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2 T. NOMURA and T. FUKAI 

1. Introduction 

The Leguminosae is an economically important family in the 
Dicotyledonae with many cultivated species, e.g., beans and peas. The 
family also contains many well-known medicinal plants. It is composed 
of 17,000 or more species that constitute nearly one twelfth of the 
world's flowering plants (1). Traditionally the family has been divided 
into three subfamilies, Caesalpinioideae, Mimosoideae and Papilionoi­
deae, which are sometimes recognized as separate families Caesalpinia­
ceae, Mimosaceae and Papilionaceae. The International Code of 
Botanical Nomenclature permits alternative nomenclatures, the family 
names being replaced by Fabaceae, Fabales and Faboideae, and this 
usage will be common (2). 

Licorice (liquorice, kanzoh in Japanese, gancao in Chinese) is the 
name applied to the roots and stolons of some Glycyrrhiza species 
(Fabaceae) and has been used by human beings for at least 4000 years. 
The earliest written reference to the use of licorice is contained in the 
Codex Hammurabi dating from 2100 B.C., and the subsequent history in 
the West has been described in the earlier reviews (3- 6). In the Far East, 
references to the effectiveness of licorice are contained in the "Shen 
Nong Ben Cao Jing", the first Chinese dispensatory whose original 
anonymous volumes probably appeared by the end of the third century 
(7, 8). In the Chinese book, 365 crude drugs are classified into three 
classes (upper: plants with lowest side-effects and nontoxic useful for 
health care; middle: plants that are nontoxic or possess only weak 
toxicity in whose use care must be exercised; lower: toxic and only for 
clinical use). Licorice is described as belonging to the upper class and is 
recommended for its life-enhancing properties, for improving health, for 
cures for injury or swelling and for its detoxification effect (9). One 
hundred ten prescriptions are recorded in the earlier Chinese medicinal 
book "Shang Han Lun" as of c.E. 1065 (Its original version "Shang 
Han Zu Bing Lun" probably appeared between the third and fifth 
century), where seventy prescriptions include licorice (8, 10). 

Following extraction, the herb yields the licorice products of 
commerce which are used as flavoring for American type tobaccos, 
chewing gums, candies, etc. (11-13), sweetening agents (11, 14 -16), 
and as a depigmentation agent in cosmetic (17-19) and pharmaceutical 
products, e.g., anti-ulcer drugs (Aspalon®, Caved-S®, etc.) (20, 21). 
Clinical studies of licorice make it one of the most thoroughly studied 
herbs (6); these include its toxicity (22), antimutagenic activity (23), 
anti-ulcer effect (24), protective action for hepatotoxicity (25), antitumor 
promoting activity (26), anti-caries effect (27), antimicrobial effect (28), 

References, pp. 110-140 
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etc. The crude drug is also the raw material for the drug glycyrrhizic 
acid (1) and its derivative carbenoxolone (5). But the most important 
industrial use of the herb is in the production of additives as flavor and 
sweetening agents (13, 29). 

The genus Glycyrrhiza consists of about 30 species (30) and 
chemical researches have so far been carried out on 13 of them (31). 
G. glabra L. is distributed in Africa, Asia, Australia, Europe, the Middle 
East and North America. The species includes some varieties frequently 
called Spanish or Italian licorice (G. glabra L. var. typica Reg. et Herd), 
Persian or Turkish licorice (var. violacea Boiss.), Russian licorice (var. 
glandulifera Reg. et Herd. or var. glandulifera Waldst. et Kit.) and 
European licorice (in China). G. uralensis Fischer grows in Asia and 
Russia (Far East) and is termed Ural, Mongolian or Chinese licorice, and 
G. korshinskyi Grigorj. is widely distributed in the former Soviet Union. 
G. lepidota Pursh is found in Central and North America and called wild 
licorice. G. echinata L. (sometimes called G. macedonica Boiss. et 
Orph.) occurs in Asia, Europe, the Middle East, Iran and European 
Russia. G. aspera Pallas. is a small plant, relatively unimportant in 
commerce, and is found in Asia, the Middle East, Europe and in Russian 
Asia (31). G. triphylla Fischer et Mey. grows in Afghanistan, Iran, 
Pakistan and Russian Asia, but differs from the other Glycyrrhiza species 
in morphology as well as chemistry. The species is now regarded as 
separate from Glycyrrhiza and may be transferred to the genus 
Meristotropis (30, 32). 

Many Glycyrrhiza species are found in China, but in the Northeast 
only G. uralensis and G. pallidiflora Maxim. (prickly fruit licorice, 
pseudo-licorice; inu kanzoh in Japanese) grow. On the other hand, in 
northwestern China G. infiata Batalin, G. aspera, G. glabra, G. uralensis 
and yellow licorice (G. eurycarpa P.e. Li = G. uralensis x G. infiata, a 
newly named species previously conflated with G. korshinskyi) are 
distributed (33-35). The pure species are rarely found in the region 
because of facile hybridization. G. yunnanensis P.e. Li (Malay licorice) 
is found in southwestern China and G. squamulosa Franch. grows in the 
central region (33, 36). Annually some 3,000 - 6,000 tons of licorice are 
imported into Japan (37) where one fifth is used clinically in traditional 
Sino-medicine (Kanpo-yaku in Japanese). Chinese licorice (G. uralensis) 
is used for this purpose owing to its pure sweetness without bitter taste. 
However the supply from China is decreasing. 

As for the components of Glycyrrhiza species, the essential oil 
(11, 38-40), and the occurrence of alkaloids (41-45), polysaccharides 
(46-62), a polyamine (63), triterpenes (64-67), fatty acids (68) and 
amino acids (69) as well as triterpenoid saponins and flavonoids have 
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Table 1. Review Articles of Licorice published between 1967-1995 

Author Item Reference (Period) a Ref. 
numbers 

Russo Sapogenin 23 (1937-1967) (70) 
OrSUKA History, Chinese medicine 16 ( -1969) (9) 
KUMAGAI Pharmacology 31 (1946-1971) (71) 
WATANABE Pharmacology 33 (1944-1971) (72) 
OURA et al. Pharmacology 39 (1955-1972) (73) 
SHIBATA and SAlTOH Phenol, pharmacology 78 (1934-1972) (74) 
YAMAMOTO Pharmacology, therapeutics 9 (1959-1972) (75) 

YANO Pharmacology 41 ( 1950-1972) (76) 
BALTASSAT-MILLET et al. Pharmacology 98 (1948-1975) (77) 
SHIBATA and SAlTOH Pharmacology, phenols 39 (1934-1978) (78) 
GIBSON History, pharmacology 45 (1948-1979) (4) 
LIU History, Xinjiang licorice 26 (1597-1979) (79) 

MAEDA Sweetening 9 (1851-1979) (11) 
NISfMOTO and YASUDA Production 10 ( 1970-1980) (80) 
SHIBATA Sapogenin, phenol 26 (1935-1980) (81) 
LUTOMSKI Saponin, therapeutics 101 (82) 
JIANG et al. Sweetening 18 (1967-1981) (16) 
SHIBATA Phenol, sapogenin, 

pharmacology 15 ( 1959-1985) (83) 
CAl et al. Saponin, sapogenin 71 (1935-1987) (84) 
LIU and LIU Phenol 39 (1972-1988) (85) 
AYABE Callus culture 52 (1975-1989) (86) 
BIELENBERG Saponin, pharmacology 42 (87) 
KiKUTI Sweetening 14 (1979-1989) (88) 
FENWICK et ai. History, phenol, 

sapogenin, sweetening 120 (1943-1990) (5) 
LUTOMSKI et ai. Pharmacology 88 (1948-1990) (6) 
KITAGAWA Saponin, phenol 6b (1974-1991) (89) 
YONEDA Production 7 (1974-1991) (29) 
HIAI and NAGASAWA Pharmacology 60 (1962-1992) (90) 
KITAGAWA and HORI Saponin, phenol 29 (J 975-1992) (91) 
BAKER Pharmacology 46 (1948-1992) (92) 
YIN and Guo Whole items (hand book) 308 ( 1946-1992) (93) 
Hu and SHEN Therapeutics 36 (1958-1993) (94) 
JIA and QIU Phenol (aerial parts) 20 (1966-1993) (95) 
SAITO Molecular genetics 3b (1990-1994) (96) 
FENG Studies in China, phenol 9 (1981-1994) (97) 
ILDIS and CHCD Structure (data base) 95 (1949-1994) (31) 

a The period means published years of collective citation references in the review articles. 
b Numbers of references with respect to licorice. The article encloses the other topics. 

been reported (31). The earlier reviews of licorice are listed in Table 1. 
The present article briefly reviews the chemistry and biological activity 
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of saponins obtained from Glycyrrhiza species and is devoted mainly to 
the phenolic constituents with isoprenoid substituent(s) such as the 3-
methyl-2-butenyl (prenyl) group. New methods used for structure 
determination of prenylated phenols (ftavonoids) found during in our 
chemical study of the phenolic compounds are also described. 

2. Triterpenoid Saponins 

2.1. Glycyrrhizic Acid 

Glycyrrhizic acid is the major triterpenoid saponin in licorice root 
and is used frequently as a tool for recognizing the herb. This saponin 
has also been called glycyrrhizin, glycyrrhizinic acid or glycyrrhetinic 
acid glycoside and has been obtained from G. glabra, G. uralensis, G. 
infiata, G. aspera, G. korshinskyi and G. eurycarpa (36, 98-100). The 
presence of glycyrrhizic acid has been known for one hundred years (3) 
and many investigators have studied the structures of the aglycone (1) 
and the saponin for its biological activity (101-125). These studies 
established its chemistry as that of an oleanane type triterpene. The 
structure of glycyrrhizic acid had been assigned as 3-0-[~-D-g1ucurono­
pyranosy1-(1 ---) 2)-IX-D-g1ucuronopyranosy1]glycyrrhetic acid. In 1989, 
structure elucidation of the saponin was finished using modem NMR 
techniques and the structure was established as 2 (3-0-[~-D-g1ucuro­
nopyranosyl-(1 ---) 2)-~-D-g1ucuronopyranosy1]-glycyrrhetic acid) by 
KHALILOV et al. and the revised structure (2) was also confirmed by 
SHIBATA (126). This structure (2) had also been assigned to ural saponin A 
obtained from G. uraZensis and G. eurycarpa (127, 128). Thus the 
structure elucidation of ural saponin A needs further experiments. * 

Glycyrrhizic acid (2) and its potassium and ammonium salts have an 
intensely sweet taste. This taste is completely removed by hydrolysis of 
the saponin to its aglycone, glycyrrhetic acid (1).t The distribution of 
saponins in different organs of G. gZabra has been reported by TABATA 
et aZ. (66); glycyrrhizic acid is found in the thickening root and the 
stolon, but not in the seed, leaf and stem. On the other hand, 
soyasaponins are detected in the seed, hypocotyl and rootlet. 

* The saponin could not be detected in a recent HPLC study of Glycyrrhiza species 
collected in China (36, 225). 

t The sapogenin is also called glycyrrhetinic acid, glycyrrhetin or enoxolone (International 
Nonproperty Name (INN) with WHO). 
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Many investigators have studied the plant tissue culture of 
Giycyrrhiza, but the production of glycyrrhizic acid in this manner is 
only reported in the patent literature (129-137). The production of 
soyasaponins I (3) and II (4) in cell suspension cultures of G. giabra has 
been reported by TABATA et ai., and the contents are greatly influenced by 
plant growth hormones (138). The production of saponins by hairy root 
cultures transformed by Ri plasmids of Agrobacterium has been reported 
by SANKAWA et ai. (139). One of the liquid culture lines of the hairy roots 
of G. uraiensis produced glycyrrhizic acid in a yield of 4.7%. 

Glycyrrhizic acid and structurally related saponins possess a sweet 
taste and flavor-potentiating characteristics and have been employed 
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industrially for this reason (15, 140). The sweet taste of glycyrrhizic acid 
(170 times as sweet as sucrose) is not felt immediately. Thus the reagent 
is usually used along with other sweetening agents such as sucrose, 
glucose, stevioside, etc. The saponin is also used to mask the salty 
aftertaste of soy sauce and salty foods (141). Some glycyrrhetic acid 
glycosides have been synthesized by MIZUTANI et al., who examined their 
sweetness (15, 142, 143). Among them, glycyrrhetic acid monoglucur­
onide is sweeter than glycyrrhizic acid (about 5.5 times) and its flavor­
potentiating action is more effective for a milky, chocolate and coffee 
flavor. 

Glycyrrhizic acid (ammonium or potassium salt) and its derivative 
carbenoxolone (INN, 3-carboxy-l-oxoprepoxyglycyrrhetic acid, 5) are 
used in the treatment of peptic ulcers and other gastro-intestinal 
disorders and as an antiinflammatory agent (21, 144, 145). These agents 
are metabolized by the same metabolic pathway, but differ in the time 
course (90). In treatment of chronic hepatitis and as a precaution against 
transfusion hepatitis, glycyrrhizic acid is also used by injection in large 
amounts (146, 147). Japanese researchers have reported the inhibitory 
effect of glycyrrhizic acid on the infectivity and cytopathic activity of 
human immunodeficiency virus (HIV) (148). Clinical studies of the 
saponin conducted in Japan have shown promising results for HIV 
carriers (149 -157). Intravenous injection of high doses of glycyrrhizic 
acid brings about improvement in liver function that is damaged in 
many HIV positive hemophiliacs. This therapy also prevents the side 
effects of azidothymidine (AZT). The researchers expect that the 
treatment protects asymptomatic HIV carriers from AIDS (150, 151, 
156). 

2.2. Structures of Minor Sapogenins 

About fifty other sapogenins have been isolated from Glycyrrhiza 
species. Their structures are shown in Figs. 2- 6. 

2.2.1. Glycyrrhiza glabra 

ELGAMAL et al. have isolated a minor sapogenin, liquoric acid (6), 
from G. glabra, and proposed a structure having an intramolecular ether 
linkage (158). Thirteen minor sapogenins, glabrolide (7), II-deoxoglab­
rolide (8), liquiritic acid (9), isoglabrolide (10), 11-deoxoglycyrrhetinic 
acid (11), 3~-hydroxy-ll, 13(18)-oleanadien-30-oic acid (glypallidifloric 
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acid, 12), glycyrretol (glycyrrhetol)* (13), 21cr-hydroxyisoglabrolide 
(14), 24-hydroxyglycyrrhetic acid (15), 24-hydroxy-Il-deoxoglycyr­
rhetic acid (16), 18cr-hydroxyglycyrrhetic acid (17), liquiridiolic acid 
(glyyunnansapogenin Bb 18) and 24-hydroxyliquiritic acid (19), have 
been isolated from this species by CANONICA and Russo et ai. (159 -166). 
Glabric acid has been isolated by BEATON and SPRING (167), and the 
structure (20) was elucidated by mass spectroscopic methods by 
ELGAMAL and FAYEZ (168). The isolation of 3,24-dihydroxy-ll, 13(18)-
0Ieanadien-30-oic acid (21) as a methyl ester has been reported by 
BOGATKINA et ai. (169). t Uralenic acid has been isolated from G. 
uraiensis and G. giabra by KIR'YALOV et ai. (170, 171), and the 
compound was identified as 18cr-glycyrrhetic acid (22) by BELOUS et ai. 
(172). The compound had been derived by isomerization of 18~­

glycyrrhetic acid (1) under basic conditions (124). ELGAMAL and EL­
TAWIL have isolated 28-hydroxyglycyrrhetic acid (23) from the same 
species (173). 

