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The four optical isomers of mandelato(trans-1,2,-diaminocyclohexane)platinum(II) have been prepared.
The CD and NMR spectra of these compounds in solution indicate that the mandelate coordinates to
platinum(II) to form a five-membered chelate ring. The X-ray crystal structure analyses of a pair of
diastereomers, (R)-mandelato[(1R,2R)-1,2-diaminocyclohexane]platinum(Il) and (S)-mandelato[(1R,2R)-1,2-
diaminocyclohexane]platinum(II), have confirmed that the skeletal configuration of (R)- or (S)-mandelic acid is

retained during the chelation of platinum(II).
analogous to each other.
solubilities.
The four isomers show different activities.

As a whole, the structural features of both diastereoisomers are
However, slight differences in hydrogen bonding are noticeable in relation to the
A preliminary animal test against mice leukemia L1210 was carried out using these compounds.
All these facts together support the conclusion that the chiralities of

both ammine (carrier) and mandelate (leaving group) influence the antitumor activities of the platinum agents.

Since the discovery of significant antineoplastic
activity of cis-dichlorodiammineplatinum(II), this
complex has been widely used as an anticancer agent.
The drug, however, is highly toxic, especially regard-
ing renal damage. Consequently, a vast number of
platinum complexes have been prepared in search of
less toxic antitumor agents.

In the process of amelioration, 1,2-diamino-
cyclohexane (dach) was reported as being a potent
ligand (carrier ligand) for antitumor platinum com-
plexes.2-4  Kidani et al. resolved three isomers of
dach and found that the platinum(II) complexes of
each isomer have different antitumor activities against
mice luekemia L1210.5 The trans-dach complexes
were more potent than the cis-dach complex. The
different activities between the trans-dach complexes.
i.e., (1R,2R)- and (1S8,25)-isomeric complexes, were
supposed to be derived from chiral recognitions
between the active platinum(II) species and their final
targets, DNA bases. This point of view leads to one
of the most important subjects in drug design: the
chirality of the carrier ligand. Further emphasis
should be placed on the fact that the anionic ligands
(leaving groups) in the platinum complexes also have
considerable influence on antitumor activities,®? and
have been supposed to play important roles in drug
metabolism. Accordingly, special regard will be paid
to not only the chiralities of the carrier ligands, but
those of the leaving groups.

Recently, Totani et al. have reported the syntheses
of a series of (glycolato-O,0’)platinum(II) com-
plexes.® These complexes have a novel chelate ring
in which glycolate is bound to platinum(II) with both
carboxylato- and alcoholato-oxygens. By using the
optically active mandelate(md) as a leaving group
instead of glycolate, a chiral point can be brought
about in the vicinity of platinum(II).
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Fig. 1. The proposed structure of [Pt(dach)(md)].

In general, platinum(II) alkoxides are unstable and
a limited number of examples are known to date.®-11
Therefore, alcoholato-platinum(II) bonding stabil-
ized by chelation arouse interest in the study of the
structural characteristics. However, even X-ray crys-
tal structure analysis has not so far been applied to the
glycolate or mandelate-chelating complexes.

Thus, we have prepared the four optical isomers of
platinum(II) complexes with trans-dach and md as
ligands; i.e., (R)- or (S)-mandelato[(1R,2R)- or (1S5,2S)-
1,2-diaminocyclohexane]platinum(II) (Fig. 1). Syn-
theses, X-ray structure analyses and their properties,
including the antineoplastic activities, are described
here.

Experimental

Materials. From a commercially available mixture of
trans- and cis-diaminocyclohexane an optically pure
(1R,2R)-trans- or (1S,2S)-trans-isomer was resolved accord-
ing to a method described in the literature.1?

The four nitrate complexes, i.e., dinitrato[(1R,2R)-1,2-
diaminocyclohexane]platinum(Il);  [Pt(RR-dach)(NOa)z],
dinitrato[(1S,2S)-1,2-diaminocyclohexane]platinum(II);
[Py(SS-dach)(NOs)2],  cis-dinitratodiammineplatinum(II);
[Pt(NHs3)2(NOs3)z] and cis-dinitratodiisopropylamine-
platinum(II); [Pt(ipr)2(NOs)z], were prepared using a sim-
ilar method to that of Lippert et al.13

