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Synthesis of two maleimide derivatives of cis-configurated platinum(II) 
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Abstract 

By anaching n)aleimide groups I ~ anticancer drugs, derivatives arc obtained which bind selectively to thiolated carrier proteins. Two 
maleimide enler derivatives of  plat numl II ) complexes which consist of  an active cis-conligurated plat inum| II ) moiety and a maleimidc 
group capable of binding to thiolalt,] carriers were prepared, i.e. N-( O-( 3-maleimidobenzoyl)-2°hydroxyethyl)-!.2-diammoethanedichh~- 
roplatinmnl II I ('7) and N-( O-( 2~{ 4-~,~aleirnidophenyl Jacclyl ~ -2qlydrt~xyeihyl )o 1,2-dianlilmethanedichhnol~latinurnl II ) ( 8 ). "/and 8 were 
char,'Lcterized through tit lurid i ~C NMR spectn~scopy, IR spectroscopy, clemerdal analysis lind mass spectn~metry ( FAB ). ~C: 1998 Eb, e~,ier 
Science S.A. 

/~'e%'word%: I~lalillul|l conlph.'x¢~,: ( ' ix l f l~ l l in ;  Malcimide complexes; Chenloin'aTlunocolljuglaes 

I. Introdtnelion 

Cispl¢tlin I ci.~odiamminedicldorophllinum(II) ), ,'1 potent 
anlhl~.,oi~laMic d1'11~ ~, ill the Irelillnellt of  les l i¢ t l lar  c:lrCillonla.,,,, 

ovar ia l l  carcinontllN, Innll~rs o l ' lhe  I.  ad lind neck ,  ~,lnd hladd¢t 

Inillors0 tloe,~ have .,,et'iott~ ,,,kleoelfccts due to its i'calctions 
wilh celMar Colnponellts of healthy tissues by which it exerts 
its cylotoxicity II I. These if0chtde ilephrotoxicily, OlOo 
Ioxicily, mycloloxicity, peripheral nenropathy, nausea and 
vomiting. 

The development of Soocalled 'second generation phttitlttnl 
complexes', e.g. carboplatin (cis-diammine-( I.I-cyclobu- 
lanedicarboxyhkto ) platinum{ I! ) ), has. in part. contributed to 
altering tile toxicity profile o1 platinum COll|i],otlnds 1 21. 

A novel strategy to overcome the Ioxicily of cytoloXic 
phltinum complexes to norm:d tissue o-- thereby increasing 
the therapeutic index of these agents ..... is to aUach the active 
moiety of platinum complexes to carrier proteins which 
exhibit a signilicant uptake in tumor tis.,,ue. 

Such an approach could be of clinical be,elit considerin~ 
tlmt the doseAimiting fliclor of cisplalin is its high nephm- 
toxicity 131 and thai cisplalin, once bound It) sertlni proteins 
(appmxim:ltcly q{)',~, of injecled cisplalin are protein-bound 
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three hours i')Oslinfusion 141 I, does not rc|ain its anlilunlor 
aclivity 1 5:l.b I. 

All effective mclht~d of prepm'ing such chen lo in ln l t l no¢on  ,~ 

jugatcs is to intn)tluce a maleirnid¢ group into the drug, which 
Ihcll bind.s selectively to ~.ulfhydryl group, of' c;.orier protein,,, 
tllrou~ll ils carbon double bond 161, Recently, we Imve ~yno 
Ihe~ized a nnmher of maleimide compound.', ll)r thi,,, purpo,,,e 
171. 

Ilence, we have developed maleimide esler derivalivcs o[ 
platinum(il) complexes which consi.~t of all aclive ciso 
conligur,'lted plalinurn(ll) moiety and a m~ileimide group 
capable of binding to thiolaled carriers. 

2, Experimenta0 

2./. Gem'ra/ 

Mp.: Biichi 530: ~H NMR and ~C NMR: Bruker AM 400. 
Bruker WM 251) (internal standard: TMS): FAB-MS: Fin- 
nigan-MAT 312: elemental analysis: Perkin-Elmer elemental 
analyzer 240: Fq'-IR speclroscopy: Perkin-Elmer 16 PC: 
silica gel chromatography on silica gel oO ( 0.063-0. IO0 mm) 
&ore Merck AG; TLC: silica coated plates 60 F:~,~ fronl 
Merck AG: organic solvents: p.a. grade and agift from BASF: 
I M HCI in ether from Aldrich: other organic or inorganic 
compounds: Merck AG. The maleimide spacer,~ were pre- 
pared previously 17 I- 
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, 2 .  o . . t , ~ . . . N42.Hvdroxvethvl~oN.N .bts.( t~ rt.btttvh,xvcarhonvlj- 
1.2-diamim~thane (2) 

