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tetrahydroxy-6,7-dlmethoxytlavone, 5,7,4’-trlhydroxy 6.3’-dlmethoxytlavanone 

Abstract-The ethyl acetate extract of the aertal parts of Gutterrezm sphaerocephala afforded. m addmon to one 
coumarm, 10 known and two new flavonotds The structures were eluctdated by spectroscoptc methods. The new 
flavonotds are 5,3’,4’,5’-tetrahydroxy-6,7-dtmethoxyflavone and 5,7,4’-trthydroxy-6,3’-dtmethoxyflavanone 

As a part of our chemosystemattc survey of the 
‘Gutwrezu-Xanthocephahnn complex’ [l-9], we have 
investigated the Gutrerrezia sphaerocephala Gray 
Chromatographtc separation of the ethyl acetate and 
dichloromethane extracts of a concentrated aqueous 
methanol extract of aerial parts of G sphaerocephala 
afforded one coumarin, 7,8-dthydroxy-6-methoxycou- 
marm (13) [lo] and 12 flavonotds. The 10 known flavon- 
ords are 5,7-dthydroxy-6,4’-dimethoxyflavone (1) [ 111, 
5,7,3’,4’-tetrahydroxy-6-methoxyflavone (2) [ll], 5,7,4’- 
trihydroxy-6,3’-dtmethoxyflavone (3) Cl113 5,7- 
dihydroxy-6,3’,4’-trlmethoxyflavone (4) [I 11, 5,7,4’- 
trihydroxy-6,3’,5’-trlmethoxyflavone (5) [ 123, 3,5,7,3’,4’- 
pentahydroxyflavone (6) [1 I], 3,5,7,3’,4’-pentahydroxy-6- 
methoxyflavone (7) [ 111, 3,5,7,4’-tetrahydroxy-6,3’- 
dtmethoxyflavone (8) [ 111, 3,5,7,3’,4’-pentahydroxy- 
flavone 3-galactostde (9) and 5,7,3’,4’-tetrahy- 
droxy-6-methoxyflavanone (10) [13] The new flavonoids 
are 5,3’,4’,5’-tetrahydroxy-6,7-dtmethoxyflavone (11) and 
5,7,4’-trthydroxy-6,3’-dtmethoxyflavanone (12). 
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The ‘HNMR spectrum (90 MHz) of the TMSt ether 
dertvattve of 11 (Table 1) exhthtted two one-proton smg- 
lets at 66 27 and 6 51 charactertstrc of H-3 and H-8, 
respecttvely, and a two-proton singlet at b6.96 typtcal of 
protons at 2’ and 6’ m a symmetrtcally suhstttuted B-rmg. 
Smce the remammg signals m the ‘HNMR spectrum 
were m accord wtth two methoxyl groups, 11 has a 
5,6,7,3’,4’,5’-oxygenatton pattern The MS of 11 exhthtted 
a molecular ton peak at ~n;‘z 346 (I OO”/o) m accord wtth an 
aglycone contammg four hydroxyl and two methoxyl 
groups Compound 11 appeared as purple spot on paper 
under UV light and changed to yellow utth ammoma, 
suggestmg the presence of free S and 4’-hydroxyl groups 
Compound 11 also gave an orange colour with NA, 
which, together with the symmetrtcal substrtuted B-rmg 
already estahhshed. indicated a B-rmg wrth 3’.4’.5’- 
trthydroxyl groups. Wtth the estahhshment of 5.3’,4’.5’- 
tetrahydroxyl groups and to accommodate the 
5,6.7,3’,4’,5’-oxygenation pattern, the two methoxyl 
groups must he at the 6 and 7 posmons These conclu- 
stons are supported by the UV spectra (Table 2) Thus, 11 
IS 5,3’,4’,5’-tetrahydroxy-6,7-dunethoxyflavone 

The ‘H NMR signals at 02 65 (I H, d) 2 77 (1 H, d) and 
5 20 (lH, dd) chatactertsttc for H-3 ~1s. H-3 mm and H-2 
and-a mofecuiar ton at m,‘: 35_7 (99%) m the MS spectrum 
indicated that 12 IS a flavanone with three hydroxyl and 
two methoxyl groups The ‘HNMR spectrum of the 
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Table 1 ‘H NMR spectral data for compounds 5, 11 and 13* 