The lactones 7, 8, 10 and 14 might be artifacts formed during the 
isolation procedures and the parent compounds of 10 and 14 have not yet 
been isolated. The parent compounds of 7 and 8 have been isolated as 
described in the following subsections. 

2.2.2. Giycyrrhiza uraiensis 

ZHANG and her co-workers have reported the isolation of 24-
hydroxyglabrolide (24), uralenolide (25) and glyuranolide (isolated as a 
methyl ester) (26) from G. uralensis (174 -177). A formyl ester (27, 
Fig. 2) of glabrolide (7) and 22~-acetoxyglycyrrhetic acid (28),# the 
latter considered as the parent compound of glabrolide (7), have been 
isolated by SHEN et ai. (178). The sapogenins 7, 12-15, 17 and 22 have 
been also isolated from this species (174, 175, 179). 

* The trivial name "glycyrretol" was used in the English abstract of the original paper, 
and "glycyrrhetol" has been used in Chemical Abstracts (163). 

t A glycoside of 3~,24-dihydroxy-ll, 13(18)-o1eanadien-30-oic acid (licorice-saponin 
K2, 67) has been isolated from C. uralensis (205). 

# The trivial name "22~-acetoxyglabric acid" was used for the compound (22~-acetoxy-
3 ~-hydroxy-11-oxo-12-o1eanan-30-oic acid) in the English abstract of the article (178). 
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2.2.3. Glycyrrhiza echinata (G. macedonica) 

This species does not produce glycyrrhizic acid (180). The isolation 
of two triterpene acids named macedonic acid and isomacedonic acid 
whose structures were assigned as 3, 19-dihydroxy-ll, 13(18)-0Ieana­
dien-28-oic acid and 3,19-dihydroxy-9(11),12-0Ieanadien-28-oic acid, 
respectively, was reported by KIR'YALOV et al. (181-184). However, these 
structures have been revised to 29 and 30, respectively, using chemical 
and spectroscopic methods, by ZORINA et ai. (185, 186). Similarly 
structures of two other acids, echinatic acid and isoechinatic acid, also 
isolated by KIR'YALOV et ai. and assigned as 3,15,22-trihydroxy-9(11), 12-
0Ieanadien-28-oic acid and 3,15,22 (or 3,16,21)-trihydroxy-ll,13 (18)-
0Ieanadien-28-oic acid, respectively, (182, 187-189) were subsequently 
revised to 31 and 32 (glyyunnansapogenin E), respectively (190). More 
recently the isolation of 3~,21Cl-dihydroxy-ll, 13(18)-0Ieanadien-28-oic 
acid (33) from the same species has been reported by MIRHOM et ai. 
(191). 

2.2.4. Glycyrrhiza yunnanensis 

Glycyrrhetic acid has not been detected in this species (36), but six 
sapogenins, glyyunnansapogenins A-C (34-36) and F-H (37-39), 
were isolated by ZENG et al. (192-195). The isolation of glyyunnansa­
pogenin B2 (40) and 24-hydroxyglabrolide (24) has been reported by Hu 
et ai. (67). The known sapogenins oleanolic acid (41), 18 (glyyunnan­
sapogenin B\), 29, 32 (glyyunnansapogenin E) and yunganogenin C (42) 
have also been isolated from this species (67, 193). 

2.2.5. Other Species 

Pallidiftoric acid (43, as a methyl ester) has been isolated from G. 
pallidifiora by Lru et ai. (196) as have the known sapogenins, 29, 12 
(glypallidiftoric acid) and soyasapogenol B (44) (196-199). A known 
sapogenin glabrolide (7) was isolated from G. aspera (200) and 24-
hydroxyglycyrrhetic acid (15) was obtained from G. korshinskyi (201). A 
new sapogenin squasapogenol (45) has been isolated together with two 
known sapogenins (29 and 44) from G. squamuiosa by LIANG and ZHANG 
(202). 

Several sapogenins (46-55) have been obtained as hydrolysis 
products of saponins from G. uralensis and G. yunnanensis. These are 
described in the next section. 

References, pp. 110-140 
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glyyunnansapogenin H (39) 
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HO 
:' CH 20H 

yunganogenin K (55) 

3f3-hydroxy-11 ,13(18)­
oleanadiene-9-oic acid (57) 

o 

HO 
:' CH20H 

22f3-acetoxy-3 f3,24-dihydroxy-
12-oleanene-30-oic acid (56)' 

Fig. 8. * The compound has not been isolated (aglycone moiety of 68 or 82) 

2.3. Structures of Minor Saponins 

About fifty saponins have so far been isolated from Glycyrrhiza 
species. Their structures are shown in Table 2, and their physical 
properties and plant sources are described in Table 12. 

2.3.1. Glycyrrhiza uralensis 

KITAGAWA et al. have reported the isolation of a new bisdesmoside, 
licorice-saponin A3 (58), and ten new monodesmosides, licorice­
saponins B2, C2, D3, E2, F3, G2, H2, J2, K2, L3 (59-68) together 
with the known saponins glycyrrhizic acid (2) and 18et-glycyrrhizin (69) 
from G. uralensis (100, 203-206). Methanolysis of the trimethyl ester of 
licorice-saponin D3 (61a) liberates 22~-acetoxy-3~-hydroxy-12-olea­
nene-30-oic acid (46) as a methyl ester, and subsequent hydrolysis gives 
ll-deoxoglabrolide (8) (205). A similar triterpenoid lactone (24-
hydroxy-ll-deoxoglabrolide, 47) is also obtained by methanolysis of 
licorice-saponin L3 (68) (206). Among these saponins, licorice-saponin 

References, pp. 110-140 
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B2 (59) has been noted to exhibit activity which promotes restoration of 
hepatocyte function against carbon tetrachloride induced liver cell injury 
in rat (206). 

That licorice may act as a solubilizing agent in traditional Chinese 
medicines has been reported by SASAKI et aZ. (207). Aqueous solutions of 
the glucoside ester (58) solubilize water insoluble substances such as (l­

tocopherol and oleanolic acid. This may be a restatement of a description 
of licorice in the "Shen Nong Ben Cao Jing," which states that licorice 
harmonizes a medicine with any drugs. 

Ural saponin B (70) has been isolated from G. uraZensis by ZHANG 
et aZ. (127). The saponin is a positional isomer of glycyrrhizic acid (2) 
with respect to the attachment of the outer glucuronyl group. 

2.3.2. GZycyrrhiza furycarpa 

Another such isomer of glycyrrhizic acid (2) differing in the attach­
ment of the glucuronyl group, glyeurysaponin (71) has been isolated 
from G. eurycarpa by ZHANG et aZ. (208). 

2.3.3. GZycyrrhiza inflata 

Apioglycyrrhizin (72) and araboglycyrrhizin (73) have been isolated 
from G. inflata by KITAGAWA et aZ. (209, 210) who have also examined 
the taste of licorice saponins obtained from various species: Apioglycyr­
rhizin (72) is about 2 times sweeter than glycyrrhizic acid (2), while the 
sweetness of araboglycyrrhizin (73) and the licorice-saponins G2 (64) or 
H2 (65) is comparable to that of 2. On the other hand, licorice-saponin 
B2 (59) is not sweet but bitter and causes vomiting. The sweetness of 
licorice-saponin A3 (58) is weaker by about half than that of 2, but 
imparts a more pleasant taste. However SASAKI et aZ. reported that 
saponin 58 derived from 2 and glycyrrhizic acid 30-0-~-glucronide ester 
are tasteless (207). The isolation of methyl (ethyl) and/or n-butyl 
diglucuronides of glycyrrhetic acid or liquiritic acid, inftasaponins I-VI 
(74-78), from G. inflata has been reported by ZHANG et aZ. (211-214). 

2.3.4. GZycyrrhiza gZabra 

VARSHENY et aZ. have reported the isolation of a pentaglycoside of 
glycyrrhetic acid, glabranin A (79),* and a heptaglycoside, glabranin B 

* The trivial name "glabranin" is also given to a flavanone 267 as described in Section 3 
(226). 
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(80), from G. giabra, but the structures were not established completely 
(215). 

2.3.5. Glycyrrhiza yunnanensis 

The isolation of a bisdesmoside, glyyunnanprosapogenin D (SI) as a 
dimethyl ester hexaacetate, and two monodesmosides, yunnanglysapo­
nins A (S2) and B (S3), from G. yunnanensis has been reported by ZHANG 
et al. (194,216). Eighteen new saponins, yunganosides AI, Bl, Cl, 01, 
E2, F2, Gl, G2, HI, H2, 11, 12, 11, J2, Kl, K2, Ll and L2 (S4-101) have 
been isolated by TANAKA et ai., and eight new aglycones, yunganogenins 
C-F (42, 49-51, Fig. 7) and H-K (52-55, Figs. 7 and 8), obtained by the 
hydrolysis of the corresponding saponins with glycyrrhizin hydrolase 
were also reported by them (217, 218).* 

2.3.6. Other Species 

Macedonic acid diglucuronide (102) has been isolated from G. 
echinata and G. pallidiflora by KUSANO et al. (219). The saponin also 
occurs in G. macedonica, but not in G. uralensis and G. glabra (private 
communication from Dr. KUSANO; he and his co-workers consider that G. 
macedonica is a separate species from G. echinata). 

2.3.7. Biotransformations with Plant Tissue Cultures 

The biotransformation of glycyrrhetic acid (1) with cell cultures of G. 
glabra has been reported by TABATA et al. (220, 221). The cell suspension 
cultures convert exogenously administered glycyrrhetic acid (1) into 
monodesmosides (103-107) and a bisdesmoside (lOS). These saponins 
have not been isolated from Glycyrrhiza species. Some of the 
metabolites (103 -105) are hydroxylated at the C-24 methyl group of 
the aglycone as well as of the sapogenin, 24-hydroxyglycyrrhetic acid 
(15), also obtained from the same cell line. In the cell line, 24-
hydroxylation of glycyrrhetic acid is pre-requisite to forming its 3-0-
glucuronide (222). 

The biotransformation of papaverine with cell suspension cultures of 
G. glabra has been reported by DORISSE et at. (223). The main metabolite 
of the transformation is a hydroxylated compound, papaverinol. The 

* The authors also stated that the gJycosides of sapogenins 32 or 36 reported by ZENG et al. 
from G. yunnanensis (193), were not encountered by them (2/7). 

References, pp. 110-140 
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Table 2. Structure of Saponins (GlcA = Glucuronopyranosyl, Glu = Glucopyranosyl, 
Api = Apiofuranosyl, Ara = Arabinopyranosyel, Gal = Galactopyranosyl, Rha = 

Rhamnopyranosyl, Xyl = Xylopyranosyl) 

Glycyrrhizic acid (2): 

I ~-D-G\CA I 1 -> 21 '-' ~-=-D'---G=I'--cA"II -> 3 [glycyrrhetie acid (1)] 

Soyasaponin I (3): 

Icr-L-Rhail -> 21 "'~-=-D:---G:::-a-:-lill -> 21~-D-G\CAII -> 3 [soyasapogenol B (44)] 

Soyasaponin II (4): 

Icr-L-Rhail -> 2 r-I cr-=-L--A"-r-oa I 1 -> 21~-D-G\CAII -> 3 [soyasapogenol B (44)] 

Licorice-saponin A3 (58): 

I~-D-G\CAII -> 21~-D-G\CAII -> 3 [glycyrrhetie acid (1)]30 f- 1 I~-D-Glul 
Licorice-saponin B2 (59): 

I ~-D-G\CAII -> 2 I ~-D-G\CAII -> 3 [II-deoxoglycrrhetinie acid (11)] 

Licorice-saponin C2 (60): 

I~-D-G\CAII -> 21~-D-G\CAII -> 3 [3~-hydroxy-ll,13(I8)-o1eanadiene-

30-oie acid (12)] 
Licorice-saponin D3 (61): 

Icr-L-Rhail -> 21~-D-G\CAII -> 21~-D-G\CAII -> 3 [22~-acetoxy-

3 ~-hydroxy -I2-o1eanene-30-oie acid (46)] 
Licorice-saponin E2 (62): 

I ~-D-G\CAII -> 2 I ~-D-G\CAII -> 3 [glabrolide (7)] 

Licorice-saponin F3 (63): 

Icr-L-Rhail -; 21~-D-G\CAII -; 21~-D-G\CAII -; 3 [ll-deoxoglabrolide (8)] 

Licorice-saponin G2 (64): 

I ~-D-GIcAII -> 2 I ~-D-G\CAII -; 3 [24-hydroxyglycyrrhetic acid (15)] 

Licorice-saponin H2 (65): 

I ~-D-G\CA 11 -; 2 I ~-D-GJcA 11 -; 3 [liquiritic acid (9)] 

Licorice-saponin J2 (66): 

I ~-D-G\CA 11 -; 2 I ~-D-G\CAII -; 3 [24-hydroxy-ll-deoxoglycyrrhetinic 

acid (16)] 
Licorice-saponin K2 (67): 

I ~-D-G\CA 11 -; 2 I ~-D-GJcAll -; 3 [3~,24-dihydroxy-Il,I3(18)-oleanadiene-30-oic 

acid] 
Licorice-saponin L3 (68): 

Icr-L-Rhall -; 2 Icr-L-Arail -; 2 I ~-D-G\CAII -; 3[22~-acetoxy-3~,24-dihydroxy-
12-o1eanene-30-oic acid (56) a] 

I8cr-Glycyrrhizin (69): 

I~-D-G\CAII -; 2 "'1~-=-D:--G:::;;l'-cA~II -; 3 [uralenic acid (22)] 

Uralsaponin B (70): 

I ~-D-G\CAII -;.3 '-'I ~-=-D:---G=I:-cA"'II -; 3 [glycyrrhetic acid (1)] 
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Table 2 (continued) 

Glyeurysaponin (71): 

I ~-D-GlcAII ---> 4 =1 ~--=-D=--G=I:-cA-;--'ll ---> 3 [glycyrrhetic acid (1)] 

Apioglycyrrhizin (72): 

I ~-D-Api 11 ---> 2 "'I ~-;:-D;:---G:;;-;I:-cA-;--'ll ---> 3 [glycyrrhetic acid (1)] 

Araboglycyrrhizin (73): 

lex-L-Arall ---> 2 rnl~--=-D;:---G=I:-cA-;--'ll ---> 3 [glycyrrhetic acid (1)] 

Inflasaponin I (74): 

CH3- ---> 6 I ~-D-GlcAll ---> 2 I ~-D-GlcAll ---; 3 [glycyrrhetic acid (1)] 

C4Hg- i 6 
Inflasaponin II (75a): 

C2Hs- ---; 6 I ~-D-GlcAll ---; 2 I ~-D-GlcAll ---; 3 [glycyrrhetic acid (1)] 

n-C4Hg- i 6 
Inflasaponin III (76): 

n-C4Hg- ---; 6 I ~-D-GlcAll ---; 2 I ~-D-GlcAll ---; 3 [liquiritic acid (9)] 

C2Hs- i 6 
Inflasaponin IV (77): 

n-C4Hg- ---; 6 I ~-D-GlcAll ---; 2 I ~-D-GlcAll ---> 3 [glycyrrhetic acid (1)] 

n-C4Hg- i 6 
Inflasaponin V (78): 

n-C4Hg- ---> 6 I ~-D-GlcAll ---; 2 I ~-D-GlcAll ---; 3 [liquiritic acid (9)] 

n-C4Hg- i 6 
Inflasaponin VI (75b): 

n-C4Hg- ---; 6 1~-D-GlcAll ---; 21~-D-GlcA!1 ---; 3 [glycyrrhetic acid (1)] 

C2Hs- i 6 
Glabranin A (79): (partial structure) 

!ex-L-Rha! ---; !ex-D-Glu x 2!---> !'ex--=-D=--G=l---'u!l ---; 3 [glycyrrhetic acid (1)] + !ex-D-Glu! 

