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Abstract

A series of four-coordinate, square-planar, dia-
magnetic 1-diphenylphosphino-2-bis(m-trifluoro-
methylphenyl)phosphinoethane complexes of type
cis-[MX,(m-CF;P-P)] (M=Nj, Pd, Pt; X=Cl, Br, I
or NCS) have been prepared. These complexes have
been characterized by *'P {{H} NMR, 'H NMR, IR and
UV spectroscopy, elemental analyses and magnetic
susceptibility measurements. The effects of various
substituents on the phenyl groups of the ditertiary
phosphines on the solubility characteristics of the
metal complexes are discussed.

Introduction

The coordination chemistry of the symmetrical
ditertiary phosphines, R,PCH,CH,PR,, is well docu-
mented and is dominated by the formation of stable
five-membered ring chelate complexes [1—6]. Ten-
membered ring binuclear complexes have also been
reported recently [7]. In a few cases, these also
behave as monodentate or bridging ligands, and have
been used in the synthesis of heterobimetallic com-
plexes [8—10].

In contrast to the above, few metal complexes of
unsymmetrical ditertiary phosphines have been
reported [11—14]. Studies of these unsymmetrical
ditertiary phosphines are of considerable interest,
since they contain in the same molecule, two phos-
phorus atoms which are magnetically non-equivalent,
thus demonstrating the potential of 3'P NMR studies
as a probe of stereochemical behaviour of the result-
ing transition-metal complexes [14—16].

Although the ditertiary phosphine (Ph,PCH,CH,-
PPh;) complexes of Ni(Il), Pd(II) and Pt(II) were
reported about two decades ago [17, 18], few
attempts have been made [12, 19, 20] to study
unsymmetrical ditertiary phosphines containing
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electronegative substituents on the phosphorus
atoms. In an earlier publication [14], we reported
the Ni(II), PA(I) and Pt(Il) complexes of two unsym-
metrical ditertiary phosphines (p- or m-FCgHy),-
PCH,CH,PPh,. This paper describes an analogous
series of Ni, Pd and Pt complexes of the ditertiary
phosphine ligand (7-CF3;P—P), the synthesis of which
was reported earlier [21].

CF3-m

P"CHZ_CHZ_ P

Q

CFy-m

(m-CF3P-P)

Experimental

Physical measurements and experimental tech-
niques were carried out as described elsewhere [14].

Synthesis of Complexes

1. [Ni{fm-CF3P—P)Cl,]

NiCl,*6H,0 (0.19 g, 0.78 mmol) dissolved in
butan-1-ol (30 ml) was refluxed for 1 h to produce
a light green solution. To this, 1-diphenylphosphino-
2-bis(m-trifluoromethylphenyl)phosphinoethane
(0.42 g, 0.78 mmol) was added, giving a deep red
solution. The reaction mixture was then refluxed
for 2 h. On cooling, red crystals were deposited
which were collected on a sintered glass crucible
and crystallized from a mixture of methylene chlor-
ide and n-hexane.

2. [Nl(m'CF3P—P}Br2]
This complex was prepared as described above,
NiBr, being used. Recrystallization of the crude
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TABLE L. Some Physical Properties, Elemental Analyses, IR and UV Data

Compound Colour Melting point %C %H %P u(M:l)() (nm) in acetone
(decomp.) (°C) (cm )
[Ni(m-CF3P-P)Cl; ] Red 219-221 50.64% 3.34 9.33 328, 352 456
(50.38) 3.10)  (9.02)
[Ni@mm-CF3P—P)B1; ] Brown 228-229 44.66 2.95 8.23 275, 300 488
(44.23) 2.71) (7.96)
{Ni(m-CFaP-P)I; } Mauve 239-241 39.71 2.62 7.32 - 530
(39.39) (2.25) (6.98)
[Ni(m-CF3P-P)(NCS);,] Yellow 234-236 50.80 3.13 8.74 - 436
(50.45) (2.91) (8.42)
[Pd(m-CF3P-P)Cl, ] Light yellow 273-275 47.23 3.12 8.70 290, 305
46.91) 2.90) (8.36)
[Pd(m-CF3P—P)Br;] Yellow 264-265 41.99 2,77 7.74 246,270
41.56) (2.39) (1.39)
[Pd(m-CF3P—P)I;] Yellow 268-270 37.58 2.48 6.92 -
(37.23) (2.26) (6.58)
[Pd(m-CF3P-P)(NCS); ] Yellow 168-170 47.58 2.93 8.18 -
(47.33) (2.71) (7.93)
{Pt(m-CF3P-P)Cl;] White 276271 42.01 2.17 7.74 300, 320
(41.86) (2.55) (1.52)
{Pt(m-CF3P—P)Br1,] Light yellow 209-211 37.81 2.49 6.97 235,285
(37.63) (2.26) (6.76)
[Pt(m-CF3P—P)I, } Light yellow 281--282 34.19 2.26 6.30
(34.02) (2.13) (6.21)

