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OF 

Abstract-Partial synthesis has shown that a degradation product of ichthynone is the salicylic acid 
(Vc): this establishes the constitution (11) for ichthynone. 

THE preceding paper1 describes the evidence leading to the derivation of the partial 
formula (I) for ichthynone and since all the known2 isoflavones and related isoflavo- 
noids are oxygenated in position 7, structures II or III were strongly preferred for 
ichthynone on biogenetic grounds. However, further evidence was required to 
distinguish between these structural possibilities. 
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lr .nI 

Of the two biogenetically acceptable structures II and III considered for ichthy- 
none, the structure II was favoured on two grounds.’ The dimethoxychroman, 
C1lHI,,O(OMe)l,, obtained by the degradation of ichthynone, was not identical with 
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7,8-dimethoxy-2,2dimethyIchromanIV. This clearly excluded structure III, whereas 
the observation that the UV spectrum of the dimethoxychroman, GH,,O(OMe), 
corresponded to a 1,2+trioxygenated benzene chromophore indicated that ichthynone 
probably had the structure II. If this structural assignment were correct, then it 
followed that the salicylic acid, C,,H,O,(OMe), obtained1 from dihydroichthynone 
(cf. II), would have the structure Vc. This acid was characterized as its methyl ester 
and this methyl ester (Vd) has now been unambiguously synthesized and shown to 
be identical with the degradation product of dihydro-ichthynone. This establishes the 
constitution of ichthynone as the isoflavone (II). 

R, .-+> 9. 

“c02R’ 

PO R=R’=H 

YPb R=OH; d=H 

Xc R=OMe; ti=H 

Sd R=OMc: d=Mc 

HO 

YIo R=H 

TIb R4s,C=CH-CH, 

Our initial approaches to the salicylic acid (Vc) involved the synthesis of the 
coumarin (VII). Reaction3 of 6-methoxy-7-hydroxy-4-methylcoumarir+ (Via) with 
yy-dimethylallyl bromide6 gave the 8-yy-dimethylallyl derivative (VIb) which, by an 
acid-catalysed cyclization, gave the required coumarin (VII). A number of attempts 
was made to hydrolyse this coumarin (VII) with alkali, but even under conditions 
which were successful6 with closeIy related compounds, the coumarin (VII) was re- 
covered unchanged. Its stability to alkali recalls similar observations7 which have 
been made with other 7-alkoxyIated coumarins; it is probably associated with the 
easy cyclization of the corresponding o-hydroxycinnamic acids. In order to try to 
circumvent this difficuhy, various attempts were made to oxidize the coumarin (VII) 

a F. A. L. Anet, G. K. Hughes and E. Ritchie, AusfruI. J. Sci. Res. 2,408 (1949). 
‘ L. Velluz and G. Amiard, Bull. Sot. Chim., Fr. 15, 1109 (1948). 
’ H. Staudinger, W. Kreis and W. Schilt, HeIu. Chim. Acta 5, 750 (1962). 
a Organic Syntheses Coll. Vol. III; p. 281. Wiley, New York, (1955). 
‘I S. Wawzonek, Heterocyclic Compounds (Edited by R. C. Eldderfield), Vol2; p. 210. Wiley, New 

York, (1951); D. 3. Limaye and K. M. Kulkarni, Rasayonam 1, 208 (1941); Chem. Abstr. 36, 
1033 (1942). 
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directly to the salicylic acid (Vc) with alkaline hydrogen peroxide, but these were 
unsuccessful. 

An alternative approach was then considered involving nuclearp-hydroxylation of 
/?-dihydrotubaic acid (Va) by the Elbs alkaline persulphate method! /?-Dihydrotubaic 
acid (Va) has been prepared9 by the following route. Catalytic hydrogenation of 
rotenone (VIII) yields rotenonic acid’* (IXa) which, by acid catalysed cyclintion, 
gives &dihydrorotenoneQ (X). Alkaline cleavage of p-dihydrorotenone (X) gives 
#?-dihydrotubaic acid (Va). 

no R=H 

JXb R=Me 

X 

Elbs persulphate oxidation l1 of @-dihydrotubaic acid (Va) gave the acid (Vb) which 
was partially methylated with dimethyl sulphate and potassium carbonate in refluxing 
benzene to give the methyl ester (Vd). This substance (Vd) was identical with the 
methyl ester of the salicylic acid, (&H,O,(OMe), obtained1 from ichthynone, thus 
establishing the structure of ichthynone as II. 

