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Insertion Reactions of 1,4-Diisocyanobenzene in Binuclear Pd(I) Complexes
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Reactions between XPd(u-dpm),PdX' (X = X' =
Cl, Br, I, NCO, SCN, N; or CsFs; X = CFs, X' =
Cl, Br or NCO) with 1,4-diisocyanobenzene lead to
the tetranuclear complexes [{u,u'-CNCqH4NC){XPd-
(w-dpm),PdX'},], where both ends of the diisocya-
nide are inserted in a metal-metal bond. The cationic
derivatives [{uu'-CNCsHy NC){{RNCPd( u-dpm ), Pd-
(CNR )}, ](BPhy )4 and [(uu'-CNCs HyNC){{RNC )Pd-
(1-dpm ), Pd(CeFs )}, ] (BPha ), (R = p-Tol, Cy or Bu)
are obtained by reacting [(uu'-CNCsH4NC){CIPd-
(u-dpm ), PdX},] (X = Cl or CgFs) with RNC in the
presence of NaBPh,. Treatment of [( wu'-CNCs Hy-
NCHCIPd({ u-dpm ), Pd(C4 Fs J},] with NaBPh, causes
the de-insertion and subsequent coordination of the
isocyanide, yielding [(Ce F's JPdf u-dpm ), Pd{CN-Cg H 4~
NC)Pd(y-dpm), Pd(Ce F's )] (BPhy ).

Introduction

Recently we have prepared [1] palladium(l)
pentafluorophenyl derivatives of the type XPd(u-
dpm),Pd(C¢Fs) (X = halogen, pseudohalogen or
C¢Fs) and have studied the insertion of monoiso-
cyanides in the metal—metal bond, as well as their
coordination to one of the Pd(I) atoms.

In the present paper we describe the insertion of
a rigid bidentate isocyanide (1,4-diisocyanobenzene)
[2] into different binuclear Pd(I) derivatives, which
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leads to the formation of tetranuclear neutral or
cationic complexes.

Results and Discussion

The coordinating properties of monoisocyanides
have been extensively studied [3, 4], but only a
few references on reactions with diisocyanides [5—
8] can be found. The latter lead to the formation
of different types of complexes whose character
depends upon the type of the isocyanide used and
the ratio of the reactants. The use of 1,4-diisocyano-
benzene, a rigid non-chelating isocyanide, gives rise
to the synthesis of mononuclear complexes with
the diisocyanide acting as a unidentate ligand [7],
or of mono- or heteropolynuclear complexes [6—8]
if both ends of the diisocyanide are coordinated.

Treatment of the binuclear Pd(I) complexes
[XPd(u-dpm),PdX'] (X = X' = Cl, Br, I, NCO,
SCN, N; [14] or C¢Fs [1]; X = C¢Fs, X' = Cl, Br
or NCO [1]) in deoxygenated CH,Cl, (in the case
of X = X' = C4¢Fs benzene is used as solvent) with
1,4-diisocyanobenzene (1:0.5 molar ratio) leads to
the insertion of each end of the isocyanide in the Pd--
Pd bond (eqn. 1) and to the formation of the neutral
tetranuclear derivatives.

Most of the resulting complexes crystallize with
CH,Cl,, which can be removed without decomposi-

Pd//
//Cét:Bd—X'

)

X =X’ = CI(I), Br(II), IIII), NCOQV), SCN(V), N3 (VI), C¢F5 (VII); X = C¢F5, X' = CI(VIII), Br(IX), NCO(X).
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tion by heating in a vacuum-oven at 60 C for 20
h (Table I).

Neutral complexes are only sparingly soluble
in CHCl; but molecular weight determinations
could be made for IV (previously removing the
solvent of crystallization), VIII and IX. The
results are in accordance with the formulae propos-
ed: IV, 2339 (2259.40); VIII, 2551 (2496.35); IX,
2422 (2585.26).

