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Abstract -————— Four new prenylated flavonoids, gly-
asperins A (1), B (2), C (3), and D (4), along with ten
known compounds were isolated from the roots of

Glycyrrhiza aspera. The structures of glyasperins A-D

were elucidated by spectroscopic methods.

Licorice, the roots and rhizomes of various species of Glycyrrhiza
{Leguminosae), has been used for a long time as one of the most important
crude drugs. The commercial Chinese licorice imported to Japan is generally
classified to three kinds, the northeastern liéorice ( Tohoku Kanzo
in Japanese), the northwestern licorice (Seihoku Kanzac in Japanese) and
Sin Jiang licorice (Shinkyo Kanzo in Japanese).2 And nowadays the Sin Jiang
licorice serves as the main resources of the crude drugs in China for its

3,4 Among Sin Jiang

large amounts of production and good gualities.
licorice, five Glycyrrhiza species have been reported , i.e. G. uralensis,

G. glabra, G. inflata, G. eurycarpa,5 and G. 259353.3'4 In the continuous

. . . 6 . . .
resedarch of Chinese licorice, we reexamined the phenolic consitituents of
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Table 1. 130 Nmr data of 1, 2 and related compounds (15, 16, and 17} in acetone—ds,

100 MHz
c 1 15% 16° ¢ 2 17
2 147.03 ) 146.67 2 71.31 (Td)§ 71.2
3 136.59 136.59 3 47.38 (Dd) 47.2
4 176.56 ’ 176.56 4 199.23 (Sm) 198.8
4a 104,01 105,22 104.04 4a 104,10 (Sdd) 103.7
5 158.95 160.24 158,96 5 162.94 (Sm) 163.4
6 111.72 112.33 111.81 6 109.85 (Sm) 96.5
7 162.72 162.42 162.78 7 165.9% (Sm) 164.7
8 93.83 94,07 93.91 8 91.51 (D) 108.1
8a '155.63 156.58 155,67 8a 161.34 (Sdd)} 161.3
9 21.92 22.01 22.01 9 21.62 {Td)
10 123.28 123.27 123.24 10 123.53  (Dm)
11 131.66 131.59 131.65 11 131.26 {(Sm)
12 17.90 17.91 17.91 12 17.80 (Gm)
13 25.88 25.88 25.88 13 25.86 {Qm)
1t 123.46 123.45 1 113.40 (Sm) 114.0
2! 129.06 128.85 2 1589.26 (Sddd) 158.8
3¢ 130.32 129.91 3¢ 103.88 (Da) 103.8
ar 156.95 159,51 4! 157.39 (Sm) 157.0
5! 115.82 116.34 5! 107.57 (Dd) 107.9
6! 127.95 126.57 6" 131.50 (Dd) 131.6
1 29,07 29.05 MeC 56.37 (Q)
a 123.21 123.04
3n 133.10 133.28
4n 17.91 17.91
5 25.90 25,91

a, b: Sece rgfs 17 and 18. c: See ref. 21, §: Capital letters refer to thfapaftern resul-

ting from directly bonded proton(s) and lowercase letters to long-range C-"H coupling.
the roots of G. EEE§£2'7 and reported here four new prenylated flavonoids,
named glyasperins A (1), B (2), C (3}, and D (4), along with ten known
compounds, kumatakenin (5),8 topazolin (6),9 licoisoflavone B (7),10 semi-
}icoisoflavone B (B),ll licoisofiavanone (9),10 3'-(y,yY-dimethylallyl}-
kievitome (10),12 licoricidin (11),'3 licorisoflavan a (12),'% 1-methoxy-
ficifolinol (13),ll and licocoumarone (14).15
Glyasperin A (1), yellow prisms, mp 164-165'C, C25H2606’ gave a green color
with methanolic ferric chloride test. The uv spectra suggested its
flavonol skeleton substituted with 4',5,7-trihydroxyl groups.l6 The lH
nmr spectrum (acetone-de) showed the signals of two 3,3-dimethylallyl
(prenyl) group protons, ABX type aromatic protons, an aromatic proton, and