Glabranin B (80): (partial structure) 

(!ex-D-Glu! x2) 1 ---; lex-D-Glu!l ---; 3 [glycyrrhetic acid (1)] 

+!~-D-Xyl (terminal)! ---; lex-L-Rha x 2! ---;, and !ex-D-Glu (terrninal)!---> 

(hydrolyzed products of a methyl ether: 2,3,4-tri-O-methyl-~-D-xylose, 3,4-di-O-methyl­
ex-I-rhamnose, 2,3,4,5-tetra-O-methyl-ex-D-glucose, 2,3,4-tri-O-methyl-ex-D-glucose, 2,3-
di-O-methyl-ex-D-glucose and 1) 

Glyyunnanprosapogenin D (81): 

! ~-D-GlcA!l ---; 3 [macedonic acid (29)] 21 <-- 1 ! ~-D-GlcA! 

Yunnanglysaponin A (82): 

! ~-D-GlcA!l ---> 4! ~-D-GlcA!l---; 3 [3~-hydroxy-ll, 13(18)-oleanadien-29-oic acid (57)'] 

Yunnanglysaponin B (83): 

! B-D-GlcA !l ---> 4 ! ~-D-GlcA! 1 ---> 3 [macedonic acid (29)] 

Yunganoside Al (84): 

!a-L-Rha!l ---> 2!""B--=-D=--G=I=-cA-'--'!1 ---; 2 IB-D-GlcA!3 [kudzusapogenol C (48)] 
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Table 2 (continued) 

Yunganoside BI (85): 

Itx-L-Rhall--> 2 r;;1~-;:-D::--G:;:::'I;-cA"-'11 --> 21~-D-GlcAI3 [soyasapogenol B (44)] 

Yunganoside Cl (86): 

Itx-L-Rhall --> 2 r;;1~:-::-D::--G=I;-cA-;--'ll --> 21~-D-GlcAI3 [yunganogenin C (42)] 

Yunganoside D1 (87): 

Itx-L-Rhall --> 21'""~-::-D::--G=I:---cA-;--'11 --> 21~-D-GlcAI3 [yunganogenin D (49)] 

Yunganoside E2 (88): 

1~-D-GlcAII --> 2 r=1~--=-D'----G=I'---cA-'--'11 --> 21~-D-GlcAI3 [yunganogenin E (50)] 

Yunganoside F2 (89): 

1 ~-D-GlcAII --> 2 '""I ~-::-D:--G=I;-cA"""'11 --> 2 1 ~-D-GlcAI3 [yunganogenin F (51)] 

Yunganoside G1 (90): 

Itx-L-Rhall--> 2 r=1~--=-D:--G=I;-cA-'--'11 --> 21~-D-GlcAII --> 3 [liquiridiolic acid (18)] 

Yunganoside G2 (91): 

1 ~-D-GlcAII --> 2 1'""~-::-D::--G=I:---cA7111 --> 3 [liquiridiolic acid (18)] 

Yunganoside HI (92): 

Itx-L-Rhall --> 2 '-'I ~--=-D:--G=I;-cA-;--'11 --> 2 1 ~-D-GlcAII --> 3 [yunganogenin H (52)] 

Yunganoside H2 (93): 

1 ~-D-GlcAII --> 2 '""I ~-::-D::--G:;:O;I;-cA-;--'11 --> 3 [yunganogenin H (52)] 

Yunganoside I1 (94): 

Itx-L-Rhall --> 2 1r-:~--=-D:--G=I;-cA-'--'ll --> 2 1 ~-D-GlcAII --> 3 [yunganogenin 1 (53)] 

Yunganoside 12 (95): 

1 ~-D-GlcAII --> 2 '-'I ~--=-D'----G=I;-cA-'--'11 --> 3 [yunganogenin 1 (53)] 

Yunganoside J1 (96): 

Itx-L-Rhall --> 2 r;;1~--=-D:--G=I;-cA"-'ll --> 21~-D-G1cAII --> 3 [yunganogenin J (54)] 

Yunganoside J2 (97): 

1 ~-D-GlcAII --> 2 '-'I ~:-::-D::--G=I:---cA"-'11 --> 3 [yunganogenin J (54)] 

Yunganoside Kl (98): 

Itx-L-Rhall -> 21 r;; ~--=-D::--G=I;-cA-;--'11 -> 2 1 ~-D-GlcAII -> 3 [yunganogenin K (55)] 

Yunganoside K2 (99): 

1~-D-GlcAII -> 2Irn~-::-D::--G=I;-cA-;--'11 -> 3 [yunganogenin K (55)] 

Yunganoside L1 (100): 

Itx-L-Rhall -> 2Irn~-=-D::--G=I;-cA-;--'11 -> 21~-D-GlcAII --> 3 [isomacedonic acid (30)] 

Yunganoside L2 (101): 

1 ~-D-GlcAll --> 2 "'I ~--=-D::--G=I;-cA"-'11 -> 3 [isomacedonic acid (30)] 

Macedonic acid diglucronide (102): 

1~-D-GlcAII --> 21~-D-GlcAII -> 3 [macedonic acid (29)] 

3-0-~-D-Glucuronopyranosyl-24-hydroxy-18~-glycyrrhetinic acid (103):b 

1 ~-D-GlcA 1 I --> 3 [24-hydroxyglycyrrhetic acid (15)] 
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Table 2 (continued) 

3-0-[ a.-L-Arabinopyranosyl-(l -> 2)-~-D-glucuronopyranosyl]-24-hydroxy-18~-

glycyrrhetinic acid (104):b 

I a.-L-Ara I 1 -> 2 I ~-D-GlcAI 1 -> 3 [24-hydroxyglycyrrhetic acid (15)] 

24-Hydroxy-18~-glycyrrhetinic acid 30-~-D-glucopyranosyl ester (105):b 

I ~-D-Glul 1 -> 30 [24-hydroxyglycyrrhetic acid (15)] 

3-0-~-D-Glucopyranosyl-18~-glycyrrhetinic acid (106):b 

I ~-D-Glu I 1 -> 3 [glycyrrhetic acid (1)1 

18-~-Glycyrrhetinic acid 30-0-~-D-glucopyranosyl ester (107):b 

I ~-D-Glu I I -> 30 [glycyrrhetic acid (1)] 

3-0-~-D-Glucopyranosyl-18 ~-glycyrrhetinic acid-30-~-D-glucopyranosyl ester (108):b 

I ~-D-Glull -> 3 [glycyrrhetic acid (1)] 30 <- I I ~-D-Glul 

a The compounds have been isolated as saponin but not obtained as free form 
b Products with biotransformation 

biotransformation of glycyrrhetic acid (1) by ginseng hairy root cultures 
has been reported by FURUYA et aZ. (224). The products of the 
biotransformation are three new glycosides and three known sapogenins. 
Among these compounds, 3-0-[~-D-glucopyranosyl-(1 -+ 2)-~-D-gluco­
pyranosly] 18~-glycyrrhetic acid and 3-0-[6-0-malonyl-~-glucopyrano­
sly-(l -+ 2)-~-D-glucopyranosy1]18~-glycyrrhetic acid possess the same 
degree of sweetness as glycyrrhizic acid (2). 

3. Phenolic Compounds 

3.1. Flavonoids and Coumarins from Underground Parts 

Glycyrrhizic acid (2) and its derivative (5) are anti-ulcer drugs but 
have serious side effects, such as edema, reduced serum aldosterone, 
elevated blood pressure, etc. (6, 21, 90). In 1967, TAKAGI and his co­
workers reported that one of the flavonoid-rich fractions of licorice 
which also included about 15% of glycyrrhizic acid (FMlOO fraction) is 
effective in prevention of digestive gastric ulcer by suppressing gastric 
secretion (24, 227).* The fraction has been developed as an anti-ulcer 

* One of the semi-purified fractions obtained from the methanol extract of C. glabra (PM) 
had an anti-ulcer effect in rats at 100 mg/kg (i.p.). The same fraction from C. uralensis 
also exhibited a similar effect (74) and has been supplied as Aspalon®. 

References. pp. 110-140 
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drug. In order to track down the biological activity, many studies of 
phenolic constituents have been conducted which are described in the 
following sections. About three hundred phenolic compounds have so far 
been isolated from Glycyrrhiza species, one hundred and fifty of which 
are new and have been obtained from the underground parts. Their struc­
tures are shown in Figs 9-20 and Scheme I. Many known compounds 
have also been isolated from the roots or stolons. The structures and 
plant sources are described in Table 13 along with the new compounds. 

3.1.1. Glycyrrhiza glabra 

About seventy phenolic compounds have been isolated from the 
underground parts of this species. The main phenolic compound is 
isoliquiritin (109) in quantities of 0.1- 0.3% from the dried roots (228). 
SHINODA and UEEDA have reported a flavanone glucoside liquiritin (110) 
from G. glabra (229, 230). The corresponding chalcone, isoliquiritin 
(109), has been isolated from the dried roots of the plant together with 
flavanone glucoside (110) by PURl and SESHADRI (231). They also 
examined the fresh roots of the plant and obtained chalcone (109) but not 
flavanone (110). Apparently some isomerization of (109) to liquiritin 
(110) takes place because the flavanone glucoside was only detected on 
boiling the alcoholic extract or on exposure of the roots to sun drying or 
storage. On the other hand, the aglycone of liquiritin, liquiritigenin 
(111), has been isolated as an optical active compound from G. glabra as 
well as liquiritin (232, 233). The corresponding chalcone, isoliquir­
itigenin (112), is also obtained from the plant (232a, 234, 235). Other 
glycosides based on the aglycones neoliquiritin (113), neoisoliquiritin 
(114), liquiritin apioside (apioliquiritin) (115), liquiritigenin 7-apiosyl­
glucoside (116), rhamno-liquiritin (117), rhamno-isoliquiritin (118), 
licuraside (119) and licurazid (120) have been isolated from G. glabra 
(232a, 236-243). Trivial names of the last two glycosides are not 
uniform or sometimes confused; isoliquiritigenin 4-0-apiosylglucoside 
(119, licuraside) has also been named neolicuroside or isoliquiritin 
apioside, while its isomer isoliquiritigenin 4'-O-apiosylglucoside (120, 
licurazid) has been called liquiraside, licuroside, licrasid, licuraside or 
licurasid (210, 232a, 237, 240-243). Some of the multiplicity of names 
may have arisen as a result of typographical errors or as a result of 
translation into English; however, it may also be the result of the use of 
two different systems in numbering the chalcone skeleton (B ring, C 1-
C6 or CI'-C6'). 

The oldest licorice in Japan derived from G. glabra has been stored in 
the Shosoin for over twelve hundred years (244). Shosoin is an Imperial 
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isoliquiritin (109): 
R1 = H, R2 = Glu 
isoliquiritigenin (112): 
R1 = R2 = H 
neoisoliquiritin (114): 
R, = Glu, R2 = H 
rhamno-isoliquiritin (1 18): 
R, = H, R2 = Rha-Glu-, 
licuraside (1 19): 
R1 = H, R2 = Api(1 2)Glu-
licurazid (120): 
R, = Api (1 2)Glu-, R2 = H 
(159): RI = H, 
R2 = (feruloyl ->5)Api(1 ->2)Glu-

feruloyl: -fi~ 
o \ ~ OH 

OMe 

o 

liquiritin (110): 
R, = H, R2 = Glu 
liquiritigenin (111) : 
R, = R2 = H 
neoliquiritin (1 13): 
RI = Glu, R2 = H 
liquiritin apioside (115): 
RI = H, R2 = Api(1 -> 2)Glu­
liquiritigenin 7-apiosylglucoside (1 16): 
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Treasure House in the city of Nara, one of the ancient capital cities of 
Japan. The wooden house built in 756 A.D. contains many valuable 
items including sixty kinds of crude drugs. SHIBATA examined the 
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constituents of this material using HPLC and detected the flavanones 
(110, 111, 113) and the cha1cones (109, 112, 114) as well as glycyrrhetic 
acid (1) and glycyrrhizic acid (2) (245).* 

Four 2-methylisoflavones (121-123, 121a), and a coumarin, 
liqcoumarin (124), were isolated along with an isoflavone, glyzaglabrin 
(125), from licorice cultivated in India by BHARDWAJ et al. (246 -249). 
Isolation of these compounds from other licorice collections has not been 
reported. 

