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Several types of Pd(ll) complexes containing the new pyrazole: [1(OMe-CH,CH,)-3,5Ph-
(CsHNy)] acting as a monodentate (N-donor) or as a [C(phenyl), N(pyrazole)]” bidentate ligand
have been prepared and characterized. Their antiproliferative activity in MCF7 and MDA-
MB231 breast cell lines has also been evaluated and the results revealed that the cytotoxic
activity of some of the cyclopalladated complexes was similar to that of cisplatin in the triple

negative MDA-MB23L1 breast cancer cell line.
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Abstract.

The study of the reactivity of the novel pyrazokridative [1-{MeO-(CH),-}-3,5-Phy-
(CsHN)] (1) with Ng[PdCl] or Pd(OAc) under different experimental conditions has
allowed us to isolate and characterize ttans- isomers of [Pd{[1-{MeO-(CH),-}-3,5-
Phy-(C3HN2)]} 2(X) 2] [X = CI (2) or OAc @)] and the dig-ligand bridged cyclopalladated
complexes [Pd?,C,N)[1-{MeO-(CH,),-}-3-(C¢Ha),5-Ph-(GHN)}( pu-X)]2 [X = OAc (4)

or ClI (5)]. Further treatment of compound®r 5 with PPh in CH,Cl, produced the bridge
spliting and the formation of [Pdf,C,N)[1-{MeO-(CH,)»}-3-(CeHs),5-Ph-
(CsHNL)}X(PPhg)] [X = OAc (6) or CI (7)]. The cytotoxic assessment of the free ligand
(1) and the Pd(Il) complexesn the two breast cancer cell lines MCF7 and MDAZ23B
reveals that: a) compouridis less active than its analogue [1-{Mle(CH,).-}-3,5-Phy-
(CsHNy)] (Ic) and b) palladacycled-7 showed a remarkable cytotoxic activity in the

MDA-MB231 cell line (with IG values in the range 9.1-14.).

1. Introduction

Pyrazoles are widely used as core motifs for aelamgmber of compounds of significant
relevancy and they have a variety of applications. (as agrochemicals, dyes, food
additives, catalysts and pharmaceuticals) [1-2].rddwer, N-substituted derivatives are
particularly attractive in view of their antipradifative properties against cancer cells [3,4].
Furthermore, this type of heterocycles have a aotl versatile coordination ability with

transition metals that affects their properties[5This fact, together with the increasing



interest in the design of novel antitumoral drugghwreater efficiency, lower toxicity and
less undesirable side effects than the currentaBed drugs [7], have triggered the
development of novel Pd(Il) and Pt(ll)-pyrazole @oning complexes [8-13]. Substituted

pyrazoles in which there is a(C-H) bond with the proper orientation are valuable

substrates to achieve cyclopallada- or platinatednpdexes [11-13]. This sort of
metallacycles are relevant due to their chemichysigal or optical properties and their
applications in different areas (i.e. as precurdarrganic, organometallic synthesis,
homogeneous catalysis and as building blocks inasnplecular chemistry) [14,15].

On the other hand, Bioorganometallic chemistry ia@d developing area of increasing
interest and the idea of using organometallic cexgsd in drug discovery is becoming
more and more popular [16-17]. Antimalarials, aatiierials, neuroprotectors, based on
organometallic compounds have been described [L6MG@reover, recent contributions
suggest that cyclopallada- and cycloplatinated aamgs are probably amongst the best
candidates for the design of new anticancer drug<s2p].

Despite the increasing interest in both Pd(Il)-ppta complexes [21, 22] and
cyclometallated compounds [14,15,18-20], only a #&aticles on cyclopalladated-pyrazole
derivatives have been published [11, 13]. We haeently reported three N-substituted
pyrazoles of general formulae 1-{M&(CH,),-}-3,5-R,-(C3HNy) (1) (Figure 1), their
Pd(ll) and Pt(ll) complexes of general formulae [MMeN-(CHy)2-]-3,5-Rx-
(CsHNR)ICI] [(I1) and (I1), in Fig. 1) and the cyclometallated derivativé¥ @nd V)
[11b]. The comparison of their antitumoral activity three different cell lines (MDA-
MB231, MCF7 and A549) revealed that: a) pyrazolgsajth R = Ph were more potent

than their analogues with R = H or Me, b) the bmgdof these ligands to Pd(ll) or Pt(ll)
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produced an enhancement of their activity, andycjoenetallated productd{ and V)
were more potent than complexés andlllc in which the pyrazoléc acts as a bidentate
(N,N’) ligand.
< Figure 1, here >
In view of these findings and in order to elucidtte effect produced by the functional
group on the pendant arm of the heterocyclic nemgiow we report a parallel study on
the novel pyrazole: [1-{MeO-(Chh-}-3,5-Ph-(CsHNy)] (1), that has the OMe group

attached at the end of the -(g) chain instead of the -NMef I c.

