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Synthesis and Estrogen Receptor Binding of 
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a Nonisomerizable Analogue of Tamoxifen. X-ray Crystallographic Studies 
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Syntheses of the title compound ( 5 ) ,  a novel nonisomerizable antiestrogen containing a seven-membered ring, are 
described. In one method, 6,7-dihydro-9-(4-methoxyphenyl)-5H-benzocycloheptene was brominated at  the 8-position 
and the bromine displaced by phenylzinc chloride with palladium complex catalysis to  introduce the 8-phenyl 
substituent. Alternatively, benzosuberone was a phenylated with tricarbonyl(&fluorobenzene)chromium(O) and 
the product treated with the appropriate aryllithium reagent to introduce the 9-aryl group last. The relative binding 
affinities for estrogen receptors in cell cytosol and whole cells and growth inhibitory activity against the MCF-7 
human breast tumor cell line in vitro were for 5 comparable to those of tamoxifen (1) and the corresponding 
six-membered ring analogue (7). X-ray crystallographic analyses of 10 and 15, which are methoxy derivatives of 
5 and 7,  show that in some respects 5 bears a closer structural relationship to tamoxifen than does nafoxidine (3) 
or 7. Thus, the aromatic ring, which is fused in the cyclic analogues, was twisted 64,45, 20, and 19' out of the plane 
of the double bond for 1, 10, 3, and 15, respectively. Low-temperature NMR studies indicate that 5 is more rigid 
than tamoxifen; interconversion between enantiomeric conformers is slow on the NMR time scale a t  -75 "C. 

Suitably substituted triarylethylene derivatives have 
antiestrogenic activity.' Of these, tamoxifen [ (2)-1,2- 
diphenyl- 1- [ 4- [ 2-(dimethylamino) ethoxy] phenyl]- 1-butene, 
11 is in current clinical use for the treatment of hor- 
mone-dependent breast c a n ~ e r ~ - ~  and is thought to act 
mainly by competing with estradiol for its receptor (ER).l 
Pharmaceutical preparations of tamoxifen should contain 
only the isomer of 2 stereochemistry since the E isomer 
has unwanted opposing estrogenic properties.5g6 Although 
pure (2)-tamoxifen can be there is evidence 
that its 4-hydroxy derivative 2, which is more potent than 
tamoxifen in vitro and is a minor metabolite in pa- 
tients,'0-12 isomerizes a t  least in vitro to a mixture of 2 and 
E isomers.13 The conjugation of the hydroxyl group with 
the central double bond is responsible for the facile in- 
terconver~ion.~ One solution to this problem is the in- 
troduction of a methyl substituent into the 2-position of 
the hydroxylated ring, which appears to prevent isomer- 
i ~ a t i 0 n . l ~  Alternatively, the configuration of the double 
bond can be fixed by its incorporation into a ring such as 
in nafoxidine (3)15 or as in the series of tricyclic analogues 
of type 4 recently reported by workers a t  Imperial Chem- 
ical 1ndustries.l6 However, in these compounds there are 
significant differences from tamoxifen in their detailed 
stereochemistry. X-ray crystallographic studies have 
demonstrated that the phenyl rings in tamoxifen and a 
methoxy derivative are twisted out of the plane of the 
double bond by more than 50°.17J8 In 3, introduction of 
the six-membered ring alters the orientation of the ring, 
which becomes fused,lg and in 4 two of the phenyl rings 
are inclined toward each other16 rather than being in a 
propeller-like conformation as in tamoxifen. We investi- 
gated the benzocycloheptene derivative 5 in the belief that 
it would show greater stereochemical similarity to ta- 
moxifen than do known fused-ring analogues. This fol- 
lowed the observation that, in the crystal structure of 
2-hydroxytamoxifen (6),20 the hydroxyl group lies close to 
the ethyl group such that it could be envisaged that 
forming a seven-membered ring by joining the oxygen atom 
to the methyl group would not appreciably affect the 
overall conformation of the molecule. The six-membered 
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Laboratory. 

ring analogue 7, which is closely related to nafoxidine (3), 
was also prepared for comparison with 5. 
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Compounds 5 and 7 were assayed for relative binding 
affinity to estrogen receptors in both cytosol and whole 
cells and for growth inhibition of the MCF-7 human breast 
cancer cell line in vitro. In addition, derivatives of 5 and 
7 were examined by X-ray crystallography in order to gain 
a fuller understanding of the stereochemical features of 
these compounds. It was thought that  5 could be more 
conformationally rigid than tamoxifen, and a low-tem- 

n-BuL i ,THF,  20 OC. ( c )  HCI, EtOH, 80 OC 
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Table I. Relative Binding Affinity of Tamoxifen and 
Compounds 5 and 7 for Estrogen Receptor 

cvtosol assay whole cell assay 
tamoxifen 1.0 0.06 
5 1.0 0.02 
7 0.5 0.02 

"Estradiol = 100. 

