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Abstract Two novel isoflavoncs, 5,7~-trihydroxyd-(3.3dime~hylallyl~[6~,6”di~~hylpy~no(2~.3”:4’.3’) J- 
isoflavonc and S,2’,4’-rrihydroxy-3’-(3,3d~thylallyl~[6~,6”d~e~hylpyr~o(2o,3~: 7,6)]isotIavonc, have ban isolated 
from the roots of Lupinus ongu.sfi/olius cv. Uniharvat. Structures were established by analysis of “C NMR and other 
spectral data. and by chemical conversion of one of the compounds to a coumaronochromone. 

---. ~- 

INTROLWCTIOS Of these compounds, gcnistein (1). wightcone (Z), 2’- 
hydroxygcnistein (3) and luteone (4). were known con- 

In the course of an investigation of the insect feeding stituents of the aerial parts 12 73 and roots of several 
deterrent and antifungal activity of an ethanol extract of Lpinus sp. including L. Mgusfi/oliu.s cv. B&k [7], and 
the roots of Lupinw qwtijoliw cv. Uniharvcst nine licoisotlavone A (5) and licoisoflavone B (7) have been 
isotlavoncs (l-9) were isolated and their insect feeding isolated from the roots of L. ohs together with other 
deterrent activity and antifungal activity determined [I]. prenyl-. chromenyl- and dihydrofurano-isotlavona 
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[7.8]. In the insect feeding deterrent study [l] three 
further components with the charactertstic deep purple 
fluorcsccncc and fast blue rtpction on TLC of 5-hydroxy- 
isoflavona were isolated for testing, and given the names 
angustone A (6). angustone B (8) and angustone C (9). ti 
isolation of 6 as an insect fading deterrent from 
f.. onyurri/o/ius has ban briefly reported in a preliminary 
form [9]. 6 has recently been reported from the roots of 
I.. a/bus [8] (as 2’-hydroxylupalbigenin) and a compound 
from Millerriu pulchro has been assigned the same struc- 
ture [IO]. The data on which the characterization of 6 was 
based is reported here together with the elucidation of 
structures 8 and 9. 

RLSUl.TS AND DISCUSSIDS 

The isolation of l-9 from an extract of Lupinus 
angusri/olius root by partitioning and repeated column 
chromatography on silica gel and Scphadcx-LHZO. and 
the identification of 1 5 and 7 has been described [I]. 

Hugh resolution mass spcctromctry showed angustone 
A (6) to have the mokcular formula CzJHzbOa. The IR 
spectrum showed the presence of a carbonyl group (v,_ 
1642cm ‘kandtheprcscnce of four hydroxy groups was 
indicated by the formation of a tctraacetate (m;r 590 
[Ml’) on acetylation. The UV data [;.,, 269 nm; 
bathochromic shifts with NaOAc (+7 nm), AICI, 
( + 3.5 nm), and NaOMe (+ 15 nm)] suggested a S.7- 
dihydroxytsoflavonc [ 1 I J. Evidence that ring A and ring B 
each bore two hydroxy groups and a 3,3-dimcthylallyl 
substituent was provided by the ma.ss spectrum. 
Charactcristrc ions arismg from the loss of C,H: and 
C,H- from the molecular ion, and subsequent loss of 
C,H, [ 121 were observed (m:z 379,367.323,311) together 
with the corresponding metastabks. A major ion of m,‘z 
165 [CRH,O,] l (57%) corresponds to subsequent retro 
Diels Alder fragmentation [ 121 with charge retention on 
ring A as observed for the &prenyl-5,7dihydroxy- 
iso8avoncs2and4[2,4].lonsofm~z351 [M-C,H,,]’ 
and 203 [C,,H,O1]’ may arise by an alternattve frag- 
mentation pathway via a chroman [ 131. 

