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In order to develop cytotoldc estrogens with a specific efkct on hormonedc- 
pendent mammary tumors, two 1,1,2-triphenylbut-l-en~ with a 4-OH p u p  
at one C-1-phenyl ring and a chlor0441 or bmmo-[8] anilin mustard moiety 
at the otha C-1-phenyl ring were synthesized. 4 and 8 exerted strong Wlat- 
ing activity and an imversible binding to the estrogen receptor. In spite of 
W v e l y  low receptor affinities, both anilin mustards exhibited a be- 
effect on a receptor-positive breast cancer cell line as well as on a hormone- 
dependent mammary carcinoma of the mouse than on a receptor-negative 
cell line and a hormone-independent mammary carcinoma Therefore, a sp 
leaive antitumor activity of 4 and 8 is likely. 

Cytotoxlpehc -e: Anilin-Lost verkniipfte 1,I,2-Trlphenyl-but-l- 
enc mit mnmmalumwhemmender WIrkung 

Zur Enhkicklung cytotoxischer cktrogene mit einer spezifischen Wirkung 
auf hormonabhbgige Mammacarcinome wurden zwei 1,1.2-Triphenylbut-l- 
ene mit einer 4-OH GNppe an einem C-1-Phenylrest und einem ChIor-[4] 
bnv. Brom-[8]-anilinllost-Rest am 2. C-1-Phenylrest synthetisiert 4 und 8 
Agten ssarke alkyhnde Aktivittit und banden h v d b e l  an den (k- 
trogcnrezeptor. Trotz h e r  mlativ geringen Rezeptoraffinittiten wiesen beide 
Anilinlost-Derivate cine bessere w i  an einer rezeptorpositiven BNst- 
laebsz.eWe und an einem h- 'gen - ' mderMaus 
auf als an einer nzeptomgativen Zellinie und eimn hormonunabhllngigen 
Mammacarcinom. Daher ist cine dektive Antitumomirlrung von 4 und 8 
amdunen 

The advanced human mammary carcinoma is treated either by endocrine 
therapy with compounds like the antiestrogen tamoxifen or by chemother- 
apy'). ~ytotoxic estrogens are a combination of both treatment modalities, 
in which a cytotoxic moiety is l i e d  to a steroidal or nonsteroidal es- 
trogen2), Background of the development of such compounds is the 
possible enrichment of cytotoxic estrogens in the mammary tumor due to 
their affinity for estrogen nceptors. which are found in a high percentage 
of those tumors3). Because of this enrichment, an enhanced therapeutic effi- 
ciency and selectivity, but a reduced syslemic toxicity of cytotoxic estro- 
gens compared to usual cytotoxic drugs is 

Despite rather disappointing results in the development of 
such compounds4), recent studies with chloroethylnitrosou- 
rea linked steroids5), endocrine active diphenylethylene- 
diamine platinum complexes6) or cytotoxic esters of triphe- 
ny~ethylenes~) showed the validity of this concept. In this 
study, chloro- and bromoanilin mustard groups were used as 
the cytotoxic moiety. These groups were linked at one C-l- 
phenylring of a 1,1 ,Ztriphenylbut- 1-ene with a 4-OH func- 
tion at the second C-1-ring (Scheme I, 4, 8). 1,1,2-Triphe- 
nylbut- 1-enes are a group of compounds having estrogen re- 
ceptor affinities, estrogenic or antiestrogenic properties and 
mammary tumor inhibiting activities depending on their 
mode of aromatic substitutionssg). The new compounds 4 
and 8 were tested in an in vitro and in vivo biological test 
system7) whether they are suitable for a selective treatment 
of mammary carcinomas. 

Chemistry 

For the preparation of both the chloro- and the bro- 
moanilin mustard substituted compounds 4 and 8, a route of 
synthesis as is outlined at the right panel of scheme I (5 - 8) 
was planned, i.e. synthesis of the corresponding N-mor- 
pholino-phenyl-derivative 7 and cleavage of the morpholino 
ring to the anilin mustards 4 and 8. 

