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Abstract - Two novel isoflavones,

5,7,2'-trihydroxy-6-(3,3-dimethylallyl)-[ 6*,6"-dimethylpyrano(2°,3": 4',3') }-

isoflavone and 5,2, 4'-trihydroxy-3'-(3,3-dimethylallyl)-[6",6"-dimethylpyrano(2°,37: 7,6) Jisoflavone, have been isolated
from the roots of Lupinus angustifolius cv. Uniharvest. Structures were established by analysis of ' *°C NMR and other
spectral data, and by chemical conversion of one of the compounds to a coumaronochromone.

INTRODUCTION

In the course of an investigation of the insect feeding
deterrent and antifungal activity of an ethanoli extract of
the roots of Lupinus angustifolius cv. Uniharvest nine
isoflavones (1-9) were isolated and their insect feeding
deterrent activity and antifungal activity determined (1].

Of these compounds, genistein (1), wighteone (2), 2'-
hydroxygenistein (3) and luteone (4), were known con-
stituents of the aerial parts [2 7] and roots of several
Lupinus sp. including L. angustifolius cv. Beliak [7], and
licoisoflavone A (5) and licoisoflavone B (7) have been
isolated from the roots of L. albus together with other
prenyl-,

chromenyl- and dihydrofurano-isoflavones
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[7.8]. In the inscct feeding deterrent study (1] three
further components with the characteristic deep purple
fluorescence and fast blue reaction on TLC of S-hydroxy-
isoflavones were isolated for testing, and given the names
angustone A (6), angustone B (8) and angustone C (9). The
isolation of 6 as an insect feeding deterrent from
L. angustifolius has been briefly reported in a preliminary
form [9]. 6 has recently been reported from the roots of
L. albus [8] (as 2'-hydroxylupalbigenin) and a compound
from Millettia pulchra has been assigned the same struc-
ture [ 10]. The data on which the characterization of 6 was
based is reported here together with the elucidation of
structures 8 and 9.

RESULTS AND DISCUSSION

The isolation of 1-9 from an extract of Lupinus
angustifolius root by partitioning and repeated column
chromatography on silica gel and Sephadex-LH20, and
the identification of 1 8§ and 7 has been described [1].

High resolution mass spectrometry showed angustone
A (6) to have the molecular formula C;sH ;0. The IR
spectrum showed the presence of a carbony! group (v,
1642 cm '), and the presence of four hydroxy groups was
indicated by the formation of a tetraacetate (m;z 590
(M]°) on acetylation. The UV data [4,, 269nm;
bathochromic shifts with NaOAc (+7nm), AICl,
(+3.5nm), and NaOMe (+15nm)] suggested a 5,7-
dihydroxyisoflavone [11]. Evidence that ring A and ring B
each bore two hydroxy groups and a 3,3-dimethylallyl
substituent was provided by the mass spectrum.
Characteristic ions arising from the loss of CyH-: and
C,H- from the molecular ion, and subsequent loss of
CHg [12] were observed (m:z 379, 367,323, 311) together
with the corresponding metastables. A major ion of m;z
165 [CeHsO,]* (57%) corresponds to subsequent retro
Diels Alder fragmentation [12] with charge retention on
ring A as observed for the 6-prenyl-57-dihydroxy-
isoflavones 2and 42, 4]. lonsof m;z 351 [M - CsH,,] "
and 203 [C,,;H-0O,]" may arise by an alternative frag-
mentation pathway via a chroman [13].

