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b&act-Ifellihrysum viscosum var. bracteatum DC. has been found to contain 4’,5,7-trihydroxy-3’,6- 
dimethoxyflavone, 4’&iihvdroxv-6.7dimetho~vme (cirshritin), narkenin. eriodict~ol and homo- 
erlodicty~l. The &&&sbf 4’,j,7&iethoxy-3i,6-dim&oxyeavone and of -&ne~analogo& tivones and 
their corm- chalcolles is described. 

INTRODUCTION 

SEVERAL HeZichrymm species (Compositae) and the numerous variously colored cultivars 
of H. bructaatum have been studied by a number of investigators, most recently in detail by 
Htinsel and his co-workers.3-9 We have investigated a specimen of H. ticosum var. bra0 
teutum DC.l” of Australian origin and have isolated a number of compounds, some already 
known as constituents of this plant and some that have hitherto not been found in the 
European cultivars. 

RESULTS AND DISCUSSION 

Naringenh, eriodictyol and homoeriodictyol, 4’,5,7-trihydroxy-3’6dimethoxyflavone 
(la)‘l and 4’,5dihydroxy-6,7dimethoxytIavone (le) have been isolated under conditions 
that indicate that they occur in unglycosylated form in the plant. Flavone le (cirsimaritin) 
has not been reported to occur naturally, but its 4’-glycoside, &imarin, was isolated from 
Cih4m madtimum.12~ I3 

The present studies were carried out on the whole plant (aerial parts); earlier works9 
was confined largely to the inflorescence, the most conspicuous feature of which is the showy 
involucral bracts. Extraction of the dried plant with hexane yielded a solution from which 

1 Contribution No. 2085 from the Department of Chemistry, Uniwxsity of California, Los Angeles. 
2 university of Singapore, Singapore 10. Fulbriit Resmrch Scholar, U.C.LA.. 1%7. 
~R.HXNsm,L.Lmo-andA.G.-, TetrtahekonLetters 599 (1962). 
4 H. RIFLER, L. LANG- and H. J. FRBNZEL, Pkmtu Med. 11,325 (1963). 
~R.HXNsz,L.LAxi-andA.G.-, Sci. P&arm. 31,88 (1963). 
6 R. HANSEL and L. LANGHAmmt, Arch. Pharm. 296,619 (1%3). 
7 H. RE+IPUE and R HXNSEL, Arch. Pfmrm. 298,838 (1965). 
8RHXNSF&H. w and R. SCHWARZ, Tetruhedron Letters 1545 (1%5). 
9 R. HANSEL, H. w and R. Scmvm.z, Tetrahedron Letters 735 (1967). 

1s We are grateful to Dr. W. Bottomley, C.S.I.RO., Canberra, Australii for providing us with the plant 
material, and to Dr. N. T. Burbidge for the botanical identifmtion. 

11 J. W. AFSIMON, N. B. HAYNES, K. Y. SW and W. B. W~lruay, J. Chem. Sot. 3780 (1%3). 
12 N. hbUTA and M. S~NIEZU, J. Phurm. Sot. Jupan 83,615 (1963). 
13 K. FUKUI, T. MAI-SU~~O’IO and T. Kmosm A, Bull. Ch. Sot. Japan 37,662 (1964). 
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flavone la separated on concentration and cooling. After purification by preparative thin- 
layer chromatography the compound melted at 259-260 . It was a trihydroxy-dimethoxy- 

flavone. and yielded a triacetate (1 b), m.p. 217”, a trimethyl ether ( ic). m.p. 174-l 75.. and a 
triethyl ether (Id), m.p. 173-l 74.‘. Although the melting point of the flavone did not corrcs- 
pond \+ith that of a knoan compound, its derivatives had properties that agreed with those 
reported for those of 4’,5,7-trihydroxy-3’,6-dimethoxyflavone. isolated from Digitalis 

lunara.” The U.V. spectral properties of la (Table I). and the NMR sptytra (Table 2) of its 
derivatives supported this structure: the presence of the Shydroxyl group ~3s &own by the 

