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Palladium(I1) complexeswith R,edda derived ligands. Part VI.
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Abstract: A new R,edda-type ester, O,0"-diisopropy! ester of N,N*1,2-ethane-
diylbis-L-leucine, dihydrochloride dihydrate, [(SS)-H.iPr.eddl]Cl,-2H,0, 1,
and its palladium(ll) complex, dichlorido(O,O"-diisopropyl-N,N“1,2-ethane-
diylbis-L-leucinate)palladium(ll) hemihydrate, [PdCl,{(S9)-iPr,eddi}]-0.5H,0,
2, were synthesized and characterized by elemental analysis, and IR and NMR

spectroscopy. As expected, the palladium(ll) complex was found in two from
three possible diastereoisomeric forms (R,R), (S and (RS = (SR).

Keywords. palladium complexes; R,edda-type ligands; diastereoisomers.

INTRODUCTION

Palladium(l1) complexes containing the EDTA ligand represent interesting
fields in terms of synthesis and characterization.1=3 In these complexes, the
potentially hexadentate EDTA acts as a tetradentate or a bidentate ligand when
competing ligands are present (e.g., chlorides), forming mono- or even dimeric
species. A significant part of previous research was focused on complexes with
branched-chain esters of chiral edda-type acids, N,N “1,2-ethanediylbis-L-alanine
hydrochloride, [(SS)-Hzeddip]Cl, and N,N “1,2-ethanediylbis-L-leucine dihydro-
chloride, [(S9)-H4eddl]Cl,, and a large amount of structural information was
obtained, aswell asinteresting findings related to the antiproliferative activity of
platinum(i1), platinum(1V) and palladium(I1) complexes.4-10
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Palladium(l1) complexes with branched-chain Roedda-type esters, previously
described in literature, -9 are represented in Fig. 1, including the complex 2 from
the present study (Fig. 1, complex C).
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R = Pr, iBu, cPe, Cy R = iBu, iPr*
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Fig. 1. Palladium(ll) complexes with branch-chained R,edda-type esters (* —complex 2
reported in this work).

Palladium(l1) complexes A presented in Fig. 1 were obtained as a mixture
of two diasteroisomers, as (R,R) and (R,S) isomers, as verified by 1H- and 13C-
-NMR spectroscopy and supported by DFT calculations.”.® However, three dia-
sterecisomers can be formed in theory, (RR), (S and (RS = (SR), due to the
formation of chiral centers on the coordinated nitrogen atoms. In a recent study a
paladium(l1) complex with a partially hydrolized isopropyl ester of N,N<1,2-
ethanediylbis-L-alanine (Fig. 1, B) was isolated and its structure was confirmed
by X-ray analysis. It was found that the (R,R)-N,N’ configured isomer with a
«2N,N’,xO coordination mode was obtained, and that this is the most stable
isomer of four theoretically possible ones.” All of the other complexes mentioned
here have a k2N,N’ coordination mode of the ligand.

Herein, the synthesis and characterization of two new compounds, branched-
chain Roedda-type ester [(S,9)-H2iProeddl]Cl»-2H50, 1, and corresponding palla-
dium(11) complex [PdCl{ (S,9-iProeddi}]-0.5H20, 2, (Fig. 1, C, complex 2) are
described.

EXPERIMENTAL

Materials and methods

[(S9-H,eddl]Cl, was prepared using a method described in the literature.ll K [PdCl 4]
was purchased from Merck and used without further purification. The infrared spectra were
recorded on a Nicolet 6700 FT-IR spectrophotometer using the ATR technique (4000400
cml). The H- and 13C-NMR spectra were recorded on Varian Gemini 2000 (200 MHz)
spectrometer in DM SO-dg using tetramethylsilane as an internal standard. Elemental analyses
for C, H and N wererealized onaVario EL Ill C, H, N, S elementa analyzer.
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Synthesis of [(S,S)-H,iPr,eddl] Cl,-2H,0 (1)

The ligand 1 was prepared using a modified previously described esterification reaction.
91012.13 Thjonyl chloride (4.0 cm3, 55 mmol) was introduced into a flask containing 50 ml of
ice cooled 2-propanol (anhydrous conditions) during 1 h. Then, 2 g (5.54 mmol) of N,N<1,2-
ethanediylbis-L-leucine dihydrochloride, [(S,S)-H4eddl]Cl,, was added into the flask and the
suspension was refluxed for 16 h. The mixture was filtered and the filtrate was stored for a
few days at 4 °C. A white crystalline solid was obtained. The ester was purified by recrystal-
lization from methanol.

