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Abstract 

The synthesis and characterization of three series of c~-dichloro-[4,4’-bis[(F_alkyl)alloll]-2,2’-bipyridine], cis- 
dichloro-[4,4’-bis[(F-alkyl)alkyloxycarbonyl]-2,2’-bipyridine] and cis-dichloro-[4,4’-bis[[2”-(F-alkyl)ethenyl]alkyl- 
oxycarbonyll-2,2’-bipyridinel-platinum(U) or -palladium(II) complexes are described. These new amphiphilic 
perfluoroalkylated derivatives, as potential antitumor agents, were designed to be incorporated into liposomes 
and, more particularly, into injectable fluorocarbon emulsions. 

Introduction 

The discovery of the anticancer properties of the 
simple coordination compound cis-dichlorodiammine- 
platinum(I1) (CDDP) and its successful introduction 
into the clinic represented an important advance for 
medicinal chemistry [l]. Its success has served to focus 
attention on inorganic substances especially metal-con- 
taining compounds, as potential useful chemothera- 
peutic agents [2]. The tremendous interest in new 
transition metal complexes as anticancer drugs arises 
partly from the drawbacks associated with the use of 
platinum complexes to treat tumors. The disadvantages 
of CDDP, such as its extreme nephrotoxicity and its 
limited efficacy against several human tumors, have 
indeed induced an all-out search for platinum [3] and 
non-platinum [4] analogs with lower toxicity, improved 
therapeutic index or a completely different activity 
spectrum from that of CDDP. A variety of Pd complexes 
have thus been synthesized whose antitumor activities 
are comparable to, and in some instances greater than 
those of the Pt complexes currently in widespread use 
in cancer chemotherapy. However, only a few Pt and 
Pd derivatives have shown sufficient promise to be 
tested into clinical trials because the most active com- 
plexes were generally also found to be the most toxic 
[5]. 

An attempt to overcome the numerous problems 
associated with chemotherapy, is in the utilization of 

*Author to whom correspondence should be addressed. 

drug carrier and delivery systems such as iiposomes [6] 
which can alter the distribution and bioavailability of 
the drug. Indeed, the liposome encapsulation of CDDP 
was found to improve its therapeutic index. However, 
owing to its low water solubility and lipophilicity, CDDP 
is encapsulated into liposomes with a very low efficiency 
(below 10%) and poor stability with respect to drug 
leakage [7-131. To improve these features, lipophilic 
drug analogs that retain the desired antitumor effect 
and are more compatible with the drug carrier, have 
been developed [14-181. 

On the other hand, fluorocarbon emulsions which, 
as biocompatible and injectable oxygen-delivering sys- 
tems, have considerable potential in biomedical ap- 
plications, may also act, in the same way as liposomes, 
as a suitable drug carrier and delivery system. Their 
uses, among others, include cancer therapy where the 
increased cell oxygenation was shown to enhance the 
cytotoxic action of radio- [19] and chemotherapy [20]. 
The incorporation of a drug in fluorocarbon emulsions 
is therefore expected to combine the numerous ad- 
vantages of drug encapsulation with the capacity of the 
fluorocarbon to deliver oxygen. In addition, the use of 
fluorocarbon emulsions in therapy as drug delivery 
systems is particularly attractive in view of their high 
intravascular persistence and tendency to concentrate 
Srnllnrl hlmnrc mi _AvIA_.. _..y_.._y L”,. 

Our goal is thus to develop new metal complexes 
which may be transported by liposomes and more 
particularly by such injectable fluorocarbon emulsions. 
Aiming at this goal, we have synthesized perfluoro- 
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alkylated amphiphilic bipyridine ligands [22]. In these 
ligands, the coordinating head consists of a bipyridine 
moiety linked by an ester or a methylene group to the 
hydrophobic part consisting of two hydrocarbon chains 
of various lengths terminated by a highly perfluoroalkyl 
tail. 

The pertluoroalkylated chains in these ligands are 
intended to increase the hydrophobic and fluorophilic 
character of their resulting transition metal complexes 
to facilitate, their incorporation in liposomes and in 
fluorocarbon emulsions respectively. On the other hand, 
several metal complexes of 2,2’-bipyridyl are found to 
be endowed with antimicrobial [23], antifungal [24] and 
antineoplasmic [5] activity. We therefore expected the 
perfluoroalkylated bipyridine complexes to be capable 
of acting as potential antitumor agents and showing 
an enhanced cytotoxic efficacy when used in combination 
with fluorocarbon emulsions under oxygen. 

We describe here the synthesis of three series of 
cis-dichloro-[4,4’-bis[(F-alkyl)alkyl]-2,2’-bipyridine],cis- 
dichloro-[4,4’-bis[(F-alkyl)alkylo~carbonyl]-2,2’-bipyr- 
idine] and cti-dichloro-[4,4’-bis@“-(F-alkyl)ethenyl]- 
alkyloxycarbonyll-2,2’-bipyridinel-platinum(I1) or pal- 
ladium(U) complexes together with their characteri- 
zation. 

Results and discussion 

T-L- . . ..l..4.c..r,l --_.a ..^_^_ Il~.l,.C,A L:-..,:,.l:~~ 1:,,.,1, 
IUC sl.l”~LlL”LGu yGlll”“l”alnylaLG” “lpyrlu‘llc; u&ul”s 

1 to 9 listed in Scheme 1 were allowed to react with 
K,MCl, (M = Pt, Pd) to yield complexes l-MCI, to 9- 
MCI,. The Pt and Pd compounds were isolated as yellow 
or orange crystalline solids; they are insoluble in water 
but soluble in chloroform or dichloromethane. 

