
J. Med. Chem. 1985, 28, 1491-1497 1491 

[l-(/8-Mercapto-#,;8-diethylpropionic acid),2-0-ethyl-
tyrosine,4-valine,8-D-arginine]vasopressin (dEt2Tyr(Et)-
VDAVP, 18). A solution of the protected nonapeptide amide 
XVIII (0.135 g, 0.092 mmol) in sodium-dried and redistilled am
monia (400 mL) was treated at the boiling point and with stirring 
with sodium19 from a stick of metal contained in a small-bore glass 
tube until a light blue color persisted in the solution for 30 s. Dry 
glacial acetic acid (0.4 mL) was added to discharge the color. The 
solution was evaporated, the residue was dissolved in aqueous 
acetic acid (0.2%, 800 mL), and this solution was treated with 
2 M ammonium hydroxide solution to give a solution of pH 6.5. 
An excess of a solution of potassium ferricyanide (0.01 M, 16 mL)20 

was added gradually with stirring. The yellow solution was stirred 
for a further 10 min and for 10 min with anion-exchange resin 
(Bio Rad AG-3, Cr form, 10-g damp weight). The suspension 
was slowly filtered through a bed of resin (50-g damp weight). 
The bed was washed with aqueous acetic acid (0.2%, 200 mL), 
and the combined filtrate and washings were lyophylized. The 
resulting powder (1.45 g) was desalted on a Sephadex G-15 column 
(110 X 2.7 cm), eluting with aqueous acetic acid (50%)22 with a 
flow rate 5 mL/h. The eluate was fractioned and monitored for 
absorbance of 280 nm. The fractions comprising the major peak 

were pooled and lyophylized, and the residue (100 mg) was further 
subjected to gel filtration on a Sephadex G-15 column (100 x 1.5 
cm), eluting with aqueous acetic acid (0.2 M) with a flow rate of 
4 mL/h.22 The peptide was eluted in a single peak (absorbance 
280 nm). Lyophylization of the pertinent fractions yielded the 
vasopressin analogue (18) [31 mg, 29.8% (based on the amount 
of protected peptide used in the reduction-reoxidation proce
dure)]. The physiochemical properties of this and of the remaining 
free peptides 1-17, which were prepared in the same way as for 
18, are given in Table IV. Their pharmacological properties are 
presented in Tables I and II. 
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In the exploration of the structural features that affect the RBA (binding affinity for the estrogen receptor of rat 
uterus relative to that of estradiol) in the tamoxifen [trans-(Z)-l-[4-[2-(dimethylamino)ethoxy]phenyl]-l,2-di-
phenyl-1-butene] series, several derivatives variously substituted in the 1-phenyl group have been synthesized. [In 
the tamoxifen series, the descriptors E and Z, which define the configuration of the geometrical isomers and depend 
on the location and nature of substituents in the aromatic moieties and the ethyl group, may vary, although the 
relative configuration (cis or trans) does not. In order to avoid confusion the terms cis and trans will be used in 
this paper to refer to the relative positions of the 4-[2-(dimethylamino)ethoxy]phenyl and ethyl (or hydroxyethyl, 
hydroxypropyl, or bromo) substituents attached to the ethene moiety.] The final stage of each synthesis involved 
acid-catalyzed dehydration of a tertiary alcohol, and, in contrast to the known 3- and 4-hydroxy derivatives which 
were obtained as near-equimolar cis,trans mixtures, only the trans forms of the 2-hydroxy, 2-methyl, 2,4-dihydroxy, 
and 4-hydroxy-2-methyl derivatives were obtained. Also, in contrast to the trans forms of the 3- and 4-hydroxy 
derivatives, which are readily equilibrated to cis,trans mixtures, the trans 2-hydroxy derivative could not be isomerized. 
Tamoxifen and 2-methyltamoxifen had similar RBA's ( ~ 1 % of that of E2), but that of 2-hydroxytamoxifen was 
much lower (0.1%). Introduction of a second hydroxyl group (2,4-dihydroxy derivative) enhanced the RBA, and 
for the 4-hydroxy-2-methyl derivative, the RBA and growth inhibitory activity against the MCF-7 mammary tumor 
cell line in vitro were high and comparable to those of 4-hydroxytamoxifen, a metabolite of the parent drug. Tamoxifen 
derivatives hydroxylated at positions 3 or 4 of the 1-butene moiety and the 5-hydroxy-l-pentene analogue were also 
synthesized, but they had very low RBA values. 

Tamoxifen [1, trans-(Z)-l-[4-[2-(dimethylamino)eth-
oxy]phenyl]-l,2-diphenyl-l-butene] is a triphenylethylene 
derivative presently in clinical use1 for the t rea tment of 
hormone-dependent disseminated breast cancer and is 
thought to act2 mainly by competing with estradiol for its 
protein receptor (ER). The relative binding affinity 
(RBA) of 1 for the ER of rat uterus is ~ 1 % of tha t of 
estradiol. Of the human plasma metabolites of 1 so far 
identified, the 2V-desmethyl3 (2, major metabolite), N-
oxide4 (3), and hydroxyethyl5 (4) derivatives have RBA 
values comparable to tha t of the parent drug, whereas 
4-hydroxytamoxifen [5, traras-(Z)-l-[4-[2-(dimethyl-
amino) ethoxy ] phenyl] -1 - (4-hydroxyphenyl) - 2-phenyl-1-
butene, minor metabolite3 6] has an RBA value tha t is 

,0CH2CH2R 

1,R-NMe2 

2,R-NHMe 
3 ,R -NM»Me 2 

4 .R -H 

OCH2CH2NMe2 

5 , R ' - O H . R Z ' R 3 - R 4 " H 

6. R ' -R 3 -R 4 -H ,R 2 -0H 

7 , R 1 - R 2 - R 3 - H , R 4 - 0 H 

8 . R ' - R E - R 4 " H , R 3 - OH 
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comparable to, and possibly greater than, that of estradiol. 
The high RBA of 4-hydroxytamoxifen (5) has raised the 
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question7 of the role of this metabolite in the expression 
of the biological activity of tamoxifen (1). As expected 
from the RBA values, 4-hydroxytamoxifen (5) is more 
effective than tamoxifen (1) in inhibiting the growth of the 
ER-positive MCF-7 breast cancer cell line.4-8 However, 
the in vivo antitumor activity of 5 does not reflect the high 
RBA since it was less active9 than tamoxifen (1) against 
a DMBA-induced ER-positive tumour in rats and only 
slightly more active against a hormone-dependent mam
mary tumour in mice.10 These findings would be ex
plained, at least in part, if the excretion of 5 was more 
rapid than that of 1, as would be expected since 5, is more 
polar and since it contains a hydroxy group, also amenable 
to glucuronidation. 

The recognition of the high RBA and in vitro anti
estrogenic activity of 4-hydroxytamoxifen (5) has stimu
lated interest in other hydroxy derivatives accessible by 
synthesis but not formed by metabolism. Thus, Ruenitz 
et al.11 described the trans l-(3-hydroxyphenyl) (6) and the 
2-(3- and 4-hydroxyphenyl) derivatives (7 and 8). The 
RBA values, expressed as the concentration (M) required 
to effect 50% inhibition of the binding at 2-4 °C of 5 X 
10"9 M [3H] estradiol to the estrogen receptor in rat uterine 
cytosol, were in the following sequence: 5 ~0.4 X 10"9; 
estradiol, ~0.7 X 10~9; 6 (3-hydroxytamoxifen), ~10~8; 7, 
~0.3 X 1(T7; 8 ~0.3 X 1(T7; tamoxifen (1), ^KT6. Thus, 
the RBA is modestly enhanced on 3- and 4-hydroxylation 
of the 2-phenyl group of tamoxifen and markedly enhanced 
on 3- and 4-hydroxylation of the 1-phenyl group. However, 
Roos et al.12 found that the enhancement of the RBA for 
3-hydroxytamoxifen (6) was less marked in assays involving 
the cytosolic estrogen receptors of MCF-7 cells and a hu
man mammary carcinoma. The hydroxy derivatives 5 and 
6, like tamoxifen, showed strong antiestrogenic and weak 
estrogenic activity.11 

We now report on the syntheses of several other hydroxy 
derivatives of tamoxifen, their antiestrogenic properties, 
and alternative syntheses of the 3- (6) and 4-hydroxy (5) 
derivatives. 