The Optical Isomers of Mandelato(trans-1,2-diaminocy-
clohexane)platinum(Il): The compound was synthesized
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by the modified method from the literature.y A 4.61 g (11
mmol) portion of [Pt(RR-dach)(NOs)z] was dissolved in 150
ml of water with heating. The solution was passed
through a column packed with the anion exchange resin
(Diaion SA10AOH, 160 ml) and a further amount of water
was passed through the column. To the combined eluate
1.52 g of (R)-mandelic acid (10 mmol) was dissolved. After
stirring overnight, the solution was evaporated to dryness.
A small amount of water was added and the mixture was
stirred at 60°C. By filtration, a white powder of (R)-
mandelato[(1R,2R)-1,2-diaminocyclohexane]platinum(II)
monohydrate [Pt(RR-dach)(R-md)]-H2O was obtained
(3.68 g. 8.0 mmol, 80% yield). A crystal suitable for X-ray
crystal analysis was obtained by recrystallization from water.
In a similar manner, another three optical isomers of
mandelato(trans-1,2-diaminocyclohexane)platinum(II)
were synthesized. Found: [Pt(RR-dach)(R-md)]- H20: C,
35.16; H, 4.65; N, 5.86%; [Pt(RR-dach)(S-md)]-H20: C,
35.37, H, 4.62: N, 5.86%; [Pt(SS-dach)(R-md)]-Hz20: C,
35.09; H, 4.53; N, 5.81%; [Pt(SS-dach)(S-md)]- H20: C, 35.23;
H, 4.62; N, 5.75%. Calcd for C1aH22N2O4Pt: C, 35.22; H, 4.62;
N, 5.75%.

(R)-Mandelatodiammineplatinum(II) [Pt(NHj3)2(R-md)]-
1/2H20: The complex [Pt(NHs)(NOs)2] (1.05 g, 3.0
mmol) was dissolved in water (150 ml) with heating. The
solution was passed through a colunm packed with the
anion exchange resin (Dianion SA10AOH, 160 ml) and a
further amount of water was passed through the colunm.
To the combined eluate 451 mg of (R)-mandelic acid (3.0
mmol) was dissolved. After standing overnight the solu-
tion was evaporated to ca. 50 ml. The solution turned pale
blue after 3 days of standing. After removing the precipi-
tate the solution was cooled to 0°C overnight. A white
crystalline solid containing a small amount of pale blue
material was obtained. A blue impurity could not be
removed by recrystalization from water. Yield: 23g mg
(0.62 mmol, 21%). Found: C, 24.89; H, 3.30; N, 7.21%.
Calcd for CsH13sN20ssPt: C, 24.74; H, 3.37; N, 7.21%.

(S)-Mandelatodiisopropylamineplatinum(II) [Pt(ipr)s(S-
md)): This complex was similarly synthesized as anhy-
drous salt: Found: C, 36.25; H, 5.25; N, 5.94%. Calcd for
C14H24N203Pt: C, 36.28; H, 5.22; N, 6.04%.

Spectroscopy. The CD spectra were recorded with a
JASCO-J500A spectrometer. UV-Vis spectra were obtained
by the use of a Hitachi 340 spectrometer.

400-MHz 'HNMR spectra were measured for [Pt(RR-
dach)(R-md)] and [Pt(RR-dach)(S-md)] in D2O with DSS as
an internal standard by the use of a JEOL JNM-GX FT
NMR spectrometer. [Pt(RR-dach)(R-md)]: 6=1.12—1.22
(2H, m, 4- or 5-dach), 1.24—1.33 (2H, m, 4- or 5-dach),
1.55—1.58 (2H, m, 3- or 6-dach), 2.01—2.07 (2H, m, 3- or 6-
dach), 2.31—2.35 (2H, m, 1- and 2-dach), 4.931 (1H, s, a-
md), 7.39—7.47 (1H, m, p-phenyl), 7.44 (2H, d, J=8 Hz, m-
phenyl), 7.65 (2H, d, J=8 Hz, o-phenyl). [Pt(RR-dach)(S-
md)]: 6=1.12—1.21 (2H, m, 4- or 5-dach), 1.22—1.32 (2H, m,
4- or 5-dach), 1.53—1.61 (2H, m, 3- or 6-dach), 2.00—2.05
(2H, m, 3- or 6-dach), 2.20—2.27 (1H, m, 1- or 2-dach),
2.30—2.37 (1H, m, 1- or 2-dach), 4.93 (1H, s, @-md), 7.37—
7.49 (1H, m, p-phenyl), 7.45 (2H, d, J=7 Hz, m-phenyl), 7.72
(2H, d, J=7 Hz, o-phenyl).

22.5-MHz BCNMR spectrum was recorded with a JEOL
FX90Q to [Pt(SS-dach)(R-md)] in DMSO-ds with TMS as an
internal standard. 6=24.2 (2C, 4- and 5-dach), 31.4 (1C, 3- or
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6-dach), 31.9 (1C, 3- or 6-dach), 60.9 (1C, 1- or 2-dach), 61.5
(1C, 1- or 2-dach), 79.7 (1C, a-md), 126.3 (2C, o-phenyl),
127.3 (3C, m-, and p-phenyl), 145.5 (1C, 1-phenyl), 189.4
(1C, C=0).

19.2-MHz 9Pt NMR spectra were measured for [Pt(RR-
dach)(R-md)] (ca. 20 mgcm~23) and [Pt(RR-dach)(S-md)}-
(ca. 200 mgcm~3) in DMSO-ds with NaaPtCls in D20 as
an external standerd. (a JEOL FX90Q) [Pt(RR-dach)(S-md)]:
6=—1897. [Pt(RR-dach)(R-md)]: 6=—1904. A new peak
(6=—2968) had been growing for [Pt(RR-dach)(S-md)] with
time, but no change was observed for [Pt(RR-dach)(R-md)].