OH 

COCH, 

CzH,O 

la: R=R2=R,=R,=H: R,=OCH,: R~=CH~ 
b: R=H; R,=OCHJ: R,=Rj=R5=COCH>; &=_C’H; 
c. R=H: R,=OCHj, Rz=R,=R4=R5=CHI 
d: R=H: R,=OCHJ: R2=R.I=R:=C2Hc; R_,=CH\ 
e: R=R,=R2=Rj=H:R4=R>=CHI 
f: R=R,=H: R2=R3=COCH1; R4=R5=CHj 
g.R=R,=H:Rz=R1=RJ=RJ=CHJ 
h. R=H; R,=OC2Hy:R2=R4=CHJ: RJ=Rg=CIH.c 
I: R=H: R,0R2=0.CH2~0. R,=R.=C:H.: R4=CHx 

3a: R=H; R,=OCHJ: Rr=OCsH5 
b: R=H; R,=OC2Hs: R2=OCH, 
c: R=H: RI=R2=OCHJ 
d: R=OC2HI; R,=OCH,; R2=H 
e: R=H. RIR2=OCH2.0 

4a: R=R,=R2=RJ=H 
b: R=R2=H; R,=R3=COCH, 
c. R=R2=H: R,=R1=CHI 
d: R=OH: R,=R~=R)=H 
e: R=OCOCH,: R,=R2=RJ=COCH3 
f: R-OCHI: R,=R.=R~=H 

spectra1 shift caused by aluminum ch10ride,t4 and the bathochromic effect upon the long 
wavelength absorption maximum caused by sodium acetate indicated the presence of a 
7-hydroxyl group. The NMR spectrum of the triacetate ( 1 b) of 1 a showed the typical signal 
for the 5-acetoxyl group (248 ppm),i5* I6 and the presence of a 7-hydroxyl group in la was 
indicated by the shift in the signal for the C-8 proton in the trimethyl ether (lc) from 6.84 
ppm to 7.36 ppm in the triacetate. The 32- difference in melting point between that reportedit 
for the Digitalis flavone (m.p. 227-228’) and that observed by us (m.p. 259-260 ) is not 

I4 L. JURD. In Tha Chemistry of Fl~~vumxd Compoundx (EdIted by T. A. Gus~IA\). p. 107. MacMillan, New 
York (1962). 

15 J. MASSIC~T. J. P. MARTHE and S. Hmz. Bull. Sot. Chim. France 2711(1963). 
lb W. E. HILLIS and D. H. S. HORN. AustralianJ. Chem. 18,531 (1965). 
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unprecedented for polyhydroxypolymethoxyfiavones of this kind,l’ and is presumably due 
to dimorphism. The D. hnatu flavone was unfortunately not available for a direct compari- 
son, but a comparison of its triethyl ether with Id showed their identity. 

TABLE 1. ULTRA-VIOLET SPECTRAL DATA OF THE FLAVONOIDS* 

Compound 
, 
Ethanol 

kllax mn Oon 4 
, 

Ethanol/NaOAc Ethanol/NaOH Ethanol/A1C13 

la 

lb 

lc 

Id 

le 

If 

1B 

4a 

4b 

4c 

4d 

4e 

27q4.27) 276(430) 288(4*48) 
366(4-52) 292(4-24) 301(449) 
410t(3*81) 392(4*56) 353(4-55) 

252(420) 242t(4-28) 277(4*27) 258(4*16) 
274(425) 277(4-36) 31ot(3*87) 289(4*27) 
344(4*42) 353(4*31) 402(4*36) 358(4-42) 

264(4-31) 
312(4*41) 

24X4.45) 
265(4-31) 
32q4.46) 

242(4-35) 

26q4*26) 
327(4-49) 

27q4.38) 
33q4.48) 

262(4*37) 
308(4-m) 

267(4-27) 
321(4-53) 

225N4.37) 
289(425) 
325?(3*72) 

275(410) 
337*5(3*60) 

z:zg) 
330(363) 

2www 
289(4*30) 
328t(3-74) 

25q4.26) 
312(3-83) 

224t(4*39) 
292@15) 
327(4*19) 

2775(4*10) 
330(3*80) 

228j.(4-47) 
288(4-27) 
332(3-65) 

226t(914) 
290(4-18) 
329(4-B) 

223t(4*12) 
308(4*36) 
375(3.63) 

299(412) 
391(3-72) 

223H4.61) 
307(442) 
37q3.74) 

225t(4-52) 

+ Spectra were measured in 95 ‘A ethanol with a Gary 14 U.V. spectrophotometex. 
t Intlection. 

