
and co-workers over the course of two other reports,38,53 with the
problem being the location of the diene moiety in the dihydro-
phthalide ring. The final structure was confirmed after reaction of
20with maleic anhydride and the use of NMR to assist in structure
elucidation.38

An investigation by Mitsuhashi and co-workers54 in the early
1960s described the phthalide content of the Apiaceae generaL.
acutilobavar. sugiyamaeHikino, L. acutilobumSiebold & Zucc.,
L. officinale, A. graVeolens, andLeVisticum officinaleKoch. The
study illustrated the variation of phthalide content between different
species and genera. The phthalides isolated from the various plants
included1, 3-butylphthalide (5), 20, (Z)-6,7-dihydroligustilide (34),
neocnidilide (35), and cnidilide (37). Table S2 (Supporting Infor-
mation) provides the specific constituent makeup for each plant.

During this time two other research groups investigated phtha-
lides from celery stalks and celery seed oil, respectively.9,25 Gold
and Wilson9 provided evidence that 3-alkyl and/or 3-alkylideneph-
thalide structures were responsible for the characteristic smell of
celery (A. graVeolens) and went on to describe the isolation of (Z)-
isobutylidenephthalide (4), (Z)-isovalidenephthalide (6), (Z)-isobu-

Figure 1. A common phthalide, (Z)-ligustilide (20), and its
numbering.
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tylidene-3a,4-dihydrophthalide (22), and (Z)-isovalidene-3a,4-
dihydrophthalide (24). The diene location of the two 3a,4-
dihydrophthalide compounds was clarified in a later report by the
same author who reinvestigated this plant.55 Compound22 was
reported as having been detected via GC-MS fromL. officinal56

and a second time fromA. graVeolens,41,57 although its definitive
structure was questioned in the report onL. officinale. Compounds
6 and24were seen only in the earlier report from Gold and Wilson.9

Moreover, despite a report that compound4 was detected again in
2004, the actual compound was not isolated and confirmed by other
structure elucidation methods. Because of the limited data for4, 6,
22, and 24, more evidence might be required to establish the
occurrence of these structures.

Characterization of some of the earlier phthalides proved
somewhat difficult. For example, elucidation of the structure
sedanolide (36) attracted considerable attention from Barton and
de Vries.25 In 1963 they considered a series of hydrolyses and
reductions on fractions fromA. graVeolenssince sedanolide was
originally thought to have the 5,6,7,7a-tetrahydrophthalide skeleton.
Chemical transformations were also performed on sedanolide by
Mitsuhashi and co-workers, who investigated phthalides from the
roots ofL. officinale.37 In 1985 Gijbels and co-workers58 detected
sedanolide fromA. graVeolens, then measured proton and carbon
NMR data on sedanolide and several other phthalides in 1987.43

The isomers of sedanolide (thecis- andtrans-isomers,36 and35,
respectively) were also given the generic name neocnidilide.54 By
the early 1990scis-neocnidilide and isocnidilide (36) appear to have
become the accepted names for sedanolide. Interestingly, at that
same time one report illustrated the wrong isomers for several
phthalides, including the cnidilides, from celery volatiles.35 Similar
uncertainties were encountered in reports on the analogous structures
of 35 and37.37,59,60A noteworthy feature of37 is that it is the only
mono- or diene phthalide with the alkenenot in conjugation with
the lactone carbonyl. Table S1 (Supporting Information) provides
a complete list of phthalides that possess synonyms in the
literature.61

In the 1970s,A. graVeolenswas investigated by three separate
groups. Wilson55 reported the known phthalide5, 3-butylhexahy-
drophthalide (33), and36by GC analysis of the essential oils. Work
on the celery essential oil by Bjeldanes and Kim14 confirmed the
presence of5 and reported the isolation of the new compound
sedanenolide (25), which would eventually be named senkyunolide.
Finally, investigation by Fehr41,57 provided two reports onA.
graVeolensthat utilized GC-MS to detect compounds1, 5, 20, and
the ambiguous22.