Certain other aspects of this work may now be considered. The formation of 
rotenonic acid* (IXa) from rotenone (VIII) involves the hydrogenolysis of an allylic 
ether and it has been assumedlo that this is associated with migration of the olefinic 

l This name is generally used for this compound although its acidity is due to the phydroxy- 
carbonyl grouping.‘* 
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the yy_dimethyla’flyl group when it is bonded to an aromatic ring, the NMR spectra 
of ratenonic acid (IXa) and its methyl ether were det smined. Some features of the 
NMR spectra of rstenone and rote&Cc acid have been reported previously16 and 
are intruded in the Table as rn~d~l~. 

The NMR spectra recorded in the Table are in full accord with their indicated 
structures. These spectra also show a common complex pattern (7 51-6*5), not 
indicated in the Table, due to the four protons in positions 6, 6%, and l&, which 

1e 

by bond migratiorP 
urine the early stages of the investigation of the structure ~f~e~th~n~n~~ its UV 

(XIa) was synthesized as a model. This isoflavone is not known as a natur 
duct,2 although its 6-methyl ether, afromoti (XIb), occurs naturally?s17 7%~ UV 
spectra af several related is~flav~n~s are summarized below. 

mo R=R’=H 

Xlb Ffddc, R’=H 
XIc R=R’=Ma 

6,7~~i~ydroxy~~- 
methoxyisoflavone (XIa) 

AframQsin (XIb)*B 
6,7,4’~T~methoxy= 

231 (24,550) 258 (33,llQ) 326 

258 (23,440) 320 
261 (50,120) 320 

232 (33, 262 
331 
345 

~ihydro~chthyn~~~ 233 sh (24,400) 256sh (15,700) 312 
(cf. II)” 

J~rn~~jn (cf. II; 
6-cMVIe = 6-H)‘@ 232 (3% sQQ> 263 (34,700) 306 

MA QQQ) 
(19,950) 

(14. SQQ9 

It may be noted that the isoflavones (XIa, XIb, XIc) and ichthynone (II) a11 exhibit 
high intensity abs~~tiQn in the 320-340 rnp region which is not usually regarded as 

I8 W. CL Dauben and P. D. Hzmctlr, J. Amr. Ckm.. 5uc 77,2451 (1955); W, G. Dauben, J. S, 
Paul Schwarz, W. K. Hayes and P. D. Hance, Ibid, 82,2239 (1960). 

lo B. em, Sue. 177 (1960). 
lb L. 
I4 T. f 1960). 
I1 J 
l* J: 

C~~~~ z&M1 (1963)* 
6); A, L. Kapoop, A. Aebi and J. 

H&v, Chim. Acta 40, 1574 (1957); 0. A. Stamm, H. Schmid and J. Bikhi, Ibid. 1,2006 (1958). 
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being typical of compounds of the isoflavone type.aJg The unusual chromophoric 
characteristics of some of these compounds has been attributed” to their 2,4,5-oxy- 
genation pattern of ring A and a similar comment has been made17 concerning the 
atypical UV spectrum of 6,7,3’,4’-tetrahydroxyflavanone.20 The UV spectrum of 
ichthynone in the 300-350 m,u region is certainly unusual for an isoflavone, but it is 
doubtful if this shouId be associated solely with the 2,4,5oxygenation of its ring A. 
The isoflavones osajin and pomiferin have a different ring A oxygenation pattern from 
that of ichthynone, yet they still show long wavelength absorption.“r In this connec- 
tion it is probably relevant that ichthynone, osajin and pomiferin all have a chromene 
system conjugated with ring A. When the chromene double bond is reduced as in 
dihydroichthynone, then its UV spectrum is more like that of the model isoflavones 
(XIa, XIb, and XIc). However, it should be noted that the differences between the 
UV spectra of ichthynone and dihydroichthynone are much greater than the differ- 
ences between jamaicin and dihydrojamaicin. It is clear that conjugation involving 
chromene double bonds may be associated with unexpectedly large bathochromic 
shifts and that comparison of the corresponding chromans with models may be more 
directly informative in such cases. 

EXPERIMENTAL 
M.ps are uncorrected. 
8-(W-Dimethykrllyl)7-hydruxy-~~et~x~~thy~c~~r~ (VIb). A solution of NaOH (300 mg) 

in water (2 ml) was added at 0” to a vigorously stirred solution of I-hydroxy-6_methoxy4methyl- 
coumarS (1 g) in acetone (25 ml). After 20 min the yellow precipitate was collected, dried over 
phosphoric anhydride (24 hr), then suspended in anhydrous benzene (25 ml), and heated under reflux 
with yy-dimethylallyl bromide (3 ml). The benzene was removed under diminished press. and the 
residue was treated with dil. acid and extracted with chloroform. This extract after washing with 
2N NaOH yielded 8-(;y_dimet7-~~~~~~-~~~~u~~~e~~~~c~~~~~j~ (620 mg, 47 O/d as 
colourless needles, m.p. 179-180” from ethanol, Ymax (nujol) 3320, 1718, and 1618 cm-*, R,, 
(ethanol) 216 rnp (E l&970), 232 rnp (E 15,320), 300 rnp sh (E 4,610), 344 rnp (E 12,460). (Found: C, 
70.27; H, 6.86. C,,H,,O, requires: C, 70.05; H, 6*61”&. 