Chemistry. Recent syntheses11'13 of 4-hydroxytam
oxifen (5) have involved the reaction of [4-(tetrahydro-
pyran-2-yloxy)phenyl]magnesium bromide with an ap
propriate ketone. Erratic results with this Grignard 
reagent prompted the development of an alternative and 
improved procedure. Reaction of 4-(tetrahydropyran-2-

(1) Patterson, J. S. In "Nonsteroidal Antioestrogens: Molecular 
Pharmacology and Antitumour Activity"; Sutherland, R. L., 
Jordan, V. C., Eds.; Academic Press: New York, 1982; pp 
453-472. 

(2) Nicholson, R. I.; Borthwick, N. M.; Daniel, C. P.; Syne, J. S.; 
Davies, P. Reference 1, pp 281-301. 

(3) Adam, H. K.; Douglas, E. J.; Kemp, J. V. Biochem. Pharmacol. 
1979, 27, 145. 

(4) Bates, D. J.; Foster, A. B.; Griggs, L. J., Jarman, M.; Leclercq, 
G.; Devleeschouwer, N. Biochem. Pharmacol. 1982, 31, 2823. 

(5) Jordan, V. C; Bain, R. R.; Brown, R. R.; Gosden, B.; Santos, 
M. A. Cancer Res. 1983, 43, 1446. 

(6) Daniel, C. P., Gaskell, S. J.; Bishop, H.; Nicholson, R. I. J. 
Endocrinol. 1979, 83, 401. 

(7) Sutherland, R. L.; Jordan, V. C. Reference 1, pp 473-486. 
(8) Coezy, E.; Borgna, J. L; Rochefort, H. Cancer Res. 1982, 42, 

317. 
(9) Jordan, V. C; Allan, K. E. Eur. J. Cancer 1980, 16, 239. 

(10) Sluyser, M.; Evers, S. G.; de Goeij, C. C. J. Eur. J. Cancer Clin. 
Oncol. 1981, 17, 1063. 

(11) Ruenitz, P. C ; Bagley, J. R.; Mokler, C. M. J. Med. Chem. 
1982, 25, 1056. 

(12) Roos, W.; Oeze, L.; Ooser, R.; Eppenberger, U. JNCI, J. Natl. 
Cancer Inst. 1983, 71, 55. 

(13) Robertson, D. W.; Katzenellenbogen, J. A. J. Org. Chem. 1982 
47, 2387. 

yloxy)phenyl bromide with n-butyllithium under nitrogen 
followed by addition of the resulting lithium derivative to 
l-[4-[2-(dimethylamino)ethoxy]phenyl]-2-phenylbutan-l-
one (10) and acid-catalyzed dehydration of the resulting 

R°"<g>-c-

10, R-CH2CH2NMe2 

18, R-Me 

11, R- CH2CH2NMe2 

19, R- Me 

tertiary alcohol gave a mixture of trans-4-hydroxytam-
oxifen (5) and its cis isomer (12). The isolation of these 
cis and trans isomers and their susceptibility to isomeri-
zation has been described in detail.13 

0CH2CH2NMe2 

0CH2CH2NMe2 

, R2-H 

R2-0H 

R 

1 4 , R ' - 0 H . R 2 - H 

1 5 , R ' - M e . R 2 - H 

2 0 , R , - R 2 - 0 H 

2 1 , R ' - M « , R 2 - 0 H 

12. R 

13. R1 

When the foregoing procedure was repeated with 3-
(tetrahydropyran-2-yloxy)phenyl bromide, a cis,trans 
mixture (6,13) of 3-hydroxytamoxifen was obtained from 
which the pure trans isomer (6) could be crystallized. Like 
Ruenitz et al.11 we were not able to isolate the pure cis 
isomer 13. When the procedure was repeated with 2-
(tetrahydropyran-2-yloxy)phenyl bromide (9), crystalliza
tion of the crude product obtained on dehydration of the 
intermediate tertiary alcohol 11 gave a 2-hydroxy deriva
tive that was assigned the trans configuration (14) (see 
below). TLC (benzene-piperidine, 10:1) of the mother 
liquors from the crystallization of 14 revealed a second 
product (Rf 0.48; cf. 0.45 for 14) that, unlike 14 and the 
other hydroxy derivatives of tamoxifen noted above, was 
fluorescent under UV light and whose EI mass spectrum 
contained a peak (m/z 385) that was 2 mass units lower 
than that for the molecular ion of 14, suggesting14 that it 
was a phenanthrene derivative. No evidence was obtained 
for the formation of the cis isomer of 14. 

Attempts were therefore made to isomerize 14 on the 
basis of the observation that £rans-(Z)-l-(4-hydroxy-
phenyl)-l,2-diphenyl-l-butene15 (16) was converted into 

(14) Mendenhall, D. W.; Kobayashi, H.; Shih, F. M. L.; Sternson, 
L. A.; Higuchi, T.; Fabian, C. Clin. Chem. 1978, 24, 1518. 

(15) Sohar, P.; Abraham, G., Schneider, G.; Horvath, T.; Fuggerth, 
E. Acta Chim. Acad. Sci. Hung. 1979, 100, 69. 
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OH OMe 

17 

a 1:1 equilibrium cis.trans mixture by storage of a solution 
in 6 M HC1 in ether at room temperature for 4 h. Un
fortunately, this procedure could not be applied to 14 since 
the hydrochloride precipitated immediately. Attention was 
therefore turned to the model compound l-(2-hydroxy-
phenyl)-l-(4-methoxyphenyl)-2-phenyl-l-butene (17), 
which lacks the basic substituent present in 14 and was 
prepared by the sequence 18 -* 19 -*• 17. The intermediate 
tertiary alcohol 19 was obtained crystalline, but on dehy
dration only the trans isomer (17) appeared to be formed 
together with a fluorescent compound of slightly higher 
Rf value that, presumably, was a phenanthrene derivative 
analogous to that associated with 14 and described above. 
The crystalline trans isomer 17 dissolved readily in 6 M 
HC1 in ether but was unchanged after storage of the so
lution for 4 h at room temperature. 

4-Hydroxytamoxifen (5) has a high RBA, but it readily 
equilibrates into a cis,trans mixture and the cis isomer (12) 
his16'17 a low RBA. This unwanted isomerization can occur 
even on storage of the trans isomer (5) in the solid state 
and exceedingly easily under certain conditions,13 partic
ularly during chromatography of small amounts. Although 
there is no evidence for trans -*-cis,trans equilibration in 
vivo, it can occur readily under cell culture condtions.17 

Thus, prior to the use of the trans isomer (5) in in vitro 
or in vivo experiments, it is advisable to verify its stereo
chemical purity by TLC and, wherever possible, to monitor 
for trans -* cis,trans equilibration. The formation of only 
the trans isomer of 2-hydroxytamoxifen (14), its resistance 
to isomerization, and the high RBA of 4-hydroxytamoxifen 
prompted syntheses of the 2-methyl (15), 2,4-dihydroxy 
(20), and 4-hydroxy-2-methyl (21) derivatives of tamoxifen. 

