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Abstract

By attaching maleimide groups ¢ anticancer drugs. derivatives are obtained which bind selectively to thiolated carrier proteins. Two
maleimide ester derivatives of plat numicIl) complexes which consist of an active cis-configurated platinum( 1) moiety and a maleimide
group capable of hinding o thiolatc 4 carriers were prepared, i.e. N-( O-(3-maleimidobenzoyl)-2-hydroxyethyl)- 1. 2-diaminocthanedichlo-
roplatinemd 1D (7) and N-(O-(2-¢4-maleimidophenyDacetyl -2-hydroxyethyl ) - 1 2-diaminocthanedichloroplatinem( 1) (8). 7 and 8 were

characterized through 'H and ''C NMR spectroscopy. IR spectroscopy, elemental analysis and mass spectrometry (FAB).
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1. Introduction

Cisplmin Ceis-dinmminedichloroplatinum (1) ), a potent
antineoplastic drag in the treatment ol testicular carcinomis,
ovarian carcinomis, umors of the ¥ ad and neck, and bladder
tmors, does huve serious side-eflucts due 1o its reactions
with cellutar components of healthy tissues by which itexerts
its cytotoxicity | 1], These include nephrotoxicity, olo-
oxicity. myelotoxicity, peripheral neurepathy, nausea and
vomiting,

The development of so-called *second generation platinum
complexes’, ¢.g. carboplatin (cis-diommine-( 1. 1-cyclobu-
tanedicarboxylato Y platinum (1) ). has. in part, contributed to
altering the toxicity profile ol platinum compounds | 2].

A novel strategy 1o overcome the toxicity of cytotoxic
platinum complexes o normal tissue -~ theteby increasing
the therapewtic index of these agents - is to attach the active
moicty of platinum complexes to carrier proteins which
exhibit u significant uptake in tumor tissuc.

Such an approach could be of clinical benetit considering
that the dose-limiting factor of cisplatin is its high nephro-
toxicity | 3] and that cisplatin, once bound to serum proteins
(approximately 90% of injected cisplatin are protein-bound
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three hours postinfusion [4]), does not retain its antitumor
activity | Sab|.
Aneffective method of preparing such chemaoimmunocon-

jugates is to introduce a maleimide group into the drug, which

then binds selectively to sulfhydryl groups of carrier proteins
through its carbon double bond [ 6], Recently. we have syn-
thesized a number of maleimide compounds for this purpose
171.

Hence. we have developed maleimide ester derivitives of
platinum (i) complexes which consist of an active cis-
conligurated platinum( 1) moicty and a maleimide group
capable of binding to thiolated carriers.

2. Experimenta)
2.1, General

M.p.: Biichi 530: 'H NMR and ' ‘'C NMR: Bruker AM 400,
Bruker WM 250 cinternal standard: TMS): FAB-MS: Fin-
nigan-MAT 312; elemental analysis: Perkin-Elmerelemental
analyzer 240: FT-IR spectroscopy: Perkin-Elmer 16 PC:
silica gel chromatography on silica gel 6 (0.063-0.100 mm)
from Merck AG: TLC: silica coated plates 60 F.., from
Merck AG: organic solvents; p.a. grade and a gift from BASE:
I M HCI in ether from Aldrich: other organic or inorganic
compounds: Merck AG. The malcimide spacers were pre-
pared previously | 7].
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2.2, N-(2-Hvdroxyethvl)-NN'-bis-(tert-butvloxvearbony!)-
1. 2-diaminoethane (2)

N-(2-Hydroxyethyl)-ethylenediamine (1) (20.8 g, 200
mmol) was dissolved in 100 ml anhydrous methylene chlo-
ride. A solution of di-tert-butyldicarbonate (47.96 g, 220
mmol) in 200 ml anhydrous methylene chloride was added
dropwise within 3 h at room temperature. After being stirred
for further 9 h at room temperature the solution was diluted
with 100 ml anhydrous ether, extracted with 150 ml water,
dried over Na,SO,, and evaporated in vacuo. The residue was
dissolved in a minimal amount of ethyl acetate and chroma-
tographed on a silica gel column (ethyl acetate/hexane 1/
2). Yield: 30.0 g, 98.6%:; white crystals. m.p. 64°C. Anal.
Cale. for C];HgﬁN;Ogl C. 5526, H,9.21. N, 9.21, Found: C,
55.50; H. 9.18: N, 9.02%. '"H NMR (CDCl,): 8 5.0 (s. 1H.
NH). 3.7 (5. 2H. OCH,). 3.5 (5. 1H, OH). 3.3 (bs'. 6H. 3
N-CH,), 1.5/1.4 (2. 18H. 6 CH,). "'C NMR (CDCl,): &
156.80 (2 C=0). 79.45 (quart. C). 61.88 (OCH,), 51.83/
48.56/39.47 (3 NCH,). 28.66 (6 CH.).

