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Abstract

The title compounds (1, X=F; 2, X =Cl) were
obtained in quantitative yield by refluxing together
(NBug), [Pd,(u-Br),(CeXs)a] and (NBu,), [Pda(u-
Br),Br,]. Treatment of 1 or 2 with AgClQ, (Pd:Ag =
1:1) gave solutions which behaved as containing
‘Pd(C¢X5)Br’. 1, 2 and the ‘Pd(C¢Xs)Br’ solutions
were checked as precursors of mono-pentahalophenyl
derivatives, yielding a variety of complexes [Pd(Cs-
X;)Br(L-L)] (L-L=bipy, tmen, dpe, COD), [Pd(Cq-
X;5)BrL,] (L =p-ToINH,, py, PPh;, AsPh;, SbPhj,),
[Pd,(u-Br),(CsXs).La] (X=F, L=AsPh;; X=Cl,
L= SbPh;) and (NBuy)[Pd(C¢Xs)Br,L] (X=F, L=
py, AsPhj;, SbPhj;; X =Cl, L=p-TolNH,, py, PPh,,
AsPhj, SbPhj). The solutions of ‘Pd(C¢Xs)Br’ proved
to be the best general precursors of complexes
[PA(C¢Xs)BrL,] although complexes with OPPh,
could not be obtained.

Introduction

The chemistry of organopalladium and platinum
compounds with pentahalophenyl ligands has been
reviewed very recently [1,2]. Over a period of
twenty years a variety of complexes containing one,
two, three or four Cg¢Xs groups attached to the
metal centre have been synthesized. Some of the
complexes prepared are of particular interest for
they can be used as fairly general precursors of a
given type of complexes. Thus, the complexes trans-
[PA(CeXs)(tht),] (X=F [3], Cl [2,4]; tht=
tetrahydrothiophen) are good synthons of the moiety
‘trans-Pd(C¢Xs),” since the labile tht ligand can be
displaced easily. The anionic complexes (NBugs),-
[PAd(u-Y),(CeXs)a] (X=F, Cl; Y=CI, Br) [2,3,5]
are even more general precursors of complexes
containing the moiety ‘cis-Pd(C¢Xs),’, either by
direct bridge splitting and Y displacement or, better,
by removing the Y ligands with AgClO,4 in a poorly
coordinating solvent; in this way, complexes such
as cis-[Pd(CXs)2(THF),] [6], cis-[Pd(CeX5)2(CO):]
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[6] or cis-[Pd(CFs),(dpa),] [7] (dpa =diphenyl-
acetylene), which could not have been obtained by
displacing a tht ligand, can be made easily.

The most general precursors hitherto available
for the preparation of complexes containing the
moieties ‘PdCIC¢Xs” (usually trans unless a chelating
ligand is used) or ‘PdC¢Xs” were the dinuclear com-
plexes [Pd,(u-Cl),(CeXs)o(tht),] which are prepared
in two-step processes with good combined yields
(56% for X=F; 40% for X =Cl) [8] and [Pd(C,-
F5)Br], produced by the metal atom technique [9]
in very modest yield (10.5%). In this paper we
describe the easy synthesis of the new complexes
(NBuy), [Pd;(u-Br),(CeXs)2Br,] which are also pre-
pared in two step processes in even better combined
yields (81% for X =F; 54% for X =CI) than the
above-mentioned tht complexes and, in addition,
are more versatile precursors. We also describe their
use as precursors of mono-perhaloaryl complexes.

Experimental

Carbon, H and N analyses were carried out on a
Perkin-Elmer 240 microanalyser. Conductivities were
measured with a Crisson 522 conductimeter. IR
spectra were recorded (in the range 4000-200
cm™) on a Perkin-Elmer 599 spectrometer, and
'H NMR spectra on a Varian XL-200 instrument
(200 MHz for H). Literature methods were used
to prepare the compounds (NBug),[Pd,(u-Br),-
(CeXs)a]l [2,3,5], (NBug);[Pda(u-Br),Bra] [10]
and [Pd,(u-Br),(CeXs)a(tht),] [8].

The syntheses of the complexes are described
below. When several syntheses differed only in the
starting material or the ligand used only one com-
plex is described as type procedure.

