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2 H, CHCtf2), 4.17 (septet, J = 6.6 Hz, 1 H, CH), 5.36 (br d, J 
= 7 Hz, 1H, NH); CI MS m/z 250 (2, M + H), 194 (5, C7H16NC>3S), 
150 (34, C6H16NOS), 57 (100, C4H9), 44 (32, C02); [a]20

D +40.8 
(c 0.12, MeOH). CD spectrum (MeCN), at 216 run a single positive 
Cotton effect was observed (Ae = +0.31). Anal. (C„H23N03S) 
C, H, N. 

For the Scfls compound: mp 131-132 °C; : H NMR (CDC13) 
6 1.08 (t, J = 7.2 Hz, 3 H, CH2Ctf3), 1.37 (d, J = 6.7 Hz, 3 H, 
CHC#3), 1.41 (s, 9 H, t-Bu), 1.63-2.03 (m, 2 H, CJJ2CH3), 2.76 
(t, J = 8 Hz, 2 H, S(0)Ctf2CH2), 2.89 (d, J = 6.6 Hz, 2 H, CHCHj), 
4.88 (septet, J = 6.8 Hz, 1 H, CH), 4.96 (br d, J = 6.6 Hz, 1 H, 
NH); CI MS m/z 250 (1, M + H), 194 (1, C7H16N03S), 150 (22, 
C6H16NOS), 57 (100, C4H9), 44 (23, C02); [ a p e +20.7° (c 0.135, 
MeOH); CD spectrum (MeCN), at 221 nm a single negative Cotton 
effect was observed (Ac = -0.21). Anal. (CnH23N03S) C, H, N. 

(S cS s)- l-(n-Propylsulfinyl)-2-[(JS?)-/8-(6-methyl-5-
uracilyl)acrylamido]propane (38). The iV-Boc protecting group 
of 37 (530 mg, 2.13 mmol) was removed by stirring with 10 mL 
of TFA for 30 min at 0 °C. After evaporation of the excess TFA, 
stripping twice with EtOH and drying in vacuo, the amine was 
dissolved in 20 mL of DMF and the solution was neutralized with 
Et3N. Subsequently, Et3N (0.3 mL, 1 equiv) and the penta-
fluorophenyl ester of 2 (771 mg, 2.13 mmol), which was prepared 
in situ by reaction of 2 with pentafluorophenol and DCC in DMF,24 

were added, and the reaction mixture was stirred in the dark for 
18 h at room temperature. Concentration in vacuo and gel fil
tration of the crude reaction product on Fractogel (eluent 

MeOH/H20,1:1) afforded 502 mg (72% yield) of a white material 
after lyophilization from HOAc and drying in an exsiccator on 
KOH: TLC Rf 0.39 (eluent MeOH/CHCl3,1:4); XH NMR (D20) 
5 1.04 (t, J = 1.4 Hz, 3 H, CH2C/73), 1.36 (d, J - 6.7 Hz, 3 H, 
CHCtf3), 1.77 (sextet, J = 7.4 Hz, 2 H, C/72CH3), 2.34 (s, 3 H, 
C(6)-CH3), 2.89 (t, J = 7.4 Hz, 2 H, S(0)CrY2CH2), 3.06 (d, J = 
6.7 Hz, 2 H, CHCif2), 4.42 (quintet, J = 6.6 Hz, 1 H, CH), 6.96 
and 7.30 (AB q, J ^ = 15.4 Hz, 2 H, CH=CH); FAB MS m/z 328 
(7, M + H, C14H22N304S), 179 (11, C8H7N203), 150 (53, 
C6H16NOS); [a]20

D +98.3° (c 0.115, MeOH). 
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Water-Soluble Third Generation Antitumor Platinum Complexes, 
[2,2-Bis(aminomethyl)-l,3-propanediol-JV,iV/]-
[l,l-cyclobutanedicarboxylato(2-)-0,0 /]platinum(II) and 
[l,l-Cyclobutanedicarboxylato(2-)-0,0 /][tetrahydro-4ff-pyran-4,4-dimethanamine-
JV,iV]platinum(II) 
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The synthesis, stability, and antitumor activity of a series of water-soluble third generation platinum(II) complexes 
have been described. Among these complexes, [2,2-bis(aminomethyl)-l,3-propanediol-2V^V1[l,l-cyclobutanedi-
carboxylato(2-)-0,0']platinum(II) and [l,l-cyclobutanedicarboxylato(2-)-0,OT(tetrahydro-4H-pyran-4,4-di-
methanamine-iV//')platinum(II) have shown the greatest promise for further investigation and are currently under 
clinical evaluation. 

cis-Diamminedichloroplatinum(II) (cisplatin)1 is one of 
the most effective oncolytic agents against cancers of the 
testes, ovaries, bladder, and head and neck.2"4 It is also 
an important adjunct for cancers of cervix, lung, and 
breast.2 Its most spectacular success has been in the 
treatment of testicular cancer,3 a form of cancer previously 
resistant to any therapy but now considered to be curable 
in most cases. However, cisplatin has three drawbacks 
which limit its usefulness: (1) it has severe toxicities5-7 such 
as nephrotoxicity, nausea/vomiting, myelosuppression, 

* American Cyanamid Company. 
' University of Colorado. 

ototoxicity, and neuologic complications, (2) it only affects 
a narrow range of tumors, and (3) it causes the develop-

(l) 

(2) 

(3) 

(4) 

(5) 
(6) 