N-( 2-Hydroxyethyl)-ethylenediamine (I)  i 20.8 g, 200 
retool) was dissolved in I00 ml anhydrous methylene chlo- 
ride. A solution of di-tert-hutyldicarbonate (47.96 g, 220 
retool) in 200 ml anhydrous methylene chloride was added 
dropwisz within 3 h at room temperature. After being stirred 
for further 9 h at room temperature the solution was diluted 
with I00 ml anhydrous ether, extracted with 150 ml water, 
dried over NazSO4, and evaporated in vacuo. The residue was 
dis~lved in a minimal amount of ethyl acetate and chroma- 
tographed on a silica gel column (ethyl acetate/hexane i/  
2), Yield: 30.0 g. 98.6%: white crystals, m.p. 64°C. Anal. 
Calc, Ibr C~4H=,N~Os: C. 55.26; H. 9.21; N. 9.2 !. Found: C, 
55.50; H, 9.18; N. 9.02%. ~H NMR (CDCIO: $ 5.0 {s, IH, 
NH), 3.7 is. 2H. OCH,), 3.5 (s. IH, OH). 3.3 (bs ~. 6H. 3 
N=CH:), 1.5/I.4 t2s, 18H. 6CHO. ~C NMR (CDCI~): 
156.80 (2 C~O). 79.45 (quart. C). 61.88 (OCH,). 51.83/ 
48.56/39.47 (3 NCH.,). 28.66 (6 CH~). 

2.3. N.( Od 3oMaleimhhd~en:oyl ).2ohydn~aTethyl),N.N'o 
biSoltertohuo'h~xycarb~myl )o I. 2.diamim~ethane (3) 

3oMa~eimidobenzoie acid chloride ( 6.82 g, 29 mmol ), dis° 
solved in I(X) ml THF. was added dropwi~ to a solution of 
2 ( 8 g, 26,3 retool) in 50 ml THF and 4 ml triethyh|mine. 
After being stirred fiw 8 h at room temperature a precipitate 
wa~ removed by filtration and the filtrate was evaporated in 
v~uo. The re~idu¢ was dissolved in a minimal amount of 
ethyl acetate and ehromatographed on a silica gel column 
( ethyl aeetate/hexane I / I ), Yidd: q.¢~ g, 72,6'~ ; yellow oil, 
Anal, Calc. for C:,H,N~O,: C, 59,h4: H, 6.50: N. 8.35. 
Found: C, ~i),04; H, 6.77; N, 8,24~,, ~H NMR tCDCI,): ,$ 
H.1~7.5 In(, 4H, Ph:H), 0,'~ (s, 2H, HC~CH), 5.0 (s, IH, 
NH), 4,4 (s, 2H, H ~ H ~ ) ,  3,613,5t3.4 (~s. 6H. 3 NCH:), 
1,4 ( s, 18H. 6 CH~ ), ~ ~C NMR ( CDCI ~ t : ¢i 169,(~ { {'~-~O 1, 
165,38 (PhCOO), 134,35 (HC~CH), 131.631131.211 
130,37 t1~-9,291128.98/127.10 (Ph-C), 80.38 (quarl. C), 
63.37 (OCH2), 46,66146,45/39.46 (3 NCtt:), 28.41 {6 
CH~), 

2.4. N't O-~, 2-( 4.Maleimidophenyl ~acetyl J. 2-hvdro.~ vethvl j. 
N. N '.h~s-t te~tohutyh~.~y~~rh,nyH- I. 2-dmmm,etltam" f4) 

4-Maleimidophenylacetic acid 15 g, 21,65 mmol~ and 2 
(~,,58 g, 21,65 mtnol~ were dissolved in a ,tli~lul'~ t~l' 15 ml 
methylene chloride and 45 nd THF, After adding 26,4 nag 
( 0,2165 mmol) dimethylaminopyridtne (DMAP), a s~lution 
of 4,t~ g 123,82 retool) NN'odicyclohexyl<ad~liimide 
{ DCC ), dissolved in 25 ml THF, was added drt~pwise at O°C, 
The intensive red solution was stirred fiw 24 h, the ihm~ed 
precipitate rendered by tillrution and the Ill(rate eval~r,ated 

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, re.p, 87°C. Amd. Calc. lbr 
C_,~H~.~N~O~: C, 60.35; H, 6.77; N, 8,12. Found: C, 60.77; H, 
7.4; N, 8.75%. ~H NMR (CDCI3): 67.4 (d, 2H, 2 NCCH}, 
7.2 (d, 2H, 2 CH2CCH), 6.8 (s, 2H, HC=CH), 4.9 (s, IH, 
NH), 4.2 is, 2H, OCt'-/_,), 3.7 is, 2H, Ph-CH_,), 3.4/3.2 (2s, 
6H, 3 NCH,), 1.5 / 1.4 ( 2s, 18H, 6 CH~). ~~C NMR (CDCI3): 

170.83 (C=O), 169.45 (PhCH_,COO), 134.25 ( HC=CH ), 
130.13/129.80/126.22/126.09 (Ph-CL 80,29 iquart, C), 
63.42 (OCH.,), 47.38/46,62/40,89 (3 NCH,), 39.32 
(PhCH,,). 28.41 (6 CH.e. 

