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New (diamine)platinum(ll) complexes RtX; (A, = trans(+)-1,2-diaminocyclohexane (DACH), tetrahydro-
4H-pyran-4,4-diylbis(methylamine)(THPDMA); 2& 9-fluorenylidenemalonate(FM), benzhydrylidenemalonate-
(BHM)) have been synthesized and characterized by means of multinuclear NMR spectroscopy and X-ray analysis.
(DACH)Pt(FM) crystallizes in space grolg®;/c with eight formula units in a cell of dimensioss= 20.071(7)

A, b=12717(3) A,c = 24.512(6) A8 = 103.25(2}, andV = 6090(3) A3 (DACH)Pt(BHM) crystallizes in

space grougPl with four molecular units in a cell of dimensiors= 11.048(3) A,b = 13.639(3) A,c =
14.043(6) A, = 90.17(3}, B = 91.31(4}, y = 89.98(3), andV = 2116(1) &. The platinum atom in both
complexes adopts a typical square planar arrangement with two nitrogen atcisysasition. The 9-fluorenylidene

and benzhydrylidene groups of the amine ligands chelated to platinum are strikingly bent up by 88.8(3) and
80.8(2), respectively, from the platinum square plane in the solid state. Variable tempétdtNidR spectra

of the title complexes in dimethyl sulfoxide solution reveals that the amine proton resonances are sensitive to the
fluxional motion of the remote arylidene groups, and suggests that interconversion occurs between two “bent-up”
and “bent-down” forms. The prominent difference between the FM and BHM complexes is observed in solution,
due to the presence or absence of the angle constraint of the anionic coligands.

clinical trials for new generation platinum anticancer agéhtt
Thus, the structure and behavior of the anionic carboxylate
ligands play an important role in determining the pharmacoki-
netic stability of their platinum complexes.

In this paper, (diamine)platinum(ll) complexes of structurally
interesting dicarboxylate ligands, 9-fluorenylidenemalonate
(FM)and benzhydrylidenemalonate (BHM), have been synthe-

Introduction

Many platinum complexes bearing potent antitumor activity
are composed of bioactivas-(diamine)platinum(ll) fragments
and various dicarboxylate ligands* Among the complexes,
only cis-diammine(1,1-cyclobutanedicarboxylato)platinum(ll)
(carboplatin) was clinically approved as a second generation
platinum anticancer drug. It does not exhibit significant
nephrotoxicity and emesis compared with cisplain.The

nephrotoxicity of cisplatin has been known to be associated with o)

its active hydrolysis products, which form over a period of -0
minutes! whereas the relatively lower toxicities of carboplatin —
were found to be related to its pharmacokinetic stability in “o
solution® Accordingly, the platinum complexes of various 0

dicarboxylate ligands have been screened for more effective
anticancer drugs with less toxiciti€s!?2 As a consequence,
several platinum complexes of carboxylate ligands have entered

BHM

FM

sized, and their dynamic structural behaviors in solution are
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reported based on their multinuclear NMR spectra along with
the X-ray crystal structures of the FM and BHM complexes.
As carrier ligandtrans(+)-1,2-diaminocyclohexane (DACH)
and tetrahydro-4H-pyran-4,4-diylbis(methylamine) (THPDMA)
were used since not only do they form stable platinum
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complexes, but also their platinum complexes exhibit high
antitumor activity with no cross-resistance to cisplatin.

Experimental Section

Instrumentation. Elemental analyses were performed by the
Advanced Analysis Center at KIST. The infrared spectra in the 5000
400 cntt region were measured as KBr pellets on a Perkin Elmer 16F
PC model FT-IR spectrometefH, 13C, and®*Pt NMR spectra were
recorded on a Varian Gemini-300 NMR spectrometer operating at
300.00 MHz {H), 75.48 MHz {3C) and 64.39 MHz ¢5Pt) in pulse
mode with Fourier transform. Variable temperatlifeNMR spectra
were measured on a Varian Uniglus 600 MHz NMR spectrometer.
The chemical shifts were relative to SiMEH and*3C) and NaPtCk
(19%Pt) as an internal or external standard for the indicated nuclei. The

mass analysis was achieved on a platform (Fisons Inst., Manchester,

U.K.) equipped with an electrospray source at 10 L/min using a Havard

infusion pump. For the mass analysis, appropriate amount of samples

were dissolved in a solvent mixture of MeOH and water (50:50,V/V)
containing 1% acetic acid.