Compounds 
as TM% ethert 5 11 13 

H m CCI, m C,D, m ccl, III CCI, m C,D, 

3 

4 

5 
8 

2 

6 

6-OMe 

7-OMe 

3’-OMe 
S-OMe 

6 36 (lH, s) 6 58 627 6 10 (lH,d) 5 97 

749 (lH,d) 6.88 

6.50 (lH, s) 609 

6 58 (lH, s) 672 6.51 

7.03 (2H, s) }690 }696 

3 73 (3H, s) 3.63 3 70 3.84 3 40 

3 86 (3H, s) 

3 90 (3H, s) 3 37 
3 90 (3H, s) 3 37 

*90 MHz, 6 scale m ppm, TMS as mternal standard. 
tCouphng patterns are not repeated of ldentlcal with the precedmg column 

TM& ether of 12 (90 MHz) suggested a 5,6,7,3’,4’,- 
oxygenation pattern for this flavanone: aromatic proton 
signals at 66 91 (H-2’) and 6.80 (H-S’ and 6’) and a singlet 
at 66.10 characteristic for H-8 [ 143. This conclusion was 
confirmed by 1 PDFA experiment (one-pulse, Decoupler 
Off During Acquisition) (Table 4): a very sharp doublet at 
695.6 (d, Jc_,,,_,= 164.0 Hz) can be assigned to C-8 
not C-6 because C-6 is coupled with H-6 (J= 161 9 Hz) 
and C,-OH (J=7.3 Hz) [lS] The MS fragments for [A, 
+l]’ at m/z 183 (78%), [M-(B-ring)]+ and [A,]’ at 
m/z 182 (lOO%), [A,-15]+ at m/z 167 (76%), [B3]’ at 
m/z 150 (48%), [BJ-15]+ at m/z 135 (33%) and [B3 
-43]+ 107 (16%) indicated that the A-ring contained 
one methoxyl and two hydroxyl groups and that the B- 
ring had one of each The UV spectra of 12 (AL Band II 
NaOMe-MeOH relative to Band II MeOH. +41 nm 
and the AA Band II NaOAc-MeOH relative to Band II 
MeOH: +39 nm) and the UV spectra of the chalcone 
derived from 12 (Table 2) suggested the 5,7-dihydroxyl 
groups [14, p. 1701. Therefore, the A-ring should have 
5,7-dlhydroxyl and 6-methoxyl groups. The B-ring 
‘HNMR pattern of 12 was identical to those of other 
flavones with a 3’-methoxy-4’-hydroxy B-rmg but not 

those with a 3’-hydroxy-4’-methoxy system Therefore, 12 
1s 5,7,4’-tnhydroxy-6,3’-dlmethoxyflavanone [14]. This 
was confirmed by the UV spectra of the chalcone derived 
from 12: Ai, Band I NaOMe-MeOH relative to Band I 
MeOH: + 65 with increasing Intensity. 

The mass spectrum of 10 exhibited a molecular ion 
peak at m/z 318/ (77%) m accord with a flavanone with 
four hydroxyl and one methoxyl groups, which was 
supported by 13C and ‘H NMR spectra (Tables 3 and 4). 
The same A-ring fragments m the MS of 10 as observed 
for 12, namely, [A, + 11’ at m/z 183 (74%), [M-(B 
-rmg)]+ as well as [Al]’ at m/z 182 (100%) and [A, 
- 151’ at m/z 167 (84%), indicated that 10 had the same 
A-ring as 12. Moreover, the [B3]’ fragment at m/z 136 
(29%) confirmed that the B-ring contained two hydroxyl 
groups. The ‘H and ‘jCNMR data (Tables 3 and 4) 
indicated that the structural differences between 10 and 
12 are the presence of a hydroxyl group at C-3’ m 10 and 
a methoxyl group at the same position m 12. Therefore, 
10 is 5,7,3’,4’-tetrahydroxy-6-methoxyflavanone 

The identities of the known compounds were deter- 
mined by colour on paper under UV light, UV, ‘H NMR 
of their TMSl ethers and MS [14]. 

