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Abstract-ExtractIon of B&a opposztzfolzu (Nutt ) DC (Composltae) furmshed a new sesquterpene la&one 
bahlfolm (I c) and the new flavone 5,7-dlhydroxy-3,3~,4’.6_tetramethoxyilavone (III a) whose structure was 
coded by synthesis from Jaceldm (III e) ExtractIon of Bahzu ubsznzhzfolza Benth var deufbata (Gray) 
Gray gave the known sesqmterpene la&ones bahla I (I a) and b&a II (I b) 

IN THE course of our phytochemlcal studies m the tribe Helemeae of Composltae we had 
occasion to investigate Bahia opposrtifoha (Nutt ) DC. Two crystallme, previously unknown 
compounds were isolated: A new sesqulterpene lactone bahlfohn (I c) whose structure was 
estabhshed by correlation with bahla I (I a) and bahla II (I b),l newly isolated m the course 
of this work from Bahia absznthlfoha Benth var. dealbata (Gray) Gray,2 and a new flavone 
which was ldentlfied as 5,7-dlhydroxy-3,3’,4’,6-tetramethoxyflavone (III a) and synthesized 
from Jaceidm (III e) 

Bahlfohn (Ic), CzoHzoOs, m p. 140-142”, [u]~ +14 3”, was a conjugated y-lactone 
(IR bands at 1764 and 1662 cm-l, strong UV end absorption) The NMR spectrum (Table 
1) exhibited the typical two doublets due to H, and Hb of partial structure A Thus was 
confirmed by spm decouphng experiments Irradiation of the H, multlplet at 3-28 ppm 
collapsed doublets at 5 57 (H,,) and 6 29 (H,,) to singlets, a doublet of doublets at 4 61 (Hd) 
to a doublet and a triplet of doublets at 5 74 (H,) to a triplet In turn, n-radlatlon of HI 
collapsed the multlplet of H, to a broadened doublet and slmphfied the AB part centered 
at 2 14 ppm (H, and H,‘)-of an ABX system, thus allowmg expansion of A to B. 
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1 A ROMO DE VIVAR and A ORTEGA, Can J Chem. 47,2849 (1969). 
2 W L ELLISON, Rhodora 66,67, 177,281 (1964) 
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TABLE 1 NMR SPECTRUM OF BAHIFOLIN (90 mHz) 

H-l b 
H-2 b 
H-3 5 55” 
H-5 b 
H-6 4 61dd 
H-7 3 28 m 
H-8 5 74 td 
H-9 e 
H-13a 5 57d 
H-13b 629d 
H-14a 2 75 
H-14b 2 69’ 
H-15 191dg 
H-2 7 96dd 
H-4 6 66dd 
H-5’ 741 t 

Jb,, = 8 5, J5.6 = 9 5 
J = 3 9, J~,ma = 7.8 3 1, J7.13b = 3 6 
J = 7 76 8.9 

J - - 50 1.k14b 

Js.15 = 15 
Jy.4, = 0 6, Jy,s, N 1 6 
J4, 5, = 20 

a In deutermchloroform solution usmg tetramethylsk.ne as mtemal 
standard Chenucal sWts m parts per m&on, couphng constants m 
Hz Signals are denoted m the usual way d-doublet, t-tnplet, m- 
multlplet Couphng constants by spm decoupling 

b In four proton multlplet at 2 4 ppm 
c Supenmposed on H-13a 
* Tnplet separated by 7 7 Hz 
e Only some lines of the AB part of an ABX system were vlslble at 

2 38, 2 30,2 22 and 2 14 ppm, and collapsed to broad lines at 2 37 and 
2 20 on xradxation of H-8 

r Broadened by long-range couplmg to H-l In (I a), (I b), and (II) 
the AB system of H-14a and H-14b has collapsed to a smglet 

* Three protons 

Further Irradiation at 5.53 (vinyl proton supenmposed on H,) collapsed a narrowly- 
spht vmyl methyl slgnal at 1 91 ppm to a singlet and slmphfied a complex four proton slgnal 
at 2.41 ppm thus mdlcatmg the presence of partial structure C These observations coupled 
with the presence of a two proton AB quartet near 2 7 ppm suggested that bahlfohn pos- 
sessed the carbon skeleton, oxygenation pattern and stereochenustry of bala I (I a) and 
baba II (I b), two sesqulterpene lactones previously’ Isolated from Buhza przngkz Greenm 
The lsolatlon of small amounts of (I a) and (I b) from a collection of Bahza ubsznrhzfolza 
Benth. var dealbata (Gray) Gray permitted verlficatlon of this hypothesis Treatment of 
(I b) and babfohn with methanohc potassium carbonate followed by acetylatlon of the 
neutral fraction yielded identical acetates (II) 
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The presence of a 3-furoyl group, whose blogenetlc relatlonsbp to the ester ade chain 
of (I b) IS obvious, was established spectroscopically. The high resolution mass spectrum 
of (I c) had its base peak at m/e 95.0134 (CSH,02) and also peaks at m/e 261.1 134(f&Hi604) 
and 244.1104 (Ci5H1603). The IR spectrum had furan bands at 1572 and 878 cm-‘; the 
UV spectrum exhblted charactenstlc 3-furoyl absorption at 239 nm (c 4380).3* In the NMR 
spectrum, (Table 1) H-5’ was identified as a triplet “t 