Synthesis of (NBug)af Pdo(u-Br)2(Cs X s )2Braf
(NBuis)of Pdofu-Br)of CeFs)2Braf (1)
To a solution of (NBU4)2 [sz([J.-Br)2(C6F5)4]
(2.5 g, 1.64 mmol) in acetone (40 cm®) was added
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(NBuy), [Pd,{(u-Br),Bry] (1.93 g, 1.64 mmol). The
mixture was refluxed for 10 h, and then evaporated
to dryness. Addition of 'PrOH (15 cm?®) to the
resulting oil and stirring gave an orange product 1
which was filtered and air dried. 99% yield. (Am=
212 ohm™ ¢m? mol™! in ca 5 X10™* M solution
in acetone.)

(NBuy), [Pd2(u-Br),(CsCls),Br, ] (2) was prepared
similarly. (Ap =189 ohm™ ¢m?® mol™ in ca 5 X
107* M solution in acetone.)

Synthesis of [Pd{CsXs)Br(L-L)]

(a) From (NBug )of Pd( u-Br)o( Ce X5 )2Bra ] -

[Pd{Cef's)Br(bipy)] (3)

To a solution of (NBuy), [Pd;(u-Br),(CeFs),Br,]
(0.127 g, 0.09 mmol) in acetone (10 cm?®) was added
bipy (0.029 g, 0.18 mmol). The mixture was stirred
for 1 h. Evaporation of the solvent and addition of
EtOH (10 cm?®) afforded a yellow product 3 which
was filtered and air-dried.

[Pd(CCls)Br(bipy)] (4), [Pd(CeFs)Br(tmen)] (5),
[Pd(C¢Cls)Br(tmen)]  (6), [Pd(CsFs)Br(dpe)] (7)
and [Pd(C4Cls)Br(dpe)] (8) were prepared simi-
larly.

(b) From ‘Pd{C¢Xs)Br’ solutions: [ Pd(C¢F's)-

Br(COD)f (9)

To a solution of AgClO4 (0.074 g, 0.36 mmol)
in freshly distilled tetrahydrofuran (20 cm®) was
added (NBug),[Pd,(u-Br),(CsFs).Bra] (0.243 ¢,
0.18 mmol). After 30 min stirring the precipitate
(AgBr) was filtered off; 1,5-cyclooctadiene (44.3 1,
0.36 mmol) was added to the solution. After stirring
for 10 min the solution was evaporated to dryness,
the residue was extracted with 100 cm® of Et,0
and the insoluble (NBu,4)ClO4 was removed. Evap-
oration of this Et,O clear solution and addition of
n-hexane (5 cm?®) afforded a yellow product 9 which
was filtered off and air-dried.

[Pd(C¢Cl5)Br(COD)] (10) was prepared similarly,
but the complex was separated from (NBuy)ClO,4
by washing the residue with acetone, where the
(NBu,)ClO, is very soluble and 10 is only sparingly
soluble.

(c) From [Pdy(-Br)oCeXs)a(tht )] : [ Pd(CeFs)

Br(COD)] (9)

To a suspension of [Pd(u-Br),(CeFs),(tht),]
(0.46 g, 0.52 mmol) in CH,Cl, (5 cm?®) was added
COD (0.4 ml, 324 mmol). Instantaneously the
suspension changed into a clear mixture which was
stirred for 2 min; n-hexane (15 cm?®) was added
affording a yellow product 9 which was filtered
and air-dried (yield 46%). Evaporation of the re-
maining solution to § cm? led to a yellow product,
[PA(C4Fs)Br(tht),], in 41% yield.
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Displacement Reaction on [Pd{C¢Xs)Br(COD)]

To a solution of [Pd(C4Fs)Br(COD)] (0.095 g,
0.21 mmol) in CH,Cl, (10 cm?) was added (NBu,)Br
(0.165 g, 0.52 mmol). The mixture changed from
yellow to orange in a few minutes. After 2 h stirring,
the solvent was evaporated to dryness and 'PrOH
(5 cm?®) was added. An orange compound was ob-
tained that was identified as (NBugs),[Pd,(u-Br),-
(C4F5),Br,] (1) (0.139 g, 80% yield).

