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Abstract

Four new isoprenoid-substituted phenolic constituents,
semilicoisoflavene B (1}, isocangustone A (2), l-methoxyficifelinol (31},
and licoriphenone (4), along with nine known phenvlic compounds, were
iseolated from a commercial licorice {(root of Glyeyrrhiza sp.) and
their structures were clucidated on the basis of spectroscopic and

chemical means.

Licorice, the root of wvarious species of Glyovrrhiza (Leguminosae), 1is one of the
mest important Chinese traditional medicines and used frequently also in Japan.
Besides its triterpencidal constituent, glyeyrrhizin, many isoprencid-substituted
phenolic constituents have been hitherto reported.!-3 In connection with the
studies on the c¢rude drugs effective oh visceral larva migrans,! we are interested
in the chleroform extract of licorice. Here we add four new phenolic constitucents,
semilicoisceflavene B (1), isocangustone A (2}, l-methoxvyTicifolinel (3}, and
licoriphenone (4), which were isolated from the chloroform extract of a commercial
licorice,’ after several chromatographical scparations {normal and reversed
phased), along with nine known phenolic compounds, (+)-liceoricidin,s (+)-7-¢—
methyllicoriecidin,? ¢ (-)-medicarpin,® {(-)-1-O-methylphasecllidin,!'® isoglyvcy-

rol,3 11 3-O-methylglveyrol,3: 12 kumatakenin,!3 licoflavonol,'3? and gancaonin I.2

Compound 1 {semilicoisoflavone B}, CpoHi1s0s, was obtained as colorless needles, mp
131-134°C . The uv abseorption maximum at 265 nm (log & =4.43) and the ir absorption
at 1653 cm-! suggested that it is an isoflavone derivative.l? Its 'H nmr spectrum
showed two sets of meta-coupled aromatic protons (§ 6.21 and 6.37, and 6.72 and

6.90, each d, J=2.0 Hz), a proton on a ¥ -pyrone ring (5 8.3!l, s), and signals of
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2,2-dimethylpyran ring [& 1.40 (BH, s), 52.74 and 6.37 (each !H, d, J=9.5 Hz}],

whose pattern was identical with that of gancaonin H (5) except that 1 lacked the
signals of one prenyl moiety.3 The 13 nmr of | was in good agreement with that of
licoisoflavone B'3 (6) for rings A and €, and with that of § for rings B and D
{Tablle I}, thus proving the structure |. Since this compound is isomeric to lico-
isoflavone B on the position of a hydroxyl group on ring B, the name, semilico-
isoflavone B, is proposed.

Compound 2 {isoangustone A}, C:5Ha2s0s, colorless needles, mp 191-193°C , was also
an isoflavone derivative (uv: 272 nm, ir: 1642 cm-t'}. In the !'H nmr spectrum, it
showed the signals of ftellowing pretons: 1) two prenyl groups at & 1.63 (31, br
5), 1.68 (6H, br s}, 1.73 (3H, br s}, 3.23 and 3.24 {each ZH, 4, J=7.3 Nz}, H.1R
and 5,29 {each 1H, t with fine splitrings, J=7.3 Hz), 2) Lhree aromatic protons at
§ 6.43 (s), 6.65 and 6.8%7 {(each d, J=2.1 Hz), 3) a proton on a ¥ -pyrone ring at
& 8.20 (s), and 4} a hydrogen-bonded (§ 13.00) and non-bonded hydroxy!l groups
) 8.29, 9.32). The pattern of the aromatic protons was very similar to Lhat of
gancaonin H (5).3 The 13C nmr spectrum of 2 was in good agreement with that of 5
for rings A and C and a prenyl groap on ring A {(Table 1), The chemical shifts of
ring B carbonsg of 2 were also similar to those of 5 and 1, indicating that they
have the same substitution pattern for ving B, I.e. oxvgen functions at C-3' and
C-4', and an prenyl group at C-3'. Thus the structure 2 was assigned to this com-
pound and the name isoangustene A is proposed, because it 1s isomeric to angustone
ATy 1S

