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1200. Nuclear Methylated Diethylstilbastrols as Possible Ant i -  
Estrogens 

By EDWARD R. CLARK and STELLA R. O’DONNELL 

The syntheses of some nuclear methylated analogues of diethylstilbestrol, 
using substituted a-ethyldeoxyanisoins as key intermediates, are described. 
The synthetic procedure which was used yielded, initially, 3,4-diaryl-hex- 
2-enes, isomeric with the desired stilbenes. Conversion to the stilbene 
structure has been achieved by iodine equilibration. The structures of the 
hex-2-enes and stilbenes have been established by n.m.r. spectroscopy. 
Some of the compounds have been tested for estrogenic and anti-estrogenic 
activity. 3,4-bis-(3,5-dimethyl-4-hydroxyphenyl) hex-Qene (XIa) has been 
found to antagonise the normal vaginal response to 17p-cestradio1, when 
tested on mice. 

SIGNIFICANT anti-estrogenic activity has been reported in some members of the stilboestrol 
and butcestrol series, the most widely studied compound being dimethylstilbestrol 1-3 by 

C. W. Emmens and R. I. Cox, J .  Endocrinol., 1958, 17, 265. 
C. W. Emmens, R. I. Cox, and L. Martin, J .  Endocrinol., 1959, 18, 372. 

3 C, W. Emmens, R. I. Cox, and L. Martin, Recent Progr. Hormone Res., 1962, 18, 415. 
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Emmens and his collaborators. These workers suggest that their compounds are com- 
petitive inhibitors of estrogen, and act at a common site in the vagina. However, all the 
compounds which they investigated also possessed “ pro-estrogenic ” a ~ t i v i t y . ~  

The introduction of methyl groups at positions ortho to the phenolic hydroxyl groups in 
hexestrol and dience~trol,~ and also in the steroidal estrogens 697 has been found to reduce 
estrogenic activity. It appeared of interest, therefore, to synthesise analogues of diethyl- 
stilboestrol with methyl substituents adjacent to one or both of the phenolic hydroxyl 
groups (I a, b, and c). It was hoped that these compounds might possess zero or only very 
low estrogenic potencies whilst retaining the ability of the parent diethylstilbcestrol to 
occupy the “ receptor ” for estrogen in the vagina. 

H o b  C(Et)=-C(Et) d \ / OH 

RZ R4 

(Ia) R1 = R2 = R3 = R4 = Me 
(Ib) R’ = R2 = H, R3 = R4 = Me 
(Ic) R1 = R3 = Me, R2 = R4 = H 

The synthetic route used to obtain the desired compounds required the preparation 
of the appropriately substituted a-ethyldeoxyanisoins (VIII a, b, and c). Initially, 
experiments were directed towards the ethylation of 3,3’-dimethyldeoxyanisoin using ethyl 
iodide and sodium ethoxide, but almost quantitative yields of the starting material were 
recovered. Recourse was therefore made to the route adopted by Wilds and Biggerstaff,8 
who overcame a similar difficulty in the preparation of a-ethyldeoxyanisoin by using the 
Friedel-Crafts reaction between a-(4-methoxyphenyl)butyryl chloride (VII ; R1 = R2 = H) 
and anisole. This necessitated the preparation of a-(4-methoxyphenyl) butyryl chloride 
and its 3-methyl and 3,5-dimethyl homologues (VII; R1 = Me, R2 = H or R1 = R2 = Me) 
and their reaction with 2-methylanisole or ZJ6-dimethylanisole in the presence of aluminium 

R‘ R’ 

R ‘  \ R 3  

R’  

JI 
R ‘  

chloride. The a-arylbutyric acids required were prepared from the appropriately sub- 
stituted acetophenones (11), which were converted by means of the Kindler modification 
of the Willgerodt reaction to arylacetic acids (111). Ethylation in the a-position was 
achieved via the related malonates (IV) and (V). The general synthetic route is shown, 
and is analogous to that previously described by Clark and Linnell for the preparation of 
a- (4-methoxyphenyl) butyric aid. 

4 C. W. Emmens, J .  Endocrind; ,  1941. 2, 444. 
5 J. A.. Hogg and J. Korman, 
6 J. Iriate and H. J. Ringold, Tetrahedron, 1958, 3, 28. ’ T. L. Patton and L. Dmochowski, Arch. Biochem. Biophys., 1963, 101, 181. 

Medicinal Chemistry,” Wiley, New York, vol. 11, p. 34. 

A. L. Wilds and W. R. Biggerstaff, J .  Amer. Chem. Soc.. 1945, 67, 789. 
E. R. Clark and W. H. Linnell, J. Pharm. Pharmacol., 1949, 1, 211. 
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Reactions of the derived butyryl chlorides with either 2-methylanisole or 2,6-dimethyl- 
anisole in the presence of aluminium chloride proceeded satisfactorily to yield the required 
deoxyanisoins provided that sufficiently long reaction periods were used. Shorter reaction 
times led to contamination of the product with an impurity, presumably acid chloride 
(weak absorption peaks in the infrared spectrum at  1770 and 1745 cm.-l), which prevented 
crystallisation of the deoxyanisoin. Removal of all traces of contaminant by hydrolysis 
and alkaline extraction was found to be essential if satisfactory products were to be isolated 
a t  the next stage in the synthesis. 

The deoxyanisoins were readily converted to the hexan-3-01s (IXa, b, and c) using ethyl 
magnesium bromide. Fractional recrystallisation resulted in the isolation of the two 
diastereoisomeric forms of each of the hexan-3-ols, all of which are crystalline except for 
one of the isomers of the hexanol (IXc). 

E t  0 H E t  Ar 
HO,- 

U 
:t 

/ I  
Ar Ar 

Cram's rule lo predicts that the major isomer in each case should have the erythro structure, 
as shown. This is consistent with the assignment of the erythro structure to the higher 
melting isomers in the case of hexanols (IXa) and (IXb) but not in the case of hexanol 
(IXc) where, however, the non-crystalline nature of one isomer leads to doubt regarding 
its stereochemical purity, and to the relative amounts of each isomer produced. 