Phthalides from Common Plants in the Apiaceae.With many
of the major phthalides isolated previously discussed, attention may
be focused on the major plants of the Apiaceae that have afforded

Figure 2. Phthalides1-13 and15-19 and one biogenetic precursor (14) from Apiaceae.
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the greatest number of phthalides and therefore are the most
referenced. These plants are common medicinal herbs and have
yielded an unusually large number of phthalides. They areAngelica
sinensis(Oliv.) Diels (28 phthalides isolated),L. chuanxiong(40
isolated), L. officinale (20 isolated), andLigusticum wallichii
Franch. (27 isolated). For all of these plants, the primary phthalides
1, 5, 20, and25 have been isolated and/or detected, and of the four
plants,L. officinale has been investigated over the longest time
period.

L. officinaleis a medicinal herb commonly known as “Senkyu”.37

This species was investigated in the early 1960s due to its high
yield of ligustilide.38 A later study by Mitsuhashi and co-workers17

revealedL. officinale to be among the first plants to yield the
hydroxylated phthalide derivatives senkyunolide B (7), senkyunolide
C (8), senkyunolide E (11), senkyunolide F (27), senkyunolide G
(29), senkyunolide D (30), senkyunolide H (39), senkyunolide I
(43), and senkyunolide J (46). In this report, compound7 was
originally thought to be 3-butylidene-7-hydroxyphthalide (9).17 It
was later renamed62 senkyunolide B after a misinterpretation in
NMR NOE signals was corrected and reassignment of the hydroxyl
group from C-7 to the C-4 position was completed. Another
interesting feature of this report was the agreement between two
research groups to rename senkyunolide (25) to senkyunolide A
so the subsequent senkyunolides B to J could be documented.17

Other phthalides were isolated fromL. officinaleby Chan and co-
workers,63 namely, (E)-3-butylidenephthalide (2), (E)-ligustilide
(21), and the dimer levistolide A (64).

L. wallichii, commonly known as the Chinese medicinal herb
“Chuan-Xiong”,16 has afforded the next highest number of phtha-
lides. Literature reports for phthalides fromL. wallichii began in
the late 1970s and early 1980s with reports of the isolation of the
major phthalides1, 5, and 20. In the early 1980s Kaouadji and
co-workers28,64-67 investigatedL. wallichii and reported the isolation
of phthalides8, 3-butylidene-4,5-dihydroxyphthalide (10), (Z)-6,7-
epoxyligustilide (38), ligustilidiol (41), and the dimers riligustilide
(60), 64, and (3′R)-Z-3′,8′-dihydro-6,6′,7,3a′-diligustilide (67) in
addition to1, 2, and20. During the same time, Fukuyama and co-
workers16 investigatedL. wallichii and reported the isolation of

phthalides1, 5, 9, 20, 25, 29, 35, 43, cis-6,7-dihydroxyligustilide
(44), and the dimer wallichilide (69). The report of compound9
by this group appeared to be the correct structure for 3-butylidene-
7-hydroxyphthalide. It should be noted that several research groups
were actively investigating this and other Apiaceae plants during
this time period and isolating similar compounds.15-17,28,67,68Finally,
Mitsuhashi and co-workers investigatedL. wallichii in the late 1980s
and reported additional hydroxylated phthalides isolated from this
medicinal herb.68 Compounds included were7, 8, 11, 25, 27,
senkyunolide K (28), 29, 30, 39, 43, 46, senkyunolide M (50),
senkyunolide L (51), and64. Compound28 is the first and only
dihydrophthalide reported to be hydroxylated on the six-membered
ring, while compound50 is the first phthalide to contain an alkanone
side chain on the six-membered ring. Compound51 was believed
to be the result of residual HCl in the chloroform reacting with the
phthalide epoxide38. Compound51was previously reported to be
present inL. wallichii, but is now known not to be a naturally
occurring phthalide.28