The '"HNMR spectrum (in DMSO-d,) showed four
broad phenolic hydroxyl singlets downfield (613.09,
10.78,9.23 and 8.18), an isoflavone 2-H singlet (68.09) and
characteristic signals for the methylene, olefinic methine
and non-equivalent terminal methyl protons of two 3,3-
dimethylallyl side-chains [65.19 (2H, m), 3.30 (4H, m), 1.74
(6H. br s). 1.65 (6H, br s5)]. A 2',3'4',5,6,7-substitution
pattern was indicated with signals for three aromatic
protons, one isolated, the other two an ortho pair §6.77
(1H,d,J = 8 Hz),6.47 (1H,5). 6.38 (1H,d,J = 8 Hz). The
chemical shift of the isolated proton signal is in the range
for H-8 of a 5,7-dihydroxyisoflavone [11]. The ortho pair
was assigned as H-6" and H-5' of a trisubstituted ring B,
and the close similarity of the chemical shifts to those for 4
(66.74 (H-6'), 6.36 (H-5') [14]) suggested a homologous
3-prenyl-2',4"-hydroxylated structure 6 for angustone A.
These data are in accord with those reported by Tahara et
al. [8] for the compound from L. albus root, and the data
for the tetraacetate derivative (Experimental) are also in
agreement apart from the higher melting point recorded.
There appear to be significant differences in the mp and
UV data reported for the Millettia compound [10], and
the chemical shift reported for the ring A proton in the
'H NMR spectrum of the isoflavone and its tetraacetate is
at higher field.
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Supporting evidence for structurc 6 was provided by
analysis of the '*CNMR data (Tablel) for 1-6.
Assignments are based on chemical shift arguments, and
determination of the number of directly bonded hydro-
gens by inversion recovery experiments, fully coupled or
single-frequency off-responsc decoupled (sford) spectra.
The spectrum of 2’-hydroxygenistein (3) was assigned by
comparison with published assignments for genistein (1)
[15-17], using substituent effects for the introduction of a
2"-hydroxy group into ring B of an isoflavone derived
from lit. data [16, 17]). The resonances for C4" and C-2'
were assigned on the basis of relaxation measurements.
Proton-<arbon dipole—dipole interactions should make
the spin-lattice relaxation time, T, shorter for C4' with
two adjacent C-H moieties than for C-2° with one
adjacent C H group (18, 19, R. H. Newman, unpublis-
hed). The signals at 5158.7 (7, 2.2 + 0.3 sec) and 6156.6
(T, 3.4 + 0.4 sec) were accordingly assigned to C-4" and C-
2', respectively.

The ring B and C carbon resonances of the 6-prenyl
compounds 2 and 4 are comparable to those of the
respective parent compounds 1and 3. The ring A and side-
chain carbon resonances of 2 and 4 are essentially
identical. The 3,3-dimethylallyl side<chain resonances
were identified on the basis of characteristic chemical
shifts [20] and the number of attached protons. C-6 and
C-8 alkylated flavonoids are readily distinguished by
'3C NMR [21], and the pattern of ring A carbon reson-
ances is consistent with the C-6 alkylated structure of 2
and 4. The C-6 and C-8 signals are well resolved in 1and 3
{ca 99 and 94 ppm), and the C-6 signal is shifted 12 ppm
downfield and the ortho and para carbon resonances are
shifted 2.1-3.1 ppm upfield in 2 and 4, while the C-8
resonances are shifted only slightly.

The spectrum of the 3'-prenylisoflavone, 8, was simi-
larly assigned on the basis of comparisons with that of 3,
characteristic values of 3,3-dimethylallyl resonances [20]
and alkylation shifts of ring B resonances similar to those
observed for 6-prenylation of ring A. With these assign-
ments to hand, the spectrum of 6 could be seen to consist
of two sets of resonances, corresponding to those of the
side-chain and ring A of 2 and 4, and the side<chain and
rings Band C of 5, in kecping with the proposed structure.

High resolution mass spectra showed both angustone B
(8) and angustone C (9) to have the molecular formula
C,sH;40,. Both compounds showed evidence for the
presence of a carbonyl group in the IR spectrum (v,
1655cm ' (8), 1649cm ' (9)], and each formed a
triacetate (m;z 546 [M]°) on acetylation. These data
suggested 8and 9to be cyclodehydrogenated analogues of
angustonc A (6).