The ‘H NMR spectrum (in DMSO-d,) showed four 
broad phcnohc hydroxyl singkts downfield (6 13.09. 
10.78.9.23 and 8.18). an isotlavone 2-H smglet (68.09) and 
character&c signals for the methylene. oktinic mcthinc 
and non-cqutvaknt terminal methyl protons of two 3.3- 

dimcthybllyl sidcchams C65.19 (2H. m), 3.30 (4H, m). 1.74 
(6H. br sj. 1.65 (6H. bt s)]. A 2’.3’,4’,5.6.7-substitution 
pattern was indicated with signals for three aromatic 
protons, one dated. the other two an orrho pair 66.77 
(lH,d,J = 8 Hz).6.47(1H,s),6.38(IH,d.J = 8Hz).The 
chemical shift of the isolated proton signal is m the range 
for H-8 of a 5.7dthydroxyisoflavone [ 1 I]. The orrho pair 
was ass~gncd as H-6’ and H-5’ of a trtsubstitutcd ring B, 
and theclose similartty of thechemical shafts to those for 4 
(66.74 (H-6’). 6.36 (H-S’) [ 141) 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. a/bus root,and the data 
for the tctraacetate derivative (Experimental) are also in 
agreement apart from the higher melting point recorded. 
There appear to be significant differcnca in the mp and 
UV data reported for the Millerrta compound [IO], and 
the chemical shift reported for the ring A proton in the 
‘H NMR spectrum of the isoflavonc and Its tctraacctatc is 
at higher field. 

Supporting evtdence for structure 6 was provided by 
analysis of the “CNMR data (Table I) for Id. 
Assignments are based on chemical shift arguments, and 
determination of the number of directly bonded hydro- 
gcns by inversion recovery experiments, fully coupkd or 
single-frequency off-rcsponx decoupkd (sford) spectra. 
The spectrum of 2’-hydroxygcnistcin (3) was assrgncd by 
comparison with published assignments for gcnistcin (I) 
[ 1+17], using substituent clfccts for the introduction ofa 
2’-hydroxy group into rmg B of an isoflavone derived 
from lit. data [ 16. 171. The resonances for C4’ and C-2’ 
were assigned on the basis of relaxation measurements. 
Protortolrbon dipok-dipok 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 [IS. 19. R. H. Newman, unpublis- 
hed]. The signals at 6 158.7 (7’, 2.2 + 0.3 see) and d 156.6 
(T, 3.4 + 0.4 see) were accordingly assigned to C-4’ and C- 
2’, respectively. 

The ring B and C carbon rcsonallca of the 6-prcnyl 
compounds 2 and 4 are comparable IO those of the 
respective parent compounds 1 and 3. The ring A and side- 
chain carbon resonances of 2 and 4 are essentially 
Identical. The 3,3dimethylallyl sidechain resonances 
were identified on the basis of characteristic chemical 
shifts [20] and the number of attached protons. C-6 and 
C-8 alkylatcd Aavonoids are readily distinguished by 
“C N.MR [21], and the pattern of rmg A carbon rcson- 
anccs is consistent with the C-6 alkylatcd structure of 2 
and 4. The C-6 and C-8 signals are well resolved in 1 and 3 
(co 99 and 94 ppm), and the C-6 signal is shifted 12 ppm 
downfield and the or&o and para carbon resonances arc 
shifted 2.1-3.1 ppm upticld in 2 and 4, while the C-8 
resonances are shifted only slightly. 

The spectrum of the 3’-prenylisoRavone, 5. was simi- 
larly assigned on the basis of comparisons with that of 3. 
characteristic values of 3.3dimethylallyl resonances [ZO] 
and alkylation shifts of rmg B resortam similar to those 
observed for 6-prenylation of ring A. With these asstgn- 
mcnts to hand, the spectrum of 6 could bc seen to consist 
of two sets of resonances, corresponding to those of the 
sidechain and ring A of 2 and 4, and the sidechain and 
rings Band C of 5. in keeping with the proposed structure. 

High resolution mass spectra showed both angustone B 
(8) and angustone C (9) to have the molecular formula 
Cz,H2.06. Both compounds showed cvtdcrx~ for the 
presence of a carbonyl group in the IR spectrum [I 
1655cm ’ (8); 1649cm ’ (9)]. and each formc$? 
triacetatc (rnjz 546 [M] ’ ) on acetyhtion. These data 
suggested 8and 9 to bc cyclodchydrogcnatui analogucs of 
angustone A (6). 