2. Experimental
2.1. Materials and methods

All the reagents were obtained from commercial sesirand used as received. Solvents
were distilled and dried before use [23]. Elemeatalyses were carried out at Berveis
Cientifico-Técnics(Universitat Barcelona). Mass spectra (§Skere performed at the
Servei d’Espectrometria de Massgiversitat de Barcelona). Infrared (IR) specirare
obtained with a Nicolet 400FTIR instrument using rKiellets. A selection of the most
relevant absorptions observed in the IR spectrapegeented in the following sections.
Ultraviolet-visible (UV-vis.) spectra of Ci€l, solutions of the free ligantland the Pd(ll)
compounds F7) were recorded at 298 K with a Cary 100 scan 388iavi UV
spectrometer. The wavelengtfls in nm) and the extinction coefficients (n M™* cmi?) of
the bands observed in the UV-vis. spectra are Bpédn the characterization section of the
corresponding product. The retention coefficierRg (vere obtained using SyqMerck

silica gel 60 F254) plates. High resolutitth NMR spectra and the two-dimensionatHf
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'H} NOESY and COSY and*H-'*C}-heteronuclear single quantum coherence (HSQC),
and heteronuclear multiple bond coherence (HMB@jjeeiments were registered with a
Varian VRX-500 or a Bruker Avance DMX-500 MHz instnents**C{*H}-NMR spectra
and®'P{*H} spectra of compounds and7 obtained with a Mercury-400 and a Varian 300
MHz instrument, respectively. NMR studiesle8 and5-7 were carried out at 298 K, using
CDCl; (99.9 %) as solvent and Silylfor *H and**C{*H}-NMR] and P(OMe} [3(*'P) =
140.17 ppm for'P NMR] as references. Due to the low solubilitycomplex5 in CDCk

its NMR studies were performed in DMS@{89.8%). In all cases, chemical shifty are
given in ppm and the coupling constants (J) in lHzhe characterization section of each
product the assignment of signals detected in tNMIR spectra refers to the labelling
patterns presented in Scheme 1 (Abreviations femthltiplicities of the signals observed

in the NMR spectra: s = singlet, d = doublet, tiplét, m = multiplet and br = broad).

2.2. Synthesis
2.2.1. Preparation of 1-{MeO-(Chb-}-3,5-Ph-(C3HNy) (1).

Potassium hydroxide (0.800 g, £4.0° mol) was treated with 9.0 mL of DMSO and the
resulting mixture was magnetically stirred at rotemperature (ca. 298 K) for 30 min.
After this period 3,5-diphenylpyrazole (0.788 gz&x 10° mol) was added and the stirring
was maintained for 30 min at 298 K. Then, 1-chl@rmethoxyethane (4.0 mL, 4510°
mol) was gradually added and the reaction mixtuas {eft overnight under stirring at 298
K. After this period, 50 mL of iced cold water wadded to eliminate the unreacted KOH,;

the organic phase was then extracted with diethgtedind washed repeatedly with water,



dried over NaSQ, and filtered. Then, the filtrate was concentratediryness on a rotary
evaporator. The solid formed was collected and latedried in vacuum for 3 days. [Yield:
0.880 g, (88 %)]. Characterization data: Anal (Zglc. for GgH1gN.O (MW = 278.35): C,
77.67; H, 6.52; N, 10.06 %; found: C, 77.8; H, r&l N, 10.1. MS (ES): m/z= 279.15
{IM] + H} *. IR selected data: 3059-3016(C-H)] and 2987-2952v[C-H)], 1481(m),
1462(s), 1441(m), 1363(m), 1300(m), 1115(s), 10)2{#6E2(s), 691(s) cth UV-vis. data
(c = 5.74x 10°M in CH,Cl,): A (e) = 223 (1.5 10%) and 253 (3. 10%). R (in CHCL) =
0.24.H NMR data: = 3.32 (s, 3H, OMe); 3.91 [Bhn = 7.2, 2H, (-CH-%]; 4.34 [t, %3 4

= 7.2, 2H, (-CH-9]; 6.65 (s, 1H, H); 7.35 (t,%04 s = 7.7, 1H, H?; 7.47-7.60 (m, 5H, B,
H* H® H® and HY); 7.70 (d, 2H33 4 = 7.6, H°andH®), 7.92 (d, 2H33y = 7.5, H?
andH®). *C{*H} NMR data: 49.1 (€); 58.9 (OMe); 71.4 (&; 103.4 (C); 125.3 (G° and
C®); 125.7 (Z*and &¢¥; 126.0 (C"); 126.8 (C?); 128.7 (¢*and &?¥; 129.2 (G and C;

130.7 (CP); 133.6 (C?); 145.9 (C) and 150.9 (&).

2.2.2. Preparation of trans-[Pd{[1-{MeO-(Chb-}-3,5-Ph-(C3sHN,)] .Cl;] (2).

To a solution formed by NfPdCL] (100 mg, 3.4x 10* mol) and methanol (10 mL),
ligand1 (189 mg, 6.8 10* mol) was added and the reaction mixture was stiate298 K
for 2 h. The yellow solid formed was filtered anded overnight. Afterwards, it was
dissolved in the minimum amount of @El, and passed through a Si2.0 cmx 8.0 cm)
column. Elution with CHCI, produced a wide yellow band which was collected an
concentrated to dryness on a rotary evaporatortlaadoright yellow solid formed was
collected and finally dried in vacuum for 2 daygield: 196 mg (78 %)]. Characterization