Materials. Potassium tetrachloroplatinate(ll)(Kojima) and DACH
(Aldrich) were used as received. THPDMA was prepared according
to the literaturé* The FM and BHM ligands were prepared by
literature procedurésand converted to barium salts, which were reacted
with (diamine)platinum sulfaté& cis-(Diamine)platinum(ll) sulfates
were also prepared by the literature methb4.

Synthesis of (DACH)Pt(FM). To a suspension of (DACH)-
PtSQ-H,0 (0.42 g, 1.0 mmol) in water (50 mL) was added Ba(FM)
2H,0 (0.44 g, 1.0 mmol) in methanol (50 mL). The reaction mixture
was stirred for 3 h. After barium sulfate was filtered off, the filtrate
was evaporated to dryness to obtain a yellow solid in 78.1% yield.
Slow evaporation of its DMF solution gave crystals suitable for X-ray
crystallography: mp 219C dec. Anal. Calcd for &H2.N,O4Pt: C,
46.07; H, 3.87; N, 4.88. Found: C, 45.80; H, 3.94; N, 4.88.NMR
(Me;SO-ds, ppm): 6 = 0.91 (s, 2H); 1.13 (s, 2H); 1.38 (d, 2H, 9.15
Hz); 1.74 (d, 2H,J = 11.37 Hz); 1.92 (s, 1H); 2.04 (s, 1H); 5.21 (s,
NH, 1H); 5.50 (s, NH, 1H); 5.87 (s, NH, 1H); 6.10 (s, NH, 1H); 7.25
(t, 2H,J = 7.68/7.41 Hz); 7.38 (t, 2H] = 7.32 Hz); 7.85 (d, 2HJ) =
7.32 Hz); 8.04 (d, 2HJ = 7.47 Hz). 13C NMR (Me;SO-ds, ppm):
24.0,31.2,62.1,119.4,125.3, 125.6, 127.1, 128.3, 136:40()C139.4
(C=C), 171.7 (CG=0). **Pt NMR (MeSO-ds, ppm);—1844. IR (KBr,
cmY): »(COOksym 1648, 1592p(COO)ym, 1322. Mass:me=574.0
[M + H]*, 530.1 [M+ H — COj]", 486.1 [M+ H — 2CQj".

Synthesis of (DACH)Pt(BHM). This compound was prepared in
75.7% vyield by the same procedure used for (DACH)Pt(FM) with BHM
used instead of FM: mp 20Z dec. Slow evaporation of its methanol
solution gave crystals suitable for X-ray crystallography. Anal. Calcd
for CooH24N04PtH0: C, 44.52; H, 4.42; N, 4.72. Found: C, 44.30;
H, 4.51; N, 4.49.'H NMR (Me,SO-s, ppm): 6 = 0.98-1.08 (m,
2H); 1.20-1.36 (m, 2H); 1.421.51 (m, 2H); 1.85 (d, 2HJ = 37
Hz); 2.08-2.19 (m, 2H); 5.33 (t, NK 2H, J = 7.20 Hz); 6.05 (d,
NHy, 2H,J = 8.07 Hz); 7.19-7.30 (m, 6H); 7.33-7.41 (m, 4H). 13C
NMR (Me;SO-ds, ppm): 24.0, 31.3, 62.1, 126.7, 127.3, 129.2, 135.4,
140.0 (G=C), 141.4 (G=C), 171.7 (G=0). %Pt NMR (M&SO-s,
ppm): —1873. IR (KBr, cnm?): ¥»(COOksym 1636, 1613y(COO)ym,
1342. Mass:m/e =576.2 [M+ H]*, 532.1 [M+ H — COj*, 488.1
[M +H - 2CQ)]".

