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mstrogenic Activity of Some Derivatives of isoFlaven and 
isoPlavano1. 

By W. LAWSON. 
[Reprint Order No. 5634.1 

Some new alkyl and phenyl derivatives of isoflaven and isoflavanol are 
described. 4-Ethyl-7 : 4’-dimethoxy-2-methylisoflav-3-en, which has the 
carbon skeleton of stilbcestrol dimethyl ether has estrogenic activity of the 
same order, and 7 : 4’-dirnethoxy-4-phenylisoflavan-4-01 is also highly 
active. 

THE study of the estrogenic properties of isoflavones and their derivatives was initiated 
by Bradbury and White (J., 1951, 3447), who isolated genistein (5 : 7 : 4‘-trihydroxyiso- 
flavone) from a subterranean clover which had been found to be responsible for a sudden 
outbreak of infertility in sheep in Western Australia. They subsequently described (J., 
1953, 871) the properties of several 2-alkylisoflavones and certain 2- and 4-alkylisoflavens. 
They found that in 7 : 4’-dimethoxyisoflav-3-en, itself inactive, introduction of a 4-methyl 
group conferred activity, whilst the 2-methyl and 4-ethyl compounds were five times as 
potent as the 4-methyl compound. 

The 4-ethyl-2-methyl compound (I), which has the same carbon skeleton as stilbcestrol 
dimethyl ether, has now been synthesised, and found to have estrogenic activity of 

CH, (11) 

the same order as that of stilbestrol dimethyl ether (11). Unfortunately, no method has 
been found for demethylation of this compound without disruption of the molecule. 
Investigation of the other alkyl derivatives has been prevented by the very low yield 
(5-8%) of isoflavanone obtained when hydrogenating 2-alkyl-methoxyisoflavones, most 
of the products being oily inseparable mixtures. These 2-alkyl-methoxyisoflavones with 
alkyl- or aryl-magnesium halides gave only inseparable mixtures from which no crystalline 
compound has, as yet, been isolated, whereas the methoxyisoflavoiies react in the normal 
manner. 

In view of the action of certain derivatives of triphenylcthylene (Schonberg, Robson, 
Tadros, and Fahim, J., 1940, 1327) syntheses of a number of phenyl derivatives of iso- 
flavanol and isoflaven were begun. Whilst this work was in progress Bradbury (Austral. 
J .  Chern., 1953, 6, 447) described 7 : 4‘-dimethoxy- and 5 : 7 : 4’-trimethoxy-4-phenyl- 
isoflav-3-en and their estrogenic activity in mice. These compounds were prepared, 
with others, and their activity, as determined in this Institute by the method of Allan, 
Dickens, and Dodds (J .  Physiol., 1930, 68, 348) using ovariectomised rats,.proved to be 
much less than that of the isoflavanols from which they are derived. 7 : 4’-Dimethoxy- 
4-phenylisoflavan-4-01 has activity approaching that of stilbestrol dimethyl ether, but 
introduction of a third methaxyl group in the 5-position reduces this to one-hundredth. 
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The following Table shows the results of biological tests on these substances compared 
with tests on free isoflavones and on stilbcestrol and its dimethyl ether. (The tests were 
carried out on the crystalline racemates of unknown configuration isolated from the 
mixtures of possible stereoisomeric forms resulting from the Grignard reaction.) 

Compound (Estrogenic activity : 
isoFlavones. 
.......................................... 50 

..................... 80 

active at mg. per rat inactive at mg. per rat 
7 : 4’-Dihydroxy - 

7-Glucosidyloxy-5 : 4‘-dihydroxy 1 - ........................... ......... - 5 : 7 : 4’-Trihydroxy .- 50 

is0 Flavan-4-01s. 
7 : 4’-Dimethoxy-2 : 4-diethyl ........................... 
7 : 4’-Dimethoxy-4-phenyl .............................. 0-03 
5 : 7 : 4’-Trimethoxy-2 : 4-diethyl 
5 : 7 : 4’-Trimethoxy-4-phenyl ........................... 
5 : 7 : 4’-Trimethoxy-2-methyl-4-phenyl 
6 : 7 : 4’-Trimethoxy-2 : 4-diphenyl 

- 
- ..................... 

3-0 - ............ - .................. 

10 

10 

2 
10 

- 
- 

isoFlav-3-ens. 
20 - 7 : 4’-Dimethoxy-4-methy12 ........................... 

7 : 4’-Dimethoxy-4-ethyl 2 .............................. 1.0 
7 : 4’-Dimethoxy-4-pheny13 .............................. 1.0 
7 : 4’-Dimethoxy-4-ethyl-2-methyl ..................... 0.02 
5 : 7 : 4’-Trimethoxy-4-ethyl ........................... - 
5 : 7 : 4’-Trimethoxy-4-phenyl3 ........................ 10.0 
Stilbcestrol ................................................... 0.0004 
Stilbcestrol dimethyl ether .............................. 0.020 

- 
- 
- 
10 - 
c 

- 
1 ZemplCn and Farkas, Ber., 1943, 76, 1110. 2 Bradbury and White, loc. cit . ,  1953. 3 Bradbury, 

loc. c i t .  

EXPERIMENTAL 
Prepurntion of isoFZavanoZs and isoFZavens.-The isoflavone or isoflavanone was added in 

portions to ethereal ethyl- or phenyl-magnesium bromide (4 mols.). After addition of dry 
benzene, the ether was removed by distillation and the benzene solution boiled 6 hr. After 
being shaken with ice-cold 10% hydrochloric acid, the benzene layer was washed successively 
with water, 10% aqueous sodium hydroxide, and water, dried, and evaporated. The residue 
was crystallised from ethanol. 