Calc. (Found).

product from a mixture of methylene chloride and
n-hexane gave brown crystals.

3. [Nifm-CF3P—P)I, ]

A solution of Nil; was freshly prepared by reflux-
ing Ni(NO3),*6H,0 (0.2 g, 1.01 mmol) and KI
(0.54 g, 3.20 mmol) in butan-1-ol (30 ml) for 2 h.
The solution was cooled and filtered, and the filtrate
was again refluxed for 1 h. To this, the ligand (m-
CF;P—P’) (0.39 g, 0.73 mmol) was added. The solu-
tion became mauve in colour. On cooling, mauve-
coloured crystals were deposited, which were col-
lected and crystallized as for the bromide.

4. [Ni(fm-CF, P-P)(NCS ), ]
This complex was prepared as in the case of the
iodo analogue, KSCN being used in the place of KI.

S. [Pd{m-CF3P—P')Cl,]

Palladium dichloride (0.29 g, 1.65 mmol) dis-
solved in acetonitrile (40 ml) was refluxed for 4 h
to produce a brown solution. To this, (m-CFsP—P")
(0.88 g, 1.65 mmol) was added and the reaction
mixture was refluxed for a further 3 h. The grey
product obtained after the removal of the solvent
was then purified by treating with charcoal in reflux-
ing methylene chloride. On drying, a light yellow
product was obtained which was crystallized from
CHCl; and n-hexane.

6. [Pd(m-CF3P-P)X;] (X = Br, I or NCS)

These complexes were obtained by metathetical
exchange reactions, treating [Pd(m-CF;P-P)Cl,]
with an excess of the corresponding potassium or
ammonium salt in boiling acetone. The resulting

complexes were filtered, dried and extracted with
CH,Cl,.

7. [Pt{m-CFsP-P)CL, ]

Dichlorobis(benzonitrile)platinum(II), [Pt(Ph-
CN),Cl;] (0.45 g, 0.94 mmol) was treated with
(m-CF;P—P) (0.50 g, 0.94 mmol) in refluxing ben-
zene (30 ml) or chloroform at 60 °C for about 10 h.
The initial yellow colour gradually turns light yellow
and finally colourless. The white product thus obtain-
ed was dried under vacuum and was crystallized from
CH,Cl, and EtOH to give the pure white crystalline
compound.

8. [Pt(m-CFyP—P)X,] (X=Brorl)

These complexes were prepared by metathetical
exchange reactions using the same procedure adopted
for the palladium complexes. The resulting complexes
were crystallized from CHCl;y and petroleum ether.

Results and Discussion

The complexes were prepared as .described in
the experimental section. Some of their physical
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TABLE I1. P{"H} NMR Parameters for the Complexes of Ni(II), Pd(II) and Pt(Il) obtained at 80.98 MHz in CDCls at 25 °C

Compound Chemical shift (ppm) Coordination chemical J(P—P') AR (ring coordination)d
shift H

