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Summary

Complexes of the types (a) trans- and cis-[PA(C¢X;5).(CNR),]}, (b) trans-
[Pd(CXs)CI(CNR),] and (c) [Pd(CX5)(CNR);1CI0, (X = F or Cl; R = But,
cyclohexyl or p-tolyl) have been made by replacement of the tetrahydrothio-
phen or Cl groups of appropriate precursors by isonitrile. Their structures have
been assigned on the basis of their IR and *H NMR spectra.

Introduction

The chemistry of palladium(Il) isonitrile complexes containing only isoni-
trile groups, neutral ligands and halogen atoms coordinated to the palladium
has been extensively studied. Complexes such as [PdX,(CNR),] [1—3]1,
[Pd,X{CNR),] [3], [PAX,(CNR)]™ [3] or [PAX(CNR)L,]* [4—7] (X = halo-
gen, L = neutral ligand) can be prepared-by conventional methods.

Palladium complexes containing isonitrile along with 6-C bonded anionic
ligands are much scarcer, because of the ready insertion of the isonitrile group
into the Pd—C bonds. The commonest examples are of the type trans-
[PdXR'(CNR).], and can be obtained by oxidative addition of R'X to
[Pd(CNR).], though even at room temperature spontaneous transformation
into the insertion products often takes place [8—12]. The oxidative addition of
perfluoro-derivatives containing E=C double bonds (E = C, O or N) to
[PA(CNR),] leads to three- or five-membered metallacyclic compounds with
two mutually cis isonitrile ligands and one or two 6 Pd—C bonds [12—14], and
in the cases no insertions have been observed. Finally, reactions of isonitriles
with [Pd(1°-C3Hs)»(-Cl),] [15,16] and with norborneny! (or similar) palla-
dium(II) complexes [17] initially lead to coordination of the isonitrile, though
in the presence of an excess of the ligand insertion then occurs.

In previous studies specific methods for the synthesis of perhalophenyl com-
plexes of the types cis- and trans-[PA(CsX;),L.] [18], trans-[PAd(CX ;)X L,]
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[19] and [Pd(C¢Xs)L3]ClO, [20] (X = F or Cl; X' = halide, L. = neutral ligands)
have been developed. The mildness of the reaction conditions needed and un-
usual stability of the Pd—CX; bond prompted us to attempt the synthesis of
similar complexes containing isonitrile. We expected the Pd—C:X; bond to be
sufficiently inert towards insertion to allow us to obtain new types of organo-
metallic palladium(II) isonitrile complexes.

Results and discussion

a) Preparation of the complexes

The complexes trans-[Pd(CsX;5)2(CNR),] (I-VI) were made according to
eq. 1 by displacement of the tht ligand from trans-[Pd(C¢Xs).(tht),] X =F
[21] or C1 [22], tht = tetrahydrothiophen) using a small excess of the iso-
nitrile. The corresponding isomers cis-[Pd(CsXs5)2(CNR),] (VII—XII) were
synthesized according to eq. 2 by using [Pdﬁ(u-Br)z(CéFs)d(NBu4)2 {21] or
[Pd;(u-C1)2(CeCls)4]1(NBu,), [23] as precursors.

CH,C1
trans-[Pd(CeXs)x(tht),] + 2 CNR ———3 trans-[PA(CeXs), (CNR),] + 2 tht (1)

CH3CI1,

1/2[Pda( — X')2(CeXs)s1(NBuy), + 2 CNR ——

cis-[Pd(CsX;5),(CNR),] + (NBuy)X’ (2)

X =F,X'=Br; X =X'=Cl; R = Bu*, Cy (cyclohexyl), p-tolyl; tht = tetrahy-
drothiophen

As with other ligands [18], the reactions take place smoothly at room tempera-
ture with retention of configuration, as confirmed by IR spectroscopy. The
products are the first isonitrile complexes containing two o0 Pd—C bonds which
are not involved in the formation of a palladiacycle. They show no tendency to
undergo isonitrile insertion at room temperature.