L. chuanxiong, also known as “Tousenkyu” and “Chaung-
Xiong”, has been purported to be among the most important of
traditional Chinese medicines and is the plant with the largest
number of reported phthalides isolated and identified.69 Mitsuhashi,
Naito, and co-workers44,47,69,70investigatedL. chuanxiongfrom the
early to mid 1990s and in four papers described the isolation of 30
phthalides, several of which were reported for the first time. They
were1, 5, 7, 8, 9, 11, (E)-senkyunolide E (12), 2-(1-oxopentyl)-
benzoic acid methyl ester (14), 20, 25, 27, 29, 30, 35, 37, 39, 43,
senkyunolide N (45), 46, senkyunolide Q (49), 50, 51, senkyunolide
R (52), senkyunolide S (53), 56, 60, 61, 64, senkyunolide O (65),
and senkyunolide P (66). Although compound14 is not a true
phthalide, its 4,5-dihydro analogue is a building block for dimer
69 and is thus implicated as a possible biosynthetic metabolite.
Compounds52and53marked the first phthalide triols to be isolated
from an Apiaceae plant. The phthalide content ofL. chuanxiong
was subsequently investigated by several other researchers, and in
2006, two separate groups each discovered new phthalides. Ding
and co-workers26 isolated chuanxiongnolide A (70), chuanxiong-
nolide B (71), 4-hydroxy-3-butylphthalide (13), and 3,6,7-trihy-

Figure 3. Dihydrophthalides20-32 and the only hexahydrophthalide (33) from Apiaceae.
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droxy-4,5,6,7-tetrahydro-3-butylphthalide (54)71 along with nine
known phthalides. An interesting feature of the two dimers70 and
71 was that they both required the racemic form of a new
compound, 3-butylidene-6-hydroxy-5,6-dihydrophthalide (32), a
phthalide that has not yet been isolated. Meanwhile, while perform-
ing bioassay-guided fractionation Yong and co-workers32 isolated
ligustilide along with the five corresponding dimers56, an-
saspirolide (58), 60, 64, and 3,8-dihydro-diligustilide (68). Dimer
58 was isolated simultaneously fromA. sinensis.31 The E-isomer
compounds2 and 21, along with several other phthalides, were
detected inL. chuanxiongby HPLC analysis.63

A. sinensis, used widely as a traditional Chinese medicine and
also known as “Danggui”,72 was included in the Western literature
in 1990 with the isolation of the dimer E-232 (57). It was not until
the late 1990s that more information on phthalides from this species
began to appear. In 1998, Lin and co-workers51 reported several
phthalides detected by HPLC electrospray ionization mass spec-

trometry, in addition to the isolation of a number of phthalides.
Included were1, 5, 7-9, 11, 14, 20, 21, 25, 27-30, 35, 38, 39,
(Z)-6-hydroxy-7-methoxy-6,7-dihydroligustilide (48), 57, angeli-
colide (61), and64. However, the authors showed the structure for
ligustilidiol (41) but named the structure as senkyunolide I (43).
Also, they provided only a generic structure for either thecis- or
trans-(E)-3-butylidene-6,7-dihydroxy-4,5,6,7-tetrahydrophthalide (40
or 42). Last, they reported a new compound (angelicide) as being
an isomer of riligustilide (60) but provided no stereochemistry. In
2006, Pauli and co-workers31 performed a bioactivity-guided
investigation to yield the new phthalides 10-angeloyl-3-butylphtha-
lide (15) and sinaspirolide (62) along with compounds1, 15, 20,
43, 47, and58. Last, Chan and co-workers73 detected2 and several
other known compounds fromA. sinensiswhile quantifying the
constituents of a number of medicinal herbs.

Phthalides from Other Plants in the Apiaceae.Of the 71
phthalides isolated and/or discussed in the literature over a 46-

Figure 4. Tetrahydrophthalides34-55 from Apiaceae.
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year period, all but 13 have been accounted for above. This section
covers the isolation and/or discussion of these remaining phthalides.

In the early 1980s, Gijbels and co-workers74-76 performed a series
of investigations onL. officinale and published three reports. In
addition to some major phthalides typically seen in other Apiaceae,
the authors assigned tentatively two GC peaks to 3-propylideneph-
thalide (3) and validene-4,5-dihydrophthalide (23), on the basis of
their MS fragmentation patterns.75 The validity of these compound
identifications may be suspect, as they were never characterized
beyond their MS fragmentation patterns.