Compound 5 was obtained in a Friedel-Crafrs acylation of 
4- phenylmorpholine with phenylacetyl chloride. 5 was then 
alkylated with ethyl iodide to 61°). The l,l,Ztriphenylbut-1- 
ene derivative 7 was prepared from 6 in a Grignard reaction 
with 4methoxyphenylmagnesium chloride and subsequent 
dehydration with a mixture! of sulfuric acid and acetic acid 
giving a mixture of the E- and Z-isomer. The bromoanilin 
mustard 8 was obtained by ether cleavage of the morpholino 
ring and the methoxy substituted phenyl ring with an excess 
of boron tribr~rnide~*'~). Separation of the E,Z-mixture of 8 
was not possible. 

Synthesis of 4 in a similar way by cleavage of the mor- 
pholino ring to the chloroanilin mustard was not possible. 
Neither treatment with boron trichloride, ZnClfiCl at 180 
'C, ZnCldacetyl chloride nor SOCIfliicr, resulted in the 
formation of 4. Therefore, 4 was prepared in a different 
route which is outlined at the left panel of scheme 1. 
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1-(4-Methoxyphenyl)-2-phenyl-butan- 1-one 19,10) was con- 
verted in a Grignard reaction with N,N-bis-(2-tetrahydmpy- 
ranonyloxyethyl)-4-bromo-aniline to the corresponding ter- 
tiary carbinol. This carbinol was dehydrated with Hwmeth- 
an01 to an E,Zmixture of the l,l,Ztriphenylbut-l-ene 2. 
Under these acidic conditions the protection groups were 
also removed’O). The OH-groups were tosylated and then 
chlorinated with Cac1,’’) to obtain the methoxy-substituted 
chloroanilin mustard derivative 3, which was then converted 
to 4 by ether cleavage with B Q .  Separation of this E ,Z  
mixture was not possible either. Therefore, 1 : 1 E,Z-mixtures 
were used in the biological tests. 

1 

1 

5 EtllNaOEt I 

4 7 

HO 

Biological Properties 

Hd 9:R=  OH 

1,1-Bis-(4’-hydroxyphenyl)-2-phenylbut-l-ene (9) with a 
4-OH group instead of an anilin mustard moiety and thus 
with m cytotoxic function was used as a reference in most 
of the biological tests7). Whereas this reference 9 has an 
affhity to the estrogen receptor of 6.2% that of estradiol 
with cytosol from calf uteri7), both anilin mustards 4 and 8 
exerted only low binding affiities (Table 1). Therefore, this 
moiety is not suitable for a good binding to this receptor. 
However, determination of the mode of binding revealed an 
irreversible binding of 4 and 8 as can be seen by the de- 
crease in % bound 3Hestradiol in assay II compared to 
assay I (Table 1). By way of contrast, 9 had a completely re- 
versible mode of receptor binding as is demonstrated by an 
about tenfold increase in the % bound in assay II. Because 
of these different modes of binding, the RBA-values of 4 

and 8 are not just comparable to that of 9. In the in vitro 
NBP-(4-(p-nitrobenzyl)-pridine)-test, both anilin mustards 
exerted strong alkylating activities which equal that of the 
potent alkylating agent chlorambucile (E = 0.76)7). 

As endocrine effects can contribute to the tumor inhibiting 
potencies of cytotoxic estrogens, estrogenic and anti- 
estrogenic properties were determined in the 3 day imma- 
ture mouse uterine weight test7). Antiestrogenic activities of 
4 and 8 (as well as of 9*)) were not given at various doses 
(data not shown). The estrogenic activities of 4 and to a 
lesser extent of 8 were lower than those of the reference 9 
(Table 1). 