The complexes trans-[Pd(C¢Xs)CI(CNR),] (XIII—XVIII) were prepared by
treating [Pd,(CeXs)2(u-Cl)(tht),] with the relevant isonitrile, according to
eq. 3

1/2[Pd;(CeXs)z(it — Cl)a(tht),] + 2 CNR 2272

trans-[Pd(CsXs)CI(CNR),] + tht (3)
X=F,Cl; R=But Cy,p=tolyl. :

For R = Bu® or Cy the reactions proceed satisfactorily at room temperature,
but for R = p-tolyl the reaction has to be carried out in an ice-bath since more
complex processes occurs at room temperature; these are being studied further.
The cationic complexes [Pd(C¢X5)(CNR);]ClO 4 (XIX—XXIV), which to the
best of our knowledge are the only reported cationic organopalladium deriva-
tives containing isonitrile, can be obtained according to eq. 4. They do not
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undergo insertion at room temperature.

acetone
—_—

trans-[Pd(CsXs)C(CNR),] + CNR + NaClO,
[PA(C¢Xs)(CNR);]CIO, + NaCl 4)

The analytical results and yields for all the complexes are listed in Table 1.

b) Structural study

The structural assignment is based on the IR and (where appropriate) 'H
NMR spectra of the complexes.

The absorptions due to »(C=N) (at ca. 2200 cm™!) are only of limited struc-
tural interest because there is often coincidence of the various v(C=N) vibra-
tions with apparent reduction of the number of expected bands [23—24]. The
bands due to the C4Fs group at approx. 800 cm ™' (X-sensitive C4F;) are more
useful, since their behaviour in terms of symmetry is analogous to that
expected for v(Pd—C) [18]. (A similar feature was noted in the case of C¢Cl;
derivatives [25] for the absorptions at ca. 830 and 600 cm™.) Since the 850—
800 cm ™! region is sometimes complicated by bands due to other ligands, we
consider below only the vibrations at ca. 600 cm™", which have been assigned
to v(Pd—C) modes [26]. The number of IR active bands for these vibrations

TABLE 1
ANALYTICAL DATA AND YIELDS FOR THE COMPLEXES PREPARED

No. Complex Analysis: Found (caled.) (%) Yield
(%)
N C H
I traus-[Pd(C6F5)2(CNBut)2] 4.54(4.62) 43.69(43.55) 3.13(2.99) 97
II trans-[Pd(CGCls)z(CNBut)zl 3.85(3.64) 34.65(34.26) 2.34(2.36) 55
111 trans-[PA(CgF5)2(CNCy)21 4.38(4.26) 47.97(47.39) 3.43(3.37) 73
v trans-{PA(CgCl5)2(CNCy)2] 3.48(3.40) 37.61(37.93) 2.80(2.70) 86
v trans-{PA(CgF5)2(CNTol)21 4.29(4.16) 49.68(49.83) 2.29(2.10) 94
vi trans-[Pd(CgCl5)2(CNTol)21 3.50(3.34) . 40.00(40.07) 1.65(1.69) 65
VII cis-[Pd(CgF5)2(CNBut),1 4.47(4.62) 43.84(43.55) 2.86(2.99) 67
VI ¢is-[Pd(CsCls)2(CNBut);) 3.76(3.64) 34.53(34.26) 2.47(2.38) 63
X cis-fPdA(CgF5)2(CNCy),1 4.36(4.26) 47.37(47.39) 3.52(3.37) a0
X cis-[Pd(CsCl5)2(CNCy)31 3.55(3.40) 37.75(37.93) 2.64(2.70) 85
X1 cis-[PA(CgF5)2(CNTol),1 4.27(4.16) 50.00(49.83) 2.42(2.10) 70
Xit cis-[Pd(CgCls)2(CNTol)3] 3.60(3.34) 40.16(40.07) 1.71(1.69) 72
X1 trans-{PA(CgF5)CI(CNBut)>1 5.87(5.89) 40.55(40.45) 3.82(3.81) 78
XIv h'ans—[Pd(Cscls)Cl(CNBut)zl 5.12(5.03) 34.63(34.48) 3.09(3.25) 76
Xv trans-fPd(CgF5)CI(CNCy)21 5.55(5.31) 45.55(45.36) 4,52(4.21) 87
XVI trans-{PA(CgCls)CHCNCy)2] 4.85(4.65) 39.39(39.41) 3.60(3.63) 52
Xvit trans-[Pd(CgF35)CI(CNTol)2] 5.08(5.14) 48 .98(48.50) 2.59(2.59) 98
XVIII trans-[PA(CeCls)CI(CNTol);1 4.54(4.48) 41.59(42.25) 2.36(2.25) 85
XixX [PA(CF5)(CNBut);31C104 6.66(6.76) 40.50(40.53) 4.66(4.37) 170
XX [PA(CeCls)CNBut)31C10,4 6.19(5.97) 35.73(35.78) 3.67(3.86) 69
XXI {Pd(CsFs5)(CNCy)31C104 6.22(6.00) 46.26(46.30) 5.05(4.75) 710
XX {PA(CsCl5)(CNCy)31C10, 5.41(5.36) 41.89(41.43) 4.75(4.25) 68
XXI11 [Pd(CgF5)(CNTol)31C104 6.05(5.81) 49.18(49.74) 3.22(2.93) 70
XXI1v {PA(CCL5I(CNTOo1)31C10, 5.31(5.21) 44.49(44.67) 2.83(2.63) 72

