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FROM SOPUBlA DELPHlNIFOLlA 
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ABSTRACT.-A novel phytoestrogen compound, 3’-prenyl-4’-methoxy-isoflavone-7-0- 
p-D- (2”-0-p-coumaroyl)glucopyranoside [l], has been isolated from the EtOAc-soluble frac- 
rion of the stems ofSopubia dclphinifolia and has been identified by chemical and spectral analysis. 
Pharmacological examination of the compound showed it to have estrogenic activity. 

Sopubia delphinifolia G. Don (Scrophulariaceae) is a widely available hemiroot-para- 
site herbage in India (1-3). Its juice is reported to possess healing properties for sores 
caused by moisture and is also reported to be an abortifacient. In view of the latter re- 
puted therapeutic value, attempts were made to isolate and identify estrogenic princi- 
ples. 

RESULTS AND DISCUSSION 
Compound 1, C3&3,@11, obtained as a colorless microcrystalline substance, gave 

a positive Na-Hg/HCI test, confirming its isoflavone nature; a peak in the ir at 3300 
cm-’ indicated the presence of free O H  group($. Preparation of a tetra-acetyl deriva- 
tive, C&H4401), suggested 4 acetylizable OH groups. Alkaline hydrolysis of 1 with 
2% NaOMe yieldedp-methyl coumarate (mmp, co-tlc, and superimposable ir and nmr 
spectra). The Et,O-insoluble part obtained from alkaline hydrolysis gave the isoflavone 
glycoside 2, C27H3009, as a colorless compound, which on acid hydrolysis (7% 
ethanolic H,SO4) gave an isoflavone 3, C,,H,oO4, and glucose (1 mol). Compound 3 
formed a monoacetate, CZ3H2,O,. The uv spectrum of 3 exhibited apronounced bath- 
ochromic shift in band I1 with the addition of NaOMe, suggesting a free OH at the 7 
position of ring A (4). ‘H nmr of the acetyl derivative of 3 showed asinglet at 6 8.06, a 
characteristic feature of isoflavones. The doublets at 6 8.34 and 7.0 (/= 10 Hz) indi- 
cated ortho coupled protons on C-5 and C-6 of ring A. The signals appearing as a singlet 
6 1.72, doublet 6 3.34 ( /= 7 Hz), and triplet 6 5.24 integrated for prenylation(5,6); 
there was also strong absorption in the ir at 137G1380 for a gem dimethyl group. A 
sharp singlet at 6 3.84 indicated the 4’-OMe in ring B (7). The aromatic proton of C-8 
and protons of C-2, C-5, and C-6 appeared as a multiplet at 6 7.12-7.45. 

These chemical shifts suggested the absence of an A,B, system in the molecule and 
the presence of a prenyl unit at the 3’ position. The eims of 3 gave fragment ions at mlz 
145 and 137, presumably [B - C4H,]+ and (A, + 1]+. Absence ofprenylationat C-2’ 
and C-6’ was confirmed because there was no fragment available at m/z 268 by the loss 
of a 68 unit (8). The prenyl group at C-3’ was confirmed by demethylation, subsequent 

1 R=glucose~2”-O-p-coumaroyl), R’=Me 
2 R=glucose, R’=Me 
3 R=H,R’=Me 
4 R=R’=H 
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cyclization, and alkaline oxidation of 3, resulting in 2,2-dimethoxychroman-6-car- 
boxylic acid (9). 

Permethylation of 1 and 2 followed by acid hydrolysis led to the conclusion that the 
attachments of the isoflavone and p-coumaric acid were at C- 1" and C-2" of D-glucose, 
respectively. The 7 - 0 4  linkage and pyranose form of the sugar were confirmed by enzy- 
matic hydrolysis and periodate oxidation of 2. All evidence, when taken together, iden- 
tified 1 as 3 ' - p r e n y l - 4 ' - m e t h o x y - i s o f l a v o n e - 7 - O - P - D ( 2 i d e .  

The estrogenic activity of 1 was assessed on female albino rats by the uterine weight 
bioassay procedure (10). The estrogenic activity of the compound was measured by an 
increase in weight of uteri in comparison to that of a control group. The results revealed 
that there was an increase in weight of uteri at all the given levels of the compound. The 
maximum increase in uterine weight and 100% vaginal openings were noted on admin- 
istration of 50 pg/rat of 1 twice a day. 

EXPERIMENTAL 

PLANT m m m . - P l a n t  material was collected from adjoining range lands in the Sags district 
during November and identified by the Chairman, Botany Department of this University; an herbarium 
specimen (No. V-XXII) has been deposited at herbarium room NO. 36 of the Chemistry Department. 
Dried and powdered stems were extracted exhaustively with hot 90% EtOH. The extract was concentrated 
under reduced pressure to a viscous mass. It was segregated into petroleum-ether (60-80?, C6H6-, 
EtOAc-, and Me,CO-soluble fractions. 

