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Crystal Structures of Trifluoromethanesulfonato Complexes 

of Nickel(II) and Palladium(II), [Ni(bpy)2(CF3503)2] and 
[Pd(triphosphine)(CF3S03)](CF3S03)•C6H6, and Characterization 
of the Coordination Ability of CF3S03
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The bis(trifluoromethanesulfonato)nickel(II) complex with two 2,2'-bipyridine (bpy), [Ni(bpy)2(CF3S03)2] (1), and the 
mono(trifluoromethanesulfonato)palladium(II) complex with bis(2-diphenylphosphinoethyl)phenylphosphine (p3), 

[Pd(p3)(CF3S03)](CF3S03)•C6H6 (2), were isolated. The crystal structures for 1 and 2 have been determined by an 
X-ray crystal structure analysis. Complex 1 crystallizes in monoclinic space group Aa with a=18.55(1), b=14.48(1), 
c=9.941(7) A, f3101.98(3)°, and Z=4. Complex 2 crystallizes in the monoclinic space group P2, l n with a=17.211(5), 
b=27.175(7), c=9.962(2) A, /3=105.66(2)°, and Z=4. The crystal of 1 contains a distorted octahedral nickel(II) complex 
with a cis arrangement, and the crystal of 2 contains a distorted square-planar palladium(II) complex. The metal-oxygen 
bond distances for triflate (CF3S03-), (2.135(5) and 2.148(4) A for 1 and 2.126(7) A for 2), are comparable to those for the 
other oxygen donors. Three S-0 bond distances in the coordinated triflate are close to one another. The stability of 
the metal-oxygen bond is discussed in terms of the electronic property of triflate.
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 Recently, trifluoromethanesulfonate (triflate) instead 
of perchlorate has often been used as a counter anion of 
the metal complexes from the point of view of safety in 
order to avoid any potential explosion of perchlorate 
compounds. Though the triflate anion is a quite weak 
donor as a Lewis base, it would be coordinated to 
transition-metal ions in the absence of other donors. 
In fact, there has been a report of a cobalt(II) complex, 

[Co(terpy)(3,4,7,8-tetramethyl-1,10-phenanthroline)-
(CF3SO3)](CF3SO3) (terpy=2,2':6',2"-terpyridine), in 
which the Co-0 bond distance is 2.165 A.1 However, 
the coordination ability of triflate is vague. On the 
other hand, the first-row transition-metal ions are 
moderately solvated in such oxygen-donor solvents as 
water, N,N-dimethylformamide (DMF), and 1,1,3,3-
tetramethylurea (TMU).2-4 In order to deal with solv-
ated metal ions together with triflate in an inert diluent, it 
is quite important to clarify the relative coordination 
ability of both triflate and the donor solvents. 
 The oxygen donors can bring about a zr-donating 

interaction with metal ions having unoccupied d orbitals 
with appropriate symmetry. In a first-row transition-
metal ion with octahedral geometry, it is well known that 
the metal-oxygen bond is strengthened by zr-donation to 
unoccupied t2g orbitals for Mn2+ and Fe3+ (t2geg), Cr3+ and 
Mn4+ (t2g ), v3+ (t2g ), and Ti3+ and y4+ (t2g ). Since the 
oxygen of triflate is generally a poorer a- and n-donor 
than the other oxygen donors, it is obvious that the 
metal-oxygen bond for the early transition-metal series is

weakened in the case of triflate. To the contrary, those 
first-row transition-metal ions with occupied t2g orbitals 
can have a repulsive interaction with occupied p orbitals 
of a coordinated oxygen which do not participate in 
Q-bonding. It is therefore significant to compare the 
metal-oxygen bonds between triflate and the other 
stronger donors for the late transition-metal series. 
 We selected nickel(II) ion as an instance of octahedral 
first-row transition-metal ions with occupied t2g orbitals 
(4geg). In order to prepare a stable complex, 2,2'-
bipyridine (bpy) was used as a bound ligand which is a zr 
acceptor. Furthermore, we investigated the palladium-
(II) complex with bis(2-diphenylphosphinoethyl)phenyl-
phosphine (p3), which forms stable square-planar palla-
dium(II) complexes.5 It is thus possible to compare the 
first- and second-row transition-metal ions. Here, we 
report on the syntheses and crystal structures for 
[Ni(bpy)2(CF3S03)2] and [Pd(p3)(CF3S03)](CF3S03)• 
C6H6, and characterize the metal-oxygen bond for 
triflate.