Synthesis of (THPDMA)Pt(FM). This compound was prepared
in 80.1% vyield by the same procedure used for (DACH)Pt(FM) with
THPDMA used instead of DACH: mp 194C dec. Anal. Calcd for
CoaH2uNLOsPt: C, 45.77; H, 4.01; N, 4.64. Found: C, 44.90; H, 3.89;
N, 4.69. 'H NMR (Me;SO-ds, ppm): 6 = 1.25 (s, 4H); 2.17 (s, 4H);
3.39 (s, 4H); 5.23 (s, NK 2H); 5.72 (s, NH, 2H); 7.24 (t, 2H,J =
7.50/7.62 Hz); 7.38 (t, 2H]) = 7.41/7.29 Hz); 7.84 (d, 2H] = 7.35
Hz); 8.03 (d, 2H,J = 7.68 Hz). 3C NMR (Me;SOds, ppm): 31.1,
34.5,49.9,62.0,119.4, 125.2, 125.8, 127.0, 128.3, 136.8, 13&C)C
139.4 (G=C), 171.7 (G=0). Pt NMR (M&SO-ds, ppm): —1884.

IR (KBr, cm™): »(COO)sym 1652, 1628,(COO)ym 1322. Mass:
m/e = 604.2 [M + H]*, 560.1 [M+ H — CO;]*, 516.1 [M+ H —
2CO)".

(17) Lehnert, W.Tetrahedron1973 29, 635.
(18) Sohn, Y. S.; Kim, K. M. U.S. Pat. 5,142,075 (1992).
(19) Johnson, G. Llnorg. Synth 1966 8, 242.
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Table 1. Crystallographic Data for (DACH)Pt(FM) and
(DACH)Pt(BHM)

(DACH)Pt(FM) (DACH)Pt(BHM)
formula GoH2oN,O4PY e Ca2H20N,04Pt-HO
0.9DMF0.6H,0
632.08 589.51
wavelength, A 0.71073 0.71073
space group P2,/c (No. 14) P1 (No. 2)
a, 20.071(7) 11.048(3)
b, 12.717(3) 13.639(3)
c A 24.512(6) 14.043(6)
o, deg 90.0 90.17(3)
S, deg 103.25(2) 91.31(4)
y, deg 90.0 89.98(3)
V, A3 6090(3) 2116(1)
VA 8 4
deaca g/cn? 1.377 1.851
abs coeff, mm? 4.641 6.669
no. of reflcns colled 7946 6545
no. of indep reflcns 7694 6192
GOFon P 1.111 1.121
final Rindices R1=0.0627, R1=0.0300,
{1 > 20(1)}2 wR2=0.1598 wR2=0.0668
Rindices (all data) R* 0.0757, R1=0.0325,
wR2=0.1960 wR2=0.0681

largest diff peak +1.137 and-0.830 +1.274 and-0.747

and hole, e A3

aR1 = J||Fo| — |Fell/3|Fol. WR2 = {SW(Fs? — FASwWF,}172,
where w = 1f0%F2 + (0.019P)2 + 0.00P} and whereP =
{Max(F.,?,0) + 2F:2}/3.

Synthesis of (THPDMA)Pt(BHM). This compound was prepared
in 74.2% yield by the same procedure used for (DACH)Pt(FM). The
crude product was recrystallized in MeOH to afford a yellow crystalline
solid: mp 232°C dec. Anal. Calcd for &H»6N-OsPt:H,0; C, 44.30;

H, 4.53; N, 4.49. Found: C, 44.10; H, 4.51; N, 4.48%1 NMR (Me,-
SO-ds, ppm): 6 = 1.41 (s, 4H); 2.29 (s, 4H); 3.51 (s, 4H); 5.48 (s,
NH,, 4H); 7.19-7.30 (m, 6H); 7.33-7.40 (m, 4H). 3C NMR (Me-
SOds, ppm): 31.1, 34.6, 50.0, 62.1, 126.7, 127.5, 129.2, 135.3, 140.0
(C=C), 141.4 (G=C), 171.8 (CG=0). %Pt NMR (M&SO-ds, ppm):
—1917. IR (KBr, cnml): »(COOksym 1654, 1638y(COO),m, 1324.
Mass: me = 602.2 [M+ H]*, 562.1 [M+ H — CQ,]*, 518.2 [M+

H — 2CQOj*.