The IR spectra were measured with a Hitachi 260-30.
v(C=0)/cm~!in KBr disk: [Pt(RR-dach)(R-md)]- H20: 1649;
[Pt(RR-dach)(S-md)]- H20: 1664; [Pt(NHs)z(md)]- HzO:
1622.

Solubility Test. Solubility (mgml-?!) in H20 (or dmso)
at 26°C: [PyRR-dach)(R-md)]-H20: 7.8 (20); [Pt(RR-
dach)(S-md)] - H20: 15.3 (>200).

X-Ray Diffraction Measurement and Structure Determi-
nation. Among the four optical isomers, a pair of diaste-
reomers, [Pt(RR-dach)(R-md)]-H20 and [Pt(RR-dach)(S-
md)]- H:O, were applied to the X-ray crystal structure
analysis.

A colorless plate crystal was subjected to an X-ray diffrac-
tion measurement. The density of the crystal was measured
by a flotation method in mixtures of 1,2-dibromoethane and
carbon tetrachloride. X-Ray diffraction intensities were
collected on a Rigaku AFC-5R goniometer with graphite
monochromatized MoKa (4=0.71069 A) radiation (50 kV,
150 mA) at Research Centre for Spectrochemistry, Faculty of
Science, The University of Tokyo. The crystal gradually
became yellow during exposure to X-rays, but no significant
influences was observed regarding the intensities. Data
were corrected for both Lorenz and polarization effects. An
empirical absorption correction by -scan was applied to
both isomers. The positions of the Pt atoms were solved by
Mithril, and other atoms were located by successive Four-
ier and differential syntheses. An absolute configuration
was determined by anomalous scattering factors. The
enantiomeric structure was rejected because of the larger R-
factor. H atoms, except crystal water, were located from
calculations, but were not refined. Anisotropic thermal
parameters were applied for non-hydrogen atoms and iso-
tropic ones for H atoms. The thermal and positional
parameters of all non-hydrogen atoms were refined by full-

Table 1. Crystallographic Data of
[Pt(dach)(md)] - H2O Isomers
Isomer RR-R RR-S
Formula PtO4N2C1sHz2  PtO4N2Ci4Hze
Formula weight 477.43 477.43
Crystal system Monoclinic Monoclinic
Space group P2, P2,
VA 4 4
a/A 11.778(2) 11.886(1)
b/A 10.930(2) 10.623(2)
c/A 12.217(2) 12.104(1)
B/° 90.71(2) 92.98(1)
v/As 1572.6(9) 1526.3(6)
D,/gcm™3 2.02 2.08
Dn/gcm™3 1.99 2.06
u/cm~! (MoKa) 94.05 96.90
F(000) 920 920
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Table 2. Measurement Details for [Pt(dach)(md)]- H20 Isomers

Isomer
T/K
No. of measurements
No. of observations

No. of variables
R (wR)
S
(A/ 0)max
(A0)max/€ A-3
Crystal dimensions
/mm

RR-R RR-S
300 300
3996 3895
3053 3219
(Fo=3.00(F)) (Fs=3.00(F))
378 378
0.042(0.039) 0.042(0.052)
1.96 1.39
0.38 0.03
2.56 1.54

0.20X0.12X0.05

0.25X0.24X0.15

3241

No. of reflections used in 22(19<6<20) 24(16<6<19)
cell dimensions (0 range/°)
~Mode w-26 w-26
Range of measurements 4<26<55 4<26<55
(26/°)
Scan rate 6 6
(°min-! in 26)
Standard reflections 3/100 3/100
(number/interval)
Indices 022, 220, 202 1-30,—-1-31,-3-12
Fluctuation(%) +5.0 +2.0
h klrange —18=h=18 0=h=15
0=k=17 0=k=14
0=I=19 —16=I=16
Indices used for —202,—-303,—-315 02—2,04—4,06—6
¢ scan —505,—318,—618 08—8,29—8
—6110

matrix least squares on F with W=1/0(F,). All calcula-
tions were performed with the TEXSAN! program with
complex scattering factors from International Tables for X-
ray Crystallography®and were carried out on DEC Micro
Vax II at the Research Centre for Spectrochemistry. Crys-
tallographic data and measurement details are listed in
Tables 1 and 2, respectively. The complete F,—F. data are
deposited as Document No. 8893 at the Office of the Editor
of Bull. Chem. Soc. Jpn.

Antitumor Assay in vivo. The antitumor activities of the
[Pt(dach)(md)] isomers against mice leukemia L1210 were
tested. 105 cells/mouse were transplanted i.p. into CDF;
mice (6 mice/group) and samples were administered i.p. on
days 1, 5, and 9. From the mean survival times of treated
(T) and control (C) mice, T/C values were calculated as
indlcators of activity.