Rosenberg, B.; VanCamp, L.; Trosko, J. F.; Mansour, V. H. 
Nature (London) 1969, 222, 385. 
Krakoff, I. H. In Platinum and Other Metal Coordination 
Compounds in Cancer Chemotherapy: Clinical Applications 
of Platinum Complexes; Nicolini, M., Ed.; Martinus Nijhoff 
Publishing: Boston, MA, 1988; p 351. 
Loehrer, P. J., Sr.; Williams, S. D.; Einhorn, L. H. J. Natl. 
Cancer Inst. 1988, 80, 1373. 
Loehrer, P. J.; Einhorn, L. H. Ann. Intern. Med. 1984, 100, 
704. 
Krakoff, I. H. Cancer Treat. Rep. 1979, 63, 1523. 
Vermorken, J. B.; Pinedos, H. M. Neth. J. Med. 1982, 25, 270. 
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ment of resistance in the tumor cell. 
cts-Diammine(l,l-cyclobutanedicarboxylato)platinum-

(II) (carboplatin)8-10 is the only clinically successful second 
generation platinum complex. It does not exhibit signif
icant nephrotoxicity and emesis, and its relatively lower 
toxicities as compared to those of cisplatin have been re
lated to the greater pharmacokinetic stability of its 1,1-
cyclobutanecarboxylate ligand in solution.11,12 Never
theless, it still has two other drawbacks. Just like cisplatin, 
it only effects a narrow range of tumors and causes the 
development of resistance in the tumor cell. 

In recent years, there has been an intense interest in 
developing third generation platinum complexes with a 
broader spectrum of activity, improved clinical effective
ness, lack of cross-resistance to cisplatin, and enhanced 
water solubility.13,14 Several third generation platinum 
complexes having 1,2-cyclohexanediamine or 1,1-cyclo-
hexanedimethanamine as the stable amine ligand have 
entered clinical trials. These complexes are (1,2-cyclo-
hexanediamine)(malonato)platinum,15 (aqua)[l,l-bis-
(aminomethyl)cyclohexane](sulfato)platinum (spiro-
platin),15,16 (4-carboxyphthalato)(l,2-cyclohexanedi-

(7) Vonhoff, D. D.; Schilsky, R.; Reichert, C. M. Cancer Treat. 
Rep. 1979, 63, 1527. 

(8) Calvert, A. H.; Harland, S. J.; Newell, D. R.; Siddik, Z. H.; 
Jones, A. C ; McElwain, T. J.; Raju, S.; Wiltshaw, E.; Smith, 
I. E.; Baker, J. M.; Peckham, M. J.; Harrap, K. R. Cancer 
Chemother. Pharmacol. 1982, 9, 140. 

(9) Harland, S. J.; Smith, I. E.; Smith, N.; Alison, D. L. In Plati
num Coordination Complexes in Cancer Chemotherapy; 
Hacker, M. P., Douple, E. B., Krakoff, I. H., Eds.; Martinus 
Nihoff Publishing: Boston, MA, 1984; p 352. 

(10) Egorin, M. J.; Van Echo, D. A.; Olman, E. A.; Whitacre, M. Y.; 
Forrest, A.; Aisner, J. Cancer Res. 1985, 45, 6502. 

(11) Harland, S. J.; Newell, D. R.; Siddik, Z. H.; Chadwick, R ; 
Calvert, A. H.; Harrap, K. R. Cancer Res. 1984, 44, 1693. 

(12) Mauldin, S. K.; Husain, I.; Sancar, A.; Chaney, S. G. Cancer 
Res. 1986, 46, 2876. 

(13) Hacker, M. P.; Khokhar, A. R.; Brown, D. B.; McCormack, J. 
J.; Krakoff, I. H. Cancer Res. 1985, 45, 4748. 

(14) Pasini, A.; Zunino, F. Angew. Chem. 1987, 99(7), 632. 
(15) Cleare, M. J.; Hydes, P . C ; Hepburn, D. R ; Malerbi, B. W. In 

Cis-platin Current Status and New Developments; Prestayko, 
A. W., Crooke, S. T., Carter, S. K., Eds.; Academic Press, Inc.: 
New York, 1980; p 149. 
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Figure 1. Drawing showing the m - [ P t ( O X T D M A ) ( C H 2 ( C 0 2 ) 2 ] 
(3b) molecule. 

Scheme II 

C | CH2(CN)2. K2C03 

CI 
• o 

C N 1. B2H6 /THF 

CN 2 H C l 

/ \ / - N H 2 

O C -2HC' -NH2 

10 

Scheme III 
H O — \ / — B r 

NH2 

amine)platinum,15,17 and (l,2-cyclohexanediamine)(iso-
citrato)platinum (PHIC).18 Although these compounds 
exhibited excellent antitumor activity and lack of cross-
resistance with cisplatin, none of them appear to have any 
future for further clinical evaluation. The major difficulties 
encountered to date are insufficient water solubility, ex
cessive host toxicity, inadequate purity, and lack of ac
ceptable formulation. In order to improve on these 
drawbacks, we have used a malonate derivative for the 
carboxylate ligand and incorporated oxygen into the amine 
ligand and/or the carboxylate ligand in the synthesis of 
third generation platinum complexes. 

In this report, we describe the synthesis, stability, and 
antitumor activity of these water-soluble third generation 
platinum(II) complexes. Among these, [2,2-bis(amino-
methy^-l^-propanediol- iV.iV' lf l . l -cyclobutanedi-
carboxylato(2-)-0,01platinum(II) (CL 286,558; 3h) and 
[l,l-cyclobutanedicarboxylato(2-)-0,01 (tetrahydro-4//-
pyran-4,4-dimethanamine-./V,iV /)platinumn(II) (CL 
287,110; 3c) have shown the greatest promise for further 
investigation and are currently under clinical evaluation. 