Irradiation at a frequency correspondmg to the signal at 7.41 (H-5’) collapsed the multl- 
plets of H-2’ and H-4’ to doublets, m turn u-radiation at 7 96 ppm (H-2’) collapsed the 
signals of H-5’ and H-4’ to doublets. 

The strongly negative Cotton effect exhibited by bahlfolm (h,,, 255 nm, 0 -2200) 1s 
rn accord5 with the previously-deduced1 truns-fusion of the lactone rmg. 

The second compound from B opposrtrfoba was a new flavone, Ci9Hi80,, m p 152- 
153” (or 158-160”, see Experimental), which had U.V. maxima at 349,273 and 255 nm and 
contamed four methoxyl (NMR spectrum) and two hydroxyl groups (formation of a dlace- 
tate) The distribution of functional groups m rmg B was indicated by the NMR spectrum 
(CDC13) which displayed the typical AB system of H-5’ and H-6’ at 6.93 and 7.69 ppm. 
The signal of H-6’ was addltlonally split by coupling to H-2’ at 7.60 ppm. A singlet at 6 50 
ppm could be attributed to either H-3 or H-8, L that C8- was unsubstltuted was established 
by preparation of the dlmethylether which was identical m all respects with quercetagetm 
hexamethyl ether (3,3’,4’,5,6,7-hexamethoxyflavone, III b). 

Color reactions (posltlve ferric chloride test, yellow Mg-HCI and NaOH tests) sug- 
gested the presence of a 5-hydroxyl and the absence of a free 3-hydroxyl group. Thus was 
supported by the NMR spectrum (-OH band at 12.36 ppm) and the bathochronuc shfts 
of bands I and II m the presence of AlC13. 8 That the second hydroxyl group was sited at 
C-7 was indicated by the bathochronuc shft of band II (18 nm) m the presence of sodium 
acetate’ and a pronounced downfield shift of the H-8 signal after conversion to a dlacetate. 
Hence the new flavone was 5,7-dlhydroxy-3,3’,4’,6-tetramethoxyflavone (III a) 

AR2 b\ (0) RI, Rz.R3=H 

Starting material for estabhshmg structure (III a) by synthesis was synthetic Jacem, a 
4’,5’,7-trlhydroxy-3,3’,6-trimethoxyflavone-7-mono-~-D-glucoside, (III d),g whose isolation 
from Centuurea lacea L., structure determmatlon and resynthesis from jaceldm (III e) and 
a-acetobromoglucose was orlgmally reported from one of our laboratories. Subsequently, 
Fukm et al. synthesized Jaceidm lo Jacem was methylated with dlmethylsulfate-potassium 

* A 2-furoyl group &splays its maxmum at 245 MI. 
t In the NMR spectrum of 2-furoyl derrvatlves H-S’ appears as a doublet of doublets 

3 A I Scorr, Zttterpretatron of the UV Spectra of Natural Products, p 137. Pergamon Press, New York 
+ S GRONOWITZ, G SORIN, B GFS~L~M and R A HOFFMAN, Arklv Kern 19,483 (1962) 
5 W STOCKLIN, T. G WADDELL and T. A GEISSMAN, Tetrahedron 26,2397 (1970) 
6 J MA~~ICOT and J P MARTHE, BUN Sot Chum Fr 1962 (1962) 
‘I T BATIZRHAM and R J HIC+HET, Austral J Chem 17,428 (1964) 
8 L JURD, m The Chemistry ofFIavonard Compoundi (edlted by T A GEISSMAN), p 107, McMdlan, New York 

(1962) 
9 L FARKA& L HORHAMMEZR, H. WAONER, H. ROSLER and R GURNIAK, Chem. Ber 97,610 (1964). 