The UV spectrum of 9 showed maxima at 226 and 
288 nm. and bathochromic shifts with NaOH (+ 10 mm) 
and AICI, ( + 5 nm) but not NaOAc, characteristics of a S- 
hydroxyisoflavonc with a ring A fused LZdimcthyl- 
pyranyl ring [22-241. The mass spectrum provided evi- 
dcna for the presence ofa 3.3dimcthylallyl substitucnt in 
addition to the dimcthylpyranyl ring. Characteristic tons 
corresponding to the loss of CH,. C,H,. and C.H,, from 
the molecular ion (mjz 405.377,365), and a daughter ion 
and corresponding metastabk for the loss of C.H, from 
the [M - CH,] ’ fragment (m/z 349) were observed 
[ 12. 133. The base park at m/z 203, reported for other ring- 

2,2dimethylpyrano-S-hydroxyisofiavoncs 
;2-2$:orrcsponds IO the ring A rctro Diels Alder 
fragment from the [M -CHJ * and ‘[M - CH,, 
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Tabk 1. “C NMR of isohvona 
- - _.-- - --- - 

Carbon I* 2 3 4 5 6 7 g 9 1zt 
~- - -_-- -------. - 

2 
3 
4 

5 

6 
7 

8 
9 

10 
I’ 

2’ 

3’ 
4’ 

5’ 

6 

I’ 

2- 
3- 
4- 

5’ 

6- 

I- 

2- 

3- 

4’ 

5’ 

CH,O 

153.6 
122.4 

1843.2 

162.1 

98.6 

164.3 

93.7 
157.6 
104.6 

121.e 

130.0 
115.2 

157.6 

115.2 

I3c.O 

153.8 

122.3. 

180.4 

159.0 

Ill.2 

162.1 

93.0 
155.5 
104.4 

121.9 

130.3 

I 15.2 

157.5 

115.2 

130.3 

21.2 

122.3 
lM.8 

25.6 
17.8 

155.4 

120.6 

180.6 

162.0 

99.0 

164.3 

93.8 
157.8 

1046 
108.8 

I %.6 

102.8 

1587 

106.4 

132.3 

155.1 155.8 155.6 

12O.5 121.4 121.2 

IgO. 181.2 181.2 

158.9 162.0 158.8 

III.2 99.1 III.3 

161.9 164.4 162.2 

93.0 93.0 93.1 

155.5 15n.o 155.1 

104.5 104.9 104.6 

109.1 109.8 I 10.0 
156.6 154.2 154.2 

102.9 115.7 115.7 

158P 156.6 156.6 

106.5 107.0 106.9 

132.4 128.8 128.8 

21.2 226 21.2 

122.4 123.7 122.4 
1308 129.7 130.8 

25.6 25.6 25.6 

17.g Il.9 17.8 

22.6 

123.7 

129.7 

25.6 

17.8 

155.8 

l2O.7 

lgO.8 

162.0 

99.1 

164.3 

93.8 
157.9 

104.8 

I I I 4b (I 10.3,: 

151.3 (151.2) 

I IO.@ (109.4) 

153.8 (I 54.0) 

107.6 (107.4) 

131.5’ (131.8) 

75.5 
128.7’ 
117.1 

27.6 

27.6 

155.6 

1200.6 

180.8 
158.8 

111.3. 

162.1 

93.1 
155.5 

104.6 
Ill.@ 

151.4 

Ill.@ 

153.8 

107.7 

l3l.5b 

75.5 
I 29.0b 
117.2 

21.6 

21.6 

21.2 

122.4 

I3Q.8 

256 
17.8 

156.0 152.3 

121.5 122.9 

181.5 lgO.7 

156.1. I56.G 

IO4.9b 105.2’ 

158.9 159.6 

94.8 94.7 

157.P 157.lb 

lo5.gb lO6.lC 

109.5 123.3’ 

154.2 129.9 

I 15.7 114.0 

156.7’ 159.6 

107.0 114.0 

I28.F 129.9 

78. I 71.8 

129.1c 128.0 
I l4.U II55 

21.9 28.2 

27.9 2x 2 

22.6 

123.7 

129.7 

25.7 

17.9 

55.2 

*Data from [IS] (INSOd as solvent) with C4’ and C-5 rearsigned as [ 171 

+Data (in CDCl, as solvent) from Vilain and Jadot [26.27]. 

:Cakulatal values (see text). 

~Wnterchangcabk pain. 