a hydrogen-bonded hydroxy! proton, Since the singlet signals of the

aromatic proton and hydrogen-bonded hydroxyl proton appeared at 8 6.59 and




HETEROCYCLES, Vol. 34, No, 3, 1982 579

13, 1 -
Table 2. 130 Nmr data of 3, 4, 11, and 12, and one bond and long-range C-"H correlation

data of 3 and 4

3 11 4% 12
C pom c-H* C—H++ ppm ppm ppm c-nt c-n**
via Y via %, % via Y via 9, %
2 70.37 (Tm)§ 3.96,4.19 H-4 70.54 70.48  70.51 3.96,4.21 H-4,4
3 32.26 (Dm) 3.39 B-2,2,4,4,6' 32.17 32.22 31.98 3.41 H=-2,2
4 26.61 (Tm) 2.83,2.92 H-2 27.29 26.53 27.07 2.75,2.93 H-4,4
4a 108.38 (Sm) H-4,4,8 108.40% 109.14, 108.01 H-4,4
5 158.32 {(Sm) H-4,4,9,9,Me 158.31 157.87 157.91 H-4,4,9,Me
6 114.39 (Sm) H-8,9,7(0H), 114.40% 115,56 115.46 H-5,9
7 155,43 (8m) H-8,9,7(0H) 155.44 157.97 157.83 Me-7
8 99.82 (D) 6.17 99,83 96.36 96.26 6.22
8a 154.48 (Sm) H-2,4,4,8 154.43 154.78 154.64 H-2,4,4,8
1' 119.80 (Sm) H-3',2'(0H) 120.82 119.69 120.58 H-4,2'{0H)
2' 156,73 (Dm) H-3',5' 154.13 156.78° 154,01 H-6',7!
3' 103.58 (pm) 6.46 H-5' 116.32 103.60_ 116.19 H-7',2',4'(0H)
4' 158.30 (Dm) H-3',6' 155.32 158.05 155.22 H-7"'
5' 107.72 (Dt) 6.35 H=-3' 108.33 107.74 108.27 6.45
6' 128.70 (bd) 6.89 123.93 128.71 125.04 6.80
9 23.33 (Dt) 3.28 23.32 23.24 23.15 3.25
10 125.31 (Dm} 5.25 H-12,13 125.13 126.18 125.04 5,17 H-12,13
11 130.27 (Sm) H-12,13 130.31 130.41 130.32 H-12,13
12 17.80 {(Qm) 1.75 H-13 17.85 17.86 17.83 1.74 H-13
13  25.85 (Qm) 1.65 H-12 25.85 25.86 25.86 1.66 H-12
7 23.23 23.24 3.47
8¢ 125.29 123.78 5.26 H-10',11"
9! 131.82 131.78 H-10',11"
10" 17.95 17.94 1.78 H-11!
11 25.88 25.83 1.63 H-10!
MeC 60.57 (Q) 3.70 60.57 60.73 60.60 3.67

55.89 55.75% 3.73

The datum was obtained cnly from the completed decoupling, spectrum. *: One bond

C,H-COSY. : Correlation spectroscopy via long-range coupling. “: Capital letters refer
to the pattfgn lresulting from directly bonded proton{s) and lowercase letters to
long-range C-"H coupling. a: Signals were reassigned by the comparison with those of 3

and 12 in which the signals were assigned by COLOC. b-d: The assignments may be
interchangeable.

§ 12.44, respectively, the position substituted by prenyl group in the A

ring was deduced to be located in C-6 atom rather than in C-8 atom.19

Furthermore, comparing the 13C nmr spectrum of 1 with those of gancaonin Q

(15) 7

and gancaonin P (16),18 the chemical shifts of the A and C rings
of 1 were found to be in agreement with those of the relevent carbon atoms
of 16, and the chemical shifts of the carbon atoms of the B ring of 1 to be
consistent with those of the relevent carbon atoms of 15 {(Table 1), which

indicated the prenyl group in the B ring of 1 was substituted in C-3' atom.
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Thus, the structure of glyasperin A is characterized as formula (1).

Glyasperin B (2) was cobtained as an amorphous powder, u]go—5.7.