Isom'rIoN.-The concentrated EtOAc-soluble fraction showed a single spot on tlc [si gel G ,  
EtOAc-MeOH-H,O (12: 1: l), I, vapor visualization). The fraction was purified over a Si gel column (60- 
120 mesh) and eluted with CHCI,-MeOH-H,O (13:7:2), providing compound 1: colorless, microcrystal- 
line solid; mp 158-160', C36H36011 (found C 67.108, H 5.623, calcd C 67.080, H 5.590), eirns [MI+ 
644;uvAmax(MeOH) 254(sh), 259, 301(sh)(loge4.51, 4.5, 3.80);Amax(MeOH+NaOMe)256 
(sh), 260, 301 (sh)(logE4.48, 4.50, 3.80); A max(MeOH+AICI3) 256(sh), 259, 308 (sh)(logE4.50, 
4.51, 3.82); A rnax (MeOH+AICI,+HCI) 252 (sh), 259, 308 (sh) (log E 4.1, 4.51, 3.82); A rnax 
(MeOH + NaOAc) 261, 3 10 (sh) (log E 4.60,3.84); A max (MeOH + NaOAc + H,BO,) 260, 308 (log E 
4.60, 3.82); eims d z  (%) [MI+ 644 (2.4), 525 (10.0), 498 (28.7). 336 (loo), 308 (40.3), 281 (80.2), 
145 (11.7), 137 (67.9); i ru  max(KBr) 3300,2980,2910, 1760, 1640, 1600, 1500, 1400, 1390, 1368, 
1280, 1215, 1150,800 crn-'. Tetraacetare: mp 143-144"; CaHUOI5 (foundC65.034, H 5.473, calcd 
C 65.024, H 5.418). eims [MIf 812; 'H nmr (90MHz. DMSO-d6, 6ppm)8.06(1H, s, H-2), 7.71 ( lH ,  
d,J = 8 Hz, H-p), 7.57 (2H, d,J = 3.6 Hz, H-2"' and H-6"'), 7.12-7.45 (4H, m, H-2', H-5', H-6', 
and H-8), 6.87 (2H, d, J = 4.5 Hz, H-3"' and H-S"'), 6.27 ( lH ,  d,] = 7.8 Hz, H-a), 8.34,7 .O (2H, 2d, 
J =  10Hz, H-5andH-6), 5.54(1H, d , J=7  Hz, H-l"anomericproton)5.05(lH, dd,J=7, ~ H z ,  H-2" 
proton of sugar), 4.324.82  (5H, m, protons ofsugar) 3.84 (3H, s, 4'-OMe), 2.52 (3H, s, OAc, H-6"), 

5""), 3.34 (2H, d , J=  7 Hz, H- 1""), 5.24 ( lH ,  t ,  H-2""). 
2.45 (3H, S, OAC, H-4"'), 2.12 (3H, 5, OAC, H-3"), 2.03 (3H, S, OAC, H-4"), 1.72 (6H, S, H-4"", H- 

ALKALINE m R o L Y s r s . 2 o m p o u n d  1 was dissolved in MeOH and kept overnight after addition 
of 2% NaOMe. The reaction mixture was neutralized by diluted HOAc and concentrated under vacuum. 
An Et,O-soluble pan yielded silky needles, mp 138-139". 

The Et,O-insoluble parr furnished colorless amorphous substance 2: mp 160-163', C,,H,,O, 
(found C 65.084, H 6.120, calcd C 65.060, H 6.024), eims [MI+ 498; tlc homogeneous; uv A max 
(MeOH) 258 (sh), 302 (sh) (log E 4.59, 3.04); A max (MeOH + NaOMe) 25 1 (sh), 258, 302 (sh) (log E 
4.1, 4.6, 3.04); A max (MeOH + AICI,) 253 (sh), 259, 302 (sh) (log E 4.12, 4.52, 3.04); A max 
(MeOH + AlCI, + HCI) 258 (sh), 260, 301 (sh) (log r 4.52,4.48, 3.04); A max (MeOH + NaOAc) 259, 
308 (sh)(log E 4.52, 3.11); A max(MeOH + NaOAc+ H,BO,) 255, 302 (sh)(log €4 .5 ,  3.04); ir umax 
(KBr) 3500, 2970, 2910, 1660, 1645, 1600, 1500, 1400, 1385, 1370, 1282, 1216, 1150, 825 cm-'. 
Compound 2 yielded an acetate: mp 169-170". C,,H,,O,, (found C 63.085, H 5.625, calcd C 63.063, 
H 5.705); 'H nmr (90 MHz, CDCI,, 6 ppm) 8.06 ( IH ,  s, H-2), 8.34 and 7.0 (2H, 2d, J =  10 Hz, H-5 
and H-6), 3.34 (2H, d, J =  7 Hz, H-l"'), 5.24 ( l H ,  t ,  H-2"'), 3.84 (3H, s, 4'-OMe), 1.72 (6H, s, H-4", 
H-5"), 5.16 ( l H ,  d,  J = 7  Hz, H-1"anomeric proton), 4 . 3 4 . 8  (bH, m, proton ofglucose) 7.12-7.45 
(4H, m, H-2', H-5', H-6' and H-8), 2.14 (3H, s, OAc, H-3'7, 2.03 (3H, s, OAc, H-4"). 2.52 (3H, s, 
OAc, H-6"), 2.03 (3H, s, OAc, H-2"). 

ACID HYDROLYSIS.<ompound 2 was hydrolyzed (7% ethanolic H,SO,) by refluxing for about 8 
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Dose (pg/rat 
twice a day) Groupb Mean uterus weight Vaginal openings 

after 4 days (mg) (no. ofrats) 

1 . . . . . . . . . . . .  
2 . . . . . . . . . . . .  
3 . . . . . . . . . . . .  
4 . . . . . . . . . . . .  

0 
10 
20 
50 

15.0 k0 .27  
18.0 k 0 . 5 4  
27.79 * 0.48 
33.21 k 0.65 

~ 

'Average wt was 35 g/rat. 
bFive rats per group. 
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