The UV spectrum of 9 showed maxima at 226 and
288 nm, and bathochromic shifts with NaOH (+ 10 mm)
and AICl; (+ 5 nm) but not NaOAc, charactenistics of a S-
hydroxyisoflavone with a ring A fused 2,2-dimethyl-
pyranyl ring [22-24]. The mass spectrum provided evi-
dence for the presence of a 3,3-dimethylallyl substituent in
addition to the dimethylpyranyl ring. Characteristic ions
corresponding to the loss of CH,, C;H-, and C(H, from
the molecular ion (m;z 405, 377, 365), and a daughter ion
and corresponding metastable for the loss of C(Hg from
the (M —-CH,]"* fragment (m;z 349) were observed
(12, 13). The base peak at m/z 203, reported for other ring-
A fused  2,2-dimethylpyrano-S-hydroxyisoflavones
[22-24], corresponds to the ring A retro Diels Alder
fragment from the [M-CH,]° and [M-CH,
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Table 1. '*C NMR of isoflavones

Carbon 1° 2 3 4 s

6 7 8 9 12¢
2 1536 153.8 1554 155.1 1558 155.6 155.8 155.6 156.0 1523
3 122.4» 1223 120.6 120.5 1214 121.2 120.7 120.6 1215 1229+
4 180.2 1804 180.6 180.7 1812 181.2 180.8 180.8 181.5 180.7
S 162.1 159.0 162.0 158.94 162.0 1588 162.0 158.8 156.14 156.8>
6 98.6 1112 9.0 111.2 9.1 1113 99.1 111.3 104.9% 105.2¢
7 164.3 162.1 164.3 1619 1644 162.2 164.3 162.1 1589 159.6
8 93.7 93.0 938 930 938 93.1 938 93.1 948 94.7
9 157.6 155.5 1578 155.5 158.0 155.7 1579 155.5 157.0* 157.1°
10 104.6 1044 104.6 104.5 104.9 104.6 104.8 104.6 105.8° 106.1¢
I 121.42 121.50 108.8 109.1 109.8 1100 111.4% (110313 111.6* 109.5 123.3+
2 130.0 130.3 156.6 156.6 154.2 154.2 151.3 (151.2) 151.4 154.2 1299
¥ 115.2 115.2 102.8 1029 115.7 1187 110.0° (109.4) 111.00 1187 114.0
4 157.6 157.5 1587 158.72 156.6 156.6 153.8 (154.0) 1538 156.72 159.6
s 115.2 115.2 106.4 106.5 107.0 106.9 107.6 (107.4) 107.7 107.0 1140
6 1300 130.3 1323 1324 128.8 128.8 131.5% (131.8) 131.5b 1289« 1299
1" 21.2 212 226 21.2
2 122.3 1224 123.7 1224 75.5 75.5 78.1 778
3 130.8 130.8 129.7 130.8 128.7* 1290 129.1¢ 1280
4" 25.6 25.6 25.6 25.6 1171 117.2 1148 1155
5° 17.8 17.8 179 17.8 276 276 279 28.2
6" 276 276 279 282
1= 226 21.2 226
2" 123.7 1224 1237
3= 129.7 130.8 129.7
4" 25.6 256 25.7
5T 178 17.8 179
CH,0 55.2

*Data from [15} (DMSO<d, as solvent) with C4' and C-$ reassigned as [17].

tData (in CDCl, as solvent) from Vilain and Jadot [26, 27].

$ Caiculated values (see text).
s.bcinterchangeable pairs.

