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Arylation of K,[PdCI,] with Mg(C4F;H,)Br in tetrahydrofuran—dioxane and subsequent addition
of either benzonitrile or dibenzylideneacetone (dba) in diethyl ether leads to the formation of
labile complexes [Pd(C¢F;H,),(PhCN),] or [Pd(C,F;H,),(dba)] respectively. A number of
[Pd(CeF3H,),L,]- type complexes [L = PEt;, AsPh,;, P(OMe),, P(OEt), P(OPh),, L, = cyclo-
octa-1,5-diene or NNN'N’-tetramethylethylenediamine] have been prepared by addition of the
corresponding neutral ligand to chloroform solutions of [Pd(C,F,H,),(PhCN),]. Proton, "F,
and ¥'P n.m.r. data for all the square-planar palladium(it) complexes have been collected and
3'P-{"H} spectra show that they are the c/s isomers. The complex [Pd(C¢F;H,),(PhCN),] reacts
with NMe,Cl to give [NMe,],[Pd,(C.F,H,),(1-Cl),] and treatment of this with the appropriate
alkali-metal salt (KBr, Nal, or KSCN) leads to [NMe,],[Pd,(C¢F;H,),(1-X),] (X = Br, I, or SCN).
The behaviour of the binuclear anions in the solvents acetone and dimethyl sulphoxide has been
studied by "*F n.m.r. spectroscopy. The crystal structure of [P(CH,Ph)Ph,],[(C.F;H,),Pd(n-SCN)-
(r-NCS)Pd(C.F;H,),] has been solved and refined to R = 0.040 based on 3 384 observed
reflections, confirming the existence of centrosymmetric binuclear anions where the Pd atoms
have square-planar co-ordination [Pd-C 2.02(1) and 1.99(1), Pd-S 2.387(5), and Pd-N

2.07(1) A).

Polyfluorophenyl derivatives of palladium(i) can be conveni-
ently prepared by metathesis reactions of a labile complex
[PdR,L,] (L = dioxane,’? tetrahydrofuran,® or tetrahydro-
thiophene*). In the course of our research on Pd(C¢Fs),
derivatives we have shown that the benzonitrile adduct
[Pd(C¢F 5),(PhCN),] is a good precursor for the synthesis
of [Pd(C¢Fs),(diolefin)],® bi-homo- and bi-heterometallic
complexes [(C¢Fs),Pd(u-X),ML,] (X = halide; M = Ni, Pd,
or Pt),® or the hydroxo-bridged anion” [(C¢Fs),Pd(u-OH),-
Pd(C¢F5),]%".

On the other hand, 24,6-trifluorophenyl (C¢F;H,) de-
rivatives of palladium(i1) are poorly represented in the
literature. Some complexes [Pd(C¢F3H,),L,] were prepared ®
by addition of L to tetrahydrofuran—dioxane solutions resulting
from the arylation of [PdCl,]2~ with Mg(C¢F;H,)Br. The
work described herein shows that [Pd(C¢F;H,),(PhCN),] can
be prepared and subsequently used as a precursor to synthesize
complexes [Pd(C¢F3H,),L,] as well as [(C¢F3;H,),Pd(u-
C1),Pd(C¢F;H,),]>~, which in turn leads to
[(CeF3H2),Pd(u-X), Pd(CsF3H,),]>~ (X = Br, L, or SCN) by
corresponding interchange reactions with alkali-metal salts.
These are the first binuclear anionic trifluorophenyl derivatives
of palladium(i) to be reported, and an X-ray diffraction study
has confirmed the binuclearity of the thiocyanate complex
based on the eight-membered ring Pd(u-SCN)(p-NCS)Pd.

The splitting pattern shown by the 3'P n.m.r. signals of the
phosphine complexes, due to coupling to the o-fluorine atoms
in the C4F3H, group, can be used to elucidate their cis-trans
configurations. This behaviour contrasts favourably with that
of the analogous pentafluorophenyl derivatives, where the 3!P
signals are broadened by further coupling to the m-fluorine
atoms in the C¢F 5 group.®