As already mentioned, a cytotoxic estrogen should have a 
specific effect on hormone-dependent tumors by its possible 
enrichment in the tumor due to its receptor Con- 
sequently it should have a superior effect on honnone-de- 
pendent, receptor-positive tumors compared to hormone-in- 
dependent ones and exert a better effect than a structurally 
similar reference without a cytotoxic group like 9 (which 
acts just by its endocrine properties). 4 and to a stronger ex- 
tent 8 inhibited in a dose-dependent manner the estrogen re- 
ceptor-negative MDA MB231 breast cancer cell l i e  in the 
same order as was determined for their alkylating activity. 
However, they exhibited a better effect on the estrogen re- 
ceptor-positive MCF-7 breast cancer cell line, especially in 
the lower concentration (Table 1). Therefore, in vitro, a cer- 
tain selectivity of antitumor action is obvious. In vivo, 4 and 
8 exerted only low tumor inhibiting properties on the hor- 
mone-independent MXT OVEX mammary tumor of the 
mouse (Table 1). By way of contrast, the receptor-positive, 

Table 1: Biological Properties of Compounds 4, 8 and 9 

Compound 4 8 9 

%R6RBAU 0.2 0.4 6.2 
mode of binding hvers.  irrevers. reversible 
assay uassay I I ~  45/39 47/14 3f22 

estrogenic acitvity, 
% of estrone (0.4 pg)d 

alkylating acitviv 0.60 0.76 _ -  

5 la 0 29 73 
25 Icg 14 80 95 
100 Pg 

log conc. -61-5 24/45 25/84 O/O 
Mm-7 cells 
log conc. -61-5 58/88 74/96 uo 
MXT OVEX tumod 26 19 0 
MXT M 3.2 NmOfl 82 83 56 