C21H22% |
The uv spectrum showed that the compound (2) was either an isoflavanone or

16 The lH nmr spectrum exhibited the signals of an

a flavanone derivative.
isoflavanone skeleton in which the methylene protons of C-2 appeared as a
double doublet (J 4.46) and a triplet (& 4.61), and the methine proton of
C=-3 as a double doublet (2 4.26), regpectively. The lH nmr spectrum also
showed the signals of the following protons: protons in a prenyl group,
protons in a methoxyl group, ABX type arcmatic protons, a singlet aromatic
proton, and a hydrogen-bonded hydroxyl proton. The mass spectrum gave the
2c), and

tragment ions at mw/z 234.0872 (C 2a), 179.0355 (CgH

137140 7947
136 (2b), indicating that the prenyl and mwethoxyl groups were located in
the & ring. In the 13C nmr spectrum of 2, the oxygenated carbon atoms were
observed in the range of § 157,39-165.95, showing that all the axygehated

aromatic carbons were located each other at meta position,20

and the
chemical shifts of the B ring of 2 were found to be in agreement with those
of relevant carbon atoms of kievitone (17).21 All the above evidence
suggested that the compound (2) was 2',4',5-trihydroxy-7-methoxy-6-, or
-8-prenylisoflavanone. The position of prenyl group in the A ring was

13

determined by further observation of the C nmr spectrum using gated

decoupling with NOE technigue. The signal at ¥ 91,51 appeared as a doublet,
J=162.8 Hz revealed that the prenyl group was substituted in C-6.
Therefore, the structure of glyasperin B is established as formula {(2).

Glyasperin C (3) was recrystallized from acetone to give colorless needles,

20

mp 79-80 'C, C,.H,,0 [®]3° -15.6". The uv spectrum resembled that of

21°24¥s5"
licoricidin (11), an isoflavan derivative isclated from the same material.
The lH nmr spectrum showed the signals of the following: protons in a
prenyl group, protons in a methoxyl group, an aromatic proton, ABX type
aromatic protons, a methine proton, and protons in two methylene groups.

The mass spectrum gave the fragment ions at m/z 221.1171 (C13H 3a) and

17%3"
136 (2b). The 13C nwr spectrum of 3 was analyzed by using gated decoupling
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Figure 3 Acetylation shifts of 4a Figure 4 NCE values of 4

with NOE, heteronuclear shift correlation spectroscopy (C,H-COSY), and
correlation spectroscopy via long-range coupling (COLOC), and by comparing
with that of licoricidin (11} as shown in Table 2. The A and C rings of
this compound, including the methoxyl and prenyl groups, exhibited the
similar chemical shifts as those of the relevent carbon atoms of 11, which
indicated that the A ring of 3 was substituted by 7-hydroxyl, 5-methoxyl,
and 6-prenyl groups. In the lH nmr spectrum of 3, the singals of ABX
aromatic protons were observed, which showed that the B ring was either
substituted by 2',4'- or by 3',4'-dihydroxyl groups. In the 13C nmr
spectrum, the oxgenated carbons in the B ring appeared at & 156.73 and
§ 158.30, so that the substituted pattern in the B ring of 3 was concluded
to be 2',4'-dihydroxyphenyl moiety.20 The absolute configuration of 3 was
assigned to be 3-(R) by its CD spectrum in which the positive Cotton effect
was exhibited at 289 nm.22
Thus, the structure of glyasperin C is represented by formula (3).

Glyasperin D {4) was recrystallized from acetone to give colorless prisms,
mp 111-114°cC, CooHy Oy [d]%?-13.4 *. The uv, 'H, and 13C nmr spectra showed
that the compound {(4) was a monomethyl ether of 3. The mass spectrum gave
the fragment ions at m/z 235 (4b) and 136 (2b). Comparing the 13C nmr
spectrum of 4 with that of 3, the chemical shifts of the B ring in two
compounds were found to be almost the same, which revealed that the

substituted pattern in the B ring of 4 was also 2',4'-dihydroxyphenyl

moiety. The position substituted by methoxyl group was also supported by
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the observation of the acetylation shifts (Figure 3} and NOE experiments
(Figure 4). Comparing the 1H nmr spectra of 4 and its diacetylated product
(4a), the chemical shifts of the B ring showed remarkable downfield shifts,
The absolute configuration of 4 was assigned to be 3-(R) for its CD
spectrum exhibited the same type of Cotton effect as that of 3.