2.5. N-f O-f 3-Mah,hnidobenzoyl ). 2-hydro,~yclhyl ). 
1.2-diamimwthmw dihy~h'ochloride ( 5 ~ aml 
N-( O-f 2-f 4.mah,.imidophe~ yl hu'etyl j, 2.hydro.~ yetlLvl )- 
!, 2-diaminoethane dihydrot'hhu'ide (6) 

5 or 6 ( 12 mmol) was dissolved in 60 mi I M HCI/ether 
and stirred for 96 h during which time a precipitate was 
formed, The precipitate was collected by liltration, washed 
several times with anhydrous ether and dried in vacuo, 

5: 2.93 g, 65%; re.p, 176°('. Amd, Calc. for 
C,~H~,,N~O,~CI,: C, 47.89; H, 5.O5; N, 11,17: CI, 18.86. 
Found: C. 47.97: H, 5.42; N, I 1.03; CI, 17.63r~,, ~H NMR 
( DMSO-dD: c$9.9 ( s. 2H, NH:' ), 8.5 ( s, 3H, NH~' ), 8.2~ 
7.6 ( m.4H. Ph=H). 7.2 ~, s, 2FI, t lC~-CII), 4.6 t t, 21+1, OCII: }. 
3,6-32 tin, 611, 3 NCH:), '~(" NMR ( DMSOod,): ,~ 169,67 
(C~O), 1(~.81 (COO), 134.76 (H( '~CII ) .  131.92/ 
131.78/120/)4112(.L24/12~).t)5! 127.% (phL~..('), 60.57 
(O('i1:)~ 45.52/44.38/]5. 17 ( ] N('I4:). 

6: 3A2 g. 7.'~'.~; re.p. 212"C)~ Amd. ('ale. for 
(7,,H:tN~O,CI:: C, 4~,L24; II. 5,39; N, 10.77: ('1, 18.18. 
Found: (', 49.01; II, 5.(~8; N, 10.53: CI, 17.88'~ ~tl NMR 
{ DMSOod~,): .~$ 9.9 ( s~ 2H. N H . '  ). 8.5 { s. 3H. NH~' ), 7A 
td. 2H, 2 NCCH), Z3 {d, 2FI, 2 CHfl 'CH),  7.2 (s, 211, 
t iC~CH).  4.4 ( I. 2H, OCH, ), 3.9 ( s. 2H. Ph~('H: ). 3.4/3.2 
( 2s. 6H, 3 NCH, ). ~ ~C N M R  { DMSOod,) : ~$170.82 ( ( ' ~O) ,  
169.85 { COO). 134.58 (HC~CH). 17,0.17/~29.84/126.55/ 
126.40 (Ph-('), 59.68 {Ot'FI:L 45A4/44.28/35.14 {3 
NtM:  l, 39.39 ( PI'WH, ). 

2,6, N4O l3~M~hqmhh~hc,:ovH~2 hy~h~Lwthvl j 
i, 2 .diammoctham,di~'ld, req~tatimml ¢ I I j ¢ 7 ~ and 
N 4 0 4  2 4 4-mah~imidol~hcnvt lo~.ctyt ~o 2~hydro.~ ycthvl ~° 
I. 2-dh~mhmetham,dic,h h u,otdathum~ ~11} 18 ~ 

$ or 5 { I mmol ) ~,,as dis,~olved in 5 ml of 21Y;~ TI,IF in 
water and added dropwise Io a ,~olution of K~,PICL8 { 0.415 g. 
I retool) dissolved in the same amount of 20'?; TIIF in water, 
After i~ing stiffed for I h the yellow precipitate wascollected 
by liltration, washed several times first with 2()~k THF in 
water and then with anhydrous ether and dried in high 
VaCUUm. 
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7: 0.39 g, 68%; m.p.>250°C. Anal Calc. for 
C,.~H~TN30~PtCI_,: C, 31.63: H, 2.99; N, 7.38; Pt, 34.29: CI, 
12.46, Found: C, 31.19; H, 3.37; N, 6.79, Pt, 33.35; CI, 
12.95%. FI'-IR (Csl): v(Pl-CI)=348 cm ~. ~H NMR 
(DMSO-d6): 6 8.1-7.6 (m, 4H, Ph-H), 7.2 (s, 2H, 
HC=CH), 6.3 (m, 2H, NH,_), 4.6 (m, 2H, OCH2), 4.5 (m, 
IH, NH), 3.5/2.9/2.7 ( 3m, 6H, NCH_,). L~C NMR ( DMSO- 
d~,): 6 169.64 (C=O), 164.74 (COO), 134.75 (HC=CH), 
131.941131.521130.241129.301128.591127.50 (Ph-C), 
61.70 (OCH_,), 54.34/49.57/45.22 (3 NCH~); MS-FAB, 3 