The route to 15, 20, and 21 (see Experimental Section) 
was similar to that described above for 2-hydroxytam
oxifen, and in each sequence, only the product with the 
trans configuration appeared to be formed (the assign
ments of configuration are discussed below). The tertiary 
alcohol precursor to the 2-methyl derivative 15 was ob
tained in crystalline form and in high yield (92%). 

To further complete the series of hydroxylated deriva
tives of tamoxifen, the two hydroxyethyl compounds 24 
and 25 were synthesized. Hydroxylation of the ethyl group 
of tamoxifen was proposed by Fromson et al.18 as a minor 
metabolism pathway in the rat, although the monohydroxy 
derivatives 24 and 25 per se were not detected. The syn
thesis route to the trans-3- (24) and trcms-4-hydroxy-l-
butene (25) derivatives involved (dimethylamino)-
ethylation of the known19 triphenylethylene derivative (22) 
to give 23 followed by conversion of the product into the 
lithio derivative and reaction with acetaldehyde (24) or 

(16) Robertson, D. W.; Katzenellenbogen, J. A.; Long, D. J.; Rorke, 
E. A.; Katzenellenbogen, B. S. J. Steroid. Biochem. 1982,16, 
1. 

(17) Katzenellenbogen, B. S.; Normn, M. J.; Eckert, R. L.; Peltz, S. 
W.; Mangel, W. F. Cancer Res. 1984, 44, 112. 

(18) Fromson, J. H.; Pearson, S.; Bramah, S. Xenobiotica 1973, 3, 
693. 

(19) Richardson, A.; Benson, H. D.; Hite, G. J. Pharm. Sci. 1976, 
65, 1545. 
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ethylene oxide (25). The frrans-5-hydroxy-l-pentene de
rivative (26) was obtained by reaction of the lithio deriv
ative with oxetan. Since a cis,trans mixture of products 
was formed when the trans bromide (23) was lithiated, 
there was no advantage in resolving the cis,trans mixture 
of the bromide 23 prior to lithiation. However, the cis,trans 
mixture of products was readily resolved by column 
chromatography. 

OR 0CH2CH2NMe2 

2 2 , R » H 
23,R-CH2CH2NMe2 

24,R.CH 3CH(OH)-
2 5 , R - H 0 C H 2 C H 2 -
26 ,R -H0CH 2 CH 2 CH 2 -

Assignment of Cis and Trans Configurations. The 
isomers of tamoxifen derivatives in which the 1- and 2-
phenyl groups are unsubstituted can be readily identified 
on the basis of the chemical shifts of the AB quartet for 
the protons in the remaining aromatic moiety. Thus, only 
in the trans isomer is this AB quartet upfield of the signals 
for the protons of the phenyl groups,20 reflecting the 
combined shielding effect of these groups. On this basis 
2-hydroxytamoxifen (14: AB q, 8 6.54-6.80; other aromatic 
protons, 8 6.84-7.22), 2-methyltamoxifen (15: AB q, 8 
6.51-6.80; other aromatic protons, 8 7.12-7.30), and the 
model compound 17 (AB q, 8 6.42-6.76; other aromatic 
protons, 5 6.90-7.55) can be assigned the trans configura
tion. Although this relationship holds for the 3 - (24) and 
4-hydroxy-1-butene (25) derivatives and the 5-hydroxy-l-
pentene derivative (26) (see Experimental Section), it does 
not hold for 2,4-dihydroxy (20) and 4-hydroxy-2-methyl 
(21) derivatives of tamoxifen (20: AB q, 8 6.51-6.76; other 
aromatic protons, 5 6.20-6.82. 21: AB q, 8 6.54-6.73; other 
aromatic protons, 8 6.62-7.24) but the chemical shifts of 
the AB quartet of 15, 20, and 22 (and also 14) are in the 
same range (5 6.5-6.8) as the known trans isomers 1 and 
5 and the trans configurations of 14 and 21 were proved 
by X-ray crystallography.21 Also, the chemical shifts of 
the triplets for the OCH2 protons in the compounds (20 
and 21) assigned the trans configuration are below 8 4.0 
(5 3.80 and 3.86, respectively), consistent with the findings 
of Collins et al.22 for triarylethylene derivatives. 

Relative Binding Affinity and in Vitro Antimam-
mary Tumor Activity. The relative binding affinities 
(RBA) of the tamoxifen derivatives for the uterine estrogen 
receptor23 were as follows: 4-hydroxytamoxifen (5) = 4-
hydroxy-2-methyltamoxifen (21) > E2, 100; 2,4-di-
hydroxytamoxifen (20), 25; 3-hydroxytamoxifen (6), 2.5; 
2-methyltamoxifen (15) > tamoxifen (1), 0.9; 2-
hydroxytamoxifen (14), 0.1. A similar sequence was re
ported by Ruenitz et al.13 for 5, 6, and 1, although the RBA 
values estimated from the inhibition curves reported by 
these authors suggest slightly higher values for 5 and 6. 
Our RBA values were estimated at 18 °C after incubation 

(20) Bedford, G. R.; Richardson, D. N. Nature (London) 1966,212, 
733. 

(21) Kuroda, R.; Cutbush, S.; Neidle, S. Leung, O.-T. J. Med. 
Chem. following paper in this issue. 

(22) Collins, D. J.; Hobbs, J. J.; Emmens, C. W. J. Med. Chem. 
1971, 14, 952. 

(23) Leclercq, G.; Deboel, M. C.; Heuson, J. C. Int. J. Cancer 1976, 
18, 750. 
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Table I. Effect of Tamoxifen and Some Hydroxy Derivatives on 
the Growth of MCF-7 Cells" 

control 
tamoxifen (1) 

4-hydroxytamoxifen 
(5) 

3-hydroxytamoxifen 
(6) 

2-hydroxytamoxifen 
(14) 

molarity 

lO"7 

lO"6 

10~7 

IO"6 

IO'7 

IO"6 

10"7 

IO-6 

DNA (Mg ±SD)6 

compd alone 

16.7 ± 3.0 (100) 
14.0 ± 2.2 (84) 
10.6 ± 1.0 (63) 
6.0 ± 0.8 (36) 

3.8 ± 1.2 (23) 
11.2 ± 0.9 (67) 

5.9 ± 1.5 (35) 
14.6 ± 1.4 (87) 

14.2 ± 1.2 (85) 

compd + 10 8 

M estradiol 

14.7 ± 1.0 (88) 
15.2 ± 0.9 (91) 
15.1 ± 1.3 (90) 
14.2 ± 0.6 (85) 

5.4 ± 0.8 (32) 
15.0 ± 1.2 (90) 

11.3 ± 1.1 (68) 
12.8 ± 1.8 (77) 

12.4 ± 1.8 (74) 

"One-way variance analysis showed that tamoxifen (1) and the 
4- (5) and 3-hydroxy (6) derivatives significantly inhibited the 
growth of MCF-7 cells: (1, P < 0.05; 5, P < 0.001; 6, P < 0.001). 
Newman-Keuls test showed that 5 was effective at both 10"7 and 
10-6 M (P < 0.001), whereas 1 and 6 were effective only at 10"6 M 
(P < 0.01). 'The figures in brackets are the percentages of the 
control value. 