In the early and late 1990s, the plantPetroselinum crispum
(Mill.) Nyman was investigated by two different researchers, each
isolating dissimilar phthalides. Nitz and co-workers36 isolated
3-butyl-5,6-dihydro-4H-isobenzofuranone (26) in addition to several
other known phthalides. The authors employed HSCCC to isolate
this apparently unstable compound. In the second investigation,
undertaken by Strack and co-workers18 in 1999, cell suspension
cultures ofP. crispumwere extracted and the compounds 7-hy-
droxybutylidenephthalide-7-O-glucoside (16) and 7-hydroxybutyl-
idenephthalide-7-O-(6′-malonylglucoside) (17) obtained. In addition
to these phthalides, compounds8 and 9 were also isolated and
characterized.

The genusAngelicahas been found to produce some unusual
phthalides. In 1982, Banerjee and co-workers19 isolated and
characterized by NMR and X-ray analysis the dimer angeolide (59)
from Angelica glaucaEdgeworth. Additionally, dimer61 was
isolated in the 1982 study, but was not fully characterized until
1984 by the same group.77 Several more interesting phthalides were
isolated in 1987 when Mitsuhashi and co-workers78 investigated
A. acutiloba and reported the new compounds senkyunolide F
angeloyl ester (31), tokinolide B (56), and tokinolide A (63), as
well as the known phthalides11, 27, 39, 43, and64. The isolation
of 31 would eventually corroborate the discovery of the second
phthalide containing an angeloyl ester,15.31

Despite having been investigated carefully in the 1980s,A.
graVeolenswas again studied in 2003, and three new phthalides
were isolated and characterized, namely, celephthalides A (18), B
(19), and C (55).79 Compounds18 and19 were congruent with the
structure of 15, and compound55 was the only nonaromatic
phthalide to have a hydroxyl group at the C-10 position. Moreover,
the skeleton of compound55closely resembled that of neocnidilide
(35). Last, the phthalide NG-072 (48) was isolated fromA.
graVeolensin 1991 and included in a patent filing by Maruhashi
and co-workers.80 Compound48 was found to be the first of two

Figure 5. Dimers56-71 from Apiaceae.

896 Journal of Natural Products, 2007, Vol. 70, No. 5 ReViews



phthalides that contain a methoxy group at the C-7 position (cf.
compound47). The remaining references for isolation or discussion
of phthalides are included in Table S2 (Supporting Information).

Phthalides from Families Other than Apiaceae.It was noted
that there are four plants not in the Apiaceae that contain at least
one phthalide and are thus deserving of mention in this review.
None of these plants are from similar families or from similar
orders. All but one plant,Acorus calamusvar. angustatusBess
(Araceae, class Liliopsida), are from the same class of Magnoli-
opsida.

A. calamuswas analyzed by SPME GC-MS, and compounds4
and20 were reported in addition to two unidentified phthalides.81

Geum montanumL. (Rosaceae) was investigated and compound
20was identified as one of the major components detected by GC-
MS.82 Perilla frutescensvar.acutaKudo (Lamiaceae) was reported
to contain compounds4, 20, and25 after analysis by GC-MS and
GC aroma extract dilution analysis.83 Last, compounds40 and42
were isolated fromPolygonum multiflorumThunb. (Polygo-
naceae).29

Biosynthesis of the Phthalides.There are few reports in the
cited literature that specifically discuss the biosynthesis of the
phthalides. In the 1960s, phthalide biogenesis was thought to occur
via head-to-tail linkage of acetate units.13 Results from this work
suggested that acetate units were incorporated into ligustilide (20).
It was not until the late 1980s that the topic of biosynthesis occurred
again as stating that “alkylphthalides are known to be biosynthesized
from polyketide precursors”.68 This assertion appears to be validated
given that phenolics such as ferulic acid have been isolated together
with phthalide compounds.33

Synthesis of Phthalides.Phthalides have structures that are
relatively simple, and a number have been synthesized. Many of
the reported syntheses were either in support of structure determi-
nation or to provide increased quantities of phthalides for bioactivity
testing. The following are compounds synthesized and their
corresponding references: compound1,84,85 5,86,87 7,88 8,88-90 9,89

11,88,91-93 20,94-96 34,90,97,98 35,99-104 36,100 37,100 56,105 60,106

64,105,10768,107 and69.107

Two structure-activity relationship studies have been reported
for butylidenephthalide (1) analogues: one with an alkylidene side
chain on hydroxylated phthalide ring moieties as a series of
analogues for potency against an atherosclerotic plaque experimental
model108,109and a second that sought increased antimicrobial activity
among benzylidenephthalide analogues with varying electron
density as an alternative to the alkyl side chain.110

Reactivity of Phthalides. Despite many phthalides occurring
as achiral molecules, the presence of anR,â,γ,δ-unsaturated lactone,
cross-conjugated alkene, and 1,3-diene moieties of the dihydro-
phthalides has provided a multitude of reactive sites and perhaps
explains the large number of biological activities attributed to (Z)-
ligustilide (20), for example.