Table 11. Effects of Compounds 5 and 7 on MCF-7 Cell Growth 
oat densitv (mean f SD)" 

compd + M 
concn, M compd alone estradiol 

control' 0.418 f .OS4 0.460 f 0.033 (110) 
5 lo-' 0.244 f 0.022 (58) 0.379 f 0.043 (91) 

lo4 0.182 f 0.014 (43) 0.438 f 0.021 (105) 
10-5 0.058 f 0.001 (14) 0.098 f 0.022 (23) 

7 0.390 f 0.044 (93) 0.450 f 0.087 (108) 
0.288 f 0.009 (69) 0.385 f 0.019 (92) 
0.049 f 0.016 (11) 0.079 f 0.020 (19) 

"Each value corresponds to the mean of optical density mea- 
surements from four separate cultures. Percentage of control 
value. cEffect of tamoxifen: control, 0.450 f 0.037 (100); at lo4 
M, 0.246 f 0.032 (55); at M, 0.367 f 0.050 (82). 

perature dynamic NMR study of 5 was made to determine 
the rate of interconversion of its enantiomeric conformers. 
Results and Discussion 

Synthesis. The seven-membered ring tamoxifen ana- 
logue (5) was synthesized from benzosuberone as shown 
in Schemes I and 11. In Scheme I the known methyl ether 
(8) was obtained by the reported procedurez1 and bromi- 
nated to give 9. Treatment of 9 with phenylzinc chloride 
in the presence of tetrakis(tripheny1phosphine)palladium- 
(0) catalyst, a method used in a stereospecific synthesis 
of tamoxifen,22 gave a high yield of 10. Replacement of 
the methyl group in 10 by the required basic side chain 
using the standard conditions8 proceeded without prob- 
lems. The resulting tamoxifen analogue (5) was crystalline. 

In Scheme 11, tricarbonyl($-fluorobenzene)chromium(O) 
( 1  I) ,  which readily undergoes displacement of the fluorine 
atom by suitable  nucleophile^,^^^^* was used to arylate the 
sodium enolate of benzosuberone. After oxidative decom- 
plexation of the product, 2-phenylbenzosuberone (12) was 
obtained. 2-Phenylbenzosuberone had been previously 
prepared in moderate yield from benzosuberone by phe- 
nylation with b e n ~ y n e . ~ ~  Treatment of the ketone (12) 
with the anion derived by lithiation of l-bromo-4-[2-(di- 
methy1amino)ethoxyl benzene (13) gave, after acid-cata- 
lyzed dehydration of the resulting carbinol, the bicyclic 
tamoxifen analogue (5). The six-membered ring analogue 
(7) was prepared similarly from a-tetralone via the ketone 
14. 

Both of the above routes represent novel syntheses of 
this type of compound, and either may be preferred in the 
preparation of specific further analogues. The second route 
is the shorter, but the first route is the more amenable to 
large-scale work. 

Relative Estrogen Receptor Binding Affinities and 
Effect on MCF-7 Cell Growth. Table I gives the relative 
binding affinities (RBA) of 5,7, and tamoxifen as measured 
for rat uterine cytosol (biochemical assay) and MCF-7 cells 
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Table 111. Dihedral Angles (deg) between Selected Planes in Various Triarylethylenes 

2- hydroxy- 3-hydroxy- 7-memb ring 6-memb ring 
tamoxifen (1) tamoxifen (6) tamoxifen analogue (IO) analogue (15) nafoxidine (3) 

1-2" 59 57 60 90 119 112 
1-3 87 92 94 103 97 110 
2-3 57 58 57 55 62 55 
1-4 64 65 59 45 19 20 
2-4 57 59 61 45 44 50 
3-4 50 52 60 53 69 56 

Planes calculated from the atomic coordinates of six atoms and defined as follows: 1 = aryl ring on C-1 trans to phenyl; 2 = phenyl ring 
on C-2; 3 = aryl ring on C-1 cis to phenyl; 4 = ethylene bond and adjoining atoms. Figures for compounds 1, 3, and 6 and 3-hydroxytam- 
oxifen were calculated from reported atomic coordinates.leZ0 

in monolayer culture (whole-cell assay). In each test, both 
compounds displayed RBA values of the same order of 
magnitude, which were weak in comparison with estradiol. 
Moreover, as for other antiestrogens of the triarylethylene 
category,26 the whole-cell assay gave lower values than the 
biochemical assay. 