Table II. Effect of 4-Hydroxytamoxifen and Some Derivatives 
on the Growth of MCF-7 Cells" 

control 
4-hydroxytamoxifen (5) 

2,4-dihydroxytamoxifen (20) 

4-hydroxy-2-methyltamoxifen (21) 

molarity 

io-7 

10^ 
10"7 

10~« 
IO"7 

io-« 

DNA (Mg ± SD)6 

8.2 ± 1.1 (100) 
1.2 ± 0.2 (15) 
1.1 ± 0.3 (13) 
6.6 ± 2.3 (80) 
1.1 ± 0.5 (13) 
1.6 ± 0.4 (20) 
1.0 ± 0.3 (12) 

"One-way variance analysis showed that all compounds signifi
cantly inhibited the growth of MCF-7 cells (P < 0.001). Newman-
Keuls test showed that 5 and 21 were effective at both 10"7 and 
IO"6 M (P < 0.001), whereas 20 was effective only at IO"6 M (P < 
0.01). 'The figures in brackets are the percentages of the control 
value. 

for 30 min, whereas those of Ruenitz et al.11 were deter
mined at 4 °C after 4 h. These differences in the binding 
assays are probably responsible for the differences in RBA 
values, since the latter are markedly time and temperature 
dependent.24 The RBA values of the 3- (24) and 4-
hydroxy-1-butene (25) and the 5-hydroxy-l-pentene (26) 
derivatives were each ~0 .05 . 

Both estrogens and antiestrogens bind to ER, but an
tiestrogenic activity can be assessed on the basis of in
hibition of the growth in vitro of ER-positive and ER-
negative cell lines derived from human breast cancers.25,26 

The results in Table I show tha t the growth of the ER-
positive cell line MCF-7 was inhibited by tamoxifen (1) 
and its 4- (5) and 3-hydroxy (6) derivatives; the 2-hydroxy 
isomer (14) was ineffective. As expected4'8,12 from the RBA 
values, 5 and 6 were more potent inhibitors than tamoxifen 
(1), with 5 being slightly the more potent; the inhibitions 
were suppressed by estradiol. Similarly, growth was in
hibited by the 2,4-dihydroxy (20) and 4-hydroxy-2-methyl 
(21) analogues (Table II). Again, the inhibitory activity 
paralleled the RBA values: the 4-hydroxy-2-methyl de
rivative (21) was as strong an inhibitor as 4-hydroxytam
oxifen (5) whereas the 2,4-dihydroxy derivative (20) was 

only a weak inhibitor. Like tamoxifen4,25 (1) none of the 
derivatives inhibited the growth of the ER-negative cell 
line Evsa-T, indicating that they had no general cytotoxic 
properties. 

The marked reduction in RBA on moving the 4-hydroxyl 
group in 5 to the 3-position (6) may reflect an increase in 
steric hindrance to hydrogen bonding of the hydroxyl 
group or an increased separation distance between the 
hydroxyl group and a hydrogen-bond acceptor at the 
binding site. That hydrogen bonding of the hydroxyl group 
in the 4-hydroxy derivative (5) is responsible for the en
hancement of the RBA is suggested by the fact that re
placement27 of the hydroxyl group by, for example, Me or 
F results in a dramatic reduction in the RBA. The finding 
that 2-hydroxytamoxifen (14) has an RBA even lower than 
that of tamoxifen suggests the operation of an effect that 
does not occur in the 3- (6) and 4-isomer (5), possibly the 
intrusion of the hydroxyl group into a lipophilic zone of 
the molecule involved in the binding to ER. Consistent 
with this interpretation is the fact that introduction of a 
2-methyl substituent (15) does not adversely affect the 
RBA. 

As might be expected, the introduction of a second hy
droxyl group into the 2-hydroxy derivative (14) to give the 
2,4-dihydroxy compound 20 increased the RBA. The high 
RBA of the 4-hydroxy-2-methyl derivative (21), which is 
comparable to tha t of 4-hydroxytamoxifen (5), coupled 
with its resistance to trans —*• cis isomerization leads us 
to suggest tha t it would be a useful compound in ER-
binding studies such as those recently described by Keene 
et al.28 using l-[4-[2-(diethylamino)ethoxy]phenyl]-l-(4-
hydroxyphenyl)-2-(4-methoxyphenyl)-l-butene, a tamox
ifen analogue that, like 4-hydroxytamoxifen (5), would be 
expected to readily undergo trans -» cis,trans equilibration. 

The biological activity of 4-hydroxy-2-methyltamoxifen 
(21) is being further explored. 

Experimental Section 
Routine 60-MHz XH NMR spectra (internal Me4Si) were ob

tained on a Perkin-Elmer R12B spectrometer. The 250-MHz 
spectra (internal Me4Si) were obtained by courtesy of the 
University of London Intercollegiate Research Service. Mass 
spectra (electron impact, 70 eV) were obtained with a VG 7070H 
spectrometer and VG 2235 data system, using the direct-insertion 
method. TLC was performed on Kieselgel 60 (Merck 7730) with 
benzene-piperidine11 (10:1, v/v) unless stated otherwise, and 
reversed-phase (RP) TLC on Whatman KC18F using methanol-
water-diethylamine (80:20:1, v/v). Developed plates were viewed 
under UV light (Hanovia Chromatolite). Column chromatography 
was performed on Kieselgel 60 (Merck 7734). Melting points were 
determined on a Kofler hot stage and are uncorrected. 

The (tetrahydropyranyloxy)phenyl bromides were prepared 
routinely by stirring a mixture of the appropriate bromophenol, 
excess dihydropyran, and toluene-p-sulfonic acid (trace) at room 
temperature (with cooling if necessary) for 1 h. Each mixture 
was diluted with El^O, washed with dilute aqueous NaOH, dried 
(MgS04), and concentrated. The products had no IR absorption 
for OH, and those that were noncrystalline were used without 
further purification. 

Derivatives of l-[4-[2-(Dimethylamino)ethoxy]phenyl]-
1,2-diphenyl-l-butene. (a) 4-Hydroxy Derivatives (12 and 
5). n-Butyllithium (3.2 mmol, 2.4 mL of a 1.35 M solution in 
hexane) was added dropwise during 10 min to a solution of 4-
(tetrahydropyran-2-yloxy)phenyl bromide29 (0.84 g, 3.26 mmol; 
mp 50-52 °C) in tetrahydrofuran (THF, 5 mL) at -78 °C. The 
mixture was stirred for 30 min, and a solution of l-[4-[2-(di-

(24) Wakeling, A. E.; Slater, S. R. Cancer Treat. Rep. 1980,64, 741. 
(25) Lippman, M. E.; Bolan, E.; Huff, K. Cancer Res. 1976, 36, 

4595. 
(26) Leclercq, G.; Devleeschouwer, N.; Heuson, J. C. J. Steroid 

Biochem. 1983, 19, 75. 

(27) Jordan, V. C; Clark, E. R.; Allen, K. E. Reference 1, pp 31-57. 
(28) Keene, J. L.; Sweet, F., Ruh, M. F.; Ruh, T. S. Biochem. J. 

1984,227,819. 
(29) Parham, W. E.; Anderson, E. L. J. Am. Chem. Soc. 1948, 70, 

4187. 
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methylamino)ethoxy]phenyl]-2-phenylbutan-l-one (10) (1 g; mp 
40-42 °C; previously reported30 as a liquid bp 162 °C (0.75 
mmHg)) in THF (5 mL) was added during 2-3 min from a syringe. 
The mixture was allowed to attain room temperature and then 
stirred for 10 h and partitioned between Et20 (50 mL) and H20 
(25 mL). The aqueous layer was extracted with EtjO (3 X 10 mL), 
and the combined Et20 layer and extracts were washed with 
saturated aqueous NaCl, dried (Na2S04), and concentrated. 