Results and Discussion 
I. Chemistry. Malonatoplatinum complexes 3 of 1,2-

or 1,3-diamines 5 were prepared by three different methods 
(Scheme I): (1) reaction of dichloroplatinum complex 1 
with the disilver salt of a malonic acid, 2,19 (2) reaction of 
1 with silver nitrate followed by reaction of the resulting 
(dinitrato) platinum complex 6 with the disodium salt of 

(16) Vermorken, J. B.; ten Bokkel Huinink, W. W.; McVie, J. G.; 
van der Vijh, W. J. F.; Pinedo, H. M. In Platinum Coordina
tion Complexes in Cancer Chemotherapy; Hacker, M. P., 
Douple, E. B., Krakoff, I. H., Eds.; Martinus Nihoff Publish
ing: Boston, MA, 1984; p 330. 

(17) Kelsen, D. P.; Sheer, H.; Burchenal, J. In Platinum Coordi
nation Complexes in Cancer Chemotherapy; Hacker, M. P., 
Douple, E. B., Krakoff, I. H., Eds.; Martinus Nihoff Publish
ing: Boston, MA, 1984; p 310. 

(18) Gouyette, A.; Ducret, J. P.; Caille, P.; Amiel, J. L.; Rouesse, J.; 
Foka, M.; Carde, P.; Hayat, M.; Sancho-Garnier, H. Anticancer 
Res. 1986, 6, 1127. 

(19) Schwartz, P.; Meischen, S. J.; Gale, G. R; Atkins, L. M.; Smith, 
A. B.; Walker, E. M., Jr. Cancer Treat. Rep. 1977, 61, 1519. 
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Table I. Data for All Platinum(II) Complexes Synthesized 

complex" formula mp,°C anal.' 

H20 
solubility, 
mg/mL *H NMR [DMSO-d6/TMS, 8, J (Hz)] 

la, cis-[Pt(OXTDMA)Cl2] 

lb, cis-[Pt(THPDMA)Cl2] 

lc, ds-[Pt(THFDA)Cl2] 

Id, ds-[Pt(BAMPDO)Cl2] 

le, cis-[Pt(DABDO)Cl2] 
3a, ds-[Pt(OXTDMA)(CBCD)]-H20 

C5H,2Cl2N2OPt 

C7H16Cl2N2OPt 

C4H10Cl2N2OPt 

C6H14Cl2N202Pt 

270-273 C, H, CI, N, Pt 

290-292 C, H, CI, N, Pt 

246-249 C, H, CI, N, Pt 

215-218 C, H, CI, N, Pt 

C4HI2Cl2N202Pt 290-294 C, H, Cl, N, Pt 
CuH1 8N205Pt.H20 280-284 C, H, N, Pt 

3b, cis-[Pt(OXTDMA(OOCCH2COO)] C8H14N205Pt 275-279 C, H, N, Pt 

0.3 

0.3 

1 

1.7 

1 
3.5 

3.5 

3c, ds-[Pt(THPDMA)(CBDC)] 

3d, ds-[Pt(THPDMA)(OOCCH2COO)]-
2H20 

3e, ds-[Pt(THPDMA)(THPDQ] 

3f, cis-[Pt(THFDA)(CBDC)] 

3g, cjs-[Pt(THFDA)(OOCCH2COO)] 

3h, ds-[Pt(BAMPDO)(CBDC)] 

3i, cis-[Pt(BAMPDO)(THPDC)] 

3j, cts-[Pt(DABDO)(CBDC)]-H20 

3k, cts-[Pt(DABDO)(OOCCH2COO)]-
H20 

31, ds-[Pt(CBDMA)(CBDQ] 
3m, cis-[Pt(CHDMA)(CBDC)] 
3n, ds-[Pt(CHDA)(CBDQ] 
3o, ds-[Pt(DMPDA)(CBDQ] 

Ci3N22N205Pt 260-263 C, H, N, Pt 450 (90)C 

C10H18N2O5Pt- 250-253 C, H, N, Pt 25 
2H20 

C14H24N206Pt 295-297 C, H, N, Pt 15 

C10H16N2O6Pt 215-218 C, H, N, Pt 3.3 

C7H12N205Pt 250-253 C, H, N, Pt 8.3 

CuH20N2O6Pt 210-212 C,H, N, Pt 7.0 

C12H22N207Pt 198-200 C, H, N, Pt 100 

C10H18N2O6Pt-H2O 197-200 C, H, N, Pt 4 

C7H14N206Pt-H20 170-173 C, H, N, Pt 

245-247 
221-225 

50 

2.0 
1.0 
1.0 

5.14 (4 H, s, NH2), 4.28 (4 H, s), 2.64 
(4 H, t, J = 5.5) 

3.99 (4 H, br s, NH2), 3.47 (4 H, m), 
2.22 (4 H, m), 1.35 (4 H, m) 

5.32 (2 H, m), 5.22 (2 H, m), 3.59 (2 
H, m), 3.45 (2 H, m), 3.32 (2 H, m) 

5.58 (2 H, br s), 5.48 (2 H, br s), 4.92 
(2 H, t, J = 4.5), 3.35 (4 H, m), 
2.43 (4 H, t) 

3.48 (4 H, s), 2.57 (2 H, br s) 
5.48 (4 H, br s, NH2), 4.29 (4 H, s), 

2.65 (4 H, t, J = 7.6), 2.63 (4 H, s), 
1.64 (2 H, m, J = 7.6) 

5.49 (4 H, broadened t, NH2), 4.28 (4 
H, s), 3.18 (2 H, s), 2.61 (4 H, t, 
J = 5.2) 

5.29 (4 H, s, NH2), 3.48 (4 H, s), 2.69 
(4 H, t, J = 7.6), 2.19 (4 H, s), 1.64 
(2 H, m, J = 7.6), 1.35 (4 H, s) 