Table I1 shows that compounds 5 and 7 both inhibited 
the growth of MCF-7 human breast cancer cells in vitro 
a t  concentrations between and lo4 M. Compound 
5 appeared to be the more potent since it, but not 7, 
produced a significant growth inhibition a t  lo-' M. A 
routine control run in parallel showed that tamoxifen 
limited tumor growth to 55% at  lo4 M and was quite 
ineffective a t  M, consistent with values recorded 
previously14 (84% growth at  M and 63% a t  lo4 M). 
In view of these data, compound 5 appears to be at  least 
as potent as tamoxifen. I t  is noteworthy that the inhib- 
itions observed were suppressed by M estradiol a t  
concentrations of compound of lo-' and lo4 M, but not 
a t  a concentration of M. This behavior is identical 
with that previously described for tamoxifen2' and is 
consistent with the binding affinity measurements. 

X-ray Crystal Structure Determinations. For the 
purpose of structure determinations, compounds with 
methoxy rather than the basic side chain were chosen 
because of the greater ease of obtaining suitable crystals. 
Different substitution of the oxygen would not be expected 
to affect the stereochemistry of the triarylethylene 
framework. Crystals of the seven-membered ring com- 
pound 10 were obtained from ethanol. The corresponding 

OMe 
I 

OMe 
I 

1 5 ,  n 2 1 16 
1 0 . n  = 2  

six-membered ring compound 15 was prepared from 14 by 
the reported procedure,% and crystals were obtained from 

(26) Stoessel, S.; Leclercq, G., J .  Steroid Biochem., in press. 
(27) Lippman, M.; Bolan, G.; Huff, K. Cancer Res. 1976,36,4595. 
(28) Bencze, W. L.; Barsky, L. I.; Sopchak, W. P.; Renzi, A. A,; 

Howie, N.; Chart, J. J. J .  Med. Chem. 1965, 8, 213. 

light petroleum ether. Table I11 gives selected dihedral 
angles for 10 and 15 in comparison with those for tamox- 
ifen, nafoxidine (3), and the 2- and 3-hydroxytamoxifen 
analogues described previously.2o The angles between the 
planes of the aromatic rings (planes 1-3 in Table 111) give 
an indication of the overall topology of the molecule and 
have been used previously in a discussion of the stereo- 
chemical features of naf0~id ine . l~  The close correlation 
of the figures for the three non-ring-fused analogues is 
evidence that the structure of tamoxifen found in the 
crystal is a suitable representation of the favored confor- 
mation in solution, which is in accordance with confor- 
mational energy calculations.20 Assuming that the seven- 
membered ring analogue 5 has the same stereochemistry 
as the methoxy derivative 10 studied, 5 has stereochemical 
features approximately midway between those of tamox- 
ifen and nafoxidine. As expected, the dihedral angles for 
15 were similar to those of nafoxidine. In order to consider 
the orientation of the individual rings independently of 
those of other rings, dihedral angles between the planes 
of the rings and the plane of the double bond (plane 4 in 
Table 111) were calculated. From these figures, i t  is clear 
that the ring that is fused in nafoxidine (3) is much less 
twisted out of the plane of the double bond than in ta- 
moxifen (I), and in 5 the orientation of the ring is between 
that in 1 and 3, being closer to that of 1. The lowered 
dihedral angles of the ring at  C-2 in the bicyclic analogues 
are possibly the result of there being less steric repulsion 
between this ring and the protons of a cycloalkyl group 
compared with an ethyl group. Interestingly, the orien- 
tation of the ring cis to the 2-phenyl group (ring 3 in Table 
111) was fairly constant, being essentially unaffected by the 
varying orientations of the two adjacent rings. The slight 
variation nevertheless seen could be accounted for by 
different crystal-packing forces. Molecular structures of 
compounds 10 and 15 are given in Figure 1. Figure 2 
illustrates superpositions of the structures of compounds 
10 and 15, with the methoxy analogue 16 corresponding 
to tam0~ifen.l~ The overall conformations of the molecules 
are similar. However, it is clear from this figure that 
compound 10 with a seven-membered ring has the closer 
similarity to 16. 