Initially, the two diastereoisomers of each hexan-3-01 (IX) were dehydrated separately. 
Phosphorus oxychloride in pyridine failed to remove the elements of water, but phosphorus 
trichloride in pyridine yielded unsaturated products. Infrared (i.r.) analysis demonstrated 
that both diastereoisomeric forms of each alcohol produced identical products in similar 
yields. There seemed to be no advantage, therefore, in separating the diastereoisomeric 
forms prior to dehydration and in later runs the mixture of isomers was dehydrated. The 
formation of the same product with equal ease from each isomeric pair of racemates 
became understandable when it was subsequently demonstrated by nuclear magnetic 
resonance (n.m.r.) spectroscopy that dehydration of both erythro and threo forms of the 
hexan-3-01s with phosphorus trichloride and pyridine yielded the hex-2-ene structures 
(X) and not the expected stilbenes (XII). 

The position of the double bond in the unsaturated products was established by the 
presence of a doublet a t  8-56, 8.56 and 8.52 T, respectively, for the tetramethylated ( X a ) ,  
asymmetrically dimethylated ( X b )  , and symmetrically dimethylated (Xc) diarylhex-2-enes 
(this order of presenting the results for the three compounds will be adopted in the re- 
mainder of this discussion) corresponding to the protons of a CH, adjacent to -CH=. A 
quartet, with subsidiary splitting possibly due to the presence of cis-trans isomers, was 
present a t  469 ,464  and 4-5 T, for the respective compounds, characteristic of the ethylenic 
proton of CH,-CH=. The integrated areas under the curves were equivalent to approxim- 
ately three and one protons respectively, as required for the CH,-CH= structure. Triplets 
at 9.2, 9.19 and 9.14 T, for the respective compounds, correspond to the methyl protons 
adjacent to methylene, and the integrated areas were again equivalent to the three protons 
required by the hex-2-ene structures. Further confirmation of the dissymmetry of the 
products of dehydration of the hexanols (IXa and c) was the splitting of the absorption 
due to aromatic methyl into two components at 7.83 and 7-86 T for ( X a )  and 7.83 and 7.87 7 

for compound (Xc) and the presence of 2 singlets (each of intensity 2) at 3.38 and 3.62 T due 

1" D. J .  Cram and F. A. Abd Elhafez, J .  Amev. Chem. SOC., 1952, 74, 5828. 
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to the aromatic protons of compound ( X a ) .  As expected, the aromatic methyls of com- 
pound ( X b )  yielded a singlet a t  7-85 T. No splitting of the methoxyl proton absorption 
occurred with compounds ( X a )  and ( X c ) ,  which showed singlets at 6.37 and 6.24 T re- 
spectively, but the methoxyl protons of compound ( X b )  yielded the expected 2 singlets a t  
6.3 and 6.36 T. Rather broad triplets a t  6.86,6.77 and 6-77 T, for the respective compounds, 
are assigned to the methine group adjacent to methylene. The signal due to the methyl- 

enic protons of CH,CH,LH- has not been firmly identified in the spectra of any of the three 
compounds. It was expected to show, to a first approximation, as a quintet, since the 
coupling constants of both the methyl and methine protons with the methylenic protons 
are about the same (ca. 7 c./sec.). No such quintet is observable in the spectrum of any 
of the three compounds but, in each case, between the aromatic methyl signal a t  ca. 7.8 T 
and the doublet at ca. 8.5 T (CH, adjacent to CH) there are four peaks (J  = ca. 7 c./sec.), 
which could well be the only visible part of the expected quintet. In support of this tent- 
ative assignment, the integrated areas between ca. 7.7 and ca. 8.7 T equates to  the required 
17 potons for compound ( X a )  and 11 protons for compounds ( X b )  and ( X c ) .  

Dehydration of the alcohol ( I X a )  by heating with iodine yielded the stilbene (XIIa) 
mixed with the isomeric hex-2-ene ( X a ) .  After several weeks, the stilbene crystallised 
from the viscous oil, and was readily isolated by crystallisation from light petroleum. 
Equilibration of the hex-2-enes ( X a ,  b and c) by heating with iodine similarly yielded a 
mixture of stilbene and hex-2-ene, but in the case of the asymmetrically dimethylated 
compound ( X b )  no crystallisation of the stilbene ( X I I b )  occurred. That the product was 
a mixture of the two isomers was demonstrated by the appearance of four distinct peaks 
of absorption at  6.21, 6-26, 6.28 and 6.33 T (total intensity equivalent to 6 protons), all 
due to the protons of methoxyl, and the appearance of a singlet at 7-72 T due to the aryl 
methyls of stilbene, in addition to the band a t  7.85 T previously found in the n.m.r. spectrum 
of the hex-2-ene ( X b ) .  The intensity of the doublet at 8.52 T (CH, protons of CH,-CH=) 
corresponded to only ca. 1.2 protons, whereas the two overlapping triplets centred at ca. 
9.16 and ca. 9-24 T (CH, protons of CH,-CH,-) corresponded to ca. 4.7 protons. The 
mobile liquid appeared, therefore, to be a mixture of stilbene ( X I I b )  and hex-2-ene ( X b )  
in the ratio ca. 2 : 1. 

The crystalline stilbenes ( X I I a  and c) produced much simpler spectra, showing no 
absorption in the 4.6, 6.8, and 8.5 T regions (absence of CH,-CH= and CH,-CH,-LH- 
structures). The tetramethylated diethylstilbcestrol dimethylether (XIIa) exhibited 
the expected singlets a t  3-21 T (aromatic protons, intensity 4), 6-26 T (methoxyl protons, 
intensity 6) and 7.71 (aryl methyl protons), as well as a triplet a t  9-23 T (intensity 6) 
corresponding to the methyl protons of CH,-CH,-. The expected quartet due to methyl- 
ene adjacent to methyl was partly obscured by the intense peak produced by aryl methyl. 
Only three of the expected four peaks ( J  = 7.5 c./sec.) were visible, but the integrated 
area under the curve between 7-58 and 8-13 T accounted for the sixteen protons required 
by the stilbene structure. This masking of the methylene group absorption was also seen 
in the spectrum of the symmetrically dimethylated stilbene ( X I I c ) ,  where two of the 
peaks of the quartet appear as shoulders on either side of the aryl methyl absorption 
(singlet a t  7.81 7 ) .  Here again the integrated area under the curve between 7-67 and 8-17 T 
accounted for the 4 methylenic and 6 aryl methyl protons required by the stilbene structure. 
The aliphatic methyls produced a triplet a t  9.27 T (intensity 6), and the methoxyl groups 
the expected singlet a t  6.2 T (intensity 6). Similar overlapping of the aryl methyl and 
methylenic signals was seen in the spectra of the tetramethylated and dimethylated 
stilbcestrols (Ia and c) .  