X-ray Crystal Analysis. Each crystal was wedged in a Lindemann
capillary with mother liquor. The X-ray data were collected on an
Enraf-Nonius CAD4 automatic diffractometer with graphite-mono-
chromated Mo K (A = 0.710 73 A) at ambient temperature. Unit
cell dimensions were based on 25 well-centered reflections by using a
least-square procedure. During the data collection, three standard
reflections monitored every hour did not show any significant intensity
variation. The data were corrected for Lorentz and polarization effects.
Absorption effects were corrected for by the empirigadcan method.

The structures were solved by the Patterson method (SHELXS-86) and
were refined by full-matrix least-squares techniques (SHELXL293).
For (DACH)Pt(FM), the light atoms of the cyclohexane group and
solvent molecules were refined isotropically due to the disorder problem,
and other non-hydrogen atoms, anisotropically. For (DACH)Pt(BHM),
all non-hydrogen atoms were refined anisotropically and hydrogen
atoms were added at calculated positions. Crystal parameters and
procedural information corresponding to data collection and structure
refinement are given in Table 1. Final atomic coordinates and isotropic
thermal parameters of (DACH)Pt(FM) are given in Tables 2 and 3.

Results and Discussion

Synthesis. The reaction of (diamine)platinum(ll) sulfate with
barium salts of FM and BHM ligands in the solvent mixture of

(20) Gandolfi, O.; Apfelbaum, H. C.; Blum, Jnorg. Chim Acta 1987,
135 27.

(21) (a) Sheldrick, G. M. SHELXS-86; A Program for Structure Determi-
nation; University of Gottingen, Germany, 1986. (b) Sheldrick, G.
M. SHELXL-93: A Program for Structure Refinement: University
of Gottingen, Germany, 1993.
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Table 2. Atomic Coordinates x10% and Equivalent Isotropic Table 3. Atomic Coordinates x10% and Equivalent Isotropic

Displacement ParametersiA 10°) for (DACH)Pt(FM) Displacement Parametersi{A 10%) for (DACH)Pt(BHM)