Low-Temperature NMR Studies. The proton NMR 
spectra of both tamoxifen and the benzocycloheptene (5 )  
a t  room temperature show no evidence for chiral forms; 
thus, the protons allylic to the olefinic bond were found 
to be equivalent, as were the pairs of protons on the 4- 
substituted ring that appear as an AB quartet. In the case 
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Compound 10 

McCague e t  al 

Compound 15 

Figure 1. Computer-drawn representations of compounds 10 and 15. Space-filling diagrams are with atoms drawn at their van der 
Waals radii. Framework representations illustrate the numbering system used in the supplementary data and 50% probability thermal 
ellipsoids. 

of tamoxifen, cooling to -75 "C has no effect on the proton 
NMR spectrum apart from line broadening. However, in 
the case of 5, the benzylic protons in the seven-membered 
ring appear as a broadened multiplet and at -85 "C as two 
separate multiplets (Figure 3), indicating the presence of 
distinct chiral forms (5a and 5b), on the NMR time scale 

OR OR / 

H H 

56 5b 
R = CH2CH2NMe2 

in which the benzylic protons shown are chemically non- 
equivalent. However, even at  -85 "C, we saw no effect on 
the resonances of the alkoxy-bearing ring, indicating that 
this ring can rotate independently of the bicyclic ring 

system. Spectra below -85 "C were not attainable owing 
to solubility problems and excessive line broadening. 

Conclusions. The novel analogue 5 of tamoxifen de- 
scribed herein has the advantage over tamoxifen that the 
ring fusion circumvents the requirement for a stereospecific 
synthesis or the separation of 2 and E isomers. The X-ray 
crystallographic study shows that the orientation of the 
fused aromatic ring in 5 is closer to that of the corre- 
sponding ring in tamoxifen than is that in nafoxidine. On 
this evidence, compound 5 is probably closer in its stere- 
ochemistry to tamoxifen than are other known nonisom- 
erizable analogues. The relative binding affinity of com- 
pound 5 to the estrogen receptor in cytosol was indistin- 
guishable from that of tamoxifen, as might be expected 
from the good correlation between its stereochemistry and 
that of tamoxifen. I t  is noteworthy that the tricyclic 
analogues of type 4 all had lower binding affinity than the 
corresponding 4-hydroxytamoxifen, and the most active 
was 5 times less potent in a test for antiestrogenicity than 
tamoxifen.16 These results indicate that, for good activity, 
the phenyl rings should not be inclined toward each other 
but that the propeller-like conformation of tamoxifen 
should be maintained as is the case for 5. The results also 
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Figure 2. Superpositions of stereoviews of the molecular structures: (a) seven-membered ring compound 10 and the tamoxifen analogue 
16; (b) six-membered ring compound 15 and 16. 

indicate that the extra steric bulk in 5 caused by the added 
methylene group has little effect on the RBA. A similar 
situation was observed in the case of 2-methyl-4- 
hydroxytamoxifen, which had an RBA identical with that 
of 4-hydro~ytamoxifen.~~ However, in the crystal structure 
a t  least, the methyl group in 2-methyl-4-hydroxytamoxifen 
protrudes into a region of space away from the ethyl 
group,2o different from that of the benzylic methylene 
group in 5. 

In a whole-cell assay, the cyclic compounds 5 and 7, like 
tamoxifen and other triarylethylene antiestrogens,26 had 
RBA values somewhat lower than in cytosol. The origin 
of this reduced RBA is unknown. It has been suggested 
that it may reflect poor binding of these antiestrogens to 
the activated conformation of the receptor in the nucleus, 
the whole-cell assay therefore giving a measure of estro- 
genicity.26 Alternatively, poor permeability of the cell 
membrane to these compounds would account for the 
whole-cell RBA values observed, but this explanation is 
unlikely in view of the marked MCF-7 cell growth inhib- 
ition effects seen. Experiments to ascertain the cause of 
the reduced RBA in whole cells should be valuable in the 
search for a strategy to obtain improved antiestrogens for 
the treatment of hormone-dependent breast cancer. 

The analogue 5 inhibited the growth of the MCF-7 hu- 
man breast cancer cell line in vitro, and it is therefore an 
antiestrogen. Its potency was a t  least as high as that of 
tamoxifen, and like tamoxifen, the growth inhibition was 
reversible by estradiol a t  concentrations of and lo+ 
M but not a t  M, indicating a hormone-independent 
cytotoxicity a t  this higher concentration. The good cor- 
relation between the biological properties of 5 and those 
of tamoxifen indicates that 5 would be a good substitute 
for tamoxifen in studies where possible isomerism in the 

case of tamoxifen would cause complications. The slightly 
lower antitumor potency of the six-membered ring ana- 
logue 7 compared to 5 might be due to the different ori- 
entation of the fused phenyl ring. 