The report of dimers56-71 demonstrates the thermal and
photochemical reactivity of ligustilide and other phthalides. For
instance, dimers56-59 illustrate that the 3,8-alkene unit undergoes
4+2 cycloaddition as the dienophile with the ligustilide 1,3-diene
system. In dimers60-62, the 3,8-alkene reacts with other alkenes
in a photochemical 2+2 cycloaddition. Dimer63, however, results
from 2+2 cycloaddition involving the 3a,7a-tetrasubstituted alkene
with the 6,7-alkene. The cross-conjugated 6,7-alkene is seen
undergoing various 4+2 cycloadditions to afford dimers64-71.
Delgado and co-workers111-114 have performed a number of
valuable investigations on the reactivity of phthalide dimers under
varying conditions. The same group has also reported on the correct
structure of compound67.111 Moreover, neat ligustilide has been
shown to undergo cyclizations if kept for extended periods or
exposed to sunlight.51

Other studies have shown the chemical diversity of ligustilide
as an electrophile. In 1994, compound20 was found to undergo

facile 1,6-conjugate addition of a sulfur nucleophile and, after
rearrangement of the resulting enolate, a second 1,4-addition of a
second sulfur nucleophile. In the same investigation it was
demonstrated that a nitrogen nucleophile added to the lactone
carbonyl and subsequent rearrangement afforded a 3-hydroxy
lactam.95 It should be noted that in this particular study compounds
that retained theR,â,γ,δ-unsaturated lactone were active against
certain microbes, while the compounds that lacked this unsaturation
were inactive.

Bioactivity of Phthalides

Several plants of the Apiaceae are used as medicinal herbs. For
instance,Ligusticum porteriCoult. & Rose, commonly known as
“oshá” among the Hispano Americans of south-central Colorado,
has been said to be “one of the most important herbal remedies of
this once culturally and geographically isolated region”.1 Specific
examples of the ethnomedical uses ofL. porteri include the
rhizomes in a tea to help alleviate diarrhea and stomachaches, or
to treat bronchitis, colds, diabetes, pneumonia, and tuberculosis.2

Likewise, A. sinensishas been reported as “one of the most
commonly used traditional Chinese medicines in China” and has
been employed to treat amenorrhea, anemia, cardiovascular disease,
and hepatic fibrosis.6 Affirmation of these medicinal qualities has
been the numerous reports of phthalides from these plants that
exhibited bioactivities as pure isolates. However, the vast majority
of the types of bioactivity reported have been attributed to just two
phthalides, (Z)-ligustilide (20) and (Z)-butylidenephthalide (1).

One of the first reports on the bioactivity of the phthalides was
that of 20 in possessing anticholinergic activity.10 Subsequent to
that report, ligustilide was implicated 13 additional times as a
bioactive component in different assays and from a variety of plants.
Ligustilide was reported as being active in asthma,94 bacteria,33,95,115

brine shrimp,11 fungi,116 inflammation,117 ischemic stroke,8 oxida-
tion,118 and spasm94 test systems. Moreover, compound20 was
purported to exhibit insecticidal,119,120multidrug-resistance modula-
tion,115 phytotoxic,116 smooth muscle relaxant,94 and vasodilation5

activities. These purported bioactivities combined with the report
that ligustilide is often the major phthalide isolate95 lend credibility
to the medicinal qualities of Apiaceae herbs.