Table 2 UV spectral data for 10, 11, 12 and chalcone 

10 11 12 
Chalcone 

derived from 12 

MeOH 

+ NaOMe 

+AlCl, 

+ AICI, 
+HCl 

+ NaOAc 

+ NaOAc 

+H,BO, 

293, 330 sh 214, 351 

247, 330 260 sh, 280 sh 

417 
294, 315 sh 270 sh, 310 sh 

425 

308 252 sh, 280 sh 
310 sh, 363 

295, 328 265, 410 

293, 330 sh 274,417 

289, 330 sh 288, 370 

250, 330 276, 435 

295, 312 sh 301,404 

290 sh, 310 307,403 

255 sh, 280 sh 330, 380 

328 
285, 295 sh 290, 340 

325 420 

E-ITT0 27:5-v 
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Table 3 ‘H NMR spectral data for compounds 10 and 12*t 

10 12 

as TMSI ether as TMSt ether 
-___- 

m DMSO-d,$ m CCI, m C,D, m Ccl, m C,D, 

2 5 33 (lH, d) 
3 CIS 268 (1H.d) 
3 trans 3 19 (IH, dd) 

8 597 (lH,s) 
2 6 88 (lH, brs) 
5’ 
6’ 1 6 73 (2H, brs) 

6-OMe 3 64 
3’-OMe 

5 16 (lH, dd) 495 5.20 

264 2 56 2 65 

2 74 (lH, d) 264 2 77 

608 6 30 6 10 
1 694 691 

1 681(3H’m) } 679 } 680 

3 63 361 3 67 
3 84 

495 541 

257 273 (lH,dd) 
2 67 329 (lH,dd) 

6 38 601 

6 75 717(1H,d) 
683 (lH,d) 686 

6 64 (lH, brd) 6 97 (1H. dd) 
361 3 77 
3 37 3 87 

- 
m acetone-d,: 
- 

*90 MHz, &scale in ppm, TMS as internal standard 
tCouphng patterns are not repeated tf rdentrcal with the preceding column 

$360 MHz, S-scale m ppm 

EXPERIMENTAL 

Plant maternal. Gutzerrezta sphaerocephala was collected in 

Brewster County, Texas, 3 5 miles south of Ft Davis on the road 

to Alpme, on 7 September 1984 Voucher specrmens are on 
deposit m the Plant Resources Center at the Umversrty of Texas 

at Austin (Barrre No. 971). 

Isolation of the compounds. The unground aerial parts were 

washed with CH,Cl, (twice) for 30 mm and then dried and 

ground for further extractron The ground plant material (594 g) 

was exhausttvely extracted wtth aq MeOH, first m 85% cone 

Table 4 13CNMR spectral data for 10 

and 12 

L 

3 
4 

5 

6 

7 

8 

9 

10 
1’ 

2’ 
3’ 

4 

5’ 

6 

5-OMe 

6-OMe 

3’OMe 

10 

78 4 (br d) 
42 1 (br t) 

196 8 (br s) 
1579(brs) 

129O(hrs) 

1594(brs) 

95 0 (d) 
155O(brs) 

101 9 (hr s) 

1295 (brs) 
1154(d) 

145 1 (br s) 
1456(brs) 

1142(hrd) 
1178 (brd) 

56 9 (4) 

12 

80 3 (br d) 
43 8 (br t) 

198 0 (br s) 
1563 (brs) 
1300 (brs) 
159 6 (br F) 

95 7 (d) 
156 0 (br s) 
103 5 (br F) 
1314 (br 5) 

115.8 (d) 
148.5 (br s) 
148 0 (br 7) 
111 4 (br d) 
1205(brd) 

56 5 (4) 

60 8 (4) 