7,8-(2’,2’-DimethyZchrumano~6_mf~x~m~thylcoum (VII). A solution of 8-(W-dimethyl- 
allyl)-7-hydroxy-6-methoxy4methylcoumarin (100 mg) in glacial acetic acid (5 ml) and cont. HCl 
(O-25 ml) was heated under reflux for 3 hr and the residue obtained by evaporation under diminished 
press. crystallized from aqueous ethanol giving 7,8-(2’,2’&nethylchrumanu)-dmdhoxy-4-methyl- 
cuumarin (82 mg ; 82%) as pale yellow prisms, m.p. 201-202”. vmax (nujol) 1710 and 1610 cm-l, 
A,,, (ethanol) 212 rryl (E 29,450), 231 m,~ (E 16,970), 310 w sh (6 3,770), 347 rnp (E 10,960). (Found: 
C, 70.24; H, 6.64. CIBHIIOI requires: C, 70.05; H, 6.61%). 

Rotenonic acid methyl ether (IXb). Dimethyl sulphate (4 ml) was added during 1 hr to a vigorously 
stirred mixture of rotenonic acid (IXa; 14 g), anhydrous potassium carbonate (40 g), and acetone 
(100 ml) which was heated under rellux. After a further 2 hr, the mixture was cooled, water (500 ml) 
was added, and chloroform extraction yielded a product (13.46 g) which was chromatographed on 
silica using benzene as solvent. This yielded rotenonic acid methyl ether (7 g) as colourless prisms, 
m.p. 142”. from methanol. (Found: C, 70.6; H, 6.6; OMe, 21.5. C,,H,,OI(OMe), requires: C, 
70.2; H, 6.3; OMe, 22.7”%). 

5,8-Dihydruxp2,2-dimethylchruman-6rbuxylic acid (Vb). #?-Dihydrotubaic acid, m.p. 175-l 76”, 
yrnax (nujol) 3195, 1665, 1629 cm-l, A m.x (ethanol) 263 v (E 14,650), 297 m 015,180) was prepared 
from &dihydrorotenone (X) uiu rotenonic acid (IXa) as described by HalIer.* 

A solution of potassium persulphate (950 mg) in water (15 ml) was added during 4 hr at 10” to a 
stirred solution of p-dihydrotubaic acid (Va; 800 mg) in 8% NaOH aq. (10 ml), After a further 

l* L. Jurd, 7%e Chemistry ufl%zvunuid Cumpozd.s, (Edited by T. A. Geissman) p. 107. Pergamon, 
Oxford (1961). 

m J. B. Harbome and T. A. Geissman, J. Amer. Chem. Sot. 78,829 (1956). 
I1 Ref. 2c, p. 367. 
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24 hr at room temp, the mixture was neutralized with dil. HCI and extracted with ether. Cont. 
HCl(6 ml) and Na,SO, (1 g) were added to the aqueous phase and after heating (100”) for 30 min, 
cooling and ether extraction yielded a crystalline product (240 mg). Recrystallization from aqueous 
ethanol gave 5,8-dihydroxy-2,2-dimethylchromun-6-curboxylic acid (160 mg; 19 %) as colourless 
needles, m.p. 179”; it gave a green-brown coloration with ethanolic ferric chloride, vrnax (nujol) 
3535, 3498, -3210, 1668, and 1628 cm-l, A m&X (ethanol) 213 rnp(E 18,9OO), 225 rnp sh (E 12,160), 
267 rnp (E 9,095), 323 rnp (E 5,380). (Found: C, 60-32; H, 6.14. ClnHIdOJ requires: C, 60.50; 
H, 5.92%). 