All the pertluoroalkylated ligands are insoluble in 
ethanol. Therefore, derivatives l-MCI, to 4-MCl, were 
prepared from a water/ethanol (l/l) solution of K,MCl, 
and the corresponding ligand in refluxing dichloro- 

F-(CF& Cm-X 

F(CF2)r Cm-X 

1 to9 

F-(CF&,--cm-X 

!$-“;“C!, 

b 
W=pLW) 

F-Q+&,- Cm-X 

l-Ma2 to 9-MC12 

n CID X n Cm X 

1 8 -CH=CH-(CH&,- -CHr 5 8 -CH=CH-(CH&r- -oC(W 

2 4 -CH=CW(CH&- -CHy 6 6 -CH=CH-(CH&- *(ok 

3 8 -CH=CH+CHz),- -CHr 7 8 -(C&h- -oc(W 

4 6 AZH-CH-(CH&- -CHr 8 6 _(CHz)r -@w)_ 

9 6 _(CWz- -oc(O)_ 

Scheme 1. Structure of the ligands 1 to 9 and synthesis of their 
l-MCI* to 9-MCI, complexes (M=Pt, Pd). 

methane. The bipyridine Pt and Pd complexes, which 
are obtained in the organic phase as clearly indicated 
by the colorless water phase, were easily isolated and 
purified (chromatography and recrystallization) with 
good yields (55 to 95%). The same procedure when 
applied to the diester bipyridine ligands 5 to 9 required 
very long reaction times; further, the yields remained 
poor ( < 20%) even after several days of reaction (longer 
reaction times induced degradation of the starting 
K,MCI, complexes). Addition of tetraalkylammonium 
chloride as a phase transfer agent shortened the reaction 
times and allowed the obtention of complexes 5-MCl, 
to 9-MCl, in yields ranging from 44 to 93% (except 
the 21% yield for the complex S-PtCQ. 

The purity of the complexes was checked by TLC 
and their proposed formulae were confirmed by ele- 
mental and spectroscopic analyses (lH, 13C, 19F NMR 
and IR). Thus, the IR data recorded on complexes 
l-MCI, to 9-MCl, (KBr pellets, Table 1) are in agree- 
ment with the coordination of the two nitrogen atoms 
of the bipyridine ligands: this is ascertained by the 
displacement of the bipyridine vibration in the 
1590-1599 cm-’ region for the free ligands to the 
1618-1653 cm-l frequency domain in their complexes. 
Also consistent with the formulations in Table 1, is 
the presence of characteristic V(M-Cl) bands in the 
310-340 (M =Pt) or 330-350 (M =Pd) cm-l regions 
in the IR print of all complexes. 

Complexation of the bipyridine moiety is further 
confirmed by the ‘H NMR spectra (data in Table 1) 
of the complexes: as a result of coordination to the 
metal, the 6,6’ and 3,3’ proton signals of the bipyridine 
ring are shifted respectively downfield (A6 from +0.45 
to +0.57 ppm for M=Pt and X=CH2, from +0.19 
to + 0.23 ppm for M= Pd and X = CH,, from +0.64 
to + 1.09 ppm for X=-O-C(O)-) and upfield (A6 from 
-0.20 to -0.40 ppm), as compared to the free ligand. 
Coordination of the perfluoroalkylated bipyridines to 
Pt or Pd does not significantly affect the 5,5’ proton 
signals when X is CH,. However, it results in a more 
consequent downfield shift (A8 of + 0.1 to +0.4 ppm) 
when X is -O-C(O)-. 

The most nrieinal featnre of these new Pt and Pd -__o.__-_ ---_--- - _ -__- - - 
complexes lies in the presence of perfluoroalkyl tails, 
which confers hydrophobicity and fluorophilicity on 
these derivatives. Therefore, these tails will modulate 
the lipophilicity of the complexes and consequently 
their interactions and, most important, those which 
govern their incorporation into the lipidic area of 
phospholipid-based liposomes. Furthermore, the fluo- 
rophilic character of these complexes is also expected 
to modulate their intracellular distribution and delivery 
to the molecular targets, as well as their interactions 
with these targets, hence their cytotoxic activity. The 
structural modular design of the complexes - variable 
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TABLE 1. IR and ‘H NMR spectra data for the ligands 1 to 9 and their Pt(I1) and Pd(I1) complexes. 

Ligandsl 
Complexes 

1 
l-Ptcl, 
l-PdCl, 

2 
2-PtCl* 
L-PdCl, 

3 
3-Ptcl, 

4 
4-ptc1a 

5 
5-Ptcl, 

6 
6-PtClr 

7 
7-PtCl* 
‘I-PdCIr 

8 
8-PtCl, 
8-PdCl* 

9 
9-Ptcl, 

Y (M-Cl) 

340 
347 

339 
340 

334 

334 

334 

330 

317 
332 

328 
333 

334 

Bipyridine 

Y (C=N) 

1599 
1620 
1618 

1597 
1622 
1618 

1590 
1620 

1595 
1622 

1593 
1653 

1597 
1652 

1598 
1653 
1652 

1597 
1652 
1653 

1593 
1647 

v (C=C) 8 H3.3~ 6 %Y 8 H6.6 

1547 8.25 7.13 8.54 
1553 7.91 7.16 9.11 
1556 8.0 7.15 8.73 

1547 8.23 7.11 8.55 
1553 7.94 7.15 9.06 
1558 8.02 7.15 8.78 

1556 8.26 7.12 8.57 
1556 B B a 

1555 8.24 7.13 8.57 
1555 7.94 7.16 9.02 

1560 8.97 7.89 8.86 
1562 8.58 8.01 9.57 

1562 8.94 7.85 8.82 
1558 8.60 8.03 9.63 

1560 8.84 7.78 8.75 
1560 8.59 8.05 9.75 
1562 8.64 8.18 9.56 

1560 8.95 7.91 8.88 
1562 8.60 8.09 9.75 
1558 8.65 8.0 9.52 

1560 8.97 7.87 8.86 
1558 8.57 8.08 9.95 

‘Not soluble enough to be analyzed by NMR. 

perlluoroallryl tail and hydrocarbon (saturated or un- 
saturated) spacer lengths, hence variable relative tail/ 
spacer weights, hence variable fluorophilic/lipophilic 
balances, besides changes in chemical properties (nature 
of the central metal, M = Pt or Pd, and of the connector, 
X = CH, or CO,) - was more particularly destined to 
permit the assessment of the impact of these structural 
features (i) on the incorporation of these perfluoro- 
alkylated complexes into phospholipidic membranes 
such as those forming liposomes, but also those sta- 
bilizing injectable fluorocarbon emulsions and (ii) on 
their cytotoxic activity. 

