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N-Monoalkylated (Et) and N,N’-dialkylated (Me and Et) 1,2-bis(2,6-dichloro-4-hydroxyphenyl)-
ethylenediamines and their dichloroplatinum(II) complexes were synthesized, and their
configuration and conformational behavior were 'H-NMR spectroscopically clarified. The latter
was brought in relation to their relative binding affinity (RBA) to the estrogen receptor as
well as to their estrogenic potency. In contrast to the RR/SS-configurated diamines, the R/S-
configurated ones showed marked estrogenic properties which correlate with the RBA’s. In
the related R/S-configurated complexes the estrogenic activity is determined by the same
structural requirements as in the diamine series. However, a correlation between RBA’s and
estrogenic potencies is missing. The connection between spatial structure and activity is
discussed by use of a drug—receptor model recently proposed by Héltje and Dall.!

Introduction

Since the discovery of the powerful antitumor activity
of cisplatin,? a lot of platinum complexes of the second
and third generation have been synthesized to get less
toxic but more effective and more selectively acting
drugs. Such compounds can be designed by combination
of the cytotoxic PtCl; residue, which is the active moiety
in cisplatin (i.e., cis-diamminedichloroplatinum(II)),
with an appropriate carrier ligand. In the hormone-
sensitive mammary carcinoma (MC), which cannot be
cured by cisplatin treatment, the estrogen receptor (ER)
is a useful target for a new type of platinum complex.
This tumor contains the ER in higher concentrations
than normal, nonlactating breast tissue.?* In these new
dichloroplatinum(II) complexes, the central platinum
atom is linked to an ER-affinic diamine ligand, by which
a more specific potency against the ER-containing
breast cancer cell should be achieved. In our group the
synthetic estrogen hexestrol (HES, see Chart 1), which
possesses a receptor binding affinity (RBA) of 27 com-
pared to estradiol (RBA = 100),> was used as a model
for the construction of ER-affinic ligands.

By exchange of the ethyl side chains by amino groups,
HES can be transformed into a compound suitable for
coordination to platinum(II). However, after this struc-
tural modification HES has lost its high affinity to ER
as well as its marked estrogenic activity.® In accordance
with our supposition that the two polar NHy groups
cause a weakening of the hydrophobic interaction with
the ER, we introduced two chlorine atoms into the 2,6-
positions of the aromatic rings” to increase the lipophilic
character of the diamine. The new compound 1,2-bis-
(2,6-dichloro-4-hydroxyphenyl)ethylenediamine (meso-
1, see Chart 1) as well as its dichloroplatinum(Il)
complex (meso-1—PtCly) proved to be “true” estrogens.
Their RBA’s to the ER, however, were low compared to
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O.L-1=PtCly , O.L=3-PtCly, O,L-4-PtClz
erythro=2-PtClz, threo-2-PtCly

that of HES (meso-1, 0.45; meso-1—PtClg, 0.3). Never-
theless, meso-1—PtCl; showed a marked activity on the
hormone sensitive, DMBA-induced MC of the SD rat,
which was superior to that of cisplatin. The estimation
of platinum in the tumor revealed a 22-fold enrichment
compared to the skeletal muscle.” In a former paper,®
the attempt to optimize the RBA of the ligand meso-1
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D,L-4) was carried out in accordance with the method
described by von Angerer® by using a reductive dimer-
ization of the methoxybenzaldehyde alkylimines with
activated aluminum. Subsequent separation of the
resulting mixtures of meso- and D,L-N,N'-dialkyl-1,2-bis-
(2,6-dichloro-4-methoxyphenyl)ethylenediamines (meso-
and D,L-3a; meso- and D,L-4a) by fractional crystalliza-
tion of the hydrochlorides and ether cleavage with BBr3
led to the hydroxy derivatives meso- and D,1.-3 and meso-
and D,L-4, respectively.

For the synthesis of erythro- and threo-N-ethyl-1,2-
bis(2,6-dichloro-4-hydroxyphenyl)ethylenediamines (eryth-
ro- and threo-2) a new synthetic route was developed
(see Scheme 1). As educts the diastereomeric 1,2-bis-
(2,6-dichloro-4-methoxyphenyl)ethylenediamines (meso-
and D,L-1a), which were available from the stereoselec-
tive meso-meso- and D,L-D,L-diaza-Cope rearrangement
reactions of meso- and D,L-N,N’-bis(2,6-dichloro-4-meth-
oxybenzylidene)-1,2-bis(2-hydroxyphenyl)ethylenedi-
amines, were used.’ In a first reaction step, meso-la
and D,L-1a, respectively, were treated with n-butyl-
lithium to achieve a nucleophilic center on one amine
group by NH/NLi exchange. The resulting N-lithium
compounds were easily transferred into the N-ethyl
derivatives by reaction with diethyl sulfate. Analysis
of the resulting product mixtures indicated the presence
of three compounds which were identified as educt,
N-monoethylated, and N,N’-diethylated ethylenedi-

erythro-2-PtCla

erythro-/threo-2 (Ry=Et, Rp=H) threo-2-PtCly

meso-3-PtCly
meso-/DL-3 (RqRo=Et) DL-3-PtClp

meso-4-PtCly
meso-/DL-4 (R4Ro=Me) DL-4-PtClo

amines. Best yields of the monoethyl derivatives were
obtained if a 1.5-fold excess of n-butyllithium was used
for the N-metalation. Separation of erythro- and threo-
2a from their product mixtures was possible by column
chromatography on SiOz. Ether cleavage of erythro- and
threo-2a to give erythro- and threo-2 was done with BBr;
(see Scheme 2).

The dichloroplatinum(II) complexes erythro- and threo-
2—-PtClg, meso- and D,L-3—PtClg, as well as meso- and
D,L-4—PtCl, were synthesized by reacting the corre-
sponding ligands with K[Pt(Cl)3(DMSO)] prepared by
treatment of KyPtCly with an equimolar amount of
DMSO0.1® Coordination of the ethylenediamines yielded
[chloro(DMSO)enPt]Cl as intermediates. The respective
dichloroplatinum(II) complexes could be obtained by
thermal decomposition of the separated [chloro(DMSO)-
enPt]Cl complexes or in a simpler, faster, and more
specific preparation route by direct substitution of the
coordinated DMSO with Cl-. For this purpose, HCl was
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Table 1. TH-NMR Data? of N-Monoalkylated and N,N’-Dialkylated [1,2-Bis(2,6-dichloro-4-hydroxyphenyl)ethylenediamineldichloro-

platinum(II)
compd CH3; CHy? CH NH Ar-H OH
erythro-2—PtCl, 1.39 (t,3J = 7.0 Hz, 3H) 2.54—2.68 (m, 1H) 5.06—5.16 (m, 1H) 5.36—5.48 (m, 1H) 6.81(d, 4/ = 2.5 Hz, 1H) 11.23 (br, 2H)
3.44—-3.49 (m, 1H) 5.16—5.27 (m, 1H) 6.08-6.18 (m, 1H) 6.84 (s, 2H)

threo-2—PtCl;  1.61(t, %J = 7.0 Hz, 3H) 2.36—2.50 (m, 1H)

3.30—3.46 (m, 1H)

meso-3—PtCly 2.60—2.84 (m, 1H)
3.41-3.63 (m, 1H)
2.27-2.45 (m, 1H)