lo K FUKUI, T MATSUMOTO, S. NAKAMURA, M NAKAYAMA and T HORIE, Experzentza 24,108 (1968) 
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carbonate m acetone solutlon Subsequent hydrolysis with methanohc hydrochloric acid 
furnished the desrred 5,7-dlhydroxy-3,3’,4’,6-tetramethoxyflavone, m p 152-153”, which 
did not depress the m p. of the flavone from Bahia oppomfolra R,-values of both samples 
were ldentlcal and traces of UV, IR and NMR spectra were superimposable Also, the 
dlacetate (II c) of the synthetic flavone had the same m p (176-178”) as the derivative 
prepared from naturally-occurrmg material 

EXPERIMENTAL* 

Extra&on of Bahia opposltlfoha Dried and ground plant matenal (wt 0 72 kg) of B&u opposrtrfolza 
Nutt , collected by Dr B H Braun m the Denver, Colorado, area m the summer of 1960 when m flower, 
was extracted with CHCIJ and worked up m the usual manner I1 The crude gum, wt 7 9 g, was chromato- 
graphed over 160 g of slhclc acid (Malhnckrodt, 100 mesh), 100 ml fractions bemg collected m the followmg 
order Fr l-6 benzene, 7-11 benzeneCHCIJ (3 l), 12-16 benzene-CHCIJ (1 l), 17-21 beuzene--CHCI, 
(1 3), 24-28 CHC13, 29-34 CHCls-MeOH (97 3), 35-38 CHC13-MeOH (19 1) and 39-44 CHCI,-MeOH 
(9 1) 

Fr 12 and 13 eluted semlcrystalhne matenal Repeated crystalhzatlon from EtOAc-hexane gave bahl- 
fohn, wt 0 25 g, m p 140-142” Fr 17 and 18 gave 5,7-dlhydroxy-3,3’,4’,6-tetramethoxyflavone (II a) which 
was repeatedly recrystallized from EtOAc and MeOH, yield 24 mg, m p 152-153” A subsequent recrystal- 
hzatlon raised the m p to 158-160” All other fractions were gums showing several spots 

Batifohn (I c) had m I, l&142”, [& + 14 3”, IR bands at 1764, 1720, 1662, 1572 and 858 cm-‘, h,,, 
239 and 204 & (c 4380-and 27,400), CD curve h,., 255 nm (0 -2200) (CZOHZ006 requires C, 67 61, 
H. 5 66. 0. 26 84. mol wt 356 1260 Found C. 67 41. H 5 66, 0. 26 94%. mol wt 356 1262) 

Flavone (III aj exhblted the followmg cola; reactions Fe& hark-g;&& to black, Mg-HCl yellow, 
NaOH yellow, gossypetone test negative It had IR bands at 3488, 1655, 1615, 1593, 1560 and 1510 cm-’ 
and UV maxlma (log c) at 255 (4 17), 273 (4 197) and 349 nm (4 235), m EtOH-NaOAc at 361, 315sh and 
273 nm, m EtOH-NaOAc-H,BO, at 361, 320sh and 273 nm, m EtOH-NaOMe at 373,295sh and 276 nm, 
m EtOH-Al& at 368, 283, 262 and 235sh nm NMR signals (CDCI,) occurred at 12 63 (-OH), 7 69dd 
(9,2,H-6’), 7 60d (2, H-2’), 6 93d (9, H-5’), 6 50 (H-8), 4 00, 3 92, 3 92, 3 82 ppm (four methoxyls) 

A solution of 10 mg (III a) m 1 ml of pyndlne and 0 2 ml of Ac?O was left overmght and worked up in 
the usual fashion Recrystalhzatton from MeOH afforded 8 mg of dlacetate which had m p 177-179”, 
IR bands at 1772, 1635, 1620, 1558 and 1510 cm-‘, NMR signals (CD(&) at 7 65 and 7 61 (overiappmg 
H-6’ and H-2’), 7 23 (H-8), 6 95d (9, H-5’), 3 95, 3 95, 3 86, 3 80 (four methoxyls, 2 50 and 2 30 ppm (two 
acetates) 

A solution of 6 mg of (III a) m 2 ml of dry acetone was refluxed with 0 1 ml of Me,SO, and 0 3 g of 
K&O3 for 3 days Recrystalhzatlon of the product from MeOH afforded 4 mg of (III b), m p 156-158”, 
m m p up with hexamethylquercetagetm undepressed, IR spectra superimposable 

