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Complexes [PPhy(CH,Ph)][Pd(R)C1,(CO)] [R = C¢H3;Me-2,NO,-6 (1), CgHp(NO,);-2,4,6 (2)] can be isolated
by carbonylation, at room temperature and atmospheric pressure, of [PPh;(CH,Ph)],[Pd(R)Cl(k-Ch)],.
Complex 1 is the first example of an organocarbonylpalladium(II) complex characterized by an X-ray
diffraction study. Crystals are triclinic, space group P1, with Z = 2 in a unit cell of dimensions a = 10.446
(5) A, b=12.538 (7) X, c =14.148 (6) A, « = 65.40 (2)°, = 74.17 (2)°, and v = 72.83 (2)°. The structure
has been solved by Patterson and Fourier methods and refined by full-matrix least squares on the basis
of 1274 observed reflections to R and R,, values of 0.0319 and 0.0440. In the anionic complex the Pd atom
is in a square-planar arrangement with two Cl atoms in cis positions and the carbonyl group and the
2-methyl-6-nitrophenyl ligand trans to them. The Pd-CO bond [Pd-C = 1.853 (10) A] is discussed on

the basis of the IR and X-ray data.

Introduction

Palladium compounds have been used as catalysts in
carbonylation and decarbonylation reactions.! In these
processes the organic compounds are assumed to be ob-
tained on the basis of the unstability of some carbonyl
intermediates (Scheme I). Under this assumption it is
easy to justify the low number of organocarbonyl-
palladium(IT) complexes reported.?2 This difficulty adds
to the general tendency of palladium(II) compounds to be
reduced to palladium(I) or -(0) complexes by carbon
monoxide® and also to the lability of the Pd-CO bond.2?
Owing to all these factors, structural studies on palladi-

(1) Heck, R. F. Palladium Reagents in Organic Syntheses; Academic
Press: New York, 1987; p 341.

(2) (a) Maitlis, P. M.; Espinet, P.; Russell, M. J. H. Comprehensive
Organometallic Chemistry; Pergamon: London, 1982; Vol. 6, p 279. (b)
Ugsézn, R.; Forniés, J.; Tomas, M.; Menjén, B. Organometallics 1985, 4,
1912.

(3) (a) Calderazzo, F.; Belli Dell’Amico, D. Inorg. Chem. 1981, 20, 1310.
(b) Belli Dell’Amico, D.; Calderazzo, F.; Zandona, N. Inorg. Chem. 1984,
23,137. (c) Belli Dell’Amico, D.; Calderazzo, F.; Veracini, C. A.; Zandona,
N. Inorg. Chem. 1984, 23, 3030. (d) Andreini, B. P.; Belli Dell’Amico, D.;
g;(‘l)derazzo, F.; Venturi, M. G.; Pelizzi, G. J. Organomet. Chem. 1988, 354,
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um(II) carbonyls are based on spectroscopic (mainly IR)
data. Only very recently the first crystal structures of two
such compounds, [PdX;(CO)]" (X = Cl, Br), have been
reported.3d

Calderazzo® and Uson?® have suggested a negligible =
back-bonding contribution to the Pd(II)-CO bond on the
basis of thermodynamic and spectroscopic data. Herein
we report the preparation and IR data of two new carbo-

0276-7333/91/2310-3873%$02.50/0 © 1991 American Chemical Society



3874 Organometallics, Vol. 10, No. 11, 1991

o2

cun
c)

om

Figure 1. View of the molecular structure of the complex cis-
[PPhy(CH,Ph)][Pd(CsH;Me-2,NO,-6)Cl,(CO)] (1) together with
the atomic numbering scheme.

nylpalladium(II) complexes and the crystal structure of
one of them with the aim of contributing to a better
knowledge of this family of compounds and of the Pd-CO
bond.

Results and Discussion

Synthesis. Complexes [PPh;(CH,Ph)][Pd(R)C1,(CO)]
[R = CsHaMe'Q,NOZ'G (1), CSHQ(N02)3'2,4,6 (2)] can be
obtained by bridge splitting with carbon monoxide of
complexes [PPhy(CH,Ph)],[Pd(R)Cl(u-C1)]5.* The reac-
tion takes place under very mild conditions (room tem-
perature, atmospheric pressure) after a few minutes of
bubbling CO through dichloromethane suspensions of the
dimeric complexes. Both complexes are fairly stable in the
solid state at room temperature, but they lose CO in so-
lution giving the starting complexes. As far as we are
aware, they are the first anionic organocarbonyl-
palladium(II) complexes and the most stable of all carbony]
derivatives of Pd(II) described so far.