- C,H,] + tons. From these data the presence of the 
dimcthylallyl group and two hydroxy groups on ring B 
could be inferred. The ’ H N MR spectrum was consistent 
wtth thts evidence with three downfield phenolk proton 
singkts (613.27, 9.32. 8.32). an isotlavonc 2H singkt 
(68.13). and characteristic signals for a 2,2-dimcthyl- 
pyranyl ring [AB system, 66.62, 5.76. (J = JO Hz); 6H 
singlet 6 1.421, and a 3,3-dimet hylallyl moiety [6 5.2 I ( 1 H, 
r.J = 7 Hz), 3.29 (2H.d.J = 7 Hz), 1.72 (3H,s), 1.62 (3H. 
s)]. The close similarity of the aromatic proton pattern 
166.78 (IH. d, J = 8 Hz), 6.45 (IH, s). 6.40 (IH. d. J 
= 8 Hz)] IO that for 6. suggested a similar substitution 
pattern, and angustone C was deduced to bc the linear 
fused pyranoisoflavonc 5.2’,4’-trihydroxy-3’-(3,3- 
dtmethyhllyl)-[6”,6’dimethylpyrano(2’.3”:7.6)]- 
tsoflavone (9). 

Confirmatory evidence for structure 9 was provided by 
the “CNMR data (Tabk I). Resonances essentially 
identical IO those of the ring B and C, and ring B sidc- 
chain carbons of 5 and 6 were observed. A 5.6fused 
pyranoisotlavone structure can be excluded as the C-4 
raonana is unshifted [25]. As with C6 and C-8 prcny- 
lation (above) Vilain and Jadot [26.27] have shown that 
linear 6,7-fused and angular 7.8-fused S-hydroxypyrano- 
isoflavoncs can be readily distinguished by “C NMR. In 
each case the remaining protonated ring A carbon rcson- 
ante (C-8 or C-6. respectively) was distinctive, being 
shifted only slightly by comparison with the parent 

isollavone 1. While the C-5 and C-7 resonances were 
shifted upfield in both cases the C-9 rcsonallce was shifted 
5 ppm further upfteld in the angular isomer. The linear 
fused structure for 9 is thus confirmed by the close 
similarity of the ring A and 2.2dimcthylpyranyl carbon 
resonances to those rcportcd for 12 (Tabk I) [26.27]. 

The UV spectrum of angustone B (8) showed a 
maximum at 271 nm, and bathochromic shifts were 
observed with NaOAc ( +6 nm), AICI,. ( +4.5 nm) and 
NaOH (i. 344 nrn). indicative of a 5,7dihydroxyiso- 
flavonc [ ITThe p rcscna of a 2.2dimcthylpyranyl ring 
fused IO ring B and a 3.3dimethylallyl substitucnt 
attached IO ring A was suggested by the mass spectrum. 
Characteri& ions for the loss of CH, (m/z 405) and 
subsequent loss of C.H, (m/z 349. confirmed by mcta- 
stabk) were observed. Ions of m;z I85 [CIzH,Oz], as 
observed in the MS of the 3’.4’-dimethylpyranyl tso- 
flavone 7 [7, 133. and m/z 165 [C,H,O.] + as observed in 
the mass spectrum of tht bprenyl compounds 2,4 [2,4] 
and 6 (above) correspond IO rctro Dkls-Alder fragments 
with charge retention in ring B and ring A. respectively 
[ 121. TIK ‘H NMR was very similar to that for 9 with 
three phcnolic proton singkts (6 13.07, 10.82, 8.81). an 
i.sofIavoac 2-H singlet (68.1 I ), and a 2.2dimethylpyranyl 
ring [AB system, 66.67, 5.64 (J = IO Hz); 6H singlet 
6 I.361 and a 3,3dimcthylallyl moiety. A structure homo- 
logous with 6 and 9 was indicated by the similar pattern of 
aromatic proton signals Ia6.87 (IH. d. J - 8 Hz), 6.46 
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(IH. s), 6.31 (IH, d, J = 8 Hz)], and angustone B was 

dcducad IO be 5,7,2’-trihydroxy-6(3,3dimethylallyl)- 
[6’,6’dimcthy)pyrano(2”,3’: 4,3’)]isoRavone (8). 

The “CNMR data (Table I) for 8 was analyscd 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 I, 3 and 5, and the 2,2- 
dimethylpyranyl ring carbon resonamzes were assigned by 
comparison with lit. values [20.26.27]. Assignment of the 
ring B carbon resonances was based on calcula~cd values. 
Substitucnt chemical shifts for the effect of a ring B fused 
2.2-dimcthylpyranyl ring were derived from lit. data for the 
ring A carbon rcsonamxs of I [IS] and 12 126,271, and 
these shifts were applied IO the ring B rcsonanczs of 3. The 
cakulatbd values are in good agreement with the obscr- 
vations (Tabk I). The ring A and 3.3dimethylaltyl carbon 
resonances of 8 are comparabk with those of the 6-pretty1 
compounds 2, 4 and 6, whik the ring B and C and 2,2- 
dimethylpyranyl ring carbon rcsonamzes are essentially 
identical to those of 7, in accordance with the pro@ 

slruclure. 