Compound 3 {l-methoxvyticifolinol), CaeHieCs, colorless needies, mp 128-132°C , was
optically active, [a lp -173° (CHCl3). Tts 'H umr spectrum showed signals of
protons characteristic of pterccarpan,’¢-!'7|d ca. 3,25 (overlapped with other
signals), 3.31 (lH, t, J=10.7 Hz), 4.11 (1, dd, J=10.7, 4.9 Hz), 5.53 (IH, d,
J=6.7 Hz), aleong with two preny] groups [§& 1.61, 1.695, 1.6498, 1.75 (each 3H, br
s), 3.20-3.35 (4H, m), 5.25 and 5.31 {(each lH, t with fine splittings!), a
methoxyl (& 3.89, s), three singlet aromatic protons {§ G.23, .33, 7.02), and
two hydroxv! gdroups (& 8.19 and 8.23). The 13¥C nmr spectrum of 3 supported the
ahove assignments. The position of substituents on the pterocarpan ring was deter-
mined as follows. Hydrogenation of 3 over 30% Pd-C in EtOH-AcOH guave, with con-
comitant hvdrogencly¥sis of ring D, an isoflavan 8, whosc mass spectrum exhibited

intense retro-Diecls-Alder peaks!® at m/z 223 and 206, which are corresponding to
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Table [, 13C Nmr Data of New Phenollic Compounds from Licorice and Related Compourds

Carbonk 24 ba.d 1a Gar e Jo (4} 40 (%) 1021 (%) 128 (x)
Rings A and C
Z 153.4 153.7 154.0 165.8 66.9¢0 6} —--——e
3 121.1 1221 1221 120.7 19.9¢{6a) “33.30 &)
3 1RG. 2 180.1 180.0 180.8 T6.2{11a} 204.7¢ T} 202.6( 1)
ja 104.3 104.3 104.5 104.8 107.0(11b) 13,00 1) 113.49¢ 1}
3 i58.8 158.9 162.0 162.0 160.81 1) 164,10 21 16511 )
6 110.9 111.2 98.9 99,1 115.90 23 103.6¢ 3) 103.5¢ 3}
7 161.8 162.0 164.2 164.3 138.1¢ 3) 166.3¢ 4) 165,11 4)
8 92.8 93.0 93,6 93.8 99.3¢ 1) 108.6¢( 5 108.6( 5)
% 150.3 155.3 157.5 157.9 155.7¢ 3) 134,04 8) 133.9¢ 6)
Ring B (Ring A)
17 122.6 122.9 122.6 111.4 118.7(6b) 106.6(1") 106,90 6)
2! 1204 lze .0 121.9 151.3 123,60 7) 158.6(27) I57.0( 5
3’ 144.4 145.1 145, 1 110.0 120.4¢ 8) 115.913) 113.3(4a)
41 143.1 140.1 110.0 153.8 15610 9 157.004") 153.,0(8a)
5°? 127.9 121.3 121.3 107.6 98.1(10) 97.4(57) 98.9( 8}
52 4.0 117.86 117.4 128.7 139.4(10a) 155.3(6") 134,581 7)
Prenyl and Z,2-dimethylpyran
9 21,90 21.0 23.2(1") 23,001 22,40 9)
10 1222 1z22.2 124,32 123.7(2™) 123.7010)
11 120.5 130.5 130.6(37} 130.9(3™") 1z9.101 )
12 17.6 17.6 17.8(47) 17,804} 17.6(12)
13 28,4 25.3 25.9{5") 25,7057} 25.4¢13)
7’ 28.2 17,1 116.9 1i7.1t 28.6(1")
R’ 123.0 131.2 i31.1 131.5 124.7(2™)
9’ 130.8 0.9 75.9 5.0 1313037
16! 17.6 27.5 27.4 27.6 17.9¢(4™)
117 25.3 27.3 27.4 27.6 23.9106™)
Methoxyl
62.9 55.61d T -0Me)
62.2(2'-0Me)
a) Tn IMSO-ds . bl In acetone-de . ¢} In chloroform-d.
d} bata from ref. 3. e) Data from ref. 15. ) Data from ref. 6.
£} Data {in dioxane/CSz ) from "Atlas of '2C-NMR Data,” Vol. 1, No. 676,