data Anal. (%) Calc for GgH3zeCI.N4O-Pd: (MW = 734.0): C, 58.91; H, 4.94; N, 7.63;
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Found: C, 59.0; H, 5.0; N, 7.5. MS (EBIm/z= 697.16 {[M] - CI}". IR selected data:
3047-3015(C-H)] and 2980-29250(C-H)], 1483(m), 1461(m), 1448(m), 1124(s), 765(s)
and 700(s) cm. UV-vis. data: ¢ = 8.17x 10°M in CH,CL,): A (¢) = 238 (3.8x 10°), broad
band.R; (in CHCk) = 0.19.’"H NMR data:5 = 3.20 [s, 6 H, 2 (OMe)]; 3.96 [t} = 6.9,
4H, 2 (-CH-Y]; 4.89 [t,*3un = 6.9, 4H, 2 (-CR-)]; 6.36 [s, 2H, 2 (H)]; 7.40-7.58 [br. m,
12H, 2(H? H* H*?, H*®, H*and HY)]; 7.62 [d.3}y 4 = 7.6, 4H, 2 (B andH®")] and 8.20
[d, %34 = 7.6, 4H, 2 (B*andH®)]. °C{*H} NMR data: 50.31 (2 &); 58.7 (2 OMe); 69.9
(2 ); 108.5 (2 ¢); 125.5 [2 (" and &Y)]; 125.9 (2 ¢Y); 126.4 (2 ¢3; 128.5 [2 (G*and
C3)]; 129.4 (2 @9, 129.8 [2 (& and &Y)]; 130.1 [2 (G%and C)]; 132.7 (2 @¥; 149.7 (2

C® and 154.7 (2 &.

2.2.3. Preparation of trans-[Pd{[1-{MeO-(Cht-}-3,5-Ph-(C3sHN,)]2(OAc)y] (3) and
[Pd{4*,C,N)[1-{MeO-(CH)}-3-(CsHa),5-Ph-(GHN,)]} -OAC)L: (4).

76 mg (3.4x 10* mol) of Pd(OAc) was dissolved in 15 mL of toluene at 298 K, then
ligand1 (95 mg, 3.4x 10" mol) was added. The reaction flask was proteatamh the light
with aluminium foil and refluxed for 12 h. After ith period the black solution was
concentrated to dryness on a rotary evaporator la@fhdovernight in a dessicator. The
residue was then treated with g, (15 mL) and passed through a Celite pad to remove
the metallic palladium. This was repeated untiloaoless mother liquors were obtained.
The solution was dried with N8O, and the filtrate was concentrated to dryness mtaay
evaporator. The brownish solid formed consisteg anixture of compound3 and4 in a
molar ratio 8:4 = 1:10). These products were isolated by ;SiGlumn chromatography.

Elution with CHC} produced a pale yellow band that gave after cdnatton 11 mg of the
7



minor product 8). Afterwards the use of a CH{| MeOH (100:0.4) mixture released
another band that was collected and concentratehlyttess on a rotary evaporator. The
yellowish solid formed4) was collected, air-dried and dried in vacuumZatays (yield:
112 mg). Characterization data f@& Anal. (%) Calc. for GoH42N4OsPd (MW = 780.21):
C, 61.59; H, 5.4; N, 7.17; Found: C, 61.4; H, 3\;7.0. MS (ESI): m/z= 721.2 {[M]-
(OAC)}'}. IR selected data: 3067-3023v(€-H)] and 2984-2940 v[C-H)], 1566
[VadCOO0)] and 1386\ (COO)] cm'. UV-vis. data: € = 1.43x 10°M in CH,Cl): A (¢) =
234 (4.1x 10°) broad bandR; (in CHCk) = 0.21.*H NMR data:& = 1.83 [br.s, 6H, 2
(OAC)]; 3.15 (s, 6H, 2 OMe); 3.95 [t = 7.1, 4H, 2 (=CH-Y]; 4.75 [t,%3upn = 7.1, 4H,

2 (<CH-)]; 6.40 (s, 2H, 2 B); 7.37-7.58 [m, 16H, 2(f H*? H?2 H?* H® H* H*®and
H®)] and 8.16 [d33 4 = 7.6, 4H, 2 (¥ andH®)]. *C{*H} NMR data: 23.3 [2 Me(OAC)];
50.2 (2 ¢); 58.4 (2 OMe); 70.1 (2'Q, 108.7 (2 €); 125.7 [2 (" and CV)]; 126.1 (2 &Y;
126.4 (2 ¢3; 128.6 [2 (G* and &3]; 129.5 [2 (C° and C)]; 130.0 [2 (G% and C?];
130.4 (2 ¢"; 132.6 (2 &¥; 149.5 (2 €);154.3 (2 &) and 180.9 [2 >COO (OAc)]. Fer.
Anal. (%) Calc. for GoH4oN4OsPdh (MW = 886.1): C, 54.25; H, 4.55; N, 6.32; Found: C
54.1; H, 4.5; N, 6.0. MS (ESt m/z= 425.06 {{M]-2(OAc) + 2(CHCN)}**/2. IR selected
data: 3060-3018v[C-H)] and 2984-2940v[C-H)], 1560 P{COO)] and 1413\{COO)]
cmt. UV-vis. data: ¢ = 1.91x 10°M in CH,Cl): A () = 223 (3.2x 10°), 247 (2.5x 10
and 341(broady 1.9 x 10%). R (in CHCL) = 0.14.'H NMR data:5 = 2.01 [br. s, 6H, 2
(OAC)]; 3.17 [s, 6H, 2 (OMe)]; 3.30-3.40 [(br. mH42 (~CH-9)]; 3.67 [m, 2 H, 2 (one of
the two protons of the —GH" unit)]; 3.93 [m, 2 H, 2 (the other proton of th€Hx—° unit)];

6.04 [s, 2H, 2 (A]; 6.74 [m, 2H, 2 (F3]; 6.81 [m, 2H, 2 (H3]; 7.31-7.80 [m, 10H, 2 (&,



H®% H®* H* andH®")] and 8.51 [br., 4H, 2 (F and HY)]. **C{*H} NMR data: 23.9 [2
Me(OAC)]; 49.7 (2 €); 58.2 (2 OMe); 70.6 (2, 109.3 (2 ¢); 125.5 [2 (&° and CY)];

125.9 (2 €9; 126.3 (2 ¢9; 127.6 (2 &3; 128.3 (2 ¢9; 129.0 [2 (C° and C)]; 129.7 (2
C%): 130.2 (2 &»; 132.3 (2 G¥; 148.9 (2 &3, 150.6 (2 €); 153.9 (2 &) and 178.9 [2

>COO (OAC)].