5.35 (4 H, br s), 3.49 (4 H, s), 3.19 (2 
H, s), 2.21 (4 H, s), 1.35 (4 H, s) 

5.43 (4 H, s), 3.61 (4 H, s), 3.52 (4 H, 
s), 2.54 (4 H, s), 2.25 (4 H, s), 1.34 
(4 H, s) 

3.4 (2 H, m), 3.15 (2 H, m), 2.97 (2 H, 
m), 2.34 (4 H, t, J = 7.6), 1.34 (2 
H, m, J = 7.6)d 

5.58 (4 H, br s, NH2), 3.65 (2 H, s), 
3.33 (4 H, m), 3.25 (2 H, s) 

5.15 (4 H, br s, NH2), 4.57 (2 H, br s, 
OH), 3.28 (4 H, s), 2.67 (4 H, t, J = 
7.6), 2.24 (4 H, br s), 1.64 (2 H, m, 
J = 7.6) 

5.23 (4 H, br s, NH2), 4.61 (2 H, br s, 
OH), 3.61 (4 H, s), 3.31 (4 H, s), 
2.58 (4 H, s), 2.28 (4 H, s) 

5.85 (2 H, m), 4.98 (2 H, m), 4.87 (2 
H, t), 3.48 (4 H, br s), 2.69 (4 H, t, 
J - 7.6), 2.5 (2 H), 1.65 (2 H, m, 
J = 7.6) 

5.9 (2 H, d), 5.05 (2 H, br s), 4.86 (2 
H, br s), 3.64 (4 H, s), 3.17 (2 H, s), 
2.51 (2 H, s) 

"OXTDMA = 3,3-Oxetanedimethanamine; THPDMA = tetrahydro-4#-pyran-4,4-dimethanamine; THFDA = £r<ms-(±)-tetrahydro-3,4-
furandiamine; BAMPDP = 2,2-bis(aminomethyl)-l,3-propanediol; DABDO = 2,3-diamino-l,4-butanediol; CBDMA = 1,1-cyclobutanedi-
methanamine; CHDMA = 1,1-cyclohexanedimethanamine; CHDA = trans-(+)-l,2-cyclohexanediamine; DMPDA = 2,2-dimethyl-l,3-
propanediamine; CBDC = 1,1-cyclobutanedicarboxylate; THPDC = tetrahydro-4//-pyran-4,4-dicarboxylate. 6The microanalyses were all 
within 0.4% of the calculated values. eThe solubility of the hydrate. d Taken in D20. 

a malonic acid, 4,19 and (3) reaction of the dimethyl sulf-
oxide-platinum complex 7 with 1,2- or 1,3-diamine 5.20 

Most of the complexes 3 prepared in this report were 
synthesized by the first method, which is applicable to the 
synthesis of water-soluble platinum complexes. The 
platinum complexes 31-o with low water solubilities were 
prepared by the second method. The third method is the 
most general one in that it is useful for the synthesis of 
both water-soluble and water-insoluble platinum com
plexes. The dichloroplatinum complex 1 was prepared by 
reaction of potassium tetrachloroplatinate with an ap
propriate 1,2- or 1,3-diamine 5. The dimethyl sulfoxide-
platinum complex 7 was prepared by reaction of potassium 
tetrachloroplatinate with dimethyl sulfoxide followed by 
reaction of the resulting intermediate with the disilver salt 
of a malonic acid, 2. The structures of the antitumor 
platinum complexes 3 synthesized in this study were all 

(20) Manuscript in preparation. 

Figure 2. Drawing showing the cis- [Pt(DABDO)(CH2(C02)2] (3k) 
molecule. 

supported by NMR, IR, and elemental analyses (Table I). 
The structures of the platinum complexes 3b, 3c, 3h, and 
3k were further confirmed by single-crystal X-ray analyses. 
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Table II. Crystal Data of the Structure Determination for 
ds-[Pt(OXTDMA)(CH2(C02)2)] (3b) 

Scheme IV 

formula 
MW 
space group" 
crystal system 
a", A 
6, A 
c,A 
0, deg 

Pt06N2C8Hu volume, A3 

413.29 
Pm 
monoclinic 
6.138 (1) 
5.925 (2) 
20.327 (2) 
94.17 (2) 

,-3 z 
ĉakd> g c m 

d«pti. g cm"3 

F(000) 
M, cm"1 

crystal 

737.3 
2 
1.862 
1.84 (2) 
388 
137.9 
0.44 X 

dimensions, mm 0.15 X 0.11 
"International Tables for X-ray Crystallography; Kynoch 

Press: Birmingham, England, 1965; Vol. 1. b Cell dimensions were 
determined by least-squares fit of the setting angles of 25 reflec
tions with 28 in the range 15-25°. 

Table III. Crystal Data of the Structure Determination for 
cJs-[Pt(DABDO)(CH2(C02)2)] (3k) 
formula 
MW 
space group" 
crystal system 
a\k 
b,k 
c,A 
volume, A3 

Pt06N2C7H14 

417.27 
Pn2^a 
orthorhombic 
9.018 (1) 
12.637 (3) 
9.393 (2) 
1070.43 (8) 

Z 
Scaled g Cm"3 

rfeipti g cm"3 

F(000) 
H, cm"1 

crystal 
dimensions, 

4 
2.589 
2.60 (2) 
784 
137.9 
0.37 X 

mm 0.28 x 0.25 

"International Tables for X-ray Crystallography; Kynoch 
Press: Birmingham, England, 1965; Vol. 1. 'Cell dimensions were 
determined by least-squares fit of the setting angles of 20 reflec
tions with 2d in the range 20-30°. 