The IR spectra of these complexes (see Table II)
show absorptions in the 1600 cm™ region arising
from the stretching vibration »(C=N) of the inserted
diisocyanide. Another weaker absorption, probably
due to the aromatic ring of the diisocyanide, can
also be observed in this zone. No absorption is
found in the 2200 cm™ region, which indicates
that all the diisocyanide is inserted. The pentafluoro-
phenyl derivatives show the bands which are
characteristic of this ligand [9]. Table II lists those
at =950 cm™, whose location depends upon the
oxidation state of the central atom [10, 11]. As may
be seen, in accordance with the results reported for
other palladium(I) complexes [1], there is no sub-
stantial shift of this vibration from the palladium(T)
starting complexes to the resulting insertion prod-
ucts. This coincides with the results reported by
Balch et al. [12], who have shown by X-ray photo-
electron spectroscopy that the insertion of isocya-
nides does not change the electron density on the
metal.

Contrary to our previous observations for [(u-
CyNCYCIPd(u-dpm),Pd(C¢Fs)}] (which undergoes
a reversible de-insertion—coordination rearrange-
ment  [1])  [(u,u'-CNCgH4NC){CIPd(u-dpm),Pd-
(CeFs)}2] (VIII) needs to be treated with NaBPh,
(room temperature, benzene) in order to provoke the
de-insertion leading to a cationic complex with
coordinated diisocyanide (eqn. 2):

(1,4'-CNCgHyNC)[CIPd(p-dpm),Pd(C4F5)] ; +
+ 2BPhyNa —
2NaCl + [(C¢Fs)Pd(u-dpm),Pd(u,u’-CNCgH,NC)-

Pd(u-dpm),Pd(CsF5)] (BPh,), ()
(XD

The IR spectruin of (XI) exhibits a strong absorp-
tion at 2149 cm™, assignable to the stretching vibra-
tion »(C=N) of the coordinated diisocyanide, whereas
the strong absorption at 1618 cm™' shown by the
starting compound cannot any longer be observed.
This confirms that both ends of all the diisocyanide
present in complex (XI) are coordinated to a palla-
dium atom,

Treatment of complexes (I) or (VIII) with RNC
(R = p-Tol, Cy or *Bu) (1:4 molar ratio or respec-

R. Usén, J. Forniés, P. Espinet and C. Fortufio

tively excess) and NaBPh, (1:4.1 or, respectively,
1:2.1) in acetonitrile yields the corresponding
cationic derivatives (eqns. 3 and 4):

(1,1 -CNC4H NC) [CIPd(u-dpm ),PdCl], + 4RNC +
+ 4BPhyNa — [(u,u'-CNC¢ H,NCH(RNC)Pd(u-
dpm),Pd(CNR)},](BPhy), + 4NaCl 3)
R = p-Tol(XII), Cy(XIII), *Bu(XIV)
(1,u"-CNCgH4NC)[CIPd(u-dpm),Pd(CcF 5)] 2 + 2RNC +
+ 2BPhyNa — [(u,u -CNCgHy NCH(RNC)Pd(u-
dpm),Pd(C¢Fs)},](BPhy), + 2 NaCl 4)
R = p-Tol(XV), Cy(XVI), *Bu(XVII)

The IR spectra of these complexes show a sharp
absorption in the 2000 cm™ region, along with
another one at ca. 1600 cm™, due to the stretching
vibration »(C=N) of the coordinated isocyanide and
to »(C=N) of the inserted diisocyanide respectively
(Table II). Another absorption in the 1600 cm™'
zone, already present in the free diisocyanide,
becomes stronger in our compounds. The single
absorption at approx. 2000 c¢cm™' points to the
presence of only one type of complex. Although
a rearrangement leading to the formation of species
with inserted monoisocyanides and coordinated di-
isocyanides of the type {(u-RNC);[(CsFs)Pd(p-
dpm)2Pd(u,/.t'-CNC6H4NC)Pd(u-dpm)2Pd(C6F5)] =
(BPh,4), cannot completely be ruled out, the above-
mentioned data seem to make it improbable.

The cationic complexes exhibit a strong absorp-
tion at 610 cm™! due to the anion BPh, ™. They are
conducting in acetone solution (C =3 X 107* M),
their molar conductivities being lower than those
expected for 2:1 or, respectively, 4:1 electrolytes,
as usual in the case of cationic complexes with
BPh,™ [13] (Table I).