Conseguently, the structure of glyasperin D is concluded to be formula (4).
-§0+5.7 °.

The structure of 12 (except the stereochemistry at the C-3) was determined

The compound (12) was ocbtained as colorless prisms, mp 65-67°C, {a]

to be 3',6-diprenyl-2',4'-dihydroxy-5,7-dimethoxyisoflavan by analyses of

its spectral data and comparison with those of 3, 4, and 11, The same

structure named licorisoflavan A by Shizuri et al.14

has been reported in a

abstract form and no details have been further published.

EXPERIMENTAL

The general procedures followed as described in the previous paper.6 The optical rotations
and CD spectra were measured on JASCO DIP-4 and JASCO J-720 instruments, respectively. The
other instruments were used as described in the previocus paper‘.6 For preparative tlc

(silica gel), Wagogel B-5F was used,

The roots of Glycyrrhiza aspera were collected in Manasi County, Xin Jiang Autonomous

Region of China, in the August, 1986. The morphological and histological studies of the
crude drugs were published in the previous paper.23 The voucher specimen has been
deposited in the drug museum of the Department of Pharmacognosy, School of Pharmaceutical

Sciences, Beijing Medical University, P. R. China.

Isolation of Phenolic Compounds from Glycyrrhiza aspera Roois

Powdered roots of G. agpera (2 kg) were extracted by ethanol (50 1) for three days using
continuous extractor at 20*C. The ethanol extract (300 g) was dissolved in methanol (1.5
1) and the dissolved portion {240 g) was absorbed on Amberlite XAD-2 resin (500 g), and
then washed successively with n-hexane (6 1), benzene (7 1), benzene-acetone=8:1 (4,5 1),
6:1 (1 1), 4:1 (2 1), 2:1 (5 1), 1:1 (2 1), 1:2 {7 1), acetone {2 1}, methanol (3 1), The
benzene portion (33.6 g) was subjected to a silica gel {260 g} column chromatography

{colum A) and eluted with n-hexane (fr.1-2), n-hexane~benzene=5:1-=1:7 (fr.3-9}, benzene
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(fr.10-12}, benzene-ethyl ether=20:1—1:5 (fr.13-27), and benzene-acetone=8:1—1:2 (fr.28-
33). The fractions (500 ml each) were monitored by tle. The fraction 9 {eluent,
n-hexane-benzene=1:7, yield 0.39 g) was purified by preparative tlc (solvent system
n-hexane-ethyl ether=4:1, multiple developments, x3) to give licorisoflavan A (12, 0.25
g}. The fraction 12 (eluent, bhenzene, 4.37 g) was crystallized from benzene to give
licoricidin (11, 1.15 g), and the mother liquor was subjected to a silica gel (80 g)
column chromatography ({column B} and eluted with chloroform {(fr.1-10), The fraction 2
(0.82 g} was purified by preparative tlec (solvent system, CHClS—A(:OEt=15:1, x2,
n-hexane-acetone=4:1, x4) to give glyasperin A (1, 1,5mg). All other fractions were
combined and the combined fractions were subjected to a silica gel (8C g) column
chromatography (columm €) and eluted with n-hexane-AcO0Et=100:1—-7:1 (fr.1-14) to give
l-methoxyficifolinol (13, 2 mg) from the fracticn 2, and licoisoflavanone (89, .29 g) from
the fraction 5. The fraction 4 {n-hexane-AcCEt=60:1, 0.89 g) was purified by preparative
tle (solvent system, n-hexane-AcCEt=5:1, x4, n-hexane-AcOEt=3:1, x3) to give 3'-Y,y-di-
methylallyl)-kievitone (10, 20 mg). The fraction 7 {n-hexane-AcOEt=30:1, 0.18 g} was
purified by preparative tlc (solvent system, n~-hexane-AcOEt=5:1, x5) to give licoisofla-~
vone B (7, 7 mg). The fraction 15 of column A {eluent, benzene-ethyl ether=10:1, 1.96 g)
was subjected to a silica gel (100 g) column chromatography (column D) and eluted with
n-hexane-acetone=100:1-+2:1 (fr.1-19) to give kumatakenin (5, 5 mg) from the fraction 5.
The fraction 6 {0.75 g) was purified by preparative tlc (solvent system, CHClS-ACOEt=6:1,
x3, CHCls-acetone:20:1, x4) to give glyasperin D (4, 0.1 g}. The fraction 8 {0.5 g) was
purified by preparative tle {(solvent system, n-hexane-AcOEt=6:1, x3, CHCIS—ACOEt=5:1, x3,
benzene—ethyl ether=6:1, x3, CHCIS-acetone=20:l, x4, n-hexane-AcOEt=3:1, x4) to give
topazolin (6, 10 mg) and glyasperin B (2, 10 mg). The fractions 10 and 11 (0.46 g) were
purified by preparative tlc (solvent system, n-hexane~AcOEt=3:1, x3) to give semilico-
isoflavone B (8, 0.1 g). The fraction 12 (0.13 g) was purified by preparative tlc (solvent
system, CHCS—ACOEt=5:1, x3) to give licocoumarcne (14, 20 mg). The fraction 19 (0.95 g) of
columm A was purified by preparative tl¢ (solvent system, CHCls—AcOEt=20:1, x4,
n-hexane-AcOEt=3:1) to give glyasperin C (3, 0.12 g). The known compounds were identified
by direct comparison with the authentic specimen or by comparing their spectral and