Details of the structures of 3c and 3h appeared in an 
earlier publication.25 Drawings of compounds 3b and 3k 
are shown in Figures 1 and 2, and Tables II and III contain 
crystal data for the compounds. Tables containing bond 
distances and angles, details of the structure determination 
and refinement, and atomic parameters for both structure 
determinations are available as supplementary material. 

The synthesis of two new 1,3-diamines, 10 and 13, are 
outlined in Schemes II and III, respectively. Reaction of 
2-chloroethyl ether (8) with malononitrile in acetonitrile 
in the presence of potassium carbonate gave dicarbonitrile 
9, which was reduced with borane in tetrahydrofuran 
followed by treatment with hydrochloric acid to give di-
methanamine dihydrochloride 10. Reaction of 2,2-bis-
(bromomethyl)-l,3-propanediol (11) with sodium azide in 
7V,2V-dimethylformamide gave 2,2-bis(azidomethyl)-l,3-
propanediol (12), which was reduced with hydrogen and 
5% Pd/CaC0 3 to give 2,2-bis(aminomethyl)-l,3-
propanediol (13). 

A previously described synthesis21 of 1,2-diamine 18 was 
not satisfactory, so a new method22 was developed as 
outlined in Scheme IV. Nitromercuration of 2,5-di-
hydrofuran (14) with sodium nitrite and mercuric chloride 
in aqueous solution gave the adduct 15, which was treated 
with sodium hydroxide to give nitroolefin 16. Addition of 
ammonia to the nitroolefin 16 gave nitroamine 17, which 
was catalytically reduced to the desired 1,2-diamine 18. 
This is a highly efficient synthesis and gives an overall yield 
of 40%. 

2,3-Diamino-1,4-butanediol,21 3,3-oxetanedimethan-
amine,231,1-cyclobutanedimethanamine,24 and 1,1-cyclo-
hexanedimethanamine24 were prepared by literature pro
cedures. 

(21) Feit, P. W.; Nielsen, O. T. J. Med. Chem. 1970, 13, 447. 
(22) Bitha, P.; Lin, Y.-i J. Heterocyclic Chem. 1988, 25, 1035. 
(23) Salvador, R. L.; Saucier, M. Can. J. Chem. 1968, 46, 751. 
(24) Newman, M. S.; Busch, D. H.; Cheney, G. E.; Gustafson, C. R. 

Inorg. Chem. 1972, 11, 2890. 
(25) Bitha, P.; Child, R. G.; Hlavka, J. J.; Lang, S. A., Jr.; Lin, Y.-i; 

Haltiwanger, R. C; Pierpont, C. R. Inorg. Chim. Acta 1988, 
151, 89. 
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II. Solubility and Stability in Water. As is evident 
from Table I, the cyclic ether and hydroxyl functional 
groups of the diamine and carboxylate ligands enhance 
water solubility. For example, the analogue 3m with a 
cyclohexyl ring has a solubility of only 1.0 mg/mL in water, 
while the solubility of 3c with a tetrahydropyran group 
exceeds 90 mg/mL. The unusually high solubility of 3c 
appears partially related to water solvate molecules which 
cocrystallize with the complex. Dehydration of 3c by 
heating solid samples in vacuo leads to a lower solubility 
of 45 mg/mL. In the crystal structure of 3c,25 four water 
molecules located on a crystallographic mirror plane bridge 
adjacent complex molecules by hydrogen bonding with 
carboxylate oxygen atoms and with one another. The 
presence of water molecules of hydration was confirmed 
by elemental analysis. 

The stability of four complexes, 3c, 3h, 3j, and 3k, in 
both D20 and 0.9% saline at room temperature has been 
studied by lH and 13C NMR. The complexes are all stable 
in D20 but decompose to produce 1-2% of free 1,1-
cyclobutanedicarboxylic acid or malonic acid in 0.9% 
NaCl/D20 after 24 h. In the case of 35 in D20, 80% of 
the malonate protons disappear in 24 h, indicating that 
the compound tautomerized to the enolate in solution. 
Apparently, the kinetic stability of these complexes is due 
to the absence of strain in the malonate-Pt chelate ring. 

III. Biology. As is evident from Table IV, all water-
soluble (malonato)platinum(II) complexes (3a-k) showed 
excellent activity against mouse P388 leukemia, but only 
those in the tetrahydropyran series (3c-e) showed excellent 
activity against mouse L1210 and L1210 CPR leukemias. 
Of these, the complex 3c is most active overall against all 
three leukemias and is significantly more active than cis-
platin and carboplatin. The activity of 3c against solid 
tumors was at least as good as that of both clinical drugs. 
In contrast, the complex 3h was somewhat less active than 
the clinical drugs against the leukemias but had better 
activity against solid tumors, B-16 melanoma, and M5076 
reticulum cell sarcoma. Furthermore, 3h is about 10 times 
as potent as 3c. 

The complexes 3c and 3h were further evaluated in 
human breast (MX-1) and ovarian (H207) tumors in ath-
ymic mice. The activity of these two complexes against 
these two human tumors is as good as that of both clinical 
drugs. Again, 3h is almost as potent as cisplatin and about 
10 times more potent than 3c and carboplatin (Table V). 
During the course of our platinum studies, we have alto
gether synthesized more than 500 platinum complexes and 
have not seen any (carboxylato)platinum(II) complexes as 
potent as 3h. Since the cost of carboplatin treatment may 
be a problem due to its lack of potency, the high potency 
of 3h may be a very significant factor to the success of drug 
development. 