65 94 * _  

% inhibition of 
MDA MB 231 cells‘ 

~~~ ~ 

a)Relative binding affinity to the estrogen receptor (estradiol = 100). 
b) %Bound 3H-estradiol; mnc. of 4 and 8: 5 x lW6. c) Absorbance after 
incubation with NBP for 4 h at 500. d) Effect = uterine dry weightlbody 
weight related to estrone (= 100). e) Inhibition of cell numbers related 
to solvent control at day 2 (MDA) and at day 5 (MCF-7); mean of 12 
dishes. f) Inhibition of tumor area related to control after 2 weeks of 
therapy (dosage: 3 times 4 x mol(kg and week). g) Inhibition of 
tumor weight related to control after 6 weeks of therapy (dosage: 3 times 
2 x moVkg and week). 
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hormonedependent MXT M3.2 niammaq tumor was in- 
hibited by more than 80% by the anilin mustards 4 and 8. 
The reference 9, however, caused only 56% inhibition. 

Because of the better effects of 4 and 8 on hormonede- 
pendent tumors (MCF-7. MXT M3.2) compared to respec- 
tive hormone-independent ones (MDA MB 231, MTX 
OVEX) and because of their superiority in antitumor action 
compared to the noncytotoxic reference 9, a selectivity of 
their mammary inhibiting activity seems to be given. How- 
ever, the low estrogen receptor affinity is a disadvantage of 
these compounds so that relatively high concenmtions are 
necessary to obtain good effects. An improvement of the re- 
ceptor binding affinity and consequently of the selectivity of 
action is desirable. 

The authors thank Rof. Dr. H. Schdnenberger for helpful discussions, 
and the Deutsche Forschungsgemeinschaft (SFB 234) for financial support. 

Experimental Part 

MP: BOchi 510 melting point apparatus (uncorr.). - 'H-NMR-spectra: 
V h  EM 36GA (60 MHz) and EM-390 A (90 MHz). - Elemental aria- 

lysis: Mikmad . Lab. UniversiW Regensburg. 

Syntheses 

EZ-l-[4-(N.N-Bis-2-hydroxyerf?vlamino)-phenyl]-l-(4-metho~y-phenyl) 
-2-phenyl-bur-l-ene (2) 

A Crignard reagent prepared from N.N-bis-(2-teeahydropyranyl- 
oxyethyl)4bromoaniline (13.7 g, 0.04 mol) and Mg (9.7 g, 0.04 g-atom) 
in dry THF, and I-(4methoxyphenyl)-2-phenyl-butan-l-one (1) (2.5 g, 
0.01 mol) were refluxed for 2 h. After decomposition with ice and 3N- 
H2S04. the ethereal layer was separated, the aeq. layer was extracted with 
ether, the organic extracts were washed with saturated NaHC03-solution, 
and the solvents were removed. The crude product was dehydmted with 
MeOWN-HCl (v/v 1:l) for 12 h at mom temp. After removal of the 
MeOH. the acq. layer was extracted with ether, and the ether was removed. 
The crude product was purified by column chromatography on silica gel 
(101 CHCldethyl acetate) to give a yellow oil (48%). - 'H-NMR (60 

CH2); 3.75 (m. 4H. N(CHZ3,): 3.89 (s, 3H, OCH,); 3.94 (m. 4H, CH20): 
4.50 (s. 2H, OH): 6.62-7.43 (m, 13H. aromat. H). 

MHZ CDCl3): 6 ( p ~ m )  = 1.00 (I, J = 8 Hz, 3H. CH3); 2.57 (q, J = 8 HZ, 2H, 

EZ-l-~4-)N.N-Bic-2-chlor~thyl~inc)phelyl]-l -I (4-mctho~y-phenyl)- 
2-phenyl-but-1 -ene (3) 

4-Toluenesulfonyl chloride (3.8 g, 0.02 mol) was added to a solution of 2 
(3.0 g, 7.5 mmol) in 15 ml dry pyridine. Atter stirring for 1 h at -5%. addi- 
tional 3.8 g Ctolwnesulfonyl chloride were added and stirred for 2 h at 
mom temp. After decomposition with water and extraction with CHC13, the 
solvent was removed. Thc crude material was heated with CaCI, (1.7 g, 
IS mmol) in 20 ml of diethylene glycol for 15 min at 120 'C. After cooling. 
30 ml of water were added, and the aeq. layer was extnrred with CHCl,. 
Removal of the solvent and purification by column chromatogrephy on sili- 
ca gel (1 0: 1 CHCl3/ethyl acetate) yielded 3 as a yellow oil (62%). - '-H- 
NMR (60 MHz. CDCI,): 6 @pm) = 0.88 (t, J = 8 Hz, 3H. CH,): 2.42 (q, 

6.20-7.20 (m, 13H. aMmat H). 
J = 8 Hz 2H. CH& 3.49 (s, 3H, OCH& 3.62 (111, 8H. N(CH2CHZClh); 

EZ-l-[4-(N.N-Bic-2-c~or~thylomino)-phenyl]-l-(4-lrydroxy-phenyl)- 
2-phenyl-bw-1 -ene (4) 

2.3 g (0.02 mol) of BCI3 .wen added to 3 (4.5 g, 0.01 mol) in 50 ml of 