2.2.4. Preparation of [Pd¢,C,N)[1-{MeO-(CH)2}-3-(CsHa),5-Ph-(GHN,)]}( Cl)] 2 (5).
Compound [Pdg?,C,N)[1-{MeO-(CH,),}-3-(CeHa),5-Ph-(GHN)]}( 1-OAC)]> (4) (40
mg, 4.37x 10° mol) was suspended in acetone (20 mL), then L5Gh¢, 1.1x 10* mol)
was added. The resulting mixture was stirred ogiat 298 K. The solid formed was
collected by filtration and dried in vacuum for 2ayd. [Yield: 32 mg, (81%)].
Characterization data&nal. (%) Calc. for GgH34CIoN,O-.Pd, (MW = 838.43): C, 51.7; H,
4.09; N, 6.68; Found: C, 51.6; H, 4.2; N, 6.8. MBS[): m/z= 383.761 {{M]-2CI}*'/2. IR
selected data: 3055-3022(C—H)] and 2988-2924v[C—H)]. UV-vis. data: ¢ = 1.91x 10°
M in CH.Cly): A (€) = 240 (br. 2.5¢ 10°) and 3384 3.6 x 10°). 'H-NMR data (in DMSO-
de): & = 3.22 [s, 6H, 2 (OMe)]; 3.30 [br. m, 2H, {onetb protons of the (~CH%) unit}],
4.03 [m, 2 H, 2 {one of the protons of the (—&H) moiety]; the signals due the remaining
protons the (-CH)° 2™ “moieties were masked by the broad signab(at3.50 ppm) of
the residual water present in the DMSE-their chemical shifts [ca. 3.45 (-G#) and
3.85 for that of the —CH° unit] were obtained from the HSQC experiment; §§72H, 2
(HY]; 6.74 [m, 2H, 2 (83]; 6.81 [m, 2H, 2 (¥)] and 7.18-8.10 [br.m, 14H, 2 {& H®?
H?® H® H* H®andH®)]. *C{*H} NMR data (in DMSO-@): 50.1 (2 €); 58.0 (2 OMe);

70.3 (2 €); 109.1 (2 ¢); 125.0 [2 (&° and CY)]; 125.7 (2 €Y); 126.0 (2 ¢?); 127.9 (2
9



C®¥; 128.4 (2 ¢3; 128.9 [2 (& and CY]; 129.6 (2 C9; 130.4 (2 ¢; 131.8 (2 &¥;

151.2 (2 €); 152.0 (2 &3 and 153.7 (2 ).

2.2.5. Preparation of [Pd{,C,N)[1-{MeO-(CH),-}-3-(CsHs),5-Ph-(GHN)]}(X)(PPhs)]
{X = OAc (6) or CI (7)}.

To a mixture containing 3.8 10° mol of the corresponding dimeric compkx35 mg)
{or 5 (34 mg)} and 20 mL of CbkCl,, PPh (20 mg, 7.6x 10° mol) was added. The
resulting mixture was kept under stirring for 20nnaind then filtered. The pale yellowish
filtrate was concentrated to dryness on a rotargpexator and the solid formed was
collected, air-dried and recrystallized in a £L:n-hexane (1:1) mixture. [Yields: 38 mg
(70 %) and 40 mg (77%) fd& and7, respectively]. Characterization data érAnal. Calc
for CzgH3zsN0OsPPd (MW= 705.9): C, 64.73; H, 5.00; N, 3.97%; Faudd64.6; H, 5.1 and
N, 4.0; MS (ESI): m/z= 645.14{[M] — (OAc)}". IR selected data: 3050-30A§¢-H)] and
2985-2925 J(C-H)]; 1590 pa{CO0)] and 1381\[(COO)] and 1094 (PRhX-sensitive),
cm™. UV-vis. (€ = 1.42x 10° M in CHyCly): A (€) = 229 (4.0x 10°), 246 (3.0x10%) and
348 (3.5x10°). R (in CHCL) = 0.20.'"H NMR data:5 =1.85 (s, 3H, OAc); 3.12 (s, 3H,
OMe); 3.67 (t3Jn = 7.3, 2H, —CH-"); 4.37 (t, 2H 2} = 7.0, —CH-"); 6.07 (s, 1H, B);
6.44 (br. 1H, ¥3; 6.96 (m, 1H, ); 7.28-7.96 [br.m, 22H, (¥ H® H*-H®" and aromatic
protons of the PRHigand)]. **C{*H} NMR data: 23.3 [Me(OAc)], 51.4 (¢; 58.5 (OMe);
70.2 (©); 110.2 (€); 125.3 (CY); 126.5 (C¥; 127.4 (A and &"); 128.0 (C?); 128.4
(C*; 129.1 (G and CP); 129.5 (C?); 129.8 (C"); 132.5 (¢9; 150.2 (C); 151.2 (C¥);
154.7 (C), 180.4 [>COO (OAc)] and four additional doubléise to four types of carbon-