Results and Discussion

Syntheses of the Compounds. By the anion
N_ NO3 anion AN
Pt ——> Pt
NG \N03 exchange N DoH

N, 0 0

Oi b < 4 isomers

0 /

HO R-, or N [¢] RR-R, RR-S,
S-md i

" Pt(dach) (md) SS-R, SS-S
Scheme 1. Synthetic procedure to [Pt(dach)(md)]-

H-O.

exchange of [Pt(dach)(NOs)z], dihydroxo species is
supposed to be formed in aqueous solution. The
dihydroxo complex was neutralized by the addition of
the equivalent mandelic acid. The procedure results
in the five-membered chelation of platinum(II)
(Scheme 1). The neutralization is a relatively slow
process: after overnight standing of the reaction mix-
ture at room temperature, an oily product was only
obtained; heating of the aqueous solution at 60 °C for
several hours gave a crystalline solid. However, at
higher temperature (>80 °C), the solution turned red.
This coloring indicated a partial decomposition of
platinum(II) alkoxide. _

In the preparation of [Pt(NHs)(md)]-1/2H20
without protection to light, the solution turned blue.
The addition of excess mandelic acid to this solution
precipitated a blue-black solid. The blue product,
which showed IR absorption bands due to mandelate
and ammine ligands, was assumed a platinum oligo-
mer, such as a “platinum blue”; however, the struc-
ture of this compound has not yet been determined.
The formation of the oligomeric species by the use of
the bidentate ligands seems to be a relatively familiar
phenomenon. For example, the well known oligo-
mers of platinum(II) have bidentate bridging ligands
such as uracil, pyridone, pyrrolidone, phosphate;17-19
in our case mandelate. In the preparation of mande-
latoplatinum(II) complexes, the oligomer formation
is reduced under shading and at higher pH (with use
of excess platinum nitrate).
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Table 3. The CD and UV Data

Complex

CD Amax/nm(Ag)

UV Amax/NM(Emax)

[Pt(RR-dach)(R-md)]
[Pt(RR-dach)(S-md)]
[Pt(SS-dach)(R-md)]
[Pt(SS-dach)(S-md)]
[Pt(RR-dach)(NOs)s]
[P(SS-dach)(NOs)s]
[Pt(NHs)z(R-md)]
[Pt(ipr)e(S-md)]

365(+0.16), 321(+0.19), 253(+2.2), 216(—12)
387(—0.09), 326(+0.77), 252(—1.3), 216(+8)
386(-0.08), 327(—0.78), 254(+1.2), 216(—11)
363(—0.17), 319(—0.21), 254(—2.2), 219(+12)
330(+0.40), 246(+1.03) —
330(—0.35), 246(—0.95) —
386(+0.11), 336(—0.31), 255(+1.9) —
395(—0.11), 340(+0.28), 253(—2.4) -

332(3.8X10-8)
332(4.0X10-3)
332(3.0X10-3)
330(3.7X10-2)

Spectroscopic Properties. The CD and UV data
are listed in Table 3. The CD spectra of [Pt(RR-
dach)(R-md)] and [Pt(RR-dach)(S-md)] are inverse to
those of their enantiomers, [Pt(SS-dach)(S-md)] and
[Pt(SS-dach)(R-md)], respectively. On the other
hand, the spectra of diastereomers are quite different
from each other, indicating a marked influence of the
mandelate ligands. The additivity rule due to ligand
contributions is generally applied to the CD spectra of
coordination compounds. The notable contribution
of mandelate is rationalized on the assumption that it
is bound to platinum(II) by both carboxylato- and
alcholato-oxygens because the chelate configurations
have great effects on the CD spectra. If mandelate is
linked to the metal via only carboxylato-oxygen,
namely in a unidentate fashion, only a vicinal effect
could be observed in the CD spectra as a minor contri-
bution. Free mandelic acid has a weak CD at 250 nm
or longer wavelength,20 which is not consistent with
the observed strong CD curve. These CD data sug-
gest mandelate chelation in solution.

The CD spectrum of [Pt(dach)(NOs)z] has two peaks
(Amax 330 and 246 nm) assignable to 1Ai;;—3E, and
1A;,—1E,, respectively.2) Hawkins et al. reported
that the octant sign was negative when 1A;,—!E, tran-
sition had a positive Cotton effect.22 In the case of
the square planar complexes, the five-membered che-
late with A-gauche conformation has a negative octant
sign. The A;;—1E, transition of [Pt(RR-dach)-
(NOs3)z] shows a positive Cotton effect and is assumed
to have A-gauche conformation, which is consistent
with the (1R,2R)-configuration of the ligand.

The complex [Pt(NHs)(R-md)] has four donor
atoms (i.e., two nitrogen and two oxygen atoms) in
common with [Pt(RR-dach)(NOQOs)s]. It is therefore
expected that the CD spectrum of the former complex
may have the A, —!E; transition at similar wave-
length as that of the latter complex. A Am.x peak at
255 nm, which shows a positive Cotton effect, may be
assigned to the 1A;,—1E; transition. In this way we
can estimate that the mandelate chelate may have a A-
gauche conformation in aqueous solution. How-
ever, this proposal might not be reliable since the
mandelate chelate contains a carboxyl group and its
symmetry is lower than that of RR-dach chelate. In
any case, the CD data support the (R)-configuration of

the mandelate.