The incorporation of these newly synthesized per- 
fluoroall@ated Pt and Pd complexes into liposomes 
[25] and their most promising cytotoxic activity [26] 
will be reported elsewhere. Their incorporation into 
fluorocarbon emulsions and the cytotoxic efficacy of 
the resulting systems under oxygen is currently under 
investigation. Such systems which, potentially, bring to 
the tumor both a radiosensitizing and cytotoxic agent 
(the platinum and palladium complexes presented here) 
and an elevated cell oxygenation, appear as very good 
candidates for synergic radiosensitization in cancer ther- 
apy, namely in the treatment of resistant hypoxic tumors. 

Experimental 

Physical methods 
Analytical TLC was performed on precoated silica 

gel 60 FZs4 plates (Merck) with detection by UV (254 
run). Silica gel 60 (Merck, 70-230 mesh) columns were 
used for preparative separations. IR spectra were re- 
corded on a Bruker IFS spectrometer as KBr discs for 
the crystalline samples. ‘H and 13C (chemical shifts are 
given in ppm from Me,Si) and r9F (internal reference 
CFCl,) NMR spectra were recorded on a Bruker AC 
200 spectrometer. 

Compound preparation 
All the reactions were performed under argon. Water, 

ethanol and CH,Cl, were deoxygenated by argon bub- 
bling and distillation under argon prior to their use in 
the synthesis of the complexes. All the solvents for the 
complex purification (chromatography column and re- 
crystallization) were used without further precaution. 
All the reagents were purchased commercially. The 
perfluoroallqlated bipyridine ligands 1 to 9 used 
throughout this study have been prepared and fully 
characterized in our laboratory [22]. The ligands 
containing a double bond in their side-chains, i.e. 
the 4,4’-bis[[2”-(F-alkyl)ethenyl]alkyloxycarbonyl]-2,2’- 
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bipyridines, 1 to 6, consisted of a mixture of Z/E isomers 
(less than 15% Z isomer). 

c~-Dichloro-[4,4’-di-[12”-(F-oc~l)-ll”-dodecenyl]-2,2’- 
b@yridine]-platinum(II), I-PtCI, 

A solution of K,PtCl, (1.55 g, 2.4 mmol, 1 equiv.) 
in 40 ml of a water/ethanol (l/l) solution and 4,4’-di- 
[E”-(F-octyl)-ll”-dodecenyl]-2,2’-bipyridine (1) (3.40 g, 
1 equiv.) in 25 ml of methylene dichloride were refluxed 
for 30 h under argon, until a colorless water phase 
was obtained. The organic phase was filtered, then 
reduced to give a yellow powder which was washed 
with water and ethanol. The product was further purified 
by silica gel chromatography using methylene dichloride 
as eluent, and recrystallized from methylene dichloride/ 
pentane/ethanol (1:3:1) to afford a yellow microcrys- 
talline powder consisting of l-PtCl, (3.8 g, 2.38 mmol, 
95% yield). 

Anal. Calc. for C,OH,,C1,F,,N,Pt: C, 37.75; H, 3.16; 
Cl, 4.45; F, 40.60; N, 1.76; Pt, 12.26. Found: C, 37.87; 
H, 3.07; Cl, 4.11; F, 40.61; N, 1.70; Pt, 12.55%. IR 
(KBr, cm-‘): 1678 (C=C), 1620, 1553 (bipy), 1250, 
1150 (CF), 974 (HC=CH E), 340 (Pt-Cl). ‘H NMR 
(200 MHz, CDCl,): 6 1.36 (br s, 28H, (H2C)3-_9W), 
1.69-1.91 (m, 4H, (HzQ..), 2.12-2.22 (m, 4H, (HQ,,“), 
2.81 (t, 3J(H, H)=7.5 Hz, 4H, (H&“), 5.42-5.76 (m, 
2H, =HC-CF,), 6.31-6.52 (m, 2H, H-C=CH-CF,), 
7.16 (dd, 3J0tib,=5 Hz, 4J,et,= 1.5 Hz, 2H, H,,,.), 7.91 
(br s, 2H, H,,,,), 9.11 (d, 3J0nh0 =5 Hz, 2H, H,,,.). 19F 
NMR (188.3 MHz, CDCl,): S -82.2 (3F), - 107.2, 
-111.6 (2F (Z/E g/92)), -121.9 (2F), -122.4 (4F), 
-123.2 (2F), - 124.0 (2F). 13C NMR (50.3 MHz, 
CDCl,): 6 28.0, 29.0, 29.3, 29.5, 27.7 (5s, (CH,),,,.); 
32.0 (s, (CH,),); 35.8 (s, (CH,),.); 116.8 (t, ‘J(C, F) = 23 
Hz, =CH-CF,); 123.9 (s, C3,3,); 126.4 (s, C,,.); 143.4 
(t, 3J(C, F) = 9 Hz, CH=CH-CF,); 148.1 (s, C4.4,); 156.4 
(s, C,,,.); 156.6 (s, C2.2,). 

cis-Dichloro-[4,4’-di-~l~‘-(F-octyl)-ll”-dodecenyl]-2,2’- 
bipyridinel-palladium(II), I-PdCI, 

The method as described above was applied to 
K,PdCl, (991 mg, 3.03 mmol, 1 equiv.) in 40 ml of 
water/ethanol (l/l) and 1 (4.01 g, 1 equiv.) in 30 ml 
of methylene dichloride. After silica gel chromatography 
(methylene dichloride) and recrystallization (methylene 
dichloride), l-PdCl, was obtained as fine yellow crystals 
(3.18 g, 2.11 mmol, 70% yield). 