Initial attempts to split the methoxyl groups to yield the related phenols were made on 
the hex-2-ene structures, using pyridine hydrochloride a t  230" and HBr in acetic acid. 
Demethylation was achieved, in both instances, as indicated by a hydroxyl peak in the 
region of OH-stretching in the i.r. spectra, but unfortunately all attempts a t  purification 
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of the products failed. The use of methyl magnesium iodide at  170" was more satis- 
factory, and yielded the required phenolic compounds from the hex-2-ene dimethyl ethers 
(Xa, b and c) and the stilbene dimethyl ethers (XIIa and c). Potassium hydroxide in 

R '  R 3  

M e O o C H ( E t ) * C ( O H 1  - I 

R2 Et 

I (IS) 

R2 
(XI) CH3 

R' R3 

R' R3 

R2 

triethylene glycol was also used successfully to obtain the tetramethylated diethyl- 
stilbcestrol (Ia), but the yield and quality of the product was inferior to that obtained 
using methyl magnesium iodide. 

Isolation of a pure sample of the phenolic unsymmetrically dimethylated hex-2-ene 
(XIb) was difficult. The material was not crystalline, and it was very sensitive to air 
oxidation. It was finally purified by chromatography on silica gel in the absence of oxygen. 
The symmetrically dimethylated (XIc) and the tetramethylated (XIa) phenolic hex-2-enes, 
on the other hand, are crystalline, and could be isolated by repeated crystallisation, 
though the tetraniethylated compound (XIa) tended to separate as an oil, and recoveries 
were small. Better results were obtained by chromatography. Chromatography was 
essential for the preliminary purification of the tetramethylated diethylstilbcestrol (Ia) 
following demethylation by means of potassium hydroxide in triethylene glycol, and was 
advantageous in the purification of the product of Grignard demethylation. 

The electronic absorption spectra (see Table) are consistent with the structures assigned 
by n.m.r. (cf. absorption of diethylstilbcestrol and +diethylstilbcestrol ll). It will be seen 
that in each case conversion of the hex-2-ene to the corresponding stilbene produces a shift 
of the maximum to longer wavelength. Demethylation to produce the free phenols also 
produces a bathochromic shift except in the case of the asymmetrically dimethylated hex- 
2-enes ( X b )  and (XIb). 

Series a b G 
7 - 7  r- h___---( -7 

No peak - 230s 17,550 232 16,900 
220-250 

235s 12,180 226s 16,575 235.5 13,200 
236s 13,330 - - 239 16,950 
242 14,420 - - 242 14,080 

Coinpound No. Amax. mp & Anax. m p  E &mX.  m p  & 

(X) 

(XI) 
(=I) 

(1) 

The hex-2-ene compounds were assayed for estrogenic activity using the Allen- 
The test compound and standard 

The tetramethylated 
The asymmetrically dimethylated compound 

Doisy vaginal smear test in ovariectomised mice. 
(diethylstilbcestrol) were administered subcutaneously in arachis oil. 
compound (XIn) was inactive at  1 mg. 

l1 J. Derkosch and G. Friedrich, SitzzLngsber. A k a d .  Wiss. Wien, 1963, 162 (IIB), 1146. 
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(XIb) possessed 0.015 times, and the symmetrically dimethylated compound (XIc) 0-2 
times, the activity of diethylstilboestrol. Preliminary investigations of these compounds 
in tests for anti-estrogenic activity in mice have indicated that the tetramethylated 
compound (XIa), at an intravaginal dose level of 25 pg, produces a highly significant 
inhibition of the vaginal response to simultaneously administered 17p-cestradiol. These 
biological tests, together with those on the stilbenes (Ia and c ) ,  will be reported in detail 
elsewhere. 

EXPERIMENTAL 
Ultraviolet spectra were determined on a Hilger Uvispek spectrophotometer, model H700 

and i.r. spectra on a Perkin-Elmer Infracord spectrophotometer, model 137. 
4-Methoxy-3-methyZ~henyZucetic A cid.-4-Methoxy-3-methylacetophenone (1 12 g.), sulphur 

(33 g.) and morpholine (89-6 g.) were stirred together and gently boiled under reflux for 16 hr., 
allowed to cool to ca. 70", and poured into hot absolute ethanol (110 ml.) containing benzene 
(2 ml.). The isolated and dried morpholide (146 g.) was heated under reflux with 10% aqueous 
potassium hydroxide for 18 hr., the cooled solution acidified with hydrochloric acid, and the 
precipitated acid recrystallised from dilute ethanol, yielding 4-methoxy-3-methylphenylacetic 
acid (92 g.), m. p. 93-5-94.5" (Found: C, 66-7; H, 6.6. Calc. for CloH1203: C, 66.7, H, 6.7%). 

4-Methoxy-3-methyZp~enyZucetyZ chloride was prepared from the acid (78 g.) using thionyl 
chloride (80 g.) in the usual way. 

Ethyl 4-Methoxy-3-methyZphenyZa~etate.-The acid (131 g.) was esterified in the usual way 
using absolute ethanol (200 ml.) and concentrated sulphuric acid (15 ml.). Yield 121 g., b. p. 
143-145"/9 mm. (Found: C, 68-75; H, 7-45. Cl2Hl,O3 requires C, 69.25; H, 7.7%). 

Dzethyl 3,5-0i.methyZ-4-methoxy~henyZmaZonate.-Sodium (1 1.7 g.) was added to dry ethanol 
(200 ml.). When the solution had cooled to about 60°, a mixture of ethyl 3,5-dimethyl- 
4-methoxyphenylacetate l2 (108 g.) and redistilled ethyl oxalate (74 g.) was added rapidly with 
stirring. The cooled mixture was acidified with 
dilute sulphuric acid, the oily layer separated, and the aqueous layer extracted with benzene. 
The oily layer and benzene extracts were combined and dried (MgSO,). The benzene was 
distilled off, and the residual red oil decomposed by raising the temperature to 190" during 30 
min. and holding that temperature for 14 hr. Distillation of the residual red-brown oil yielded 
&ethyl 3,5-dimethyZ-4-methoxyphenyZmaZonate as a greenish-yellow, mobile liquid ( 100 8.) , 
b. p. 144-150"/0.8 mm. (Found: C, 65.8; H, 7.6. C16H2205 requires C, 65.3; H, 7.5%). 