3.30—3.56 (m, 1H)

1.45 (t, % = 7.0 Hz, 6H)
D,L-8—PtCl, 1.53 (t, % = 7.0 Hz, 6H)
meso-4—PtCly  2.73 (d, 3J = 5.8 Hz, 6H)

D,L-4—PtCl; 2.73 (d, 3% = 5.8 Hz, 6H)

5.32-5.47 (m, 1H)
5.47-5.66 (m, 1H)
5.00-5.08 (m, 2H)
5.31-5.46 (m, 2H)
5.00-5.09 (m, 2H)

5.35-5.47 (m, 2H)

6.66—6.75 (m, 1H)
4.92-5.08 (m, 1H)
5.90—6.04 (m, 1H)
6.88—7.00 (m, 1H)

6.93 (d, 4 = 2.5 Hz, 1H)
6.77 (d, 4/ = 2.5 Hz, 1H)
6.82 (d, 4J = 2.5 Hz, 1H)
6.99 (d, 4J = 2.5 Hz, 1H)
7.01(d, 47 = 2.5 Hz, 1H)
6.86 (d, 47 = 2.5 Hz, 2H)
6.93 (d, 4J = 2.5 Hz, 2H)
6.83 (d, 47 = 2.5 Hz, 2H)
7.08 (d, 47 = 2.5 Hz, 2H)
6.85 (d, 47 = 2.5 Hz, 2H)
6.92 (d, 47 = 2.5 Hz, 2H)
6.82 (d, 4J = 2.5 Hz, 2H)
7.00 (d, 47 = 2.5 Hz, 2H)

11.16 (br, 2H)
6.22 (br, 2H) 11.06 (br, 2H)
6.03 (br, 2H) 11,20 (br, 2H)
6.22 (br, 2H) 11.12 (br, 2H)

6.05 (br, 2H) 10.50 (br, 2H)

@ The spectra were taken at 250 MHz in [D;]DMF with TMS as internal standard, the chemical shifts are given as ¢ values. ® Detected

after addition of D3O.
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Figure 1. 250 MHz !H-NMR spectrum in [D;]DMF of (A)
threo-2—PtCly, (B) threo-2—PtCl; NH partial displaced by
deuterium, (C) erythro-2—PtCly, (D) erythro-2—PtCl; NH par-
tial displaced by deuterium. )

added to the reaction mixture. After heating for 1 h to
50—60 °C, the dichloroplatinum(II) complexes precipi-
tated and were separated by filtration.

Spectroscopical Characterization of the Dichlo-
roplatinum(II) Complexes and Discussion of Their
Spatial Structures. The structural characterization
of the platinum complexes reported in this paper was
done by IR and 'H NMR spectroscopy. In their IR
spectra erythro- and threo-2—PtCly, meso- and D,L-83—
PtCl; as well as meso- and D,L-4—PtClz showed Pt—Cl
stretching vibrations in the region between 310 and 330
em™}, characteristic for dichloroplatinum(II) complexes."
Contamination with PtC1(DMSO) compounds, interme-
diates of the coordination reaction, could be excluded,
since the IR spectra did not exhibit (v S—O) bands in
the region between 1110 and 1140 ¢cm~! and the 1H-
NMR spectra did not show a DMSO signal at 6 = 3.54
typical for coordinated DMSO (see Figure 1).10:12

Coordination of the ligands to platinum was also
confirmed by 'H-NMR spectroscopy. Binding to plati-
num blocks rotation around the C—N axes, whereby the
protons of the NHy groups become diastereotopic due
to the neighborhood of a chiral benzylic C atom with
different signals for the axially and equatorially ar-
ranged protons. Therefore, in the range between 4 and
7 ppm, the 'H-NMR spectra of threo- and erythro-2—
PtCl; (Figure 1A + C, Table 1) contain three NH
resonances and two resonances for the nonequivalent
benzylic protons, respectively. In the five-membered

chelate ring the NHEt nitrogen becomes a stable chiral
center and the CH; protons of the N-ethyl groups suffer
a diastereotopic splitting. Furthermore, the large dif-
ference in the chemical shift of A6 = 0.9—1.0 between
the two protons of the CH; group compared to that of
the free ligands of A < 0.2 hints at a restricted rotation
of the ethyl group around the C—N axis in the complex
due to the neighboring aromatic rings, whose rotation
around the benzylic axis is hindered, too (the proton
signals of the nonequivalent aromatic rings are split into
AB systems).

Upon coordination to platinum, the prochiral center
at the NHEt nitrogen of the ligands erythro- and threo-2
gives rise to two pairs of enantiomers. Supposed that
the five-membered chelate ring shows no interconver-
sion, four racemic isomers are possible for erythro-2—
PtCl; and threo-2—PtCly, respectively (see Chart 2),

However, the 'H-NMR spectrum of threo-2—PtCl,
revealed that only one of the four possible racemates
was formed in the course of the binding of the diamines
to platinum. Insights into the spatial structure of this
compound were given by the resonances resulting from
the coupling of the benzylic protons with each other and
with the amino protons. To achieve a total exchange of
the three N-standing protons in threo-2—-PtCly by
deuterium it was necessary to heat the [D7]DMF
solution after addition of D3O to 60 °C for 3 h. In the
spectrum of the N-deuterated threo-2—PtCl; the ben-
zylic protons appear as an AB system with a coupling
constant of 12.1 Hz, indicating a preferred conformation
of the five-membered chelate ring with bisequatorially
arranged aromatic rings. At room temperature, addi-
tion of D3O leads only to a disappearance of the NH
resonance at § = 6.88—7.0 (NH®9) and to a decrease of
the multiplicity of the NH signal at 6 = 4.92—-5.08
(NH=*) to a doublet with 3Jnm-cu = 10.8 Hz (Figure 1B).
This coupling constant indicates a dihedral angle of
about 180° to the benzylic proton and therefore a
location of the nonexchanged H in axial position. Due
to the NH/ND exchange of NH® the splitting of the
benzylic proton at 6 = 5.47—5.66 is reduced demon-
strating its vicinity to the NH; group. The signal of the
second benzylic proton at 6 = 5.21—5.47 is split by two
couplings (Jcu-cu = 12.1 Hz, 3Jcu-nu = 9.9 Hz), which
is in accordance with dihedral angles of about 180°
between these protons. Such a structure is only realized
in isomer TII (see Chart 2).Thus threo-2—PtCl; exists
in a conformation with all bulky substituents (Ar and
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Chart 2
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Et) on the chelate ring in the energetically preferred
equatorial position. An interconversion of TII into TIV
does not take place.