Anal. Calc. for C,,H,,CI,F,,N,Pd: C, 39.98; H, 3.35; 
Cl, 4.72; F, 42.99; N, 1.86; Pd, 7.08. Found: C, 39.73; 
H, 3.29; Cl, 4.74; F, 42.70; N, 1.74; Pd, 6.93%. IR (KRr, 
cm-‘): 1678 (C=C), 1618,1556 (bipy), 1249,115O (CF), 
974 (HC=CH E), 347 (Pd-Cl). ‘H NMR (200 MHz, 
CDCl,): 6 1.11-1.59 (br s, 28H, (H2C)3”_-9”), 1.63-1.89 
(m, 4H, (H2C),-), 2.12-2.28 (m, 4H, (H2Ch0”), 2.87 (t, 
3J(H, H) =7.5 Hz, 4H, (H2C)1.), 5.42-5.76 (m, 2H, 

=HC-CF,), 6.32-6.54 (m, 2H, H-C=CH-CF,), 7.15 
(dd, ‘JOnho= Hz, 4J,,,,ta= 1.5 Hz, 2H, H,,s,), 8.00 (br 

s, 2H, H3,3,), 8.73 (4 3Jon,to =5 Hz, 2H, H,,,.). 19F NMR 
(188.3 MHz, CDCl,): 6 - 81.4 (3F), - 107.2, - 111.7 
(2F (Z/E 8/92), - 122.0 (2F), -122.5 (4F), - 123.3 
(2F), - 124.1 (2F), - 126.7 (2F). 13C NMR (50.3 MHz, 
CDCl,): S 28.0, 29.0, 29.4, 29.8 (4~, (CH2)3*_10-); 31.9 
(s, (CH,),.); 35.8 (s, (CH2)I-); 116.8 (t, 2J(C, F)=23 
Hz, =CH-CF,); 124.1 (s, C3,3,); 126.2 (s, C&g); 143.8 
(t, 3J(C, F) = 9 Hz, CH=CH-CF,); 149.3 (s, C,,,,); 155.7 
(s, C6,6,); 157.8 (s, C2.2,). 

cis-Dichloro-[di-[lI2I’-(F-bu~l)-llff-dodecenyl]-2,2’- 
bipyridinel-platinum(II), 2-PtCl, 

The same procedure when applied to K,PtCl, (1.00 
g, 2.4 mmol, 1 equiv.) in 30 ml of water/ethanol (l/ 
1) and 4,4’-di-[12”-(F-butyl)-11”-dodecenyl]-2,2’-bi- 
pyridine (2) (2.40 g, 1 equiv.) in 50 ml of methylene 
dichloride gave after purification by chromatography 
on silica gel (chloroform/pentane 7/3, chloroform) and 
recrystallization (methylene dichloride/pentane/ethanol 
l/3/1), yellow crystals consisting of 2-PtCl, (2.3 g, 1.93 
mmol, 80% yield). 

Anal. Calc. for C42H&l,F,,N2Pt; C, 42.36; H, 4.23; 
Cl, 5.95; F, 28.71; N, 2.35; Pt, 16.38. Found: C, 42.10; 
H, 4.26; Cl, 6.28; F, 28.69; N, 2.23; Pt, 15.84%. IR 
(KBr, cm-l): 1676 (C=C), 1622, 1553 (bipy), 1236, 
1132 (CF), 974 (HC=CH E), 339 (Pt-Cl). ‘H NMR 
(200 MHZ, CDCl,): 6 1.30 (br S, 28H, (H&)3”+,“), 
1.61-1.91 (m, 8H, (H2C)2-), 2.12-2.36 (m, 4H, (H2C)10”), 
2.72 (t, 4H, 3J(H, H) =8 Hz, (H2C)r-), 5.43-5.78 (m, 
2H, =HC-CF,), 6.32-6.53 (m, 2H, H-C=CH-CF,), 
7.15 (dd, 3J0rih,=5 Hz, “J,,= 1.5 Hz, H,,,.), 7.94 (br 
s, 2H, H3,3,), 9.06 (d, 3JOnh0 = 5 Hz, 2H, HGV6,). 19F NMR 
(188.3 MHz, CDCl,): S -81.7 (3F), - 107.0, -111.9 
(2F (Z/E 10/90)), - 124.8 (2F), - 126.4 (2F). 13C NMR 
(50.3 MHz, CDCl,): 6 27.9, 28.9, 29.0, 29.3, 29.4, 29.7 
(6s (CH,),“-,,“); 31.9 (s, (CH,),.); 35.8 (s, (CH,),.1; 

116.6 (t, 2J(C, F)=23 Hz, =CH-CF,); 124.0 (s, C,,,,); 
126.3 (s, Q5,); 143.3 (t, 3J(C, F) = 9 Hz, CH=CH-CF,); 
147.9 (s, C,,,.); 156.3 (s, C6,6,); 156.6 (s, C,,.). 

cis-Dichloro-[di-[l2”-(F-butyl)-ll”-dodecenyl]-2,2’- 
b@yridine]-palladium(II), 2-PdC.1, 

The same procedure when applied to K,PdCl, (1.05 
g, 3.2 mmol) in 40 ml of water/ethanol (l/l) and 2 
(3.14 g, 1 equiv.) in 50 ml of methylene dichloride 
afforded, after purification by chromatography on silica 
gel (methylene dichloride) and recrystallization (methyl- 
ene dichloride/pentane/ethanol 1/3/l), 2-PdCl, as yel- 
low crystals (3 g, 2.72 mmol, 85% yield). 