The reaction starting from [Pd(C¢Cls)Br(COD)],
which gave 2 was carried out similarly.

Synthesis of (NBug){ Pd{ CsXs)Br,L

(a) (NBua){ Pd{CcCls )Bra(p-ToINH, ) (11)

p-ToINH, (0.067 g, 0.67 mmol) was added to
an acetone solution (15 cm?®) of (NBug),[Pd,(u-
Br),(C¢Cls),Bry] (0.17 g, 0.11 mmol). The mixture
was stirred for 1 h and then evaporated to dryness.
The oily residue was washed with n-hexane and
stirred in this solvent overnight to give a yellow
solid (11) which was filtered and air-dried.

(b) (NBuy)[ Pd(CeFs)Brapy] (12)

To a solution of (NBuy),[Pd,(u-Br),(CsFs),Br,]
(0.1 g, 0.07 mmol) in acetone (10 cm?®) was added
py (23.8 ul, 0.29 mmol). The mixture was stirred for
1 h and then evaporated to dryness. Addition of
Et,0 (10 cm®) led to a yellow compound 12 which
was filtered and air-dried.

(NBu4)[Pd(C4Cls)Br,py] (13) was prepared sim-
ilarly.

(c) (NBuy)[Pd(CsCls )Bro PPhy )] (14)

To a solution of (NBug), [Pd,{u-Br);(C¢Cls),Br,]
(0.112 g, 0.07 mmol) in acetone (10 cm?) was
added PPh; (0.039 g, 0.15 mmol) whereupon the
orange solution changed to yellow. The mixture was
stirred for 1 h, then evaporated to dryness and EtOH
(10 cm®) was added. The yellow product obtained,
14, was filtered and air-dried.

{(NBu,)[Pd(C¢F5)Br,(SbPhs)] 17 and (NBu,)[Pd-
(CsFs)Br,(AsPh;)] (15) were prepared similarly.
When the mother liquors of 15 were set aside [Pd,-
(u-Br),(C¢F5).(AsPhj),] (16) was obtained in 4%
yield.

Synthesis of [Pdyfu-Br),(CsCls )2 SbPh3 o] (19)
SbPh; (0.071 g, 0.2 mmol) was added to an ace-
tone solution (15 cm?) of (NBuy), [Pd,(u-Br),(Ce-
Cls),Br;] (0.152 g, 0.1 mmol) and the mixture
was stirred for 90 min. Evaporation to ca 5 c¢cm?
afforded a yellow product 19 which was filtered
and air-dried (yield 25%). The remaining solution
was evaporated to dryness and EtOH (10 cm®) was
added; a deep-yellow product was obtained and
identified as a mixture of (NBu4)[Pd(C¢Cls)Br,-
(SbPh3)] (18) and 19. This mixture was suspended



Pentahalophenyl Derivatives of Pd(1l)

in EtOH and stirred for 15 h whereupon 18 changed
to 19. The yellow precipitate 19 was then filtered
and air-dried.

Synthesis of [Pd(CeXs)BrL,f
(A) From (NBug)s[ Pdy(u-Br)s(CeXs )2Bra]

(a) cis-[ Pd{C¢F's)Br(PPh3),] (24). To a suspension
of (NBuy),[Pd,(u-Br),(CsF;),Br,] (0.226 g, 0.19
mmol) in EtOH (20 cm?) was added PPh, (0.205 g,
0.78 mmol). The mixture was stirred for 1 h and the
resulting yellow product (24) was filtered and air-
dried.

(b) trans-{ Pd(C¢F 5)Br(PPh3),] (25). PPh; (0.13 g,
0.49 mmol) was added to an acetone solution (15
cm®) of (NBuy),[Pd,(u-Br),(CeFs).Br;] (0.168 g,
0.12 mmol), and the mixture was stirred for 1 h. The
solution was evaporated to dryness and EtOH (15
em®) was added; this led to a pale-yellow solid 25,
which was filtered and air-dried.

cis-[Pd(CeCls)Br(PPhs);] (26), [PA(CeFs)Br(As-
Phy).] (27), [PA(CeCls)Br(AsPhs).] (28), [Pd(Cs-
F5)Br(SbPh;),] (29) and [Pd(CCls)Br(SbPhs),]
(30) were prepared similarly.