In contrast to this erythro-2—PtCl; is present in an
equilibrium of two conformers, EI/EIII (see Chart 2).
At room temperature both NH; protons are exchanged
by deuterium after addition of DO (Figure 1D), whereas
exchange of the NHEt proton requires heating to 60 °C
for 4 h. From the coupling of the NHEt proton with
the benzylic proton in the bisdeuterated erythro-2—PtCl;
(3JNnu-cu = 4.8 Hz; see Figure 1D) an assignment to a
single isomer (EI, etc.) is impossible. This coupling
constant could be caused by a mean angle between 60
and 180° (EI < EIII) as well as between —60 and 60°
(EIl == EIV). The 3-fold deuterated erythro-2—PtClg
shows an AB spectrum for the benzylic protons with
3Jcu-cu = 7.9 Hz, also indicative of a fast interconver-
sion of the five-membered chelate ring. An assignment
of erythro-2—PtCl; to EI < EIII was possible by com-
parison of the chemical shift of the NEt signal with that
of diastereomeric [erythro-N-ethyl-1,2-bis(3-hydroxyphe-
nylethylenediamineldichloroplatinum(II) of known ab-
solute configuration. In recent studies we obtained two
diastereomers by coordination of erythro-N-ethyl-1,2-bis-
(3-hydroxyphenyl)ethylenediamine to dichloroplatinum-
(I1), which could be separated by virtue of their different
solubilities in HoO. H,H-NOESY experiments revealed
absolute configurations for diastereomers I and II, which
correspond to those of EIV and EI, respectively (see
Chart 2). Contrary to diastereomer I, diastereomer II
exists in a 8 <> A equilibrium (compare EI < EIII in
Chart 2). Investigations on the diastereomeric [erythro-
N-ethyl-1,2-bis(3-hydroxyphenyl)ethylenediamine]-
dichloroplatinum(II) complexesld have shown that the
chemical shift of the CHj resonance of the ethyl group
depends on the configurations at the N atom (NHEt
group) and at the neighboring benzylic C atom. The
diastereomer I (A(RSS)/6(SRR)) shows its CHj reso-
nance at 0 = 0.98 and the diastereomer II (5(RSR)/A-
(SRS)) at 6 = 1.37. The latter correlates very well with
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the CHj resonance found for erythro-2—PtCl; (6 = 1.39,
see Table 1), so this complex can be assigned to E/EIIL.
The 'H-NMR spectra of the N,N’-dialkylated complexes
meso- and D,L-3—PtCl; as well as meso- and D,L-4—PtCl;
suggest the presence of a single isomer or of two isomers
in a 6 < 4 equilibrium. The benzylic protons of meso-
and D,L-8—PtCl; are split into an AAXX’ system with
couplings between NH/CHyenzyiic and CHpenzylio/CHpenzylic
(see Table 1).

After exchange of the N-standing protons by deute-
rium (60 °C, 3 h), the benzylic protons show a common
singlet with unresolved 195Pt satellites of 3Jpi—y = 45
Hz (meso-8—PtCly) and 3Jpi-g = 25 Hz (D,L-3—PtCly).
These couplings indicate that D,L-3—PtCly exists pre-
ferrentially in a conformation with bisequatorially ar-
ranged aromatic rings, while the five-membered chelate
ring of meso-8—PtCl; undergoes a rapid interconver-
sion.}415 The methylene protons of the ethyl chains are
diastereotopically split, comparable to those of erythro-
2—PtCl; and threo-2—PtCl; (due to the presence of chiral
centers on the nitrogens). The lack of coupling between
the benzylic protons and the existence of common
resonances for both ethyl and both amino protons,
respectively, make believe that D,L- and meso-3—PtCl;
are symmetric molecules with identical environments
at both benzylic C atoms and at both N atoms. Among
the theoretically possible isomers of D,L-8—PtCly, RI and
RIII (see Chart 3) represent in fact symmetric mol-
ecules, while the meso-3—PtClz isomers MI/MV and MII/
MVI (see Chart 4) simulate symmetry by the intercon-
version of the five-membered chelate ring.

Since the chemical shift of CH3 in meso-3—PtCl; (6 =
1.45) is comparable to that in erythro-2—PtCl; (6 = 1.39),
identical configurations and environments on the ni-
trogens can be assumed. Thus the structure of meso-
3-PtCl; is assigned to MI/MV and, in analogy, that of
D,L-3—PtCl; to RIIL.

The structure of the complexes is not influenced by
the length of the N-alkyl chain. Both the N,N’-diethyl
(meso-and D,L-83—PtCly) and N,N’-dimethyl derivatives
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(meso- and D,L-4—PtCly) possess NH, CH, and aromatic
resonances comparable in chemical shift and CH/CH
and CH/NH couplings (see Table 1). Therefore, meso-
and D,L-4—PtCl; can be assigned to structures analogous
to MI/MIII and RIII, too.

The conformational behavior of the RS- and SS/RR-
configurated ligands was investigated by use of the
N-ethylated compounds erythro-2 and threo-2 as models.
Due to the monoethyl substitution, the benzylic protons
become nonequivalent, giving doublets in the spectra
with coupling constants of 11.0 Hz (erythro-2) and 10.7
Hz (threo-2), respectively, which result from a dihedral

Chart 4

8 (SRSR)/ A(RSRS) &(RRSS)/ A(SSRR)
6(RSRS)/ A(SRSR) 8(SSRR)/ A(RRSS)

Ml Mil
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MV MVI

A(RSSS) 8(SRRR)
RIV A(SSSR) 8(RRRS) RVI

6(SRSS) A(RSRR)
8(SSRS) A(RRSR)

Mill MIV

A(SRSS)/ 8(RSRR)
A(SSRS)/ 8§(RRSR)

MVII

Rill

A(RSSR)/ 6(SRRS)

angle between the vicinal protons of about 180°. There-
fore, the arrangement of the aromatic rings is anti-
periplanar in erythro-2 and synclinal in threo-2. This
means that during the coordination of the ligands to
platinum the orientation of the phenyl residues in the
R/S-configurated ligands is changed into synclinal, while
it is conserved in the RR/SS representatives.

Estrogenic Properties and Discussion of the
Structure—Activity Relationship. The relative bind-
ing affinity (RBA) to the calf uterine estrogen receptor
(ER) was measured by an indirect, competitive binding

8(RRSRY A(SSRS)
6(RSRR)/ A(SRSS)

A (RRSR)/ §(SSRS)
A (RSRR)/ 8(SRSS)

MVIII
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assay with [*H]Jestradiol ((*H]E2; RBAgsz = 100) and the
dextran—charcoal method.!¢

The RBA’s of the R/S-configurated 1,2-bis(2,6-dichloro-
4-hydroxyphenyl)ethylenediamines depend strongly on
the substituents on the amino groups. The nonalkyl-
ated parent diamine (meso-1) showed only marginal
affinity to ER with an RBA of 0.45 (see Figure 2A). N,N'-
Dimethylation led to a compound (meso-4) with a
relatively high RBA of 11.25, which can be further
increased by prolongation of the two alkyl residues. The
N,N’-diethyl derivative (meso-3) reached an RBA of
20.88. Already substitution of one amino group in the
parent compound meso-1 with an ethyl group resulted
in a more ER-affinic diamine with an RBA of 16.83.

In the racemate series the effect of N-monoalkylation
or N,N’-dialkylation is less pronounced (see Figure 2B).
The N,N’-diethyl derivative (D,L-3) showed the best
affinity to the ER with RBA = 2.35, which is, however,
about 10-fold lower than that of the meso-configurated
counterpart (meso-3). A much weaker ER affinity of D,L-
than of meso-configurated N,N’-dialkyl-1,2-bis(2,6-
dichloro-4-hydroxyphenyl)ethylenediamines has also
been reported by von Angerer.® The coordination of the
diamines to dichloroplatinum(II) reduced the affinity to
the ER drastically. The R/S- as well as the RR/SS-
configurated complexes showed, in spite of the different
substituents on the amino groups, similarly low RBA’s
(R/S, 0.30—0.46; RR/SS, 0.10—0.22; see Figure 2A,B).