Experimental

Materials 
 Solvents 1,1,3,3-tetramethylurea (TMU) and N,N-

dimethylformamide (DMF) were purified by distillation 
under reduced pressure after dehydration using activated 
4A molecular sieves. The other solvents and ligands,
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2,2'-bipyridine (bpy, Wako, Sp. Gr.) and bis(2-diphenyl-

phosphinoethyl)phenylphosphine (p3, Strem), were used 
without further purification.

Preparation of (Ni(bpy)2(CF3SO3)2] (1) 
 Hexaaquanickel(II) trifluoromethanesulfonate, 

[Ni(H20)6](CF3SO3)2, was prepared by the concentration 
of an aqueous solution of trifluoromethanesulfonic acid 

(triflic acid, Wako, 98%) containing NiCO3.2Ni(OH)2• 
4H2O (Wako, Pr. Gr.). After the aquanickel(II) com-

plex was dissolved in TMU, the water in the solution was 
removed under reflux in a modified Soxhlet extractor6 
with activated 4A molecular sieves at 40° C under 
reduced pressure. The reflux was repeated twice with 
freshly activated molecular sieves. Two equivalent 
amounts of bpy were added to a TMU solution of the 
nickel(II) ion, which was stirred for ca. 2 h at 50° C. A 

purple powder was obtained upon adding diethylether to 
the TMU solution, and recrystallized from nitromethane 

(Wako, Sp. Gr.) to obtain single crystals suitable for an 
X-ray diffraction measurement.

Preparation of [Pd(p3)(CF3SO3)](CF3SO3)•C6H6 (2) 
 The chloropalladium(II) complex with p3, [Pd(p3)Cl]Cl, 

was prepared by a reaction of K2[PdCl4] with an equiv-
alent amount of p3 in an acetonitrile-water-dichloro-
methane (7:1: 8) solution. Under a nitrogen atmo-
sphere a small excess of AgCF3SO3 was added to a 
solution of [Pd(p3)Cl]Cl in DMF; the resultant precipi-
tate of AgCI was filtered off. The filtrate was evapo-
rated to dryness, and the residue was crystallized from 
dichloromethane by the addition of hexane. Anal. 
Calcd for [Pd(p3)(CF3SO3)](CF3SO3): C, 46.04; H, 3.54; 
N, 0.00 %. Found: C, 46.06; H, 3.57; N, 0.00%. Single 
crystals suitable for X-ray diffraction measurements were 
obtained by recrystallization from a dichloromethane-
benzene solution.
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X -Ray structure analysis 
 Single crystals were sealed in 0.5-mm o.d. capillary 

tubes. X-Ray diffraction measurements were per-
formed on a MAC Science Rapid X-Ray Diffraction 
Image Processor (DIP 320N) with graphite-mono-
chromated Mo Ka radiation (2=0.71073 A) at ambient 
temperature. Reflections were collected by using 
continuous 30 Weissenberg photographs with a range 
of 6° (total range, 0 -180° ). The intensity data were 
corrected for the standard Lorentz and polarization 
effects. An empirical absorption correction was not 
applied. The structures were solved by a direct method, 
and refined by a full-matrix least-squares technique.' 
All non-hydrogen atoms were refined with anisotropic 
thermal parameters, and the hydrogen atoms were placed 
in the observed positions with fixed thermal parameters. 
The atomic scattering factors were taken from ref. 8. 
The crystal and experimental data are summarized in 
Table 1. The anisotropic thermal parameters and U 
values, bond distances and angles for non-hydrogen 
atoms, positional parameters for all atoms containing 
hydrogen atoms observed, and structural factors are 
deposited in Tables 51 - 54, respectively.