Kidney damage, which occurs in 28-36% of patients on 
cisplatin, is a major dose-limiting factor. For this reason, 
3c, 3h, carboplatin, and cisplatin were compared with 
respect to blood urea nitrogen (BUN) elevating potential 
in the rat. In contrast to cisplatin, 3c, 3h, and carboplatin 
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Table IV. Activity of Platinum Complexes against Murine Tumors 

Table V. Activity of 3c and 3h against Human Tumors in 
Athymic Mice 

drug 

3c 
3h 
cisplatin 
carboplatin 

optimal 
dose, mg/kg 

100 
6 
3 

50 

% tumor weight 
inhibn (TWI)" 

breast MX-1 

92 
85 
86 
90 

ovarian H207 

200 
200 
200 
200 

"TWI > 58% is considered necessary to demonstrate activity. 

at doses greater than optimal therapeutic levels did not 
induce elevated BUN levels.26 

In summary, 3c and 3h exhibit excellent antitumor ac
tivities, low renal toxicity, and good stability and solubility 
in water. Furthermore, 3c shows lack of cross-resistance 
with cisplatin, and 3h is almost as potent as cisplatin and 
about 10 times more potent than carboplatin. Therefore, 
both 3c and 3h were selected for further development and 
are currently under olinical evaluation.27 

Experimental Sect ion 
Chemistry. 1,1-Cyclobutanedicarboxylic acid (CBDCA), 

malonic acid, £rans-(-)-cyclohexanediamine (CHDA), 2,2-di-
methyl-l,3-propanediamine (DMPDA), and potassium tetra-
chloroplatinate were commercially available. Tetrahydro-4/f-
pyran-4,4-dicarboxylic acid (THPDCA),28 cis-dichlorobis[sulfi-

(26) (a) Geran, R. I.; Greenberg, N. R.; Macdonald, M. M.; Schu-
macker, A. M.; Abbott, B. J. Cancer Chemother. Rep., Part 3 
1972, 3, 1. (b) Thomas, J. P. Unpublished work. 

(27) A part of this work was presented at (a) Gordon Research 
Conference on Medicinal Chemistry, New London, NH, July 
1986 by P. Bitha, S. G. Carvajal, R. G. Child, F. E. Durr, J. J. 
Hlavka, S. A. Lang, Jr., H. L. Lindsay, J. P. Thomas, R. E. 
Wallace, and Y.-i Lin and (b) the Fifth International Sympo
sium on Platinum and Other Metal Coordination Compounds 
in Cancer Chemotherapy, Abano, Padua, Italy, June 29-July 
2, 1987 by J. J. Hlavka, P. Bitha, S. G. Carvajal, R. G. Child, 
F. E. Durr, S. A. Lang, Jr., Y.-i Lin, H. L. Lindsay, J. P. 
Thomas, and R. E. Wallace. 

(28) Stanfield, J. A.; Daugherty, P. M. J. Am. Chem. Soc. 1959, 81, 
5167. 
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nylbis[methane]-S]platinum,20 iraMs-(+)-tetrahydro-3,4-furan-
diamine (THFDA) (18),21-22 2,3-diamino-l,4-butanediol (DAB-
DO),21 3,3-oxetanedimethanamine (OXTDMA)23 1,1-cyclo-
butanedimethanamine (CBDMA),24 and 1,1-cyclohexanedi-
methanamine (CHDMA)24 were prepared by literature procedures. 
Silver salts of carboxylic acids were prepared by reactions of 
sodium carboxylates with an equimolar amount of silver nitrate 
at room temperature in the dark overnight. 

All melting points were taken on a Mel-Temp apparatus. NMR 
spectra were determined with a Nicolet NT-300 WB (!H at 300 
MHz, 13C at 75 MHz) spectrometer and chemical shifts (S) are 
in ppm relative to internal tetramethylsilane. 

Dichloro(tetrahydro-4H-pyran-4,4-dimethanamine-AT,-
JV)platinum(II) (lb). Typical Procedure for la-e. To a 
stirred solution of potassium tetrachloroplatinate (4.15 g, 0.010 
mol) in water (20 mL) was added a solution of 10 (2.17 g, 0.010 
mol) in a mixture of water (10 mL) and 5 N sodium hydroxide 
solution (4 mL, 0.020 mol).29 Within a few minutes, gray crystals 
precipitated. After stirring at room temperature overnight, the 
crystals were collected by filtration to give 3.44 g (84%) of lb; 
mp 290-292 °C dec. 

[l,l-Cyclobutanedicarboxylato(2-)-01,01](tetrahydro-
4fl'-pyran-4,4-dimethanamine-JV,iV')platinum(II) (3c). 
Procedure A: Typical Procedure for 3a-k. A suspension of 
lb (13.6 g, 0.0332 mol) and 1,1-cyclobutanedicarboxylic acid 
disilver salt (11.9 g, 0.0332 mol) in water (1450 mL) was stirred 
in the dark for 17 h. The resulting silver chloride was removed 
by filtration and the light yellow filtrate was evaporated to dryness. 
The residue (13.2 g) was recrystallized from water to give 9.41 
g (60%) of 3c as colorless crystals; mp 260-263 °C dec. 

Procedure B: Applicable to 3a-o. A mixture of cis-[Pt-
(Me2SO)2Cl2] (12.7 g, 0.030 mol), the disilver salt of 1,1-cyclo
butanedicarboxylic acid (10.7 g, 0.030 mol), and water (900 mL) 
was stirred at room temperature in the dark for 22 h and then 
filtered. The filtrate was concentrated to ca. 25 mL and the 
precipitate was collected, giving 14.5 g (90%) of [1,1-cyclo-
butanedicarboxylato(2-)-0,OTbis[sulfinylbis[methane]-S]plati-
num(II) as colorless crystals; mp 201 °C dec. 