DiethyZ 4-methoxy-3-methyZphenyZ~aZonate was similarly synthesised from ethyl 4-methoxy- 
3-methylphenylacetate (121.6 g.), diethyl oxalate (85.4 g.), and sodium (13.5 g.). Yield 105.7 g., 
b. p. 147-148"/0.8 nim. (Found: C, 64.1; H, 7.3. C&t&5 requires C, 64.3; H, 7.15%). 

DiethyZ Ethyl( 3,5-dimethyZ-4-methoxyphenyZ)maZonate.-A solution of sodium ethoxide was 
formed from sodium (8-1 g.) and dry ethanol (97 ml.). Diethyl3,5-dimethyl-4-methoxyphenyl- 
malonate (100 g.) was added to this solution a t  50-60". When the solution had cooled to 
35", ethyl iodide (57.6 g.) was added as rapidly as possible with stirring, and the reaction mixture 
maintained a t  35" for 6 hr. The ethanol was then removed by distillation, the residue diluted 
with water (110 ml.), and acidified with dilute acetic acid. The ester was taken into ether, and 
the ethereal solution was washed with 10% sodium thiosulphate and water, and dried (MgSO,). 
Distillation yielded diethyl ethyZ(3,5-dimethyZ-4-methoxy~yphenyZ)maZonate as a light green, fluor- 
escent, mobile liquid (94 g.), b. p. 144-147"/0-9 mm. (Found: C, 67.3; H, 8.0. ClsHz605 
requires C, 67-05; H, 8.15%). 

DiethyZ ethyZ(4-methoxy-3-~nethyZ~~~enyZ)maZonate was similarly prepared from diethyl 
4-methoxy-3-methylphenylmalonate (1 13 g.), ethyl iodide (98 g.) and sodium (14-4 g.). Yield 
100 g., b. p. 147-148"/0.8 mm. (Found: C, 66.15; H, 7-95. Cl,H2405 requires C, 66.3; H, 7.8%). 

a-(3,5-DimethyZ-4-metlzoxy~henyZ)butyyric Acid.-Diethyl ethy1(3,5-dimethyl-4-methoxy- 
pheny1)malonate (94 g.) was hydrolysed by heating (4 hr.) with 10% ethanolic potassium 
hydroxide (750 ml.) ; the ethanol was distilled off, the residue poured into water (2 l.), and the 
solution acidified with hydrochloric acid. The precipitated acid was dried, dissolved in hot, 
dry acetone and the insoluble potassium chloride filtered off. The acetone was distilled off, 
and the residue heated under reduced pressure (100-120"/20 mm.) until effervescence was 

Yield 72.3 g., b. p. 133-134"/4 mm. 

The flask was maintained a t  60" for 1 hr. 

l2 F. Bennington, R. D. Morin, L. C. Clark, and R. P. Fox, J .  Org. Chew., 1958, 23, 1979. 
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complete. The product (m. p. 91-93") was recrystallised from light petroleum (b. p. 40- 
60°), yielding white needle-crystals of ~~-(3,5-dZnzethyZ-4-unethoxy~he~~Z)butyric acid (45 9.) , 
ni. p. 95-96" (Found: C, 70.2; H, 8-1. 

a-(4-Methoxy-3-methyZphenyZ)butyric acid was similarly obtained from diethyl ethyl- 
(4-niethoxy-3-methylpheny1)malonate (120 g.). Yield 51.1 g., m. p. 82.5-83.5" (Found: 
C, 68.95; H, 7-55. 

ct - (3,5 -L)iunetIzyZ-4 -1.nethoxypIzenyZ)butyryZ ChZoride.-u- (3,s-Dimethyl- 4-methoxyphenyl) - 
butyric acid (45 g.) and excess of thionyl chloride (70 g.) were heated under reflux for 3 hr. 
The excess of thionyl chloride was removed, and distillation of the residue yielded a greenish, 
mobile, faintly pungent liquid (40 g.), b. p. 150-156"/18 mm. 

a-(4-~etlzoxy-3-unethyZphenyZ)butyryZ chloride was similarly prepared from a-(4-methoxy- 
3-inethylpheny1)butyric acid (49.8 g.). 

3,5-0imethyZ-a-ethyZdeoxyanisoin.-A mixture of 2,6-dimethylanisole (72 g.) and dry carbon 
disulphide (175 ml.) was cooled to below 5" in an ice-salt bath, and dry, powdered aluminium 
chloride (50 g.) was added slowly, with stirring, keeping the temperature below 5". When all 
the aluminium chloride had been added, a-(4-methoxyphenyl)butyryl chloride (70 g.) was added 
slowly, with stirring, maintaining the temperature below 5". When addition was complete the 
flask was allowed to warm to room temperature, and then heated on a water-bath for 24 hr. 
The mixture was then poured into crushed ice containing a little concentrated hydrochloric 
acid. The upper yellow oil was separated, the aqueous layer extracted with ether, and the 
ethereal extracts combined with the oil. The combined organic layers were washed with 
2~-sodium hydroxide and water, and dried (MgSO,). Removal of the ether and excess 2,6-di- 
methylanisole left a viscous, red liquid, distillation of which yielded 3,5-diunethyl-a-ethyldeoxy- 
anisoin (76 g.), as a viscous, orange liquid, b. p. 172-182"/0-04 mm. (Found: C, 76.7; H, 7-55. 
C2,H2,O, requires C, 76.9; H, 7.75%). Left for 10 days, the orange liquid solidified. Re- 
crystallisation from 95% ethanol yielded white needles of 3,5-dimethyl-a-ethyldeoxyanisoin, 
ni. p. 60-61" (Found: C, 76.9; H, 7-6%), v,, (Nujol) 1686vs cm.-l (aryl ketone). 

3,3'-DimethyZdeoxyanisoin was prepared in a similar manner from 4-methoxy-3-methyl- 
phenylacetyl chloride (39.7 g.), 2-methylanisole (36.6 g.), and aluminium chloride (26.7 g.). 
In  this case, however, the required ketone crystallised on evaporation of the ether, and was 
recrystallised from methanol as white needles (40 g.), m. p. 78-79.5" (Found: C, 75.8; H, 7.0. 
CI8H20O3 requires C, 76.05; H, 7.05y0), vmaX (Nujol) 1684vs cm.-l (aryl ketone). 