(B) From ‘Pd(C¢X s )Br’ solutions: [ Pd(C¢F s )-

Br(p-TolNH, ),] (20)

To a solution of AgClO, (0.025 g, 0.12 mmol)
in freshly distilled tetrahydrofuran (20 cm?®) was
added (NBuy),[Pd,(u-Br),(C¢Fs),Br,] (0.083 g,
0.06 mmol) and the mixture was stirred for 30 min.
The solution was evaporated to dryness, the residue
was extracted in dry Et,0 (70 cm®) and the insol-
ubles AgBr and (NBu,)ClO, were filtered off. p-
ToINH, (0.026 g, 0.24 mmol) was added to the
filtered solution and the mixture was stirred for 30
min. Then the solvent was evaporated and n-hexane
(5 cm®) was added to obtain a yellow product 20
which was filtered and air-dried.

[Pd(C6C15)Br(p-TOlNH2)2] (21), [Pd(Cst)Br-
py2] (22) and [Pd(C¢Cls)Brpy,] (23) were prepared
similarly.

'H NMR data

20: 2.23(s, 3H, Me); 4.75(brs, 2H, NH;); 6.77-
(2H, aromatic); 6.94(2Hg aromatic) Jog=8.11
Hz.

21: 2.21(s, 3H, Me); 4.73(br.s, 2H, NH;); 6.70-
(2H, aromatic); 6.89(2Hg aromatic) J,p=38.05
Hz.

22: 7.31(dt, H? + H%); 7.73(t, H*); 8.79(d, H? +
H6), 3J2_3 =60 HZ, 3.]3_4 =17.7 Hz.

23: 7.31(dt, H® + H%); 7.73(t, H*); 8.92(d, H? +
H®);3J,_3=5.07 Hz; %34 = 7.66 Hz.
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Results and Discussion

Synthesis of (NBu ), Pd,(u-Br)of C¢Xs)2Bry] and
Pd(Ce¢Xs)Br’

The complexes (NBug),[Pd,(p-Br),(CeXs),Bra]
(1), (2) are easily obtained in virtually quantitative
yields by refluxing together stoichiometric amounts
of  (NBug);[Pd,(u-Br),(CeXs)a] [2,3,5] and
(NBuy), [Pd,(u-Br),Bry] [10] in acetone, where-
upon a transarylation occurs. The compounds behave
as 2:1 electrolytes in acetone solution and the obser-
vation of only one X-sensitive absorption of mainly
M—C) character [3,5] (C,n, By) is consistent
with a trans arrangement of the two CgX5 groups
in the dimeric anion. Table 1 collects some relevant
data of these and the rest of the complexes dealt
with in this paper.

Treatment of 1 or 2 with the stoichiometric
amount of AgClO, in a variety of solvents allows
the selective removal of one bromide per palladium
(eqn. (1)). Filtration of the insoluble AgBr affords
solutions which behave as containing ‘Pd(C¢Xs)Br,
although probably either the solvent or the per-
chlorate groups are coordinated to the palladium
to complete a square-planar coordination. If the
presence of (NBu4)ClO, is inconvenient, it can be
removed by evaporating to dryness and extracting
the ‘Pd(C¢Xs)Br’ in diethyl ether (probably as the
complex with two Et,0 ligands) where the (NBug)-
ClO,4 is only sparingly soluble, following the same
strategy used for the species ‘Pd(C¢X;5),” [6]; this
is hardly achieved for X =Cl due to its lower solu-
bility in diethyl ether. On the other hand, the in-
creased unstability of ‘Pd(C¢Xs)Br’ compared to
‘Pd(C¢Xs)2” makes the isolation of the diethyl ether
complexes as solids inadvisable.

1 (or 2) +2AgClO, —
2‘Pd(C¢Xs)Br + 2AgBr + 2(NBu,)ClI0, (1)

Both types of complexes, (NBug),[Pd,(u-Br),-
(CeXs),Br,] and ‘Pd(C¢Xs)Br’ in solution have
been tested as potential general precursors of mono-
pentahalophenyl complexes and the results are
discussed below.