dry CH2CI2. and the mixture was stirred for3 h a t m t e m p . A f t e r  
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addition of 10 ml MeOH. the solvents were removed. The crude product 
was purified by column chromatography on silica gel ( l a 1  CHCldethyl 
acetate) and recrystallized from toluene to give 4 as colorless crystals 
(43%): mp 81-83 %. - ClaH,,ClzNO (440.4) Calcd C 70.9 H 6.19 N 3.2 
Found C 70.5 H 6.33 N 3.1. - 'H-NMR (60 MHz. CDC13): 6 @pm) = 0.85 
(t, J = 8 Hz, 3H. CHd: 2.29 (s. 1H. OH); 2.45 (9. J = 8 HZ, 2H. CH3; 3.64 
(m, 8H, N(CH,CH2C1)3; 6.32-7.28 (m, 13H. arom. H). 

I -(4-N-Morpholinophenyl)-2-phenyl-er~~n (5) 

To 11.4 g (0.07 mol) N-phenylmorpholine in 100 ml dichlomthane, 
16.2 g (0.12 mol) AlCl3 and 10.5 g (0.09 mol) phenylacetyl chloride were 
added. After stirring for 2 h at mom temp., ice- water was added. The org. 
layer was separated and the aeq. layer was extracted with CHCl,. Thc org. 
extracts were washed with 10% NaOH and H,O, and the solvents were 
removed. The crude product was crystallized from EtOH to give 5 (34%): 
mp 135-137 'C. - C18H1@02 (281.4) Calcd C 76.8 H 6.82 N 5.0 Found 
C 76.8 H 6.95 N 5.. - 'H-NMR (90 MHz. CDCI3): 6 @pm) = 3.48 (t, 4H. 
N(CHL b); 4.06 (1, 4H, O(CH2-k); 4.40 (s.2H. CH& 7.04,8.16 (AB, 4H, 
arom. H); 7.48 (s, 5H, amm. H). 

1 -(4-N-Morpholinophenyl)-2-phenyl- butan-1 -onc(Q 

A solution of sodium (2.3 g. 0.10 g-atom) in 44 ml UOH was added to a 
mixtnn of 5 (28.1 g, 0.10 mol) and ethyl iodide (15.6 g, 0.10 mol). The 
solution was refluxed for 10 min. A further quantity of sodium (1.15 g. 
0.05 g-atom) in 22 ml DOH and ethyl iodide (7.8 g. 0.05 mol) were added 
and the whole was refluxed for 4 h EtOH was removed, and water was 
added. The aeq. layer was extracted with ether. The solvent was removed 
and the crude product was recrystallized from EtOH to give 6 as colorless 
crystals (74%): mp 82-84 'C. - C&f23NO2 (309.4) Calcd C 77.6 H 7.51 
N 4.5 Found C 77.7 H 7.57 N 4.5. - 'H-NMR (90 M H z ,  CDCld 6 @pm) = 
0.80 (I, J = 8 Hz, 3H, CH,): 1.57-2.28 (m, 2H, CH,); 3.15 (t. 4H, 

(m, 9H, arom. H). 
N(CHi)3: 3.73 (5 4H, O(CHih): 4.32 (t, J = 8 Hz, 1H. CH); 6.68-7.84 

EZ-l-(4-N-Morpholinophenyl)-l-(4-mctho~phenyl)-2-phe~l-b~-l -ene- 
0 

A solution of 6 (7.7 g, 0.025 mol) in 25 ml dry THF was added dropwise 
to a solution of 4methoxypknylmagnesium bromide (15.8 g, 0.075 mol) 
in 40 ml dry THF. The mixture was refluxed for 2 h and then decomposed 
with ice and 3N-H2S04. The e t h e d  layer was extracted with ether, and 
the org. extracts were washed with satmated NaHC03-solution. After 
removal of the solvent, the crude product was huued with HsOJacetic 
acid (v/v 8:2) on a water bath for 20 min The mixture was cooled, water 
was added. and the reaction mixture was alkalizcd with 10% NaOH. The 
aeq. layer was extracted with ether and washed with water. After removal 
of the solvent, the product was recrystallized from EtOH to give 7 as color- 
less crystals (66%): mp 122-123 'C. - G H z @ 4  (399.6) Calcd C 81.1 
H 7.33 N 3.5 Found C 80.7 H 7.01 N 3.5. - 'H-NMR (90 MHz, CDCld 6 
(ppm) = 0.90 (t, J = 8 Hz, 3H. CH3): 2.45 (q. J = 8 Hz, ZH, CH,): 3.05 (m, 
4H, N(CH;)3; 3.60 (s. 3H. OCHd: 3.73 (m, 4H. O(CH,')& 6.42-7.18 (m, 
13H, arom. H). 

EZ-I-[4-(N~Ngb-2-tKomoethyhylamino)-phcnyl]-l-(4-hy&0~phenyl)- 
2-phenyl-but4 -em (8) 

BBr3 (12.5 g. 0.05 mol) was added dropwise to a solution of 7 (2.0 g, 
0.005 mol) in 20 ml dry CH2C12. The whole was refluxed for 4 h With 
cooling, 20 ml MeOH were added, and the solvents were removed. Thc 
product was dissolved in CHC13, washed with NaHCO,, and purified by 
column chromatogrsphy on silica gel (101 CHCb(ethy1 acetate). Recry- 
stallization from toluene gave 8 as colorless crystals (42%): mp 80-81 'C - 
W n B r z N O  (529.4). Calcd C 59.0 H 5.15 N 2.6 Found C 59.1 H 5.51 
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N 2.6. - 'H-NMR (90 MHz CD30D) 6 @pm) = 0.90 (t, J = 8 Hz, 3H, 