7 : 4’-Dimethoxy-2-methylisoflavanone (Bradbury and White, J .  , 1953, 874) gave 4-ethyl- 
7 : 4’-dimethoxy-2-methyZisofEav-3-en, needles, m. p. 104-105” (Found : C, 77.5 ; H, 6.9. 
CmH2203 requires C, 77.4; H, 7.1%). 

7 : 4’-Dimethoxyisoflavone gave 2 : 4-diethyl-7 : 4’-dimethoxyisoflavan-4-oZ. The fraction 
distilling a t  210-216”/0.25 mm. crystallised in prisms, m. p. 46-47’ (Found : C, 73.4; H, 
7-8. 

Genistein trimethyl ether gave 2 : 4-diethyl-5 : 7 : 4’-trimethoxyisoflavan-4-oZ, prisms, m. p. 
80’ (Found : C, 71.0; H, 7.5. Attempts to dehydrate 
this compound at 200’ in vacuo, or by prolonged boiling in acetic acid solution were unsuccessful. 
Boiling with acetic anhydride produced the acetate, plates, m. p. 109-110” (Found : C, 69.5; 
H, 7-4. C2IH3,O, requires C, 69-5; H, 7.3%). 

Genistein trimethyl ether with phenylmagnesium bromide gave 5 : 7 : 4’-trimethoxy-2 : 4- 
di~henyZisoflavan-4-oZJ prisms (from ethanol-ethyl acetate), m. p. 172-173’ (Found : C, 76-7 ; 
H, 5.75. C30H2s05 requires C, 76-9; H, 6.0%) [acetate, m. p. 142-143’ (Found : C, 75.0; 
H, 6-1. C32H3006 requires C, 75-3; H, 5-9%)]. 

From 5 : 7 : 4’-trimethoxyisoflavanone (Bradbury and White, Zoc. cit., 1953) were obtained 
4-ethyl-5 : 7 : 4’-trimethoxyisoflav-3-en, m. p. 107-107.5° (Found : C, 73-6; H, 7.1. C2,HZ2O, 
requires C, 73-6 ; H, 7-1y0), and 5 : 7 : 4’-trimethoxy-4-phenyZisofE~van-4-oZJ needles (from 
ethanol-ethyl acetate), m. p. 168” (Found : C, 73.1 ; H, 6.1. C2,H2,0, requires C, 73.46; H, 
6.2%). This isoflavanol was unchanged after being heated a t  250°/0.1 mm. for 30 min. but 
was dehydrated by boiling acetic acid in 1 hr. The product, crystallised from alcohol, had 
m. p. 157’ as Bradbury’s 5 : 7 : 4’-trimethoxy-4-phenylisoflav-3-en (Found : C, 77-2; H, 5.9. 
Calc. for C2,H2,0, : C, 77-0; H, 5.9%). 

7 : 4’-Dimethoxy-4-~hen~Ziso~~vun-4-oZ.-Bradbu~’s method for preparation of the corre- 
sponding isoflaven was followed. The residue from evaporation of the benzene solution separated 
slowly from ethanol, giving the isoflavanol in prisms, m. p. 125-126’, after recrystallisation 

The following were prepared by this method : 

C2,H2,04 requires C, 73-6 ; H, 7.65%). 

C22H280, requires C, 70.9; H, 7.6%). 

7 F  
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from ethanol (Found : C, 76.4; H, 6-1. C,,H2,0, requires C, 76.2; H, 6.1%). The mother- 
liquor and washings were evaporated to small volume and slowly yielded colourless needles, 
m. p. 132-137", finally raised by crystallisation from ethanol-ethyl acetate to 138" (Bradbury 
gives 142'). This compound proved to be 7 : 4'-dimethoxy-4-phenylisoflav-3-en (Found : C, 
80.1 : H, 5.9. 

5 : 7 : 4'-Trimethoxy-2-methyZisoflnvanone.-5 : 7 : 4'-Trimethoxy-2-methylisoflavone (2.5 g.), 
platinum oxide (0.2 g.), and glacial acetic acid (100 ml.) were shaken with hydrogen for 0-5 hr., 
1.5 mols. being absorbed. The residue, after removal of catalyst and acetic acid, produced a 
small yield of crystals from ethanol; these on recrystallisation from the same solvent gave the 
isoflavanone as thin needles, m. p. 194-195' (Found : C, 69.6; H, 6.4. C,,H,,O, requires 
C, 69-5; H, 6.1%). 

5 : 7 : 4'-Trimethoxy-2-methyZ-4-~henyZiso~av-3-en was prepared by addition of 5 : 7 : 4'- 
trimethoxy-2-methylisoflavanone to ethereal phenylmagnesium bromide. The product, isolated 
in the usual manner, crystallised from ethanol in needles, m. p. 136-137" (Found : C, 73.3; 
H, 6.5. 

The author thanks Mrs. S. A. Simpson and Mr. H. E. H. Jones for biological tests on these 
compounds, Mr. M. C. Woodford for technical assistance in their preparation, and the Medical 
Research Council for support of this work. 

Calc. for C&2& : C, 80-2; H, 5.85y0). 

C2,H2,0, requires C, 73.9; H,  6.45%). 

COURTAULD INSTITUTE OF BIOCHEMISTRY, 
THE MIDDLESEX HOSPITAL, LONDON, W.l .  [Received, Augzsst loth, 1954.1 
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