Experimental

C, H and N analyses were determined with a
Perkin-Elmer 240 microanalyzer; IR spectra were
recorded (over the range 4000—200 cm™') on a
Perkin-Elmer 599 spectrophotometer, using Nujol
mulls between polyethylene plates; conductivities
were determined with a Philips PW 9501/01 conducti-
meter.

Pd, X, (udpm), (X = Cl, Br, I, CNO, SCN, N,)
were prepared according to [14], XPd(u-dpm),-
Pd(C,Fs) (X = Cl, Br, CNO, C4F;) were obtained
according to [1] and 1 4-diisocyanobenzene was
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prepared as described in [2]. All the reactions were
carried out under nitrogen; deoxygenated solvents
were used throughout. Some typical syntheses are
described in the following.

[(11"-CNCs Hy NC){Pd, X (u-dpm )y}, nCHy CLy | (X =
Chn=I1(I;X=Br,n=01I); X=1I n=1l{Ill);X =
OCN, n=I{IV); X =SCN, n = (V); X = N3, n =
(Vi)

To a solution of 0.095 mmol of [Pd,X,(u-dpm),]
in 40 ml of CH,Cl, was added dropwise 0.047 mmol
of p-CNC¢H4NC (in the same solvent). After ~3 h
stirring the solution was concentrated to ca. 5 ml.
Addition of ethanol led to the precipitation of the
respective complex, which was filtered off and wash-
ed with ether. Complexes I, III, IV and VI required
20 h storage in a vacuum-oven at =60 °C to remove
the crystal solvent. Subsequent analyses coincided
with those calculated for the solvent-free complexes.

[(u,1"-CNCs Hy NC){XPd(u-dpm ), Pd(C¢ F s bl X =
CeFs(VII), Ci{VIII), Br(IX) or CNO(X)

To 0.169 mmol of CIPd(u-dpm),Pd(C¢Fs) in
30 ml of CH,Cl, was added 0.084 mmol of p-CNC-
H4NC (in the same solvent) and stirred for 2 h. Con-
centration to =3 ml] and addition of ethanol led to

the crystallization of (VIII). (IX) and (X) were obtain-

ed similarly, whilst in the case of (VII) benzene was
used as solvent.

[(Cs Fs )Pd( p-dpm ), Pd(CNCs Ha NC)Pd( u-dpm ), -
Pd(CsFs)](BPhy ), (XI)

To a solution of (VIII) (0.180 g, 0.072 mmol)
in 50 ml of benzene was added NaBPh, (0.095 g,
0.277 mmol), and the mixture stirred at room
temperature for 30 min. The complex formed (XI)
was filtered off and washed with water and ethanol.

[( 1 1~CNCs Hy NCH{RNC)Pd( u-dpm ), Pd(CNR },] -
(BPhy )4 ; R = p-Tol{ XII), Cy(XIII) or *Bu(XIV)

To an orange-<oloured suspension of (I) (0.150 g,
0.065 mmol) in 20 ml of acetonitrile were added
NaBPh, (0.093 g, 0.271 mmol) and *BuNC (29 ul,
0.258 mmol). The formed solution was stirred at
room temperature for 30 min, filtered and concen-
trated. Addition of ethanol gave rise to the precipi-
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tation of XIV, which was washed with ethanol,
water and diethylether.
Complexes XII and XIII were obtained similarly.

[(1,1"-CNCs Hy NCJ{{RNC)Pd(-dpm ), Pd(Ce F's J},] -
(BPhy )5; R = p-Tol(XV), Cy(XVI) or *Bu(XVII)

To a suspension of VIII (0.150 g, 0.060 mmol)
in 15 ml of acetonitrile were added NaBPh, (0.045
g, 0.131 mmol) and an excess of p-ToINC and the
mixture was stirred for 45 min. The deep-orange solu-
tion was filtered and concentrated to =23 ml. 10 ml
of ethanol was added to crystallize (XV), which was
filtered off and washed with ethanol.

Complexes (XVI) and (XVII) were obtained simi-
larly.
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