h) Assignments were confirmed by 'J and #»3.J C-H Cosy experiments.
+  [soflavone numbering is adopted. Real numberings of the compounds are indicated in parentheses.
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rings A and ring B of B, respectively. This indicated that ring A of 3 bears a

methoxyl, a prenyl, and a hydroxyl groups and ring B hears a prenyl and a hydroxyl
groups. Since all the aromatic protons appeared as singlet, a prenyl and a
hydroxyl groups on ring B have to be placed at C-8 and 0-9. Chemicul shifts of
aromatic protons of 3 in CDCla were very similar to those of ficifolinoll® {9) ex-
cept that 3 lacked H-1 signal and that H-J signal shifted to upfield (& 6.25)
compared 1o that of 9 (& 6.32). This suggests that 3 has the same substitution
pattern as that of 9 except that 3 has an additional oxygen function at ©O-1, which
must be a methoxy group. This was confirmed by nuclear Overhauser effect (nQe) ex-
periments. Irradiation of the methoxyl proton {§ 3.89) resulted in nGe’s on H-11a
at § H5.33 (8%) and the olefinic proton of a prenyl group at & 5.25 (1%). Thus

compound 3 was determined as l-methoxyficifolinol.ze

T

0% Pd—C/H,
Ac OH

3

myz 223(100%)

Compound 4 (licoriphencnel, CyiHza06, colorless needles, mp 136-138C, has o che-
lated carbonyl group (ir: 1630 cm-1', V9¢ nmr: & 201.7). The 1 nmr spectrum of 1
showed a singlet methylene signal at & 4.18, alopg with o 1,2,1-trisubstituted
benzene [4§ 6G.34 (14, d, J=2.4 Hz), 6.43 (if, dd, J=8.9, 2.4 Hz), and 2.09 (1, d,
J=8.9 Hz), a pentasubstituted benzene [§ 6.36 (LU, s}], a prenvi group [§ L1.65,
.74 {each 3H), 3.26 (2H, br d, J=6.5 Hz}, 5.1% (lH, t with fine splittings, J=6.5
Hz} ], two methoxyl ¢roups (§ 3.69 and 3.76), and a chelated hydroxy] group (4§
12.28, br s). Tn comhination swith thesce data, the uv spectrum of 4 (278 nm, log &
=1.18 and 315 nm, log £ =3.88) was ascribed to the phenvlacetophenone structure.
The 93¢ nmr of 4 indicaled the presence of resacetophenonce (12) structure in 4 and
Lthe chemical shifts of the remaining carbons were similar to those of ring A

carbons of licoricidind (10} {(Table 1}, suggesting that ring B of 4 has phloro-
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glucinol-type oxygen substituents. The intense ms f{ragment peaks at m/z 235.1311
(CiaHieDz) and 137.0241 (CrH50:) confirmed that ring & bears two hydroxyl groups
and ring B bears two methoxyl, one prenyl, and one hydroxyl groups. The sub-
stituent positions on ring B were estublished as tollows, Chemical shifts of the
methoxyl carbons (& 55.6 and 62.2) indicated that one of the OMe groups (§ 62.2)
has diortho-substituents,?! gsuggesbting that this OMe group to be at C-27. ir-
radiation of the OMe signal at & 3.76 produced 15% nUe on the proton at & 6.36
{H-5'), while irradiation of the latter proton resulted in 10% nOc¢ an the former
protons. On the other hand, irradiation of the methylene protons at § 4.18 {(H-8)
produced n0e’s on the OMe at & 3.69 (6%) and the aromatic proton (H-6) at & 8.09
(23%). Thus the structure 4 was assigned for this compound, which must be the
precursor of gancaonin I (11}.22 {n fact, treatment of 4 with polyphosphoric acid
in CH:Clz produced Il. To our present knowledge, such phenylacetophenone deriva-

tive is the first ocecurrence in licorice, and the name licoriphenone is proposed.