kV, nilrohenzylalcohol (tel. imensi|y): m/z 570 (M+ + i. 
I0), 534 ( M '  - C I ,  17), 499 ( M  + -2C1, 2). 

8: 0.33 g, 57%: m.p.>250°C. Aria~. Calc. for 
C,,H,,,N~O.~PtCI_,: C, 32.93: H, 3.26: N. 7.2: Pt, 33.46: CI. 
12.16. Found: C. 32.64: H. 3.54; N. 7.31: Pt, 33.00: CI. 
11.97%. FT-IR (Csl): u(PI-CI)=338 cm - I  'H NMR 
(DMSO-d~,): B 7.4 (d, 2H, 2 NCCH), 7.3 (d, 2H, 2 
CH_,CCH), 7.2 (s, 2H, HC=CH), 6.3 (s, 2H, NH_~). ~3C 
NMR (DMSO-d6): B 170.65 (C-=O), 169.84 (CO0), 
134.60 (HC=CH), 133.71 / 130.19/! 29.95/126.59 ( Ph-C ), 
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61.18 IOCH~), 54,31149.38/45.12 (3 NCH,), 30,59 
I PhClt:l: MS-FABo 3 kV. nilrohenzylalcohol (tel. illten- 
sity): m/z 584 ( g + +  I. 12), 548 (M + -CI. 19). 513 
( g '  - 2CI. 4). 

3. Resultsand discus|on 

The method of preparing the platinum(l[) 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 
~ at the secondary amine position, The rationale for intro- 
ducing the BOC group was firstly to obtain 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/HCi upon which the 
hydrochlorides 5 and 6 precipitated. To the thus obtained 
hydrochlorides an equivalent amount of K,PtCI~ in a mixture 
of THF/waler was added to yield the yellowocolored platio 
aura complexes 7 and II, 

All synthesized compounds were characterized through 'H 
and "C NMR spectroscopy, elemental analysis and/or mass 
spectrometry, NMR spectroscopy of the relevant complexes 
? and t reveals the characteristic peaks of the intrc, duced 
malcimide group at 7,2 ppm (strong singlet) for the proton 
signal~ ol' the double bond in the iH NMR spectra and ill 
1,14= I J~ and I fill: 170 ppnl t'or tile carbon atoms of Iheilouhle 
bond and carbonyl group in the i'~C NMR spe¢Irli, 

The MS:FAB speclra of lhi? lwli ¢~implexes ? and II show 
tl ~,'h~.ii'~icl~risli¢ itli~leculilr ion peak i M ' ~i: I i Ill $71)llnd ,'ii,44, 
re~pectivi~ly, and peaks al ~:~14 llr ~4ll and 499 |Jr ~413, c|~i~: 
~poildiilg IO M "<= Cl and M' : 2CI, are disliri¢ily vi,,ihle, 
FT4R spectroscopy shows a di,~tiiil~l httltd tit l,-- 3414 eni ' 

for ? and i,---3,lll ¢ i t l '  for 8, which is ih¢ ~:hara~:leri,~ti~ 
telioil tbr PI=CI stretching vibrations 18 I, 

Itll~d o~ the i i~ve data ai~d the deil~enial analyses of T 
and 1, their ,~itu¢iure,~ are postulated as shown in Scheme I, 

? arid II were d~signed so as tO inco~vate a mal¢imide 
~roup which reacts rapidly with sullhydryl groups 161, In 
order to demonstrate thai the sulihydryl grt~up i~a¢ls signili= 
canily t;,lsler wilh lh~ iilaleinlide gllllips ot ' l  and I ihari with 

their cis-configurated platinum{ i l l  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 
I:l (c[Pt] =300 p,M, pH 6) at room temperature. The con- 
centration of sulfhydryl groups was determined with Ell- 
man's reagent (~.,~= 13600 M-'  cm -I [IO1L Whereas 5 
and 6 reacted quantitatively with cysteine withiu 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 in 0.9% 
saline, the reaction being complete after 4-5 days I I I ]. 

Hence, 7 and 8 exhibit suitable properIies for binding the 
active cix-configurated platinum(ll) moiety t|~ thiolated 
carrier proteins. 
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