The results of the low-temperature NMR studies show 
that somewhat more rigidity needs to be introduced into 
the molecule before it is likely that two chiral forms 
(atropisomers) can be isolated and do not interconvert a t  
physiological temperature. Other workers have shown that 
alkenes suitably substituted with bulky groups can be 
separated into the constituent atropisomers.29 Presumably 
sufficiently bulky groups could be incorporated into 5, but 
it is questionable whether the resulting compound would 
retain any useful activity. However, if two atropisomeric 
derivatives of 5 could be isolated, these could be useful 
compounds with which to gain a fuller understanding of 
the three-dimensional nature of the ER binding site and 
the precise mode of action of antiestrogens. 
Experimental Section 

Chemical Methods. General Procedures. *H NMR spectra 
were recorded on solutions in CDC1, containing MelSi as internal 
standard. Routine 60-MHz spectra were recorded on a Perkin- 
Elmer R12B spectrometer. Spectra (250 MHz) were obtained by 
courtesy of the University of London Intercollegiate Research 
Service. Infrared spectra were recorded on a Perkin-Elmer 1310 
spectrophotometer, and mass spectra (electron impact, 70 eV) 
were obtained with a VG 7070H spectrometer and VG 2235 data 
system using the direct-insertion method. Column chromatog- 
raphy was carried out with silica gel 60 (Merck 7736). Melting 
points were determined on a Kofler hot stage and are uncorrected. 

(29) Petterson, I.; Berg, U. J .  Chem. Res. ,  Synop. 1984, 208. 
(30) Ghavshou, M.; Widdowson, D. A. J.  Chem. Soc., Perkin Trans. 

1 1983, 3065. 
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and partitioned between EhO (30 mL) and 10 N H2S04 (30 mL). 
The EtzO solution was washed with HzO (30 mL) and dried 
(NazSO,) and the solvent evaporated to give an oil that from light 
petroleum ether (bp 80-100 "C; 15 mL) crystallized 6,7-di- 
hydro-8-phenyl-9-( 4- hydroxyphenyl)-5H-benzocycloheptene: 
233 mg (81%); mp 184-185 "C. Anal. (Cz3HZoO) C, H. A solution 
of this phenol (222 mg, 0.71 mmol) in dry DMF (4 mL) was stirred 
under Nz at  20 "C while NaH (200 mg, 8.3 mmol) was added. The 
mixture was warmed to 60 "C, and then Me2NCHzCHzCl-HCl (250 
mg, 1.78 mmol) was added in portions over 30 min. After 1 h, 
the solution was poured into ice-water (20 mL) and the product 
extracted with EhO (20 mL). The Et20 solution was washed with 
HzO (20 mL) and dried (NazS04) and the solvent evaporated. 
Crystallization of the residue from light petroleum ether (bp 
80-100 "C) gave 5: 204 mg (75%, 61% overall from 10); mp 
145-147 "C; 'H NMR (250 MHz) 6 2.19 (quint, 2, J = 7 Hz, H-6), 
2.30 (5, 6, NMez), 2.37 (t ,  2, J = 6.8 Hz, H-7), 2.67 (t, 2, J = 5.8 
Hz, CHzNMez), 2.80 (t, 2, J = 7.0 Hz, H-5), 3.97 (t, 2, J = 5.8 Hz, 
OCH,), 6.61 (d, 2, J = 8.7 Hz, ArH ortho to OCHzCHzNMez), 6.80 
(d, 2, J = 8.7 Hz, ArH meta to OCHzCH2NMez), 6.91 (m, 1, H-l) ,  
7.05-7.30 (m, 7, ArH); MS, m/z  383 (M'., 18%), 72 (Me2N+= 
CHz, 49%), 58 (MezN+=CHz, 100%). Anal. (Cz7HZ9NO) C, H, 
N. 
2-Phenyl-1-benzosuberone (12). To a stirred solution of 