10~1
H

msz 137.0241

C7H;03
537670
PPA
H
m.z 2351311 4
C1aH1903

Gf the thirteen phenalic compounds pbove isolated, licoflavonol showed appreciable
nematocidal activity against the larvae of Toxecara canis, while the others werc

weakly or not at all active. These will ke reported elsewhere.

EXPERIMENTAL

Unless otherwise stated, uv spectra are taken in ELOH and given by A wax nm {log
&}, ir spectra in KBr disks and w asy are given by cw-!, and LT-mg are taken at
20 eV and major peaks are given by m/z,

lsolation of New Compounds from Commercial Licorice

Cut licorice (1 kgl was extracted with boiling CHCla and the extract was chromato-
graphed on silica gel eluting with CHCl: and CHCla-MeOH (1:1). The latter frac-
tion was divided into three fractions by Sephadex LH-20 column eluting with MeOH.

The middle fraction (12 g) was re-chromatodraphed on siiica g2el to yield frs. 3,
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B, and . Repeated chromatographies of fr. & on silica gel and polyvamide column
gave l-methoxyficifolinol (3) (120 mg) together with licoricidin, medicarpin, and
P-0O-methyllicoricidin, Chromatographies of fr. B on silica gel and a recyeling
preparative hple (LC-908) viclded iscangustone A (2) (33 mg), Jicoriphcenone (4)
(28 mg), and semiliroisoflavone I {1} (70 mg} together with the other known com-
pounds indicated in the text.

Semilicoisofiagvone B (1)

Compound | crystallizes from chloroform as colorless needles, mp 131-134°C . Bv:
2653 {(4.43), 330 (3.66). Tr: 16585, 1620. El-Ms (probe): 352[M]1'(81), 339(17), 348
(21), 337(1001, 313010, 2990133, 187(11}, B2(16). High-resolution-Ms (HR-Ms),
m/z: 352.,0960 [M]' (CzoHie0s requires: 352.0046). TH Nmr (DMSO-dgi: & 1.40 (6,
br s, H-10' and H-11"}, 5.74 (14, d, J=9.5 Hz, H-8"1), 6.21, 6.37 t(each 1H, 4, J=2
Hz, H-5 and H-8), 6.27 (lH, d, J=8.5 Hz, H-7'), 6.72, 6.90 {each LN, d, J=2.0 Hz,
H=27 and H-6"3), 8.21 (IH, =, 11-2}.

Tsoangustone A (2)

Compound 2 crystallizes from cther-hesance as colorless needles, mp 1911930 . lwv:
272 (4.44). Tr: 1642, 16300 EL-Ms: A22(M]* (881, 405(21), 38B0(28), 379(81}), 368
(31), 367(100), 366(22), 323{(41), 311¢42), 2210(25), 201(21), 163(30). HR-Ms, m/z
422,1720 [M]* (CasHze D¢ rTequires: 422,1727). 1H Nmr (DMSO-ds}: S8 1.63 {(3H, br s,
H-13), 1.68 (6H, br s, U-12 and 11-10"), 1.73 (30, br s, H=-11"}, 3.23, 3.24 {cach
20, 4, J=7.3 Iz, H-9 and {-77), 5.18 (1H, t with fine splittings, J=7.3 Hz, H-107},
5.29 (1H, © with fine splittings, J=7.3 Hz, H-8"), 6.43 (1, s, H-R), G6.63 (1H, 4,
J=Z.1 Hz, H-27), 6.87 (1H, A, J=2.1 Hz, H-6"), 8,20 (1, s, H-2), &.29, 9,32,
13.00 {each IH, br s, OH x 3}.