Anal. Calc. for C4,H,,C12F,,N2Pd: C, 45.77; H, 4.57; 
Cl, 6.43; F, 31.03; N, 2.54; Pd, 9.65. Found: C, 45.79; 
H, 4.45; Cl, 6.47; F, 30.57; N, 2.64; Pd, 9.49%. IR (KRr, 
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cm-‘): 1676 (C=C), 1618,1558 (bipy), 1236,1132 (CF), 
977 (HC=CH E), 340 (Pd-Cl). ‘H NMR (200 MHz, 
CDCl,): 6 1.29 (br s, 28H, (H2C)3”_9”), 1.61-1.91 (m, 
8H, (H,C),), 2.12-2.33 (m, 4H, (H,C),,.), 2.87 (t, 4H, 
3J(H, H)=7.7 Hz, (H$&), 5.43-5.78 (m, 2H, 
=HC-CF,), 6.32-6.53 (m, 2H, H-C=CH-CF,), 7.15 

(dd, 3Jo,rho = 6 Hz, “J,,,, = 1.5 Hz, H,,S.), 8.02 (br s, 2H, 
H,,.), 8.78 (d, 3JonhO= 6 Hz, 2H, I-&,). “F NMR (200 
MHz, CDCl,): 6 -81.6 (3F), - 107.3, - 111.9 (2F (Z/ 
E 12/88)), - 124.9 (2F), - 126.4 (2F). 13C NMR (50.3 
MHz, CDCl,): 6 27.9, 28.9, 29.4, 29.9 (4s, (CH2)3._1,,.); 
31.9 (s, (CH&); 35.8 (s, (CH,),.); 116.6 (t, ‘J(C, F) =23 
Hz, =C-CF,); 124.1 (s, C3,3,); 126.2 (s, &); 134.4 (t, 
3J(C, F) =9 Hz, CI-I=CH-CF,); 149.3 (s, C,,,,); 155.6 

(s, CW); 157.8 (s, C-U). 

cis-Dichloro-[di-[6”-(F-octyl)-S’-herenyl]-2,2’- 
b@yridineJ-platinum(II), 3-PtCI, 

The above procedure applied to K,PtCl, (706 mg, 
1.7 mmol) in 25 ml of a water/ethanol (l/l) mixture 
and 4,4’-di-[6”-(F-octyl)-5”-hexenyl]-2,2’-bipyridine (3) 
(1.97 g, 1 equiv.) in 15 ml of methylene dichloride 
afforded, after purification by silica gel chromatography 
(methylene dichloride/methanol 100 -x/x, x = 0 to 10%) 
and recrystallization (methylene dichloride), 3-PtCl, as 
yellow crystals (1.54 g, 1.1 mmol, yield 64%). 

Anal. Calc. for C&H&&F&I,Pt: C, 32.08; H, 1.84; 
Cl, 4.98; F, 45.41; N, 1.97; Pt, 13.71. Found: C, 32.20; 
H, 1.98; Cl, 5.51; F, 45.10; N, 2.07; Pt, 12.71%. IR 
(KBr cm-l): 1676 (C=C), 1620,1556 (bipy), 1246,115O 
(CF), 976 (HC=CH E), 334 (Pt-Cl). This complex was 
not enough soluble in organic solvent to allow its NMR 
spectra to be recorded. 

cis-Dichloro-[di-[6n-(F-hexyl)-5”-hexenyl]-2,2’- 
bipyridine]-pla tinum (II), 4-PtCI, 

The same procedure when applied to K,PtCl_, (744 
mg, 1.78 mmol) in 20 ml of a water/ethanol (l/l) 
solution and 4,4’-di-[6”-(F-hexyl)-5”-hexenyl]-2,2’-bi- 
pyridine (4) (2.02 g, 1 equiv.) in 15 ml of methylene 
dichloride, afforded, after purification by silica gel chro- 
matography (methylene dichloride) and recrystallization 
(methylene dichloride), a yellow crystalline powder 
consisting of 4-PtCl, (1.76 g, 1.43 mmol, yield 80%). 

Anal. Calc. for &H,Cl,F,N,Pt: C, 33.40; H, 2.14; 
Cl, 5.80; F, 40.40, N, 2.29; Pt, 15.96. Found: C, 32.92; 
H, 2.10; Cl, 5.42; F, 40.61; N, 2.28; Pt, 15.56%. IR 
(KBr, cm-l): 1676 (C=C), 1622, 1555 (bipy), 1242, 
1144 (CF), 974 (HC=CH E), 334 (Pt-Cl). ‘H NMR 
(188.3 MHz, CDCI,): S 1.59 (br s, 4H, (HZC)3-); 1.73-1.98 
(m, 4H, (H,C),-); 2.20-2.48 (m, 4H, (H,C),-); 2.84 (t, 
3J(H, H)=7.5 Hz, 4H, (H,C),.); 5.48-5.82 (m, 2H, 
=HC-CF,); 6.28-6.53 (m, 2H, H-C=CH-CF,); 7.16 

(d, 3Jo~o =6 Hz, 2H, H,,.); 7.94 (br s, 2H, H3,3V); 9.02 

(d, 3Jor,,zo =6 Hz, Hs,6r). ‘?F NMR (188.3 MHz, CDCl,): 

S - 81.3 (3F); - 107.05, - 111.7 (2F (Z/E4:96)); - 122.2 
(2F), -123.9 (2F), - 124.2 (2F); - 126.7 (2F). 13C 
NMR (50.3 MHz, CDCl,): 6 27.7, 28.9 (both s, 
(CH,),,,.); 31.7 (s, (CH,),.); 35.7 (s, (CH,),.); 117.6 (t, 
2J(C, F) =23 Hz, =CH-CF,); 124.0 (s, C,,,.); 126.4 (s, 
&); 142.4 (t, 3J(C, F)=9 Hz, CH=CH-CF,); 148.2 
(s, C,,,,); 155.9 (s, Cs.6,); 156.5 (s, &,). 

cis-Dichloro-[4,4’-di-[ll”-(F-octyl)-lO”- 
undecenyloxycarbonyl]-2,2’-bipyridine]-platinum(II), 
S-PtCl* 

This complex was prepared as described above from 
4,4’-di-[ll”-(F-octyl)-l0”-undecenylo~carbonyl]-2,2’- 
bipyridine (5) (1.48 g, 1.06 mmol, 1 equiv.), Et,N+Cl - 
(350 mg, 2.11 mmol, 2 equiv.) in 70 ml of methylene 
dichloride and K,PtC& (437 mg, 1 equiv.) in 20 ml of 
water. After chromatography on silica gel (methylene 
dichloride) and recrystallization (methylene dichloride/ 
pentane l/l), S-PtCl, was obtained as an orange mi- 
crocrystalline powder (374 mg, 0.23 mmol, 21% yield). 