A solution of the resulting tertiary alcohol (1.86 g, no IR ab
sorption for carbonyl) in MeOH (25 mL) and concentrated HC1 
(3 mL) was kept at 60-70 °C for 30 min, then cooled to room 
temperature, adjusted to pH 11 with concentrated aqueous NaOH, 
and partitioned between Et20 (50 mL) and H20 (20 mL). The 
aqueous layer was extracted with Et20 ( 3 X 5 mL), and the 
combined Et20 layer and extracts were washed with saturated 
aqueous NaCl, dried (Na2S04), and concentrated. The residue 
was crystallized from MeOH to give a ~1:1 (NMR) mixture (0.51 
g, 44%) of the cis E (12) and trans Z isomer (5) as a white solid: 
mp 152-154 °C; : H NMR (60 MHz, CDC13) S 2.28 (s, 6, NMe2, 
Z isomer), 2.34 (s, 6, NMe2, E isomer); TLC, Rf 0.29,0.33; RP-TLC, 
Rf 0.24, 0.27. 

The isolation of the E and Z isomers, and their susceptibility 
to isomerization, has been described in detail.13 

(b) trans -(.E)-3-Hydroxy Derivative (6). The procedure in 
(a) was followed but with 3-(tetrahydropyran-2-yloxy)phenyl 
bromide (0.84 g, 3.26 mmol), and the resulting E,Z mixture was 
eluted from a column (25 X 1 cm) of Kieselgel 60 with CHC13-
MeOH (19:1, v/v) and then crystallized twice from benzene-n-
hexane to give pure 6 (0.35 g, 30%) as a white solid: mp 152-156 
°C [lit.11 mp 162-164 °C]; XH NMR (60 MHz, CDC13) 5 2.30 [s, 
6, NMe2; cf. 2.37 for the cis Z isomer 13]; RP-TLC, Rf 0.27 [cf. 
0.24 for the cis Z isomer 13]; the E and Z isomers could not be 
separated by TLC using benzene-piperidine (10:1, v/v) or 
benzene-triethylamine (10:1, v/v). 

(c) trans-(i?)-l-[4-[2-(Dimetb.ylamino)ethoxy]phenyl]-
l-(2-hydroxyphenyl)-2-phenyl-l-butene (14). The procedure 
in (a) was followed (10 —* 11 -*• 14) but with 2-(tetrahydro-
pyran-2-yloxy)phenyl bromide (9) (0.84 g, 3.26 mmol). The crude 
product contained (NMR) only the trans E isomer (14), and 
crystallization from toluene gave a white solid (0.47 g, 40.3%): 
mp 136.5-138.5 °C; RP-TLC, R, 0.27; XH NMR (250 MHz, 
Me2SO-d6) S 0.78 (t, 1, J = 7 Hz, CH2Ctf3), 2.15 (s, 6, NMe2), 2.27 
(q, 2, J = 7 Hz, Ctf2CH3), 2.50 (t, 2, J = 5.7 Hz, NCH2CH20), 
3.87 (t, 2, J = 5.7 Hz, NCH2Ctf20), 6.55-6.78 (AB q, 4, J = 8.7 
Hz, CCeH40), 6.84-6.86 (m, 2, ortho and para protons of OC6H4), 
7.06-7.22 (m, 7, Ph and meta protons of OC6H4); mass spectrum 
(EI), m/z 387 (15%, M+-), 72 (23%, [CH2CH2NMe2]

+-), 58 (100%, 
[CH2=NMe2]+). Anal. (C26H29N02) C, H, N. 

The X-ray crystal structure of 14 is detailed in the following 
paper.21 

(d) trans-(E)-l-[4-[2-(Dimethylamino)ethoxy]phenyl]-
l-(2-methylphenyl)-2-phenyl-l-butene (15). The procedure 
in (a) was followed but with o-tolyl bromide (1.6 g, 6.4 mmol) to 
give l-[4-[2-(dimethylamino)ethoxy]phenyl]-l-(2-methyl-
phenyl)-2-phenyl-l-butanol (1.19 g, 92%): mp 133 °C (from 
cyclohexane); RP-TLC, R, 0.19; lH NMR (250 MHz, CDC13) & 0.84 
(t, 3, J = 7.3 Hz, CH2Cff3), 1.87-2.14 (m, 2, Ctf2CH3), 2.13 (s, 3, 
C6H4Ctf3), 2.28 (s, 6, NMe2), 2.39 (s, 1, OH), 2.62 (t, 2, J = 5.8 
Hz, OCH2Ctf2N), 3.43 (dd, 1, J = 1.8 and 11.3 Hz, EtCH), 3.89 
(t, 2, J = 5.8 Hz, OCH2CH2N), 6.50 and 6.72 (AB q, 4, J = 8.9 
Hz, H-3,5 and H-2,6 of CC6H40), 6.97-7.14 [m, 6, Ph and H-3 
of CC6H4(o-Me)], 7.20 (dt, 1, J = 1.3 and 7.3 Hz, H-4 of 
CC6H4(o-Me)], 7.29 [dt, 1, J = 1.4 and 7.3 Hz, H-5 of CC6H4(o-
Me)], 7.61 [d, 1, J = 7.3 Hz, H-6 of CC6H4(o-Me)]. Anal. (C27-
H33N02) C, H, N. 

The foregoing tertiary alcohol (3 g) was dehydrated essentially 
as described in (e). The crude product was eluted from a column 
(4 X 45 cm) of Kieselgel 60 using a stepwise gradient of MeOH 
in CHC13 to give 15 (RP-TLC, Rf 0.08), which could not be ob
tained crystalline. HC1 was bubbled through a solution of 15 (3 
g) in Et20 (10 mL). The precipitate was collected and recrys-
tallized from EtOAc-EtOH to give the hydrochloride of 15 (1.6 

(30) Harper, M. J. K.; Richardson, D. N.; Walpole, A. L. British 
Pat. 1064629, 1967; Chem. Abstr. 1967, 67, 90515g. 

g, 63%): mp 184-186 °C; lH NMR (250 MHz, CDC13) 6 0.83 (t, 
3, J = 7.4 Hz, CH2CH3), 2.14 (s, 3, CeH4Me), 2.26 and 2.30 (2 dq, 
2, J = 13.8 and 7.4 Hz, Ctf2CH3), 2.86 (s, 6, NMe2), 3.36-3.41 (m, 
2, OCH2CH2N), 4.31-4.34 (m, 2, OCH2CH2N), 6.51 and 6.80 (AB 
q, 4, J = 8.8 Hz, H-3,5 and H-2,6 of CC6H40), 7.12-7.30 (m, 9, 
Ph and Cgff4Me), 12.7 (bs, 1, NHMe2). Anal. (C27H32C1N0) C, 
H, CI, N. 

(e) trans -(.E)-l-(2,4-Dihydroxyphenyl)-l-[4-[2-(di-
methylamino)ethoxy]phenyl]-2-phenyl-l-butene (20). n-
Butyllithium (25 mmol, 14.8 mL of a 1.7 M solution in hexane) 
was added dropwise under N2 to a solution of 2,4-bis(tetra-
hydropyranyloxy)phenyl bromide31 (9.64 g, 27 mmol; mp 68-69 
°C) in THF (20 mL) at -78 °C for 30 min, a solution of l-[4-
[2-(dimethylamino)ethoxy]phenyl]-2-phenylbutan-l-one (6 g, 19 
mmol) in THF (10 mL) was then added during 2-3 min, and the 
mixture was stirred for 10 h at room temperature and worked up 
as in (a). 