5PPh;  5P(m-CF3CgHa)a (ppm) H2)  PPh, AP@M-CF3CgHa)s

APPh, Ap(m-CF3CgHy )z

[Ni(m-CF3P-P)Cl, ] +54.35 +54.86 +66.55  +66.06 39.85

[Ni(n-CF 3P—P)Br1; ] +61.12  +63.65 +73.32  +74.85 40.92

[Ni(m-CF sP-P)I, ] +76.14  +78.60 +88.34  +89.80 40.23

[Ni(m-CF 3P—P)(NCS); |

[Pd(m-CF3P-P)Cl, ] +61.22  +62.83 +73.42  +74.03 9.14  +30.72 +31.33

[Pd(m-CF3P—P)Br, ] +63.52  +65.42 +75.72  +76.62 1527  +33.02 +33.92

[Pd(m-CF3P—P)i, | +58.99 +61.46 +71.19  +72.66 1343 42849 +29.96

[PA(m-CF3P—P)(NCS),] +65.50 +66.30 +77.70  +71.50 b +35.00 +34.80

[Pt(n-CF3P—P)Cl;]® +41.79  +42.14 +53.99  +53.34 377 +31.69 +31.04

[Pt(m-CF3P-P)Br, ] 2

[Pt(m-CF3P-P)I, ] a

#Chemical shilfgtss could not be obtained due to low solubility of the complex.
J(*?°pt—"PPh,) = 3574.07 Hz and J(**Pt— P (CgH4F3C-m),) = 3659.72 Hz.

peaks.

bJ(P~P’) could not be observed due to broad
R = Coordination chemical shift of

the chelate complex - coordination chemical shift of non-chelate complex Acis-[Pd{P(Ph;Et)3},Cly] = 42.70 and Acis-

[Pt{P(PhzEt)3},Cly ] = 22.30 (ref. 35).

characteristics
Table 1.

It is noteworthy that the presence of a CF;
group in m-position on the terminal phenyl sub-
stituents of the ligand (m-CF3-P—P) results in the
formation of complexes which are soluble in hydro-
xylic solvents, while the presence of a CH; group,
also in m-position, in the ligands significantly
increases the solubility of their complexes in hydro-
carbon solvents [13]. Similar observations were
also reported [22] in the case of Ni(II), Pd(II) and
Pt(II) complexes of the ligand, 2,11-bis(diarylphos-
phinomethyl)benzo [C] -phenanthrene(aryl=m-tolyl
and m-CF3C6H4).

The 3'P NMR parameters obtained for the com-
plexes prepared are listed in Table II, which provides
both gross and subtle structural information. The
main features of the *'P {*H} NMR spectra are closely
related to those observed for analogous complexes
of the ditertiary phosphines, (m- or p-FC¢H,),PCH,-
CH,PPh, [14]. The analysis of the AB spectra
observed for the ligand [21] and its complexes indi-
cates that the appearance of the spectra is markedly
dependent on the relative values of the spin—spin
couplings J(P—P') and the chemical shift difference
between the two non-equivalent phosphorus nuclei
vod. Many factors are known to strongly influence
the magnitude of J(P—P) [23, 24], including the
nature of the transition metal, the ligands other than
phosphorus in the complex, and the substituents
bonded to the phosphorus. It is assumed that |Jpp-
obs.i in these complexes includes a major contribu-
tion from coupling through the metal atom (*J-
PMP’) rather than from ligand backbone coupling
(Jpp:B); this explains the observed decrease in the

and analytical data are given in

|Jpp-obs.| values down the series Ni > Pd > Pt (Table
II).

The *'P {'H} NMR spectra of the platinum com-
plexes are characterized by the presence of two
satellites due to **Pt—3!P and °*Pt—3'P’ couplings.
The magnitude of '°*Pt—>'P coupling constants is
usually considered to be dominated by the Fermi-
contact term, which is directly proportional to
valence s orbital contribution at the respective
nuclei and to direct or indirect bonding of the two
nuclei; this has been discussed in detail [14]. As
expected, the *P{'H} NMR spectrum of the com-
plex [Pt(m-CF;P—P')Cl;] showed two coupling
constants, 3659.72 Hz and 3574.07 Hz, and con-
firmed the cis-configuration of the complex. It has
been shown that the electron withdrawing ability
of the substituents attached to the phosphorus
nucleus has a marked influence on the coupling cons-
tants [24—26]. Allen ef al. [25] have shown that the
LJ(***Pt—3P) coupling constants in a series of hetero-
aryl- and triaryl-phosphines towards Pt(Il) increased
as the groups attached to phosphorus became more
electron-withdrawing, indicating an s character for
the phosphorus lone-pair orbital involved in bonding
to platinum, in accordance with Bent’s rule [27].