In the class of estrogens, a correlation between the
RBA’s and the estrogenic potencies is observed. Com-
pounds with high RBA’s cause stronger estrogenic
effects than those with small RBA’s. The same is true
for the R/S-configurated 1,2-bis(2,6-dichloro-4-hydroxy-
phenyl)ethylenediamines, which proved to be “true”
estrogens in the mouse uterine weight test. The estro-
genicity rises continously in this series beginning with
the parent compound meso-1 to the N,N’-dimethyl
derivative (meso-4) and further to the N,N’-diethyl
derivative (meso-3). The N-monoethylated diamine
(erythro-2) is similarly active like the N,N’-dimethylated
diamine (meso-4). In accordance with their higher
RBA’s meso-1, meso-3, and meso-4 are considerably
stronger estrogenic than their RR/SS isomers (compare
Table 2).

In the RR/SS-configurated diamine series, too, an
increase of the estrogenic properties with elongation of
the alkyl chains is recognizable (compare D,L-4 with
D,L-3 in Table 2). However, the N-unsubstituted di-
amine (D,L-1) and its N,N'-dimethyl derivative (D,L-4)
are only marginally active. In analogy to the similarly
potent pair erythro-2/meso-4 the N-monoethylated di-
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Ry= Rg= E '

A Rg=H Ry Rg= Me

Figure 2. Receptor affinity of (A) RS/SR-configurated ligands and their complexes; (B) SS/RR-configurated ligands and their
complexes.

ﬁrHRg-Et

Table 2. Estrogenic Effect® of N-Substituted and
N,N’-Disubstituted 1,2-Bis(2,6-dichloro-4-hydroxyphenyl)ethyl-
enediamines

dose
(nmol/
animal) meso-1° D,L-1° erythro-2° meso-3¢ D,L-3¢ meso-4° D,L-4°
0.1 0 0 22 61 0 0 0
1 38 0 93 125 0 47 0
10 135 13 140 140 73 139 3
100 100 10 156 128 142 127 12
1000 21 47 72

¢ Mouse uterine weight test: compounds were administered at
three consecutive days sc as solutions poly(ethylene glycol) 400/
water (1.8% NaCl), 1:1. The uteri were removed 24 h after the
last injection, estrogenic effect = [(Et — Ev)/(Eg — Ev)] x 100; Ev
= effect of test compound; Ev = effect of vehicle; Eg = effect of
estrone standard (0.4 ug); effect = [uterus dry weight (mg)/body
weight (g)] x 100. ® Data from ref 7. ¢ threo-2 was not tested for
its estrogenic properties. ¢ Data of the ligands from ref 8. ¢ Data
from ref 23.

amine (threo-2) is expected to be only marginally active
like the N,N’-dimethyl derivative (D,L-4). Therefore, we
excluded threo-2 from an in vivo testing. The only
compound which equals the 100% effect of estrone and
even surpasses it at the high dose of 100 nmol/animal
is the N,N’-diethylated diamine (D,L-3).

After transformation of the diastereomeric diamines
into their dichloroplatinum(II) complexes the estrogenic
properties were unchanged though with this a confor-
mational change of the R/S-configurated diamine higands
(but not of the RR/SS-configurated diamine ligands)
takes place (compare Table 2 with Table 3). A correla-
tion between estrogenicity and receptor affinity of the
homologous complexes was not observable as was in the
amine series. In the following we attempt to interpret
these controversial experimental results.

In former publications!”'® and also in the current
study we could show that in diastereomeric 1,2-diphe-
nylethylenediamines (R/S and RR/SS) the benzylic
protons are in antiperiplanar arrangement. This im-
plicates an antiperiplanar location of the phenyl rings
in the R/S form and a synclinal one in the RR/SS form.
The relatively high conformational stability of diaster-
eomeric diamines which are substituted by two chlorine
atoms in the 2,6-positions of their phenyl rings (compare
our conformation studies in the 1,2-bis(2,6-dihalo-3-
hydroxyphenyl)ethylenediamine series)!? allows the as-
sumption that the R/S- and RR/SS-configurated di-
amines 1—4 interact exclusively in these conformations
with the ER.

In earlier studies of our group,?’ meso-N,N'-dimethyl-
1,2-bis(4-hydroxyphenyl)ethylenediamine, which is closely
related to hexestrol in terms of chemical and spatial
structure, showed neither ER-affinity nor estrogenic
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Table 8. Estrogenic Effect? of [N-Substituted and N,N'-Disubstituted 1,2-Bis(2,6-dichloro-4-hydroxyphenyl)ethylenediamineldichloro-
platinum(II)

dose :
(nmol/animal) meso-1—PtClg? D,L-1-PtClg® erythro-2—PtCly* meso-8—PtCle D,L-83—PtCle D,L-4—PtClye<
0.1 0 0 40 94 6 0
1 45 0 87 189 30 0
10 90 4 130 123 78 0
100 96 6 110 80 110 28
1000 23 160 88

@b See Table 2. ¢ threo-2—PtCl; and meso-4—PtCl; were not tested for their estrogenic properties. ¢ Data of the ligands from ref 8.

potency. Also the replacement of the two N-standing
methyl groups in this compound by hydrophobic butyl
residues does not lead to a hormonally active com-
pound.?? This indicates that the hydrophobic interac-
tion of the two phenyl rings with lipophilic centers in
the ER plays an essential role in the binding of non-
steroidal estrogens of the 1,2-diphenylethane series (e.g.,
HES). In the case of the N,N'-dialkyl-1,2-bis(4-hydroxy-
phenylethylenediamines the two NHy groups seem to
disturb the hydrophobic interaction with the receptor.
Since in this class of estrogens (prototype: HES) only
compounds with twe OH groups at a distance of about
12 A cause strongly agonistic effects, we must assume
that these functional groups are of importance for the
approach and for the proper orientation to the binding
area of the ER (e.g., HES exists also preferentially in a
conformation with antiperiplanar phenyl rings O—0
distance = 12.1 A).2!

In this connection it is of interest that the reduction
of the O—O0 distance in HES by transformation of both
4-standing OH groups into the 3- or 2-positions (3,3'-
HES and 2,2-HES) strongly decreased the estrogenic
potency.?? In contrast to 2,2-HES, which is a very poor
“true” estrogen, 3,3’-HES gives in mouse uterine weight
test a dose—activity curve of an “impeded” estrogen. 3,3'-
HES even shows marked antiestrogenic effects.

The free binding energy from the two H bridges seems
to be not sufficient for a change of the three-dimensional
receptor structure and thus for the triggering of the
biological effect. (Concerning the mechanism of ER-
mediated hormonal effects, see ref 23.) The successful
transformation of meso-N,N’-dimethyl-1,2-bis(4-hydrox-
ypheny)ethylenediamine into a “true” estrogen—com-
parable in its activity with HES—by introduction of
chlorine atoms into the two 2,6-positions of the phenyl
rings and by exchange of the two N,N’-standing Me
groups by Et groups (i.e., meso-8) points also to the
important role of the hydrophobic interaction, especially
between the chlorinated phenyl rings and nonpolar
regions in the receptor, for the binding affinity and the
hormonal effect of the R/S-configurated 1,2-diphenyl-
ethylenediamines.