1-benzosuberone (0.865 g, 5.4 mmol) and tricarbonyl($-fluoro- 
benzene)chr~mium(O)~~ (1.25 g, 5.4 mmoi) in dry T H F  (10 mL) 
under Nz was added NaH (0.40 g, 17 mmol) and the mixture 
refluxed. After 5 h, the deep yellow mixture was poured carefully 
into icewater (150 mL), the solution was acidified with 2 N HzS04, 
and the products were extracted with EtzO (2 x 125 mL). The 
combined EhO solutions were dried (NazS04) and the chromium 
complexes photolyzed by means of three 500-W tungsten lamps, 
while a slow stream of air was drawn through the solution. When 
the yellow color of the solution had discharged (ca. 3 H), pre- 
cipitated Crz03 was removed by filtration through Celite, the 
filtrate concentrated, and the residue chromatographed on silica 
gel. Elution with 1:3 CH&-light petroleum ether (bp 40-60 "C) 
gave EZ4 as an oil: 0.83 g (65%); 'H NMR (60 MHz) 6 1.5-2.4 
(m, 4), 2.7-3.1 (m, 2, ArCHz), 4.02 (t, 1, J = 7 Hz, PhCHCO), 
7.0-7.7 (m, 9, ArH). 

2-Phenyl-1-tetralone (14). a-Tetralone was N phenylated as 
described above for 1-benzosuberone except that  column chro- 
matography was not necessary and instead the crude product was 
crystallized from light petroleum ether (bp 80-100 "C) to give 
14 (70%), mp 78-79 " c  (lit.24 mp 79 "C). 

6,7-Dihydro-8-phenyl-9-[4-[2-(dimethylamino)ethoxy]~ 
phenyl]-5H-benzocycloheptene (5). Method 2. To a stirred 
solution of l-bromo-4-[2-(dimethylamino)ethoxy]benzene3' (13; 
598 mg, 2.45 mmol) in dry THF (2  mL) under N2 at  -78 "C was 
added a solution of n-BuLi in hexane (1.6 M; 1.53 mL, 2.45 mmol). 
After 5 min, a solution of ?-phenylbenzosuberone (12; 232 mg, 
0.98 mmol) was added and the mixture allowed to warm to 20 
"C over 1 h and then refluxed 3 h. The mixture was then poured 
into HzO (50 mL) and extracted with EtzO (50 mL). The EtzO 
solution was concentrated and the residual oil dissolved in EtOH 
(15 mL). Concentrated HCl(10 mL) was added, and the mixture 
was refluxed for 3 h, then poured into NaOH (3 N; 100 mL), and 
extracted with EhO (2 X 50 mL). The E t20  solution was washed 
with HzO (50 mL), dried (NaZSO4), and concentrated. The residue 
was chromatographed on silica gel. Elution with 1:10:10 
NEt,-Et20-light petroleum ether (bp 40-60 "C) gave 5 ,  which 
was recrystallized from light petroleum ether (bp 80-100 "C); yield 
204 mg (55%). This product was identical with the sample ob- 
tained previously in method 1. 

1-[4-[2-(Dimethylamino)ethoxy]phenyl]-2-phenyl-3,4-di- 
hydronaphthalene (7). The  compound was prepared (55 70 
yield) as described above for 5 but from 2-phenyltetralone (14) 
instead of 12: mp 99-101 "C (from light petroleum ether, bp 
80-100 "C); 'H NMR (60 MHz) 6 2.29 (s, 6, NMez), 2.5-3.1 (m, 
6, CHzCHz and OCHzCHzN), 3.99 (t, 2, J = 6 Hz, OCH&HzN), 
6.80 (d, 2, J = 9 Hz, ArH ortho to OCHzCHzNMez), 6.93 (d. 2, 
J = 9 Hz, ArH meta to OCHzCHzNMez), 6.95-7.2 (m, 9, remaining 
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Figure 3. Part  of the 'H NMR spectrum of the benzocyclo- 
heptene (5) showing the temperature variance of the benzylic 
protons. Spectra were recorded on solutions in CDCl, containing 
25% CFC1, a t  (a) -55 "C, (b) -75 "C, and (c) -85 "C. The invarient 
signal at 6 2.65 is for protons of the methylene adjacent to nitrogen 
in the side chain. 