3,3', 5,5'-TetramethyZ-a-ethyZdeoxyanisoin was similarly prepared from 2,6-dimethylanisole 
(34 g.), dry aluminium chloride (23 g.) and a-( 3,5-dimethyl-4-methoxyphenyl)butyryl chloride 
(40 g.) . Distillation of the ethereal extract yielded 3,3', 5,5'-tetramethyl-a-ethyldeoxyanisoin 
(13 g.), b. p. 187-188"/0~001 mm., as a viscous yellow liquid, which solidified on leaving for 
10 days (Found: C, 77.65; H, 8.5. C22H2803 requires C, 77.5; H, 8.3%). The i.r. spectrum 
of a fraction (b. p. 178-183"/0~001 mm.) showed a strong absorption band a t  1770 cm.-l 
(possibly due to unreacted acid halide). The material was heated under reflux with 10 per cent. 
ethanolic potassium hydroxide, the mixture cooled, diluted with water, and the oil taken into 
ether. Evaporation of the ether left a viscous liquid, which solidified to a yellowish-white 
solid, m. p. 64-66". Recrystallisation of the solidified ketone from 95yo ethanol yielded white 
crystals of 3,3',5,5'-tetramethyZ-a-ethyZdeoxyanisoin (41 g.), In. p. 69-70' (Found : C, 77.75; 
H, 8-00/,), v,,, (Nujol) 1686vs cm.-l (aryl ketone). 

Increasing the period of heating on the water-bath to ca. 3 hr. reduced the contamination 
with acid chloride so that no hydrolytic process for its removal was required. 

3,3'-DirnethyZ-sc-etJzyZdeoxyanisoin was prepared, as for 3,5-dimethyl-a-ethyldeoxyanisoin, 
from a-(4-methoxy-3-methylphenyl)butyryl chloride (34 g.), 2-methylanisole (28 g.) and alumin- 
ium chloride (20 g.). The required Ketone was obtained as a viscous, golden-yellow oil (43 g.), 
b. p. 200-208"/0-005 mm. (Found: C, 76.95; H, 7.8. C2,H2,0, requires C, 76.9; H, 7.7%), 
vnmx. (liquid film) 1669vs cm.-l (aryl ketone). 

3-(3,5-DinzethyZ-4-metlzoxy~henyZ)-4-(4-methoxy~henyZ)hexan-3-oZ.-3,5 -Dimethyl - a-  ethylde- 
oxyanisoin (9.4 g . ,  m. p. 60-61") was dissolved in dry ether (40 ml.) and the solution added 
dropwise to a Grignard reagent prepared from magnesium turnings (2.9 g.), ethyl iodide (18.7 g.) 
and dry ether (100 ml.). When addition was complete, the mixture was heated under reflux 
on a water-bath for 1 hr., and then left overnight. The mixture was decomposed by pouring 
into ice and dilute sulphuric acid, and the ethereal layer separated. The aqueous layer was 
extracted with ether, and the combined ethereal solutions washed with 10% sodium thiosulphate 

Cl3HI8O3 requires C, 70.2; H, 8.15y0). 

C,,H,,O, requires C, 69.25; H, 7-70;,). 

Yield 48.8 g., b. p. 143-146"/8 mm. 
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solution and water, and dried (MgSO,). Removal of the ether yielded a yellow, slightly viscous 
liquid which solidified to an orange solid (11.1 g., m. p. 79-82"). Fractional crystallisation 
of 7 g. from 95 % ethanol yielded the two racemates of 3-(3,5-dinzethyZ-4-methoxyphenyZ) -4-(4- 
nzethoxyphenyZ)hexan-3-oZ: (a) the erythro racemate as clusters of white rhombic crystals, m. p. 
134.5-136" (3.8 g.) (Found: C, 77.1; H, 8.7. C22H3003 requires C, 77.2; H, 8.8%), Amx. 
(ethanol) 225 (E 24,300), 276 (E 2,980), 285 mp (z 2,075), v,,,. (Nujol) 3571 cm.-l (OH); (b)  the 
threo racemate, obtained by evaporation of the mother-liquors of crystallisation of the erythro 
isomer and recrystallisation of the resulting solid from 95% ethanol : water (3 : l), as white tetra- 
gonal crystals, m. p. 83-84" (1.5 g.) (Found: C, 77-3; H, 8.8%), vnlax. (Nujol) 3509 cm.-l(OH). 

3,4-Bis-(3,5-dimethyl-4-methoxy~henyZ)hexan-3-oZ.-A Grignard reagent was prepared from 
magnesium turnings (2.9 g.) dry ether (100 ml.), and ethyl iodide (18.7 g.) ; 3,3',5,5'-tetramethyl- 
a-ethyldeoxyanisoin (10 g.) dissolved in dry ether (50 ml.) was then added slowly. The mixture 
was worked up as described above. Fractional crystallisation, from 95% ethanol, of a small 
portion (1 g.) of the product yielded the two racemates of 3,5-bis-(3,5-diuneth~Z-4-methoxy- 
fihenyZ)hexan-3-oZ: (a)  the erythro racemate (0.6 g.), as white cubic crystals, m. p. 149-150" 
(Found: C, 77.75; H, 9-20. C24H3403 requires C, 77.8; H, 9.25%) vmaX. (Nujol) 3546 cm.-l 
(OH); (b)  the threo racemate, as white needle crystals, m. p. 95-96' (Found: C, 77.75; H, 
9.1yo), v,, (Nujol) 3521 cm.-l (OH). 

3,4-Bis-(4-.).nethoxy-3-nzethyZphenyZ)hexan-3-oZ was similarly prepared from a-ethyl-3,3'-di- 
inethyldeoxyanisoin (43 g.), magnesium turnings (13.4 g.), ethyl iodide (86 g.) and dry ether 
(500 ml.). Recrystallisation of the semi-solid product from 95% ethanol yielded crystall- 
ine 3,4-bis-(4-Methoxy-3-methyZphenyZ)hexaiz-3-oZ (7.6 g.), m. p. 141-142-5" (Found : C, 77.7 ; 
H, 8.85. C22H3003 requires C, 77.2; H, 8-75%), Amax. (ethanol) 209 (E 22,800), 230 (E 23,400), 
276-277 mp (E 4,140), vmx. (Nujol) 3546 cm.-l (OH). 