X y z Ueqy occ X y z Ueqy
Pt(1) 2229(1) 5009(1) 4378(1) 45(1) Pt(1) 4999 1204 272 33(1)
o(1) 2186(5) 4051(8) 3718(4) 55(3) 0(12) 8570(4) 1154(3) —385(4) 52(1)
0(2) 1542(5) 3134(9) 3038(5) 71(3) 0O(11) 6767(4) 844(3) 257(3) 43(1)
O(3) 1472(5) 4162(9) 4597(4) 56(3) 0(13) 5077(4) 1592(4) —1120(3) 50(1)
0O(4) 607(5) 3115(9) 4301(5) 68(3) 0O(14) 5946(4) 2491(3) —2204(3) 47(1)
N(1) 2348(6) 6008(11) 5050(5) 65(4) N(11) 3200(5) 1482(4) 370(4) 49(1)
N(2) 3031(6) 5837(9) 4212(5) 57(3) N(12) 4862(5) 833(4) 1651(4) 42(1)
Cc@) 1582(8) 3727(13)  3410(6) 55(4) C(1) 7503(5) 1376(4) —210(4) 34(1)
C(2) 989(7) 3771(12) 4196(6) 48(3) C(2) 5956(5) 2132(4) —1411(4) 34(1)
C(3) 983(7) 4128(11) 3618(5) 44(3) C®3) 7007(5) 2288(4) —109(4) 30(1)
C4) 483(7) 4734(11) 3306(6) 47(3) C@4) 7486(5) 3166(4) —513(4) 32(1)
C(5) 428(7) 5134(12) 2730(6) 50(4) C(5) 8359(5) 3315(4) 308(4) 32(1)
C(6) —139(8) 5819(14)  2599(7) 63(4) C(6) 9471(6) 3749(4) 173(5) 42(2)
C(7) —290(11) 6287(18) 2091(8) 102(8) C(7) 10251(6) 3923(5) 941(5) 50(2)
C(8) 106(13) 6113(21) 1690(8) 113(8) C(8) 9911(7) 3681(5) 1839(5) 50(2)
C(9) 673(26) 5642(43) 1829(20) 80(15) 0.50 C(9) 8812(7) 3257(5) 1991(5) 48(2)
C(9) 575(24) 5245(38) 1771(19) 76(14) 0.50 C(10) 8021(6) 3064(4) 1215(4) 41(2)
C(10) 813(10) 4890(17) 2328(7) 85(6) C(11) 7130(5) 4095(4) —1024(4) 34(1)
Cc(11) —109(7)  5197(12) 3499(6) 52(4) c(12) 6474(6) 4811(5) —532(5) 47(2)
C(12) —459(8) 5846(13) 3073(6) 60(4) C(13) 6157(7) 5687(5) —983(7) 63(2)
C(13) —1021(10) 6376(16) 3116(8) 92(7) C(14) 6488(8) 5859(6) —1907(7) 69(3)
C(14) —1268(9) 6201(18) 3619(9) 94(7) C(15) 7176(7) 5179(6) —2380(5) 60(2)
C(15) —910(9) 5660(18)  4037(8) 89(7) C(16) 7485(6) 4283(5) —1939(5) 43(2)
C(16) —343(10) 5109(16) 3973(8) 85(6) Cc@17) 2771(7) 1251(7) 1304(5) 63(2)
Cc(@7) 3070(18) 6473(27) 5136(14) 58(8) 0.50 C(18) 3666(7) 1039(8) 1999(6) 74(3)
c@av7) 2801(19) 6845(30) 4956(15) 67(9) 0.50 C(19) 3365(7) 798(7) 2963(5) 65(2)
C(18) 3156(26) 7288(41) 5633(20) 75(16) 0.50 C(20) 2126(8) 1026(9) 3261(6) 94(3)
C(18) 3117(24) 7368(39) 5488(20) 50(14) 0.50 C(21) 1218(8) 1249(8) 2555(7) 92(3)
C(19) 3656(23) 8232(37) 5496(18) 87(12) 0.50 C(22) 1551(7) 1501(6) 1579(6) 64(2)

C(19) 3920(19) 7799(31) 5645(15) 68(10) 0.50 . i .
C(20) 4313(25) 7647(39) 5256(20) 102(14)  0.50 aU(eq) is defined as one-third of the trace of the orthogonalizgd

C(20) 4040(18) 8112(29) 5098(14)  64(9) 050  tensor.
C(21) 3895(9) 7202(15) 4638(7) 77(5)
c(22) 3165(15) 6782(24) 4594(12)  44(7)  0.50
C(22) 3347(16) 6335(26) 4747(13) 54(8) 0.50
aU(eq) is defined as one-third of the trace of the orthogonalizgd
tensor.

water and methanol afforded the title complexes in high yields
with precipitation of barium sulfate according to eq 1. Recrys-

H,O/MeOH

A,PtSQ, + Bal, APtL, +BaSQl (1)

room temp

A, =THPDMA, DACH; L, = FM, BHM

tallization of the complexes in methanol resulted in white or
light yellow crystalline solid products, which decompose in the
range 194232°C. The complexes are less soluble in water Figure 1. ORTEP drawing of (DACH)Pt(FM) showing the atom-
than carboplatin, but more soluble in polar organic solvents such numbering scheme. The thermal ellipsoids are drawn at the 50%
as methanol, ethanol, dimethylformamide, and,®®, etc, probability level.

resumably due to the low hydrophilicities of the anionic
ri)gands. T);ley are stable in aq)L/JeOLf)s and,$@ solutions at PY(1)-0(3), and O(1}Pt(1)—'0(3) are 83'5(5)’ 17.5'.7(4)' 175.9-
least for a few weeks at room temperature. The stability of the (4), and 3_9'7(4)' res;;ectlvely, which are S|m|Ia£4 t_?hthe
complexes in solutions seems to be ascribed to the chelationco"esPonding values ofs-[POXTDMA)(CHx(CO)z]. e
bond lengths of C(B0O(1) (1.34(2) A) and C(230O(3) (1.31-

effect of both the amine and anionic ligands, which may be
related to pharmacokinetic behavior. g y (2) A) are longer than those of C&AP(2) (1.17(2) A) and