physical data with corresponding publications.

Glyasperin A (1)

Compound (1) was recrystallized from n-hexane-acetone to give yellow prisms, mp 164-165 c.

FeClEl test: green. Uv Un:.lzo’}: mm {log €)}: 253 (4.21), 270 (4.20), 302 (3.96), 335 (sh 4.09},
370 (4.24). Uy v ieon*NA0AC (0 (100 €): 272 (4.23), 303 (4.00), 316 (4.00), 430 (4.29). Uv
JMeCHtNaONe 1 (1og €): 282 (4.22), 324 (4.00), 430 (4.29, change to 3.96 after two
minutes), v wheol 1l (1oge) ¢ 266 (4.31), 307 (sh 3.49), 368 (3.91), 434 (4.37).

EI-Ms (probe) 70 eV, m/z (rel. int.): 423 (me1]” (14), 422 [m]* (60), 407 (8), 405 (8),
380 (17}, 379 (62), 368 (20}, 367 (100}, 351 (), 323 (15}, 311 (18), 168 {3). HR-Ms, m/z,
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1

422.1709 [m)* (CocH, 0 requires: 422.1657). "H Nmr (acetone-d,): & 1.65 (3H, br d, J=0.9

Hz, CH3), 1.75, 1.76, 1.79 {each 3H, br s, CHS), 3.37 (2H, br d, J=7.2 Hz, C-9-Hx2}, 3.41
(24, br d, J=7.5 Hz, C-1"-Hx2}, 5.29 (1H, br t, J=7.2 Hz, C-10-H}, 5.39 (1H, br t, J=7.5
Hz, C-2'-H), 6.59 {1#, s, C-8-H), 7.00 (1H, 4, J=8.6 Hz, C-5'-H), 7.79 (1H, 44, J=2.4 and
8.6 Hi, C-6'-H}, 8.06 (1H, 4, J=2.2 Hz, C-=2'-H), 9.31 (1H. br s, OH), 12.44 (1H, s,

C-5~-0H).

Glyasperin B (2}

J 20 MeCH

Compound (2) was obtained as an amorphous powder, [« 5.7 * (¢=0.21, CHClB)- Uv Vpax