Reactions with Chelating Ligands

When good coordinating chelating ligands are
used (2,2"bipyridine, bipy; N,N,N'N'tetramethyl-
ethylenediamine, tmen; 1,2-bis(diphenylphosphino)-
ethane, dppe), the result is always the monomeric
complex [Pd(C¢Xs)Br(L-L)] both starting from the
anionic complexes or from ‘Pd(C¢Xs)Br’ and regard-
less of the L-L:Pd ratio used. Thus, if a ratio L-L:
Pd =1:2 is used on the anionic dimers half of the
starting material is recovered unchanged and the
ligand does not coordinate as exo-bidentate (eqn.
(2)). Moreover, the Br~ ligands in solution do not
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TABLE 1. Analytical Results, Yields and Relevant IR Data (cm_‘) for the Complexes?

R. Usén et al.

Complex Analysisb Yield IR Reference
[,

C H N 7 CeXs © L
trans-(NBug), [ Pd4 (u-B1)2(CgF5)2Bra] (1) 38.8 5.1 2.3 99 795

(39.0) (5.4) 2.1
trans{NBug),[Pd,(e-B1)2(C¢Cl5),Bra] (2) 35.0 4.7 2.1 99 625

(34.9) (4.8) (1.8)
[PA(CeF5)B1(bipy)] (3) 99 9,11
[Pd(CeCls)Br(bipy)} (4) 326 1.3 4.6 95 628 1595, 1560

(32.5) 14) @.7
[Pd(CgF 5)Br(tmen)] (5) 70 11
[PA(C¢Cls)Br(tmen)}] (6) 25.9 3.1 5.2 70 620 810, 770

(26.1) 2.9 (5.1)
[PA(Cgl 5)Br(dpe)] (7) 90 11
[Pd(C4Cl5)Br(dpe)] (8) 45.7 2.8 85 610 570,490

46.1) 2.9) 475
[PA(CgF5)Br(COD)] (9) 80 9
[Pd(CeCls)Br(COD)] (10) 31.0 2.2 77 620 1570

(30.9) 2.2) 773,750
(NBug) [Pd(CsCls)Bra(p-TolNH2) | (11) 399 51 3.0 70 625 3360-3310

40.3) (5.2) (3.2) 1510
(NBuy)[Pd(CgF 5)Brapy] (12) 42.7 5.2 3.6 80 790 1600, 760

42.9) 5.5) 3.7
(NBuy)[Pd(CgCls)B1,py] (13) 38.5 4.7 3.7 75 625 1600, 760

(38.7) 4.9) 3.3)
(NBuy)[Pd(C¢Cls)Br,(PPha)] (14) 46.7 5.0 1.4 70 615 520, 505

47.0) 5.0) (1.4) 495
(NBuy4)[Pd(C4F5)Bra(AsPha)] (15) 48.7 5.1 1.6 70 790 480,470

(48.9) (5.2) (1.4) 350-320
[Pda(u-Br)2(CeF5)2(AsPh3),] (16) 4 8,12
(NBug4)[Pd(CgF 5)Bra(SbPh3)] (17) 46 .4 5.0 1.4 68 790 450,460

46.7) (5.0) (1.4)
(NBug)[Pd(CsCl5)Br,(SbPh3)] (18) mixture 625 450, 460
[Pd,(u-Br)2(CeCls)2(SbPh3),] (19) 80 8
trans-[Pd(C¢F 5)Br(p-TolNH,), ] (20) 423 33 4.9 60 790 3640-3550

42.3) 3.2) 4.9) 1510, 1490
trans-[Pd(CgCl5)Br(p-TolNH,), ] (21) 37.1 29 4.2 40 620 36603550

(36.9) 2.8) 4.3) 1580, 1510
trans-[Pd(CgF 5)B1py,] (22) 60 8,9
trans-| PA(C¢Cls)Brpy2] (23) 325 1.7 4.7 40 620 1600

(32.3) (1.7) 4.7 770,755
cis-[Pd(C¢F 5)Br(PPh3),] (24) 57.7 35 85 790 535,525 3

(57.5) (3.4) 510, 500
trans-[Pd(CgF 5)Br(PPh3),] (25) 85 13
cis-{Pd(C¢Cls)Br(PPh3),] (26) 524 34 70 620 532,520