Anal. Calc. for C,,H4,C12F3,N,04Pt: C, 36.37; H, 2.81; 
Cl, 4.29; F, 39.13; N, 1.69; Pt, 11.81. Found: C, 36.97; 
H, 2.92; Cl, 4.11; F, 37.95; N, 1.62; Pt, 11.03%. IR 
(KBr, cm-‘): 1734 (C=O); 1681 (C=C); 1653, 1562 
(bipy); 1261, 1151 (CF); 334 (Pt-Cl). ‘H NMR (200 
MHz, CDCI,): 6 1.36 (br s, 28H, (H,C),,.); 1.83-1.91 
(m, 4H, (H2C)2..); 2.19-2.30 (m, 4H, (H,C),,); 4.48 (t, 
3J(H, H)=6.9 Hz, 4H, (H,C),.); 5.56-5.64 (m, 2H, 
=HC-CF,); 6.37-6.46 (m, 2H, H-C=CH-CF,); 8.01 
(dd, 3Jm-t,zo =6 Hz, “J,,= 1.6 Hz, 2H, H,,,.); 8.58 (br 
s, 2H, H3a,.); 9.57 (d, 2H, 3JOti,,0 = 6 Hz, H6.6,). lgF NMR 
(188.3 MHz, CDCl,): 6 -81.3 (3F); - 107.2, - 111.8 
(2F (Z/E 13:87); - 122.1 (2F), - 122.5 (4F), - 123.3 
(2F); - 124.1 (2F); - 126.2 (2F). 13C NMR (50.3 MHz, 
CDCI,): S 25.8, 27.9, 28.5, 28.9, 29.2, 29.3, 29.4 (7s, 
(CH,),,); 30.0 (s, (CH,),); 67.2 (s, (CH,),.); 116.7 
(t, 2J(C, F)=23 Hz, =CH-CF,); 123.4 (s, C,,.); 126.7 
(s, &,); 140.4 (s, C4,4,); 143.2 (t, 3J(C, F)=9 Hz, 
CH=CH-CF,); 149.8 (s, C,,.); 157.5 (s, q2,); 163.0 
(s, C=O). 

cis-Dichloro-[4,4’-di-[S’-(F-hexyl)-4”- 
pentenyloxycarbonyl]-2,2’-b@yridine]-platinum(II), 
6-PtCl* 

The same procedure when applied to 4,4’-di-[5”-(F- 
hexyl)-4”-pentenyloxycarbonyl]-2,2’-bipyridine (6) (1.21 
g, 1.19 mrnol, 1 equiv.), Et,N’CI- (4.93 mg, 2.97 mmol, 
2.5 equiv.) in 40 ml of methylene dichloride and K,PtCI_, 
(450 mg, 1 equiv.) in 5 ml of water, led, after 96 h of 
reflux, chromatography on silica gel (methylene di- 
chloride) and recrystallization (methylene dichloride/ 
pentane, l/2), to 6-PtCl, as an orange microcrystalline 
powder (840 mg, 0.66 1110101, 55% yield). 

Anal. Calc. for C3,H,C1,F,0,N2Pt: C, 31.84; H, 1.73; 
Cl, 5.53; F, 38.51; N, 2.18; Pt, 15.21. Found: C, 31.64; 
H, 1.81; Cl, 5.75; F, 37.20; N, 2.20; Pt, 13.80%. IR 
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(KBr, cm-‘): 1734 (C=O); 1676 (C=C); 1652, 1558 
(bipy); 1296,1145 (CF); 974 (HC=CH E); 330 (Pt-Cl). 
‘H NMR (200 MHz, CDCl,): S 2.07 (tt, 3J(H2”, 
H3”) =3J(H2”, Hl”) =7 Hz, 4H, (H$&); 2.44 (br s, 
4H, (HZ(&); 4.52 (t, 3J(H, H)=6.5 Hz, 4H, (H2C)1-); 
5.65-5.90 (m, 2H, H-C-CF,); 6.46-6.54 (m, 2H, 
H-C=CH-CF,); 8.03 (d, 3JOtihO=6 Hz, 2H, H,,s,); 8.60 
(br s, 2H, H3,3,); 9.63 (d, 2H, 3JOtikO=6 Hz, H,,,.). 19F 
NMR (188.3 MHz, CDCl,): S -81.3 (3F); - 107.3, 
-111.9 (2F, Z/E 10:90); - 122.2 (2F); - 123.4 (2F); 
-123.8 (2F); - 126.7 (2F). 13C NMR (50.3 MHz, 
CDCl,): S 27.1 (s, (CH,),.); 28.5 (s, (CH,),.); 66.1 (s, 
(CH,),.); 118.3 (s, &); 126.9 (s, &); 140.0 (s, C+,‘); 
143.2 (t, 3J(C, F) =9 Hz, CH=CH-CF,); 151.5 (s, Cj6,); 
157.5 (s, C,,,); 163.0 (s, C=O). 

cis-Dichloro-[4,4’-di-[Il”-(F-octyl)undecylo~carbonyl]- 
2,2’-bipyridinej-platinum(II), 7-PtCI, 

The same procedure when applied to 4,4’-di-[ll”- 
(F-octyl)undecyloxycarbonyl]-2,2’-bipyridine (7) (317 
mg, 0.23 mmol, 1 equiv.) in 50 ml of methylene chloride 
and to a mixture of K,PtCl, (95 mg, 0.23 mmol, 1 
equiv.) and Et,N+ClI (75.81 mg, 0.46 mmol, 2 equiv.) 
in 10 ml of water afforded, after refluxing at 45 “C for 
70 h, then chromatography on silica gel (methylene 
dichloride) and recrystallization (chloroform), 7-PtC& 
as yellow crystals (230 mg, 0.14 mmol, 60% yield). 