Results and Discussion

Mononuclear Complexes—The results of our study are
shown in the Scheme. In tetrahydrofuran, K,[PdCl,] is
arylated by Mg(C,F;H,)Br and addition of dioxane results in
the precipitation of dioxane-solvated magnesium halides. The
potassium salt of [(CcF3H,),Pd(u-X),Pd(C¢F3;H,),]?>™ is
isolated from the magnesium-free solution, but the elemental
analyses, i.r. spectrum [Pd(u-Cl),Pd], and qualitative analysis
(Cland Br) indicate that it is a mixture of the chloro- and bromo-
bridged compounds. Prolonged treatment of K,[PdCl,] with
the Grignard reagent reduces the amount of chloro-bridged
compound in the mixture, but a pure compound cannot be
isolated. This behaviour is similar to that observed in the
arylation of K,[PdCl,] with Mg(C4F 5)Br in diethyl ether (1:4
molar ratio, 5 h reflux + 17 h stirring at room temperature),*
but in this case the pure bromo-bridged compound could be
isolated. If, however, the mixture is treated with KBr, pure
K,[(C¢F3H,),Pd(u-Br),Pd(C¢F,H,),] is obtained. Never-
theless, the binuclear X-bridged compounds are best obtained
by the alternative route shown in the Scheme.

On the other hand, when the magnesium-free solution is
evaporated to dryness and benzonitrile in diethyl ether is
added, the neutral bis(organo) derivative (1) is obtained. The
insolubility of the alkali-metal halide in the reaction medium
should be an important factor in the formation of the
benzonitrile adduct according to equation (1) (X = Cl, or Br,

1 Bis(benzyltriphenylphosphonium) di-p-thiocyanato-bis[bis(2,4,6-tri-
fluorophenyl)palladate(u)].

Supplementary data available: see Instructions for Authors, J. Chem.
Soc., Dalton Trans., 1990, Issue 1, pp. Xix—Xxii.
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{ K,[R,Pd(11-Cl),PdR,lx diox }
+

K,[R,Pd(y -Br), PdR,*x diox

(v)
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m\
'
MqCl,(diox),
+ Solution
MgBr,(diox),
M ( iv)l
[PdR,(dba)] [PdR,(PhCN),]
(2) (1
(vi )l
[PdR,L,]

L= PEtg,(3) ASPh3 . (4);

P(OMe),, (5); P(OEt)3, (6);
P(OPh),,(7); L,=cod,(8),tmen, (3)

[NMe, 1,[RPd(p-Cl), PdR,]
(10)

(vii{

[NMe,],[R,Pd(u-X),PdR,]
X
(11) Br
(12) 1
(13) NCS

Scheme. (/) 2MgRBr in thf, then dioxane (diox); (ii) concentration, hexane; (iii) dba in Et,O; (iv) 2PhCN in Et,O; (v) NMe,C}; (vi) 2L in CHCly; (vii)

MX (KBr, Nal, or KSCN)

Table 1. Analytical data, yields, and physical properties for the new complexes

Complex Colour

(1) [Pd(C4F3H,),(PhCN),] White

(2) [Pd(C4F;H,),(dba)] Yellow

(3) [PA(C6F 3H,)»(PEt3),] White

(4) [PA(C4F sH,)2(AsPh;),] White

(5) [PA(C¢F;H,),{P(OMe);},] White

(6) [PA(C4F 3H,),{P(OE1);},] White

(7) [PA(C4F 3H,),{P(OPh),},] White

(8) [PA(C4F 3H,),(cod)] White

(9) [PA(C4F 3H,),(tmen)] White
(10) [NMe,1,[Pd,(CF3H,)4(1-Cl),] White
(11) [NMe, ],[Pd,(C¢F 3H,),(p-Br), ] Pale yellow
(12) [NMe, 1,[Pd,(CF 3H,)a(n-1),] Orange
(13) [NMe,J,[Pd,(C6F 3H,)4(1#-NCS),] White

Analysis (%)
Yield M.p. - A )
) 8/°C) C H N
70 112 54.3 2.7 4.6
(54.3) (2.5) 4.9)
63 118 57.4 3.2
(57.8) 3.0
80 156 47.5 5.8
@1.7 X))
40 129 579 38
(58.8) 3.5
82 92 35.0 35
(35.1) (3.6)
75 102 40.8 49
41.1) 4.9)
60 128 58.4 38
(58.3) 3.5)
96 129 50.1 35
(50.4) 3.9
38 222 448 45 5.6
(44.6) 4.2) (5.8)
90 199 39.7 3.6 2.8
40.2) G4 29
83 185 36.8 33 2.4
(36.7) @3.0) Q@7
73 183 33.7 29 2.7
(33.7) (2.8) 2.5)
75 188 40.8 34 53
(40.8) 32 (5.6)

K,[R,Pd(u-X),PdR,] + 4PhCN —
2KX + 2[PdR,(PhCN),] (1)

R = C¢,F;H,) in which the binuclear anion on the left-hand
side can be as such or partially dissociated. A similar result is
obtained when dibenzylideneacetone (dba) is used instead of
benzonitrile, and (2) is the reaction product.