6-Curbo~~haxy-5-hydroxy-8-methoxy-2,2-dimerhylchramon (Vd). A mixture of 5,8dihydroxy- 
2,2dimethylchroman+car~xylic acid (130 mg), anhydrous potassium carbonate (500 mg), dimethyl 
sulphate (0.11 ml), and anhydrous benzene (5 ml) was heated under reflux for 4 hr, cooled, ether 
added, and the solid removed. The filtrate yielded a solid which was recrystallized from light pet- 
roleum (b.p. 40-60”) giving 6-curbomethoxy-5-bydroxy-8-methoxy-2,2-di~thy~chru~u~ (42 mg; 28 %) 
as colourless prisms, m.p. 111”; it gave intense blue-green coloration with ethanolic ferric chloride, 
Ymax (chloroform) -3200, 1665, 1628 cm-l, Ima, (ethanol) 213 rnp (E 21,580), 230 rnp sh (E 14,520), 
270 rnp (E 13,430), 320 rnp (E 6,950). (Found: C, 63.33; H, 6.87; OMe, 22.62. Calc. for C,,H,,O, 
(OMe)%: C, 63.14; H, 6.81; OMe, 23.31%). 

This ester was identical (mixed m.p., IR and NMR spectra) with one of the degradation products 
of dihydroichthynone (see preceding paper). 

4-Methuxybenzenyl-2,4,5-trihydroxyphenyl ketone. 1,2,4_Trihydroxybenzene (13.0 g), p-methoxy- 
benzyl cyanide (15-2 g), and powdered zinc chloride (15.0 g) were suspended in anhydrous ether and 
saturated with hydrogen chloride at 0” for 5 hr. The mixture was stored at 0” for 1 week, and then 
the supematant liquid was decanted from the heavy red oil which had separated. This oil was washed 
with dry ether (2 x 250 ml), then water (450 ml) and cont. HCI (10 ml) were added and the mixture 
heated (2 hr) on a steam bath under a Nx atmosphere. After cooling, the crystalline product was 
collected and recrystallized from aqueous ethanol giving 4-methoxybenzyl-2,4,5-trihydroxyphenyl 
ketone (10.3 g; 36%) as straw-coloured needles, m-p. 181*5-182*5”, Ymax (nujol) -3300 and 1650 
cm-‘, Amax (ethanol) 219 p (E 20,420), 244 rnp (E 12,020), 283 rnlA (E 12,300), 354 rnp (E 7,940). 
(Found: C, 65.52; H, 5.24; OMe, 11.25. CI,H1,OI(OMe) requires: C, 65.75; H, 5-43; OMe, 
11.30%). 

Methylation of this ketone using dimethyl sulphate and potassium carbonate in acetone gave 
the known 4-methobenzyl-2,4,Nrimethoxyphenyl ketone, m.p. 87’16 (Found: C, 68.01; H, 6.39; 
OMe, 38.4. Calc. for CI,HsO(OMe),: C, 68.30; H, 640; OMe, 39.2%). 

2-Curbethoxy-6,7-dihydroxy-4’~methoxyiso$wone. Ethoxalyl chloride (16.0 g) was added drop- 
wise at 0” during 1 hr to a stirred solution of 4-methoxybenzyl-2,4,5,trihydroxyphenyl ketone (7.65 g) 
in anhydrous pyridine (60 ml). The mixture was stored at 0” for 60 hr, poured into water, and ex- 
tracted with chloroform. Thisextract, after shaking with 2N HCI,yielded2_carbethoxy-6,7dihydroxy- 
4’methoxyisoflavone (9.48 g; 90%) as pale yellow prisms, m.p. 237-238”, from aqueous methanol, 
I,,,*, (ethanol) 215 rnp (E 12,590), 240 rnp (E 9,120), 341 m/A (E 38,000). (Found: C, 63.82; H, 4.63. 
CISH1,,07 requires: C, 64.0; H, 4.50%). 

6,7-Dihydroxy-4’-methaxyisopovo~ (XIa). The preceding ester (7.79 g) was dissolved in acetone 
(100 ml), water (1500 ml), and 2N NaOH (75 ml), and after standing at room temp under a N, 
atmosphere for 12 hr, 2N HsSOp was added and the precipitated acid (6.31 g; 88 %) collected. 

This acid (2-O g) was decarboxylated in portions (25 mg) by heating it in small ignition tubes in a 
Wood’s metal bath (280-285”) for 2.5 min. The tubes were then extracted with hot ethanol and con- 
centration followed by recrystallization from ethanol gave 6,7-dihydruxy-4’~methoxyi.so@mre (1.30 
g; 78%) as pale brown prisms, m.p. 291*5-192.5” (dec), Yma, (nujol) 3505, 3150, and 1632 cm-’ 
1 mrx (ethanol) 231 rnp (E 24,550), 258 rnp (E 33,l lo), 326 rnp (c 13,490). (Found: C, 67.47; H, 4.23; 
OMe, 10.94. CI,H,O,(OMe) requires: C, 67.75; H, 4.39; OMe, 10*91”/,). 

Methylation of this isoflavone gave the known 6,7,4’-trimethoxy-isoflavone, m.p. 174-175”.16 