The CD spectra of the four isomers, [Pt(dach)(md)]
are essentially linear combinations of those of
[Pt(dach)(NOs)z], [Pt(NHs)2(R-md)], and/or [Pt(ipr)e-
(S-md)]. This result suggests again that the configu-
rations of the ligands are retained on the coordination
to platlnum(II).

The THNMR spectra were measured for a pair of
diastereomers, [Pt(RR-dach)(S-md)] and [PYRR-
dach)(R-md)]. The dach ligand of [Pt(RR-dach)(S-
md)] shows two sets of multiplets due to the methine
protons, since these protons become nonequivalent
with the coordination of asymmetric mandelate. In
the case of [Pt(RR-dach)(R-md)], such a separation of
methine protons is not observed. Both diastereomers
also show the mandelate-methine proton as a singlet;
unfortunately, though, the coupling with %P, the
corroborative evidence,® cannot be detected under the
influence of too large an HDO signal. Several
attempts to reduce the HDO signal (such as a WEFT
method, an off-resonance decoupling or the recrystal-
lization from D20) have been unsuccessful up to the
present. As a whole, the chemical shifts of both
diastereomers bear a close resemblance to each other,
but only slight differences have been observed on the
phenyl proton signals. These differences may be
caused by the mandelate conformations.

The BCNMR spectrum was measured for the solu-
ble isomer, [Pt(SS-dach)(R-md)] in DMSO-ds. Since
the mandelate ligand is asymmetric, splits of 1,2- and
3,6-dach carbons are observed. On the methine car-
bons of both dach and mandelate, no satelite peaks
have been detected, though the observed signals are
somewhat broad.

The 195Pt NMR spectra of both [Pt(RR-dach)(R-md)]
and [Pt(RR-dach)(S-md)] have a broad peak at ca.
—1900 ppm. Usually, the chemical shifts of
195Pt NMR range very widely from compound to com-
pound. The shift differences between the isomers are
negligibly small, in due consideration of the concen-
tration difference in solution. The observed shift-
values belong to the range characteristic of a type of
coordination compound, PtN202, which consists of
the four donor atoms (two nitrogens, two oxygens)
and a platinum atom. After 60 days standing in
solution, the original compound, [Pt(RR-dach)(S-
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md)], partly changed into another species; a new peak
was observed at —2970 ppm. On the other hand, the
isomer, [Pt(RR-dach)(R-md)], did not change at all.
The half decay time of the original peak was ca. 25
days. The new species is tentatively assignable to a
platinum-dimethyl sulfoxide (DMSO-ds) complex in
which dmso is bound to platinum(II) through an S
atom, while mandelate coordinates via only
carboxylate-oxygen. A similar reaction between
dmso and cis-[Pt(NHz3)2Clz] was reported,?® but the
half decay time of the original peak due to cis-platin is
3 h which is much shorter than that of [Pt(RR-
dach)(S-md)]. From the comparison, it is obvious
that the mandelate chelate is relatively stable in solu-
tion in spite of the expected instability of platinum
alkoxide.

Thus, all CD and NMR results are consistent with
the chelate structure of mandelatoplatinum(II) com-
plexes in solution.

The solid state IR spectra of [Pt(RR-dach)(R-
md)]- H20 and [Pt(RR-dach)(S-md)]- H2O are identi-
cal to [Pt(SS-dach)(R-md)]-Hz0, and [Pt(SS-dach)(R-
md)]- H20, respectively.

The C=0 stretching absorption appears at 1710 cm—!
for mandelic acid? and at 1582 cm-! for potassium
mandelate.?d The mandelatoplatinum complexes,
i.e., the [Pt(dach)(md)}- H2O isomers and [Pt(NHs)2-
(R-md)]-1/2H20 have the absorption bands between
these peaks. As a cosequence of the reduced reson-
ance by coordination, the complexes increase the bond
strength of C=0 in comparison with that of free
mandelate. The spectrtum of [Pt(RR-dach)(R-
md)]- H2O shows the C=0O stretching at 1649 cm—!
while the band position of [Pt(RR-dach)(S-md)]-H2O
is 15 cm~! higher. Such a difference between the
diastereomers might be caused by the hydrogen-
bonding patterns to a carboxyl oxygen.

Structure Description of [Pt(dach)(md)]- H2O Iso-
mers. The crystal structure of [Pt(RR-dach)(R-md)] -
H:0 is shown in Fig. 2. Two complexes and two
water molecules are crystallographically independent.