-~ C4Hg]"* ions. From these data the presence of the
dimethylallyl group and two hydroxy groups on ring B
could be inferred. The ' H NMR spectrum was consistent
with this evidence with three downfield phenolic proton
singlets (613.27, 932, 8.32), an isoflavone 2H singlet
(68.13), and characteristic signals for a 2,2-dimethyl-
pyranyl ring [AB system, 46.62, 5.76, (J = 10 Hz); 6H
singlet §1.42], and a 3,3-dimethylallyl moiety [(65.21 (1H,
t.J =7Hz),329 (2H,d,J = 7 Hz), 1.72 (3H, s5), 1.62 (3H,
s5)). The close similarity of the aromatic proton pattern
[66.78 (1H, d, J = 8 Hz), 645 (1H, s), 640 (1H, d, J
= 8 Hz)] to that for 6, suggested a similar substitution
pattern, and angustone C was deduced to be the linear
fused pyranoisoflavone 5,2',4'-trihydroxy-3'-(3,3-
dimethylallyl)-(67,6"-dimethylpyrano(27,37:7,6) J-
isoflavone (9).

Confirmatory evidence for structure 9 was provided by
the '*CNMR data (Table 1). Resonances essentially
identical to those of the ring B and C, and ring B side-
chain carbons of 5 and 6 were observed. A 5.6-fused
pyranoisoflavone structure can be excluded as the C4
resonance is unshifted [25]. As with C-6 and C-8 preny-
lation (above) Vilain and Jadot [26, 27] have shown that
lincar 6,7-fused and angular 7,8-fused S-hydroxypyrano-
isoflavones can be readily distinguished by '*C NMR. In
cach case the remaining protonated ring A carbon reson-
ance (C-8 or C-6, respectively) was distinctive, being
shifted only slightly by comparison with the parent

isoflavone 1. While the C-5 and C-7 resonances were
shifted upfield in both cases, the C-9 resonance was shifted
5 ppm further upfield in the angular isomer. The linear
fused structure for 9 is thus confirmed by the close
similarity of the ring A and 2,2-dimethylpyrany! carbon
resonances to those reported for 12 (Table 1) [26, 27)].
The UV spectrum of angustone B (8) showed a
maximum at 271 nm, and bathochromic shifts were
observed with NaOAc (+6 nm), AICl,, (+4.5 nm) and
NaOH (4 344 nm), indicative of a 5,7-dihydroxyiso-
flavone [ITfThc presence of a 2,2-dimethylpyranyl ring
fused to ring B and a 3,3-dimethylallyl substituent
attached to ring A was suggested by the mass spectrum.
Characteristic ions for the loss of CH, (m,z 405) and
subsequent loss of C4Hg (m/z 349, confirmed by meta-
stable) were observed. lons of m;:z 185 [C,,H,0,], as
observed in the MS of the 3 4'-dimethylpyranyl iso-
flavone 7 (7, 13]), and m/z 165 {CsH;O,] " as observed in
the mass spectrum of the 6-prenyl compounds 2, 4 [2, 4]
and 6 (above) correspond to retro Diels-Alder fragments
with charge retention in ring B and ring A, respectively
(12]. The 'HNMR was very similar 1o that for 9 with
three phenolic proton singlets (613.07, 10.82, 8.81), an
isoflavone 2-H singlet (68.11), and a 2,2-dimethylpyranyl
ring [AB system, 66.67, 5.64 (J = 10 Hz), 6H singlet
61.36] and a 3,3-dimethylallyl moiety. A structure homo-
logous with 6 and 9 was indicated by the similar pattern of
aromatic proton signals (66.87 (1H, d, J = 8 Hz), 6.46
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(1H, s), 6.31 (IH, 4, J = 8 Hz)], and angustone B was
deduced to be §,7,2’-trihydroxy-6-(3,3-dimethylallyl)-
(6",6"-dimethylpyrano(27,3": 4,3’)Jisoflavone (8).