90 8 MHz m acetone-d,, &scale m ppm 

followed by 50% cone The extracts were combined and evapd 

under red pres until only H,O remained The aq. layer was 
partrtroned with CH,Cl, and EtOAc The CH,Cl, fraction 

yrelded 10 g of residue while the EtOAc fraction afforded 11 g of 

concentrated material The CH,C12 and EtOAc concentrates 

were chromatographed over Polyclar AT (GAF Corp) Columns 
were packed mtttally with toluene-MeOH (19 1) and the elutmg 

solvent was gradually increased to pure MeOH The maternal 
from each band, whrch was momtored on the column wtth UV 

hght, was further separated by PC usmg 15”/0 aq HOAc or dq 

35% HOAc on Whatmann 3 mm paper Fmal purtficatton of 

each compound for spectral analysts was by standard pro- 

cedures [14] using 75 or 100% MeOH over Sephadex LH-20 

columns 

General techniques All UV spectra were recorded using stan- 

dard procedures 1143 ‘H NMR spectra of the TM& ethers of all 

falvonotds were recorded m both Ccl, and C,D, at 90 MHz 
and those reported here are m 6values (ppm) relative to TMS as 

mt standard 1141 MS data were recorded by direct probe 

EIMS at 70 eV wrth a source temp of 250-270- 
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Abstract-Two new flavonoids were Isolated from the rhizomes of Ins spurta and characterized as 5,2’-dihydroxy-7,8- 
dimethoxyisoflavone and 5,8,2’-tnhydroxy-7-methoxy flavanone 

INTRODUCTION 

In a previous paper, we reported the lsolatlon and struc- 
ture elucidation of three isoflavones, 5,7-dlhydroxy-6,2’- 
dlmethoxyisoflavone, lristectorlgemn A and irlstectorin 
A from the rhizomes of Irrs spurta [l] This paper deals 
with the lsolatlon and characterlzatlon of a new lsoflav- 
one (1) and a new flavanone (2) from the chloroform 
extract of the rhizomes of IUS spurta 

RESULTS AND DISCUSSION 

Column chromatography of the chloroform extract, 
followed by preparative TLC and crystalhzation yielded 
yellow needles of compound 1, mp 164-166”, M+ at m/z 
314 consistant with the molecular formula C17H1406 
The IR (1660 cm-‘, C=O), UV (218, 262, 335 nm), and 
‘H NMR (6 8.1, lH, C-2 proton) spectra established that 
compound 1 was an lsoflavone. It gave a green colour 
with alcoholic ferric chloride solution indlcatmg the pre- 
sence of a chelated hydroxyl group Formation of a 
dlacetate and ‘H NMR signals at S 12 09 (lH, s) and 8.2 
(lH, s) which disappeared on addition of D,O estabh- 
shed the presence of two phenohc hydroxyl groups. A 
bathochromic shift of 13 nm in the UV spectrum on 
addltlon of AlCl, and AlCl,-HCl located a hydroxyl 

group at C-5. Absence of a shift on addition of NaOAc 
indicated that C-7 was substituted by a methoxyl group. 
The ‘H NMR spectrum showed the presence of two 
singlets (3H) at 6 3 80 and 3.85 attributed to the meth- 
oxyls at C-7 and C-8. The singlet (1H) at 6 64 was 
assigned to C-6 because this signal shlfted to 6 6.65 with 
A S of 0 25 ppm characteristic of an aromatic proton with 
a free ortho-hydroxyl group [2, 31. The mass spectrum 
showed [M-Me]+ as the base peak and this further 
justified location of the methoxyl group at C-8 because m 
6,7-dimethoxy-5-hydroxy flavones CM]’ is the predoml- 
nent peak [ 1,4]. RDA fragmentation ions at m/z 196 and 
118 suggested the presence of one hydroxyl and two 
methoxyl groups in ring A and one hydroxyl group m 
rmg B. More important was the [M-17]+ peak which is 
charactenstic of 2’-hydroxylated flavones [5, 61. 13C 
NMR chemical shifts for C-2 and C-3 were in agreement 
with the values reported for isoflavones and were in 
accord with the known substituent effects [7, 81. Thus 
from the above data compound 1 was characterized as 
5,2’-dlhydroxy-7,8 dimethoxyisoflavone. 

Compound 2, mp 204-205”, C16H1406 [M+ at m/z 
3021, gave IR (1650cm-‘, C=O) and UV (216, 290, 
330 nm) spectra indicating that it was a flavanone This 
was further substantiated by the ‘H NMR spectrum with 
an ABX system centred at 6 2.8,3.05 and 5 75 for the H-2 