Y%
r -“ﬁ\
e
g

¥ 0

)

Fig. 2. ORTEP? plot of crystal structure of [Pt(RR-
dach)(R-md)]- H2O. View along b-axis.
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These two complexes form a rather discrete cluster;
the two independent complexes are related by a
pseudo 2-fold axis. Their coordination planes are
approximately perpendicular to each other.

The molecular structure of the complex, i.e., crys-
tallographically independent unit of [Pt(RR-dach)(R-
md)]- H20, is shown in Fig. 3. The bond lengths
and angles are listed in Table 4. Both ligands,
namely RR-dach and R-md, retain their skeletal con-
figurations. The RR-dach has a A-gauche chelate

Table 4. Bond Lengths (A) and Angles (°) of [Pt(RR-
dach)(R-md)]- H20 with e.s.d.’s in Parentheses

Bond length (&)

Pi1-O1 202(1) Pu-02 2.02(1) Ptl-N1 2.04(1)
PtI-N2  2.03(2) P©2-Ol1 1.95(1) P2-012 2.02(1)
Pt2-N11 2.02(2) Pt2-N12 1.942) OI1-Cl11 1.24(3)
02-C12 143(2) O3-Cll1 1.22(2) O11-C31 1.23(3)
012-C32 1.41(2) OI13-C31 1.93(2) NI-Cl 1.41(3)
N2-C2 1.49(2) NI11-C21 1.44(3) NI12-C221.49(2)
CI-C2  153(33) CI-C6 152(3) C2-C3 1.45(3)
C3-C4 151(3) C4-C5 157(4) C5-C6 1.52(3)
ClI-C12 1.53(3) CI2-Cl3 1.52(2) CI3-Cl4 1.41(2)

Cl13-C18 1.36(2)
Cl16-C17 1.40(3)
C21-C26 1.53(3)
C24-C25 1.47(5)
C32-C33 1.53(3)
C34-C35 1.37(2)
C37-C38 1.38(3)

Bond angle (°)

Cl4-C15 1.38(2)
Cl17-C18 1.37(3)
C22-C23 1.47(3)
C25-C26 1.52(3)
C33-C34 1.40(2)
C35-C36 1.36(3)

C15-C16 1.41(3)
C21-C22 1.51(3)
C23-C24 1.54(3)
C31-C32 1.50(3)
C33-C38 1.38(2)
C36-C37 1.38(3)

O1-Pt1-02  83.3(5)  Ol-Ptl-Nl 95.5(6)
Ol-Pt1-N2  178.2(6)  O2-Ptl-N1  178.4(6)
02-Ptl-N2  97.9(5)  NI-Ptl-N2 82.3(6)
Ol11-P12-012 82.2(5)  OI1-Pt2-N11  98.0(7)
Ol1-Pt2-N12 178.3(6)  OI2-P2-N11 178.2(8)
Ol2-Pt2-N12 99.46)  NI1-P©2-N12  80.4(7)
Ptl-O1-C11  114(1) Pt1-02-C12  108(1)
P2-011-C31 117(1) Pt2-012-C32  109(1)
PtI-N1-C1  112(1) Ptl-N2-C2  111(1)
P2-N11-C21 111(1) P2-N12-C21 115(1)
N1-C1-C2  1122) N1-C1-C6  117(2)
C2-C1-C6  109(2) N2-C2-C1 106(2)
N2-C2-C3  116(2) C1-C2-C3 116(2)
C2-C3-C¢  111(2) C3-C4-C5 112(2)
C4-C5-C6  109(2) C1-C6-C5 113(2)
O1-C11-03  125(3) 01-C11-CI2  117(2)
03-C11-C12  118(2) 02-C12-Cl1  114(2)
02-C12-C13  112(2) Cl11-C12-C13  108(1)
CI2-C13-Cl4 119(2) C12-C13-C18 122(2)
Cl14-C13-CI8 119(2) Cl13-Cl14-C15 121(2)
Cl14-C15-C16 118(2) Cl15-C16-C17 120(2)
Cl16-C17-C18 119(2) C13-C18-C17 122(2)
N11-C21-C22 107(2) N11-C21-C26 115(2)
C22-C21-C26 109(2) N12-C22-C21 101(2)
N12-C22-C23 116(2) C21-C22-C23  114(2)
C22-C23-C24 110(2) C23-C24-C25 114(2)
C24-C25-C26 111(2) C21-C26-C25 112(2)
O11-C31-013 125(2) O11-C31-C32 116(2)
013-C31-C32 119(2) 012-C32-C31 113(2)
012-C32-C33 110(2) C31-C32-C33  112(1)
C32-C33-C34 121(2) C32-C33-C38  122(2)
C34-C33-C38 117(2) C33-C34-C35 122(2)
C34-C35-C36 119(2) C35-C36-C37 120(2)

120(2) C33-C38-C37 121(2)

C36-C37-C38
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Fig. 3. ORTEP?® of molecular structure of [Pt(RR-
dach)(R-md)]- H20.

bEYE
oY

B

Fig. 4. Crystal structure of [Pt(RR-dach)(S-md)]-
H:20. View along b-axis.