Yynthesis of [PACl{(SS)-iProeddi}] -0.5H,0 (2)

Complex 2 was prepared by dissolving K,[PdCl,] (0.167 g, 0.512 mmol) in water (10
ml) and 0.247 g (0.512 mmol) of [(SS)-H.,iPr,eddl]Cl,-2H,0 (1) was added. During 2 h of
stirring, 10 ml of a 0.1 M solution of LiOH (1.02 mmol) was added in small portions to the
reaction mixture. A pale yellow precipitate was obtained, which was filtered off, and the crude
product dissolved in 5 ml of CHCI3 and filtered. A crystalline solid of the pure complex was
obtained from the CHClI 5 solution.

RESULTS AND DISCUSSION
Synthesis and characterization

[(S9-H2iProeddl]Cl2-2H,0 (1) was prepared using an appropriate modi-
fication of known methods.5-10.1213 This compound is not soluble in chloro-
form, poorly soluble in water, but fairly soluble in methanol and dimethyl
sulfoxide.

[PACIA (S 9)-iProeddl}]-0.5H,0 (2) was synthesized by combining aqueous
solutions of Ko[PdCl4] and 1. The obtained complex is soluble in chloroform and
dimethyl sulfoxide, partialy soluble in methanol, but not soluble in water. The
preparations of the ester and the complex are shown in Scheme 1.

0 J\
HO ) H SOCl, %O/EQ K,[PdCL,] >—OJ(J§|

N (CH;),CHOH LIOH
[«. ~ reflux 16 h 2HCI [ d
HO% }OK( > OW
O
! 2

Scheme 1. Synthesis of the ester 1 and the palladium complex 2 (% —N atoms configured
(RR)or (§9 or (SR) =(R9).

The analytic and spectral datafor 1 and 2 are asfollows:

Compound 1. Yield: 1.25 g (47 %); Anal. Calcd. for CogHz2CloN204-2H50:
C, 49.89; H, 9.13; N, 5.82 %. Found: C, 49.56; H, 8.86; N, 6.17 %; IR (cm1):
3395, 2959, 2620, 2404, 1728, 1468, 1217, 1103, 913, 802; 1H-NMR (200 MHz,
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DMSO-dg, 6 / ppm): 0.92 (12H, d, 3Jy 4 = 4.40 Hz, 4 CH3-iPr), 1.26 (12H, d,
3JHH = 6.20 Hz, 4 CH3), 1.75 (6H, m, 2 CHy, 2 CH(CH3)), 3.42 (4H, m, 2
CHo—en)), 4.05 (2H, m, 2 CH), 5.04 (2H, m, 2 CH-iPr), 9.80-10.40 (4H, s, 2
NH*); 13C-NMR (50 MHz, DMSO-dg, 6 / ppm): 21.5 (CH3), 21.6 (CH3z-iPr),
23.2 (CH(CH3)2), 24.5 (CHy), 41.6 (CH>—(en)), 57.9 (CH), 70.4 (CH-Pr),
168.5 (COO-iPr).