Further hints at the importance of the hydrophobic
character of the 1,2-diphenylethane skeleton and the
4-standing OH groups for the estrogenic activity are as
follows:

(i) The exchange of the 2,6-standing chlorine atoms
in meso-1,2-bis(2,6-dichloro-4-hydroxyphenyl)ethylene-
diamine (meso-1) by the less lipophilic fluorine or methyl
residues (lipophilic constant #: C1=0.71, F =0.14, and
CH; = 0.56) led to a strong decrease of the estrogenic
potency (estrogenic effect: F-der, inactive at 10—1000
nmol;2¢ CH3-der, 15 at 100 nmol and 46 at 1000 nmol).25
The same is true for a partial exchange of the chlorine
atoms in meso-1 by fluorine or hydrogen—compare ref
17.

(ii) In nonsteroidal estrogens the introduction of
halogen atoms in positions ortho to the OH groups,
which hinders the formation of H bridges between drug
and receptor, proved to be unfavorable for the binding
of the drug to the ER.2® In the meso-3,4-bis(3-halo-4-
hydroxyphenyl)hexane series, for example, a decrease
of the RBA’s (F = 16.0; Cl = 1.6; Br = 0.255; I = 0.17,
HES = 27.0) was observed with increase of the van der
Waals radius of the halogen. Therefore, a substitution
by halogens in the ortho positions of the OH groups of
1,2-bis(4-hydroxyphenyl)ethylenediamines was not fur-
ther pursued.

The interaction of the R/S-configurated diamines 1—4
with the ER can be described by a model developed by
Héltje and Dall! for estradiol (E2) and nonsteroidal
estrogens.

The authors stated that in their pharmacophoric
conformations E2 and highly ER-affinic nonsteroidal
estrogens like HES are very similar to each other in
their van der Waals volumes as well as in their
interaction patterns and that the essential contribution
of the hydrophobic binding results from an interaction
of the AB region in E2 (or of the respective molecule
fragment in HES) with lipophilic centers of the ER
situated above and below the drug plane. Van der
Waals interactions as well as hydrogen bridges and/or
electrostatic interactions coming from the two OH
groups are also responsible for the high ER affinity of
these drugs.

Surprisingly, the coordination of the R/S-configurated
diamines 1-38 to dichloroplatinum(II) does not lead to
substantial changes in their estrogenic potencies, al-
though in this process the aromatic rings alter their
positions from antiperiplanar to synclinal. In this
conformation the platinum-coordinated diamine ligands,
which are the pharmacophores responsible for the
binding to the ER, cannot be accepted by the drug—
receptor model described by Hoéltje and Dall.! This
finding induces us to assume that a second binding site
exists in the ER, which accepts a 1,2-bis(4-hydroxyphe-
nyl)ethane fragment in conformations with shorter 0—O
distances. The search for a compound containing such
a fragment led us to (Z)-1,2-bis(4-hydroxyphenyl)-1-
phenylbut-1-ene (Z-BAPB) described by Schneider?” to
be a highly active “true” estrogen. In this compound
the oxygen atoms are 8.4 A apart from each other, while
in its E-isomer the O—O distance amounts to 12.2 A
corresponding to that in HES. The O—O distance of the
Z-isomer (8.4 A) is very close to that found in the new
“true” estrogens meso-1—PtClg, erythro-2—PtCl; and
meso-8—PtCl; (about 8 A). Since these complexes exist
in a § < A equilibrium (compare Charts 2 and 4) at
physiological temperatures, the fit to the binding area
of the receptor is facilitated. meso-1—PtCly, erythro-2—
PtCly, and meso-8—PtCly possess strong estrogenic
properties (see Table 2) comparable to that of Z-BAPB.



Activity of Ethylenediamine Platinum(II) Complexes

A further indication that meso-1-PtCly, erythro-2—
PtClg, and meso-83—PtCl; interact with a binding site
(i.e., binding site II) different from that of HES (i.e.,
binding site I or E2 binding site) is the lack of a
correlation between their RBA’s and their estrogenic
potencies. The RBA’s of all complexes are very low and
similar, between 0.30 and 0.46 (see Figure 2). Since we
used [PH]E2 as competitor for the estimation of the
relative binding affinity to ER, the found RBA’s dem-
onstrate nothing more than a weak interaction of the
complexes with the binding site I of ER. By use of
radiolabeled complexes (direct estimation method) or of
[H}-Z-BAPB as competitor (indirect estimation method),
much higher RBA’s and a correlation between receptor
affinity and estrogenic potency should be obtained like
in the related ligand series. These experiments are still
to be made.

The estrogenic activity of meso-1—PtCly, erythro-2—
PtCl;, and meso-8—PtCly could also arise from the
diamine ligand liberated from a hormonally inactive
complex by bionucleophils. If this is true, the complex
should have a lower activity than its ligand in the mouse
uterine weight test. This is not the case. To solve this
question we studied the stability of tritiated meso-1—
PtCl; in cell culture medium as well as its hormonal
effects (i.e., triggering of ER processing and progester-
one receptor synthesis) in human breast cancer cells
(MCF7) under identical conditions. The comparison of
the kinetics of ligand release with the time required by
meso-1—PtCl; to induce these hormonal effects showed
that the biological response of the breast cancer cells
can be attributed to the intact complex.?5:29

For the specific proof of the estrogenic activity of
meso-1 and of its complex ER-positive MCF7 breast
cancer cells transfected with the EREwtc-CAT reporter
system of Klein-Hitpass®® were used as experimental
model.3! This plasmid contains the ERE sequence
(ERE: estrogen responsive element) in front of a thy-
midine kinase promotor with following CAT gene
(CAT: chloramphenicol acetyl transferase). As expected
meso-1 and its complex increased markedly the CAT
activity. Kinetic experiments using this assay confirm
the stability and therefore the estrogenic activity of the
complex. Furthermore it was demonstrated in gel shift
experiments that a specific binding of the ER—meso-
1-PtCl; complex to the ERE sequence within an oligo-
nucleotide (produced from the vector EREwtc) took
place.®

In the RR/SS series a synclinal arrangement of both
phenyl rings (0—0 distance = 9.6 A) is observed in the
diamines as well as in their dichloroplatinum(II) com-
plexes, which should result in a preference of binding
site II in the interaction with the ER. However, the
mouse uterine weight test revealed, that merely D,L-8
and its complex D,L-3—PtCly; are weakly active estro-
gens. An optimal fit of the 1,2-diphenylethane fragment
to binding site II is hindered in RR/SS-configurated
diamines and in their complexes due to (i) the spatial
arrangement of the two N atoms, which is different from
that in the R/S isomers, and (ii) the lack of conforma-
tional flexibility of the five-membered chelate ring,
which hinders the approach of the two phenyl rings and
thus the reduction of the O—0 distance as in the R/S
series. Lipophilic alkyl residues linked to the nitrogen
atoms of RR/SS-configurated ligands or complexes can
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compensate these negative effects to some degree.
However, the resulting estrogenic potency is markedly
lower than that of the corresponding diastereomers.