Butylidenephthalide (1) is the next most commonly reported
bioactive phthalide in a total of 11 different assays that included
activity as an acaricidal,30 antianginal,121,122 antihypertensive,123

antioxidative,118antiplatelet,124antispasmodic,42,123,125insecticidal,119

and vasodialator.5,126 Additionally, compound1 was reported to
inhibit calcium-induced contractions in depolarized guinea-pig ileum
smooth muscle,127 inhibit calcium release from calcium stores in
isolated rat aorta,128 selectively activate the central cholinergic
neuronal system in rats,129 and display serotonergic activities.31

Although compound1 has demonstrated a wide range of bio-
activities in several experimental models, its exact mode of action
remains unknown.119,126

Common structural characteristics of several other bioactive
phthalides are those that contained the 3,8-dihydro moiety. For
instance, senkyunolide A (25) has been demonstrated to exhibit
antifungal, mosquitocidal, nematicidal, and topoisomerase I and II
inhibitory activity.130 Butylphthalide (5), neocnidilide (35), and
cnidilide (37) exhibit insecticidal properties.120 Compound35 was
found also to be an antifungal,99 and the dihydroxy butylphthalides
senkyunolides N (45) and J (46) were found to possess nematicidal34

and topoisomerase I and II inhibitory activities.131 Senkyunolide
G (29) was found to increase coronary blood flow in dogs,16 and
a phthalide containing a methoxy group at position C-7, NG-072
(48), was patented for treatment of Alzheimer’s disease.80

The remaining phthalides reported to possess bioactivity all
contain an alkene between carbons 3 and 8. Senkyunolide H (39)
was proposed as a prototype for a new antiatherosclerotic treat-
ment,132 and theE-isomers40 and 42 were reported to inhibit
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calcium ATPase.29 Two dimers have also been found to be
biologically active, E-232 (57), which inhibits nitrenpidine binding
to calcium channels,72 and dihydro-diligustilide (68), which has
potent progesterone-like activity.32

Despite the numerous reports on the bioactivities of phthalides,
investigations concerning the mode of action are few. One recent
report exemplifies this by stating “althoughL. chuanxiongand its
extracts have centuries of documented use..., its mechanisms of
action were unclear”,32 and a second recent report stated “...the
role of the phthalide lactones fromL. chuanxiongin the therapeutic
actions is not yet fully understood”.117

There are, however, phthalide characteristics that have been
implicated as being responsible for certain bioactivities. The 6,7-
diol moiety of compounds39, 40, 42, 43, and46has been reported
as being responsible for calcium ion-ATPase inhibition29 and
competence inhibition of proliferation in primary cultures of mouse
aorta smooth muscle.132 Another investigation states “the five-
membered lactone ring along with the butyl side chain in phthalides
may be important for observed biological activities”.34 This idea
was supported by an earlier report that showed compound1
underwent 1,2-addition with cysteine followed by subsequent ring-
opening. This metabolite was then excreted as a cysteine conjugate
after metabolism in the hairless mouse.156 Finally, as discussed in
the previous section, theR,â,γ,δ-unsaturated lactone of compound
20 was required for the observed antimicrobial activity.95

Conclusions

Even with the rich history of their phthalide constituents and
the valuable previous investigations of many researchers, there still
exist some studies that could be undertaken on plants of the
Apiaceae. For example, the complete biosynthetic pathway of any
singular compound in this class has not yet been fully detailed; the
isolation of dimers containing phthalide monomer components that
have not been isolated reveals this gap in phthalide chemistry. For
example, the formation of compounds70 and 71 would require
the so-far undiscovered monomer32 for dimer formation, while
compound69 would require the dihydro form of compound14 in
order to undergo cycloaddition. Additionally, structures such as15-
19 bring into question the exact biogenetic order of formation, the
role of hydroxylation, and the subsequent functionalization of the
hydroxyl groups. Another interesting functional group, the 1-bu-
tanone moiety, appears in compounds49 and 50. Phthalides are
responsible for numerous bioactivities; however their exact mode
of action is not yet realized, although several reports have suggested
possible bioactive sites. Investigations into the exact role phthalides
play in the mode of action could potentially clarify some of these
bioactivities. One last potential task is the complete structural
characterization of compounds such as4, 6, 22, and 24, whose
structures were assigned tentatively in the literature from GC-MS
data. As a whole, the genera of the family Apiaceae have offered
a group of compounds whose diversity in number and structure, in
addition to their wide array of bioactivities, has greatly contributed
to the ethnobotanical applications of this family of plants.
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