Neutral complexes [Pd(C¢F;H,),L,] are obtained by
treating (1) with the corresponding neutral ligand in
chloroform, where the substitution reaction occurs smoothly at

ambient temperature (Scheme). Compounds (1)—(9) are air-
and moisture-stable solids which gave satisfactory partial
elemental analyses (Table 1) and their acetone solutions are
non-conducting.

The i.r. spectra of the new compounds show bands attributed
to the 24,6-CcF;H, group®!®!! at ca. 1610m, 1 580s,
1 395s, 1300m, 1290m, 1275m, 1 145m, 1 090s, 990vs, 830s,
730s—m, 590m—w, and 320w cm!. For gold!® and
palladium ® complexes in which the cis-M(C¢F;H,), fragment
is present, the absorption at 830 cm™' was observed as a split
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Table 2. N.m.r. data (solvent CDCl,) (J in Hz) for the mononuclear palladium complexes

Complex 'H, § (SiMe,)
(1)  7.65—741 (10 H, m, Ph)

6.32 (4 H, dd, Jyp 94, Jue, 5.5, CsF3H,)

()  7.86—7.35(14 H, 'm, dba)
635 (4 H, br d, C4F,H,)

() 6254 H,d,Jyr 92, CF,H,)
1.61—0.94 (30 H, m, Et)

@)  7.56—7.21 (30 H, m, Ph)

6.59 (4 H, dd, Jur, 9.2, Jur, 5.7, CF3H,)

(5  629(@H,brd,Jy 9.0,CF;H,)
3.57 (18 H, CH,)*

6)  627(4H,d,Jyy 8.8, CeF H,)
396 (12H, m, CH,)
1.18 (18 H, t, J;5, 7.0, CH,)

(M 721—6.94 (30 H, m, Ph)
6.04 (4 H, d, Jur, 9.0, CeF3H,)

®  632(4H,dd, Jyp 9.3, Jug, 4.6, CeF;H,)

2.66 (4 H, br s, CH)
246 (8 H, brs, CH,)
©®  625(4H,d, Jys, 93, CeF3H,)

19F, §/p.p.m. (CFCly)

r

F, F, ' 31p, §/p.p.m. (H;PO,)
—86.76 —118.54
—84.16 —121.86
—84.67 —119.78 9.75
—85.14 —119.85
—85.28 —118.59 126.93
—85.26 —119.22 122.23
—84.00 —11845 108.37
—87.06 —117.31
—86.26 —119.45

* This resonance consists of a doublet at & 3.57 (Jy;p 11.9 Hz) and a broad singlet at  3.57.

(a) (b) (c) (d)

Figure 1. Expanded 3'P-{"H} n.m.r. resonances of the dppe(a), PEt;(b),
P(OEt)4(c), and P(OPh);(d) complexes. The apparent quintets and
triplet are the AA’ part of a X,AA’X’, spin system. (@) Jpp = Jpp &
Jop =17, (b)) Jpp = 6.5, Jop =88, Jpp = 43; () Jpp =0,
Jpgp & Jppr = 10.0; (d) Jpp: = Jpp- = 0, Jpg = 9.9 Hz. The spectrum of
(5) is similar to (¢) with Jpp. = 0 and Jpg = Jpg- = 9.9 Hz

band, whereas a single band in this spectral region for some
complexes [Pd(C¢F;H,),L,] was attributed to the trans
configuration. This spectral behaviour appears to be similar
to that found in square-planar bis(pentafiuorophenyl) pal-
ladium(r) derivatives* for the so-called X-sensitive mode of
CF5.!2 Complexes for which the chelating nature of the neutral
ligand [dba, cyclo-octa-1,5-diene (cod), and NNN’N’-tetra-
methylethylenediamine (tmen)] requires the cis geometry give
a broad band or a band with a shoulder. Compounds (1), (3),
(5), and (6) show a split band at ca. 830 cm™ suggesting they are
the cis isomers, and the *'P n.m.r. data for (3), (5), and (6) are
consistent with the above assignments. Compounds (4) and (7)
give a single sharp band in the same i.r. region, but the 3'P n.m.r.
spectrum of (7) is incompatible with the trans geometry. The
40 cm™! shift to higher wavenumbers observed for v(C=N) of
complex (1) (at 2230 cm™ for unco-ordinated PhCN) is
indicative of an end-on co-ordination, ie. via the lone pair on
the nitrogen atom.!3 A similar blue shift was found for cis-
[Pd(CeF5),(PhCN),].°