Fig. 5. Molecular structure of [Pt(RR-dach)(S-md)] -
H-0.
conformation. The mandelate ligand shows biden-

tate chelation to the platinum atom with carboxylate
and alcoholate. Though several mandelate com-
plexes have been reported, their mandelate groups are
bound to metals using only carboxylate oxygens.2728
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Table 5. Bond Lengths (A) and Angles (°) of [Pt(RR-

dach)(S-md)]- H20 with e.s.d.’s in Parentheses

Bond length (A)

Pt1-O1 2.01(1) Ptl-02 2.02(1) PtlI-N1 2.04(1)
Pt1-N2 2.04(1) Pt2-O11 2.00(1) Pt2-012 2.02(1)
Pt2-NI1 2.03(2) Pt2-N12 2.01(2) OI-Cll1 1.30(2)
02-C12 1.41(2) 03-Cl1 1.20(2) O11-C31 1.29(2)
012-C32 1.38(2) OI13-C31 1.21(2) NI-C1 1.46(2)
N2-C2 1.48(2) NII-C21 1.48(2) NI2-C22 1.51(2)
Cl1-C2 1.53(2) CI-C6 1.53(2) C2-C3  1.50(3)
C3-C4 1.51(3) C4-C5 1.56(3) C5-C6 1.51(3)

Cl1-C12 1.53(2)
CI3-C18 1.39(2)
C16-C17 1.37(3)
C21-C26 1.52(2)
C24-C25 1.58(3)
C32-C33 1.48(2)
C32-C35 1.39(2)
C37-C38 1.39(2)

Bond angle (°)

C12-C13 1.51(2)
Cl14-Cl15 1.38(2)
C17-C18 1.37(2)
C22-C23 1.47(3)
C25-C26 1.52(3)
C33-C34 1.41(2)
C35-C36 1.36(3)

Cl13-Cl4 1.39(2)
C15-C16 1.37(3)
C21-C22 1.52(2)
C23-C24 1.49(3)
C31-C32 1.55(3)
C33-C38 1.39(2)
C36-C37 1.37(2)

O1-Pt1-02  83.8(5) O1-PtI-N1  94.5(5)
O1-Pt1-N2  177.1(6)  O2-Pt1-N1  177.4(5)
02-Pt1-N2  98.5(5) N1-PtI-N2  83.2(6)
O11-Pt2-012 83.1(5) O11-Pt2-N11 95.2(6)
O11-Pt2-N12 178.2(6)  OI12-Pt2-N11 178.1(6)
O12-Pt2-N12  98.5(6) N11-Pt2-N12 83.2(6)
Ptl-O1-Cl1  114(1) Pt1-02-C12  109(1)
Pt2-O11-C31  114(1) Pt2-012-C32 111(1)
PtI-N1-Cl  109(1) Pt1-N2-C2  110(1)
P2-N11-C21  109(1) P2-N12-C21 111(1)
N1-C1-C2 108(1) N1-C1-C6  114(1)
C2-C1-C6 110(1) N2-C2-C1  106(1)
N2-C2-C3 115(1) Cl-C2-C3  111(1)
C2-C3-C4 112(2) C3-C4-C5  109(2)
C4-C5-C6 112(1) Cl-C6-C5  110(2)
01-C11-03  123(2) 01-C11-C12 115(1)
03-C11-C12  121(2) 02-C12-Cl1  114(1)
02-C12-C13  113(1) Cl11-C12-C13 108(1)
C12-C13-Cl4 121(1) C12-C13-C18 121(1)
Cl14-C13-C18 119(1) C13-C14-C15 119(2)
C16-C15-C16 121(2) C15-C16-C17 120(2)
C16-C17-C18 120(2) Cl13-C18-C17 121(2)
N11-C21-C22 108(1) N11-C21-C26 114(2)
C22-C21-C26 111(1) N12-C22-C21 106(1)
N12-C22-C23  115(2) C21-C22-C23 113(1)
C22-C23-C24 112(2) C23-C24-C25 111(1)
C24-C25-C26 110(1) C21-C26-C25 110(2)
O11-C31-013  122(2) 011-C31-C32 116(1)
013-C31-C32 122(2) 012-C32-C31 112(1)
012-C32-C33  113(1) C31-C32-C33  109(1)
C32-C33-C34 121(1) C32-C33-C38 122(1)
C34-C33-C38  117(1) C33-C34-C35 120(2)
C34-C35-C36  122(2) C35-C36-C37 118(2)
C36-C37-C38  121(2) C33-C38-C37 121(2)

Thus, the complex, [Pt(RR-dach)(R-md)]- HzO is the
first example of the bidentate chelate formed by a
mandelate ligand. This type of five-membered che-
late has been proposed to glycolatoplatinum(II) in
solution,® but the solid state structure is unknown to
date. For the first time the crystal structure has been
firmly determined in this work. Historically, the
platinum alkoxides are believed to be unstable?® and
few examples have been reported so far.?-1) In the
mandelatoplatinum complex, the metal-alkoxide