Anal. Calc. for C,,H,,Cl,F,,O,N,Pt: C, 36.29; H, 3.04; 
Cl, 4.28; F, 39.03; N, 1.69; Pt, 11.79. Found: C, 36.53; 
H, 3.11; Cl, 4.15; F, 39.03; N, 1.70; Pt, 11.81%. IR 
(KBr, cm-l): 1732 (C=O); 1653, 1560 (bipy); 1207, 
1150 (CF); 317 (Pt-Cl). ‘H NMR (200 MHz, CDCl,): 
S 1.35 (br s, 32H, (H2C)3-_10”); 1.92 (tt, 3J(H, H)=7 
Hz, 4H, (H&w); 2.10 (tt, 3J(H, H) = 7 Hz, 3J(H, F) = 15 
Hz, 4H, (H,C),,.); 4.48 (t, 3J(H, H) = 7 Hz, 4H, (H,C),.); 
8.05 (dd, 3JOnh0 = 6 Hz, “J,,,,, = 1.5 Hz, 2H, H,,,.); 8.59 
(br s, 2H, H,,,.); 9.75 (d, 3JOrihO= 6 Hz, 2H, H6,6V). 19F 
NMR (188.3 MHz, CDCl,): S -81.1 (3F); - 114.5 (2F), 
- 120.0 (6F); - 122.9 (2F); - 123.7 (2F); - 126.3(2F). 
13C NMR (50.3 MHz, CDCI,): S 20.3 (t, 3J(C, F)= 4 
Hz, (CH,),,); 26.0, 28.7, 29.3, 29.4, 29.5, 29.6, (6s, 
(CH2)2-_,W); 31.1 (t, 2J(C, F)=23 Hz, (CH,),,.); 67.4 
(s, (CH,),.); 123.2 (s, G,3,); 126.8 (s, C5>,); 140.6 (s, 
C,,,,); 150.0 (s, (&,); 157.7 (s, C,,,.); 163.2 (s, C=O). 

c~-Dichloro-[4,4’-di-[ll”-(F-octyl)undecyloxycarbonyl]- 
2,2’-bipyridinej-palladium (II), 7-PdCI, 

The same procedure, when applied to K,PdCl, (380 
mg, 1.16 mmol), tBu,N+Cl- (652 mg, 2 equiv.) in 20 
ml of water and 7 (1.57 g, 1 equiv.) in 100 ml of 
methylene dichloride, afforded, after purification, 7- 
PdCl, as pale yellow crystals (1.53 g, 0.97 mmol, 84%). 

Anal. Calc. for C&I&l,F,O,N,Pd: C, 38.34; H, 
3.22; Cl, 4.28; F, 41.24; N, 1.79; Pd, 6.79. Found: C, 
37.99; H, 3.84; Cl, 4.15; F, 39.69; N, 2.23; Pd, 6.67%. 

IR (KBr, cm-‘): 1734 (C=O); 1652, 1562 (bipy); 1243, 
1151 (CF); 332 (Pd-Cl). ‘H NMR (200 MHz, CDCl,): 
S 1.34 (br S, 32H, (H2C)3*_10”); 1.87 (tt, 3J(H, H)= ‘7 
Hz, 4H, (H,C),); 2.06 (tt, 3J(H, H) = 7 Hz, ‘J(H, F) = 15 
Hz, 4H, (H2C&); 4.48 (t, 3J(H, H) =7 Hz, 4H, (H2C)y); 
8.18 (dd, ‘JOti,_,= Hz, “J,,,,,a=1.5 Hz, 2H, H5.5,); 8.64 
(br s, 2H, H,,,.); 9.56 (d, 3JOtih,=6 Hz, 2H, H,,,.). 19F 
NMR (188.3 MHz, CDCl,): S - 81.2 (3F); - 114.9 (2F); 
- 122.3 (6F); - 123.2 (2F); - 124.0 (2F); - 126.6 (2F). 
13C NMR (50.3 MHz, CDCl,): S 20.2 (t, 3J(C, F) =4 
Hz, (CH,),,); 25.9, 28.6, 29.2, 29.3, 29.4, 29.5, 29.9 (7s, 
(CH,),,,,.); 30.9 (S, (C&)3"); 31.0 (t, ‘J(C, F) = 23 
Hz, (CH,),,.); 67.5 (s, (CH,),.); 122.6 (s, c3.3,); 126.4 
(s, C,,,,); 141.5 (s, C4,4,); 152.1 (s, C,,e.); 156.7 (s, C,,.); 
162.8 (s, C=O). 

cis-Dichloro-[4,4’-di-[5”-(F-hexyl)pentyloxycarbonylj- 
2,2’-bipyridineJ-platinum(II), 8-PtCl, 

The reaction between 4,4’-di-15”-(F-hexyl)pentyloxy- 
carbonyll-2,2’-bipyridine (8) (1.93 g, 1.89 mmol, 1 
equiv.), NEt,‘Cl- (630 mg, 3.77 mmol, 2 equiv.) in 
50 ml of methylene dichloride and K,PtCl, (784 mg, 
1 equiv.) in 10 ml of water, led, after 20 h, chroma- 
tography on silica gel (methylene dichloride) and re- 
crystallization (methylene dichloride) to S-PtC12 as 
bright orange crystals (1.05 g, 0.8 mmol, 44% yield). 