The '*)CNMR data (Table 1) for 8 was analysed by
comparison with the data for 2, 4,6 and 7. The ring A and
C carbon resonances of 7 were readily assigned by
comparison with those of 1, 3 and 8, and the 22-
dimethylpyranyl ring carbon resonances were assigned by
comparison with lit. values (20, 26, 27]. Assignment of the
ring B carbon resonances was based on calculated values.
Substituent chemical shifts for the effect of a ring B fused
22-dimethylpyranyl ring were derived from lit. data for the
ring A carbon resonances of 1 [15] and 12 [26, 27], and
these shifts were applied to the ring B resonances of 3. The
calculated values are in good agreement with the obser-
vations (Table 1). The ring A and 3,3-dimethylallyl carbon
resonances of 8 are comparable with those of the 6-prenyl
compounds 2, 4 and 6, while the ring B and C and 2,2-
dimethylpyranyl ring carbon resonances are essentially
identical to those of 7, in accordance with the proposed
structure.

Due to the symmetrical pattern of the 2,2-dimethyl-
pyranyl substituent shifts, an alternative 2',3'-fused struc-
ture could not be eliminated on the basis of the ' *C NMR
data. A distinctive property of 2'-hydroxyisoflavones is
oxidative cyclization to the corresponding coumarono-
chromone structure on treatment with a range of oxidiz-
ing agents including K ;Fe(CN), [28,29], lead tetraacetate
(30] and Ag,CO; [31]. The formation of products
identified as the coumaronochromones 10 and 11 on
treatment of 7 and 8 with DDQ provided confirmation of
the presence of a free 2'-hydroxy group and hence a 3’ 4'-
fused structure in these isoflavones. The distinctive pat-
tern of spectroscopic properties characteristic of a
coumaronochromone structure was first identified by
Ollis and coworkers in the natural product lisetin 28, 29],
and several coumaronochromones related to the lupin
isoflavones have been recently reported from the roots of
Lupinus albus [33].

The product of DDQ treatment of 7 was crystalline,
and of molecular formula C;,H, O, by MS, correspond-
ing to the loss of H,. The base peak in the mass spectrum
at m;z 335 [M —CH,]" suggested the 2,2-dimethyl-
pyranyl ring remained intact [13]. lons of m/z 198
(C)3H,00;]" and m:z 153 [C,H,0,]" were observed,
corresponding 1o retro Diels-Alder fragments with
charge retention on ring B and ring A, respectively, and
indicating dehydrogenation had taken place in the ring
B:C region. The 'H NMR spectrum showed the charac-
teristic features of a coumaronochromone [28, 29] with
no isoflavone H-2 signal, and the H-6" (isoflavone num-
bering) doublet shifted to low field (67.73, d, J = 8 Hz).
The signals for the remaining aromatic protons [66.91 (d,
J =8Hz).6.53(d.J = 2Hz).6.36 (d,J = 2 Hz)] and the
dimethylpyranyl ring [AB system, 66.79, 585 (J
= 10 Hz); 6H singlet 41.60] indicated the structure was
otherwise unaltered. The coumaronochromone structure
10 was further supported by the IR data (v, cm ™ ': 1655
C=0) and UV data (ig,, nm: 237 sh, 254, 283 sh, 338)
which are similar to those reported for the naturally
occurring coumaronochromone lisetin (v, cm™': 1653
4 max NM: 258, 284, 338 28, 29]) and allow an alternative
formulation as a coumestan to be excluded.

Reaction of 8 with DDQ gave a bis-dehydrogenation
product of molecular formula C,,H,,0, by MS accurate
mass assigned the structure 11. The MS showed major
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ions corresponding to the sequential loss of two CH,
moieties (m/z 401 [C,(H,,0,]* (base peak), 193
[C23H,404]) ") suggesting the presence of two 2.2-
dimethylpyranyl rings. The 'H NMR spectrum showed
signals for two 2,2-dimethylpyranyl rings {36.75 (2H, d, J
= 10 Hz),5.85(1H,d,J = 10 Hz), 5.70 (1H,d,J = 10 Hz),
1.52 (12H, s5)]. A coumaronochromone structure was
indicated by the absence of an isoflavone H-2 singlet, the
downfield shift of the H-6' signal [67.73 (d, J = 8 Hz)]
and the IR (v,,, cm ™ ': 1652)and UV data (4,,,, nm: 230,
273, 280sh, 336) {28 29]. The observation of batho-
chromic shifts with NaOMe and AICl, but not NaOAcin
the UV spectrum were in keeping with a 1-hydroxy-
coumaronochromone structure with a 23-fused-2,2-
dimethylpyranyl ring similar to the naturally occurnng
compound milletin  (ig, nm: 280, 354) [32]).
Cyclodehydrogenation of angustone A (6) with DDQ
similarly gave 11, confirming the structural homology of
angustone A and angustonc B (8).