The 'H, !°F, and *!P n.m.r. data for compounds (1)—(9) are
collected in Table 2. The m-hydrogen atoms in the CcF;H,
rings give a doublet in the range 8 6.40—6.20 due to coupling to

* We thank a referee for constructive suggestions.

the neighbouring F, atom. Further coupling to the F, atom
gives rise to a doublet of doublets, but this effect is not
discernible for the complexes containing P-donor ligands
because coupling to the P atoms causes broadening of the
doublet. The '°F n.m.r. spectra show the expected two
resonances for the F, and F, atoms (2:1 intensity ratio). Since
only a chemical shift is observed for the !°F resonances, free
rotation of the C¢F ;H, groups around the Pd—C¢F,H, bond is
not hindered.

The *'P n.m.r. spectra are particularly interesting, for they
provide valuable information on the cis/trans nature of the
complexes. The parameters in Table 2 show that the P atoms
display positive chemical shifts, but the resonances are
broadened due to unresolved coupling to the protons of the
substituents on the phosphine as well as to the F and H atoms
in the C¢F;H, groups. However, the *!P-{!H} spectra display
resolved coupling to the o-fluorine atoms in the trifluorophenyl
rings. The expanded resonance signals for compounds (3), (6),
and (7) are illustrated in Figure 1, which also shows the
spectrum of [Pd(C¢F;H,),(dppe)] (dppe = Ph,PCH,CH,-
PPh,) for comparative purposes. All the spectra can be
satisfactorily interpreted* on the basis of an [AX,], spin
system !* corresponding to the cis isomers, which can give an
apparent quintet [dppe, PEt,, P(OMe),, or P(OEt); com-
plexes] or triplet [P(OPh); complex] according to the relative
magnitudes of the coupling constants Jpp and Jpp. Despite the
much greater sharpness of the lines of (5) and (6) compared to
the other compounds, the fine structures of these complexes
show considerable deviation from the first-order quintet caused
by an AX, spin system, and the zrans configuration must be
rejected.

Binuclear Complexes—Complex (1) reacts with NMe,Cl to
give (10), which undergoes interchange reactions with alkali-
metal salts (Scheme) without formal cleavage of the bridging
system to give the corresponding X-bridged compounds (X =
Br, I, or SCN). Complexes (11)—(13) are also air- and moisture-
stable solids and their acetone solutions (¢ & 5 x 10~* mol
dm™3) exhibited conductance values (150—180 Q' cm? mol™!)
corresponding to 2:1 electrolytes.!> A split band or a broad
band (iodo-complex) at 830—820 cm™! is indicative of the cis-
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Table 3. N.m.r. data (J in Hz) for the binuclear palladium complexes
{solvent (CD,),CO]

1SF, §/p.p.m. (CFCl,)

r Al

Complex 'H, 5 (SiMe,)" F, F,
(10)  6.12(8 H,dd, Jy, 9.8, —8199  —120.64
Jur, 49, CiF3H,)
(1)  6.14(8 H,dd, Jur 9.8, —81.60  —12063
Jur, 5.0, C4F3H,)
(12)  6.11 (8 H, m, C,F,H,) —80.46  —121.02(36%)"
—8201  —120.64 (64%)

(13)  6.19 (8 H, C4F H,)*

?In all cases a peak from [NMe,]" is found at & ca. 3.7 (24 H, s).
b See text.  Five peaks with relative intensities 1:2:2:2:1 [doublet of
doublets from C¢F3H, (R) trans to S overlapped with another doublet
of doublets from C¢F;H, (R') trans to N (see text), Jyp g =
JHF,,(R') =98, Jyr,®) = 47, Jug,ry = 5.1 Hz].

(a) (b)

Figure 2. 'F N.m.r. spectra of complex (13) in (CD;),CO (a) and
(CD,),SO (b). For interpretation see text

—

Figure 3. ORTEP drawing!” of the [(C4F3H,),Pd(u-SCN)(p-
NCS)Pd(C4F3H,),]> anion. Atom C(21) has been labelled in
another asymmetric unit. Its symmetry code is that of Table 5

Pd(C¢F;H,), fragment. Complex (10) gives a split band at
250 cm™ attributed to the Pd(u-Cl),Pd moiety, but similar
absorptions for (11) and (12) are not detected in the i.r. spectra
because they should lie below the lowest limit (200 cm™) of our
spectrophotometer. The C=N stretching mode at 2 120 cm™ is
consistent with the presence of SCN bridges !¢ in (13).