IR and NMR Spectroscopic Data. Both complexes
exhibit »(CO) bands at frequencies [2100 (1), 2115 cm™
(2) in dichloromethane solution] lower than the aryl-cat-
ionic [Pd(CsF5)(CO)L,1* (2132-2163 ecm™)® or neutral
[PA(CgF5),(CO),] (2152-2186 cm™)® complexes or even
lower than »(CO) in carbonyl complexes of elements in low
oxidation state, such as [Ni(CO),] (2123 cm™).6 Al these
data indicate that, in our complexes, the classical =
back-bonding contribution to the Pd-CO bond is present.
The effect of substitution of the ary! ligands in 1 or 2 by
one chloro ligand to give [PdCl;(CO)]™ causes an increase
in both »(CO) bands (2132 ¢cm™).347 We interpret this
change as a consequence of the greater electronegativity
of the chloro with respect to the aryl ligands. This forces
the Pd atom to be a worse w-donor toward CO in [Pd-
Cl;(CO)]" than in complexes 1 or 2.

The v(PdCl) trans to R band appears in 1 at lower
wavenumber (285 ¢cm™) than »(PdCl) trans to CO (315
cm™) because the trans influence of an aryl ligand is
greater than that of CO. That value is 15 cm™ lower than
the corresponding one in trans-[Pd(R)CI(PPh;),],8 which
is a consequence of the neutral nature of this complex,

(4) (a) Vicente, J.; Arcas, A.; Borrachero, M. V.; Hursthouse, M. B. J.
Chem. Soc., Dalton Trans. 1987, 1655. (b) Vicente, J.; Arcas, A.; Bor-
;«;%hero, M. V.; Molins, E.; Miravitlles, C. J. Organomet. Chem. 1989, 359,

05('5) Usén, R.; Forniés, J.; Martinez, F. J. Organomet. Chem. 1976, 112,
105.
(6) Jones, L. H. Spectrochim. Acta 1963, 19, 1899.
(7) Browning, J.; Goggin, P. L.; Goodfellow, R. J.; Norton, M. G.;
{i,sa”t;raZ)SGA. J. M.; Taylor, B. F.; Mink, J. J. Chem. Soc., Dalton Trans.
y 1.
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Table I. Important Interatomic Distances (A) and Angles
(deg) for Complex 1

Pd-Cl(1) 2.393 (2) C(4)-C(5) 1.375 (11)
Pd-C1(2) 2.312 (3) C(5)-C(6) 1.376 (12)
Pd-C(1) 1.853 (100  C(8)-C(7) 1.390 (9)
Pd-C(2) 2.000 (5) C(2)-C(7) 1.404 (8)
C(1)-0(1) 1188 (13)  C(N-C(8) 1.520 (11)
C(2)-C(3) 1.389 (8) P(1)-C(9) 1.795 (8)
C(3)-C4) 1.397 (9) P(1)-C(15)  1.780 (5)
N-C(3) 1.473 (8) P(1)-C(21)  1.802 (7)
N-0(2) 1.222 (7 P(1)-C(27) 1.816 (6)
N-0(3) 1.208 (9)
Cl(1)-Pd-Cl(2)  942(1) C(4)-C(@3)-N 114.8 (7)
Cl(1)-Pd-C(1) 87.2(2) C(3)-C(4)-C(5) 117.3 (8)
C(1)-Pd-C(2) 88.9 (3) C(4)-C(5)-C(6) 1206 (8)
C(2)-Pd-Cl(2) 89.6 (2) C(5)-C(6)-C(7) 12L.1(8)
Pd-C(1)-0(1) 1754 (7) C(6)-C(T)-C(2) 120.6 (8)
Pd-C(2)-C(3)  1240(4) C(6)-C(1)-C(8) 1185 (7)
Pd-C(2)-C(7)  120.1(8) C(2)-C(1)-C(8) 1209 (7)
C(3)-C(2)-C(71) 1159 (6) C(3)-N-0(2) 120.0 (7)
C(2)-C(3)-C(4) 1244 (7) C(3)-N-0(3) 118.3 (7)
C(2)-C(3)-N 120.7 (6)  O(2)-N-0(3) 1217 (7)