(52.5) (3.1) 508,488
[Pd(CgF 5)Br(AsPhs3),] (27) 90 9,12
{Pd(C¢Cl5)Br(AsPh3),] (28) 48.1 3.1 80 625 690, 480

(48.1) 2.9) 470, 330
[Pd(C¢Fs)Br(SbPh3),] (29) 474 2.7 80 786 690,450

47.6) (2.8)
[Pd(CgCls)Br(SbPh3),] (30) 44.0 2.5 80 620 690,450

44.2) (2.6)

aFor complexes described in the literature by other methaods, only our yield and the reference of the earlier synthesis are given.

bCalculated values in parentheses.

©Other absorptions: CFs = 1500, 1050, 950; C4Cls = 1330 -1310.
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lead to the formation of (NBuy),[Pd(CeXs)Brs];
even in the presence of an excess of (NBuy)Br it is
the dinuclear species which is formed upon crys-
tallization.

1 (or 2) + L-L —> [Pd(C¢X;5)Br(L-L)]
+ 2(NBug)Br + %1 (or2) @)

Although the anionic dimers are, thus, the most
convenient precursors to [Pd(C¢Xs)Br(L-L)] com-
plexes with strong ligands, the advantages of the
‘Pd(C¢X;5)Br’ solutions become apparent when
poorer ligands such as diolefins are used. Thus,
1,5-cyclooctadiene (COD) does not react with the
anionic dimers; on the contrary the reverse reaction
occurs and (NBuy)Br displaces COD in [Pd(C¢X5)-
Br(COD)] (eqn. (3)). The tht dimers only give a 50%
of conversion while the rest of the dimer acts as
acceptor of the displaced tht (eqn. (4)). However
the ‘Pd(Ce¢X;)Br’ solutions provide a high yield
route to these COD complexes (eqn. (5)), only one
of which (X=F) had been described before [9]
in a very modest (7%) yield.

2[Pd(C¢X;5)Br(COD)] + 2(NBug)Br —
1(or2)+2C0D (3)

[Pd2(p-Br),(CeX5)a(tht),] + COD(excess) —

“Pd(C¢Xs)Br’ + COD —> [Pd(CcX5)Br(COD)]  (5)

TABLE 2. Summary of Reactions with Monodentate Ligands
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Reactions of the Anionic Dimers with Monodentate
Ligands

When the anionic dimers (NBug),[Pd,(u-Br),-
(CeX5),Br,] are reacted with monodentate neutral
ligands L in an L:Pd = 1:1 ratio three possible behav-
iours are to be expected: (i) simple bridge splitting
(eqn. (6) in Table 2); (ii) bridge splitting and Br
displacement; this reaction needs a L:Pd ratio of
2:1 and hence half of the starting material cannot
react (eqn. (7) in Table 2); and (iii) Br displacement
with no bridge splitting (eqn. (8) in Table 2). All
three behaviours are observed depending on the
ligand and the results are summarized in Table 2.

When the L:Pd ratio used is 2:1 it is obvious
that, if the second molecule of ligand coordinates
to the palladium, the only possible product is [Pd-
(CsX5)BrL,] (eqn. (9) in Table 2). Not every ligand
is able to drive the reaction this way as can be seen
in Table 2.

An examination of the results summarized in
Table 2 shows that the behaviour exhibited by the
ligands roughly follows their nucleophilicities as
measured by np, [14] p-TolNH, < py <Br~ < Sb-
Phy < AsPh; <PPhs. The ligand OPPh; has not
been assigned np,, but it is likely the worst nucleo-
phile and in fact it does not react with 1 or 2, no
matter the excess of ligand used.

The ligands p-ToINH, and py are unable to take
the reaction beyond the initial bridge splitting (eqn.
(6)) and the former reveals some differences in
reactivity towards 1 and 2 since it only splits the
bridges of 2.