The 'H and !°F n.m.r. data for complexes (10)—(13) are
collected in Table 3. In acetone, (10) and (11) give two '°F
resonances for the F, and F, atoms (2:1 intensity ratio), but
both signals are duplicated in the spectrum of (13) [Figure
2(a)], which is attributed to a structure containing two C¢F3H,
groups trans to S atoms and two C4F;H, groups trans to N
atoms, ie. a centrosymetric anion [(C4F;H,),Pd(u-SCN)(u-
NCS)Pd(C¢F;H,),]*~, which has been confirmed by X-ray
diffraction. However, when (13) is dissolved in the stronger
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donor solvent [?H¢]dimethyl sulphoxide, the spectrum is that
shown in Figure 2(b), which is easily interpreted on the
assumption that the solvent causes cleavage of one SCN bridge
to give [(C¢F3H,),(dmso)Pd(p-SCN)Pd(dmso)(C¢F3H;),]"
+ SCN ™. A similar effect is observed for dimethyl sulphoxide
(dmso) solutions of (10) and (11), but the !°F n.m.r. data
indicate that the situation is more complex and a mixture of
unidentified species is involved in the dissociation equilibrium.
The more labile iodo-complex (12) undergoes the same effect
even in the solvent acetone and the '°F n.m.r. data (Table 3)
show that two species coexist, probably [(C¢F;H,),Pd(p-1),-
Pd(CeF3H,),]2~ (36%) and [(CeF3H,),(Me,CO)Pd(p-D)-
Pd(Me,COXC¢F3H,),]™ (647).

X-Ray Crystal Structure of [P(CH,Ph)Ph;],[(C¢F;H,),-
Pd(u-SCN),Pd(C4F;H,),]—The structure consists of bi-
nuclear centrosymetric [(C¢F3H,),Pd(u-SCN)(u-NCS)Pd(C,-
F3H,),]*>” anions (Figure 3, drawn by ORTEP!”) and
[P(CH,Ph)Ph;]* cations, which are held together by electro-
static interactions. Positional parameters and interatomic
distances and angles are collected in Tables 4 and 5 respectively.
All of them compare well with those reported for similar
compounds.'®

The Pd atoms and the four atoms co-ordinated to it show
slight deviations from the mean plane defined by them.
However, these deviations are significant in terms of the
attained accuracy (y2 = 5.99 at 959 for two degrees of
freedom), the most significant being that of S [0.008(2) A]. The
two square planes around the Pd atoms forming the dimer are
parallel and are separated from each other by 0.52 A as a
consequence of sp® hybridization at the S atoms (see torsion
angles in Table 5).

The two fluorophenyl rings bonded to Pd are planar and
rotated 90.1(3)° from each other. However, most of the F atoms
are out of the ring planes with deviations up to 0.0057(5) A
[for F(26)]. Even if they are planar, the rings present severe
distortions as indicated by the values of the C-C-C angles
which range from 112.3(6) to 126.5(8)°, the highest values
corresponding to the central carbons which are bonded to F
atoms. Similar distortions have been observed in other
fluorophenyl groups.'® In our case, the angular deformations
in both rings match quite well with each other (see Table 5).

In the PR,* cation, all the bond lengths and angles are as
expected and the four rings are planar.

Experimental

Carbon, H, and N analyses were carried out with a Perkin-
Elmer 240C microanalyser. Conductivities were measured with
a Philips PW 9501/01 conductimeter. Lr. spectra were recorded
(in the range 4000—200 cm™') on a Perkin-Elmer 1430
spectrophotometer, and 'H, '°F, and *'P n.m.r. spectra on a
Varian FT-80A instrument. Melting points were determined on
a Reichert microscope.

The salt K,[PdCl,] was prepared from metallic Pd,2° and
tetrahydrofuran solutions of Mg(C4F;H,)Br were prepared
by treating the corresponding bromo-derivative with Mg, as
described elsewhere! for Mg(C4F5)Br. All the solvents were
dried by literature methods before use.