(log €): 289 (4.13), 333 (sh 3.52). Uy w'CoitNaOMe (00 ¢): 202 (4.19), 341 (3.61).
El-Ms, m/z: 371 [M+1)" (16), 370 [M}* (a8), 35 (7), 339 (7), 338 (8), 337 (8), 323 {10),
315 (11), 314 (10), 297 (7), 276 (9}, 261 (7), 245 (B), 235 (41), 234 (22}, 233 (=20), 221
(1), 191 {8), 180 (14), 179 (100), 167 (8), 136 (14), 77 (10), 69 {(13). HR-Ms, m/z:
370.1465 [M]T (G, H,50, requires 370.1419). ' Nme {acetone-d,): $ 1.63, 1.74 (each 3H, br
s, C-11-CH.), 3.22 (2, br d, J=7.1 Hz, C-9-Hx2), 5.17 (1H, br t, J=7.1 Hz, C-10-H), 3.98
(3H, s, OCH ), 4.26 (1H, dd, J=5.3 and 10.4 Hz, C-3-H), 4.46 (1H, 4d, J=5.3 and 10.6 Hz,
C-2-H), 4.61 (iH, t, J=10.6 H=z, C-2-H), 6.12 {(1H, s, C-8-H), 6.29 {1H, dd, J=2.4 and 8.4
Hz, €-5'-H}, 6.54 (1H, d, J=2.4 Hz, C-3'-H), 6.98 (1H, d, J=8.4 Hz, C-6'-H}, 12,51 (1H, s,
C-5-0H).

Glyasperin C {3)

Compound (3) was recrystallized from acetone to give colorless needles, mp 79-80°C, [&] %0
-15.6 *(c=0.42, MeOH). Uv vhoo! mm (log €): 282 (4.85). EI-Ms, m/z: 357 [M+1)* (6), 356
(M]* (27), 341 (5), 302 (5), 301 (25), 233 (5), 222 (15), =221 (100), 220 (19), 205 (9),
197 (9), 177 (12), 1&6 (5), 165 (33}, 137 (13), 136 (20), 135 (10}, 79 (7), 69 (10).
HR-Ms, m/z: 356.1624 (m]* (Cy H,, 0 requires 356.1629). 1y Nmr (acetone-ds): & 1.65, 1,75
(each 3H, br s, C-11-CH,), 2.83 (iH, dd, J=10.8 and 15.9 Hz, C-4-H), 2.92 (1H, ddd, J=2.3,
5.4 and 15.9 Hz, C-4-H), 3.28 (2H, m, C-9-Hx2), 3.39 (1H, m, C-3-H), 3.70 (3H, s, OCH,),
3.96 (1H, t, J=10.2 Hz, C-2-H), 4.19 (1H, ddd, J=2.4, 3.3 and 10.3 Hz, C-2-H), 5,25 (1H,
br t, J=7.3 Hz, C-10-H), 6.17 (1H, 's, C-8-H), 6.35 (1H, dd, J=2.4 and 8.2 Hz, C-5'-H},
6.46 (1H, 4, J=2.4 Hz, C-3'-H), 6.89 (1H, d, J=8,2 Hz, C-6'-H), 8.08, 8,10 and 8.40 (each
1H, s, OH). CD (c=1.26 x16~4 mol/1l, MeOH): [} o, [#] +1.26 xlOG, [9]2E5 0, [9]275

6 299

5 & 289
-1.95 x10°, [9]253 -1.65 x107, 19]23g ~2.65 x10°.

Glyasperin D (4)

Compound (4) was recrystallized from acetone to give clorless prisms, mp 111-114°C, [ol]%o

~13.4°(c=0.21, MeOH). Uv v'1oM (10 £): 282 (4.80). EI-Ms, m/z: 371 [ms1]* (24), 370

[M]* (100), 368 (27), 355 (42), 354 (36), 339 (12), 323 (5), 302 (5), 269 (3), 247 (4),
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235 (44), 219 (9), 191 (7), 167 (20), 136 (10), 123 (13}. HR-Ms, m/z: 370.1745 M]*
(022H2605 requires 370,1789), lH Nmr (acetone—ds): J 1.63 (3H, br d, J=1.1 Hz, C—11—CH3).
1.75 (3H, br s, C-11-CH,), 2.83 {1H, dd, J=10.7 and 16.0 Hz, c-4-H), 2.93 (1H, ddd, J=3.5,
6.5 and 16.1 Hz, C-4-H), 3.25 (2H, m, C-9-Hx2), 3.40 {(1H, m, C-3-H), 3.70, 3.76 {each 3H,
s, OCH,;), 3.99 (1H, t, J=10.1 Hz, C-2-H), 4.24 (1H, ddd, J=2.0, 3.1 and 10.2 Hz, C-2-H),
5.17 (1H, br t, J=7.2 Hz, C-10-H), 6.22 (lH, s, C-8-H), 6.34 (1H, dd, J=2.5 and 8.4 Hz,
Cc-5'-H), 6.47 {1H, d, J=2.5 Hz, C-3'-H), 6,98 (1H, d, J=8.4 Hz, C-6'-H), 8.10 and 8.40
{each 1H, s, OH). €D (c=1.1 x10°% mol/1, MeCH): [§] 4 O [6),g +9.63 x10°, [8],.. O,