Structures of (DACH)P(EM) and (DACH)PtBHM). For  C(2)-O(4) (1.20(2) A), being consistent with typical mono-
the (DACH)Pt(FM), there are two independent molecules in denta;e carquylates In gther platinum(ll) comple??esThe
an asymmetric region of the monoclinic unit cell and the features most interesting feg‘gure s that the 9-fluor¢nylldene group of
of the two molecules are within error of being identical. One thr_e FM ligand is strikingly bent from the platinum square plane
of the molecules and its labeling scheme for (DACH)Pt(FM) is (glhedhralhang'l/(la l_betw;(_en the two pIanesSS.S(g)’). I_Even_d
depicted in Figure 1, and selected bond distances and angleéhoug Ej.e 'gan ('js Iam,?-un.satur?tle Icar oxy 'CAaC' ’
are listed in Table 4. The local geometry around the platinum the fenf 'Qg lprevllents' € ohca I|Ozat|((i)r? 0 ILSG egtro;s;& sfah
atom approximates to a square planar arrangement: distance800! of the localization, the bond lengt (1.35(2) A) of the

of Pt(1)-N(2), Pt(1)-N(2), Pt(1}-0O(1), and Pt(1)}O(3) are - : ; - T i

. 22) Bitha, P.; Morton, G. O.; Dunne, T. S.; Delos Santos, E. F.; Lin, Y;
2.05(1), 2.04(1), 2.01(1), and 2.03(1) A, respectively, and the @ Boone, S. R.; Haltiwanger, R. C.; Pierpont, C.I6org. Chem 199Q
bond angles of N(:yPt(1)-N(2), N(1)-Pt(1}-0O(1), N(2)- 29, 645.




1644 Inorganic Chemistry, Vol. 35, No. 6, 1996 Lee et al.

Table 4. Selected Bond Lengths (A) and Angles (deg) for
(DACH)Pt(FM) and (DACH)Pt(BHM) Q,;
(DACH)Pt(FM) (DACH)Pt(BHM) g@(,
Pt(1)-0O(1) 2.011(9) 2.015(4) ”
Pt(1-0O(3) 2.032(10) 2.031(4) é\ @
Pt(1)-N(1) 2.050(12) 2.031(5)
Pt(1}-N(2) 2.041(11) 2.012(5) «L
O(1)-C(1) 1.34(2) 1.281(7)
0(2)-C(1) 1.17(2) 1.224(7) N2 01, ﬁ@
0(3)-C(2) 1.31(2) 1.293(7) Qo 2SO0
O(4)y-C(2) 1.20(2) 1.218(7) , -
C(1)-C(3) 1.50(2) 1.525(8) & N1 03
C(2)-C(3) 1.49(2) 1.521(8) @
C(3)-C(4 1.35(2 1.335(8 021 N22
cE4§—c§s§ 1.4822; 1.500%8% Pe2 «\/@c@
Cl4)-C(11) 1.50(2) 1.506(8) % -
C(5)-C(6) 1.41(2) 1.382(8) 923 N21
C(5)-C(10) 1.42(2) 1.379(8)
C(6)-C(7) 1.35(2) 1.386(9)
C(7)-C(8) 1.42(3) 1.365(10) 6?9
C(8)-C(9) 1.26(5) 1.366(10)
C(9)-C(10) 1.53(5) 1.406(9) ¢ 0@
C(6)-C(12) 1.45(2) © ')
O(1)—Pt(1-0O(3) 89.7(4) 89.5(2)
O(1)—Pt(1)}-N(2) 92.5(4) 92.4(2) @
O(1)—-Pt(1)-N(1) 175.7(4) 175.4(2) Figure 2. View showing the weak pairing of (DACH)Pt(FM)
O(3)-Pt(1)-N(1) 94.2(5) 94.5(2) molecules within the unit cell. The separation between adjacent
8((:23)):;&)):“% é£55?5(;1) é;%?z()z) platinums is 3.47(1) A, and the square plane around the platinum atom
0(1)-C(1)-C(3) 113.4(12) 118.2(5) is essentially planar.
O(3)-C(2)-C(3) 116.2(12) 116.3(5)
C(1)-C(3)-C(2) 112.8(12) 116.5(5)
C(3)-C(4)-C(5) 128.1(13) 121.5(5)
C(3)-C(4)—C(11) 125.8(13) 124.1(5)
C(5)-C(4)-C(11) 106.0(12) 114.3(5)