Preparation of Complexes—[Pd(C¢F3H,),(PhCN),] (1). A
freshly prepared and filtered solution of Mg(C¢F;H,)Br [from
Mg (0.15 g, 6.17 mmol) and bromo-2,4,6-trifluorobenzene (1.30
g, 6.16 mmol) in tetrahydrofuran (thf) (10 cm?3)] was added to
K,[PdCl,] (0.5 g, 1.532 mmol) in thf (30 cm?). The suspension
was boiled under reflux in a nitrogen atmosphere for 4 h. After
cooling at room temperature, dioxane (25 cm?) was added and
the mixture was stirred for 30 min then set aside in a refrigerator
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Table 4. Atomic parameters for [P(CH,Ph)Ph,],[Pd,(C¢F3H,),(1-SCN),]
Atom x y z Atom . y z
Pd 0.331 49(4) —0.053 14(3) 0.054 19(3) C(32) 0.258 0(6) 0.137 7(5) —0.361 1(4)
P 0.310 3(1) 0.201 5(1) —0.204 8(1) C(33) 0.267 0(7) 0.082 1(6) —0.420 9(5)
S 0.658 6(1) 0.094 2(1) 0.077 2(1) C(34) 0.3394(7) 0.015 3(5) —0.401 1(5)
F(12) 0.256 9(4) 0.1129(3) 0.1254(3) C(35) 0.402 9(7) 0.004 8(5) —0.321 9(5)
F(14) 0.277 9(6) 0.0320 (4) 0.391 0(3) C(36) 0.394 8(6) 0.061 1(4) —0.260 8(4)
F(16) 0.364 2(5) —0.165 5(3) 0.217 13) C(41) 0.174 1(5) 0.209 8(4) —0.208 7(4)
F(22) 0.303 1(4) —0.2577(3) 0.075 5(4) C(42) 0.131 3(6) 0.151 9(5) —0.166 8(4)
F(24) —0.063 5(4) —0.2839(4) —0.025 1(4) C(43) 0.024 9(7) 0.157 7(6) —0.172 0(5)
F(26) 0.094 4(3) —0.0154(3) —0.0252(3) C(44) —0.038 4(7) 0.218 8(6) —0.220 3(6)
N 0.461 8(4) 0.028 1(3) 0.076 3(3) C(45) 0.002 5(6) 0.275 4(6) —0.263 0(6)
c) 0.541 1(5) 0.056 2(4) 0.076 3(3) C(46) 0.109 7(6) 0.271 9(5) —0.258 1(5)
C(11) 0.309 0(5) —0.028 3(5) 0.163 3(4) C(51) 0.359 8(5) 0.302 5(4) —0.225 8(4)
C(12) 0.279 1(5) 0.047 8(5) 0.182 3(4) C(52) 0.435 7(6) 0.302 8(5) —0.265 8(5)
C(13) 0.267 0(6) 0.073 0(6) 0.258 0(6) C(53) 0.488 3(8) 0.378 1(7) —0.271 4(6)
C(14) 0.288 3(8) 0.010 6(7) 0.316 2(5) C(54) 0.465 0(8) 0.4520(7) —0.238 0(6)
C(15) 0.320 8(9) —0.069 5(6) 0.304 7(5) C(55) 0.387 6(7) 0.452 1(5) —0.200 9(5)
C(16) 0.330 3(7) —0.085 2(5) 0.227 4(5) C(56) 0.334 8(6) 0.3779(4) —0.192 8(4)
C(21) 0.205 8(5) —0.130 8(5) 0.030 3(4) C(60) 0.391 5(5) 0.168 9(4) —0.102 6(4)
C(22) 0.208 2(6) —0.218 4(5) 0.043 8(5) C(61) 0.394 7(5) 0.238 7(4) —0.041 1(4)
C(23) 0.120 2(8) —0.271 5(6) 0.025 9(6) C(62) 0.473 2(6) 0.300 6(5) —0.025 6(5)
C(24) 0.024 3(7) —-0.2333(7) —0.007 5(6) C(63) 0.472 5(6) 0.368 8(6) 0.026 9(5)
C(25) 0.013 0(6) —0.149 2(7) —0.025 6(5) C(64) 0.395 4(8) 0.374 1(6) 0.062 4(5)
C(26) 0.105 7(6) —0.101 2(6) —0.005 1(5) C(65) 0.3190(7) 0.312 7(7) 0.049 4(6)
C@31) 0.322 0(5) 0.126 0(4) —0.280 0(4) C(66) 0.318 7(6) 0.243 9(6) —0.002 6(5)
Table 5. Bond lengths (A) and angles (°) for [P(CH,Ph)Ph,],[Pd,(C¢F;H,),(n-SCN),]*
X=1 X=2
Pd-S! 2.387(5) C(X1)-C(X2) 1.32(1) 1.38(1)
Pd-N 2.07(1) C(X1)-C(Xx6) 1.37(1) 1.36(3)
Pd-C(11) 2.02(1) C(X2)-C(X3) 1.41(1) 1.38(2)
Pd-C(21) 1.99(1) C(X3)-C(X4) 1.36(2) 1.36(2)
S-C(1) 1.658(7) C(X4)-C(X5) 1.35(1) 1.34(1)
C(1)-N 1.136(8) C(X5)-C(X6) 1.39(1) 1.38(2)
P-C(31) 1.788(8) Mean 1.37(1) 1.37(2)
P-C(41) 1.786(8)
P-C(51) 1.783(8) C(X2)-F(Xx2) 1.37(1) 1.35(2)
P-C(60) 1.82(4) C(X4)-F(X4) 1.37(1) 1.36(2)
C(60)-C(61) 1.51(1) C(X6)-F(X6) 1.36(1) 1.38(1)
Mean value for the C-C distance in rings of [P(CH,Ph)Ph;]*: 1.38(2)
X=1 X=2
S'-Pd-N 92.8(1) C(X6)-C(X1)-C(X2) 112.6(7) 112.3(6)
S'-Pd-C(11) 173.3(2) C(X1)-C(X2)-C(X3) 127.0(7) 125.3(7)
S'-Pd-C(21) 86.0(2) C(X2)-C(X3)-C(Xx %) 115.0(8) 116.5(8)
N-Pd-C(11) 93.8(2) C(X3)-C(X4)-C(X5) 123.6(9) 123.1(9)
N-Pd-C(21) 178.7(3) C(X4)-C(X 5)-C(X 6) 115.3(8) 116.2(7)
C(11)-Pd-C(21) 87.3(3) C(X5)-C(X6)-C(X1) 126.4(8) 126.5(8)
Pd'-S-C(1) 102.8(2) F(X2-C(X1)-C(X1) 120.0(7) 115.0(6)
S-C(1)}-N 178.2(6) F(X2)-C(X2)-C(X3) 113.0(7) 115.7(7)
Pd-N-C(1) 161.5(S5) F(X4)-C(X4)-C(X3) 118.2(9) 117.6(9)
F(X4)-C(X4)-C(X5) 118.2(9) 119.2(8)
F(X6)-C(X6)-C(X5) 114.6(7) 116.2(7)
F(X6)-C(X6)-C(X1) 115.0(7) 117.2(7)
[P(CH,Ph)Ph,]" Torsion angles
C(31)-P-C(41) 109.4(3) C(41)-P-C(60) 110.1(3) N-C-S-Pd 175.6(4) S-Pd-N-C 33(2)
C(31)-P-C(51) 108.2(3) C(51)-P-C(60) 107.2(3) N-Pd-S-C 11.9(3)
C(31)-P-C(60) 110.8(3) P-C(60)-C(61) 110.7(4)
C(41)-P-C(51) 111.0(3)