To a hot solution of [l,l-cyclobutanedicarboxylato(2-)-0,01-
bis[sulfinylbis[methane]-S]platinum(II) (4.93 g, 0.010 mol) in 
water (120 mL) was added a solution of tetrahydro-4H-pyran-

(29) When a diamine free base was used, sodium hydroxide solution 
was omitted. 

median % increase in life span (optimal dose, mg/kg; % survivors) 
complex 

la 
lb 
lc 
Id 
le 
3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 
3i 
3j 
3k 
31 
3m 
3n 
3o 
cisplatin 
carboplatin 

P3880 

93 (12.5; 0) 
122 (12.5; 0) 
132 (25; 17) 
173 (3.2; 83) 
136 (6.2; 0) 
118 (50; 0) 
153 (50; 0) 
145 (50; 50) 
113 (50; 0) 
100 (100; 0) 
82 (100; 0) 
84 (100; 0) 
91 (6.2; 6) 
175 (12.5; 0) 
131 (50; 17) 
136 (50; 17) 
186 (50; 83) 
83 (100; 0) 
126 (25; 0) 
154 (25; 50) 
140 (3; 17) 
144 (100; 6) 

L1210" 

39 (3.1; 0) 
50 (6.2; 0) 
50 (25; 0) 
38 (1.5; 0) 
LV 
56 (50; 0) 
50 (50; 0) 
142 (100; 33) 
80 (50; 0) 
213 (50; 33) 
IA 
37 (50; 0) 
36 (6.2; 0) 
28 (12.5; 0) 
IA 
33 (25; 0) 
106 (100; 0) 
106 (100; 67) 
148 (50; 0) 
154 (25; 25) 
96 (6.2; 4) 
35 (100; 0) 

L1210 CPR0'6 

>275 (100; 67) 
36 (100; 0) 
57 (50; 0) 
IA 
IA 
IA 

IA 
72 (50; 0) 
89 (100; 0) 
181 (50; 67) 
71 (25; 0) 
IA 
IA 

B16c 

36 (1.5; 0) 
53 (6; 0) 
35 (12.5; 0) 
43 (0.2; 0) 
43 (0.4; 0) 
53 (6; 0) 
76 (12; 0) 
48 (25; 0) 
102 (25; 33) 
109 (50; 0) 
64 (100; 0) 

135 (3.2; 25) 

77 (25; 17) 
59 (3; 0) 

64 (6; 0) 
58 (6; 0) 
36 (0.4; 0) 
43 (12.5; 0) 

Colon 26d 

75 (12.5; 0) 
39 (0.8; 0) 
59 (3.1; 0) 

121 (100; 0) 
79 (100; 0) 
42 (50; 0) 

70 (6.2; 0) 
68 (12.5; 0) 
85 (50; 0) 
108 (12; 17) 

47 (1; 17) 
85 (50; 17) 

M5076* 

128 (3; 67) 

138 (0.8; 83) 

>114 (25; 80) 

>140 (3; 90) 

73 (1.6; 37) 
>115 (25; 80) 

"With BDFi mice; the test compounds were administered ip on days 1, 5, and 9 relative to tumor inoculation; observed for 30 days. 
6L1210 cisplatin-resistant leukemia. cWith C57BC/6 mice; the test compounds were administered ip on days 1-9 relative to tumor inocu
lation; observed for 60 days. i With Balb/C mice; the test compounds were administered ip on days 1, 5, and 9 relative to tumor inoculation; 
observed for 30 days. eWith BDFi mice; the test compounds were administered ip on days 1, 5, 9, 13, and 17 relative to tumor inoculation; 
observed for 60 days. 'Inactive. 
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4,4-dimethanamine (1.44 g, 0.010 mol) in water (30 mL). The 
mixture was kept at 100 °C in an oil bath for 6 h and then 
evaporated to dryness. The residue was recrystallized from a small 
amount of water to give 2.34 g (47%) of 3c as colorless crystals; 
mp 260-263 °C dec. 

( l , l -Cyclobutanedicarboxylato)(2,2-dimethyl- l ,3-
propanediamine)platinum(II) (3o).30 Typical Procedure 
for 31-0. To a stirred solution of potassium tetrachloroplatinate 
(12.4 g, 0.030 mol) in water (75 mL) was added 2,2-dimethyl-
1,3-propanediamine (3.06 g, 0.030 mol). After standing at room 
temperature overnight, the tan crystals were collected by filtration 
to give 7.0 g (64%) of dichloro(2,2-dimethyl-l,3-propanedi-
amine)platinum(II). 

To a suspension of the above platinum complex (3.68 g, 0.010 
mol) in water (30 mL) was added a solution of silver nitrate (3.40 
g, 0.020 mol) in water (30 mL). The resulting mixture was stirred 
at room temperature for 3 h and, after removal of the insoluble 
precipitate of silver chloride by filtration, a solution of 1,1-
cyclobutanedicarboxylic acid (1.44 g, 0.010 mol) in 1 N NaOH 
solution (20 mL) was added to the filtrate. After setting aside 
the reaction mixture for 3 h, it was concentrated under reduced 
pressure at room temperature to about 30 mL. The white pre
cipitate was collected by filtration to give 2.4 g (55%) of 3o. 