Compound 2. Yield: 0.145g (51%); Ana. Calcd. for
CooH40CIoN20O4Pd-0.5H20: C, 42.98; H, 7.39; N, 5.01 %. Found: C, 42.80; H,
7.32; N, 5.23 %; IR (cn1): 3086, 2958, 2873, 1733, 1371, 1198, 1104, 936, 824;
IH-NMR (200 MHz, DMSO-dg, 5 / ppm): Isomer A: 0.93 (12H, d, 3Jy 4 = 6.60
Hz, 4 CHz-iPr), 1.21 (12H, d, 3J4y = 5.60 Hz, 4 CH3), 1.68 (2H, m, 2
CH(CHg3)»), 2.24 (4H, m, 2 CHy), 2.58 and 2.77 (4H, m, 2 CH>—(en)), 4.03 (2H,
m, 2 CH), 4.92 (2H, m, 2 CH-Pr), 6.20-6.80 (2H, bs, 2 NH); Isomer B: 0.88
(12H, d, 33y 4 = 6.00 Hz, 4 CH3-iPr), 1.28 (12H, d, 3y 4 = 6.60 Hz, 4 CH3),
1.88 (2H, m, 2 CH(CHa3)»), 2.34 (4H, m, 2 CH>), 2.69 and 2.85 (4H, m, 2 CHo>—(en)),
3.72 (2H, m, CH), 5.02 (2H, m, 2 CH—-iPr), 5.80-6.10 (2H, bs, 2 NH); 13C-NMR
(50 MHz, DMSO-dg, 6 / ppm): Isomer A: 21.6 (CHg), 22.1 (CHz-iPr), 23.1
(CH(CHs3)2), 25.6 (CHy), 38.2 and 47.0 (CH>—en)), 58.6 (CH), 68.6 (CH—-Pr),
169.3 (COO-iPr); Isomer B: 22.3 (CH3), 22.6 (CH3-iPr), 23.7 (CH(CH3)»), 24.6
(CHy), 40.9 and 50.0 (CH2>—en)), 53.3 (CH), 63.8 (CH—-iPr), 170.5 (COO-iPr);
Ratio of isomers: A/B = 5/1.

IR spectrum of 2 shows specific absorption bands: v(C=0) at 1733 cm1
(strong), v(C-O) at 1198 cm1 (strong), and v(CH3) at 2958 cm~1 (medium); (for
comparison, 1 shows. v(C=0) at 1728 cm? (strong), v(C-O) at 1217 cmrl
(strong), and v(CHs) at 2959 cm! (medium)). Indication of nitrogen coordi-
nation was proved by the presence of a band for secondary amino group (3086
cmr1), contrary to the IR spectrum of 1, for which the absorption of the second-
ary ammonium group was observed at 3395 cnr1.

In 1H-NMR spectrum of 2, the chemical shifts of hydrogen atoms belonging
to secondary amino groups appeared at 8.55 ppm (compared with the ammonium
groups of 1 at 9.9-10.4 ppm).’—2 Coordination induced shifts in 2 related to the
proton atoms from the ethylenediamine moiety were observed (=0.7 ppm upfield),
thus confirming nitrogen coordination to the palladium atom. Chemical shifts for
the hydrogen atom bonded to the chiral carbon atom of 1 and 2 were observed at
4.05 ppm as amultiplet.

The 13C-NMR spectra of 1 and 2 have resonances for the carbon atom of the
COO moiety at similar positions, indicating that oxygen atoms did not coordinate
and that the ester function remained intact.”—9 The chiral carbon atom shows a
chemical shift at 57.9 ppm for 1, but two signals for the same carbon atom in
corresponding palladium(l1) complex were observed at 58.3 and 58.8 ppm, indi-
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[(S9-iProeddi]Cl, ESTER AND Pd(Il) COMPLEX 1175
cating the presence of two isomers. Selected 1H- and 13C-NMR data for 1 and 2
aregiveninTablel.