Mean C-C-C angle in phenyl rings: 120(1)
* Symmetry code: 11 — x, —y, —z.

overnight. The precipitated magnesium halides were removed
by filtration (under nitrogen atmosphere) and benzonitrile
(0.31 cm3, 3.06 mmol) was added to the resulting yellow-orange

solution. After stirring at room temperature for 30 min the
solution was evaporated to dryness under reduced pressure
and the residue was treated with diethy! ether—dichloromethane
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(1:1) (30 cm?), which was filtered to give a pale yellow solution.
This was concentrated and addition of n-hexane precipitated a
white solid, which was collected by filtration, then washed with
n-hexane, and air-dried. The product was recrystallized from
chloroform—hexane.

[Pd(C¢F3H,),(dba)] (2). This was prepared as described
above but using dibenzylideneacetone (0.358 g, 1.532 mmol)
instead of benzonitrile.

[Pd(C¢F3H,),L,] [L = PEt;, (3); AsPh;, (4); P(OMe),,
(5); P(OEt),, (6); P(OPh),, (7); L, = cod, (8); or tmen, (9)].
In separate experiments, the stoicheiometric amount (0.250 or
0.125 mmol) of the corresponding ligand was added to a
solution of [Pd(C¢F;H,),(PhCN),] (0.250 mmol) in chloro-
form (10 cm?3). The solution was stirred at room temperature for
1 h, then concentrated under reduced pressure to half the
original volume. Addition of hexane resulted in the precipit-
ation of the expected organo complex as a white or pale yellow
solid which was washed with ethanol and n-hexane and dried in
the air. The compounds were recrystallized from chloroform—
ethano! and the individual yields are collected in Table 1.