Our findings with the diastereomeric diamines 1-3
and their complexes point to a high flexibility of the ER,
a prerequisite for the indispensable tight contact of
structurally very different estrogens to essential amino
acid residues in the hormone binding domain, from
which marked hormonal effects result.

Conclusion

The experiments described in this publication show
that the alkylation of the parent complex [meso-1,2-bis-
(2,6-dichloro-4-hydroxyphenyl)ethylenediaminel-
dichloroplatinum(II) (meso-1—PtCly) on the nitrogen
atoms leads to compounds with markedly increased
estrogenic potencies. This rise in activity is not ac-
companied by an elevation of the receptor affinity of
these drugs, presumably due to the applied assay in
which the drugs compete with 173-[3Hlestradiol for its
binding site on the estrogen receptor (i.e., binding site
I or estradiol binding site). We explain this unexpected
finding with the existance of a further binding site (i.e.,
binding site II), which accepts ligands with a distance
of about 8 A between their two OH groups as it is
present in the complexes meso-1-PtCly, erythro-2—
PtCly, meso-83—PtCly, and meso-4—PtCls. In accordance
with our drug targeting concept, we suppose that the
new complexes are enriched in breast cancer cells by
binding to the estrogen receptors of the latter, where
from strong and specific inhibiting effects should result.
The investigation of meso-83—PtCl; and further com-
pounds for these properties is subject of a further study.

Experimental Section

General Procedures. Melting points (uncorrected) were
recorded with a Biichi 510 instrument; 1H-NMR spectra were
recorded on a Varian 360 L at 60 MHz; and 'H-NMR spectra
of hydroxy-substituted 1,2-diphenylethylenediamines and plati-
num complexes were taken with a Bruker FT-NMR spectrom-
eter WM 250 at 250 MHz with TMS as internal standard.
Elemental analyses were performed at Mikroanalytisches
Laboratorium der Universitit Regensburg. IR spectra (KBr
pellets) were measured with a Perkin-Elmer 580 spektropho-
tometer.

Syntheses. Compounds meso- and D,L-1, meso- and D,L-
1a, meso- and p,L-3, and meso- and D,L-4 have been synthesized
according to methods reported in the literature.”

Method A: erythro-N-Ethyl-1,2-bis(2,6-dichloro-4-meth-
oxyphenyl)ethylenediamine (erythro-2a). To a solution
of meso-1a (10 mmol, 4.10 g) in 60 mL of dry THF was added
dropwise n-BuLi (15 mmol, 0.96 g), dissolved in 10 mL of dry
THF, at a temperature of —65 °C. After the mixture has been
stirred for 15 min, a THF solution of diethy! sulfate (10 mmol,
2.18 g) was added. It was allowed to warm to room temper-
ature, and the reaction mixture was stirred additionally for 5
h. Subsequently, 40 mL of ether and 60 mL of 2 N NaOH
were added, and the organic layer was separated, washed with
water, and dried over MgSO4. Removal of the solvent in vacuo
left an oily mixture of meso-la, erythro-2a, and meso-3a. The
compounds were separated by column chromatography (SiOs,
petroleum ether/ether, 2:1) to give 1.62 g of erythro-2a (37%,
colorless crystals, mp 137—138 °C): H-NMR (CDCls) 6 0.87
(t, 3J = 7 Hz, 3H, CHj3), 1.82 (br, 3H, NH), 2.10—2.60 (m, 2H,
CH,), 3.78 (s, 6H, OCH3), 5.32 (s, 2H, CHpengyiic), 6.89 (s, 4H,
Ar-H).

threo-N-Ethyl-1,2-bis(2,6-dichloro-4-methoxyphenyl)-
ethylenediamine (threo-2a): yield 1.71 g (38%), colorless
oil; 'H-NMR (CDCl3) 6 1.10 (t, %J = 7 Hz, 3H, CHa), 2.18 (br,
3H, NH), 2.46—2.58 (m, 2H, CHy), 3.71 (s, 6H, OCHjy), 4.94 (d,
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3J = 11 Hz, 1H, CHpengytic), 5.13 (d, 3J = 11 Hz, 1H, CHpenzyiic),
6.60 (d, 3J = 3 Hz, 2H, Ar-H), 6.79 (d, 3%J = 3 Hz, 2H, Ar-H).

Method B: erythro-N-Ethyl-1,2-bis(2,6-dichloro-4-hy-
droxyphenyl)ethylenediamine (erythro-2). A solution of
erythro-2a (3 mmol, 1.31 g) in 60 mL of dry CHCl; was cooled
to —60 °C. At this temperature BBr; (13 mmol, 3.01 g) was
added. The reaction mixture was brought to room temperature
and heated to reflux for 24 h. Subsequently, 20 mL of
methanol was added with cooling, and the solvent was
evaporated. The residue was dissolved in 5 mL of water,
filtrated, and alkalized with 2 N NaOH. Unreacted erythro-
2a was filtered off, and the filtrate was brought to pH 8 with
2 N HClL. The precipitate was collected by suction filtration,
washed with water, and dried over P:0;5: yield 886 mg (72%),
colorless powder; mp 161 °C; 1H-NMR ([D;]DMF, D;0) ¢ 0.84
(t, 3 = 7.1 Hz, 3H, CHjy), 2.15—2.28 (m, 1H, CHy), 2.28—2,38
(m, 1H, CHy), 5.23 (4, 3J = 11 Hz, 1H, CHuyenzyic), 5.28 (d, 3J =
11 Hz, 1H, CHupengyiic), 6.93 (s, 2H, Ar-H) 6.96 (d, %J = 2.5 Hz,
1H, Ar-H), 6.99 (d, 3J = 2.5 Hz, 1H, Ar-H). Anal. (CicHje-
CLIN:02) C, H, N.

threo-N-Ethyl-1,2-bis(2,6-dichloro-4-hydroxyphenyl)-
ethylenediamine (threo-2): yield 910 mg (72%), colorless
powder; mp 149—151 °C; 'H-NMR ([D;]DMF) 6 1.08 (t, 3J =
7.1 Hz, 3H, CHs), 2.46—2.57 (m, 2H, CH), 5.00 (d, %J = 10.7
Hz, 1H, CHpenzytic), 5.13 (d, 3J = 10.7 Hz, 1H, CHpengyiic), 6.67
d, 4J = 2.5 Hz, 1H, Ar-H), 6.69 (d, *J = 2.5 Hz, 1H, Ar-H),
6.86 (d, 4J = 2.5 Hz, 1H, Ar-H), 6.88 (d, 4/ = 2.5 Hz, 1H, Ar-
H) Anal. (C16H16C14N202'0.5H20) C, H, N.