Evaporation of the mother liquors yielded the other isomer as a very viscous oil (34.5 g.) 
which could not be induced to crystallise (Found: C, 77-75; H, 8.7%) A,, (ethanol) 209 (E 

25,200), 227 (E 17,500), 276 mp (E 4,050), vmx. (liquid film) broad peak 3509 cm.-l (OH). 
3-(3,5-DirnethyZ-4-methoxyphenyZ) - 4-(4 -methoxyphenyZ)hex-Qene.--3 - (3,5-Dimethyl-4-meth- 

oxyphenyl)hexan-3-01(10 g. recrystallised, mixture of racemates) was dissolved in dry pyridine 
(120 ml.) and phosphorus trichloride (25.5 ml.) added at 0" with stirring. The mixture was 
stirred overnight a t  20" and then added dropwise to ice and water (ca. 3 litres), when a yellow 
solid precipitated. After extracting with ether, the gelatinous, yellow solid and emulsion, 
which remained in the ethereal layer, was filtered off and washed with ether. The combined 
ethereal solutions were washed with dilute hydrochloric acid, water, sodium hydrogen carbonate 
solution, and water, and finally dried (MgSO,). Removal of the ether and traces of pyridine 
yielded a mobile, yellow liquid (6.1 g.). Distillation yielded 3-(3,5-dinzethyZ-4-methoxyphe~yZ)- 
4-(4-methoxyphenyZ)hex-2-ene (5.8 g.), as a greenish-yellow, slightly viscous liquid, b. p. 124- 
140°/0-0004 mm. (Found: C, 81.05; H, 8.90. Cz2H2,O2 requires C, 81.45; H, 8.70'70), A,,,, 
(ethanol) GU. 230 shoulder (E 17,550), 277 (E 2,475), 285 inp (E 1,800), v,,,. (liquid film) 1379w 
(symmetrical CH deformation of C-CH,), 137Ow (in plane deformation of hydrogen of R1R2C = 
CHR3), 1252s (aralkyl ether), 885m (1,2,3,5-tetrasubstituted benzene), 833s cm.-l (1,4-sub- 
stituted benzene). 

Left for many weeks, the liquid slowly crystallised, but all attempts to recrystallise the sticky 
solid were unsuccessful. 

3,4-Bis-(3,5-dinzet~yZ-4-nzethoxy~~zenyZ)hex-2-ene.-3,4-Bis- (3,5-dimethyl- 4 - methoxypheny1)- 
hexan-3-01 (10 g., recrystallised, mixture of racemates) in dry pyridine (75 ml.) was treated 
with phosphorus trichloride (23.5 nil.) as described above. Distillation of the product yielded 
3,4-bis(3,5-dimetlzyZ-4-methoxy~he~yZ)hex-2-ene (6.05 g.) as a yellowish-green, slightly viscous 
liquid, b. p. 126-140"/0~001 mm. (Found: C, 81.5; H, 8.95. C24H32O2 requires C, 81.8; H, 
9.15%), Amax. (ethanol) GU. 278 mp shoulder (E 1,400). After leaving for some weeks, the liquid 
partially solidified, but could not be recrystallised from light petroleum (b. p. 60-80" or 40- 
SO"), benzene-light petroleum, or ethanol-water. vmax. (CCl, solution) 1398w (symmetrical 
CH deformation of C-CH,), 1382w (in plane deformation of ethylenic hydrogen of R1R2C=CHR3), 
1230s (aralkyl ether) and 877m cm.-l (1,2,3,5-tetrasubstituted benzene). 

3,4-Bis-(4-methoxy - 3-methyZphenyZ)hex- 2 -ene.-3,4- Bis-(4- methoxy-3-methylpheny1)hexan- 
3-01 (7.8 g., non-crystalline) was treated with phosphorus trichloride (21 ml.) as described 
above. Distillation of the product yielded 3,4-bis-(4-methoxy-3-methyZphenyZ)hex-2-ene (4.2 g.), 
b. p. 147-154'/0.02 mm. (Found: C, 81.7; H, 8.95. C,,H2,02 requires C ,  81.4; H, 8.7y0), 



Diet/& ylstilbastrols as Possible A rtti-mstrogens 6517 

(ethanol) 232 (E 16,900), 276-278 (E 4,G30), ca. 234 mp shoulder (E 4,350), v,,,,. (liquid 
film) 1376w (symmetrical CH deformation of C-CH,) 1359w (in plane vibration of ethylenic 
hydrogen in R1R2C=CHR3, 1248s (aralkyl ether) 890m, 313s cm.-' (1,2,4-trisubstituted 
benzene). 

3-(3,5-DirnethyZ-4-hydro,~y~he~yZ)-4-(4-hyd~oxy~henyZ)hex - 2 -ene.-3 - (3,5 -Dimethyl- 4-meth- 
oxyphenyl)-4-(4-methoxyphenyl)-hex-2-ene (3.0 g.) dissolved in dry ether was added to a 
Grignard reagent prepared from methyl iodide (16-5 g.), magnesium (2.81 g.) and dry ether 
(80 ml.). The ether was removed by distillation and the residue heated at 160-170" for 4 hr., 
with the apparatus assembled for distillation to ensure complete removal of combined ether. 
After cooling, the glass-like solid was decomposed with wet ether, with cooling, and the mixture 
acidified with dilute hydrochloric acid. The ethereal layer was separated, and the aqueous 
layer further extracted with ether. The combined ethereal layers were washed with water, 
sodium hydrogen carbonate solution, water, 10% sodium thiosulphate solution, and water. 
Extraction of the ethereal solution with 2~-sodium hydroxide and acidification of the cooled 
alkaline layer precipitated an  oil, which was taken into ether and washed with water, and 
dried (MgSO,). Removal of the ether left a clear, orange, liquid which formed a glass (2.7 g.). 
Purification of the glass-like product by adsorption Chromatography on silica gel using sodium- 
dried, redistilled benzene, with exclusion of oxygen, yielded 3- (3,5-diunethyZ-4-hydroxy~yphenyl) - 
4-(4-hydroxyphenyZ)hex-Z-ene as a pale yellow glass (Found : C, 81.05; H, 8.2. C,oH2,0, 
requires C, 81.0; H, 8-2%), A,,,,. (ethanol) ca. 226 shoulder (E 16~575)~  275 (E 3,510), 250 mp 
(E 3,235), v,,,. (CCl, solution) 3571m (OH stretching), 1380w (Symmetrical CH deformation of 
C-CH,), 1365w (in plane deformation of ethylenic hydrogen of R1R2C=CHR3), 1195vs and 1170vs 
(phenolic OH deformations), 872m (l12,3,5-tetrasubstituted benzene), 835s cmr l  (1,Cdisub- 
stituted benzene). N.m.r. spectrum: (i), a broad hump (intensity 2) stretching from 4.29 to 
4.79 T with 2 peaks superimposed a t  4-46 and 4.58 T (ethylenic proton of CH,CH= and phenolic 
proton of non-methylated ring) ; (ii), a broad singlet (intensity I) a t  5.42 z (phenolic proton 
of methylated ring) ; (iii), a broad, partially resolved, triplet (intensity 1) a t  6-76 T (CH proton 