13 nuclei (ipso, ortho, metnd para) of the PRligand.**P{*H} NMR data:5 = 40.3. For
10



7: Anal. Calc. for GgH3CIN,OPPd (MW = 680.1): C, 63.45; H, 4.73; N, 4.11%; idwuC,
63.2; H, 4.8; N, 4.1; MS (ESt m/z= 645.14 {{M] - CI}". IR selected data: 3049-3018
[V(C-H)] and 2982-2925v[C—H)] and 1094 (X-sensitive of the phosphine ldjanm’.
UV-vis. data: ¢ = 1.8x 10°M in CH,Cl,): A () = 242(2.0x 10°); and 341(3.% 10%). 'H
NMR data:$ = 3.11 (s, 3H, OMe); 3.82 (br., 2H, -G8); 4.50 (br., 2H, —Ch°); 6.35 (s,
1H, H; 6.58 (m, 1H, K); 6.84 (m, 1H, K% and 7.30-8.10 [br.m, 22H, PA H%? H*>-H®"
and aromatic protons of the RRigand)].**C{*H} NMR data: 51.2 (€); 58.4 (OMe); 70.1
(C%: 110.1 (€); 125.4 (C"); 126.3 (¢¥; 127.3 (@° and C"); 127.8 (&¥); 128.6 (C?);
129.0 [(G* and C); the {H-°C}-HSQC spectra showed that the signal due ¥vas
overlapped by this one)]; 129.6'q; 132.8 (¢¥; 149.9 (C); 152.6 (¢9; 153.8 (C), and
four additional doublets due to the aromafie nuclei of the PPh *P{*H} NMR data:5 =

40.1.

2.3. Crystallography

A plaque-like specimen of compougddimensions in Table 1), was used for the X-ray
crystallographic analysis. The X-ray intensity datare measured and integration of the
data using a triclinic unit cell yielded a total if383 reflections to a maximuénangle of
28.34° (0.75 A resolution), of which 4182 were ipdedent (average redundancy 2.722,
completeness = 99.7%, = 2.43 %,Rsig = 2.81 %) and 3912 (93.54 %) were greater than
26(F%). The final cell constants (Table 1) are basednufie refinement of the XYZ-
centroids of reflections above 2().

< Table 1, here >
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The structure was solved and refined using the &rn8HELXTL Software Package,
[24] using the space group P-1, wil 1 for the formula unit, §H3CI.N4O-Pd. The final
anisotropic full-matrix least-squares refinement=mwith 205 variables converged & =
3.10%, for the observed data anB, = 8.03% for all data. The goodness-of-fit was 5.05
The largest peak in the final difference electremsity synthesis was 0.562A¢ and the
largest hole was -0.2697&° with an RMS deviation of 0.065783% Final details
concerning the resolution and refinement of thetalystructure are presented in Table 1.

CCDC 951054 contains the crystallographic inforomafile for compounc.

2.4. Biological studies.
2.4.1. Cell culture.

Breast cancer MCF7 and MDA-MB231 cells (froBEuropean Collection of Cell
Cultures, ECACQ were grown as a monolayer culture in minimum esak medium
(DMEM with L-glutamine, without glucose and withosibdium pyruvate) in the presence
of 10 % heat-inactivated fetal calf serum, 10 mM ©OFglucose and 0.1%

streptomycin/penicillin in standard culture conalits.
2.4.2. Cell viability assays

For these studies, compounds were dissolved in 100450 at 50 mM as stock
solution; then, serial dilutions have been doneDMSO (1:1) (in this way DMSO
concentration in cell media was always the sanmiaglly, 1:500 dilutions of the serial

dilutions of compounds on cell media were done. d$gay was performed as described by
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Givens et al. [25]. In brief, MDA-MB231 and MCF7lisewere plated at 5000 cells/well or
10000 cells/well respectively, in 100 pL media isstie culture 96 well plates (Cultek).
After 24 h, media was replaced by 100 pL/well ofiadedilution of drugs. Each point
concentration was run in triplicate. Reagent blardantaining media plus colorimetric
reagent without cells were run on each plate. Blaalkes were subtracted from test values
and were routinely 5-10 % of uninhibited controlues. Plates were incubated for 72 h.
Hexosamidase activity was measured according tofahewing protocol: the media
containing the cells was removed and cells weréheéd®nce with PBS 60 pL of substrate
solution (p-nitrophenol-N-acetfl-D-glucosamide 7.5 mM [Sigma N-9376], sodium céarat
0.1 M, pH = 5.0, 0.25 % Triton X-100) was addec&zh well and incubated at 37 °C for
1-2 hours; after this incubation time, a brightlg®l color appeared; then, plates could be
developed by adding 90 pL of developer solutiony¢@le 50 mM, pH = 10.4; EDTA 5

mM), and absorbance was recorded at 410 nm.

3. Results and discussion

3.1. Synthesis.

Compound 1-{MeO-(Ch),-}-3,5-Phy-(C3HN>) (1) was obtained in a fairly good yield
(88%) by alkylation of 3,5-diphenylpyrazole with three-fold excess of 1-chloro 2-

methoxyethane [Scheme 1, step i)] [26].