Similar arguments have been made by Hill and co-
workers [28], who found that the Pt—P coupling
constants for the complexes containing the cis
chelating ligands (C¢Hs),P[B;oH;0C,]PRR' increase
with the electronegativity of the substituents on
phosphorus (i.e., P(C¢Hs); <P(CsFs); <P(NMe;),
< P(F)NMe,). Since a larger Pt—P coupling has been
observed for shorter Pt—P bond distances and the
Pt—P stretching frequencies in the infrared also
increase in the same order as the Jp,p values, they
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have suggested that the Pt—P bond strength increases
in the same order [19]. The increased Pt—P bond
strength is expected since the dm — dm interaction
between the metal and the phosphorus donor is
enhanced by the substituents with higher electro-
negativity on the phosphorus atom [29, 30] Such
back donation would also increase the g-bond char-
acter of the Pt—P bond by a synergistic effect [30],
and this increase would account for the observed
trend of the YJp,p values [31, 32]. The particularly
strong Pt—P(m-CF;C¢H,;), bond is expected to
strengthen the trans-Pt—X bond. Thus, the donor
centre P(m-CF3C4Hy), has a smaller trans influ-
ence than the donor centre P(C¢Hs),, and
lJ]_Jt]_J(m_c}:*:;C‘H‘)1 > IJPtP(CQHQz' These observations
are in agreement with other reports [19]. The strong
electron-withdrawing property of the m-CF;C4H,
group indicates that the coupling constants 3659.72
Hz and 3574.07 Hz observed in the Pt(II) chloride
complex may be assigned to J(***Pt—3'P(C4H,F;C-
m),) and J(***Pt—3'PPh,), respectively. Thus, the
order of coupling constants in the series P(C¢Hs), <
P(p-FC6H4)2 < P(m-FC6H4)2 < P(m-CF3C6H4)2 can
also be explained; the order of trans effect is CigHs >
p-FC5H4 > m-FC6H4 > m-CF3C6H4.

Investigations have shown [33] that phosphorus
atoms present in 5-membered rings exhibit anomal-
ously large coordination chemical shifts, A; this can
be explained on the basis of ring contribution (AR),
which is the difference between the coordination
chemical shift, A, of a chelate complex and of the cis-
substituted equivalent non-chelate complex. The
values of AR for the Pd(II) and Pt(II) complexes
studied have been calculated (Table II).

The 'H NMR spectra of these complexes are not
very informative and show a downfield shift of the
aromatic and methylene resonances compared to
those of the free ligand. The spectra exhibit an
expected multiplet at ~8.4—7.26 ppm, due to phenyl
protons and two overlapping triplets at ~1.20—2.62
ppm, which clearly indicate the non-equivalence of
the two methylene groups in the bridge of (CgHj),-
PCH;CHZP(C6H4F3C-m)2.

The far IR data listed in Table I are consistent
with the G, symmetry of the molecule and exhibit
two infrared-active M—X vibrations indicative of
cis geometry. The chelating nature of the ligand
was confirmed by the presence of a sharp band at
~885 cm™' in all the complexes prepared. An
increase in frequency and intensity of the P-aryl
grouping at ~1095 c¢cm™ in the complexes is a clear
indication for the coordination ef phosphorus to
metal. In the case of thiocyanate complexes, the
appearance of a strong band at ~2080 cm™' con-
firms that the thoicyanato group is bound to the
metal through the nitrogen atom (M—NCS). These
reports are in close agreement with those for similar
systems [14].
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The electronic spectral data for the nickel com-
plexes in acetone (Table I) show the presence of
an intense band in the 400—500 nm region, consis-
tent with a square-planar geometry. These bands
move to lower energy in the order NCS™ >CI >
Br~ >1I", showing the presence of N-bonded thio-
cyanate groups; two S-bonded groups would produce
the order CI” > Br~ >SCN™ >1T1 [34]. The absorp-
tions may be due to the dy, > dy2_,2 transitions.
The nickel iodide complex exhibits square-planar
= tetrahedral equilibrium.
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