of -CH,&H-k=) ; (iv), a series of peaks (total intensity 11) extending from 7.73 to 8-65 z with one 
sharp singlet a t  7.89 z (6 aryl methyl protons) and a doublet a t  8-54 z (methyl protons of 
CH,CH=), the remainder being probably a partially obscured quintet due to the methylenic 

protons of CH,CH,CH-; (v), a triplet (intensity 3) a t  9.17 z (methyl protons of CH,CH,-). 
3,4-Bis-(3,5-dirnethyZ-4-hydrox~~henyZ)hex-2-ene.-3,5-Bis-( 3,5-dimethyl- 4 -methoxyphenyl) - 

hex-2-ene (3.0 g.) was demethylated using methyl magnesium iodide as described above. 
The ethereal extracts of the reaction product were extracted with 2~-sodium hydroxide solution. 
The ethereal layer was washed with water and dried (MgSO,). Removal of the ether left an 
orange solid (1.95 g.). Acidification and extraction of the alkaline layer yielded a further 
0.5 g. of the same material (identity shown by i.r. analysis). Recrystallisation from ethanol- 
water (1 : 1) on a small scale yielded crystals of 3,4-bis-(3,5-dirnethyZ-4-hydro~y~henyZ)hex-2-ene, 
m. p. 120-121.5" (Found: C, 80.85; H, 8.7. C,2H,80, requires C, 81.4; H, 8.7%), A,,,. 
(ethanol) ca. 235 shoulder (E 12,180), 276 mp (E 3,515), v,,. (CCl,solution) 3571m (OH stretching), 
1315m and 1195vs (OH deformation and C-0 stretching of phenol), 1380w (symmetrical CH 
deformation of C-CH,), 1365w (in plane deformation of hydrogen of R1R2C=CHR3), 880s 
cm.-l (1,2,3,4-tetrasubstituted benzene). The bulk of the material was purified by adsorption 
chromatography on silica gel using dry, redistilled benzene. N.m.r. spectrum : (i), a partially 
resolved quartet (intensity 1) a t  4.46 'c (ethylenic proton of CH,CH=); (ii), a broad singlet 
(intensity 2) at 5.46 z (2 phenolic protons) ; (iii), a broad multiplet (basically a triplet, intensity 

I I  
1) a t  6.73 T (CH proton of -CH,-CH-C=) ; (iv), a series of peaks (total intensity 14) extending 
from 7.58 to 8.36 T, with two sharp singlets a t  7.77 and 7.80 T (aryl methyl protons), the remain- 

ing peaks being probably due to the methylenic protons of CH,CH,CH-) ; (v), a doublet (in- 
tensity 3) at 8.47 z (methyl protons CH,CH=); (vi), a triplet (intensity ca. 3) a t  9.12 z (methyl 
protons of CH,CH,-). 

3,4-Bis- (4-~zydroxy-3-nzet~~yZ~henyZ) hex-2-ene. -3,4-Bis- (4-methoxy- 3-methylphenyl) hex- 2-ene 
(2.8 g.) was demethylated by heating with methyl magnesium iodide [prepared from magnesium 
(2.4 g.), and methyl iodide (14.2 g.)] as described above. Evaporation of the ethereal solution 
of the alkali-soluble product yielded a viscous material (1.59 g.) which crystallised from carbon 
tetrachloride. Repeated crystallisation from 30% aqueous ethanol, or benzene-light petroleum 

I 

I 
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(60-80°), yielded 3,4-bis(4-hydroxy-3-methyZ~henyl)hex-2-ene (0.8 g.), m. p. 135-137" (Found : 
C, 80.8; H, 8.05. C,,H,40, requires C, 81.0; H, 8.2%), A,,, (ethanol) 212-5 (E 22,060), 
235.5 (E 13-200), ca. 277 mp shoulder (E 5,590), v,,, (CCI, solution) 3640s (OH stretching), 
1376m (symmetrical CH deformation of C-CH,), 1320s, 1185s cm.-l (OH deformation and C-0 
stretching of phenol). 

a,u'-Diethyl-4,4'-dimethoxy - 3,3', 5,5'- tetramethyZstilbene.-3,4 - Bis(3,5 - dimethyl- 4 - methoxy- 
phenyl)hex-2-ene (1 g.) and iodine 30 mg.) were heated together on a water-bath for 4 hr. 
The mixture was dissolved in ether, the iodine removed by extraction with sodium thiosulphate 
solution, and the ethereal solution dried. Evaporation of the ether left a sticky solid which, 
on recrystallisation from light petroleum (b. p. 60-80°), yielded white crystals of u,a'-diethyl- 
4,4'-dimethoxy-3,3',5,5'-tetramethyiylstilbenc (105 mg.), m. p. 105-105.5" (Found : C, 81.65; H, 
9-05. C24H3202 requires C, 81.8; H, 9-1570), A,,, (ethanol) 215-216 (E 25,830), ca. 236 mp 
shoulder (E 13,330), vm= (CC1, solution) 1372m (symmetrical CH deformation of C-CH,), 
1230vs (aralkyl ether), 875s cm.-l (1,2,3,5-tetrasubstituted benzene). 