The triethyl ether (Id) was synthesized to complete the establishment of its structure. 
Ethylation of phloroacetophenone, followed by persulfate oxidation and methylationlls 1s 
yielded 4,6-diethoxy-2hydroxyAnethoxyacetophenone (2), which was condensed with 

17 L. FARKAS, M. NOGRADI, V. SUDAMANAM and W. HIBZ, J. Org. Chem. 31,3228 (1966). 
1s I_. R. Row, V. D. N. SASW, T. R. SESHADRI and T. R. THIRWENGADAM, Proc. I&rim Acad. Sci. ZSA, 189 

(1948). 



1578 T. A. GEISSMAN, R. MUKHERJEE and K. Y. SIM 

3-methoxy-4-ethoxybenzaldehyde to give the chalcone (3a). Oxidative cychzation of 3a 
with selenium dioxide gave the flavone, identical with the ~iethyl ether (Id) of la. In the 
course of these synthetic experiments a number of other chalcones (3b-e) and tlavones (lh-i) 
were prepared (Table 3). 

TABLE 2. NMR CHEMICAL SHIFTS OF PRMOW OF THE FLAVOVOIDS* 

(Shifts (ppm) measured in CDCls except where otherwise stated) 

Compounds 
r- 

Proton positions lb Ic If lg 4at 4b 4ct 4lit 4e- 
__ ____- __-“--. . _... _ --. ._. _-_ _ - 

H at 
, 5 6fjl’ 

- - - 
6.558 6-89’ 6.68% 5.449 2+-W 5424 2-98s 5 298q 4gq 5.489 1944 2939 5*48q 

6 
7G 6G 

- 
6z’ 

5.98% 6309 h 05s 5-Y86 6~82~ 
8 6,54’ 5.98’ 6~30~ b*OSS 5Y8’ 6~57~ 
2’J-i’ 7.36 7.37 7+W 7+W 7,43” 7 44” 7.50d 698 7.31 
3 ,5’ 7.36 7.37 7-26d 7.01d 6.9’” 7.11d 6.98” 698 7.31 

OH, OCHs or OCOCH, at 

5 24g= 4@Os 2.478 3-99s 12*16” 119ob 1’.20?OF 13-15s 2*42* 
6 3,x7* 4.W 3.998 3.99s - -- . . 

7 ‘*.W 3.84” 3G368 3.929 -.. 2.31 Q 3.87” 2.28’ 
3’ 3.91” 3.Y5’ - - .- 2.38’ 
4’ 2 33’ 3K!~ 2.30’ 3 86& - __ ,.lbS 3*8? 2~28~ 

* Shifts measured in a Varian A60 instrument and tetramcthylsilane v+as the internal reference (6.0~00). 
’ singlet. ddoublet, q quartet. 
? Measured in deuteroeicetone. 

TABLE 3. MELTING POIUTS AND ANALYSES OF SYNTHETIC CHALCOA~S (3b TO e) 
AND FLAVONES ( 1 h AND i) 

Anal (?,) 
r- -\ 

Calc. Found 
---- 

’ C H C H Compound M.p (‘) 
-- -_ 

3b; C~~H,sO, lx-129 66.33 6.78 66.61 7.00 
3c; Cz2Hzb07 127-128 6566 6-51 65.69 6.62 
36: Cz2HzxOT 107-108 66.33 6.78 66.63 6.83 
3e: CzrHz~07 12f-123 6527 5 74 6550 6.01 
1 h : C>JH&- 157-158 6665 6.32 66.80 6.51 
II: Cz,H2,,0~ 207- 208 65.61 5.24 65.44 5.42 