[NMe,],[Pd,(C¢F3H,),(p-Cl),] (10). A solution of NMe,Cl
(0.038 g, 0.348 mmol) in ethanol (5 cm®) was added to a solution
of [Pd(C¢F;H,),(PhCN),] (0.100 g, 0.174 mmol) in acetone
(10 cm?). The mixture was stirred at room temperature for 2 h,
during which time a white precipitate appeared. Addition of
ethanol (x5 cm?) resulted in the complete precipitation of
complex (10), which was filtered off, washed with ethanol and
n-hexane, and dried under vacuum. The compound was
recrystallized from acetone-hexane.

[NMe,],[Pd,(C¢F3H,),(1-Br),] (11). An acetone (10 cm?)
solution containing complex (10) (0.100 g, 0.1046 mmol) and
KBr (0.0249 g, 0.2092 mmol) was refluxed for 2 h, then stirred
at room temperature for 20 h. The potassium chloride formed
during the reaction was removed by filtration under vacuum
and the resulting solution was then concentrated under vacuum
until a pale yellow solid began to precipitate. The precipitation
was completed by addition of n-hexane (5 cm?®) and the
compound was filtered off under vacuum, washed with n-
hexane, and air-dried.

[NMe,]1,[Pd,(CcF3H,),(pn-1),] (12). Sodium iodide (0.0313
g, 0.2092 mmol) was added to an acetone (10 cm?) solution
containing complex (10), (0.100 g, 0.1046 mmol). The mixture
was refluxed for 2 h, then filtered at room temperature to
remove the sodium chloride. The resulting solution was
concentrated under vacuum to ca. 2 cm?. Addition of ethanol-
n-hexane precipitated an orange solid which was filtered off,
washed with ethanol and n-hexane and air-dried. The
compound was recrystallized from acetone-hexane.

[NMe,],[Pd,(C¢F3H,),(n-SCN),] (13). Potassium thio-
cyanate (0.0203 g, 0.2090 mmol) was added to an acetone (10
cm?) solution of complex (10) (0.100 g, 0.1046 mmol). Work-up
as for the iodo-complex gave white crystals of complex (13),
which were recrystallized from acetone-hexane. The corre-
sponding salt [P(CH,Ph)Ph;],[Pd,(C¢F3H,),(p-SCN),] was
prepared similarly from phosphonium chloride and crystals
suitable for X-ray diffraction were obtained by solvent diffusion
(acetone—n-hexane) at room temperature.

The individual yields of the binuclear complexes are listed
in Table 1.

Crystal Structure Determination of [P(CH,Ph)Ph;],[Pd,-
(CeF3H,),(u-SCN),]1—Crystal  data. (CigH,cFsNPPdS),,
M = 1560.1, monoclinic, a = 13.227(5), b = 15.557(5), ¢ =
17.167(6) A, B = 108.06(4)°, U = 3 358(2) A3 (by least-squares
refinement on diffractometer angles for 25 centred reflections,
A = 0.7107 A), space group P2,/n (no. 14), Z =2, D =
1.54 g cm3, colourless prisms, ca. 0.3 x 0.25 x 0.12 mm,
p(Mo-K)) = 7.11 cm™, F(000) = 1 568.
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Data collection and processing. Nonius CAD-4 diffractometer,
©—20 scan mode, graphite-monochromated Mo-K, radiation.
6 548 Reflections measured (2 < 0 < 27°), 5918 unique,
with 3 384 having 7 > 3o(/).

Structure analysis and refinement. Heavy-atom method (Pd)
followed by normal Fourier synthesis. Full-matrix least-squares
refinement. An empirical absorption correction was applied at
the end of the isotropic refinement 2! minimum and maximum
absorption corrections 0.0887 and 1.150, mean 1.001). Some
of the H atoms were located by a difference synthesis, others
were fixed at calculated positions (C-H = 1 A). All of them
were held invariant in the last refinements. Thermal motion
was considered anisotropic for all non-hydrogen atoms and
isotropic for H. Unit weights were applied to each reflection.
The final R value was 0.040 for the observed reflections only.
Most of the calculations were performed with the X-RAY 80
system,22 and scattering factors for neutral atoms were taken
from ref. 23.

Additional material available from the Cambridge Crystal-
lographic Data Centre comprises H-atom co-ordinates and
thermal parameters.
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