Method C: General Procedure. K;PtCl, (208 mg, 0.5
mmol) and 0.5 mmol of DMSO were dissolved in 2.5 mL of
water and stirred for 24 h. To this reaction mixture were
added 20 mL of water and a solution of the ligand (0.5 mmol)
in 0.5 N HCL. Subsequently, the pH was adjusted to 4 by
treatment with 0.5 N NaOH, and the mixture was heated to
50—-60 °C for 8 h with stirring. During this time the pH was
adjusted several times to 4—5. After this 10 mL of 2 N HCl
was added, and the mixture was stirred for an additional hour.
The precipitate was separated from the hot solution by suction
filtration, washed with hot water, and dried over P;Os.

erythro-N-Ethyl-1,2-bis(2,6-dichloro-4-hydroxyphenyl-
)ethylenediamine]dichloroplatinum(Il) (erythro-2—PtCl,):
yield 260 mg (77%), beige powder; 1H-NMR, see Table 1; IR
(KBI‘) v 320 em™1 (Pt—CD Anal. (C16H16C16N202Pt) C, H, N.

threo-N-Ethyl-1,2-bis(2,6-dichloro-4-hydroxyphenyl)-
ethylenediamine]dichloroplatinum(I) (¢threo-2—PtCly):
yield 237 mg (70%), beige powder; 1H-NMR, see Table 1; IR
(KBr) v 320, 330 em™! (Pt—Cl). Anal. (C;6H;6ClsN202Pt) C,
H, N.

meso-N,N'-Diethyl-1,2-bis(2,6-dichloro-4-hydroxyphe-
nyl)ethylenediamine]dichloroplatinum(Il) (meso-3—
PtCly): yield 180 mg (51%), beige powder; !H-NMR, see Table
1; IR (KBr) v 325 cm™~! (Pt—Cl). Anal. (C1sH20CleN20:2Pt) C,
H, N.

D,L-N,N'-Diethyl-1,2-bis(2,6-dichloro-4-hydroxyphenyl-
)ethylenediamine]dichloroplatinum(I) (p,.-3—PtCly): yield
190 mg (54%), beige powder; ITH-NMR, see Table 1; IR (KBr)
v 320 CIII_1 (Pt—CD Anal. (C18H20C16N202Pt) C, H, N.

meso-N,N'-Dimethyl-1,2-bis(2,6-dichloro-4-hydroxyphe-
nyl)ethylenediamine]dichloroplatinum(II) (meso-4—
PtCly): yield 200 mg (59%), beige powder; 1H-NMR, see Table
1; IR (KBr) v 310 cm™! (Pt—Cl). Anal. (C,sH1sClgN2O:Pt) C,
H, N.
D,L-N,N’-Dimethyl-1,2-bis(2,6-dichloro-4-hydroxyphe-
nylethylenediamine]dichloroplatinum(II) (p,L-4—PtCly):
yield 304 mg (90%), yellow powder; 'H-NMR, see Table 1; IR
(KBr) v 330 em-1 (Pt—Cl). Anal. (C]sH]sClsNzozpt) C, H, N.

Biological Methods: Estrogen Receptor Binding As-
say. The applied method was described by Hartmann et al.1
The relative binding affinity (RBA) of the test compounds is
determined by the displacement of 175-[3Hlestradiol. At 4 °C
the test compounds (used in six to eight appropriate concen-
trations) are shaken with calf uterine cytosol (100 »L) and 178-
[®*Hlestradiol (0.5 pmol; specific activity 90—115 Ci/nmol) for
16 h. To stop the incubation, dextran-coated charcoal is added,
and after centrifugation the radioactivity of a 100 uL super-
natant aliquot (total volume 500 xL) is counted. The binding
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of 178-[*H]estradiol (0.5 pmol control) is estimated in the same
way. To estimate the nonspecifically bound part of 173-[*H]-
estradiol (0.5 pmol) a surplus of nonradioactive 178-estradiol
(2 nmol) is added to the probe in order to displace the
specifically bound part of the 173-[*Hlestradiol. On a semilog
plot, the percentage of bound labeled steroid vs concentration
of the competitor is plotted. At least six concentrations of each
compound are chosen to get a linear graph. From this plot
those molar concentrations of unlabeled estradiol and of the
competitors are determined which reduce the binding of the
radioligand by 50%.

Estrogen Assays. Estrogenic effects are determined by
stimulation of the uterine growth as described.3? On three
consecutive days the compounds, dissolved in poly(ethylene
glycol) 400/H;0 (1.8% NaCl) 1:1 (0.1 uL/mouse), are daily
administered sc to female, immature NMRI mice (age, 20 days
at test beginning; body weight, 10—12 g; six mice/group). The
uteri are excised 24 h after the last injection, fixed with Bouin’s
solution, dried, and weighed.

Acknowledgment., The technical assistance of O.
Baumann, E. Deml, D. Gétzfried, S. Paulus, L. Schneider,
and F. Wiesenmayer is gratefully acknowledged. Thanks
are also due to the Deutsche Forschungsgemeinschaft
(SFB 234) and the Fonds der Chemischen Industrie for
financial support.

References

(1) Holtje, H.-D.; Dall, N. A Molecular Modelling Study on the
Hormone Binding Site of the Estrogen Receptor. Pharmazie
1993, 48, 243—-249.

(2) Rosenberg, B.; Van Camp, L.; Krigas, T. Inhibition of Cell-
Division in Echerichia-coli by Electrolysis Products from a
Platinum Electrode. Nature (London) 19635, 205, 698—699.

(3) McGuire, W. L.; Horwitz, K. B.; Pearson, O. H.; Segaloff, A.
Current Status of Estrogen and Progesterone Receptors in
Breast Cancer. Cancer 1977, 39, 2934—2947.

(4) Hemstreet, G. P.; Wittliff, J. L.; Sarrif, A. M.; Hall, M. L.; McRae,
L. J.; Durant, J. R. Comparison of Steroid Receptor Levels in
Renal-Cell Carcinoma and Autologous Normal Kidney. Int. J.
Cancer 1980, 26, 769—775.

(5) Hartmann, R. W.; Heindl, A.; Schneider, M. R.; Schénenberger,
H. Influence of Alkyl-chain Fluorination on the Action of
Mammary Tumor Inhibiting 2,3-Bis(hydroxyphenyl)butanes and
2,3-Bis(hydroxyphenyl)but-2-enes. J. Med. Chem. 1986, 29, 322—
328.

(6) Wappes, B.; Jennerwein, M.; von Angerer E.; Schonenberger,
H.; Engel, J.; Berger, M.; Wrobel, K.-H. Dichloro[1,2-bis(4-
hydroxyphenyl)ethylenediaminelplatinum(II) complexes: An
Approach to Develop Compounds with a Specific Effect on the
Hormone-Dependent Mammary Carcinoma. J. Med. Chem.
1984, 27, 1280—-1286.

(7) Karl, J.; Gust, R.; Spruss, Th.; Schneider, M. R.; Schénenberger,
H.; Engel, J.; Wrobel, K. H.; Lux, F.; Trebert-Haeberlin, S. Ring-
Substituted [1,2-Bis(4-hydroxyphenyl)ethylenediamine]platin-
um(Il)Complexes: Compounds with a Selective Effect on the
Hormone-Dependent Mammary Carcinoma. J. Med. Chem.
1988, 31, 72—-83.

(8) von Angerer, E. Effect of N,N’-Diethyl-1,2-bis(2,6-dichloro-4-
hydroxyphenyl)ethylenediamines on the 7,12-Dimethylbenz[a]-
anthracene-Induced Mammary Carcinoma of the Rat. J. Med.
Chem. 1982, 25, 1374—13717.