EXPERIMENTAL

Mps are uncorr. TLC systems: 1 CHCly, MeOH (19:1), 1
pentane E1;O HOAc (75:25:3), 111 petrol EtOAc (1:1) on
silica gel 60 F,,, aluminium sheets (Merck) 1V H,0- HOAc
(2:1) on cellulose (Macherey-Nagel). V Me,CO on polyamide
(Wang). Spots were visualized with UV light (254 nm and
366 nm) or by spraying with Fast Blue B salt soln. HPLC:
H,0-McOH on Whatman Parusil PXS 10,25 ODS and
Whatman Partisil M9 10,25 ODS-2 columns, with UV detection
at 254 nm. MS: El (probe), 70 V. 'H NMR at 60 MHz were run
on a Varian T-60 spectrometer; 'H NMR at 79.5 MHz and '*C
NMR at 20 MHz were run on a Vanan FT-80A spectrometer; &
rel. to TMS as int. standard. Petrol refers to the fraction bp
60-80°C. All evaporation of volatile material was performed
under red. press.

Extraction and isolation. Ground dried roots (3.13 kg) of field
grown Lupinus angustifolius cv. Uniharvest were extracted with
90°, EtOH in a Soxhlet for 48 hr. Evaporation of the solvent
yielded a gum which was partitioned (3 x ) between petrol and
McOH H,;0 (4:1). The McOH H,0 phase was evapd and the
residue partitioned between a-BuOH and H,0. Evaporation of
the BuOH phase yiclded a gum (75 g) which was chromato-
graphed on silica gel (2 kg).

Fracuons were collected following elution with petrol-Et,0
(4:1) (1.85g) petrol-Et;O (1:1) (1.14g) Et,O0 (9953g)
Et;O0-McOH (9:1) (8.38 g). Et;O0-McOH (1:1) (14.46 g) and
McOH (31.8 g). 6, 8 and 9 were isolated from the Et,O fraction
by CC on silica gel and Sephadex LH-20 as described [1]. The
estimated total yields by TLC and HPLC of mixed fractions ( °,
dry wt) were: 6, 0.06; 8, 0.003; 9, 0.001.

Angustone A (6). Mp 159-160° (petrol-Et;0) lit. 155-157°
[8]. 145-146° [10). IR vXBrem ' 1642 (C=O) UV iMeOH nyy
(logc) 269 (4.43), 3d40sh (3.3 AMSOH«NasOAcnm 276, 340,
AMCOH + NeOMe nm: 284, 342; 4 MEOH+ A nyy: 272.5, 310 5h, 364
sh. '"HNMR (80 MHz, DMSO-d,)y 513.09 (1H, s, OH), 10.78
(1H, 5, OH)9.23 (1H, s, OH), 8.18 (1H, s, OH), 8.09 (1H, 5, H-2),
6.77 (1H, d, J = 8 Hz, H-¢'), 647 (IH, s, H-8), 6.38 (1H, d, J
=8 Hz, H-5).5.19 (2H,m, H-2", H-27), 3.30 (4H. m, H-1°, H-17),
1.74 (6H, br 5, H4", H-4"), 1.65 (6H, br s, H-5", H-57). MS m/2
(rel. int.): 422.1726 [M]~ (70) (cak. for C;5H,;,0, 422.1728), 379
[C::H,006) " (37), 367 [C11H,906]" (59), 351 [C10H,506]"
(64), 323 [C,4H,,0,])° (100} 311 [C,-H,,0,]" (60), 203
[C11H.0.] " (29) 165 [C4H,OL) " (57)