Hydrolyses of Bahrfilm A sohtlon of 50 mg of (I c) m 8 ml of 80% aq MeOH was stirred with 40 mg 
of Na2C0, under N2 for 2 hr The solvent was removed m vacua and the residue diluted with HZ0 and 
extracted with CHC13 The washed and dried CHCl, layer was evaporated and the residue purified by TLC 
The gummy residue, wt 35 mg, was acetylated overnight with 1 ml of pyrldme and 0 5 ml of AC20 The 
product was worked up m the usual way, recrystalhzatlon from MeOH-HZ0 afforded 22 mg of (II) which 
had m p 95-97”, IR bands at 1770 and 1738 cm- ‘, NMR signals at 5 50 m (H-3), 5 19 td (8,3, H-8), 4 50 m 
(H-6), 3 62 (AB quartet, H-13), 3 44 (methoxyl), 2 75 m (H-7), 2 66 (H-14), 1 85 br (vmyl methyl) (talc 
for CI,H,,O, C, 64 27, H, 7 19, 0, 28 54 Found C, 64 23, H, 7 16, 0,28 84% ) 

An authentic sample of (II) was prepared by hydrolysis of (I b) m the manner described m the previous 
paragraph Authentic (II) had m p 95-97”, m m p with the precedmg sample undepressed, NMR spectra 
superimposable 

Syntheses of 5,7-drhydroxy-3,3’,4’,6-tetrumethoxyfluuone (III a) A solution of 300 mg of synthetic Jacem 
(III dY’ m 30 ml of acetone was refluxed with 75 rng of MeTSO, and 1 g of K,CO, for 10 hr with stmmg 
The iolutlon was filtered and the salts washed wlih acetone ‘?he co;bmedfiltrates were evaporated & 
V~CUO The residue was taken up m 15 ml of MeOH and 15 ml of 20% HCl and refluxed for 3 hr, cooled and 
diluted wth H,O The preclpltated flavone was recrystalhzed from EtOH-CHCIJ The yellow needles, 
yield 110 mg (55x), had m p 152-153”, undepressed on admixture of a sample of naturally-occurrmg 
matenal which had m p 152-153”, h,,, 348 (4 315), 272 (4 210) and 254 nm (4 233), TLC RI 0 68 (slhca gel, 

* M ps are uncorrected NMR spectra were measured on Varlan A-60 or Bruker 90 mHz spectrometers, 
mass spectra on a Nuchde 12 m medium or a MS-9 high resolution mass spectrometer, CD spectra on a 
Jasco ORDjUV-5 recordmg spectrophotometer Elementary analyses were performed by Dr F Pascher, 
Bonn, Germany 

I1 W HERZ and G HOOENAUER, J Org Chem 27,905 (1962) 
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benzene-pyndme-HCOOH 72 18 10) (&H1s06 requires C, 60 96; H, 4 84, OCHj 33 16 Found 
C,6085,H,480,OCH,3307%) 

The &acetate was prepared by the AC&-NaOAc method and was recrystalhzed from EtOH-CHCI,, 
mp 177-178”, h,,, 341 (4 355) and 249 nm (4 396), TLC R, 0 74 (slhca gel, benzen~pyndme-HCOOH 
72 18 10) (C23H22010 reqmres C, 60 26, H, 4 83, OCHJ 27 07 Found C, 60 70, H, 4 80, OCHI 26 43 %) 

Extractzon of Bahia absmttioha var dealbata (Gray) Gray Above ground parts of Bahza absznthzfolza 
Benth var dealbata (Gray) Gray, wt 14 kg, collected by R J Barr, on May 7,1963 at the South exit of the 
Hughes Plant Road, Plma County, Arizona (Barr No 63181 on deposit m herba.rmm of Florida State 
Umverslty) was extracted with CHC13 m the usual manner I1 The crude gum, wt 44 5 g, was &ssolved m 
benzene and chromatographed over 350 g of slhac acid, 400 ml fractions bemg collected and momtored by 
TLC m the followmg order Fr l-25 benzene. fr 26-54 benzene-CHCl, (1 1). fr 55-95 CHCl,. fr 96-110 
CHC&MeOH (19 i), fr 111-118 CHC13-MeOH (9 1) 

_. ,_ . 

Fractions 38-41 yielded crystalline material and were combmed Repeated recrystalhzatlon from EtOAc 
isopropyl ether afforded 124 mg of bahla I which had m p 206-208”, 1 r bands (CHCl,) at 3580,3460,1765, 
1660 and 1600 cm-* Direct comparison with an authentic sample of btia I’* estabhshed identity 

Fractions 79-106, although gummy, were homogeneous by TLC cntena and showed a tendency to 
crystallize The matenal from fr 79-88 was combined, repeated recrystalhzation from acetonsisopropyl 
ether afforded 152 mg of bahla II, m p 124-128” (lit 1 134-137”), IR bands at 3580 and 3410 (OH), 1760, 
1720 and 1660 cm-’ A mixed m p comparison wth a sample of authentic bahla II (m p 133-134”) showed a 
slight depression, but the IR and NMR spectra were supenmposable and TLC behavior was identical 
Additional quantities of impure bahla II were recovered from fractions 89-106 
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