1-Methoxyficifolinel (39

Compound 3 crystallizes from chloroform as colorless ncedles, mp 128-132°C . la s
-173° (=3, CHCLz ). Uv: 234 (sh 4.30), 287 (3.98). 1r: 1625, 1598, 1180, EI-M=s:
A2Z2[M] (100), 421012y, 368(7), 367(26), 36619}, 351(9), 311(7), 2201(5), 19117},
161{6)., HR-Ms, m/=z: A22.2087 [M]* {CasllaaUs requires $22.20891). 1H Nmr {acctone-
de }r & 1.64, 1.695, 1.898, 1.75 (each 3H, br s, H-4’, li-3’, H-4", H-5"1}1, 3.20-
3.35 (5, m, H-6, H-1’, H-1"), 3.51 {101, t, J=10.7 Hz, H-6), 3.89 (3H, s, OMel},
d.14 (LH, dd, J=10.7, 4.8 Hz, H-6a), 5.25 (I1H, t with fine splittings, J=7.0 H=z,

H-2%y, 5.31 (11}, t with fine splittings, J=7.0 Hz, t-2"}), 5.53 {1H, 4, J=6.7 Hz,

H-1la), 6.23 (1H, s, H-4), 6.33 (IH, s, H-10), 7.02 {(iH, s, H=-7), 8,19 and 8.55
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(each TH, br s, OH x 2). 'H Nmr (CDCls): & 1.76, 1.770, 1.773, 1.83 {cach 3H, s,
H-4', H-5*', H-4", H-2"), 3.28, 3.39 {(each 2H, br 4, J=6.5 Hz, H-1' and H-1"}, 3.31
(1H, m, -6}, 3.59 (1H, t, J=10.9 Hz, H-6), 3.92 {3H, s, OMe}, 4.16 (1H, dd,
J=10.9, 5.2 Hz, H-6Ba), 5.2%, 5.29 {each 1H, t with fine splittings, J=6.3 Hz, H-2'
and H-2"}, 5.30 (1H, br s, OH), 5.57 {14, br s, ©OH), 5.59 (1H, d, J=6.4 Hz, H-
Ila), 6.25 (1H, =, H-4), 6.33 (IH, s, H-101, 6.94 (1H, s, H-T}.

Hydrogenation of l-Methoxvficifolinol (3}

Compound 3 (5 m2) was hydrogenated with Hz (4 kg/cm? ) over 30% Pd-C in ethanol-
acetic acid (2:1, 15 wl) for 6 h to give iscflavan 8 as an oil (3 mg). ET-Ms: 428
[MT*(38), 371¢26), 315¢10}, 221(15), 223(100), 207(10}, 208(46), 203(24), 193
118y, 167(29).

Licoriphenone {4}

Compound 4 crystallizes from ether-hexane as colorless needles, mp 136-1238°C , liv:
231 tsh .26, 278 (4,18, 315 (3.88). Ir: 1830, 1620, 1600, FEI-MM=s: 372[M]* (66,
351187), 236129}, 235301001, 221(15), 167(16), 137(15). HR-Ms, m/z: 372.1571 [M]°
(C21Hza06 requires: 372.1371). U Nmr (CDCls;): & 1.65 (3K, d, J=0.89 Hz), 1.74
{3H, br s}, 3.26 (2H, br d, J=6.5 Wz, H-1"), 3.63 (3H, s, 2'-OMe}, 3.76 {(3H, s,
1P -0Me), 1.18 (2H, s, H-R), 53.15 (1H, t with fine splittings, J=6.5 Hz, H-2"),
5.02 (10, br s, OHY, 6.33 (1H, d, J=2.2 Hz, H-3), 6.36 (iH, =, H-27), 6.43 (11,
dd, J=2.4, 4.9 Uz, H-5), 7.76 (I1H, br s, Ol), B8.09 (1H, d, J=8.9 llz, H-61, 12.28
(1H, br =, OH}.

Conversion of Licoriphencne {4} to Gancaonin 1 {I1)

A mixture of 4 (3 mg) and polyphosphoric acid {12 mg) in dry methyvlene chloride (2
ml} was heated at 30°C for 20 min. Methanol {10 ml) was added tno the reaction mix-
ture and the whole was concentrated to dryness. The residue was purified by

preparative tlec {silica ge¢l, benzene-acetone=d:1} Lo give 11 (1.5 mg), which was

identical with gancaonin I (tlc and 'H nmr comparisons).
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