SAITOH et al. have reported a pyranoisoflavan, t glabridin (126), and a 
flavanone with two prenyl groups, glabrol (127), isolated from Russian 
licorice (250). Two isoflavonoids having a 2,2-dimethylpyran ring 
attached to the B ring, an isoflavone (glabrone, 128) and a pyranoisoflav-
3-ene (glabrene), have been also obtained from the same source by 
KINOSHITA et ai. (251). Glabrene was originally assigned formula 129 on 
the basis of IH NMR data and a positive Gibbs test (251), but the 
structure was subsequently revised to formula 130 (252). Besides the 
flavonoids 126, 127 and 130, four new isoprenoid-substituted flavans, 
hispaglabridins A (131), B (132), 4' -O-methylglabridin (133) and "3'­
methoxyglabridin (134)," have been isolated together with a 3-
hydroxyflavanone, 3-hydroxyglabrol (135), from Spanish licorice in 
addition to salicylic acid and O-acetylsalicylic acid by MITSCHER et ai. 
(253, 254). These flavonoids were also obtained from Russian licorice 
together with several new minor compounds, 8-prenyl-phaseolliniso­
flavan (136) and compounds 137-142 (tentative names RL-P - -S, -u 
and -V) by KiNOSHITA et ai. (255-259) who have also revised the 
structure of "3' -methoxyglabridin (134)" to 3' -hydroxy-4' -O-methyl­
glabridin (143) (255). Among the isoprenoid-substituted flavonoids, 
glabridin (126) is the main constituent of Spanish and Russian licorice 
(about 0.15%), but the compound has not been obtained from G. glabra 
from northwestern China (260-263) except from material collected in 
the Inner Mongolia Autonomous Region where the content in the roots 
was 0.15% and in the rhizome 0.57% (228). 

On examining the phenolic constituents of G. glabra cultivated in 
Japan we isolated two new pyrano-2-arylbenzofurans kanzonols U (144) 
and V (145), a pyrano-3-ary1coumarin kanzonol W (146), a diprenylated 

* Dr. SHIBATA has informed us that he could not exclude the possibility of Shosoin 
licorice to be G. uralensis by the HPLC analysis and further chemical examination of 
the drug is now progress in 2nd research of Shosoin materials. 

t The stereochemistry of isoflavan derivatives mentioned in this section is described in 
Section 4. 
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isoftavan kanzonol X (147) and a diprenylated ex-hydroxydihydrochal­
cone, kanzonol Y (148), together with some known compounds (252). 

The isoftavans obtained from G. glabra are unusual in having no 
substituent at the C-S position, while almost all isoftavans isolated from 
the other licorice species, G. uralensis, G. aspera, etc., do as mentioned 
in later subsections. 
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KITAGAWA et ai. have reported a new glucoside of liquiritin, 
glucoliquiritin apioside (149, Fig. 9), a pyranoisoflavan, methylhispa­
glabridin B (150), a diprenylated flavone, prenyllicoflavone A (151), a 
prenylated pyranoflavanone, shinflavanone (152), and two pyranopter­
ocarpans, shinpterocarpin (153) and I-methoxyphaseollin (154), from G. 
glabra collected in the Xinjiang Uigur Autonomous Region of China (in 
the extreme west of northwestern China) (260). The main phenolic 
constituents were licuraside (119, 1.65%) and liquiritin apioside (115, 
0.98%). We isolated a new prenylated isoflavan, kanzonol R (155), and 
an isoprenoid-substituted pyranoisoflavone, kanzonol T (156), as minor 
components of material purchased in a market in Xinjiang (261, 263). 
Ten known flavonoids, including licocha1cone A, were also obtained 
from the Xinjiang licorice (262, 263), but these compounds were not 
found in Spanish or Russian licorice. * 

Of the above phenolic compounds obtained from G. glabra, 
compounds 109-115, 119, 120, 126, 128 and 151 have been also 
isolated from other Glycyrrhiza species (Table 13). 

3.1.2. Glycyrrhiza uralensis 

About sixty phenolic compounds have been isolated from the 
underground parts of this species. The main phenolic compounds are 
liquiritin (110, 0.6-3.7%) and isoliquiritin (109, 0.4-2.3%) (36). Four 
new glycosides, liquiritigenin 4',7 -diglucoside (157), 6" -acetylliquiritin 
(158), a feruloyl ester of licurazid (159, Fig. 9) and isoononin (160), have 
also been isolated from G. uralensis (178, 264 -266). 

A diprenylated isoflavan (licoricidin) and three coumestans contain­
ing an isoprenoid group (glycyrol, 5-0-methylglycyrol [l-O-methylgly­
cyrol in the new numbering system] and isoglycyrol) along with a 
prenylated isoflavone (licoricone) have been isolated from G. uralensis 
(267-269).t The structure of licoricone was established as 162 by X-ray 

• LicochaIcone A (213) is a prominent phenolic constituent of G. inflata and G. eurycarpa 
(subsections 3.1.4 and 3.1.5), and was isolated only from the G. glabra collections 
originating in Xinjiang (Table 13). The compound has been detected by HPLC analysis 
in some licorice collections from northwestern China, especially those from the Xinjiang 
Uigur Aut.onomous Region (36, 379, 380). In our more recent study of G. glabra 
imported from Kirghizia, the phenolic constituents of the licorice differ from those of 
Spanish and Russian licorice except for glabrene (130), and the constituents of Kirghiz 
licorice resemble to those of G. glabra in Xinjiang except for licochalcone A (213) 
(unpublished data). 

t The species is mentioned in reviews (74, 78) but not in the original articles (267, 268). 
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analysis of its monobromoacetate (270). Syntheses of licoricone and 
related compounds have been carried out by TSUKAYAMA et al. (271). 
Formula 163 originally attributed to licoricidin on the basis of the IH 
NMR spectrum and the shift of an aromatic proton which accompanied 
acetylation (267) was revised to 164 using 13C NMR spectrometry (272). 
The 7 -O-methyl ether (165) of licoricidin was isolated from the roots and 
called licorisoflavan A (273, 274). Synthesis confirmed the structure but 
left unassigned stereochemistry at C-3 (275). 

Formula 166 was originally proposed for glycyrol because of the IH 
NMR data, the absence of a shift in the UV spectrum induced by sodium 
acetate in ethanol supposedly indicative of the absence of a free hydroxyl 
group on C-3 and a positive Gibbs test (268). The structure of isoglycyrol 
which is formed from glycyrol under acidic conditions was therefore 
assumed to be 167. In our experience the diagnostic bathochromic shift 
induced by sodium acetate in methanol is not paralleled in ethanol and 
some coumarins and flavonols with a substituent para to a hydroxyl 
group do react with the Gibbs reagent to give a blue or green pigment 
(276). X-ray analysis of isoglycyrolled to the revised structure 168 from 
which it followed that glycyrol must have structure 169 (277). More or 
less simultaneously KINOSHITA et ai. (278) came to the same conclusion 
on the basis of NOE studies on the dibenzyl ether of glycyrol. Compound 
(161) is therefore not 1-0-methylglycyrol, but 3-0-methylglycyrol. 

ZHU et al. have isolated a prenylated 2-arylbenzofuran with a C-3 
hydroxyl group, liconeolignan (170) (an earlier tentative name was 
licobenzofuran), together with a prenylflavonol, isolicoflavonol (171), 
and a prenylated 3-arylcoumarin, glycycoumarin (172), from the roots 
and stems of G. uralensis (279-281). Two isoflavones, semilicoiso­
flavone B (173) and isoangustone A (174), a deoxybenzoin derivative, 
licoriphenone (175), and a diprenylated pterocarpan, I-methoxyficifoli­
nol (176), have been isolated from commercially available licorice (G. 
uralensis, although the material was not unequivocally identified) by 
TSUDA et al. (282). Licoriphenone (175) is converted to a 2-aryl­
benzofuran (gancaonin I, 177) with polyphosphoric acid in dichlor­
omethane (282). A dibenzyl ether of 175 has been used as a starting 
material in the synthesis of a 2-arylbenzofuran derivative (283). 

In our study of the species, the main phenolic compounds with prenyl 
group(s) were Iicoricidin (164, 0.011 %), licorisoflavan A (165, 0.0025%) 
and glycyrol (169, 0.0023%). We also isolated twelve new isoprenoid­
substituted phenols as minor constituents, kanzonols F-Q (178-189), 
from the underground parts (261, 284, 285). Kanzonols M (185), N 
(186), and 0 (187) are rare isoflavans with a formyl group on the A ring. 
The structures of the diprenylated isoflavones, kanzonols K (183) and L 
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(184), were elucidated using as criterion the chemical shift of the proton 
of the hydrogen-bonded hydroxyl group because their yields were very 
low (285). This new method for the structure determination is described 
in Section 4. Recently a chalcone (190) and a 3-arylcoumarin (191) have 
also been reported from G. uralensis (286). 

3.1.3. Glycyrrhiza aspera 

About forty phenolic compounds have been isolated from the 
underground parts of G. aspera. The main phenolic compounds are 
liquiritin (110, 0.33%) and isoliquiritin (109, 0.20%), and the main 
phenols with isoprenoid substituent(s) are the isoftavonoids licoricidin 
(164, 0.056%), licorisoftavan A (165, 0.013%) and licoisoftavanone 
(192, 0.015%), the latter having been isolated earlier as a triacetate from 
an unidentified Xinjiang licorice (287). 

Fourteen new isoprenoid-substituted phenols, glyasperins A-N (193-
206), were found as minor compounds together with some ftavonoids 
known from G. aspera collected in the Xinjiang Uigur Autonomous 
Region (288-291).* The prenylated isoftavan (±)-glyasperin D (196) had 
been synthesized previously by SHIH et al. (275). Except for glyasperin H 
(200) the 5-position of these ftavonoids is substituted with a hydroxyl or 
methoxyl group. Among them, four compounds, glyasperin A (193), 
kumatakenin (4' ,5-dihydroxy-3,7 -dimethoxyftavone), topazolin (207), 
licoftavonol (208), are ftavonols, one is a 2-arylbenzofuran (licocoumar­
one, 209), and one is a chromen-4-one derivative (197, glyasperin E), but 
the others are isoftavonoids. Glyasperin E (197) is a 3-oxygenated 
chromen-4-one derivative with a phenoxyl group and a prenyl group. 
Although 3-phenoxychromen-4-one derivatives have been synthesized 
(292), glyasperin E is the first example of natural product with such a 
skeleton. The structure was elucidated by spectroscopic methods and 
confirmed by synthesis of glyasperin E dimethyl ether (197a) (289). 

A 3-arylcoumarin, isoglycycoumarin (210), has been isolated from 
Chinese licorice by ZHANG et al. (98). A prenylated isoftav-3-ene 
dehydroglyasperin C (211) and a O-prenylated pterocarpan (212) have 
been isolated from material collected in Xinjiang by KITAGAWA et al. 
(293). 

* For our studies of the licorice grown in northwestern China, the material was collected 
by Dr. L. ZENG in a particular location where only one kind of licorice grows. Generally 
different species of licorice whose roots and stolons intermingle grow in this area, thus 
making it difficult to obtain material representing a single species. 
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3.1.4. Glycyrrhiza infiata 

This licorice is the main species in Xinjiang licorice and is used as a 
crude drug in China (79). In our study of a commercially available 
Xinjiang licorice, the crude drug consisted of G. infiata (50%), 
G. eurycarpa (7.5%), G. uralensis (2.5%) and some unidentified 
material (40%) that may represent hybrids (294). About sixty phenolic 
compounds have been isolated. The main phenols in the roots of G. 
infiata are liquiritin (110, 0.2- 0.6%) and isoliqiritin (109, 0.1- 0.5%) 
(36), and the main isoprenoid-substituted ftavonoids are licochalcone A 
(213, 0.12%) and glabrone (128, 0.065%) (295). 

SAITOH and SHIBATA have isolated licochalcones A and B from 
Xinjiang licorice and elucidated their structures as 213 and 214, 
respectively, using IH NMR and mass spectrometric data (296). They 
applied the name retrochalcone to this type of chalcone with a methoxyl 
group at C-2 and no substituent at C-2' and C-6' (287, 297).* This type 
of chalcone was proved to be produced biosynthetically by a route 
reverse to the one by which ordinary chalcones are formed; the A ring is 
derived from shikimate and the B ring from polyketide of malonate 
origin (296) (biosynthesic studies of this type chalcone echinatin will be 
described in a following section). At the same time Chinese researchers 
isolated licochalcone A from G. infiata and established its structure by 
synthesis (298). A pyranoisoftavone, licoisoftavone B (215), has also 
been isolated as triacetate along with licoisoflavanone (192) from 
Xinjiang licorice by SHIBATA et al. (287). 

We examined the phenolic constituents of the roots of G. infiata 
collected in Gansu Province in northwestern China (295, 299). Thirty 
phenolic compounds were obtained eleven of which were new, 
glyinflanins A-K (216-226). The IH and l3C NMR spectra of the 
dibenzoylmethanes, glyinflanins A-F (216-221), indicate the presence 
of an equilibrium mixture of tautomeric dibenzoylmethanes and ~­

hydroxychalcones. Evidence for the presence of an equilibrium mixture 
is easily obtained by deuterium exchange of the ex-protons of the 
tautomers. Thus, the 1 H NMR spectrum of 216 in acetone-d6 exhibits 
singlets at (54.54 (O.4H x 2) and 6.85 (O.6H) which disappeared 
immediately after addition of CD30D and can be attributed to the C-
2-H (ex-protons of 216a) of dibenzoylmethane existing in the equilibrium 

* Recently Dr. SHIBATA has infonned us that he wishes to change the name "retro­
chalcone" to "reversely constructed chalcone" based precisely on the biosynthetical 
scheme. 
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mixture of the keto form (216) and the enol form (216a). In the solid 
state, these compounds may exist in the dibenzoylmethane form because 
the ratio of two tautomers depends upon the concentration of solution; in 
10% (w/v) solution of 216, the ratio of keto and enol forms is about 1: 1, 
and in a 2% solution of 216, the ratio changes to about 2:3 (295). The ~­
hydroxychalcone (216a) has two hydrogen-bonded hydroxyl groups, 
with the hydrogen bond between the ~-hydroxy proton and the carbonyl 
oxygen being stronger (0 15.78) than the other hydrogen bond (0 12.27). 
The hydrogen bond (between the 2'-OH and the carbonyl oxygen) is 
weaker than the intramolecular hydrogen bond of its tautomer (216). 
Dibenzoylmethanes are well known in flavonoid chemistry as inter­
mediates in flavone synthesis or in the Wessely-Moser rearrangement 
(300, 301). Glyinflanin A (216) is converted to prenyllicoflavone A (151, 
Fig. 11) by heating in dry benzene (295). 

The other new compounds are a chalcone having two 2,2-
dimethylpyran rings, glyinflanin G (222), a pyrano-2-arylbenzofuran 
glyinflanin H (223) and three pyranoisoflavans glyinflanins I-K (224-
226). A prenylflavone, licoflavone C (227),* and a dibenzoylmethane, 
glycyrdione B (228), have also been isolated together with two reversely 
constructed chalcones, licochalcones C (229) and D (230), by KAJIYAMA 
et al. (302-304). A prenylated pyranochalcone (231) and a neoflavone, 
inflacoumarin A (232), have also been reported (305-307). 