Results and Discussion

Crystal structure of I 
 The crystal of 1 comprises a complex molecule of 

[Ni(bpy)2(CF3SO3)2]. A perspective view of the mole-
cule is given in Fig. 1 with the atomic labeling scheme. 
The final atomic coordinates as well as selected bond 
distances and angles are listed in Tables 2 and 3, 
respectively. Nitrogen atoms of two bpy ligands and 
oxygen atoms of two triflate ions are coordinated to the 
nickel(II) ion, which is in a distorted octahedral geometry 
with a cis arrangement. The chelate bite angles of 
bidentate bpy (78.8(2) and 80.4(2)°) are appreciably 
smaller than those of ethylenediamine chelate (82.1-

Table 1 Crystal and experimental data
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83.6°) for tris and bis(ethylenediamine)nickel(II) com-
plexes9' 10, which is attributed to the smaller chelate ring 
size of bpy compared with that of ethylenediamine. The 
Ni-N bond distances (2.03 - 2.08 A) for bpy are slightly 
shorter than those for ethylenediamine (2.08 - 2.12 A)9,10 
in accord with the general trend. Additionally, this is 
due to the tc-accepting ability of the bpy ligand, which can 
interact with the occupied nonbonding t2g orbitals of the 
nickel(II) center. No difference in the mean bond 
distances between the Ni-N bonds traps to oxygen and 
those traps to nitrogen was observed (2.05 A for both). 
 The two Ni-0 bond distances for coordinated triflates 

are comparable (2.135(5) and 2.148(4) A), and the two 
triflate ions have no steric interaction with each other. 
The Ni-0 distances for the oxygen donors are variable, 
reflecting the geometry of the complexes, the other 
bound ligands, and/or packing in the crystal. For ex-
ample, the Ni-0 distance for water in traps-[Ni(stren)2-

(H20)2](C12CHC02)2.2H2O (stren=l,2-diphenylethyl-
enediamine) is 2.12 A11, while that in cis-[Ni(en)2(H20)-

(BFa)](BFa) is considerably longer (2.19 A).10 Distinct 
Ni-0 bond distances were observed for dichloroacetate 
in the same crystal of trans-[Ni(stren)2(C12CHC02)2]• 
2/3C2H50H•4/3H2O (2.16 and 2.08 A))1 The Ni-0 
bond distances for triflate in the present work are in the 
middle range of the Ni-0 bond distances reported. 
 No significant difference in the three S-0 bond 

distances for the coordinated triflate in this work was 
observed, while two distinct C-0 bond distances with a 
difference of 0.1- 0.05 A are usually observed in the 
coordinated carboxylato group12'13, in which the C-0 
bond for the coordinated oxygen has a single-bond 
character because of the metal-oxygen a-bonding, and 
the other C-0 bond has a double-bond character. 
Therefore, the electron localization of the sulfonato 

group in the coordinated triflate is clearly different from 
that of a carboxylato group, though both free groups

have a conjugated structure. The equivalent S-0 bond 
distances in the coordinated triflate indicate the very 
weak Q-bonding ability with the metal ion. The r-
donation for the coordinated oxygen in triflate is also 
relatively weaker than that for the other oxygen-donor 
ligands, because of the low electron density of the lone 

pairs due to the electronegativity of the fluorine atoms. 
Considering that the it-donating oxygen atoms have a 
repulsive interaction with the occupied t2g orbitals of the 
transition metals, it is expected that the weaker Tc-
donation for triflate can compensate for the weaker Q-
donation compared with the other oxygen donors.

Crystal structure of 2 
 The crystal of 2 contains a complex cation [Pd(p3)-

Fig, 1 ORTEP diagram of 1.

Table 2 Atomic coordinates and equivalent isotropic 

  thermal parameters of non-hydrogen atoms for 1

Beq-(4/3)GiI1f ~1(a~'a1).
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(CF3S03)]+, triflate counter anion, and crystallizing 
benzene. The R value is considerable large due to a 
disorder of the benzene molecules. The relatively high 
thermal factors for fluorine atoms in triflate also 

prevented any improvement of the R factor by a 
refinement. However, by a Fourier synthesis, all non-

Table 3 Selected bond distances (A) and angles (°) for 1

Fig. 2 ORTEP diagram of 2. Trflate counter anion 

 crystallizing benzene have been omitted for clarity.

and

Table 4 Atomic coordinates and equivalent isotropic thermal parameters of non-hydrogen atoms for 2