double bond C(3YC(4) corresponds to that (1.34 A) of a normal
ethylene groug? The two independent (DACH)Pt(FM) mol-
ecules depicted in Figure 2 show a dimeric interaction through
the intermolecular hydrogen bonding, resulting in aPt
distance of 3.47(1) A, within the sum of the van der Waals
radii (3.60 A).

For the (DACH)Pt(BHM), there are also two independent
molecules in an asymmetric region of the triclinic unit cell. One
of the molecular structures of (DACH)Pt(BHM) is shown in
Figure 3, and selected bond distances and angles are listed in
Table 4. The local geometry around the platinum atom is very
similar to the structure of (DACH)Pt(FM) described above. The €20 (1o

dihedral angle between two square planes of Pt(1), N(1), N(2), Figyre 3. ORTEP drawing of (DACH)Pt(BHM) showing the atom-
O(1), and O(3) and of C(1), C(2), C(3), C(4), C(5), and C(11) numbering scheme. The thermal ellipsoids are drawn at the 50%
is about 80.8(2) and the planes of two phenyl rings of the probability level.

BHM ligand are close to orthogonal (86.1{2) In the solid
state two (DACH)Pt(BHM) molecules in centrosymmetric The!9Pt NMR spectra of the title complexes were measured
relation are held together by intermolecularN- -O hydrogen ~ in MexSO-ds. Each spectrum of the present complexes exhibits
interactions (N--O distances, 3.023.03 A). The PtPt only one!®*Pt resonance, reflecting the presence of one platinum
distance is 3.37(1) A, within the sum of the van der Waals radii. species in the solution. Furthermore, the chemical shifts in the
Multinuclear NMR Spectroscopy. 13C NMR data of all region —1844 to—1917 ppm are similar_ to those-{930 to _
the title complexes could be clearly assigned. Appearance of ~1950 ppm) of (DACH)Pt(steroids), which are already eluci-
a single carboxylat&C chemical shift for the present complexes dated asi,N'-DACH)Pt(O,0'-chelated steroids). The differ-
in the range of 171.:7171.8 ppm indicates that the bonding €Nce (44 ppm) between th&Pt chemical shifts of (THPDMA)-
mode of the carboxylates is retained without dissociation in Pt(BHM) and (DACH)Pt(BHM) approximates to the difference
Me,SO solution. The peak for C(9) in (DACH)Pt(FM) lies at (40 ppm) between those of (DACH)Pt(FM) and (THPDMA)-
139.4 ppm, which is shifted 2.0 ppm upfield relative to that of Pt(FM). The differences between th¥Pt chemical shifts of
the corresponding carbon of (DACH)Pt(BHM). Such a differ- (THPDMA)Pt(BHM) and (THPDMA)Pt(FM) and between
ence of the chemical shift seems to originate from the structural those of (DACH)Pt(BHM) and (DACH)Pt(FM) are 33 and 29
difference between the FM and BHM ligands in solution. PPM, respectively. Thus in the present platinum complexes,

Similar results were observed for the THPDMA analogs. the variations of both amine and anionic carboxylate ligands
affect significantly the platinum nuclear magnetic environment,