3.1.5. Glycyrrhiza eurycarpa 

This licorice species grows in northwestern China as described in an 
earlier section and was earlier assigned to G. korshinskyi (34). Li 
examined the material and showed that it is a hybrid between G. 
uralensis and G. infiata (33), but has assigned it species rank because it is 
a naturally occurring hybrid and named it G. eurycarpa P.C. Li. 

About forty phenolic compounds have been isolated from the 
underground parts of this species. The main phenolic compounds are 
liquiritin (110, 0.8-1.3%) and isoliquiritin (109, 0.6-0.7%) as in the 
other Chinese species (36). LIU et al. have isolated a glycoside of 
formononetin, glycyroside (233), a 3-hydroxy-3-methylglutaroyl ester of 

* The trivial name licoflavone B was used for 6-prenylapigenin by KINOSHITA et al. (381). 
The same name was also used for prenyllicoflavone A (151) by KAJIYAMA et al. (302). 
The compound earlier assigned as 6-prenylapigenin and licoflavone C (8-prenylated 
apigenin) (227) may be same compound (private communication from Dr. KINOSHITA). 

Hence Dr. KINOSHITA has retracted his earlier name licoflavone B for 6-prenylapigenin, 
thus reserving the trivial name (licoflavone B) for 151. 
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isoviolanthin (234), and a prenylated isoflavone, eurycarpin A (235) 
(308-311). 

We examined the phenolic constituents of G. eurycarpa separated 
from commercial Xinjiang licorice mentioned in the preceding 
subsection and isolated eleven compounds (294). Among these, five 
are new compounds and were named kanzonols A-E (236-240). 
Kanzonol A (236) is a dibenzoylmethane having a prenyl group, 
kanzonols B (237) and C (238) are chalcones, and kanzonols D (239) and 
E (240) are prenylated flavones. The main isoprenoid-substituted phenol 
of this licorice is licochalcone A (213, 0.37%) as in G. inflata. Non­
glycosidic phenols common to G. uralensis, G. inflata and G. eurycarpa 
are glycycoumarin (172), isoglycycoumarin (210), licoftavone A (241) 
(74), formononetin (242) and 4',7-dihydroxyftavone (Table 13). 
Licochalcone A (213), glyinftanin B (217) and 5' -prenyllicodione 
(isolated earlier from the cultured cells of G. echinata) (243) have been 
isolated from both G. inflata and G. eurycarpa. 

3.1.6. Glycyrrhiza pallidifiora 

Thirty phenolic compounds have been isolated from the underground 
parts of this species. We isolated a diprenylated dihydrochalcone 
gancaonin J (244) and a new type of homoisoftavanone gancaonin K 
(245, in Scheme 1) from the roots of plants collected in northeastern of 
China (312). In consideration of the biogenesis of homoisoftavonoids 
(313), gancaonin K (245) might be derived from 2' -O-methyllicodione 
(246) obtained from the same source, a~ shown in Scheme 1. The 
dibenzoylmethane (246) has been synthesized earlier enzymatically 
(314) as the first example of such a synthesis of a compound occurring in 
licorice. 

A new isoflav-3-ene, pallidiftorene (2',7 -dihydroxy-4' -methoxyiso­
flav-3-ene), has been isolated from this species (78, 315). A new 
isoftavone pallidiftorin (5-hydroxy-4' -methoxyisoftavone) was isolated 
by Lru et al. (196), and a new chalcone glypallichalcone (247) has been 
isolated from the roots by ZHANG et al. (316). 

3.1.7. Commercial Licorice in Japan (Northwest Licorice) 

Many types of licorice have been imported into Japan. In the 
Japanese market, Chinese licorice is classified by its place of production, 
e.g., Northeast licorice (Tohoku kanzoh in Japanese), Northwest licorice 
(Seihoku kanzoh), Xinjiang licorice (Shinkyo kanzoh), etc. (317-325). 
Among these Northeast licorice (G. uralensis) was the usual source for 
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material used in preparation of traditional Sino-Japanese medicine 
(29,317, 318, 325-327). Generally the traditional medicines consist of 
mixtures of crude drugs whose preparation is troublesome because it 
requires extraction with boiling water for lengthy periods. Until 
relatively recently the consumption of licorice was small enough to 
permit such methods. However since then the consumption of drugs has 
increased rapidly with a consequent increase in the use of licorice. While 
modem pharmaceutical industry supplies the traditional Chinese 
medicines (Kanpo-yaku in Japanese) in the form of powder prepared 
by lyophilization, it is not easy nowadays to obtain Northeast licorice. 
For this reason Northwest licorice is now used instead of Northeast 
licorice. The two licorices differ in their taste and morphology. By 
analysis of the sapogenins with gas-liquid chromatography, the ratio of 
uralenic acid (22, 18a-glycyrrhetic acid) to 18~-glycyrrhetic acid (1) 
differs in the two crude drugs (328). Attempts to identify the species 
represented by Northwest licorice have not yet been successful (29, 228, 
326, 327, 329-332). 

The main phenolic constituents of the two licorices are almost the 
same, but some minor compounds differ as is demonstrated by the 
following studies. About forty ftavonoids have been isolated from 
Northwest licorice purchased in Japanese markets. Among these, sixteen 
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phenolic constituents were new. The main phenolic compounds were 
liquiritin apioside (115, 0.33-2.51 %), liquiritin (110, 0.20-1.23%) and 
licurazid (120, 0.1-0.65%) (326). A prenylftavonol, licoftavonol (208), 
and a prenylated 3-arylcoumarin, glycyrin (248), were isolated along 
with a prenylisoftavone, licoisoftavone A (249), by SHIBATA et al. (283, 
333, 334). Three isoftavones with a prenyl group, glycyrrhisoftavone 
(250), glisoftavone (251) and glicoricone (252), a pyranoisoftavanone 
glycyrrhisoftavanone (253) and an isoftavanone with two prenyl groups 
(254) were isolated together with two 3-arylcoumarins containing an 
isoprenoid substituent, licoarylcoumarin (255) and licopyranocoumarin 
(256), and a furanone derivative licofuranone (257) from Northwest 
licorice by OKUDA et al. (335-338). We isolated a prenylated 2-
ary lbenzofuran gancaonin I (177, Fig. 13), a pyranocoumestan 
gancaonin F (258), two prenylated isoftavones gancaonins G (259) and 
H (260) and a prenylated 3-arylcoumarin gancaonin W (261) together 
with ten known ftavonoids from Northwest licorice obtained from a 
Japanese market (277, 339). 

Among the ftavonoids, compounds 250 -253, 257 and 258 have been 
isolated only from Northwest licorice and not from any botanically 
identified Glycyrrhiza species. Compounds 161, 162, 171,248,255 and 
256 have been isolated from both Northeast and Northwest licorices, 
while compounds 177, 208, 209 and 259 were isolated from G. aspera, 
Northeast licorice (G. uralensis) and Northwest licorice. Gancaonin W 
(261) and kumatakenin (262) have been isolated from both G. aspera and 
Northwest licorice. Compound (262) is used as a criterion for 
identification of Northwest licorice (318, 331). Judging from the minor 
phenolic components, * Northwest licorice may be a hybrid of G. 
uralensis and some other Glycyrrhiza species, such as G. aspera. There 
is also a possibility that Northwest licorice is a variety of G. uralensis or 
that the morphology of G. uralensis changes with location or growth 
conditions. 

3.1.8. Tiexin Gancao, a Folk Medicine of Huizu 

Tiexin gancao (hard core licorice) is one of the folk medicines in the 
Ningxia Huizu Autonomous Region of northwestern China. The crude 

* Licoricidin (164) is one of the main flavonoids of G. uralensis, G. aspera and Northwest 
licorice, but could not be isolated from G. uralensis in the Xinjiang licorice of 
subsection 3.1.4. The constituents of the licorice are shown in Table 13 (unpublished 
data, as G. uralensis [Xinjiang]). Among them, 7-0-methylluteone (263) was isolated as 
a new natural product. 
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drug is seldom found in Glycyrrhiza plants growing in that area and has 
been considered as being derived from diseased licorice. When hard 
cores are encountered in the manufacturing process which involves 
cutting both ends of the roots with knife, the cores are separated and 
called Tiexin Gancao. We isolated three new isoftavans, gancaonins X 
(264), Y (265) and Z (266), and fourteen known ftavonoids from this 
drug (340). The known compounds (Table 13) had already been isolated 
previously from licorice species growing in northeastern China (G. 
eurycarpa, G. infiata, G. glabra, G. aspera and G. uralensis). 

3.2. Phenolic Compounds from Aerial Parts 

There are a number of reports dealing with the phenolic constituents 
of the aerial parts of Glycyrrhiza species. About thirty new prenylated 
phenols have been isolated; these compounds are not generally found in 
the underground parts. 

3.2.1. Glycyrrhiza glabra 

About thirty phenolic compounds have been isolated or detected by 
HPLC analysis. Two prenylftavanones, glabranin (267) and licoftavanone 
(268), have been isolated by KATTAEvand NIKONOV (226), and TABATA 
et al. (341). LITVINENKO and NADEZHINA isolated the cis-3-hydroxy­
flavanone folerogenin (269) from the species (342, 343). Three new 
glucosides, glyphoside (270), kaempferol-3-0-diglucoside (271) and 
astragalin (kaempferol-3-0-glucoside) monoacetate (272), have been 
isolated, but the structure of the glycosyl moiety of 271 and the position 
of the acetate of 272 have not been elucidated (342, 344). 

INGHAM reported an isoflavan phytoalexin in the leaves of this species 
(345). The phytoalexin isomucronulatol (273) is produced on inoculation 
with Helminthosporium carbonum. 

3.2.2. Glycyrrhiza uralensis 

Forty phenolic compounds have been isolated from the aerial parts. 
We isolated twenty-one phenolic compounds from the aerial parts 
collected in Heilogjang Province in northeastern China (346 -348). 
Among these, gancaonin A (274) was isolated for the first time as a 
natural product and fifteen compounds, gancaonins B-E and L-V (275-
289) were isolated as new compounds. Among these, gancaonins A 
(274), B (275), L (279), M (280) and N (281) are prenylated isoflavones, 
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gancaonins 0 (282) and Q (284) are prenylated flavones, and gancaonin 
P (283) is a prenylated flavonol. 

During structure elucidation of these flavonoids, we found char­
acteristic fragmentation patterns involving cleavages of prenyl groups as 
shown in Scheme 2 (347). The EI-mass spectra of 6-prenylated 
flavonoids give rise to a strong peak at M - 43 (C3H7) together with a 
strong peak at M - 55 (C4H7) and weak peaks at M - 15 (CH3) and 
M - 68 (CsHg) but the characteristic peak at M - 43 is not observed in 
the spectra of 8-prenylflavonoids. These compounds give rise to a strong 
peak at M - 15 (CH3) along with medium-sized peaks at M - 55 (C4H7) 
and M - 68 (C5Hg). This difference in fragmentation patterns is useful 
for discriminating between the two classes of compounds and is 
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characteristic of monoprenylated flavonoids. On the other hand, 6- and 8-
prenylated flavanones do not show such characteristic fragmentation 
patterns because they exist as equilibrium mixtures of chalcones and 
flavanones under EI conditions. However, one can discriminate between 
them by means of their FAB-mass spectra (349). Details of the mass 
spectrometry of prenylated flavonoids have been reviewed (350). 

Gancaonins C (276) and D (277) are isoflavones with an (£)-3-
hydroxymethyl-2-butenyl group at C-S. Gancaonins R (285), S (286) and 
T (287) are prenylated dihydrostilbenes and gancaonins U (288) and 
V (289) are prenylated dihydrophenanthrenes. The 13C NMR spectra 
were a useful tool in the structure determination of these prenylated 
compounds. The substituent patterns of the hydroxyl groups easily 
follow from the chemical shifts of the aromatic carbons (351). The 
nature of the substituents artha to a prenyl group can be determined by 
the chemical shift of the benzylic methylene carbon in the prenyl group. 
These shifts are useful for structure determination of prenylphenols 
especially for complex compounds. Details have already been reported 
in a review article (352), but the regularities are described briefly in 
Section 4. 

Five prenylflavonols have been isolated from the leaves of the plant 
by JIA et ai. (353-356). Among these, three are flavonols of common 
type, i.e., uralenol (290), uralenoI3-0-methyl ether (291), and gancaonin 
P 3'-O-methyl ether (283a), but in two flavonols, i.e., neouralenol (292) 
and uralene (293), the substituent patterns of the hydroxyl group and/or a 
prenyl group are unusual. JIA et ai. have also reported a new phenol 
glycoside, l-O-protocatecuyl-~-D-xylose (uralenneoside), together with 
six known glycosides from the leaves (357). 

3.2.3. Glycyrrhiza acanthacarpa 

GHISALBERTI et ai. have reported the isolation of two dihydrostilbenes 
(294 and 295) having a prenyl group and two prenylphenols (296 and 
297) from the leaves and terminal branches of G. acanthacarpa (Lind!) 
J.B. Black collected in Western Australia (358). 

3.2.4. Giycyrrhiza eurycarpa 

We examined the aerial parts of G. eurycarpa collected in Gansu 
Province of northwestern China, and isolated a new isoprenoid-substit­
uted flavanone, kanzonol S (298), together with thirteen known 
flavonoids (359). Kanzonol S (298) is the first example of a flavonoid 
with an (£)-3-acetoxymethyl-2-butenyl group. 
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3.3. Phenolic Compounds from Whole Plants 

An optically active dihydrostilbene having a 2-hydroxy-3-methyl-3-
butenyl group, glepidotin C (299), has been isolated together with two 
prenylated flavonoids (glepidotins A and B) from the whole plant of 
G. lepidota (American or wild licorice) by MnSCHER et al. (360, 361). 
The structure of glepidotin A was postulated to be that shown in formula 
300 (5,7-dihydroxy-8-prenylflavonol) because the naturally occurring 
compound was different from a presumed 5,7-dihydroxy-6-prenylfla­
vonol (301) whose synthesis had been reported earlier by JAIN and ZUTSHI 
(362). However, the synthetic compound was assigned its structure on 
insecure evidence. Glepidotin B was assigned formula 302 by correlating 
it with glepidotin A since glepidotin B triacetate was converted to 
glepidotin A diacetate with chromous chloride in acetone. However, as 
a result of our systematic study of the chemical shifts of hydrogen­
bonded hydroxyl protons of flavonoids, the chemical shifts of glepidotins 
A and B did not fit the postulated structures. The details will be 
described in Chapter 4. We have synthesized the authentic prenyl­
flavonols 300 and 301 whose structures were confirmed by \3C NMR 
spectrometry (276). Glepidotin A was thus identified as the 6-prenyl­
flavonol 301; therefore the structure of glepidotin B was revised to 303. 