< Scheme 1, here >
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Treatment of 1-{MeO-(Ch),-}-3,5-Ph-(C3HN,) (1) with Ng[PdCl] (in a 1:1 or 2:1
molar ratio) in methanol at 298 K produced a yellsolid that was identified as [Pd{[1-
{MeO-(CH>)2-}-3,5-Ph-(C3HN>)]} 2Cl2] (2) [Scheme 2, step ii)]. Its X- ray crystal struetur

(see below) confirmed that it was ttnansisomer.

When ligandl was reacted with Pd(OAc)n toluene under reflux for 12 h a black
solution was obtained. The subsequent chromatograptsilica gel gave two producss
and 4 [Scheme 1, step iii)] in a molar rat&a3 =10:1. The minor componen8)(was
identified agrans{Pd{[1-{MeO-(CH),-}-3,5-Phy-(C3HN>)]} 2(OAc),] and characterization
data of the major producd) were consistent with those expected for the-deetato-
bridged  cyclopalladated  complex  [RH{C,N)[1-{MeO-(CHy),-}-3-(C¢H.),5-Ph-
(CsHN2)J} p-OAC)]. that arises form the activation of tt€C-H) bond of the phenyl ring

in position 3 of the pyrazole.

The reaction of4 with an excess of LiCl in acetone at 298 K gave thinuclear
compound [Pd§?,C,N)[1-{MeO-(CH,),-}-3-(C¢Ha),5-Ph-(GHNL)}( p-Cl)]. (5) as a pale
brownish solid [Scheme 1, step iv)]. Further treatin of diy-ligand bridged
cyclopalladated productgl @r 5) with PPh (in a 1:2 molar ratio) in C§Cl, produced the
splitting of the “Pdg-X).Pd” units and the formation of the monomeric ddmes
[Pd{K?,C,N)[1-{MeO-(CH,),-}-3-(C¢Ha),5-Ph-(GHN)}(X)(PPhs)] with X = OAc (6) or

Cl (7) [Scheme 1, step v)] respectively.

3.2. Characterization.

14



The new ligand 1) and its palladium(ll) derivatives2{7) were characterized by
elemental analyses, mass spectra and infraredrepegpy. In all cases the elemental
analyses were consistent with the proposed formulae

The IR spectra of the complex&s 4 and 6 showed the typical bands due to the
symmetric and asymmetric stretchings of the —CQ@t [27] and the separation between
them was consistent with the values reported flated Pd(Il)-compounds containing OAc
ligands acting as monodentate group3iand6) or as a bridging ligand (id) [27]. For
compounds and7, with the PPhligand, X-sensitive bands were also detected air tiR
spectra.

Compound? was also characterized by X-ray difraction. Itslewalar structure and the
atom labelling scheme is presented in Figure 2. drlgstal contains molecules of [Pd{[1-
{MeO-(CHy,)»-}-3,5-Ph-(C3HN>)].Cl;] in which, the Pd(ll) atom is bound to two nitroge
atoms of two units oR and two chlorido ligands. Bond lengths and anglesirad the
palladium(ll) are similar to those reported forateldtrans{Pd(L).Cl;] complexes (with L
= N-substituted pyrazoles) [28-30].

< Figure 2, here >

The Pd(Il) atom is located on a inversion centré asa consequence of this: a) the two
CI" ligands are in drans- arrangement and b) the “(GRHOMe” pendant arms are on
opposite sides of the coordination plane. In addjtfPdC}” moiety is nearly orthogonal to
the heterocycle and the phenyl rings are not ceplavith the pyrazolyl ring (angles
between their main planes = 64ahd 36.C¢). As a consequence of these arrangements the

distance between the ‘Gigands and one of the protons of the -@ unit [2.787 A] is
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smaller than the sum or the van der Waals radthete atoms [31]; thus suggesting an

intramolecular C-H- - - Cl interaction [32].

In the crystal the molecules are assembled by CrHhteractions (Figure 3) involving:
the centroids of the phenyl rings (Gand Cg) {defined by the sets of atoms [C1-C6] and
[C10-C15], respectively} and one of the hydrogeona of the OMe unit (H18C) and the

H5 atom, [distances Gg-- H18C = 3.440 A and €g- H5 = 3.477 A].
< Figure 3, here >

The new products were also characterized in solubip UV-vis. spectroscopy and
NMR. The absorption spectra of the new compound® wegistered in C}Cl, at 298K.
The UV-vis spectra of the Pd(ll) complexes showdxhiad in the range 320 nmis < 360
nm {not present in the spectrum of the free ligh)dl with extinction coefficients between
2.0x10%* and 4.0x 10°M™ cm™. This band that has also been observed for reRH)
complexes with pyrazole ligands [11] is assignedatenetal-to-ligand charge transfer
(MLCT) transition from thedd orbitals of the Pd(ll), to a orbital of the ligand. The
remaining bands detected at lower wavelengths (280<A < 370 nm) are attributed to
metal perturbed intraligand transitions (MPILT).

In the'H NMR spectra of the Pd(ll) complexe®-7), the chemical shifts of the OMe
protons were very similar to that of the free ligathus suggesting that the oxygen of the
methoxy group was not bound to the Pd(Il) centig@lR\Nspectra of3, 4 and7 showed the
typical resonances due to the OAgand bound to the Pd(Il) atom. The low-field icagof

these’H NMR spectra was complex and the assignment ofsigeals detected was
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achieved with the aid of 2D NMR experiments [NOESYQSY, {H-*C}-HSQC and
HMBC].