6 : 283
-1.73 x1¢°, -2.71 x10°, [§] -3,80 x10 .

[9]274 i9]2':3'7 238

Diacetate of Glyasperin C (4a)

A mixture of 4 (5 mg), acetic anhydride (0.1 ml)}, and pyridine (0.1 ml), was kept at room
temperature over night, and treated as usual. Compound (4a) was obtained as an amorphous
powder. 1H Nmr (acetone—d6): § 1.64, 1.74 (each 3H, br s, C—11—CH3), 2.26, 2.31 (each 3H,
s, QAc), 2.82 {(1H, dd, J=11.6 and 16.1 Hz, C-4-H), 2,95 (1H, ddd, J=2.2, 5.5 and 16.1 Hz,
¢-4-H), 3.25 (2H, m, ©€-9-Bx?), 3.27 (1H,m, C-3-H), 3.69, 3.77 (each 3H, s, OCHB), 4.03
(1H, t, J=10.3 Hz, C-2-H), 4.18 (1H, ddd, J=2.2, 3.5 ang 10.3 Hz, C-2-H}, 5.17 {1H, br ¢,
J=7.2 Hz, C-10-H), 6.25 (1H, s, C-8-H), 6.99 (1H, d, J=2.4 Hz,C-3'-H), 7.05 {(1H, 44, J=2.4
and 8.6 Hz, C-5'-H}, 7.41 (1H, d, J=8.6 Hz, C-6'-H).

Licorisoflavan A (12)

Compound (12) was recrystallized from acetone to give colorless prisms, mp 65-67°C, [ﬂ]zo

+5.7 ° (c=0.265, MeCH). Uv uﬂggH mm (log € ): 282 (4.81). EI-Ms, m/z: 439 [M+1]* (33), 438
[M]+ (100), 424 (8), 423 (24), 404 {(8), 247 (7), 236 (16}, 235 (97), 234 (5}, 219 (10),
205 (7), 204 (14), 203 (13), 191 {(20), 189 (10), 168 (6), 167 {(32), 161 (11}, 1498 (15),
148 {14), 147 (15), 137 (5), 136 {(5), 135 (14), 69 (13). BN (acetone-d ) 5 1.63
(3H, br d, J=0.6 Hz, CH)), 1.66 (3H, br d, J=0.7 Hz, CH,), 1.74, 1.78 (each 3H, br s,
CHy), 2.75 (1H, dd, J=10.9 and 15.9 Hz, C-4-H}, 2.93 (1H, ddd, J=2.1, 4.9 and 15.9 Hz,
C-4-H), 3.25 (2H, m, C-9-Hx2), 3.41 {14, m, C-3-H), 3.47 (2H, 4, J=7.2 Hz, C-7'-H), 3.67,
3.73 (each 3H, s, OCHa). 3.96 (1H, t, J=10.2 Hz, C-2-H), 4.21 (iH, ddd, J=2.0, 3.3 and
10.9 Hz, C-2-H), 5.17 (1H, br t, J=7.4 Hz, C-10-H)}, 5.26 (1H, br t, J=7.2 Hz, C-8'-H),
6.22 (iH, s, C-8-H}, 6.45 (1H, d, J=8.4 Hz, C-5'-H), 6.80 {(1H, d, J=8.4 Hz, C-6'-H), 7.90,

8.12 {each 1H, br s, CH).
ACKNOWLEDGEMENT

We are grateful to Mr. T. Takakuwa, JASCO Co. Ltd., for CD spectral

measurements, We also thank Mr. I. Yuasa for technical assistance,




586

HETEROCYCLES, Vol. 34, No. 3, 1992

REFERENCES AND NOTES

10.