(9) Vogtle, V.; Goldschmitt, E. Die Diaza-Cope-Umlagerung. (The
Diaza-Cope Rearrangement.) Chem. Ber. 1976, 109, 1—40.
(10) Romeo, R.; Minniti, D.; Lanza, S. Platinum-Complexes Contain-
ing Dimethylsulphoxides and Linear Aliphatic Diamines. For-
mulation of a Seven-membered Chelate Ring. Inorg. Chim. Acta

1977, 22, 87-91.

(11) Berg, R. W.; Rasmussen, K. Infrared and far infrared spectra of
dihalo(ethylenediamine)-palladium(II) and platinum(II). Spec-
trochim. Acta 1973, 29A, 319—327.

(12) Lanza, S.; Minniti, D.; Romeo, R.; Tobe M. L. Mutal Labalization
of Dimethyl Sulfoxide in the Bis(dimethyl sulfoxide)(1,2-diami-
noethane)platinum(II) Cation. Inorg. Chem. 1988, 22, 2006—
2010.

(13) R. Gust. Unpublished results.

(14) Yano, S.; Tukada, T.; Saburi, M.; Yoshikawa, S. Nuclear
Magnetic Resonance Study of Metal Complexes. 2. Conforma-
tions of 1,2-Diamine Chelate Rings with C-Phenyl Group(s) in
Cobalt(III) and Platinum(II) Complexes. Inorg. Chem. 1978, 17,
2520-2526.



Activity of Ethylenediamine Platinum(I) Complexes

(15) Gust, R.; Schonenberger, H.; Kritzenberger, J.; Range, K. J.;
Klement, U.; Burgemeister, Th. Crystal Structure, Solution
Chemistry and Antitumor Activity of Diastereomeric [1,2-Bis-
(2-hydroxyphenyl)ethylenediamineldichloroplatinum(II) Com-
plexes. Inorg. Chem. 1998 32, 5939—5950.

(16) Hartmann, R.; Kranzfelder, G.; von Angerer, E.; Schénenberger,
H. Antiestrogens. Synthesis and Evaluation of Mammary Tumor
Inhibiting Activity of 1,1,2,2-Tetraalkyl-1,2-diphenylethanes. JJ.
Med. Chem. 1980, 23, 841—848.

(17) Gust, R.; Burgemeister, Th.; Mannschreck, A.; Schénenberger,
H. Aqual1-(2,6-dichloro-4-hydroxyphenyl)-2-phenylethylenedi-
aminelsulfatoplatinum(II) Complexes with Variable Substitu-
ents in the 2-Phenyl Ring. 1. Synthesis and Antitumor and
Estrogenic Properties. J. Med. Chem. 1990, 33, 2536—2544.

(18) Gust, R.; Schénenberger, H.; Klement, U.; Range, K.-J. Aqua-
[1-(2,6-dichloro-4-hydroxyphenyl)-2-phenylethylenediamine]sulf-
atoplatinum(II) Complexes with Variable Substituents in the
2-Phenyl Ring. Part II: Correlation of Molecular Structure and
Estrogenic Activity of Breast and Prostate Cancer Inhibiting
[erythro-1-(2,6-Dichloro-4-hydroxyphenyl)-2-(2-halo-4-hydroxy-
phenyl)ethylenediamine]platinum(II) Complexes Arch. Pharm.
(Weinheim) 1998, 326, 967—976.

(19) Gust, R.; Schénenberger, H. Mammary Tumor Inhibiting [1,2-
Bis(2,6-dihalo-3-hydroxyphenyl)ethylenediaminelplatinum(II)
Complexes: III. Relationship between Structure and Estrogenic
Activity of the Diamine Ligands and of their Sulfatoplatinum-
(IT) Complexes. Arch. Pharm. (Weinheim) 1998, 326, 405—413.

(20) von Angerer, E.; Egginger, G.; Kranzfelder, G.; Bernhauer, H.;
Schénenberger, H. N,N’-Dialkyl-1,2-bis(hydroxyphenyl)ethyl-
enediamines and N,N’-Dialkyl-4,5-bis(4-hydroxyphenyl)imida-
zolidines: Syntheses and Evaluation of their Mammary Tumor
Inhibiting Activity. J. Med. Chem. 1982, 25, 832—-837.

(21) Kilbourn, M. R.; Arduengo, A. J.; Park, J. T.; Katzenellenbogen,
J. A. Conformational Analysis of Nonsteroidal Estrogens. The
Effect of Conformer Population on the Binding Affinity of meso-
and d,]-Hexestrol to the Estrogen Receptor. Mol. Pharmacol.
1981, 19, 388—398.

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 12 2079

(22) Kranzfelder, G. Ph.D. Thesis, University of Munich, 1978.

(23) Dove, S.; Schonenberger, H. Computer Modelling of Estrogenic
Effectuation by Different Types of Estrogen Receptor Agonists
J. Steroid Biochem. Mol. Biol. 1998, 46, 163—176.

(24) Gust, R. Ph.D. Thesis, University of Regensburg, 1987, p 63.

(25) Karl, J. Ph.D. Thesis, University of Regensburg, 1985, p 67.

(26) Hartmann, R. W.; Schwarz, W.; Schénenberger, H. Ring sub-
stituted 1,2-Dialkylated 1,2-Bis-(hydroxyphenyl)ethanes. 1. Syn-
thesis and Estrogenreceptor Binding Affinity of 2,2'- and 3,3'-
Disubstituted Hexestrols. JJ. Med. Chem. 19883, 26, 1137—1144,

(27) Schneider, M. R. Acetoxy substituted 1,1,2-triphenylbut-1-
enes: estrogenic, antiestrogenic and mammary tumor inhibiting
activity. J. Cancer Res. Clin. Oncol. 1986, 112, 119—-124.

(28) Bednarski, P. J.; Triimbach, B.; Kratochwil, N. A.; Schinen-
berger, H. Diamine Ligand Release from the Cisplatin Analogue
[meso-1,2-Bis(2,6-dichloro-4-hydroxyphenyl)ethylendiamine]di-
chloroplatinum(II) in Cell Culture Medium. J. Med. Chem. 1992,
35, 4479—4485.

(29) Otto, A. M.; Bednarski, P. J.; Eggers, H.; Triimbach, B
Schénenberger, H. [meso-1,2-Bis(2,6-dichloro-4-hydroxyphenyl)-
ethylendiamine]dichloroplatinum(II) an Estrogenic Pt(II)-Com-
plex for the Therapy of Breast Cancer: Relationship between
Stability and Effect. Pharm. Pharmacol. Lett. 1992, 1, 103—106.

(30) Klein-Hitpass, L.; Kaling, M.; Ryffel, G. U. Synergism of closely
adjacent estrogen-responsive elements increases their regulatory
potential. J. Mol. Biol. 1988, 201, 537—544.

(31) Koop, R. Ph.D. Thesis, University of Regensburg, 1992.

(32) Schneider, M.; von Angerer, E.; Schénenberger, H.; Michel, R.
T.; Fortmayer, H. P. 1,1,2-Triphenylbut-1-enes: Relationship
between Structure, Estradiol Receptor Affinity, and Mammary
Tumor Inhibiting Properties. J. Med. Chem. 1982, 25, 1070—1077.

JM940747Y