Due IO the symmetrical pattern of the 2,2dimcthyl- 
pyranyl substituenl shifts, an alternative 2’$‘-fused slruc- 
turccouM not k eliminated on the basis of the “C NMR 
data. A distinctive property of 2’-hydroxyisoflavones is 
oxidatrvc cyclixation to the corresponding coumarono- 
chromonc structure on treatment with a range of oxidix- 
ing agents including K,Fe(CNX, [2829]. kad ~ctraaata~e 
[30] and Ag,CO, [3l]. The formation of products 
identified as the coumaronochromoncs 10 and 11 on 
treatment of 7 and 8 with DDQ provided confirmation of 
the presence of a free 2’-hydroxy group and hcocc a 3’.4’- 
fused structure in these isotlavoncs. The distinctive pat- 
tern of spectroscopic properties characteristic of a 
coumaronochromone structure was first identified by 
Ollisand coworkers m the natural product lisctin [ZS. 291. 
and sever41 coumaronochromones related IO the lupin 
tsotlavoncs have been recently reported from the roots of 
Lupinus olbus 1333. 

The product of DDQ treatment of 7 was crystalhne. 
and of molecular formula CloH IrOb by MS. corrcspond- 
mg IO the loss of Hr. The base peak in the mass spectrum 
at m.z 335 [M -CH,]- suggested the 2,2dimcthyl- 
pyranyl rmg remained intact [ 131. Ions of m/t 198 
[C,,H,,O,]’ and m:z I53 [C,H,O.]’ were observed. 
corresponding IO retro Dick-Alder fragments with 
charge retention on ring B and ring A. respectively. and 
mdtcating dchydrogcnatton had taken place in the ring 
RC rcgton. The ’ H NMR spectrum showed the charac- 
tcrtstic features of a coumaronochromone [28,29] wtth 
no isotlavone H-2 signal, and the H-6’ (isotlavone num- 
bering) doublet shifted IO low field (67.73, d. J = 8 Hz). 
The signals for the remaining aromatic protons [66.91 (d. 
I = 8 Hz). 6.53 (d. J = 2 Hz). 6.36 (d, I = 2 Hz)] and the 
dtmethylpyranyl ring LAB system, 66.79. 5.85 (J 
= IO Hz); 6H singlet 61.60] indicated the structure was 
otherwise unaltered. The coumaronochromone strucfure 
10 was further supported by the IR data (v-cm-‘: 1655 
C-O) and UV data (i.,, nm: 237 sh, 254. 283 sh. 338) 
which are stmtlar to those reported for the naturally 
occurrmg coumaronochromone lisctin (v_ cm- ‘: 1653; 
I.,_ nm: 258. 284. 338 [28, 291) and allow an alternattve 
formulanon as a coumestan to bc excluded. 

Reaction of 8 wtth DDQ gave a bisdehydrogenation 
product of molecular formula C2,Hr006 by MS accurate 
mass assigned the structure II. The MS showed major 

ions corresponding IO the sequential loss of IWO CH, 

moiettcs (m/z 401 [C,,H,,O,]’ (bau peak), I93 
[CI,H,,OJ’-). suggesting the prcscna of IWO 2.2- 
dimethylpyranyl rings. The ‘HNMR spectrum showed 
signals for two 2.2dimethylpyranyl rings [66.75 (2H, d. J 
= lOHz),5.85(lH.d.J - lOHz),5.70(lH,d,I = IOHt), 
1.52 (IZH. s)]. A coumaronochromone structure was 
indicated by the absence of an isotlavonc H-2 singlet, the 
downfield shift of the H-6’ signal [~57.73 (d, J = 8 Hz)] 
and the IR (vrmr cm ‘_ ‘: 1652) and UV data (i,, nm: 230, 
273. 280 sh. 336) [28 291. The observation of htho- 
chromic shifts with NaOMc and AICl, but not NaOAc in 
the UV spectrum were in kccpmg with a I-hydroxy- 
coumaronochromone structure with a 2.3-fused-2.2- 
dimcthylpyranyl ring similar IO the naturally occurring 
compound millctm (i.,, nm: 280, 354) [32]. 
Cyclodchydrogenation of angustone A (6) with DDQ 
simtlarly gave 1 I, confirming the structural homology of 
angustone A and angustone B (8). 