BeQ=(4 / 3) LI1f3 i j (ai' aj)
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hydrogen atoms of the complex cation and triflate anion 
were found, and their structures were adequately refined. 
A perspective view of the complex cation is displayed in 
Fig. 2 along with the atomic labeling scheme. The final 
atomic coordinates and selected bond distances and 
angles are listed in Tables 4 and 5, respectively. The 

palladium(II) is in a distorted square-planar environment 
consisting of three phosphorus atoms of the P3 ligand and 
one oxygen atom of triflate. The distortion is mainly 
due to the small chelate ring size of two five-membered 
rings in p3, which is represented by the nonlinearity of 
P1-Pd-P3 (164.03(7)°). A similar distortion has been 
observed for the diethylenetriamine (dien) complex, 

[Pd(dien)(CH3CN)](CF3SO3)2, in which the correspond-
ing N-Pd-N angles are 167.8(5) and 168.0(5)° .14 The 
Pd-P2 distance (2.192(2) A) is comparable to the Pd-P 
bond distances for monodentate dimethylphenylphos-

phine trans to the oxygen atom in the µ-acetato dimer, 
[Pd(CH3CO2)Cl(PMe2Ph)]2 (2.200(3) and 2.2 12(4) A).15 
The significantly longer Pd-P distances for the terminal 

phosphorus atoms (Pd-P1=2.347(2) A and Pd-P3= 
2.340(2) A) are obviously due to the trans influence of the 

phosphorus to each other; such an elongation of the 
Pd-P bond is observed in the dinuclear palladium(I) 
complex with p3, [Pd(p3)]22+ (2.30 - 2.33 A).16 The Pd-
0 bond distance (2.126(7) A) for the coordinated triflate 
is comparable to those for the acetato ligand traps to

phosphine in [Pd(CH3CO2)Cl(PMe2Ph)]2 (2.1 10(9) and 
2.130(9) A)15, though the donation ability of oxygen 
atoms in triflate should be weaker than that in acetate. 
As observed in the crystal of 1, the coordinated triflate 
does not show a clear difference in the three S-0 bond 
distances, and its structure is essentially the same as that 
of the counter anion. This fact indicates that the a-
donation of the coordinated triflate to palladium(II) is 
weak, and that the weak 7r-donation can reduce the 
repulsive interaction with the occupied dXy, dxZ, and dyZ 
orbitals of the palladium(II) center, as in the case of 
nickel(II).

Syntheses of trfluoromethanesulfonato complexes of Ni(II) 
and Pd(II) 

 In the TMU solution containing the nickel(II) ion and 
two equivalent amounts of bpy during an early stage in 

preparation of [Ni(bpy)2(CF3SO3)2] exists the solvated 
complex [Ni(bpy)2(TMU)2]2+.17 During the recrystalli-
zation procedure using an inert solvent, such as nitro-
methane, the coordinated TMU molecules were com-

pletely substituted by two triflate ions, even though TMU 
is a considerably strong donor solvent (DN=31).18 
Analogously, the coordinated DMF (DN=26.6)18 was 
removed by the purification procedure of the palla-
dium(II) complex with p3. This is consistent with the 
fact that the Ni-0 and Pd-0 bonds for triflate are 
relatively strong, which is represented by bond distances 
comparable to those for the other oxygen donors. We 
can compare the present results with those for the 
tetrafluoroborate (BF4) ion. Only one of two coor-
dinated water molecules in [Ni(en)2(H20)2](BF4)2 was 
replaced with the BF4- ion in a large excess of iso-

propyl alcohol to give cis-[Ni(en)2(H20)(BF4)](BF4),10 
Furthermore, the coordinated acetonitrile molecule in 

[Pd(p3)(CH3CN)](BF4)2 was not replaced with the BF4 
ion upon removing the solvent in vacuo at 50° C and by 
recrystallization of the residue in a large excess of 
dichloromethane and ethanol.16 These facts draw a 
distinction in the coordination ability between triflate 
and tetrafluoroborate. A consideration of the coor-
dination ability of the triflate ion is essential in the case of 
the reactions of metal complexes in the presence of 
triflate ion in inert solvents as well as in the syntheses of 
metal complexes with the triflate ion.
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