Ether extraction of the plant material, after exhaustion with hexane, yielded a solution 
which upon concentration deposited a second compound. This substance. m.p. 263-265“. 
proved to be a dihydroxydimethox~avone (Ie). Its dimethyl ether was identical with 
scuteilarein tetramethyl ether (lg). The NMR spectra of its acetate (if) and dimethyl ether 
showed the A,Bs system (7.88, 7.26 (If 1 and 7.84, 7.01 ( 1 g) ppm, .J = 9) characteristic of a 
4’-substituted tlavone. The presence of a Shydroxyl group was shown by the presence of the 
three-proton singlet at 2.47 ppm in the acetate. and the presence of a methoxyl rather than a 
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hydroxyl group at C-7 was strongly indicated by the fact that the proton at C-8, a sharp 
one-proton singlet, was not shifted downfield upon acetylation as was observed in the case 
of the 7-hydroxy compound la. The presence of the 4’-hydroxyl group was indicated by 
the shift of the long-wavelength U.V. absorption maximum of le from 336 run (log e 448) in 
ethanol to 392 mn (log B 456) in ethanolic alkali. These observations indicated that flavone 
le was 4’,5dihydroxy-6,7-dimethoxy!lavone, which is a compound (cimmmritin) that occurs 
as the 4’glucoside (cirsimarin) in Cirsium maritimum. Direct comparison of le with a 
specimen of cirsimaritinlg showed their identity. 

Chromatography (silica gel) of the residual solution from which le had separated resulted 
in the isolation of naringenin (4a). Although the flavonone showed a single spot on TLC 
and gave the correct melting point and elemental analysis, its mass spectrum showed the 
presence of a small amount of contaminant with m/e= 302 besides the principal molecular 
ion at m/e=272. This compound was later recognized as homoeriodiiyol. 

In a separate extraction of the plant material with benzene the extract upon evaporation 
deposited crystalline le. Manipulation of the residual oily solution by water extraction and 
ether extraction of the aqueous phase resulted in the isolation of eriodictyol (4d). The 
eriodictyol was contaminated with a persistent impurity which showed up as a faint accom- 
panying spot on TLC and as a minor peak at m/e= 302 in the mass spectrum of the eriodictyol 
(mol. ion 288). The contaminant could not be isolated in the pure state, but was identified 
as homoeriodictyol (m.w. 302) by TLC comparison with an authentic specimen. The 
co-occurrence of eriodictyol and homoeriodictyol has been observed before.2o 

The fact that the Digit& Zmatu Ilavone (1 a), cirsimaritin (1 e) and homoeriodictyol have 
been found for the first time in H. viscosum despite the long history of investigations upon 
the plant may be attributable to the fact that the plant used in this investigation was the 
native Australian species, probably an earlier form from which the European plant, widely 
cultivated as an 0 rnamental, has developed by cultivation and selection. Intraspecific 
variation in plants, as refkcted in their chemical constitution, is now well known, and the 
difference between the native H. whmum var. bracteatm DC. (formerly referred to as H. 
bracteuttun (Willd) DC.21) and the European cultivars is but another example of the existence 
of “chemovars” within a species. 

EXPERIMENTAL** 

Extraction ofpht materiaf. Ground whole plant (1 kg) was exhaustively extra&d (Soxhlet) successively 
with hexane (A), ether (B) arid chloroform (C). The residual mam gave no color tests for flavouoid compounds 
and was discarded. 

#‘,.5,7-7’&v+oxy-Y,6&methox~vone (la). The hexaue extract (A) was coucemmtedto25omland 
cooled, when 500 mg of a yellow, crystalliue solid separated. This was found (by TLC) to be a mixture, and 
was s~b&cted to chromatography over silii gel. U (9: 1) eluted a fraction from which ilavoue le 
(see below) was isolated, but other fractks were still mixtures. hrification of fractious rich iu la by 
preparative TLC resulted iu the isolation of the pure flavoue, m.p. 259-W (reported,” m.p. 227-2280). 
The compouud could advamageously be purified by prcpariug the acetate from crude material, purifying 
this by recrystallixatiou, and hydrolyxiug it with cont. HCl to regeuerate the flavone. (Calc. for Ci,H,,O,: 
C, 6183; H, 425; Found: C, 62.17; H, 4.630/. 

19 We are grateful to Professor IC. Fukui for a spechneu of the flavoufz. 
ZJI T. A. G~I~WAN, J. Am. Chem. Sot. 62,3258 (1949). 
21 N. T. Buruun~e and M. GRAY, 77re Plants of the Australian Copitd Territory. Divisiou of Plaut Iudustry, 

c.s.LR.o., Cauberra (1%3). 
22 Melting points were measured iu capiky tubes iu a Swissco mehiug-point apparatus aud are corrected. 