(23) Morrison, R. T.; Boyd, R. NOrganic Chemistry3rd ed.; Allyn and even though the <.jonor. atoms and the local geometry of platinum
Bacon Inc.: Boston, MA, 1973; p 145. atom are nearly identical.
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6.4 6.0 5.6 52 ppm the molecular structures shown in the figure, where the BHM
Figure 5. Variable-temperature amingi NMR of (DACH)Pt(FM) anionic ligand is represented to be coplanar with the platinum
in Me,SO-ds (600 MHz). sguare plane, since it seems to become fluxional in solution at

room temperature. However, the bent structure of the FM ligand

IH NMR spectral data of the present complexes are also seems to be retained even in solution at room temperature due
consistent with thé®®Pt NMR data and the X-ray structures. In  to its inherent angle constraint. Thus even though the complexes
particular, the amine proton resonances appearing in the regiorhave the same amine ligand, the resonances of the amine protons
5.0-6.2 ppm are not equivalent as shown in Figure 4, indicating are greatly affected by the structure and behavior of the anionic
that each complex behaves characteristically at room temper-carboxylate coligands FM and BHM, which are remote from
ature. The amine protons of (THPDMA)Pt(BHM) appear at the amine groups. Comparisons between the complexes of the
5.48 ppm as a singlet, whereas those of (THPDMA)Pt(FM) same anionic ligands, that is, (THPDMA)Pt(BHM) and (DACH)-
consist of two singlets at 5.23 and 5.72 ppm. While the amine Pt(BHM), or (THPDMA)Pt(FM) and (DACH)Pt(FM), also
proton peaks of (DACH)Pt(FM) are composed of four singlets disclose some structural aspectsos€arbon protons of THP-
at 5.21, 5.50, 5.87, and 6.10 ppm, those of (DACH)Pt(BHM) DMA and DACH, wherea-carbons next to the amine of
appear at 5.33 and 6.05 ppm as a triplet and a doublet, THPDMA are primary and those of DACH are secondary.
respectively. Both the triplet and doublet are each confirmed The amine region of the proton spectra of (DACH)Pt(FM)
as a doublet of doublets by decoupling technique. The amine exhibit a marked temperature dependence in the rang&@5
proton resonances of the complexes can be assigned assumingC as shown in Figure 5. The molecule of (DACH)Pt(FM) is
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fluxional in solution at above 48C. The room temperature  ature!H NMR of (DACH)Pt(BHM) was also monitored for the
spectrum shows four resonances at 5.21, 5.50, 5.87, and 6.1Game proton region (Figure 6). Cooling the sample results in
ppm, consistent with the crystal structure of the complex. broadening of the two peaks, each being finally separated into
Warming the sample results in broadening of the resonancetwo peaks, the first coalescing at35 °C and the second at
peaks with each pair coalescing at 40 and°@5 and further —40°C. Thus at below-40 °C the amine proton of (DACH)-
warming gives two resonances at 6.06 and 5.25 ppm, respecPt(BHM) is in an environment similar to that of (DACH)Pt-
tively, of nearly equal intensity. The process for the amine (FM) at room temperature. Such a striking temperature-
protons exchange is interpreted as reflecting an interconversiondifference of coalescence between the two series of the FM and
of the following equilibration shown in Scheme 1. In particular, BHM complexes seems to be attributed to the presence or
observation of the two coalescing temperaturgs= 40 °C, absence of the angle constraint of the anionic ligands in solution.
AG* = 14.7 kcal/mol; T, = 45 °C, AG* = 14.9 kcal/mol§* In conclusion, for the (diamine)platinum(ll) complexes
implies that the interconversion occurs through an unsym- inyolving arylidene anionic ligands, a prominent molecular
metrical fluxional process as shown in Scheme 1. Thus, the dynamics on the amine protons was observed due to the
amine region of the proton NMR of (DACH)Pt(FM) at elevated  fluxional motion of the remote anionic ligands which depends
temperature approaches the room temperature spectrum obn the temperature. More extensive studies on the nature of
(THPDMA)Pt(FM). The variable temperature NMR spectra of - anjonic ligands that may be concerted with the amine ligand
(THPDMA)Pt(FM) in the same region also show interconver- pehavior are necessary to help understand the biological activity
sion between the two bent forms. The amine proton resonanceand pharmacokinetics of platinum anticancer agents.

is clearly observed at 5.23 and 5.72 ppm at room temperature,
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(24) AG* values were calculated frork = 7AVIN2; AGH = 2.3RT,
(10.32+ log (TJ/Ko)). IC951011+