1.

12,

13.

14.

1s,

16.

Part 8 in the series ‘Phenclic Constituents of Glycyrrhiza Species.'
For part 7: see reference 6.

S. Shibata and T. Saitoh, J. Indian Chem. Soc., 1978, 55, 1184.

§.~-Q. Lin, Acta Phytotaxonomica Sinica, 1977, 15, 47.

L. Zeng, 2Z2.-C. Lou, and R.-Y. zhang, Acta Pharmaceutica Sinica, 1991,
26, 788.

P.-Q. Li, Northwestern Botanical Research, 1984, 4, 117.

L. Zeng, T. Fukai, T. Kaneki, T. Nomura, R.-Y. Zhang, and Z.-C. Lou,
Heterocycles, 1992, 34, 85,

L. Zeng, R,.-¥. Zhang, D. Wang, C.-Y. Gao, and Z.-C. Lou, Acta Botanica

Sinica, 1991, 33, 124.

T. Saitoh, T. Kinoshita, and 8. Shibata, Chem. Pharm. Bull., 1976,

24, 1242.

8. Tabara, Y. Hashidoko, and J. Mizutani, Agric. Biol. Chem., 1987,

51, 1039.

T. Saiteh, H. Noguchi, and S, Shibata, Chem. Pharm. Bull., 1978,

26, 144.
F. Kiuchi, X. Chen, and Y. Tsuda, Heterocycles, 1990, 31, 629.
M. J. O'Neill, 8. A. Adesanya, M. F. Roberts, and 1. R. Pantry,

Phytochemistry, 1966, 25, 1315,

T. Fukai, M, Toyono, and T, Nomura} Heterocycles, 1988, 27, 2309.

Y. Shizuri, K. Uchida, and A. Yamamura, 'The Abstract Papers of 56th
Annual Meeting of the Chemical Society of Japan,' April, 1988, Tokyo,
p. 1154.

§. Demizu, K. Rajiyama, K. Takahashi, Y. Hiraga, S. Yamamoto, Y.

Tamura, K. Okada, and T. Kinoshita, Chem. Pharm. Bull., 1988, 36, 3474.

a): T. J. Mabry, K. R. Markham, and M. B. Thomas, 'The Systematic Iden-

tification of Flavonoids,' Spriger, New York, 1970, p. 33. b): P. M.




17.

18.

19.

20.

21.

22.

23.

HETEROCYCLES, Vol. 34, No. 3, 1992 587

Dewick, 'The Flavonoids: Advances in Research,' eds, by J. B. Harborne
and T. J. Marbry, Chapman & Hall, New York, 1982, p. 535.

T. Fukai, Q.-H. Wang, and T, Nomura, Phytochemistry, 1991, 30, 1245.

T. Fukai, Q.-H. Wang, M. Takayama, and T. Nomura, Heterocycles, 1990,
31, 373.

T. Fukai, M. Takayama, and T. Nomura, 'Symposium Papers of 33rd
Symposium on the Chemistry of Natural Products,' October, 1991, Osaka,
Japan, p. 549.

K. R, Markham, V. M, Chari, and T. J. Mabry, 'The Flavcnoids: Advances
in Research,' eds, by J. B. Harborne and T. J. Mabry, Chapman & Hall,

New York, 1982, p. 21.
P. M. Dewick, M. J. Steele, R. A. Dixon, and I. M. Whitehead,

Z. Naturforsch., 1982, 37c, 363.

al: K. Kurosawa, W. David Ollis, B, T. Redman, I. O. Sutherland, H. M.

Alves, and O, R, Gottlieb, Phytochemistry, 1978, 17, 1423, b): F. R.

van Heerden, E. V. Brandt, and D. G, Roux, J. Chem. Soc., Perkin I,

1978, 137.

L. Zeng, S.-H. Li, and Z.-C. Lou, Acta Pharmaceutica Sinica, 1988,

23, 200.

Received, 13th December, 1991