2.3, N-(O-(3-Maleimidobenzovl)-2-hvdroxvethyl)-N.N' -
bis-tiert-hurvloxvearbonyl)-1,2-diaminoethane (3)

3-Muieimidobenzoic acid chloride ( 6.82 g, 29 mmol). dis-
solved in 100 ml THF, was added dropwise to a solution of
2 (8 . 26.3 mmol) in 50 mi THF and 4 ml triethylamine,
After being stirred for 8 h at room temperature a precipitate
was removed by filtration and the filtrate was evaporated in
vacuo. The fesidue was dissolved in a minimal amount of
ethyl acetate and chromatographed on a silica gel column
(ethyl ucetate/hexune 1/1). Yield: 9.6 g, 72.6%: yellow oil,
Anal. Cale, Tor CoH NJOy: €. 59.04; H. 0.56: N, 8,15,
Found: C, 60.04; H, 6,77: N, 8.24%, 'H NMR (CDC1,); 8
N.1=7.5 (m, 4H, Ph=H). 6.9 (5, 2H, HC=CH), 5.0 (s, IH,
NH). 4.4 (5, 2H, HOCH,). 3.6/3.5/3.4 (3, 6H, 3 NCH.),
14 (5. 1I8H. 6 CH.). "'C NMR (CDCLL): 8 169,09 { C=0).
165.38 (PhCO0). 13435 (HC=CH), 131.63/131.21/
130.37/129.29/128.98/127.10 (Ph-C). 80.38 (quart. €).
63.37 (OCH2). 46.66/46.45/39.46 (3 NCH,). 2841 (6
C“I‘)‘

2.4, NAO-12-(4-Maleimidophenylacetvl)-2 -hvdroxvetind)-
NN -bis-ttes-butvloxvearbonyi)-1. 2-divminoethane (4)

4-Maleimidophenylucetic acid (5 g, 21.65 mmol) and 2
(6.58 g, 21.65 mmol) were dissolved in a mixture of 15 ml
methylene chioride and 43 ml THE, After adding 264 mp
10.2165 mmol ) dimethylaminopyridine { DMAP). a solution
of 49 g (23.82 mmol) NN -dicyelohexyl-catbodiimide
(DCC). dissolved in 25 ml THE, was added dropwise at 0°C,
The intensive red solution was stirred for 24 h, the formed
precipitate removed by filtration and the tiltrate evaporated

"t = broud singlet,

to dryness in vacuo. The oily residue was dissolved in a
minimal amount of ethyl acetate and chromatographed on a
silica gel column (ethyl acetate/hexane 3.5/3). Yield: 4.8 g,
42.9%; pale yellow crystals, m.p. 87°C. Anal. Calc. for
CagH3sN;04: C, 60.35: H, 6.77; N. 8.12. Found: C. 60.77; H.
7.4:N, 8.75%. 'HNMR (CDCl;): 6 7.4 (d. 2H, 2 NCCH),
7.2 (d, 2H, 2 CH,CCH). 6.8 (s, 2H. HC=CH). 4.9 (s. 1H,
NH), 4.2 (s, 2H, OCH,), 3.7 (s. 2H, Ph-CH,), 3.4/3.2 (2s,
6H,3NCH,), 1.5/1.4 (2s, I8H,6CH,). ""CNMR (CDCl.):
8170.83 (C=0), 169.45 (PhCH,COO0). 134.25 (HC=CH).
130.13/129.80/126.22/126.09 (Ph-C). 80.29 (quart. C),
63.42 (OCH,), 47.38/46.62/40.89 (3 NCH,). 39.32
(PhCH,). 28.41 (6 CH;).

2.5. N-{O<3-Maleimidobenzoxl)-2-hvdroxvethvl)-
1.2-diaminvethane dilivdrochioride (8) and
N-(O-(2-(4-male-imidophenyliacety!)-2-hvdroxvethyl)-
1, 2-diaminoethane dilivdrochloride (6)

S or 6 (12 mmol) was dissolved in 60 ml | M HCl/ether
and stirred for 96 h during which time a precipitate was
formed. The precipitate was collected by filtration, washed
several times with anhydrous ether and dried in vacuo.,

§: 293 g, 65%:; m.p. 176°C. Anal. Cale. for
CicHuNJOCly: € 47.89: H, 5.08: N. 11L17: CL, 18.86.
Found: C, 47.97. H, 5.42; N, 11.03; Cl, 17.63%. 'H NMR
(DMS0-d,): 699 (5. JH.NH, ' ), 8.5 (5, 3H.NH, " ). 8.2-

3.6-3.2 (m, 6H. 3NCH,). "'C NMR (DMSO-d,.): & 169.67
(C=0). 16481 (CO0), 13476 (HC=CH), 1319/
P3ILTE7120.94/129.247129,05/12796  (Ph-C). 60057
(OCH ), 4552743873517 (AINCH ).