The resulting orange residue (14.8 g) was eluted from a column 
(5 X 70 cm) of Kieselgel 60 initially with CH2C12 and then with 
a stepwise CH2Cl2-Me0H gradient. At 1.75% MeOH the required 
tertiary alcohol was eluted and isolated as a viscous yellow oil (4.39 
g): TLC, Rf 0.42 (CHCl3-MeOH, 9:1, v/v); IR i w 3510 cm"1 (OH). 

In order to minimize decomposition, the foregoing tertiary 
alcohol (1.5 g) was dehydrated under conditions milder than those 
described in (a), namely with concentrated HC1 (1.5 mL) and 
MeOH (15 mL) at room temperature, for 30 min. Crystallization 
of the product from EtOAc at -25 °C gave 20 (0.17 g, 16.1%): mp 
158-165 °C after turning yellow-orange at ~120 °C; TLC, i?,0.16 
(CHCl3-MeOH, 9:1, v/v); XH NMR (250 MHz, Me2SO-d6) & 0.77 
(t, 3, J = 7.3 Hz, CH2Ctf3), 2.15 (s, 6, NMe2), 2.29 (q, 2, J = 7.3 
Hz, Ctf2CH3), 2.52 (t, 2, NCtf2CH20), 3.80 (t, 2, J = 5.8 Hz, 
NCH2Ctf20), 6.20-6.24 [m, 1, H-5 of C6H3(OH)2], 6.3 [d, 1, J = 
2.2 Hz, H-3 of C6H3(OH)2], 6.82 [d, 1, J = 8.1 Hz, H-6 of C6H3-
(OH)2], 6.53, 6.75 (AB q, 4, J = 8.7 Hz, C6H4), 7.07-7.20 (m, 5, 
C6H6), 8.91 and 9.17 (2 s, 2, 2 OH). Anal. (C26H29N03) C, H, N. 

(f) trans-(i?)-l-[4-[2-(Dimethylamino)ethoxy]phenyl]-
l-(4-hydroxy-2-methylphenyl)-2-phenyl-l-butene (21). n-
Butyllithium (6.4 mmol, 4 mL of a 1.6 M solution in hexane) was 
added dropwise during 15 min to a solution of 2-methyl-4-(tet-
rahydropyranyloxy)phenyl bromide [1.74 g, 6.4 mmol, prepared 
(see above) from 4-bromo-m-cresol32 (mp 62-63 °Q] in THF (5 
mL) at -78 °C. The mixture was stirred at -78 °C for 30 min 
and then treated with a solution of l-[4-[2-(dimethylamino)eth-
oxy]phenyl]-2-phenylbutan-l-one (1 g) in dry THF (5 mL). The 
mixture was allowed to attain room temperature (~17 °C), stirred 
for 10 h there at, and then worked up as in (d) to give the crude 
tertiary alcohol (2.45 g): TLC, R, 0.43 (CHCl3-MeOH, 9:1, v/v); 
RP-TLC, Rf 0.16. 

The foregoing tertiary alcohol (2.45 g) was dehydrated essen
tially as described in (e). Recrystallization of the product from 
MeOH gave 21 (0.5 g, 38.8%): mp 181-181.5 °C; TLC, R, 0.24 
(CHCl3-MeOH, 9:1, v/v), RP-TLC, fy0.23; lH NMR (250 MHz, 
Me2SO-d6), 5 0.74 (t, J = 7.36 Hz, 3, CH2Cff3), 2.01 [s, 3, Me of 
C6H3(OH)Me], 2.15 (s, 6, NMe2), 2.19-2.27 (m, 2, Ctf2CH3), 2.5 
(t, 2, J = 6 Hz, OCH2Ctf2NMe2), 3.86 (t, 2, J = 5.8 Hz, 
OCtf2CH2NMe2), 6.56-6.71 (AB q, 4, J = 8.7 Hz, CC6H40), 6.62 
[s, 1, H-3 of C6H3(0H)Me], 6.62-6.66 [m, 1, H-5 of C6H3(OH)Me], 
7.02-7.05 [d, 1, J = 7.8 Hz, H-6 of C6H3(OH)Me], 7.11-7.24 (m, 
5, Ph), 9.26 (s, 1, OH). Anal. (C27H3iN02) C, H, N. 

In subsequent larger scale dehydrations coupled with column 
chromatography of the mother liquors, the total yield of 21 was 
increased to 60%. 

TLC on Kieselgel 60 F ^ (Merck, 5714) with benzene-piperidine 
(10:1, v/v) of the mother liquors remaining after the crystallization 
of 21 revealed two components [Rf 0.26 (21), 0.29]. The component 
with Rf 0.29 was not characterized, but it was not the E isomer 
of 21 (mass spectral data). 

Under conditions (50 mg in 10 mL of 5% HC1 in EtOH, reflux, 
2 h) where 4-hydroxytamoxifen (5) was equilibrated to a cis.trans 
mixture, 21 was unaffected. 

(31) Karmas, G. Fr. Pat. 1596554, 1970; Chem. Abstr. 1971, 74, 
141296r. 

(32) Saraf, S. D.; Malik, Z. A. Pakistan J. Sci. Ind. Res. 1973, 16, 
16. 
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l-(4-Methoxyphenyl)-l-[2-(tetrahydropyran-2-yloxy)-
phenyl]-2-phenyl-l-butanol (19). The procedure was essentially 
that in (a) above except that l-(4-methoxyphenyl)-2-phenyl-
butan-1-one33 (18; 0.63 g, 2.48 mmol) was used together with 2 
equiv of 2-(tetrahydropyran-2-yloxy)phenyl bromide (1.28 g, 4.96 
mmol) and n-butyllithium (4.96 mmol, 2.9 mL of a 1.7 M solution 
in hexane) to promote complete reaction. Compound 19 crys
tallized from light petroleum (bp 60-80 °C) as a white solid (0.78 
g, 73%): mp 178-180 °C; JH NMR (250 MHz, CDC13) <5 0.81 (t, 
3, J = 7.4 Hz, CK2CHS), 1.00-1.80 (m, 6, tetrahydropyran H-
3,3,4,4,5,5), 2.16 (quint, 2, J = 7.5 Hz, CH2Ctf3), 3.64 (s and m, 
3, MeO, EtCH), 3.92 (brt, 2, tetrahydropyran H-6,6), 4.96 (m, 1, 
tetrahydropyran H-2), 4.83 (s, 1, OH), 6.44, 6.73 (AB q, 4, J = 
8.8 Hz, p-OC6H4C), 7.00-7.40 (m, 8, Ph and H-3,4,5 of o-OC6H4C), 
7.58 (d, 1, J = 7.5 Hz, H-6 of o-OC6H4C). Anal. (C28H3204) C, 
H. 