3.4. Phenolic Compounds from Cell Cultures 

FURUYA and co-workers have investigated cell cultures of G. echinata 
(363-367). A new reversely constructed chalcone echinatin (304) was 
isolated together with two dibenzoylmethanes, licodione (305) and 5'­
prenyllicodione (243), and a prenylftavone, licoftavone A (241), from the 
same cell lines. These ftavonoids have also been isolated from some 
intact Glycyrrhiza plants as mentioned earlier (Table 13). Studies of the 
biosynthesis of flavonoids in G. echinata cell cultures have been reported 
by the groups of FURUYA and/or AYABE (297, 314, 368-376), with the 
biosynthesis postulated to proceed as shown in Scheme 3 (86). The key 
intermediate, 2'-O-methyllicodione (246), in the biosynthesis of 
echinatin (304) has not been isolated from the cell lines, but was 
synthesized using licodione O-methyltransferase isolated from cell 
cultures of G. echinata (314). 

Cell cultures of G. uralensis and G. glabra also produce echinatin 
(304, Table 13). Licodione (305) has also been isolated from 
cultured alfalfa cells stimulated by a naphthoquinone or yeast extract 
(377,378). 
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4. Recent Methods of Structure Determination of 
Prenylated Phenols 

4.1. Variations in the Chemical Shift of the Methylene 
Carbon of a Prenyl Group 

The benzylic methylene carbon signal of the prenyl or (£)-3,7-
dimethyl-2,6-octadienyl (geranyl) group (el) of phenols appears 
between 8 20-30, In the course of our work on prenylated phenols, we 
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noticed that the chemical shift of the C 1 signal depends on the nature of 
the substituents located at the adjacent positions (382). To generalize 
the observation, we examined the l3C NMR data of prenylated and/or 
geranylated phenols reported in the literature in addition to the phenols 
isolated or synthesized by our group. On this basis, the prenyl (geranyl) 
groups could be classified into six types (types 1-6) depending on the 
substituents located at the adjacent positions as follows (see Fig. 23): 
The prenyl group of type 1 lies between two oxygen functions. The 
prenyl group of type 2 is attached to C-3 of the flavone. Such 
3-prenylflavones have been obtained only from Moraceous plants (383-
385). In type 3 phenols an oxygen function is located at one of the 
positions artha to the prenyl group and the other artha-position is 
substituted with an alkyl or alkenyl group. In compounds of type 4 one of 
the positions artha to the prenyl group is unsubstituted and an oxygen 
function is located at the other artha-position. In type 5 compounds both 
positions artha to the prenyl group are replaced by alkyl and/or alkenyl 
groups. Type 6 prenyl groups are found in xanthone derivatives in which 
the prenyl group is attached to C-8 of 7-oxygenated xanthones, i.e., is 
located between carbonyl and hydroxyl groups. 

Type 1 OH, ().alkyl, ().alkenyk OH, ().alkyl, ().alkenyl 
Type 3 OH, ().alkyl alkyl, alkenyl 
Type 4 OH, ().alkyl H Type 2 Type 6 

Type 5 alkyl, alkenyl alkyl, alkenyl 

(27.3) (25.3) 

Fig. 23 
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The chemical shifts of the Cl signals of these six types of prenyl 
groups are observed in a restricted range specific to each type, except for 
compounds of types 4 and 5 which overlap as shown in Fig. 23. To 
differentiate between compounds of type 4 and type 5, it is necessary to 
determine whether there is spin-spin coupling between the methylene 
carbon and an aromatic proton e J = 4 Hz). Prenyl groups of type 5 are 
rarely found in natural compounds. Generally, such phenolic compounds 
have two isoprenoid substituents in one ring, and these groups are 
adjacent to each other as in broussoftavonol D (306) and kazinol P (307) 
(Fig. 24) (382, 386). 

HO 

OH :::-... 

brou$$oflavonol D (306) kazinol P (307) 

kanzonol F (178) (308a) 

(308b) (308e) 

Fig. 24 

In the above classification of chemical shifts, the boundaries are 
somewhat ambiguous (Fig. 23). Nevertheless, the boundaries are sharp 
when the chemical shifts are compared in the same solvent (352, 387). 
Furthermore, among compounds with the same carbon skeleton, the 
methylene signals of each group occur within narrower regions (Table 3). 
The Cl chemical shifts of such ftavonoids, coumarins and xanthones 
have been listed in a review article (352). 
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Table 3. The Chemical Shifts of Methylene Carbons of Prenyl (Geranyl) Groups of 
Phenolic Compounds (8 in ppm) 

Type 1 

Type 2 
Type 3 
Type 4 
Type 5 

Solvent 

Type I 

Type 3 
Type 4-

Solvent 

Type 1 

Type 3 
Type 4 

Solvent 

Flavones, ftavonols, isoftavones, chromones and aurones 

21.6-22.6 (A ring) 21.2-22.7 (A ring) 20.8-21.9 (A ring) 
23.2-23.8 (B ring) 22.2-22.6 (B ring) 
24.4-24.7 24.1-24.4 23.4-24.1 
25.8-27.3 25.8-26.2 25.2 
28.6-29.5 28.9-29.2 27.4-28.2 

28.0-29.2 27.3-28.4 

Acetone-d6 CDCl3 DMSO-d6 

Flavanones, 3-hydroxyftavanones (dihydroftavonols) and isoftavanones 

21.4-22.8 (A ring) 20.8-22.8 (A ring) 
23.3-24.6 (B ring) 
24.9-25.6 
27.6-29.1 27.6-29.8 

Acetone-d6 CDCI3 

Flavans, catechins, isoftavans and pterocarpans 

22.6-22.8 (catechins) 
23.1-23.6 

28.7-28.8 

Acetone-d6 

22.0-22.7 (catechins) 
22.5-23.2 
25.1-25.6 
28.6-29.3 

20.5-22.3 (A ring) 
23.0-23.3 (B ring) 

26.9-29.1 

DMSO-d6 

DMSO-d6 

2-Arylbenzofurans, coumaronochromones, 3-arylcoumarins, coumestans and coumarins 

Type 1 22.0--24.0 21.6-23.5 21.0-22.3 
Type 3 25.8-26.7 

Solvent Acetone-d6 CDCI3 DMSO-d6 

Xanthones 

Type! 21.6-22.8 (A ring) 21.2-23.3 (A ring) 20.7-21.2 (A ring) 
23.0-23.1 (B ring) 

Type 4 28.8-29.0 27.4-28.1 28.3-28.6 
Type 6 26.0--27.3 25.6-26.8 25.3-25.8 

Solvent Acetone-d6 CDC!3 DMSO-d6 

Chalcones, dihydrochalcones, acetophenons, benzophenones, benzoic acids, coumaric 
acids, ! ,3-diphenylpropanes, stilbenes, dihydrostilbenes and dibenzoylmethanes 

Type I 
Type 3 

21.5-23.2 
25.5-26.2 
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28.2-29.2 

Acetone-d6 

Table 3 (continued) 

28.4-30.0 
26.2-27.8 

Phenols and dihyrophenancerene 

23.7 23.6-24.6 
25.3-25.9 25.5-25.9 
28.3 26.5-29.8 

Acetone-d6 CDC13 

DMSO-d6 

DMSO-d6 

55 

This method is useful for characterization of complex phenolic 
compounds. For example, the lH NMR spectrum of kanzonol F (17S) 
allows for postulation of twenty possible structures. However, the 
chemical shift of the methoxyl carbon (8 63.1 in acetone-d6) reduces the 
number of the possible structures to four (17S and 30Sa-c, Fig. 24) since 
the signal of artha-disubstituted methoxyl carbon appears near 8 60 
whereas that of an artha unsubstituted methoxyl carbon is near 8 55 
(388, 389). Formulas 30Sb and 30Se are excluded by the chemical shift 
of the C 1 signal of the preny I group at 8 23.4 in acetone-d6 whereas if the 
structure of kanzonol F were 30Sb or 30Se, the C 1 frequency of type 4 
should have occurred between 8 26.5 and 30.0. Finally, structure 17S was 
differentiated from structure 30Sa by observation of an NOE between the 
methoxy I and H -11 a. Using the C 1 chemical shift method structures of 
several naturally occurring compounds could be revised (382, 390-392). 
The same method would probably be useful for structure determination 
of phenolic alkaloids containing prenyl residues (393). 

4.2. Variations in the Chemical Shift of the 5-Hydroxyl 
Proton of 6- or S-Prenylated Flavonoids 

Many 5,7-dihydroxyftavonoids with prenyl or geranyl groups at the 
C-6 or C-8 position have been isolated from natural sources including 
licorice (394-397). Various methods exist for determining the position of 
substitution, such as (a) the Gibbs test for ftavonoids having no hydroxyl 
group at C-2' or C-3', (b) the anomalous aluminum induced UV shift, (c) 
cyclization reactions (6-prenylftavonoids afford two products because of 
cyclization to 5-0H or 7-0H, 8-prenylftavonoids afford only one product 
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by cyclization to 7-0H), (d) chemical shifts of the vinyl methyl signals 
of the prenyl group in the IH NMR spectra (this is only appropriate for 
flavanones), (e) chemical shifts of an aromatic proton on ring A and the 
methylene protons of the prenyl group (useful for flavones and 
isoflavones), (I) shifts of chromene protons after acetylation of a 5-
hydroxyl group (for this opportunity for a cyclization reaction must 
exist), (g) chemical shifts of C-6 and C-8 carbons, etc. (398-405). These 
methods are not always applicable as shown in Table 4 and may 
therefore lead to errors. Some examples of such errors are described in 
the following paragraphs and in Section 3. 

Table 4. The Examples of Unsuitable Method for the Structure Determination of 6- or 
8-Prenylated Flavonoids 

Methods of structure determination Unsuitable flavonoid Ref. 

(a) Gibbs test (398) Flavonol (coumarin) (276) 
(b) Aluminum-induced shift (399) Flavone (except 3-prenylflavone), 

flavanone (285) 
(c) Cyclization reaction (400) Flavanone (Wessely-Moser 

rearrangement) (413) 
(d) Chemical shift of vinyl methyl 

proton (401) (only suitable for flavanone) 
(e) Chemical shift of C-6-H or C-8-H 

and methylene protons (402) Flavanone, isofiavanone (262,402) 
(f) Acetylation shift on chromeno 

protons (403) 2' -Hydroxyflavone (402) 
(g) Chemical shift of C-6 and C-8 

(404,405) Flavanone, isoflavanone (402, 408) 

An unambiguous method for the structure determination of such 
prenylated flavonoids is the observation of spin-spin coupling between 
the 5-hydroxyl proton and C-6 e J = 6 Hz) by a l3C NMR measurement 
such as an undecoupled, HMBC spectrum (406-408). This method 
needs relatively large amounts of a sample, but the following IH NMR 
method requires only a small amount of the flavonoid (less than 200 llg 
for routine measurements). 

4.2.1 Flavanones 

In the course of our work on the flavonoids from licorice, we noticed 
that the chemical shift of the hydrogen-bonded hydroxyl proton on C-5 

References, pp. 110-140 
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of flavonoids is shifted by prenylation at C-6 or C-8 (347). On examining 
the 1 H NMR data of fifty isoprenoid-substituted flavanones reported in 
the literature and the flavanones isolated or synthesized by our group 
(409) where the hydrogen-bonded hydroxyl proton (5-0H) appears 
between 8 12.0-12.6 (in acetone-d6) and 8 11.9-12.4 (in CDC13) one 
finds that the 5-0H of 6-prenylated flavanones appears further downfield 
than that of 6-unsubstituted flavanones having the same B ring. In 
contrast, the 5-0H signal of an 8-prenylated flavanone is shifted slightly 
upfield compared with that of a flavanone having the same B ring and no 
side chain. The same regularities were observed in similar flavanones 
containing other isoprenoid groups such as geranyl, isoamyl, 3-hydroxy-
3-methylbutyl and lavandulyl residues, etc. The downfield shift of 
6-prenylated flavanones is about 0.3 ppm, and the upfield shift of 
8-prenylated flavanone is about 0.05 ppm when the IH NMR spectra are 
measured in acetone-d6; the downfield shift is 0.35 ppm when measured 
in CDC13 (409, 410). 

In examining the literature we found that the above generalization did 
not accord with the chemical shifts reported for six isoprenoid­
substituted flavanones (409). Some of these may have been due to 
typing errors or a slip in recording of the spectrum. Recently two of these 
flavanones and some analogs were re-isolated or synthesized, with the 
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i): 28% NaOMe in MeOH 
ii): CH3COONa in MeOH 
iii): O.5M HCI (aq.) in MeOH 
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result that their chemical shifts now obeyed the rule (410-412). The 
remaining two non-conforming monoprenylated flavanones were the 6-
and 8-prenylated eriodictyols 309 and 310 isolated from Wyethia 
helenioides (413) whose structures were assigned by the cyclization 
reaction with p-toluenesulfonic acid in benzene shown Scheme 4. The 
chemical shifts of the 5-0H signals of 309 and 310 were the reverse of 
these predicted by the generalization. Synthesis of 6- and 8-prenylated 
eriodictyol (309 and 310) by the unambiguous method shown in 
Scheme 5 (409) showed that formulas 309 and 310 proposed previously 
for the natural flavanones had to be reversed. 

We also re-investigated the cyclization reactions of 309 and 310. 
Both prenylflavanones gave dihydropyranoflavanones 311 and 312 but 
no 312' (Fig. 25). The substituent effect on the 5-0H signal of synthetic 
flavanones (309, 310, 313, 314 and 315) agrees with the rule for the other 
prenylated flavanones as shown in Fig. 25. The difference in the 
chemical shift of such isomers, i.e., flavanones with a prenyl group at the 
6- or 8-position, is considerable (0.32-0.39 ppm). Thus, the chemical 

Chemical Shifts of 5-0H in Acetone-d6 

R, '-':: 
OH 5-0H t.(316) - (309 - 315) 

h 
(309) - 0.29 OH 12.47 
(313) 12.48 -0.30 

(316) 12.18 
(310) 12.14 + 0.04 

(314) 12.11 + 0.07 

(309): R1 = prenyl, R2 = H (315) 12.12 + 0.06 

(310): R1 = H, R2 = prenyl (311 ) 12.55 -0.37 

eriodictyol (316): R1 = R2 = H (312) 11.89 + 0.29 

OH 

OH 
p·TsOH, at aOOG 

+ 
309 

in dry benzene 
OH 0 

(311 ) (53%) (312) (- 3%) 

p-TsOH, at ao°c 
310 311 + 312 (p-TsOH: para-toluenesulfonic acid) 

in dry benzene (12%) (72%) 

Fig. 25 
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shift is a useful tool for differentiating between 6- or 8-prenylated 5,7-di­
hydroxyflavanones. 