Anal. Calc. for C34H26C12F26N204Pt: C, 31.74; H, 2.03; 
Cl, 5.51; F, 38.39; N, 2.20; Pt, 15.16. Found: C, 32.42; 
H, 2.09; Cl, 5.50; F, 38.37; N, 2.20; Pt, 15.09%. IR 
(KBr, cm-‘): 1734 (C=O); 1652, 1562 (bipy); 1244, 
1146 (CF), 328 (Pt-Cl). ‘H NMR (200 MHz, CDCl,): 
S 1.43-1.83 (m, 8H, (H2C)3-,4W); 1.9 (tt, 3J(H, H)=7 Hz, 
4H, (H,C),.); 2.14 (tt, 3J(H, H) =7 Hz, ‘J(H, F) = 15 
Hz, 4H, (H,C),.); 4.52 (t, 3JH, H) = 7Hz, 4H, (H2C)1m); 
8.09 (dd, 3JOnhO=5Hz, “J,,, = 1.5 Hz, 2H, H,,,.); 8.60 
(br s, 2H, H3,3,); 9.75 (d, 3J0,.fi,=5 Hz, 2H, H6,6V). 19F 
NMR (188.3 MHz, CDCl,): S - 83.7 (3F); - 117.2 (2F); 
- 124.8 (2F); - 125.8 (2F); - 126.3 (2F), - 128.9 (2F). 
13C NMR (50.3 MHz, CDCl,): S 20.2 (t, 3J(C, F) =4 
Hz, (CH2)4-); 25.7, 28.5 (2~~ (CH2)2-,3-); 31.0 (t, 2J(C, 
F) = 22.7 Hz, (CH,),.); 66.8 (s, (CH,),.); 123.7 (s, C,,.); 
126.9 (s, &i’); 140.5 (s, C,,,,); 150.0 (s, &); 157.7 
(s, C2,2,); 163.1 (s, C=O). 

cis-Dichloro-[4,4’-di-[S’-(F-hql)pentyloxycarbonyl]- 
2,2’-bipyridinel-palladium(II), 8-PdCl, 

This complex was prepared in the same way as 
described above from K,PdCl, (373 mg, 1.13 mmol), 
tBu,N ‘Cl - (653 mg, 2 equiv.) in 20 ml of water and 
8 (1.16 g, 1 equiv.) in 100 ml of methylene dichloride. 
After chromatography on Si02, (methylene dichloride 
then methylene dichloride/methanol 5%) and recrys- 
tallization (chloroform), S-PdCl, was obtained as fine 
yellow crystals (1.26 g, 1.05 mmol, 93% yield). 



Anal. Calc. for C,,H,Cl,F,N,O,Pd: C, 34.09; H, 
2.19; Cl, 5.92; F, 38.39; N, 2.34; Pd, 8.89. Found: C, 
33.88; H, 2.05; Cl, 5.38; F, 38.37; N, 2.43; Pd, 8.90%. 
IR (KBr, cm-l): 1733 (C=O); 1653,1558 (bipy); 1244, 
1145 (CF), 333 (Pd-Cl). ‘H NMR (200 MHz, CDCl,): 
6 1.27-1.80 (m, 8H, (H2C)3.,4-); 1.94 (tt, 3J(H, H)=7 
Hz, 4H, (H&w); 2.13 (tt, 3J(H, H) = 7 Hz, 3J(H, F) = 15 
Hz, 4H, (H,C),.); 4.52 (t, 3J(H, H) = 7 Hz, 4H, (H,C),.); 
8.00 (dd, 3J0ti,,= 6 Hz, “J,,,, = 1.5 Hz, 2H, H,,S.); 8.65 
(br s, 2H, H3,3,); 9.52 (d, 3JOnh0 =6 Hz, 2H, I&,,). 19F 
NMR (188.3 MHz, CDCl,): 6 - 89.1 (3F); - 114.8 (2F); 
- 122.4 (2F); - 123.4 (2F); - 124.0 (2F), - 126.5 (2F). 
13C NMR (50.3 MHz, CDCl,): S 20.1 (t, 3J(C, F) =4 
Hz, (CH,),.); 25.6, 28.4 (2s, (CH,),,,.); 30.8 (t, ‘J(C, 
F) =22.7 Hz, (CH&); 66.9 (s, (CH&); 122.7 (s, C3.3’); 
126.4 (s, C,,,,); 141.3 (s, C,,,,); 151.9 (s, C,,G.); 156.8 
(s, C2,2,); 162.8 (s, C=O). 

c~-Dichloro-[4,4’-di-[2”-(F-heuyl)etho~ca~onyl]-2,2’- 
bi&idine]-platinum(II), 9-PtCl, 

4,4’-Di-[2”-(F-hexyl)etho~carbonyl]-2,2’-bipyridine 
(9) (1.06 g, 1.1 mmol, 1 equiv.) in 25 ml of methylene 
chloride was added to a water/ethanol (1:l) solution 
of K,PtCl, (450 mg, 1 equiv.), and the mixture was 
heated at 40 “C for 22 h, until the aqueous layer was 
colorless. After chromatography on silica gel (methylene 
dichloride/methanol 1%) and recrystallization first from 
chloroform/pentane (l:l), then from chloroform, 9-PtCl* 
as yellow crystals (720 mg, 0.6 mmol, 54% yield) was 
obtained. 

Anal. Calc. for C,H,,Cl,F,,N,O,Pt: C, 27.97; H, 1.73; 
Cl, 5.89; F, 41.08; N, 2.33; Pt, 16.22. Found: C, 27.96; 
H, 1.83; Cl, 6.16; F, 40.57; N, 2.35; Pt, 14.76%. IR 
(KBr, cm-l): 1740 (C=O), 1647, 1558 (bipy), 1204, 
1144 (CF); 334 (Pt-Cl). ‘H NMR (200 MHz, CDCl,): 
6 2.74 (tt, 3J(H, H) = 6.5 Hz, 3J(H, F)= 18 Hz, 4H, 
(H,C),.); 4.81 (t, 3J(H, H)= 6.5 Hz, 4H, (H$&); 8.08 

(dd, 3Jort,zo = 5 Hz, 4Jmel,, = 1.8 Hz, 2H, H,,,.); 8.57 (br 
s, 2H, H3s.); 9.95 (d, 2H, 3JOm,,,=5 Hz, H6,6,). 19F NMR 
(188.3 MHz, CDCl,): 6 -81.3 (3F); - 113.3 (2F); 
- 121.8 (2F), - 122.9 (2F), - 123.6 (2F); - 126.2 (2F). 
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