(E)-I- (2-Hydroxy phenyl)- l - (4 -methoxypheny l)-2-
phenyl-1-butene (17). The procedure for deprotection and 
dehydration of 19 (0.3 g, 0.69 mmol) was essentially that in (a) 
above. The product 17 crystallized from light petroleum ether 
(bp 60-80 °C) as a white solid (0.11 g, 47%): mp 96-99 "C; JH 
NMR (60 MHz, CDC13) 5 0.88 (t, 3, J = 7 Hz, CH2Ctf3), 2.43 (q, 
2, J = 7 Hz, Ctf2CH3), 3.61 (s, 3, MeO), 6.42, 6.76 (AB q, 4, J = 
9 Hz, M e O C ^ C ) , 6.80-7.30 (m, 9, Ph and H O C ^ C ) . Anal. 
(C23H2202) C, H. 

trans -(E)- l-Bromo-2-[4-[2-(dimethylamino)ethoxy]-
phenyl]-l,2-diphenylethene (23). To a stirred solution of 
(£,Z)-l-bromo-l,2-diphenyl-2-(4-hydroxyphenyl)ethene (22: 6.0 
g, 17 mmol) in dry HCONMe2 (75 mL) under N2 at room tem
perature was added NaH (3.0 g, 125 mmol), and the mixture was 
heated to 60 °C under N2. (Dimethylamino)ethyl chloride hy
drochloride (6.0 g, 42 mmol) was then added portionwise during 
20 min. After a further 15 min at 60 °C, the mixture was cooled, 
poured into ice water (200 mL), and extracted with Et20 (2 X 
150 mL). The combined extracts were washed with H20 (200 mL), 
dried (Na2S04), and concentrated, and the residue was crystallized 
from light petroleum (bp 40-60 °C) to give a 2:1 E,Z mixture (6.43 
g, 89%). Further recrystallization from light petroleum (bp 80-100 
°C) gave the pure trans E isomer (23): mp 117-118 °C; »H NMR 
(60 MHz, CDC13) S 2.27 (s, 6, NMe2), 2.61 (t, 2, J = 6 Hz, CH2N), 
3.91 (t, 2, J = 6 Hz, CH20), 6.59 (d, 2, J = 9 Hz, H-3,5 of CC6H40), 
6.83 (d, 2, J = 9 Hz, H-2,6 of CC6H40), 7.0-7.4 (m, 10, 2 Ph). Anal. 
(C24H24BrNO) C, H, Br, N. 

The cis Z isomer could not be obtained pure: *H NMR 5 2.35 
(s, 6, NMe2), 2.75 (t, 2, J = 6 Hz, CH2N), 4.10 (t, 2, J = 6 Hz, 
CH20), 6.75-7.45 (m, 14, aromatic protons). 

frans-(jE')-l-[4-[2-(Dimethylainino)ethoxy]phenyl]-l,2-
diphenyl-l-buten-3-ol (24). To a stirred solution of 23 (360 mg, 
0.85 mmol) in dry THF (6 mL) at -78 °C under N2 was added 
n-butyllithium (1.2 mmol, 0.8 mL of a 1.5 M solution in hexane) 
followed, after 5 min, by acetaldehyde (0.3 mL, 5 mmol). The 
mixture was allowed to attain 0 °C during 20 min, then quenched 
with H20 (2 mL), and partitioned between EtjO (20 mL) and H20 
(20 mL), the Et20 layer was washed with H20 (15 mL), dried 
(Na2S04), and concentrated, and the the residue was subjected 
to chromatography on silica gel H (Merck, 8 g). Elution with an 
increasing proportion of Et^N in Et^O-light petroleum (bp 40-60 
°C) (1:1, v/v) afforded the following: (1) with 1% Et3N, (E,-
Z)-l-[4-[2-(dimethylamino)ethoxy]phenyl-1,2-diphenylethene (56 
mg, 21%); (2) with 10% Et3N, 24 (108 mg, 33%), mp 126-128 
°C [from light petroleum (bp 80-100 °C)]. [Anal. (C26H29N02) 
C, H, N.] (3) with 20% Et3N, the Z isomer of 24 (71 mg, 22%), 
mp 99-100 °C (from light petroleum). [Anal. (C26H29N02) C, 
H.N.] 

»H NMR (250 MHz, CDC13) for trans E isomer (24): <5 1.19 
[d, 3, J = 6.5 Hz, C#3CH(OH)], 1.7 (br s, 1, OH), 2.26 (s, 6, NMe2), 
2.62 (t, 2, J = 5.8 Hz, OCH2Ctf2N), 3.90 (t, 2, J = 5.8 Hz, 
OCtf2CH2N), 4.83 [q, 1, J = 6.5 Hz, CH3Ctf(OH)], 6.55 (d, 2, J 
= 8.7 Hz, H-3,5 of CC6H40), 6.80 (d, 2, J = 8.7 Hz, H-2,6 of 
CCeH40), 7.1-7.4 (m, 10, 2 Ph). 

(33) Schneider, G.; Csanyi, E.; Kiss, E.; Eckhardt, S.; Horvath, T.; 
Borvendeg, J.; Hermann, J. Hung. Teljes 18377, 1980; Chem. 
Abstr. 1981, 95, 61732y. Schickaneder, H.; Loeser, R.; Grill, 
H. Eur. Pat. Appl. EP 54 168; Chem. Abstr. 1982, 97, 2157306. 

'H NMR for cis Z isomer (60 MHz, CDC13): 5 1.19 [d, 3, J = 
7 Hz, Ctf3CH(OH)], 2.31 (s, 6, NMe2), 2.73 (t, 2, J = 6 Hz, 
OCH2CH2N), 3.8 (br s, 1, OH), 4.07 (t, 2, J = 6 Hz, OCff2CH2N), 
4.90 [q, 1, J = 7 Hz, CH3Cif(OH)], 6.75-7.30 (m, 14, aromatic 
protons). 

trans -(Z)-l-[4-[2-(Dimethylamino)ethoxy]phenyl]-l,2-
diphenyl-l-penten-5-ol (26). To a stirred solution of 23 (360 
mg, 0.85 mmol) in oxetan (1.5 mL) at -78 °C under N2 was added 
re-butyl lithium (1.5 mmol, 1 mL of a 1.5M solution in hexane). 
The mixture was allowed to attain room temperature and, after 
1 h, was poured into H20 (20 mL). The product was extracted 
with EtjO and subjected to chromatography as described above 
for 24. A forerun containing trans-(Z)-l-[4-[2-(dimethyl-
amino)ethoxy]phenyl]-l,2-diphenylethylene, the major product, 
was discarded. With 20% Et3N, 26 (35 mg, 10%) was obtained; 
mp 96-98 °C [from light petroleum (bp 80-100 °C)]. Anal. 
(C27H31N02) C, H, N. With 40% Et3N, the E isomer of 26 was 
obtained as an oil (23 mg, 77c). 

JH NMR (250 MHz, CDC13), for trans Z isomer (26): 5 1.59 
(pent, J = 7 Hz, 2, HOCH2Ctf2CH2), 1.63 (br s, 1, OH), 2.31 (s, 
6, NMe2), 2.49 (m, 2, HOCH2CH2Ctf2), 2.67 (t, 2, J = 5.7 Hz, 
OCH2Ctf2NMe2), 3.51 (t, 2, J = 6.6 Hz, HOCtf2CH2CH2), 3.94 
(t, 2, J = 5.7 Hz, OCtf2CH2NMe2), 6.56 (d, 2, J = 8.8 Hz, H-3,5 
of CC6H40), 6.78 (d, 2, J = 8.8 Hz, H-2,6 of CC6H40), 7.0-7.4 (m, 
10, 2 Ph). 