The prenylation effect of a 7-0-methyl or 7-0-prenyl ether of a 
flavanone is different from that of 7 -hydroxyflavanones (410). The 5-0H 
of a 7-0-methyl or prenyl ether of a 6-prenylflavanone appears further 
downfield than that of a 6-unsubstituted flavanone having the same B 
ring (0.13-0.14ppm in acetone-d6, 0.03-0.05 ppm in CDCl3). The -OH 
signal of an 8-prenylated 7-0-methyl or 7-0-prenyl ether of a flavanone 
is also downfield compared with that of an 8-unsubstituted flavanone 
having the same Bring (0.1 0 - 0.11 ppm in acetone-d6 or CDC13). 

It should be noted that the 5-0H chemical shift depends to some 
degree on the frequency of the spectrometer used for the measurement 
(285). When the spectrum is measured on a 100 MHz spectrometer, the 
signal appears further upfield (about 0.1 ppm) than when a 400 MHz 
instrument is used. The signals of the 5-0H of 6- or 8-prenylated 7-0-
methylflavanones appeared in a relatively narrow range (812.20-12.24 
in acetone-d6, 12.04-12.12 in CDCI3). Thus, comparison of the 5-0H 
signal of a 7-0-methy1 or prenyl ether needs measurement under same 
conditions, frequency of instrument and used of CDC13. The chemical 
shift of the signal also shows a slight but negligible upfie1d shift as 
temperature is increased (0.002 ppm per degree) (285). The shift with 
change in· concentration is also negligible and does not changed in a 
concentration range of 0.03-2%. 

Table 5. Substituent Parameters (ppm) on the 5-Hydroxyl Group of Flavanones 
(in Acetone-d6) 

(i) Prenylation at C-6 
(prenylations at both C-6 and C-8) 

(ii) Prenylation at C-8 
(iii) Methylation of 7-0Ha 

(a) (6-Prenylated flavanone)" 
(b) (8-Prenylated flavanone)" 

(iv) Hydroxylation at C-2' 
(a) (3'-Unsubstituted flavanone) 
(b) (3'-Alkenylated flavanone) 

(v) Hydroxylation at C-3 
(vi) Hydroxylation at C-3' 

(vii) Hydroxylation at C-4' 

Substituent 
parameter 

+0.28 ~ +0.30 

- 0.03 ~ - 0.06 
[- 0.04 (- 0.02)b]" 
-0.19 (-0.34)b 
+0.10 (+O.13)b 

+ 0.01 ~ + 0.05 
+0.02 
- 0.46 ~ - 0.47 
+0.01 
+ 0.02 ~ + /0.03 

a Only one example; b Measured in CDCI3; c 6,8-Unsubstituted flavanone 
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Table 6. Substituent Parameters (ppm) on the 5-Hydroxyl Group of Flavones 
(in Acetone-d6) 

(i) Prenylation at C-6 
(ii) Prenylation at C-8 

(iii) Prenylation at C-3 
(iv) Methylation of 7-0H 

(6-prenylflavone) 
(v) Prenylation at C-3' 

(a) (2'-Unsubstituted flavone) 
(b) (2'-Hydroxyflavone) 

(vi) Hydroxylation at C-2' 

Substituent 
parameter 

+ 0.25 ~ + 0.27 
- 0.05 ~ - 0.07 
±0~+0.03 

+0.12 ~ +0.18 

+ 0.02 ~ + 0.03 
-0.04 

+0.11 ~ +0.13 
+0.07 
-0.01 

61 

(a) (3'-Unsubstituted flavone) 
(b) (3'-Alkenylated flavone) 

(vii) Hydroxylation at C-3' 
(Hydroxylation at C-3: flavonol) (- 0.82 ~ - 0.84) 

Other substituent effects are summarized in Table 5. The shift 
depending on prenylation at C-6 or C-8 of a flavanone is useful for 
structure determination of prenylated flavanones (parameters i and ii)'* 

4.2.2. Flavones 

The 5-0H signal of flavones appears at 012.3-12.6 in acetone-d6 

(414). The effects of substitution on the hydroxyl signal are shown in 
Table 6. Parameter (i) of ftavones (prenylation at C-6) is smaller than that 
in flavanones. The effect of hydroxylation at C-2' of a flavone (parameter 
vi) is of considerable value in structure determination as it results in a 
downfield shift of 0.07-0.13 ppm. 

Two geranyl substituted flavones, albanins D and E, were isolated 
from Morus aZba and had been assigned as 8-geranylflavones by 
TAKASUGI et aZ. using UV spectrometry (383, 415) since SHERIF et aZ. had 
reported earlier that 6-alkyl(alkenyl)flavonoids do not exhibit the 
aluminum-induced shift due to chelation as a result of steric hindrance 
(399). However, the chemical shifts of the 5-0H of the Morus flavones 
indicated that the compounds were actually 6-geranylflavones. Synthesis 

* The chemical shifts of the 5-0H signals reported in this section were observed at 
400 MHz in acetone-d6, unless otherwise stated. 
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of the 6- and 8-geranylflavones showed that albanins D and E were 
indeed to 6-geranyl-4',5,7-trihydroxyflavone and 6-geranyl-2',4',5,7-
tetrahydroxyflavone, respectively (414). Authentic 8-geranyl-2',4',5,7-
tetrahydroxyflavone isolated from Brosimopsis obiongifolia (Moraceae) 
and thought to be identical with albanin E because of the earlier work 
(415) was actually identical with synthetic 8-geranyl-2',4',5,7-tetra­
hydroxy flavone by direct comparison and has been renamed brosimone 
L (416). 

The UV spectra of the synthetic 6-geranylflavones showed the 
usual bathochromatic shift when aluminum chloride was added as well 
as did those of the 8-geranylflavones. The other 6-prenylflavones (for 
example, 5,7 -dihydroxy-6-prenylflavone, 6-prenyl-4' ,5,7 -trihydroxyfla­
vone, 6-prenyl-3',4',5,7-tetrahydroxyflavone, etc.) also did not show the 
resistance for the aluminum-induced shift except 3,6-dialkyl­
ated(alkenylated) flavones. * 

4.2.3. 1sofiavones 

The 5-0H signal of isoflavones appears between 812.5 and 13.5 in 
acetone-d6 (285, 417). The changes in the chemical shift of the 5-0H 
signal upon hydroxylation at C-2' of isoflavones as well as the effect of 
prenylation at C-6 or C-8 were reported briefly by us (347), and in detail 
later by TAHARA et ai. (417). Hydroxylation at C-2' of a flavone or 
flavonol causes a downfield shift of the 5-0H signal (Tables 6 and 8); 
however, the 5-0H signal of 2'-hydroxyisoflavones appears farther 
upfield than that of 2'-unsubstituted isoflavones or 2'-O-alkyl(alkenyl)­
isoflavones (0.16 - 0.56 ppm, Table 7). 

The utility of these substituent parameters was shown in the structure 
determination of the minor isoflavones, kanzonols K (183) and L (184), 
isolated from Giycyrrhiza uralensis (Section 3.1.2). The IH NMR and 
UV spectra (absence of an aluminum-induced shift) of kanzonol K (183) 
showed that the structure of the compound was 183 or 317 (Fig. 26). 
Calculated values using the substituent parameters of Table 7 for the 
5-0H signal of 183 and 317 are 8 12.68 and 13.14, respectively, as 
shown in Fig. 26. The chemical shift of the 5-0H of kanzonol K (8 

* 6-Prenylated flavanones failed to give the aluminum-induced shift in ethanol but showed 
the bathochromic shift in methanol. However, on a warm day the shift also occurred in 
6-prenylated flavanones on addition of aluminum chloride in ethanol. 
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Table 7. Substituent Parameters (ppm) on the 5-Hydroxyl Group of Isofiavones 
(in Acetone-d6) 

(i) Prenylation at C-6 
(prenylations at both C-6 and C-8) 

(ii) Prenylation at C-8 
(iii) Methylation of 7-0H 

(a) (6-Prenylated isoftavone) 
(b) (8-Prenylated isoftavone) 

(iv) Hydroxylation at C-2' 
(a) (3' -Unsubstituted isoftavone) 
(b) (3' -Alkenylated isoftavone) 

(v) Hydroxylation at C-3' 
(vi) Methylation of 3' -OH or 4' -OH 

(vii) Cyclization between 2' -OH and 3' -prenyl group 

HO 

gancaonin G (259) 
(8 13.20) 

piscidone (3 13.01) 

OMe 

OH 

calculation 

- 0.52 (ivb) 

calculation 

+ 0.28 (i) 
- 0.12 (iiia) 
- (+ 0.05) (v) 
- (- 0.02) (v i) 

Fig. 26 

MeO 

Substituent 
parameter 

+0.28 

-0.06 

-0.12 
+0.09 

-0.16 
-0.52 
+0.05 
-0.02 
-0.56 

kanzonol K (183) 
calculated value: 
(3 12.68) 

MeO 

(317) 
calculated value: (313.14) 
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OH 

OH 
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12.68) agrees with the value calculated for 183, but not for 317. Thus, the 
structure of kanzonol K was 183 (285). The structure of kanzonol L 
(184) was also determined in the same manner. 

4.2.4. Flavonols 

The 5-0H signal of prenylated flavonols (3-hydroxyflavones) is 
observed between 8 11.9 and 12.6 in acetone-d6 when the 3-hydroxyl 
group is free (276). The substituent parameters of flavonols are listed in 
Table 8. It should be noted that the 5-0H signal of flavonols is sometimes 
shifted due to chelation with metals. When a flavonol fluoresces under 
irradiation with UV light, the sample needs further purification. The shift 
upon prenylation at C-6 or C-8 of flavonols (parameters i and ii) is 
almost identical with that of the other flavonoids. Methylation of 3-0H 
causes a downfield shift of 0.64-0.67 ppm. However, the 5-0H signal of 
3-0-methylflavonols appears still further upfield (about 0.2 ppm) than 
that of flavones having the same A and Brings. 

Glepidotin A isolated from the whole plant of G. lepidota was 
reported as an 8-prenylated flavonol (300) (Section 3.3). However, the 
chemical shift of the 5-0H (8 12.30 in acetone-d6) indicated that the 
structure was 5,7-dihydroxy-6-prenylflavonol (301); the calculated value 
for a 6-prenylflavonol (301) is 8 12.34-12.35, and the calculated value 
for an 8-prenylflavonol (300) is 8 12.02-12.03. Upon synthesis of 6-
prenylflavonol (5-0H, 8 12.35) and 8-prenylflavonol (8 12.03), 
glepidotin A was identified as 6-prenylflavonol (301) by direct 
comparison (276). 

Table 8. Substituent Parameters (ppm) on the 5-Hydroxyl Group of Flavonols 
(in Acetone-d6) 

(i) Prenylation at C-6 
(ii) Prenylation at C-8 

(iii) Methylation of 3-0H 
(iv) Hydroxylation at C-2' 
(v) Hydroxylation at C-3' 

(vi) Hydroxylation at C-4' 
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Substituent 
parameter 

+ 0.25 ~ + 0.26 
- 0.06 ~ - 0.07 
+ 0.64 ~ + 0.67 
+0.10 
±O ~ +0.01 
+ 0.08 ~ + 0.09 
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4.2.5 Isofiavanones 

The 5-0H signal of prenylated isoflavanones appears at 0 12.0-12.7 
in acetone-d6 (262). The substituent parameters of isoflavanones are 
listed in Table 9, but the parameters are incomplete due to the small 
number of examples in the literature. 

Table 9. Substituent Parameters (ppm) on the 5-Hydroxyl Group of Isofiavanones 
(in Acetone-d6) 

(i) Prenylation at C-6 
(ii) Prenylation at C-8 

(iii) Methylation of 7-0H 
(6-Prenylated isoflavanone) 

(iv) Hydroxylation at C-2' 
(3'-Unsubstituted isoflavanone) 

(v) Prenylation at C-3' 
(2' ,4'-Dihydroxyisoflavanone) 

(vi) Methylation of 4'-OH 
(vii) Cyc1ization between 2'-OH and 3'-prenyl group 

Substituent 
parameter 

+ 0.28 ~ + 0.30 
- 0.04 ~ - 0.08 

-0.14 ~ -0.16 

+0.12 

- 0.31 
- 0.03 ~ - 0.05 
+0.03 

Recently, similar substituent effects for hydrogen-bonded hydroxylic 
protons in 9,l0-anthraquinones have been reported by SCHRIPSEMA and 
DAGNINO (418). 

4.3. Variations in the Chemical Shift of the S.Hydroxyl 
Proton of Pyranoftavonoids 

The 5-0H signal of a linear type pyranoflavone such as cudraflavone 
B (318) appears further downfield (0.35 ppm) than that of the comparable 
flavone with no substituent at the C-6 and C-8 positions (albanin A, 319) 
in acetone-d6 (sec Fig. 27) (414). In the angular type pyranoflavone 
morusin (320) the -OH signal is also downfield from that of albanin A 
(0.09 ppm). The notable difference between the chemical shifts of linear 
and angular type flavones (0.26-0.32 ppm) is a useful tool for structure 
determination. A similar shift difference is also observed in pyranoiso-
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ftavones and pyranoftavanones as shown in Fig. 27 (417, 419). The 
difference between the chemical shifts of the 5-0H signals in the linear 
type dihydropyranoftavanone (311) and its angular type isomer (312) is 
large (0.66 ppm, Fig. 25). It is also useful for structure determination of 
pyranoftavanones. 

cudraflavone B (318) 
(Ii 13.51 in acetone-ds) 

alpinumisoflavone (321 ) 
(Ii 13.44 in acetone-ds) 

H0:7 OH 

HO ::,.... 

albanin A (319) 
(8 13.16 in acetone-d6) 

HO 

1'-': 

h- OH 

genistein (322) 
(Ii 13.03 in acetone-ds) 

OH HO~O~OH 

W 
(324) 
(Ii 12.28 in CDCI3• 

270 MHz) 

O'H"'O 

naringenin (325) 
(Ii 12.03 in CDCla) 

Fig. 27 

OH 

morusin (320) 
(Ii 13.25 in acetone-ds) 

'-': 

h- OH 

derrone (323) 
(Ii 13.14 in acetone-ds) 

citflavanone (326) 
(Ii 12.09 in CDCI3• 

270 MHz) 

OH 

A hypothesis concerning the substituent effects on the 5-0H signal 
has been presented (420). It is reasonable to assume that the hydroxyl 
group at the C-3 position of a 3-hydroxyftavanone withdraws an electron 
from the carbonyl oxygen. Thus, the hydrogen bond between the 5-0H 
and the carbonyl oxygen of 3-hydroxyftavanones is presumably weaker 
than that of ftavanones. Actually the 5-0H signal of 3-hydroxyftavanones 
appears further upfield than that of ftavanones (0.46-0.47 ppm, see 
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Table 5). This hypothesis was studied using the molecular models 
calculated by Mopac-6 using PM3 Hamiltonian (Fig. 28). In the model, 
the electron density at the carbonyl oxygen of 3-hydroxyflavanone (327) 
was smaller than that of flavanone (328). Thus the hydrogen bond of 3-
hydroxyflavanones is weaker than that of flavanones. On the other hand, 
no significant difference in electron density (at the 4-carbon and 4-
oxygen, 5-carbon, 5-oxygen and 5-hydrogen) was found among the 
models of 6- or 8-prenylated and non-prenylated flavanone 329, 267 and 
328 (Fig. 29). In the models the distances between the 5-0H hydrogen 
and the oxygen of the carbonyl group of compounds 329, 267 and 328 
are almost same (Fig. 29). 