Tetraacetate. (Py -Ac,;0) Mp 155-156" (E1OAc) lit. 127-129°
[8). UV iMOHam (logex 243.5 (4.44), 307 (3.80). 'HNMR
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(60 MHz, CDClyk 67.75 (1H, 5, H-2), 7.19 (1, 5, H-8), 7.12(1H, d,
J = 9Hz, H-6),7.02(1H,d,J = 9 H2, H-5), 504 (2H, br m, H-2",
H-27),3.25 (4H, br m, H-1', H-17), 2.40 (3H, 5, AcO), 2.33 (3H. s,
AcO), 2.26 (3H, s, AcO), 2.10 (3H, 5, AcO), 1.69 (12H, br s, H-4",
H4" H-5", H-57). MS m;z (rel. int.k $90 [M " ] (12), 549 (28), 548
(78), 507 (49), 506 (37), 464 (27), 463 (50), 451 (27), 447 (21), 421
(30), 409 (42), 407 (38), 367 (25), 366 (34), 365 (100), 351 (29), 349
(22), 323 (45), 311 (33), 219 (25), 203 (36), 165 (69).

Angustone B (8). Mp 160 161" (petrol-Et,0). IR vKBrem !
1655 (C=0). UV i MOK o (log ek 231 sh (4.36), 271 (4.51),
310 sh (3.98); s MeOH + NaOAc nm: 277, 345 sh; 4 MeOH = NaOH .
272, 344, iMOH+AKL ppy 2755, 315, '"HNMR (80 MHz,
DMSOd,): 51307 (1H, s, OH), 10.82 (1H, br s, OH), 8.81 (1H. br
s,OH).8.11 (1H,5,H-2),6.87 (1H.d,J = 8 Hz, H-6', 6.67 (1H.d,
J = 10 Hz, H4"), 6.46 (1H, s, H-8), 6.31 (1H,d.J = 8 Hz, H-5'),
564 (1H, d,J = 10 Hz, H-3"), $.17 (1H, ¢, J = 7THz, H-27), 3.24
(2H.d.J = 7Hz, H-1"1 1.71 3H,s, H4"), 1.60 (3H, s, H-57), 1.36
(6H, s, H-5", H-6"). MS m:z (rel. int.y: 420.1565 [M] " (28) (cak.
for CyH;,0. 420.1571), 405 [C. H;,0.)° (100), 349
(C2oH130,]7 (23), 185 [C1:Ho0,]" (291 175 [CaoH1aO6)"
(13), 165 [C4H O] (15).

Triacetate. (Py Ac,0) UV i MOH nm (log £y 250.5 (4.67), 309
(3.92). MS m;.z (rel. inL)y 546 [M] " (22). 504 (31), 489 (42), 448
(31), 447 (100), 405 (28), 348 (33), 18S (39).

Angustone C (9). Mp 178 180" (petrot Et,0). IR X% cm
1649 (C=0). UViHOHnm (loge) 226 (4.36), 288 (4.99),
342 infl (3.56); /;'3 + N2OAc p oy 288: ).:‘2“’"’0" nm: 298;
JECOH + AKT nm: 293 '"HNMR (80 MHz, DMSO-d,). 613.27
(1H, s, OH),9.32 (1H, s, OH), 8.32 (1H, s, OH), 8.13 (1H, 5, H-2),
6.78 (1H,d. J = 8 Hz, H-6'), 662 (IH.d. J = 10 Hz, H4"), 6.45
(1H,s, H-8), 640 (1H.d. J ~ 8 Hz. H-5), 576 (1H,d,J = 10 Hz,
H-37), 521 (1H. 1. J = TH2, H-27), 329 (2H.d. J = 7 Hz, H-17),
1.72(3H, s, H-47), 1.62 (3H. 5, H-57), 1.42 (6H, 5, H-5" H-6"). MS
m.z (rel. int.) 420.1560 [M]" (34) (cak. for C;sH,;,0, 420.1571),
405 (76), 377 (21), 365 (16), 349 (34), 203 (100).