EXPERIMENTAL 

Mps are uxxxr. TLC sysrcms: I CHCI, McOH (19: Ik II 

pcntanc Er,O HOAc (75:25:3). Ill perrol EtOAc (1.1) on 

silrca gel 60 F*,. alumrmum skrs (Mack~ IV H1O- HOAc 

(2: I) on cdlulosc (Macbcrcy-Nagdk V MeJO on polyamide 

(Wang). Sp01s were v~sualued with UV hghr (254 run and 

366nm) or by spraying wrth Fast Blw B sah soln. HPLC: 

Hz@McOH on Whatman Partrwl PXS IO;‘25 ODS and 

Whatman Paruul M9 IO;‘25 ODS2 columns. WII~ UV dcscctron 

at 254 nm. MS: El (prokk 70 cV. ‘H NMR at 60 MHz were run 
on a Vanan T-60 spectrometer; ‘H NMR at 79.5 MHz and “C 

NMR at 20 MHz were run on a Varian P-T-80A spcctromcta; 6 

rd. IO TMS as mt. standard. Pcrrd refers to the fractron bp 

6&8OC. All cvaporarron of volatile mamnal was pcrformcd 

unda red. press. 

Exrrocrwn ami rsolorwn. Ground drrcd roots (3.13 kg) of tidd 

grown Lupusus angusnjoltw cv Umharvar were exrractcd wnh 

90”, EtOH m a Soxhkt foe 48 hr. Evaporatron of the solvent 

yrddcd a gum w&b was partnioncd (3 x ) between petrol and 

McOH Hz0 (4: I). Tbc McOH H,O phase was cvapd and IRK 

rcslduc partnionut ktwccn n-BuOH and HaO. Evaporation of 

rbc BuOH phssc yielded a gum (75 g) which was chromalo- 

graphed on sihca gel (2 kg). 

Fraarons were collcctcd fdlowmp clunon wrrh petrol-Et,0 

(4:l) (1.85g). petrol-Et,0 (I: I) (1.14g). El10 (9.95 gA 
EI,&M~OH (9:l) (8.38g). EI,O-McOH (1.1) (14.466) and 

McOH (3 t .8 gb 6, II and 9 wae udated from rhc E1x0 fractron 

by CC on slhca gd and Scphadex LH-20 as dcscnbcd [I]. The 

aumarcd rotal yrclds by TLC and HPLC of mixed fractions ( Og 
dry WI) were: 6. 0.06; 8. 0.003: 9. 0.001. 

Aquszonc A (6) Mp 159-t60” (petrot-EI,O) tit. lS>lSP 

[g]. 145..146” [IO]. IR vzcm ‘: 1642 (C-O) UVie” nm 

(loge) 269 (4.43k 34Osh (3.3k i-“‘wtinm 276. % 

’ -” + w* nm: 284.342; ,z*s run: 2725.3 IO rh. 364 *mu 
sh. ‘HNMR (80 MHz_ DMSOd,~ 613.09 (tH. J. OH). 10.78 

(IH,s.OH)9.23(IH.s.OHA8.l8(IH.s.OHA8.O9(tH.s.H-2A 

6.77 (1H. d. I - 8 Hz_ H-6’). 6.47 (IH. 1. H-8). 6.38 (IH. d, J 
= 8 Hz H-S’), 5.19 (2H.m. H-2’. H-2-k 3.30 (4H.m. H-l-, H-l-k 

1.74 (6H. br 5, HA-. H-t’). 1.65 (6H. br s. H-S-, H-S’). MS m/z 
(rel. mt.): 422.1726 [Ml- (70) (ak. for Cz,HleOa422.t728). 379 

[C~~H,QOJ- (37). 367 [CI,H,PO~I’ (59). 351 [C,oH,,Osl’ 
(64k 323 [C,,H,,O.]’ (100). 311 [C,:H,,O.]’ WA 203 

[C,,H,O.]’ (29). 165 [C,H,O.]’ (57). 
~nra,xerolr. (Py .Ac,O) Mp 155-156 (EtOAc) ht. 127-129’ 

[E]. UV iz” nm (togc): 243.5 (4.44). 307 (3.80). ‘H NMR 
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