Identical material (2.14 g.) was obtained when 3,4-bis-(3,5-dimethyl-4-methoxyphenyl) - 
hexan-3-01 (10 g.) was heated with iodine (0.1 g.), a t  130-150" for 14 hr. Retreatment of 
the material obtained from the mother-liquors of recrystallisation, yielded a further 1.3 g. of the 
required product. 

a,a'-DiethyZ-4,4'-dinzethoxy-3,3'-dimethyZstiZbene.-3,4 - Bis(4 - methoxy- 3 - methylphenyl) hex- 
2-ene (5 g.), on heating with iodine (0.1 g.) as described above, yielded the required stilbene 
(1-35 g.), m. p. 112-114" (Found: C, 81.45; H, 8.6. C,,H,,O, requires C, 81.4; H, 8-7%), 
A,,, (ethanol) : 210 (E 30,400), 239 (E 16,950), ca. 275 mp shoulder (E: 6,570), vma= (CCl, solution) 
1373m (symmetrical deformation of C-CH,), 1236 (aralkyl ether), 887m cm.-l (1,2,3,5 aryl 
substitution). 

Iodine Equilibration of 3-( 3,5-Dimethyl-4-methoxyphenyl)-4-(4-methoxy~hepzyl)hex-2-ene.-- 
3-(3,5-Dimethyl-4-methoxyphenyl)-4-(4-methoxyphenyl)hex-2-ene (1 g.), when heated with 
iodine (50 mg.) as described above, yielded a mobile liquid (0.7 g.) b. p. 153-180" (bath temper- 
ature)/6 x lo-, mm. (Found: C, 80.8; H, 8-45. C & f &  requires C, 81.45; H, 8.7%). 
A,,,. (ethanol) ca. 232 shoulder (E 14,420), ca. 278 mp shoulder (E 3,660). 

a,a'- Diethyl-4,4'-dihydroxy - 3,3',5,5'-tetramethylstiZbene.-(a) u,ct'-Diethyl- 4,4'-dimethoxy- 
3,3',5,5'-tetramethylstilbene (1.32 g.) was demethylated using methyl magnesium iodide 
[prepared from magnesium (1.4 g.) and methyl iodide (8.5 g.)] as described for the hex-2-ene 
isomer. The reaction mixture was decomposed, and the products extracted into ether, in the 
usual way. Chromatography of the 
residue (0.5 g.) on a silica gel column (165 x 18 mm.) using benzene as solvent yielded, following 
some yellow viscous oil (0.02 g.), three crystalline fractions: A (0.36 g.), m. p. 163-166"; 
B (0.05 g.), m. p. 153.5-157"; C (0.01 g.). Recrystallisation of fraction A from light petroleum 
(b. p. 60-80") yielded the required phenolic stiZbene (270 mg.), m. p. 165-166" (Found: C, 
81.25; H, 8.55. C,,H,,O, requires C, 81-4; H, 8-7Y0), A,,, (ethanol) 215 (E 29,840), 242 (E 

14,420), ca. 280 mp shoulder (E 5160), v,,, (KC1 disc) 3480s (OH), 1330s, 1220vs, 1170vs. 
(OH deformation and C-0 stretching of phenol), 875s cm.-l (1,2,3,5-tetrasubstiuted benzene). 
N.m.r. spectrum: (i), singlet (intensity ca. 4) at 3.27 T (aromatic protons); (ii), singlet (intensity 
ca. 2) at 4-36 T (phenolic protons); (iii), singlet a t  7.77 T (protons of aryl methyl), peaks a t  
7.84, 7-93 and 8-1 T possibly part of a quartet due to the methylenic protons of CH,CH,- (total 
intensity of region 7-6-8-17 T is ca. 16) ; (iv), triplet (intensity 6) a t  9.26 T (methyl protons of 
CH,CH,-). Recrystallisation of fractions B and C yielded a further 48 mg. of the required 
phenol, m. p. 163-165.5", not depressed on admixture with recrystallised fraction A. 

(b) a,cc'-Diethyl-4,4'-dimethoxy-3,3',5,5'-tetramethylstilbene (1 g.), potassium hydroxide 
(2 g.) and triethylene glycol (8 ml.) were stirred together and heated a t  200-220" for 29 hr. 
The cooled mixture was diluted with water, acidified with hydrochloric acid, and extracted 
with ether. The ethereal solution was washed with water and sodium hydrogen carbonate 
solution, and dried (MgSO,). Distillation of the ether yielded a viscous residue (0.97 g.). 
Chromatography of a portion (0-8 g.) on silica gel using benzene as solvent yielded a viscous oil 
(0-41 g.), followed by crystalline material (0.25 g.) (a further 50 mg. of orange solid was obtained 
from later fractions). Recrystallisation of the crystalline material from light petroleum (b. p. 
60-80") yielded the required phenolic stilbene (127 mg.), m. p. 160-163", not depressed on 
admixture with the authenticated material (Found: C, 81-75; H, 8.55%). The i.r. spectrum 
was identical with that of the product obtained using methyl magnesium iodide. 

Evaporation of the ether yielded a pink solid (1.18 g.). 
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u,u’-Diethy2-4,4’-diJ1y&~oxy-3,3‘-dimethylstilbene.-u, u’-Diethyl-4,4’-dimethoxy-3,3’-dimethyl- 
stilbene ( 1.5 8.) was demethylated using methyl magnesium iodide [prepared from magnesium 
(1.14 g.) and methyl iodide (6.7 g.)] as described above. The alkali-soluble product (1-26 8.) 
was a viscous oil which partly solidified on standing. Trituration with carbon tetrachloride 
(25 ml.) yielded needle crystals (1.03 g.). Repeated crystallisation from carbon tetrachloride 
and finally from benzene yielded the required stilbene (0.3 g.), m. p. 142-143” (Found: C, 
80-5;  H, 7-9. C2,H2,0, requires C, 81.0; H, 8.1%), (ethanol) 214 ( E  20,640), 242 (E 
14,080), ca. 277 mp shouldcr (E 5,300). N.m.r. spectrum: ( i ) ,  singlet (intensity ca. 2) a t  5.22 T 
(phenolic H); (ii), singlet a t  7.73 T (protons or aryl methyl); peaks a t  7.81, 7-92 and 8-05 T 
possibly part of a quartet due to methylenic protons of CH,CH2- (total intensity of region 
7.6--8.1 T is 10) ; (iii), triplet (intensity 6) at 9.24 7 (methyl protons of CH,CH,-). 
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