6 342 g TR mp. 212°C). Awal. Cale. for
CrHyNOCL Co 49240 |, 5390 N 10.77; LIRS,
Found: C. 49,015 1, 5.68: N, 10.53; Cl, 17.88% . 'H NMR
(DMSO-d,,): 9.9 (5. 2H, NH. " ), 8.5 (5, 3H, NH, ') 74
(d. 2H, 2 NCCH). 7.3 (d, 2H. 2 CH,CCHD, 7.2 (s, 2H,
HC=CH). 4.4 (1. 2H. OCH,), 3.9 (5. 2H, Ph-CH,). 3.4/3.2
(25.6H, INCH,). "'C NMR (DMSO-d,): § 170.82 (C'=0),
169.85 (€00, 134.58 (HC=CH), 130.17/129.84/126.55/
12640 (Ph~C), §9.68 (OCH,). 4544/44.28/35.04 (3
NCH, ). 39.39 (PhCH.).

200 N 3-Maleimidoben:onh)-2-ivdranveting)

1. 2-divminaethanedichlovoplatinen 1) (7) and
N-(O-(2-td-madeimidophenyhiacetyl)-2-hydroxvethyl)-
1. 2-disminvethanedichloroplatinum 1) (8)

Sor 6 (1 mmol) was dissolved in S mi of 20% THF in
water and added dropwise to a solution of K,PICl, (0.415 a
I mmol) dissolved in the same amount of 20% THF in water.
Alter being stirred for | hthe yellow precipitate was collected
by filtration, washed several times first with 20% THE in
water and then with anhydrous ether and dried in high
vacuum.
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7: 039 g 68%; m.p.>2350°C. Anal. Calc. for
C,sH,;N;0,PtClL: C, 31.63; H. 2.99: N, 7.38; Pt. 34.29: Cl.
12.46. Found: C, 31.19: H, 3.37. N, 6.79; Pt, 33.35; Q.
12.95%. FT-IR (CsD): »(P-Cl)=348 cm '. 'H NMR
(DMSO-d): 6 8.1-7.6 (m, 4H. Ph-H), 7.2 (s. 2H.
HC=CH). 6.3 (m. 2H. NH,), 4.6 (m. 2H. OCH,). 4.5 (m,
1H,NH),3.5/29/2.7 (3m, 6H,NCH,). '*C NMR ( DMSO-
de): 6 169.64 (C=0), 164.74 (CO0), 134.75 (HC=CH),
131.94/131.52/130.24/129.30/128.59/127.50  (Ph-C).
61.70 (OCH,). 54.34/49.57/45.22 (3 NCH,): MS-FAB, 3

135

kV. nitrobenzylalcohol (rel. intensity): m/z 570 (M* + 1.
10). 53¢ (M' =CL 17).499 (M* —-2C1, 2).

8 033 g. 57%: m.p.>250°C. Anal. Calc. for
CieHwN:OPtCl,: C, 32.93; H, 3.26: N. 7.2; P, 33.46: CL.
12.16. Found: C, 32.64: H. 3.54; N. 7.31: Pt. 33.00: Cl.
11.97%. FT-IR (Csl): »(Pt—Cl)=338 ¢cm™'. 'H NMR
(DMSO-d,): 6 74 (d. 2H, 2 NCCH). 7.3 (d, 2H. 2
CH,CCH), 7.2 (s, 2H, HC=CH), 6.3 (s, 2H, NH.). '’'C
NMR (DMSO-d¢): 8 170.65 (C=0), 169.84 (CQO).
134.60 (HC=CH), 133.71/130.19/129.95/126.59 ( Ph-C).
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6118 (OCH,), 54.31/49.38/45.12 (3 NCH,. 30.59
(PhCH,); MS-FAB, 3 kV. nitrobenzylalcohol (rel. inten-
sity): m/z 584 (M" +1, 12), M8 (M*=Cl. 19), 513
(M' ~2CL4).