Triacetate. (Py-Ac,0) UV iMOH nm (rel. int.): 264.5 (100),
327 (19). MS m.z (rel. int.y: 536 [M] " (7), 505 (22), 504 (63), 489
(51), 462 (47).461 (33), 448 (28), 447 (100), 470 (24), 419 (43), 405
(33), 403 (22), 349 (21), 203 (70).

DDQ cyclization of licoisoflavone B. (7) (10 mg) and DDQ
(8 mg) were heated to reflux in toluenc (3 ml) for 30 min. The
mixture was cooled and filtered, and the filtrate evapd: CC on
Sephadex LH-20 with petrol- CHCl,-EtOH (13:6:1) gave 10
(8.3 mg). Mp 254 256" (McOH). IRvXBcm ': 1655 (C=O).
UV 2E10H qm (log €) 237 sh (4.33), 254 (4.51), 283 sh (3.88), 338
401y /'.,‘,‘8" +NaOAc hm: 251, 268 sh, 345, i.g‘g" «NeOH - 247,
268, 314, 348; JHOQW-AKL py,: 238, 266, 316, 376. 'HNMR
(60 MHz, CDC1,-CD,0OD). 67.73 (1H, d, J = 8 Hz, H-6). 691
(1H,d.J =8 Hz, H-51.6.79 (1H,d.J = 10 Hz, H-4),6.53 (1H.d,
J = 2Hz H-8), 636 (IH, d. J =2 Hz, H-6), 585 (IH, d. J
= 10 Hz, H-3"), 1.60 (6H, s, H-5", H-6"). MS mjz (rel. int)
3500791 [M]° (30) (cak. for C;oH O, 3500789), 335
[CisH,,06])" (100), 198 [C,H,,0:]" (8), 153 [C-H;0.]" (5).

DDQ cyclization of 8. A mixture of 8 (25 mg)and DDQ (33 mg)
in toluene (S mi) was heated to reflux under N, for 30 min.
The mixture was cooled and filtered, and the filtrate evapd.
CC on silica gel with petrol Et;0 (19:1) afforded 11 (7.5 mg).
Mp 222-223 (EtOH). IR+KBem ' 1652 (Cw=O).
UVEOH nm (log 2x 230 (4.49), 273 (4.73), 280 sh (4.71), 336
(411} ABOH. NaOAc . 273, 281 sh, 336; AEIQH ~ NeOH
248 sh, 277, 376; AEQH+ AL nm: 275, 280, 335 sh. 'HNMR
{60 MHz, CDCl, CD,OD). 67.73 (1H., d, J = 8 Hz, H-6'), 6.88
(1H.d,J = 8 Hz, H-5).6.75 (2H,d. J = 10 Hz, H4", H4"), 6.51
{1H.s,H-8).585(1H.d,J = 10 Hz, H-37),5.70(1H.d,J = 10 Hz,
H-37), 1.52 (12H, 5, H-5", H-6", H-5", H-67). MS mjz (rel. int.)
416.1249 [M]* (38) (cak. for C,4H;00, 416.1259), 402 (29), 401

(C14H,5:0.]" (100}, 193 [C,,H,,0,)*° (3T)

DDQ cyclization of 6. A mixture of 6 (50 mg) and DDQ
(100 mg) in toluene (5 ml) was heated to reflux under N, for
30 min. The mixture was cooled and filtered, and the filtrate
evapd. CC on silica gel with petrol-E1,0 (19:1) afforded 12
(10 mg). Mp (EtOH) and mmp, IR, UV, '"HNMR, and MS data
and R, on TLC in systems I, Il and Il identical to that for
material prepared from 8.
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