6,7-Dihydro-8-bromo-9-( I-methoxyphenyl)-5H-benzo- 
cyclr heptene (9). 6,7-Dihydro-9-(4-methoxyphenyl)-5H- 
benzocycloheptene (8; 2.26 g, 9.0 mmol), prepared as reportedz1 
(60% yield) from 1-benzosuberone, was dissolved in CHzClz (20 
mL) and the solution stirred a t  0 "C. Pyridine hydrobromide 
perbromide (2.88 g, 9.0 mmol) was added in portions over 15 min, 
and the solution was stirred for a further 30 min, then washed 
with aqueous NaHSO, (10% w/v; 20 mL), and concentrated. The 
residue was crystallized from light petroleum ether (bp 80-100 
"C) to give 9: 2.62 g (88%); mp 109.5-110 "C; 'H NMR (60 MHz) 
6 2.0-3.0 (m, 6, H-5, 6, 7), 3.77 (s, 3, OMe), 6.82 (d, 2, J = 9 Hz, 
ArH ortho to OMe), 6.9-7.3 (m, 6, remaining ArH); MS, m / z  
330/328 (kl, 47%, M+*), 249 (26%, M+-Br),  121 (100%). Anal. 
(C18H17Rr0) C, H, Br. 

6,7-Dihydro-8-p henyl-9- (4-met hoxyphenyl)-5H -benzo- 
cycloheptene (10). A solution of ZnClz (1.86 g, 13.7 mmol) in 
dry THF (4 mL) was stirred under Nz while phenyllithium (7.6 
mL of a 1.8 M solution, 13.7 mmol) was added over 3 min. The 
mixture was then refluxed for 30 min. Separately, a stirred 
solution of Pd(PPh3), (263 mg, 0.23 mmol) and 9 (1.5 g, 4.56 mmol) 
was prepared under N, at 20 "C and the above solution of phe- 
nylzinc chloride added. The mixture was refluxed for 4 h and 
then poured into dilute HCl (1 N; 100 mL) and the product 
extracted with EtzO (100 mL). The EtzO solution was dried 
(NazSO,) and concentrated and the residue chromatographed on 
silica gel (80 g). Elution with 3% CHzClz in light petroleum ether 
(bp 40-60 "C) gave 10: 1.44 g (97%); mp 136-137 "C (EtOH); 
'H NMR (60 MHz) 6 2.0-2.5 (m, 4, H-6, 7), 2.81 (t, 2 J = 6 Hz, 
H-5) 3.62 (s, 3, OMe), 6.58 (d, 2 J = 9 Hz, ArH ortho to  OMe), 
6.83 (d, 2, J = 9 Hz, ArH meta to OMe), 6.9-7.4 (m, 9, remaining 
ArH); MS, m/z  326 (M+*, 100%), 325 (57%), 166 (7%),  91 (11%). 
Anal. (CZ4Hz20) C, H. 

6,7-Dihydro-g-pheny1-9-[ 4-[ 2-(dimethy1amino)ethoxyl- 
phenyl]-5H-benzocycloheptene (5 ) .  Method 1. A mixture of 
10 (300 mg, 0.92 mmol) and pyridine hydrochloride (600 mg, 5.2 
mmol) was heated t o  reflux for 4 h. The mixture was then cooled 

(31) Robertson, D. W.; Katzenellenhogen, -J. A. ./. Org ('hem. 1982, 
47,  2387. 
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ArH). Anal. (Cz6Hz7NO) C, H, N. 
Binding Studies. Biochemical Assay.32 Immature rat 

uterine cytosol was incubated a t  18 "C for 30 min with 5 X 
M [3H]estradiol in the absence and presence of increasing amounts 
(104-10-5 M) of the test compound or unlabeled estradiol (control). 
Unbound compounds were then removed with dextran-coated 
charcoal, and the amounts of estrogen receptor bound [3H]es- 
tradiol were measured. The relative concentrations of estradiol 
and test compound required to achieve 50% inhibition of [3H]- 
estradiol binding are the RBA RBA = ([Z50](estradiol)/[Z50](test 
compound)) x 100. 

Whole-Cell A s ~ a y . ~ . ~ ~  MCF-7 cells were incubated a t  37 "C 
for 50 min with M [3H]estradiol in the absence or presence 
of increasing amounts (10-'0-10-5 M) of the test compound or 
unlabeled estradiol (control). Bound compounds were then ex- 
tracted with ethanol, and the amounts of estrogen receptor bound 
[3H]estradiol were measured. The RBA values were calculated 
as for the biochemical assay. 