HO 

(327): R = OH 
(328): R = H 

Electron density 

C=O 5-0 5-0H 

Flavanonol (327) 6.325 
Flavanone (328) 6.361 

Fig. 28 

(328): R1 = R2 = H 
(329): R1 = prenyl, R2 = H 
(267): R1 = H, R2 = prenyl 

Fig. 29 

(328) 
(329) 
(267) 

6.248 0.750 
6.248 0.751 

Distance between 
5-0H and 4-CO (A) 

1.83 
1.81 
1.81 

The signals of the proton of a phenolic hydroxyl and water approach 
each other as chemical exchange between them increases as, for 
example, by an increase in the temperature. The chemical exchange is 
detectable by the saturation transfer method (421). Data of saturation 
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transfer between water and the 5-0H of three flavanones are shown in 
Table 10. The amount of the transfer from the saturated proton of water 
to the 5-hydroxy proton of 6-prenylated flavanone 329 (0. 136H, at 27°C) 
was smaller than that in non- and 8-prenylated flavanones 328 (0.398H) 
and 267 (0.249H)* and is probably due to steric hindrance by the 6-
prenyl group. If the downfield shift of the 5-0H of 6-prenylated 
flavanones is caused by resistance to chemical exchange between the 
5-0H proton and water or the other hydroxylic protons of the flavanone, 
the degree of chemical exchange (saturation transfer, temperature) may 
affect the chemical shift. However, the change in chemical shift of 329 is 
small (Table 10, 8 12.429 at 27°C, 8 12.387 at 55°C). The amount of the 
transfer, from saturated proton of water to 5-hydroxyl proton, in 328 (at 
27°C, 39.8%) might be comparable to that in 329 (at 55°C, 45.7%). But, 
the chemical shift of the 5-0H of 328 (8 12.142 at 27 0c) differs from 
that of the 5-0H of 329 (8 12.387 at 55°C). The above data indicate that 
the contribution of the chemical exchange to the shift of the 5-0H signal 
accompanying prenylation is small. 

Table 10. Saturation Transfer from H20 to 5-Hydroxyl Proton of267, 328 and 330 

(328) 
(329) 
(267) 

Earia of 5-0H proton when irradiated 
at H20 signal (amount of transfered proton, %) 
27°C 55°C 

0.602H (39.8) 
0.864H (13.6) 
0.751H (24.9) 

0.209H (79.1) 
0.543H (45.7) 
0.340H (66.0) 

Chemical shift of 5-0H 

27°C 55°C 

12.142 
12.429 
12.104 

12.090 
12.387 
12.050 

Since the electron densities near the hydrogen bond of 267, 328 and 
329 are about the same and since the contribution of chemical exchange 
(saturation transfer) is small, the following is the most reasonable 
cause for the downfield shift of the 5-0H signal on prenylation at the 
6-position: The 6-prenyl group interferes with rotation of the bond 
between the C-5 carbon and the C-5 hydroxyl group and/or distorts the 

* Generally, the signal is weaker than the other proton signals when the spectrum is 
measured using a Fourier transform NMR spectrometer. The relaxation time (T1) of the 
5-0H is between 6-9 seconds at 28°C in acetone-d6, 4-6 seconds at 55°C (unpublished 
data). When a quantitative spectrum is needed, the pulse delay time must be longer than 
10 seconds. 

References, pp. 110-140 
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molecular orbital at the 5-0H hydrogen. Thus the 5-0H signal of 6-
prenylated ftavonoids may appear further downfield than that of 
ftavonoids having no substituent at C-6 (422). The up field shift of the 
5-0H signal, the effect of prenylation at C-8 position, may be caused by 
distortion of the orbital at the 5-0H proton. 

4.4. CD Spectra of Licorice Isoflavans 

The CD spectra of poly oxygenated isoftavans exhibit simple Cotton 
effects at the lLa-band (near 235 nm) and the lLb-band (near 290nm) 
while R-isoftavans show a negative Cotton effect at the lLa-band and a 
positive Cotton effect(s) at the lLb-band, S-isoftavans show a positive 
Cotton effect at the lLa-band and negative Cotton effect(s) at the lLb-
band (423). In the CD spectra of isoprenoid-substituted isoftavans 
obtained from licorice (Table 11), eighteen compounds (131, 147, 155, 
164, 165, 180-182, 185-187, 195, 196, 224-226, 265, 266) showed a 
negative Cotton effect at the 1 La-band, two compounds (199 and 264) 
showed a positive Cotton effect and three compounds (126, 200 and 201) 
showed split Cotton effects in the region. Some (14 compounds, 126, 
131, 147, 155, 181, 182, 185, 186, 199, 200, 224, 225, 264 and 266) 
showed a positive Cotton effect(s) at the lLb-band, and 226 showed two 
negative Cotton effects in this region. The remaining eight isoftavans 
(164, 165, 180, 187, 195, 196, 201 and 265) showed split Cotton effects 
at the lLb-band.* No correlation between the CD curves and the 
substitution patterns of the licorice isoftavans and some of their 
derivatives exists (Table 11). Probably the changes in the Cotton effect 
at the lLb-band are due to adjacent overlapping optically active 
absorption bands as reported in the case of ftavanones (233). Some 
isoftavans were correlated chemically, e.g., 164 and 330, and the CD 
curves of a few isoftavans changed on presumably unimportant structural 
alterations, e.g., 126 to 131, 165 to 181 and 331 (Table 11). 

GAFFIELD has reported that the sign of the Cotton effect near 230 nm 
is always positive for trans-2R,3R-3-hydroxyftavanones and usually 
negative for 2S-ftavanones (233). This is probably applicable to isoftavan 

* Previously, we ascribed the split Cotton effect at the 'Lb-band to chiral exciton coupling 
between the A and Bring chromophores (261, 340). However, the probability of such 
coupling is very small because the molecular ellipticity value of the 'Lb-band (for 
example, in licoricidin (164) [61272 - 1500, [6bs + 2100 and in glyasperin D (196) 
[6]274 - 1900, [6hss + 1100) is not larger than that in simple 3R-isofiavans (for 
example, in 3R-vesitol (2',7-dihydroxy-4'-methoxyisofiavan) [6h90 + 2220) (426). 
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derivatives as well. On this basis the eighteen isoflavans, which showed a 
negative Cotton effect at the 1 La-band, were assigned the R-isoflavan 
configuration (424). The stereochemistry of the remainder (126, 199, 
200, 201, 264) could not be assigned on the basis of their CD spectra. 

Glabridin (126) has been assigned the R-isoflavan configuration 
because of its CD spectrum which exhibits a positive Cotton effect at 
300nm (250). It showed split Cotton effects at the lLa-band, but a 
prenylated compound derived from 126, hispaglabridin A (131), showed 
a negative Cotton effect at the lLa-band (Table II). Dihydroglabridin 
(332), derived from 126, also showed a negative Cotton effect at the 
1 La-band. On the other hand, licoricidin (164) exhibited a negative 
Cotton effect at the lLa-band, but isolicoricidins A and B (333 and 334) 
derived from 164 showed split Cotton effects at the 1 La-band. The signs 
of the split Cotton effects of 333 and 334 are the same as those of 126. 
Thus, the earlier assignment of 126 as an R-isoflavan may be correct. 

The Cotton effect at the lLa-band of glyasperin G (199) and 
gancaonin X (264) may overlap with adjacent strong Cotton effects; for 
199 [9h28 + 11200, [9h33 + 9200 (sh), [91240 + 3400 (valley), [8hs4 + 
6200, and for 264 [8h28 + 12500, [81244 + 3400 (sh). Elucidation of the 
stereochemistry of some isoflavans obtained from licorice such as 
glyasperins G, H and I (199, 200 and 201) and gancaonin X (264) needs 
further work. 

KUROSAWA et al. have reported that the ORD curves and NMR spectra 
of isoflavans are markedly influenced by which conformations are pre­
ferred in solution (425). From IH NMR measurements (in CD30D), all 
isoflavans obtained from Glycyrrhiza species have the conformation 
shown in Fig. 30, namely the A-form. A conformational isomer (335) of 
glabridin (126) was obtained by isomerization of 126 in basic solution 
(Fig. 30). Isomer 335 has the B conformation; the CD spectrum was 
quite different from that of 126 (Fig. 30), and the sign of the Cotton 
effect at the lLa-band was negative (unpublished data). 

5. Biological Activities of Phenolic Constituents 
of Glycyrrhiza Species 

OKUDA et al. have reported that some licorice flavonoids, isolico­
flavonol (171), glycycoumarin (172), licochalcones A and B (213 and 
214), glycyrrhisoflavone (250) and licopyranocoumarin (256), inhibit the 
cytopathic activity of HIV (427). SHIBATA et al. have reported that 
licochalcone A (213) shows anti-tumor promoting activity in a two-stage 
mouse skin carcinogenesis experiment (428). Inhibitory activity of 
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(A·lorm) 

Fig. 30 

~
."n H. 
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Ho '-=-"0 
H. • 
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J (2A·3) ~ 9 Hz 
J (28·3) ~ 5.5 Hz 
J (4A·3) = 8 Hz 
J (48-3) ~ 6.5 Hz 

(8·lorm) 

compound (213) against growth of the human pathogenic protozoans, 
Leishmania major and L. donovani, has been reported by KHARAZMI et al. 
(429). They have also reported that pyranochalcone (231) and kanzonol 
C (238) inhibit the growth of L. donovani (305). Kanzonol C (238) has 
previously been synthesized in an attempt to develop anti-ulcer drugs 
and exhibits an anti-ulcer effect on both Shay's pylorus-ligated rats and 
water-immersed and restraint stress rats (430). 

KAN et ai. have reported the effect of a pterocarpan, homopterocarpin 
(Table 13), isolated from G. pallidiflora, on human throat cancer cells, 
HEp-2 (431). The compound inhibits multiplication (at 1 ~mol/l) or kills 
the cells at higher concentrations. MITSCHER et ai. described the 
antimutagenic activity of flavonoids obtained from G. glabra, in which 
glabrene (130) shows high activity (432). The radical scavenging effect 
of licochalcone B (214) has been reported by OKUDA et al. (335). KIMURA 

et ai. have reported the effect of licochalcones A and B (213 and 214) on 
leukotriene formation in human polymorphonuclear neutrophils (433). 

MITSCHER et al. have reported antimicrobial activities of flavonoids 
obtained from G. giabra, glabridin (126), glabrol (127), hispaglabridins 
A and B (131 and 132), 4'-O-methylglabridin (133) and 3-hydroxyglab-

References, pp. 110-/40 
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rol (135), against Staphylococcus aureus or Mycobacterium smegmatis 
(254). They have also reported the antimicrobial activity of flavonoids 
obtained from G. lepidota, but the potency is not particularly high (360, 
361). NAMBA et al. reported that isoglycyrol (168), glycyrol (169), 
glycycoumarin (172) and glycyrin (248) isolated from G. uralensis have 
potent antibacterial action against a cariogenic bacterium, Streptococcus 
mutans (330). Antimicrobial activity of some licorice flavonoids was also 
reported by TABATA et al. (341) and DEMIZU and OKADA et al. (332,434). 

Antiinflammatory activity of pinocembrin (328) obtained from aerial 
parts of G. glabra has been reported by VAKHABOV et al. (435). KOBAYASHI 
et al. have reported an inhibitory effect of isoliquiritin (109), liquiri­
tigenin (111) and isoliquiritigenin (112) on tube formation from vascular 
endothelial cells of rats (436). Compound (112) also exhibits a preventive 
effect on ulcer formation induced by severe necrotizing agents in rats (437) 
and anti-platelet action (438): Anti-platelet action, inhibition of platelet 
aggregation, phosphorylation of 40K and 20K dalton proteins, inositol 
1,4,5-trisphosphate production, intraplatelet calcium increase and phos­
phodiesterase activity in vitro, of licopyranocoumarin (256) have been 
reported by TAWATA et al. (439). Licorisoflavan A (165) has been isolated 
as a potent benzodiazepin-binding stimulator by LAM et al. (273,440). 

There are some reports which describe screening of biologically 
active compounds from licorice by use of enzymes, e.g., xanthine 
oxidase (228, 337), monoamine oxidase (228, 338, 441), aldose 
reductase (442), phosphodiesterase (443), hyaluronidase (444), etc. In 
our screening of biological active compounds by using enzymes, some 
compounds exhibited inhibitory activity (445, 446): Thus gancaonins 
E (278, IC50: 1.4 x 10-8 mol/l), R (285, 1.1 x 10-8 moll 1), S (286, 7.8 x 
10-8 mol/l) and U (288, 1.1 x 10-8 molll) showed inhibitory activity for 
5-lipoxygenase (positive control; cirsiliol, IC50: 1.0 x 10-7 mol/l). 
Gancaonin S (286, IC5o, 2.1 x 10-5 mol/I) exhibited inhibited cycloox­
ygenase (positive control: indomethacin, IC50: 1.5 x 10-6 mol/l). The 
following ftavonoids also exhibited inhibitory activity, but the potency 
was not particularly high (447): licoricidin (164), glycyrol (169), 
gancaonins A (274), B (275), F (258) and J (244) for 5-lipoxygenase, 
gancaonins A (274), B (275), R (285), S (286) and U (288) for 
cyclooxygenase, licoricidin (164), gancaonins J (244), R (285), S (286) 
and U (288) for Na+, K+ -ATPase, isoglycyrol (168), gancaonins E (278), 
R (285) and U (288) for aldose reductase, gancaonin J (244) for 
testosterone 5a-reductase. Among the above compounds, ftavonoids 
having relatively high activity have been isolated from the aerial parts of 
licorice or from Glycyrrhiza species not used as drugs, but not clinically 
used licorice (447). 
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Note added in proof 

This review article covers constituents of licorice (G/ycyrrhiza species) reported up to 
the end of 1996. After submitting the review, the isolations of nine new phenols (336-344) 
from hairy root cultures of G. glabra or roots of G. uralellsis were reported [478, 479J. 
The structures are added in Table 13 along with known compounds in the reports. 
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