CH3); 2.44 (q, J = 8 Hz, 2H, CH2); 3.54 (m, 8H, N(CH,CH2Br)2); 6.20- 
7.08 (m, 13H. arom. H). 

Schneidex and Schuderer 

Biological Methods 

All methods used were identical to those described". 

Estradiol Receptor Binding Assay 

The relative binding affinities (RBA) were determined by the displace- 
ment of hstradiol by the test compounds after incubation with cytosol 
from calf uteri at 4'C for 16 h @CC- method). 

Mode of Receptor Binding 

To determine the reversibility or irreversibility of the receptor binding. 
the percentage of bound 3Hestradiol was measured in two assays. Calf 
uterine cytosol was preincubated at 0 'C for 60 min with the test com- 
pound. %+stradio1 was added after preincubation for 120 min at O'C 
(assay I, 100%-value). or after preincubation and DCC-treatment (assay 11). 
After centrifugation. the supernatants were incubated with kestradiol for 
60 min at 0 'C. 25 min at 25 'C and for 60 min at 0 'C. Bound kestradiol 
was measured after charcoal adsorption. An increase of the amount of 
bound 3Hestradiol in assay I1 cornpanxi with assay I indicates a reversible 
mode of binding to the estrogen receptor. 

Alkylating activity in the NBP-assay 

A solution of the test compounds (1 pnol/ml) in EtOH was incubated 
with 1 ml of NBP-solution (5% w/v C(pnitrobenzy1)- pyridine. in ethanol), 
1 ml of 0.05 M potassium hydrogen phthalate buffer (pH 4.2) and 1 ml of 
ethanol for 4 h at 50 'C. After addition of 0.1 N KOH in 80% aqueous etha- 
nol, absorptions were determined at 600 nm. The rate of alkylation is pro- 
portional m the measured absorption. 

Estrogenic and antiestrogenic activity 

Estrogenic and antiestrogenic properties were detennined in the imma- 
ture mouse uterine weight test by stimulation of the uterine growth or by 
inhibition of uterine growth stimulated by estrone, respectively. 

Growth inhibition of hormone-independent MDA-MB 231 human breast 
cancer cells 

The MDA-MB 231 cell line was provided by Dr. M.E. Lippman, NCI, 
Bethesda. USA. - Approximately 2 x l d  cells in 2 ml McCoy 5 medium 
were plated in 6-well dishes (Costar). 2 days later, the medium was 
changed and the test compounds were added. After an incubation time of 
2 days, the cells were washed with PBS and harvested with PBS/EDTA 
buffer. After centrifugation, the cell pellet was resuspended in PBS and the 
cell number was counted in a ZI Coulter Counter. 

Growth inhibition of hormone-dependent MCF-7 human breast cancer 
cells 

The MCF-7 cell line was provided by Dr. M.E. Lippman, NCI, Bethesda, 
USA. Cells were harvested with trypine/EDTA in Richter's IMEM sup 
plemented with 5% NCS. The cells were incubated with the test com- 
pounds for 5 days and proceeded as above. 

Hormone-dependent transplantable MXT M 32 mammary tumor of the 
BDFl mouse 

The MXT tumor used in these studies was provided by Dr. All .  Bogden, 
EG&G Bogden Laboratories, Worcester, USA. The -or was transplantad 
in pieces of about 2 mm3 subcutaneously into female BDFl mice (Charles 
River Wiga, Sulzfeld, FRG). After transplantation, the mice were randomly 
distributed into groups of ten. Starting with the first day after transplanta- 
tion, the test cornpounds were injected in olive oil S.C. 3 times a we& for 
6 weeks. Then the animals were killed and weighed. The tumors were 
removed and weighed and the average of tumor weight was calculated. 

Hormone-independent transplantable MXT-OVEX mammary tumor of the 
BDFI Mouse 

The MXT-OVEX tumor used in these studies was provided by Dr. A.E. 
Bodgen, EG&G Bogden Laboratories, Worcester, USA. The tumor is pro- 
pagated in ovariectomhd BDFl mice. Testing was performed in intact fe- 
male BDFl mice as described above. Duration of therapy was 14 days. At 
day 14, the animals were killed. tumor size was determined by caliper 
measurements. Tumor size = length +width / 2. 
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