:H NMR (60 MHz, CDC13) for cis E isomer: 8 2.33 (s, 6, Me^) , 
2.65 (t, 2,J=7 Hz, HOCH2CH2Ctf2), 2.74 (t, 2, J = 6 Hz, 
OCH2C#2N), 3.31 (t, 2, J = 8 Hz, HOC#2CH2CH2), 4.09 (t, 2, 
J = 6 Hz, OCtf2CH2N), -4 .5 (br s, 1, OH), 6.8-7.3 (m, 14, aromatic 
protons); the signal for HOCH2Cr72CH2 not detectable at 60 MHz. 

trans -(Z)-l-[4-[2-(Dimethylamino)ethoxy]phenyl]-l,2-
diphenyl-l-buten-4-ol (25). To a stirred solution of 23 (341 mg, 
0.8 mmol; 2:1 E,Z mixture) in dry THF (5 mL) at -78 °C under 
N2 was added n-butyllithium (1.2 mmol, 0.8 mL of a 1.5 M solution 
in hexane). After 5 min, ethylene oxide (0.4 mL, 8 mmol) was 
added and the mixture was allowed to attain room temperature 
during 30 min and then poured into water (20 mL). The products 
were extracted with ether and subjected to chromatography as 
described above for 24. With 1% Et3N, (£,Z)-[4-[2-(dimethyl-
amino)ethoxy]phenyl]-l,2-diphenylethene was obtained as an oil 
(50 mg, 18%). With 15% Et3N, 25 (114 mg, 36%) was obtained; 
mp 114-115 °C [from light petroleum (bp 80-100 °C)]. Anal. 
(C26H29N02) C, H, N. With 25% Et3N, the Z isomer of 25 (85 
mg, 27%) was obtained; mp 112-114 °C (from light petroleum). 
Anal. (C^HJSNOS) C, H, N. 

'H NMR (60 MHz, CDC13): for the trans Z isomer (25), 5 1.75 
(br s, 1, OH), 2.28 (s, 6 H, NMe2), 2.63 (t, 2, J = 6 Hz, OCH2Cif2N), 
2.74 (t, 2, J = 7 Hz, HOCH2Ctf2), 3.59 (t, 2, J = 7 Hz, HOCtf2CH2), 
3.91 (t, 2, J = 6 Hz, OCtf2CH2N), 6.55 (d, 2, J = 9 Hz, H-3,5 of 
CC6H40), 6.79 (d, 2, J = 9 Hz, H-2,6 of CC6H40), 7.1-7.35 (rn, 
10, 2 Ph); for the cis E isomer, 6 2.31 (s, 6, NMe2), 2.6-2.9 (m, 
5 H, OH, HOCH2CfiT2, 0CH2CH2N), 3.59 (t, 2, J = 7 Hz, 
HOC#2CH2), 4.08 (t, 2, J = 6 Hz, OCH2CH2N), 6.7-7.3 (m, 14, 
aromatic protons. 

Relative Binding Affinities (RBA).23 Rat uterine cytosol 
was incubated with 5 X 10"9 M [3H]estradiol (E2, saturating 
amount) in the presence of increasing amounts (10~9-10-5 M) of 
tamoxifen or hydroxytamoxifen or E2 (control). Unbound com
ponents were then removed with dextran-coated charcoal, and 
the amount of ER-bound [3H]-E2 was measured. The relative 
concentrations of estradiol and tamoxifen or its derivatives re
quired to achieve 50% inhibition of [3H]-E2 binding is the RBA 
( - [ [ I M W P W I T A M ] X WO). 

Cell Culture Assays.26 The action of tamoxifen and its de
rivatives on breast cancer cell lines was determined by measuring 
the amounts of DNA after culture for 120 h. In practice MCF-7 
(ER positive) and Evsa-T (ER negative) were grown in closed 
Falcon plastic flasks (75 cm2) containing Earle's minimum essential 
medium supplemented with L-glutamine (0.6 mg/mL), genta-
mycin (40 /ug/mL), penicillin (100 Mg/mL), streptomycin (100 
Mg/mL), and 10% fetal calf serum. At confluency the cells were 
removed by trypsinization (0.05% trypsin, 0.025% EDTA) and 
suspended (50^200 x 103 cells/mL) in the growth medium sup
plemented with charcoal-stripped fetal calf serum (0.5% charcoal, 
0.005% dextran in 1.5 mL of medium/mL serum, incubated 
overnight at 4 °C). Cells were then plated in 35-mm Petri dishes 
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containing the same culture medium and cultured at 37 °C in 
humidified air-C02 (95:5). After 24 h, a solution of tamoxifen 
or a derivative in ethanol was added (0.1% final concentration 
of ethanol), and after 48 h, the medium was replaced by fresh 
medium containing tamoxifen or a derivative for an additional 
72 h. Both at 24 h (drug addition) and at 144 h (end of exper
iment) the cells were washed twice with Earle's base (2 mL) and 
suspended in trypsin-EDTA (1.5 mL). The DNA of the collected 
cells was precipitated with 0.5 M perchloric acid and quantified 
by the diphenylamine method.34 Quadruplicate cultures were 
used throughout. 
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The accompanying paper reports synthesis, receptor-
binding, and biological data for fcrarcs-tamoxifen derivatives 
with hydroxy and methyl substitution at several positions 
on the phenyl ring cis to the ethyl group on the ethene 
moiety. This study reports the molecular structures of 
several of these: 2- and 3-hydroxy- and 2-methyl-4-
hydroxytamoxifen, as well as tha t of the synthetic pre
cursor to the 2-hydroxy compound, l-(4-methoxy-
phenyl)-l-[2-(tetrahydropyran-2-yloxy)phenyl]-2-phenyl-
1-butanol. All have been determined by X-ray crystal
lography. The conformational dynamics of these molecules 
has been examined by semiempirical energy calculations 
in order to ascertain (i) whether the ground-state crystal 
structures correspond to unique energy minima and (ii) 
what the energy pathways between different conformers 
are. These studies have defined the stereochemistries of 
the derivatives and their relationships to both isomeriza-
tion properties and estrogen receptor binding abilities.1 

The molecular structures of a number of tamoxifen 
derivatives have now been determined. Both parents 
compounds cis-2 and trarcs-tamoxifen3 have been exam
ined, as well as their 4-iodo derivatives,4 and a synthetic 
precursor to irans-tamoxifen tha t contains only the 
methoxy par t of the full side chain.5 Both clomiphene6 

(with chlorine replacing the ethyl group) and the l-(p-2-

CRC Biomolecular Structure Unit. 
Drug Metabolism Team. 
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pyrrolidinineethoxyphenyl) derivative nafoxidine7 have 
antiestrogenic activity and retain the trans arrangement. 

These molecular structures have been examined in terms 
of their possible interrelationships7 and also in relation to 
the structures of the estrogens estradiol and diethylstil-
besterol.8 

Experimental Sect ion 

Crystal Data. The 2-hydroxy and 2-methyl-4-hydroxy com
pounds were recrystallized from methanol; the 3-hydroxy com-
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Structural Studies on Some Tamoxifen Derivatives 

Reiko K u r o d a / Shirley C u t b u s h / Stephen Neidle,* t and On-Tai Leung* 

Cancer Research Campaign Biomolecular Structure Units, Institute of Cancer Research, Block F, Sutton, Surrey SM2 5PX, 
England, and Drug Metabolism Team, Drug Development Section, Cancer Research Campaign Laboratory, Institute of Cancer 
Research, Sutton, Surrey SM2 5PX, England. Received October 15, 1984 

The crystal structures of four derivatives of the antiestrogenic drug tamoxifen are described. These are of 2-hydroxy-, 
3-hydroxy-, and 2-methyl-4-hydroxytamoxifen and of l-(4-methoxyphenyl)-2-phenyl-l-[(tetrahydropyran-2-yl-
oxy)phenyl]-l-butanol, the synthetic precursor to 2-hydroxytamoxifen. All compounds have trans stereochemistry 
about the ethylene double bond, as in tamoxifen itself. The orientations of the hydroxy substituents have been 
found to differ by 180°, depending on the nature of the compound. Empirical energy calculations have been used 
to show that the barrier to free rotation for the hydroxy-substituted phenyl rings is too high for interconversion 
to take place. These orientational differences are, it is suggested, related to the marked differences in estrogen receptor 
binding ability. 
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