3. Results and discussion

The method of preparing the platinum(Il) complexes 7
and 8 is depicted in Scheme 1. The starting compound N-(2-
hydroxyethyl)-ethylenediamine (1) was first reacted with
di-tert-butyldicarbonate. Interestingly, in the isolated product
2 the BOC group was introduced at the primary amine as well
as at the secondary amine position. The rationale for intro-
ducing the BOC group was firstly to obtaia the maleimide
esters 3 and 4 in high yields, and secondly to prevent the
primary amine group reacting spontaneously with the double
bond of the maleimide group. The BOC group was removed
by dissolving 3 or 4 in anhydrous ether/HCl upon which the
hydrochlorides § and 6 precipitated. To the thus obtained
hydrochlorides an equivalent amount of K,PtCl; in a mixture
of THF/water was added to yield the yellow-colored plati-
num complexes 7 and 8,

All synthesized compounds were characterized through 'H
and "'C NMR spectroscopy. elemental analysis and/ot mass
spectrometry. NMR spectroscopy of the relevant complexes
7 and 8 reveals the characteristic peaks of the introduced
maleimide group at 7.2 ppm (strong singlet) for the proton
vignals of the double bond in the 'H NMR spectra and at
134=135and 168=170 ppm for the carbon atoms of the double
bond and catbonyl group in the ''C NMR spectra,

The MS-FAB spectra of the two complexes 7 and 8 show
i charucteristic moleculat ion peak (M + 1) w1 570 and 584,
respectively, and peaks ut 534 or 548 and 499 or §13, corre-
sponding to M* =Cl and M* = 2C1, are distinctly visible,
FT-IR specttoscopy shows a distinet bund at » = 348 em
for 7 and »=338 e ' for 8, which is the characteristic
region for Pt=Cl steetching vibrations | 8],

Based on the ubove duta and the elemental analyses of ¥
and 8. their structures are postulated as shown in Scheme 1.

7 and 8 were designed o as to incorporate a maleimide
group which reacts rapidly with sulihydryl groups 16]. In
order to demonstrate that the sulthydry! group reacts signifi-
cantly faster with the maleimide proups of 7 and 8 than with

their cis-configurated platinum( IT) moieties. the model com-
pounds 5. 6 and 9 (9 prepared according to {9]; see Scheme
1) were incubated with cysteine in 0.9% saline in a ratio of
1:1 (¢[Pt] =300 uM, pH 6) at room temperature. The con-
centration of sulthydryl groups was determined with Ell-
man's reagent (€;,,=13600 M ™' cm ™' [10]). Whereas §
and 6 reacted quantitatively with cysteine within a few
minutes, we observed no loss of sulfhydryl groups for 9
during 60 min. In accordance with our results it has been
reported that cisplatin also reacts slowly with cysteine in0.9%
saline, the reaction being complete after 4-5 days [ 11].

Hence, 7 and 8 exhibit suitable propetties for binding the
active cis-configurated platinum(Hl) moicty to thiolated
carrier proteins,

Acknowledgements

This work has been supported by the Dr Mildred Scheel
Stiftung der Deutschen Krebshilfe, Germany and the Deut-
sche Forschungsgemeinschaft. We thank Asia Medica, Ger-
many for providing us with K,PtCl,.

References

{11 S E. Sherman and 8.1 Lippard. Chom, Rev., 87 (1987) 1153,

(23 1). Rotents, RJ. Knox, F. Friedlos and DA, Lydadl, in DHC.
MuBrien and T.F. Skaer teds. v, Bioehemical Mechanisms of Platinum
Antitamone Drags, IRL Press, Oxford, UK, 1986, p. 20,

| 3] Z.H. Siddik. S.I. Dible, £ Boxall and KR, Harvap, m DL
MeBrien and T.F, Slater teds, ), Rivclenvical Mechanisis of Platinnn
Antitumonr Drigs, TRL Press, Oxford, UK, 1986, p. 171,

(4110 Gullo, €1 Literst, 1M, Maguiee, B2 Sikie, W Hoth and Y
Waonlley, Cancer Chesmothier, Pliarnaeol, 5 ¢ 1O} 2,

(3] tad K. Takahoshi, T, Sebi. K Nishikawa, §. Minaniide, M. iwabwels:,
M. O, 8. Nogganine aned FL Foinishi, . ), Cancer Res 1 Gang)
To CLORSYOR () E Kratz, in BK. Keppler ced ), Matal Conpleses
as Antitwmour Agents, VCI, Weinheim, 1993, p 3,

(0] GLE Means and RE, Feeney, Bioconjugate Chenr, | 190N 2,

171U, Beyer, M. Krtiger, P, Schumacher, C. Unger and F. Krate, Chem,
Monthly, 128 (10T 91

181 R Fapgian, B, Lippert. C.J. Lok and B, Rosenberg, Can, 1 Chem,,
of {JURY) Sy,

{98, Hoghlaghi, CA- MeAuhiffe, WE HIll, HH Kobl and ME.
Friwdiman, leorg. Clim, Acta, 43 ¢1O80) |13

10F G Elan, Arch, Brschem. Biophys., 82 ¢ 1959y 70,
[ B Oddenbeimer and W Woll, lnorg. Chin, Acta, 6 ¢ 1982) 141,