October, 1989]

Optically Isomeric Mandelate Chelates

3245

Table 6. Possible Hydrogen Bonds (A)” with e.s.d.’s in Parentheses

[Pt(RR-dach)(R-md)]- HzO

Atom Atom Distance ADCY Atom Atom Distance ADC
(01 N2 3.20(2) 54702 02 021 2.69(2) 55702
02 N1 3.11(2) 55702 03 Nl11 3.12(3) 55501
011 021 3.09(2) 55501 012 022 2.64(2) 65702
013 021 3.06(2) 55501 021 022 2.87(3) 55501
021 N12 2.98(2) 64702 022 N2 2.87(2) 54702
022 N1l 3.05(2) 55501

[PY(RR-dach)(S-md)]- HzO

Atom Atom Distance =~ ADC® Atom Atom Distance ADC
(01 N2 3.19(2) 65502 02 022 2.68(2) 64502
02 N1 3.14(2) 64502 011 022 3.10(2) 55501
012 021 2.75(2) 74502 013 022 3.06(2) 55501
021 N2 2.86(2) 65502 021 022 2.89(3) 55501
021 N11 2.99(2) 55501 022 N12 2.96(2) 55501

a) Intermolecular distances between O and N which are shorter than 3.20A are listed. b) The
atom designator code. The 5-digit number is a composite of three one digit numbers and one
two digit number: TA(1st)+TB(2nd)+TC(3rd)+SN(4th and 5th). TA, TB, and TC are the
lattice translation along cell edges a, b and ¢, where digit of 5 indicates the origin cell. The SN

is symmetry operation.

Symmetry operators: (1) x,y,z. (2) —x,1/2+y,—z.

bond may be stabilized by five-membered chelation.
The phenyl group of mandelate rises up to the axial
direction to the coordination plane. Such a direction
possibly resulted from the crystal packing. Conse-
quently, the R-md has 8-gauche conformation in the
solid state though A-gauche conformation is suggested
in the aqueous solution by the CD spectra.

The crystal and molecular structures of [Pt(RR-
dach)(S-md)]- HoO are depicted in Figs. 4 and 5,
respectively. The bond lengths and angles are listed
in Table 5. The structural feature is analogous to
that of [Pt(RR-dach)(R-md)]- H2O. Two complexes
and two water molecules also have crystallographic
independence. The configurations of the ligands are
retained in comparison with the corresponding free
amine or acid. The RR-dach ligand has a A-gauche
conformation. The md ligand is bound to the plati-
num atom to form a five-membered chelate of 4-
gauche conformation. The phenyl group rises up to
the axial direction to the coordination plane.

Both isomers have a typical square-planar coordina-
tion, except for rather small N-Pt-N and O-Pt-O
angles due to the five-membered chelation. As a
whole, the structural features of both diastereomers
(bond lengths and angles) are very similar.

The hydrogen bonds are listed in Table 6.
Between the alcoholates and the water molecules,
strong hydrogen bonds are formed. The hydrogen-
bonding patterns of both isomers have many similari-
ties to each other, though the hydrogen-bond distribu-
tions in a pair of diastereomers are slightly different.
Fig. 6 shows that only [Pt(RR-dach)(R-md)]- Hz2O has
a hydrogen-bond between carboxylate oxygen and
amine nitrogen, directly reflecting the configurations
of the two diastereomers. Not only the IR spectra,
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Fig. 6. Hydrogen-bond distributions of two isomers.

but also the solubilities of the diastereomers are practi-
cally different from each other. The complex
[Pt(RR-dach)(S-md)]- H20 is a more soluble isomer in
water or dmso (see Experimental). These experimen-
tal facts agree well with the above difference in the
hydrogen-bond distributions.

Antitumor Activities of [Pt(dach)(md)] Isomers.
The results of animal tests against mice luekemia
L1210 are listed in Table 7. The complexes show
antitumor activities to a certain extent, but not com-
pletely. On the other hand, the toxicities are greatly
reduced, compared to cis-platin. The four optical
isomers exhibit differeences in antitumor activities.
Complex [Pt(RR-dach)(R-md)] is effective over a wide
range of dose where its enantiomer, [Pt(SS-dach)(S-
md)], shows no activity. The antitumor activity of
[Pt(RR-dach)(S-md)] is similar to that of [Pt(SS-
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Table 7. Antitumor Activities against
Mice Leukemia L1210
Isomer T/C (%)
Dose (mg/kg)

400 200 100 50 25 12.5
RR-R Toxic 126 P 190P 162P 137P 109
RR-S 138P 160P 132P
SS-R 126 P 156 P 108
SS-S Toxic 124 114

T/C value over 125 was evaluated as antitumor active
and indicated with P.

dach)(R-md)], but the toxic dose is different.

These results show that the chiralities of not only
the carrier ligands, but that the leaving groups influ-
ence the antitumor activities of the complexes. It is
also likely that the solubilities of the complexes influ-
ence the activities.
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