2(NBug4)[Pd(CeX5)Br,L] (6)
1(or2)+2L > [Pd(CgX5)B1L,] + (NBug)Br + —12-1 (or2) (€]
¥ [Pd2(u-B1)(CeXs)2L,] + 2(NBug)Br 8)
[Pd(C¢X5)BrL;] + (NBug)Br + %l (or 2) + 2L — 2[Pd(C¢X5)BrL,] + 2(NBugy)Br (¢2)
Complex L L:Pd=1:12 L:Pd=2:12
1 OPPh, no no
2 OPPh3 no no
1 p-TolNH, no no
2 p-ToINH, no 6
1 py 6 6
2 py 6 6
1 PPh3 7, cis 9, ¢is or trans®
2 PPh; 6 6+ 9¢
1 AsPh; 6+ 84 9
2 AsPhj 7 9
1 SbPhj 6 6+9d
2 SbPhj 6+ 8b 9

2The numbers under this heading refer to the equations above.

bDepending on the conditions used (see ‘Experimental’). €Ex-

cess of L led to eqn. (9). dDepcnding on the solvent used for precipitating the compound (see text).
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The stronger nucleophiles PPhj, AsPh; and SbPh,,
when added in ratio L:Pd 2:1, are able to displace
Br™ to give [Pd(Ce¢X5)BrL;] (eqn. (9)) although,
in the case of 1/SbPh;, with some difficulty;in this
case the influence of the solvent used for crystalliza-
tion is determinant, ethanol favouring the displace-
ment of Br™ (eqn. (10)).

EtOH
[Pd(CeXs)Bra(SbPh3)|~ + SbPh, ——

acetone
[Pd(C¢Xs)Br(SbPhs),] + Br~  (10)

Finally when these same ligands (PPhj, AsPhj,
SbPh;) are added in a L:Pd = 1:1 ratio the behaviour
is most variable. For the couples 1/PPh; and 2/
AsPh; only 50% of the starting material reacts to
give [Pd(C¢X5)BrL,] (eqn. (7)); thus the displace-
ment of Br~ from [Pd(C¢Xs)Br,L] ™ initially formed
seems to be preferred to the bridge splitting of the
remaining starting 1 or 2 in these cases.

For the rest of the couples, the product of the
reaction is [Pd(C¢Xs)Br,L]™ (eqn. (6)); the picture,
however, is complicated in the couples 1/AsPh,
and 2/SbPh; by the fact that the solvent used for
crystallization can induce elimination of Br~ from
[Pd(CeXs)BroL]™ to give [Pdy(u-Br),(CeXs), L)
(eqn. (11)) thus leading to the behaviour represented
in eqn. (8).

_ EtOH
2[Pd(C¢X;5)Br, L] ———
[Pd,(u-Br),(CeXs)2L,] +2Br™  (11)

For the complexes (NBu,)[Pd(C¢Xs5)Br,L] two
v(Pd—Br) absorptions are expected whatever the
geometry and consequently their geometry cannot
be ascertained. The dinuclear complexes [Pd,(u-
Br),(C¢Xs),1,] are assigned a trans geometry from
the observation of only one C¢Xs X-sensitive absorp-
tion [3,5]. For the [Pd(C¢Xs)BrL,] complexes
the geometry can be assigned from the IR data only
for L=PPh; [15] in this case the cis isomer is ini-
tially formed and can be easily isolated if the reac-
tion is carried out in such a way that the complex
precipitates, but it isomerizes in solution to the
more stable frans isomer in the presence of excess
of PPh;.

Reactions of ‘Pd{C¢X s )Br’ with Monodentate Ligands
The reactions of solutions containing ‘Pd(C¢X;)-
Br’ with monodentate ligands in the ratio L:Pd =

R. Uson et al.

2:1 are straightforward. Only OPPh; fails to react
and the rest of the ligands give the corresponding
[Pd(C¢Xs)BrL,] complexes. Thus, this route allows
us to obtain these complexes for L = py, p-TolNH,
(which could not be obtained from 1 or 2) and is
a cleaner way to [Pd(C¢Xs)Br(SbPh;),]. In short,
it is the most general route to complexes of this
stoichiometry. The 'H NMR spectra (at 200 MHz)
demonstrate that in the complexes [Pd(CeXs)BrL;]
(L = p-ToINH,, py; complexes 20-23) both L are
equivalent as expected for the frans isomer; these
data are given in ‘Experimental’.
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