For the palladacycleg(7): a) the signal due to%®proton was not observed in thé-
NMR spectra and b) the resonances of tffeadd H? nuclei, appeared at higher fields than
for the free ligand 4). Carbon-13 NMR and the 2D'H-**C}-HMBC spectra showed a
downfield shift of the signal due to the metallatatbon (. All these findings are
consistent with previous NMR studies of cyclopadiadl complexes [11a,14b,19b].

The*'P{*H}-NMR spectra of6 and7 showed a singlet at around 40 ppm. According to
the bibliography [11], this is indicative of @s-arrangement of the PPligand and the

metallated carbon, in good agreement withttaesphobia effedt33].

3.3. Study of the antitumor activity of the free ligand and the complexes.

The cytotoxic activity of the new ligand)(and the palladium(ll) complexeg, (4-7)
against two human breast cancer cell lines (MCHY MIDA-MB231) was tested using
cisplatin as positive control. The effects of these prodocighe growth of two cell lines
were assessed after 72 h and the results are ybsplia Figure 4. The I§ values
corresponding to the inhibition of cancer cell gtiowat 50% level are listed in Table 2. For
comparison purposes theslparameters for the free ligahdand the palladacycle [P,

C,N,N)[1-{Me2N-(CHy)2-}-3,5-Ph-(C3HN>)].Cl] (V in Figure 1) are also included [11b].
< Figure 4, here >

< Table 2, here >
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< Figure 5, here >

The comparison of the in vitro cytotoxic activitiebthe free ligandsl ¢ and1) against
the MCF7 and MDA-MB231 cell lines shows (Table 2idfigure 4) that the presence of
the NMe group on the pendant arm of the two 3,5-diphegyapole: [1-{R’-(CH,).-}-3,5-
Ph-(C3sHN,)] produces a greater cytotoxic effect than the OWleis could be related to
several factors such as their different lipophificand their proclivity to protonate in
biological media [18,20].

Complex2 did not show any significant effect on the MCF1l ¢éi@e. This result is
similar to those obtained for compound: [R8{ N,N’[1-{Me,N-(CH,),-}-3,5-Phs-
(CsHNY)]CI] (I1c shown in Fig. 1). Except fd, the remaining cyclopalladated complexes
were more active in the MCF7 cell line than theefligand () and compoun@. Among all
these palladacycles, the jghacetato-bridged complekwas the most potent. Its effect was
ca. 1.4 times greater than the palladac¥léshown in Figure 1) with a (C,N,N’pincer
ligand [11b]. Unfortunately, none of these produeidibited IG, values smaller than

cisplatin.

More encouraging were the results obtained for MB231 cell line. Compoun@
exhibited a moderate activity and for the remairpngducts, the 1§, values [in the range:
9.1 uM (for 6) - 14.4uM (for 5)] were a bit smaller, if significant, than that\6f[ICs =
16.2+ 4.6 uM] [11b] and closer to that of cisplatin [§& 6.5+ 2.4 uM]. Thus, suggesting
that the new Pd(ll) compounds were more effectivehie triple negative MDA-MB231

cancer cell line than in the MCF7 line.
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4. Conclusions.

The study of the reactivity of the novel N-subggtl pyrazole derivative: [1-{MeO-
(CHa)2-}-3,5-Phy-(C3HN2)] (1) with Ng[PdCL] or Pd(OAc) has allowed us to isolate and
characterize a family of palladium(ll) complex@s7). In two of them 2 and3) the Pd(ll)
atom is bound to the heterocyclic nitrogen. Theai@mg four complexesd7) contain one
(in 6 and7) ot two (in4 and5) five-membered palladacycles formed by the bindihthe
same nitrogen and the metallation of the pheny on position 3 of the pyrazole. These
findings indicate that ligantl may adopt two binding modes [(N) or (C;Nh front of the
Pd(Il) atom. However, no evidences of the formatancomplexes containing as a
(C,N,O) ligand were detected.

The comparison of the results obtained frionvitro studies of their cytotoxic activity
against the MCF7 cell line and the MDA-MB231 {tephegative (ER, PR and no HER2
over expression)} breast cancer cell line showadl tie free ligandl) was less active than
its analogudc (Figure 1) with the NMgunit at the end of the pendant arm. We have also
proved that compounddg-{) exhibit greater cytotoxic activity than the frieggand @) and
complex 2 (with two units of 1 acting as a monodentate N-donor ligand). The new
cyclopalladated complexed-{) have an outstanding antiproliferative effecthe MDA-
MB231 cell line. For all of them the kg values (Table 2) are a bit smaller than that
reported for palladacycle previously reported [11b]; but closer to that cfptatin (under
identical conditions). These results are especialiistanding because they open up new
possibilities in the design of Pd(Il)-pyrazole béds®mplexes as promising alternatives to

cisplatin and related Pt(ll) drugs.

19



Acknowledgements.

This work was supported by tiMinisterio de Ciencia e InnovaciofMICINN) (Grants:
CTQ2009-11501 and TEC2011-29140-C03-02) and theef@état de Catalunya (Grant
2009-SGR-1111). Dr. J.U.C is also grateful to tiharicial support given by tH&€oimbra

Group'.

Appendix A. Supplementary material
CCDC 951054 contains the supplementary crystalfggcadata for this paper. These
data can be obtained free of charge fromGhenbridge Crystallographic Data Centyea:
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Captionsfor Scheme 1 and Figures 1-5

Scheme 1. Key reagents and conditions: i) KOH, in DMSO, felled by treatment with 1-
chloro 2-methoxyethane, 298 K; ii) JRdACL] in MeOH at 298 K; iii) Pd(OAg)in
refluxing toluene, (12h), followed by Sj@olumn chromatography; iv) LiCl in acetone, at

298 K; v) PPBin CH,Cl, at 298 K

Figure 1. General formulae of three N-substituted pyrazdigarid their Pd(ll) and Pt(ll)
complexes recently reported [11b]. {In compouhdsl, the R group represents &)(Me

(b) or Ph €)}.