Thin_layer chromatograms (TLC) were prepared with Merck silica gel G, dev&pcd with chloroform: 
methatml,5:1. TheNMRspectrawere~~withaVrrrianAdOins~twiththeuseoftetra- 
methylsilaue as au internal standard. 
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.dcetute of 1~ (lb). Acetylation of 250 rug of the flavone la with acetrc anhydridc-pyridine yielded the 
triacetate, colorless needles from ethyl acetate-hexanc, m.p. 217. (reported.Jr m.p. 220’). (Calc. for 
Cs~Hz,,Olo: C, 6052; H. 4.42. Found: C. 6060; H. 4.28 “;,J. The NMR spectrum of I h showed the expected 
features (Table 2). 

Trimethylether of In (10. Mcthylation of 150 my of the flavone lawith 3.5ml of methyl lodrdeand4.5 g 
of dry K-CO3 in 140 ml of acetone (rrflux) yielded 110 mg of the trimethyl ether. colorless cubes from 
chloroform-ether-hexane. m.p. 174-l 75’ (reported’ r. 23 m.p. 17S-l7Y ‘J. (Calc. fat C:,,HzoO:: C, 64.51: 
H. 5.41; Found: C, 64.61: H. 5.38”.). 

Tricthyl ether of lu (id). The Ravone was cthylated with ethyl iodide substantially as described for the 
mcthylatron. 150 mg of flavone yielding 120 mg of the tnethyl ether, pale yellow cubes from cthyi acetate- 
hexane. m.p. 173- 174. (rmxed m.p. with a specimen prepared from the DigituiiA bnut~r llabonc J 1 l72- I74 J.2’ 
(Calc. for CzJHz60y: C, 66.65: H. 6.32; Found: C. 66.62: H. 6.29”,). 

4.6-Dietha.uy-2-/~ydro.~~~5-met/ro~yucerop/~enonc~ (2). A mixture of 800 mg of 4.6diethoxy-2.5-dlhy- 
droxy acctophenone.’ t#rX 500 mg of dtmethyl sulfate, 2 g of anhydrous KzC’OX and 20 ml of acetone were 
refluved for 8 hrs. The filtered solutron was concentrated lo give a yellow oil I 700 mgj which crystalhzed on 
standing at 5 . Recrystallizattnn from light pctrolcum gave colorless prrsms. nip. 65-665 ’ This compound 
was previously obtamed as an orlrr. I’ and was characterized as the crystalline p-mtrobenroate. (Calc. for 
C,3H180.c: C. 61.42; H. 7.08; Found: c’, 61 50: H. 7.3OO.J. 

4,4’,6’-Trret/~o,uy-1’-h~~r~~.~y-3.5’-dirnet/~c~.u.~chu/cone f3u). A mixture of 2.5 g of 4.6dietho\>&hydroky-5- 
mcthoxyacetophenone (I?), IS g of 4-cthouy-3-methouybenzaldehyde and 5 ml of 50”, cthanolic NaOH was 
heated on a water bath for I hr and poured into drl HCI. The product was recrystallized from methanol a\ 
oran&- needles. m.p. 140-142 . (Calc. for C:JH2JOr. C. 66.33: H. 6.78: Found. C, 6640: H. 6S6”,). 

4’,5,7-Triethoxy-3’.6-dimethoxyf7uvone (Id). A miriture of 1 g of the chalconc 3a. I g of Se02 and 15 ml 
of n-amyl alcohol was rcfluxed for I6 hrs. The Se was filtered and the amyl alcohol removed by steam 
distihatton. The residue was recrystallized from acetone-methanol as yellow prism\, m.p. 172 I74 . mixed 
m p. with Id prepared from la. 173-174 . (Calc. for C:IH~,O-’ C, 66.65. H. 6.32. Found. C’. 66.82; H. 
6.44 “.J. 

4’.5-Dih.~roxy-6.7-dimethoxy~a~,ofle (I a). The ether extract (BJ of the hcxanae\tracted plant was 
concentrated to 350 ml and cooled, 550 mg of flavonc le fcrrsimaritin) was deposited. Crystallized from 
methanol. the compound formed yellow flakes. m.p. 263-265 ; mixed with a specimen of cirstmaritm.” the 
m.p. was 263-265”. (Calc. for C1,HIJOh: C. 64.96; H. 4.49; Found: C. 65.18; H. $55”,J. 