Effect of Compounds on MCF-7 Cell Growth. MCF-7 cells 
were plated in 96-multiwell dishes (Falcon; plating density loo00 
cells/mL). After 24 h of culture, compounds 5 or 7 were added 
to the culture dishes according to the protocol described previ- 
0us1y.~~ Estradiol was also added to evaluate its potential an- 
tagonism of the growth inhibition of compounds 5 and 7. Final 
concentrations were as follows: estradiol, lo-' M; compounds 5 
and 7, M. After 5 days of culture, the monolayer 
was fixed with 90% ethanol and colored with hematoxylin (for 
experimental procedure see ref 34). The intensity of the coloration, 
which is a measurement of the number of cells, was determined 
with a multiscan spectrophotometer a t  540 nm (Flow Laboratories 
Inc.). A control evaluation of the inhibitory potency of tamoxifen 
was run in parallel in another multiwell dish. 

X-ray Crystal Structure Determinations. Accurate cell 
dimensions were obtained by measurement of 25 0 values on an 
Enraf-Nonius CAD4 diffractometer, after a preliminary exami- 
nation by Weissenberg photography. The space groups were 
uniquely determined from systematic absences: compound 10, 
(hOO) h = 271 + 1, (OkO) k = 2n + 1, (001) I = 2n + 1; compound 
15, (h0Z) h = 2n + 1, (OkO) k = 2n + 1. Intensity data were 
collected on the diffractometer with Cu K a  radiation operated 
in an w-20 scan mode up to 0 = 72" for 10 and 70" for 15. Three 
strong reflections were monitored every 3600 s, and no decay was 
observed during the data collection in both cases. 

Crystal Data. (i) Compound 10: CZ4Hz20; MW = 326.44; 
orthorhombic; a = 8.949 (4), b = 11.426 (2), c = 18.104 (3) A; V 
= 1851 (1) A3; dcalcd = 1.172 g ~ m - ~ ;  2 = 4, F(000) = 696; space 
group P2,2,2,; ~ ( C U  Ka)  = 5.03 cm-'; crystal dimensions 0.15 X 
0.55 X 0.70 mm. 

(ii) Compound 15: Cz3H,oO; MW = 312.42; monoclinic; a = 
9.957 (3), b = 16.164 (l), c = 10.608 (1) A; /3 = 91.19 (1)"; V = 
1706.9 ( 8 )  A3; dcalcd = 1.216 g ~ m - ~ ;  2 = 4, F(000) = 664; space 
group P2,/a; ~ ( C U  Ka)  = 5.25 cm-'; crystal dimensions 0.70 X 
0.21 X 0.43 mm. 

Both structures were solved by direct methods using the 
program MCLTAN8235 and refined by a full-matrix least-squares 

(32) Leclercq, G.; Ihehel, M. C.; Heuson, J. C. Znt. J .  Cancer 1966, 
18, 750. 

(33) Olea-Serrano, N.; Devleeschouwer, N.; Leclercq, G.; Heuson, 
J.-C. Eur. J .  Cancer Clin. Oncol. 1985, 21, 965. 

(34) Madeddu, L.; Roy, F.; Leclercq, G. Anticancer Res. 1986,6, 11. 
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method. In the case of 10, out of 2079 unique observed reflections, 
1880 with Z > 1.5o(Z) were used for structure refinement. The 
positions of all the hydrogen atoms except H4 were revealed in 
a difference Fourier map at  R = 0.103. The remaining hydrogen 
atom was located in a subsequent difference map. The positional 
and isotropic thermal parameters of hydrogen atoms were refined 
except for those of the methyl group. Non-hydrogen atoms were 
refined anisotropically. Empirical absorption36 and extinction 
corrections (g = 2.821 X lo4) were applied. The final R value, 
R = CllFol - IFcll/CIFol, was 0.0386. Unit weight was assigned 
to each reflection. The maximum shift/error was 0.05 and 0.13 
for non-hydrogen and hydrogen atoms, respectively. The highest 
residual electron density was 0.10 e/A3. In the case of 15,2472 
out of 2669 observed reflections with I > 1.5a(Z) were used for 
the refinements. All the hydrogen atoms were clearly revealed 
in a difference Fourier map following least-square refinements 
with anisotropic temperature factors for all the non-hydrogen 
atoms (R  = 0.094). The  positional and isotropic thermal pa- 
rameters of hydrogen atoms were included in the refinement. An 
empirical absorption36 was applied. The final R value was 0.048, 
and the maximum shift/error ratios were 0.00 and 0.01 for non- 
hydrogen and hydrogen atoms, respectively. The final difference 
Fourier map did not show any peaks > 0.12 e/A3. Unit weight 
was assigned to each reflection. Atomic scattering factors were 
taken from ref 37. All the calculations were carried out on a PDP 
11/34A computer using the SDP program system.3s 
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