But = tert-butyl, Cy = c¢yclohexyl, Tol = p-tolyl.
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TABLE 2
POINT GROUPS AND IR ACTIVE STRETCHING MODES FOR THE COMPLEXES

Complex ' Point group v(C=N) CgXs-X-sensitive
trans-[Pd(CgX35)2(CNR)21 Dap Bay By,
cis-IPd(CeX5)2(CNR)>] Cay Ay + B A1+ B;
trans-[Pd(CX5)CH{CNR);] Coy A) +B) Ay
cis-{Pd(CgX5)C{CNR)>] Cs 24’ A’
[Pd(CsX5)CNR)31CIO,4 Cay 2Ay + By Ay

according to group theory are listed in Table 2.

Table 3 lists the absorptions observed for the different complexes (the num-
ber of bands derived from group theory is shown in brackets). It will be seen
that trans- and cis-[Pd(Ce¢X5)2(CNR),] could be unambiguously identified. In
the case of [Pd(C¢X5)(CNR),3]ClO, [the ionic formulation of which is con-
firmed by the molar conductivity (1 : 1 electrolytes) and the presence of IR
absorptions at 1100 and 620 cm ™' (characteristic for the perchlorate anion)}
only one structure is possible.

Finally, IR spectroscopy does not allow the cis- and trans-isomers of
[PA(CsX)CH{CNR).,] to be distinguished, since the same number of bands are
predicted for both. The trans-geometry has been assigned because only one
type of isonitrile could be observed in their *H NMR spectra; the two isonitrile
ligands should not be equivalent for the corresponding cis-isomer (see Table 4).

The v(C=N) fréquencies are generally appreciably lower for the CCl; deriva-
tives than for the analogous C,F; complexes. This suggests that the electronega-
tivity of the C,Cl;s group is, as expected, lower than that of the C,Fs group.
Thus the palladium atom must have a higher electron density in the C¢Cl; deriv-
atives and the backdonation to the 7™ orbitals of the isonitrile must be more
effective, leading to a lowering of v(C=N). For the same reason, the cationic
complexes show an appreciable shift of v(C=N) towards higher energies com-
pared with the neutral complexes.

Experimental

C, H and N analyses were determined with a Perkin-Elmer 240 microanalyzer.

Conductivities were measured in approx. 5 X 10™% M solution with a Philips PW
9501/01 conductimeter. IR spectra were recorded (at 4000200 cm™*) on a
Perkin-Elmer 599 spectrophotometer using Nujol mulls between polyethylene
sheets. The "H NMR spectra were recorded on a Varian FT-80 spectrometer in
CDCl; solutions. The organic isonitriles were prepared by standard methods
[27]. '

Preparation of the complexes

trans-[Pd(C¢Xs)2( CNR),] (I—VI) and trans-[Pd(C¢X ;s )CI(CNR ),] (XIII—
XVIII). The isonitrile was added to a CH,Cl, solution or suspension of the rele-
vant precursor (see egs. 1 and 3; isonitrile/precursor = 1.1/1 ratio). After stir-
ring for 1 h the solution was concentrated by evaporation of solvent, and where



397

'spuBq 9ATj0R

pareaju (S1090—pd)« 10 DATIISUIS-X JO IDQUINN 5 'SPUUE 2ATIR PAIRIIUT (N=D)a JO IDQUINN q "YuRUIuAISEL opn(aa3d dnoad ajeaoyazad oY) 03 anp suolIdIOIqY 4