Figure 2. ORTEP plot of the molecular structuretcdns{Pd{[1-{MeO-(CH),-}-3,5-Ph,-
(CsHN,)].Cl5] (2). Selected bond lengths (in A) and angles (in )déd1-N1, 2.020(19);
Pd1-Cl1, 2.3044(5), N1-C9, 1.339(2); N1-N2, 1.362(2-C7, 1.535(4); N2-C16,
1.460(3); C9-C10, 1.472(3); C16-C17, 1.500(3); ©IT-1.404(3); 01-C18, 1.387(4); N1-
Pd-Cl, 87.17(5); N1-N2-C16, 120.98(16); N1-N2-CQR¥(16); N2-C7-C6,124.11(19);

N2-C7-C8, 107.02(17); C7-C8-C9, 106.76(18) and Nt@10, 124.11(17).

Figure 3. Schematic view of assembly of vicinal moleculesrahs{Pd{[1-{MeO-(CH,).-
}-3,5-Ph-(C3HN)].Cl;] (2) by C-H- - tinteractions. Red balls represent the centroids of

the rings defined by the sets of atoms [C1-C6][@&kD-C15] (Cg and Cg, respectively).
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Figure4. Inhibition of cell growth proliferation in MCF7 andDA-MB231 human breast

cancer cell lines, after 72 h of exposure to tee frgandl and compound3, 4-7.

Figure 5. Comparative plot of the Kgvalues (inuM) of the free ligands [1-{R(CH,).-]-
3,5-Ph-(C3HN2)] {R’ = NMe;, (Ic) or MeO ()}, the Pd(ll) complextrans{Pd{[1-{MeO-
(CHy)2-}-3,5-Phy-(C3HN2)].Clo] (2), the cyclopalladated compoundd-7 and V) and

cisplatinin front of the MCF7 and MDA-MB231 cancer cellédin
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Table 1. Crystal data and structure refinementtfans-[Pd{[1-{MeO-(CH,),-]-3,5-Ph-

(CsHN2)}oCl2] (2).

Crystal dimmensions / mpmmmx mm

Empirical formula
Formula weight

T/K

A A

Crystal system

Space group

alA

b/A

cl/A

al°

B/°

y/°

Volume / &

Z

Calculated density / Mgn™
i/ mmt

F(000)

© range for data collection /°

Limiting indices

0.2x 0.08x 0.08
GsH36Cl2N4O2Pd
733.99
293(2)
0.71073
Triclinic

P
9.1567(5)
9.5825(5)
10.6315(5)
108.171(2)
104.895(2)
95.986(2)
839.09(7)
1
1.453
0.750

376

2.12t0 28.34

-1<h<8, -1Xk<12,-13<1<14

1



Reflections collected / unique 11383 /4182 [R(m0).0243]

Completeness t@ = 28.34 99.7 %

Absorption correction Semi-empirical from equivdken
Max. and min. Transmission 0.7457 and 0.6541
Refinement method Full-matrix least-squares on F
Data / restraints / parameters 4182 /0/ 205
Goodness-of-fit on ¥ 1.055

Final R indicesI[> 20(1)] R; =0.0310, wRR=0.0763

R indices (all data) R=0.0349, wRR= 0.0803
Largest diff. peak and hole/ e°A 0.562 and -0.269




Table 2. Cytotoxic activities (G values) on MCF7 and MDA-MB231 cancer cell lines fo

ligands 1-[R’-(CH)2-]-3,5-Ph-(C3HN2) with R’ = NMe;, (Ic) or OMe @), the palladium(Il)

complex @), the cyclometallated productl-{ and V) and cisplatin under identical

experimental conditions are also included.

ICs0(uM) for the cell line8

Compound R’ Mode of binding MCF7 MDA-MB231 Redece
Freeligands

Ic NMe, gd 52+ 10 64+ 24 [11b]

1 OMe oo 100 100 This work
Palladium(l1) complexes

2 OMe (N) >100 7% nd This work
4 OMe (C,N) 28+ 5 9.5+2.1 This work
5 OMe (C,N) 44+ nd 14.4+ 4 This work
6 OMe (C,N) > 100 9.1+ nd This work
7 OMe (C,N) 67+ nd 13+ nd This work
v NMe, (C,N,N’Y 38.4+16.5 16.2t4.6 [11b]
Cisplatin a0 (N) 19+ 45 6.5+ 2.4 This work

°Data are shown as the mean values obtained obtwimore experiments performed in triplicate witle torresponding

standard deviation.



M = Pd (1) or Pt (Ill)

M = Pt (IV) or Pd (V)
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Highlights
+ Mono and di Pd(Il) complexes with N-{(CH,),-R}-3,5-diphenylpyrazole (R = OMe) asligands.
+ Theinfluence of the R groups (OMe vs NMe&,) on the reactivity, properties and activities.

+ Pd(I1) complexes are more potent than the free pyrazolyl ligand in MCF7 and MDA-MB231

breast cell lines

+ Palladacycles with cytotoxic activity similar to cisplatin in the triple negative MDA-MB231

breast cancer cell lines.