TABLE I. Selected H- and 13C-NMR data (6 in ppm) of [(S,9)-H,iPr,eddl]Cl,-2H,0 (1) and
[PACI{ (S9-iPr,eddl}]-0.5H,0 (2)

CHz; CH; CH CH; CHs _ CH
iP] [Led [ip] [Led [ip] SO°7P [ipq
1 [(S9-HPredd]Cl,2H,0 092 126 504 215 216 1685 704
2 [PACIA (S 9-iProeddi}]-0.5H,0

Isomer A 093 121 492 216 221/ 1693 686
Isomer B 088 128 502 223 226 1705 638

Compound

As expected,>8 two sets of signals were found upon coordination of the
ligand to the PdCl, moiety because of the formation of two extra chiral centers at
the ligating N atoms. Thus, at least two from three diastereoisomers might be
formed in the reaction of K5[PdCly4] and 1. Thisisin agreement with earlier per-
formed DFT calculations for similar compounds.’:8

CONCLUSION

Two novel compounds, Roedda-type ester [(SS)-HoiProeddl]Clo-2H20, and
its corresponding palladium(I1) complex [PdClo{(S9-iProeddl}]-0.5H,0, were
synthesized and characterized by IR and NMR spectroscopy and elemental anal-
ysis. Potassium tetrachloridopalladate(l1) reacts with [(S,S)-HaiProeddl]Clo-2H,0
forming two out of three possible diasteroisomers (R R), (S9 and (RS = (SR),
as evidenced by NMR spectroscopy, which is in agreement with previous DFT
calculations.

Acknowledgements. The authors are grateful to the Ministry of Education, Science and
Technological Development of the Republic of Serbia for financia support (Grant No.
172035).
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KOMIIJIEKCH TTATAODUIJYMA(I1) CA IUTAHOIWMA R,EDDA THUITA. JEO VI.
0,0"-IVHU30IIPOITNII ECTAP N,N-1,2-ETAHIUHNJIBUC-L-JIEYIITVHA,
OUXUOPOXJIOPUL DUXUIOPAT U BbETOB KOMIIIEKC CA IMAJTADUJY MOM(II):
CHUHTE3A U KAPAKTEPU3ALIMJA

BOJAHA B. SMEJKOBCKH', THBOP. J. CABO” 1 TOPAH H. KATYBEPOBHR**
1Hucmuu7ym 3a xemujy, WexHonoiujy u mewanypiujy — Llenttiap 3a xemujy, Ynusep3uiteii y beoipagy,
Cygenticku wpi 14, 11000 Beoipag, ZXemujcxu Qaxynited, Ynusep3uitieii y Beoipagy, .up. 158, 11001
Beoipag, 31nstitut fiir Chemie, Martin-Luther-Universitit Halle-Wittenberg, Kurt-Mothes-Strafle 2,
D-06120 Halle, Germany u 4(Dapmaueymcxu paxyniuein, Eepoticku Yrnueep3utieid,
Tpi managenaua 5, 21000 Hosu Cag
HoB ectap Rjyedda-tuma O,0'-pumsonponun ecrap N,N'-1,2-etanpuunbuc-L-nmeyuuHa,
muxugpoxyopus puxuppat [(S,S)-H,iPryeddl]Cl;-2H,0 (1) w1 ®meroB KOMIUIEKC Iaiagu-
jyma(1l), muxnopuno(O,0'-gunsonponun-N,N'-1,2-etanguunduc-L-neyunHat)nanagujym(11)-

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS




1176 ZMEJKOVSKI, SABO and KALUPEROVIC

-xemuxugpaTr [PdCl,{(S,S)-iPryeddl}]-0.5H,0 (2) cy cuUHTeTHMCAaHH M OKapaKTepHUCAHU Y3
nomoh enemenranHe aHanuze, IR u NMR cnexrtpockonuje. Kamujym-teTpaximopumona-
nanat(11), pearyjyhu ca [(S,S)-H,iPryeddl]Cly-2H,0, ouekuBaHO faje managujyMoB KOMILIEKC
2 y odnuky pBa on moryha Tpm pgujacrepeousomepa, (R,R), (S,S) u (R,S) = (S,R), wTo je
norspheno y3 nomoh NMR cnexrpockomnuje, a y carnacHOCTH je ca panuje ypahenum DFT
IpopavyyHHMa.

(ITpumsbeHo 23 jaHyapa, pesunupaHo 15. dpedpyapa 2013)
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