Cwsrrnarititt diucetute (If,. Acetylation of le with acetrc anhydride-pyridme gave the colorless acetate, 
needles from ethyl acetate-hexane, m.p. 202-203’. (Calc. for CzIHlffOb: C, 63.31. H. 4.55; Found: C. 63 41. 
H, 4.48 ““J. 

Cwsivzuritin dimethyl ether (scutellurein tetrumethyl ether) (1~). Methylation of cirsimaritin with met hy I 
iodide-K2C03 in acetone yielded the fully methylated flavone; colorless flakes from chloroform-ether-hexane. 
m.p. 162’ (reported*‘* 13 m.p. 161- 162’ j. (Calc. for Cl~HJHOh: C, 6666: H. 5.30: Found: C. 66.82. H. 5440,j. 

Nuringenin (4~). After the separatton of the flavone le from the ether extract. the residual solutton was 
diluted with ether and the solution washed wtth dilute alkali to remove all of the phenohc matcrral. After 
recovery of the acidic pigments the crude mixture was chromatographcd on silica gel. Naringenin was found 
in benzene and benzcnscther (50: Ij eluates (later fractions afforded additional amounts of the flavones la 
and I b). Recrystallized from aqueous methanol, naringenin had m.p. 250-251 (reported’6 m.p. 250-251’) 
and showed no depression in m.p. when mixed with an authentic specimen. (Calc. for C15HIOs: C. 66.17. 
H, 444; Found: C. 6632; H. 4 58”;). The naringenin was further characterized by the preparatron of its 
diacetate (4b). m.p. 142’ (reported’” m.p. 140-143-j. and its 4’.7-dimethyl ether (Cj (with diazomethane). 
m.p. I20 (reportedsr m.p. 118-I 19 ‘J. 

Additmnal amounts of la. le and 4a were obtained by appropriate manipulation of the chloroform 
extract (CJ of the ether-extracted plant material. 

Errodictyol(4d). A benzene extract of the plant material was allowed to evaporate. in the course of which 
flavone Ie separated. The oily residue was dissolved in ether (when more le was deposited) and the ether 
solution washed thoroughly with water. Extraction of the clarified aqueous phase with ether yielded 200 mg 
of eriodrctyol (4dJ. needles from aqueous methanol. m.p. 264-265” (reported’” m.p. 265-266~). The TLC 
of the compound showed a spot of minor intensity that corresponded with that grven by homoeriodictyol 
when a direct comparison was ma&. (Calc. for CJ;HIzO,: C. 62.50; H, 4.17: Found. C. 62 55: H. 4.43”“). 

23 A. OLIV~RIO. G. B. MARINI-BFT~~x~ and G. BARGELLINI, Gucz. Chitn. Ital. 78, 363 (1348). 
2’ Them p. of Id was reported as 165-168 .I’ but the m.p. of the spccimcn provided by Professor Whahey 

could be raised to 173’ by repeated recrystallizatton. 
2.5 Although the reported13 melting point ofctrstmaritm is 257-258”. the compound from Ciryium marttitnu/fr 

melted in our hands at 262-264 . 
2o Dictioncrryof Owanic Cor~~tirmdu(Edited by G. HARRIY, J. R. A. P~~LL~CK and R. STELEXP). Vol. 4. p. 2.41 1. 

Oxford University Press. New York ( 1965). 
11 F. E. Krso. M F. GRINDOK cind K. G. Nru L. J. C&VI. Sot. 4580 (1952). 



Constituents of Helkhrysum viscosum var. bracteatum DC. 1581 

The eriodictyol was further chamcterixed as the tetraacetate (4e), m-p. 140” (reported20 m.p. 136-137”). 
(Calc. for Cs3HaOrs: C, 60-52; H, 4.42; Found: C, 6865; H, 454%). The mass spectrum of 4d showed 
a small peak at m/e= 302, corresponding with the molecular ion of homoeriodictyol(4f). besides the principal 
molecular ion peak of eriodictyol at m/e= 288. 

Chalcones (3b-3e) and Ffavones (lh and li). By use of the general method exempli6ed in the preparation, 
as described above, of 3a and Id, the new chalcones and 8avones shown in Table 3 were prepared. 
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