L1 - n " (2) (x)9z2e Y10 [E(10LND)(S10%0)Pd] AIXX
981 - (n 96L (e 0822 voro{&(10L.N0)(5490) Pd] 1IXX
821 - (0 o ® (xa)qv2e YOI01E(A0ND)(510%0)Pd] XX
121 - 48] 46L )] 0922 YO10[E(AONDYS190)Pd] IXX
()41 - n » (8) (19)0€23 ‘9922 YO IEGRAND)(510%0)Pdl XX
ze1 - (n 8GL (£) (1q)09z% Polo[EGaND NS 4%0)Rd] XIX
- ALY (D 929 (2) i 44 [%(10LNO)D(510%0) Pd]-suny IIAX
- 81¢ (1) a6L (2 (1q)012% [2(1oLND)ID(S 490) P ]-suns; 1AX
- q1g (1) 929 (2) (199222 [H&OND)ID(51090)Pd1-suvsy 1AX
- 91g (n €64 @) (10)9e2y [UAONOD)IO(S 49D)Pd)-suny AX
- 018 (D £29 @ (10)823% 'e¥ee [2(naND)ID(S1090)Pd]-sud) AIX
- a1g (83 064 (@) (109232 ‘qVTe [L4naNONO(S a%0)pd]-suny X
- - (£4) 109 ‘819 (®) (110612 ‘9023 [HIoLNDYUS1090)Pa)-512 X
- - (2) g8L ‘06L @ 9612 '0123 [2IOLND)2(S990)pd]-500 1X
- - 3 909 ‘219 (2) 9127 ‘0833 [(UAINDYYUS10%0)pa) 810 X
- - @ 98L ‘064 (@ 9237 ‘9822 [H(ADND)2(5a90)pal-so X
- - (2) L09 'a19 () 9023 ‘9122 ROnaENDIT(S1D90)pa1-810 A
- — @) €8L ‘06L 2 (1) 07 2e~9827% [2naNDIYUSL9D)Pd]-910 LA
- - m 809 (n 0812 [*(1oLND)E(S109D)Pd I-suny 1A
- - (§9) aLL (n 9122 [HUIOLNO)US19D)Pd 1-5undy A
- - (n 909 (n 0222 {UAONDIUS1D9D)Pd )-suny Al
- - (N oLL (n i %44 [UADND)US390)PdYsuny m
- - (1 £09 (n 9122 [Uyna NO)USIDID)PA-wuDY 11
- - 144 004 (n 0232 [2GraND)IU(E390)pd)-suny 1

1-low .
Wa o {{-ww0) (;w2) (S1090—pd)a 10
(puolaw)y  (10—pada o UopoIpazd §.490 aAnIsuas-x q UonoIaIg ((-up) (N=0)a xo(duiod ‘oN

SAXTTINOD THL IO VLVA ALIALLONANOD ANV QAU VUANI INVATTIYH

€ 18V



398

TABLE 4
1H NMR SPECTRA (8 VALUES IN CDCl3;: REFERENCE TMS)

XTI trans-[PA(CeF5)CI(CNBut);1 1.48(s)

XIv trans-[Pd(CgCls)CL(CNBut);] 1.38(s)

XV trans-{Pd(CgF5)CI(CNCy)11 3.92 (brs. 1 H,—CHJ): 1.81 (brs, 4 H)
- 1.50 (brs, 6 H)

XVi trans-{Pd(CsCl5)CI(CNCy)2] 3.90 (brs,1 H, —CH):1.69 (brs, 4 H)

1.35 (brs,6 H)
XVIii trans-[PA(CgF s)CI{CNTol)31 7.25 (s. 4 H. CgHy): 2.39 (s, 3 H, CH3)
XVvIix trans-[Pa(CgCls)CL(CNTol)7] 7.30 (s, 4 H, CgHy): 2.42 (s, 3 H, CH3)

necessary n-hexane was added to precipitate the product. The oils which some-
times separated were repeatedly stirred with hexane to remove the free tht,
which hinders crystallization. The precipitate was finally filtered off and air-
dried.

For the preparation of trans-[Pd(C¢X;)CI{CNCH Me-p),] the reaction and
the concentration of the solutions must be carried out in an ice-bath.

cis[Pd(C¢X5)2{ CNR),] (VII—XII). The isonitrile was added to a CH,Cl, solu-
tion of [Pdy(-X")2(CeXs)s](NBu,), (see eq. 2; isonitrile/precursor =1.1/1
ratio). After stirring for 1 h the solution was filtered through a 2 em silica gel G
column and the filtrate was concentrated. Addition of n-hexane caused precipi-
tation of the desired complex, which was filtered off and air-dried.

[Pd(C¢Xs)(CNR)3]ClO 4 (XIX—XXIV). The isonitrile and NaClO, were
added to an acetone solution of [Pd(C¢Xs)CI{CNR),] (see eq. 4; isonitrile/
NaClO,/precursor = 1.1/1.5/1 ratio). Afier siirring for 4 h the solution was
evaporated to dryness. The residue was extracted with dichloromethane. The
resulting solution was filtered and concentrated, and n-hexane was added to
precipitate the desired complex.
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