Tetrahydro-4H-pyran-4,4-dicarbonitrile (9). A suspension 
of 2-chloroethyl ether (8, 28.6 g, 0.200 mol), potassium carbonate 
(55.3 g, 0.400 mol), and malononitrile (13.2 g, 0.200 mol) in ace-
tonitrile (800 mL) was refluxed at 100 °C for 24 h and the hot 
reaction mixture was filtered. The filtrate was evaporated to 
dryness. The residue was recrystallized from ethanol to give 11.2 
g (41%) of 9 as colorless crystals: mp 113-114 °C; 'H NMR 
(CDC13) & 2.22 (4 H, t, J = 5.2 Hz), 3.86 (4 H, t, J = 5.2 Hz). Anal. 
(C7H8N20) C, H, N. 

Tetrahydro-4ff-pyran-4,4-dimethanamine Dihydro-
chloride (10). To a solution of 9 (9.53 g, 0.070 mol) in tetra-
hydrofuran (175 mL) at 0 °C was added slowly a 0.98 M solution 
of borane in tetrahydrofuran (214 mL). The reaction mixture 
was then stirred at room temperature overnight. Ethanol (100 
mL) was added to the reaction mixture and the resultant solution 
was stirred at room temperature for 4 h and then evaporated to 
dryness. The white residue was slurried in water (100 mL) and 
6 N HCl (50 mL) was added slowly to the suspension. After most 
of the solid had dissolved, the reaction mixture was filtered and 
the filtrate was extracted with ether (3 X 75 mL). The aqueous 
phase was evaporated to dryness. The resultant amorphous solid 
was then crystallized from methanol to give 8.26 g (54%) of 10 
as colorless crystals: mp 258-262 °C; :H NMR (DMSO-d6) <5 1.55 
(4 H, br s), 3.1 (4 H, s), 3.6 (4 H, br s), 8.35 (6 H, br s). Anal. 
(C7H16N20-2HC1) C, H, N. 

2,2-Bis(aminomethyl)-l,3-propanediol (13). A mixture of 
2,2-bis(bromomethyl)-l,3-propanediol (11, 26.2 g, 0.100 mol) and 
sodium azide (26.0 g, 0.400 mol) in iVJV-dimethylformamide (600 
mL) was heated at 120 °C with stirring for 20 h and filtered. The 
filtrate was evaporated under reduced pressure to dryness. The 
residue was then taken up in dichloromethane (200 mL) and the 
dichloromethane solution was filtered. The filtrate was evaporated 
to dryness to give 18.6 g (100%) of 2,2-bis(azidomethyl)-l,3-
propanediol (12) as a colorless oil. 

Nitrogen was bubbled through a mixture of 12 (18.6 g, 0.100 
mol) and 5% Pd/CaC03 (5.0 g) in ethanol (250 mL) for 5 min. 
Hydrogen was then bubbled through the stirred mixture for 6 
h with a resultant rise in the temperature of the reaction mixture. 
After bubbling nitrogen through the reaction mixture for 5 min, 

(30) Siegel, M. M.; Bitha, P.; Child, R. G.; Hlavka, J. J.; Lin, Y.-i; 
Chang, T. T. Biomed. Environ. Mass Spectrom. 1986,13, 25. 

the mixture was filtered, and the filtrate was evaporated to dryness 
to give 13.0 g (93%) of 13 as a colorless oil, which crystallized on 
standing; mp 165-166 °C. This material was used in the next 
reaction without further purification. 

Biology. Platinum compounds were dissolved or suspended 
in 0.85% saline or 0.2% Klucel in water or in saline. Klucel HF 
(lot 4830) was obtained from Hercules Inc., Wilmington, DE. 

The transplantable mouse tumors P388 and L1210 leukemia 
and B-16 melanoma were obtained through the Drug Evaluation 
branch of the National Cancer Institute. Mouse colon tumor 26 
was obtained from Dr. T. H. Corbett, Southern Research Institute, 
Birmingham, AL. The mouse reticulum cell sarcoma M5076 was 
obtained from the A. D. Little Co., Cambridge, MA. The mouse 
L1210 cisplatin-resistant leukemia (L1210 CPR) and the human 
mammary MX-1 and human ovarian H207 xenografts were ob
tained from the Mason Research Institute, Worcester, MA. 

All tumors were propagated and used for testing in general 
accordance with protocols described by the National Cancer In
stitute. 

In all mouse tumor systems, an increase in life span (ILS) >25% 
over controls was considered necessary to demonstrate activity. 
Any treatment that reduced ILS or body weight by >15% over 
control mice was rated toxic. 

Human Tumor Xenograft Tests. To evaluate the sensitivity 
of tumors to drugs, female athymic mice were implanted subcu-
taneously with five (2 mm)3 tumor fragments in the axillary region. 
Mice were randomized and used when tumors were 100-350 mg 
(staging day). Drugs were administered intraperitoneally (ip) at 
several dose levels once each 4 days for three total injections 
starting on staging day, with five or six mice per test and 10-12 
mice in control groups. To estimate drug toxicity, mice were 
weighed on staging day and days 5 and 10 post staging and were 
monitored daily for deaths. Tumors were measured on days 11, 
15, and 21 post staging by means of vernier calipers and tumor 
weights were estimated from tumor diameters by the following 
formula: 

L (mm) X W2 (mm) 
tumor weight (mg) = 

The change (A) in tumor weight was calculated for each group 
by subtracting the initial mean group weight on staging day from 
the mean group weight on the day of evaluation. The percentage 
of treated divided by control weight change (%T/C) [or per
centage of mean weight change over initial mean weight for groups 
showing a negative number (regression)] was calculated for test 
groups with >65% survivors. For the plotting of tumor growth, 
actual mean tumor weights were used. T/C was then converted 
into TWI (tumor weight inhibition); for example, T/C of 40% 
= 60% TWI, T/C of 0% = 100% TWI, and TC of -100% 
(complete regression) = 200% TWI. A tumor weight inhibition 
>58% was necessary to demonstrate activity. 
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