which increases the w-donor ability of the chloro ligand.
We have already observed a similar relationship between
charge of a complex and the frequency of the »(M~Cl)
mode.? Complex 2 shows two bands in the 400-200-cm™
region. The one at 335 cm™ can be assigned to »(PdCl)
trans to CO, but the corresponding one of »(PdCl) trans
to R appears as a very broad band (290-250 cm™). The
y(PdCl) trans to CO and »(CO) frequencies in complex 2
are 20 and 15 cm™ higher than the corresponding ones in
complex 1. This could be interpreted as a consequence
of R in 2 being of greater electronegativity than R in 1 due
to the presence of the three electron-withdrawing nitro
substituents.

IH NMR data show the expected resonances due to the
Me group in 1, to the phenyl groups, and to the cation in
both complexes (see Experimental Section).

Description of the Crystal Structure of cis-
[PPhy(CH,Ph)}[Pd(CH;Me-2,NO,-6)Cl,(CO)] (1). The
crystals of 1 consist of [PPhg(CH,Ph)]* cations and of
[Pd(CsH;Me-2,NO,-6)Cly,(CO)] anions. The structure of
the anion is represented in Figure 1 together with the
atomic numbering system; selected bond distances and
angles are given in Table I. In the anionic complex the
Pd atom is coordinated in a square-planar fashion by two
Cl atoms in cis position [Pd-ClI(1) = 2.393 (2) and Pd-C}(2)
= 2.312 (3) A], by the carbon atom C(1) from a terminal
carbonyl group [Pd-C(1) = 1.853 (10) &, Pd-C(1)-0(1) =
175.4 (7)°], and by the C(2) atom from the 2-methyl-6-
nitrophenyl ligand [Pd-C(2) = 2.000 (5) A]. The square-
planar coordination is only slightly distorted, as the CI(1),
Cl1(2), C(1), and C(2) atoms deviate by 0.002 (3), -0.002 (3),
-0.026 (8), and 0.020 (7) A, respectively, from the mean
plane through the coordinated atoms with the Pd atom
out of the plane by 0.015 (2) A.

Noteworthy is the remarkable difference in the Pd-Cl
bonds, the one trans to the C(2) atom of the phenyl ring
being much longer than the one trans to the carbonyl
group, which is reflected in its IR spectrum (see above).
The Pd-Cl bond trans to a carbon atom from 2,4,6-tri-
nitrophenyl (R) ligand has been found shorter in the an-
ionic complex cis-[Pd(R)CL{S(0)Me,}]-, 2.365 (1) A% and
in the neutral [Pd(R)Cl(AsPh,),], 2.329 (5) A.1* All these
data about Pd-Cl distances allow us to propose the fol-
lowing trans influence scale; CgHsMe-2,NOy-6 > CgHy(N-

(8) See for example: Vicente, J.; Abad, J. A.; Gutierrez-Jugo, J. F.;
Jones, P. G. J. Chem. Soc., Dalton Trans. 1989, 2241 and references
therein.
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0,)5-2,4,6 > CO. The Pd-Cl bond opposite the carbonyl
group is slightly longer than that found in the anionic
complex [PdCl;(CO)]-, 2.284 (2) A3 This difference ac-
counts for the higher energy of the »(PdCl) trans to CO
mode (332 cm™)7 in this complex than in 1 (315 cm™).

The values of the Pd-C(1) and C(1)-O(1) bonds, 1.853
(10) and 1.138 (13) A, are comparable to those found in
the anionic complex [PAC1;(CO)]-, 1.87 (1) and 1.11 (1) A,
and are in agreement with a = back-bonding character in
the Pd-CO bond. Thus, the Pd-C(1) bond distance is
shorter not only than the Pd-aryl bond [Pd-C(2) = 2.000
(5) A] but also than other Pd-C,, bonds like in trans-
[PA(CN),{P(CH,Ph),}, [1.998 (5) A)® or in trans-[Pd-
(C,CeH,C,H-2)(NCS)(PEty),] [1.952 (7) A]™ or in [Pd-
(CNMe),)?* [1.975 (7), 1.993 (7) A).1! In addition, the C-O
bond distance is as expected for a “classical” terminal
carbonyl (mean value: 1.145 (20) A from 10022 values).!?

The Pd-C(2) bond with the 2-methyl-6-nitrophenyl
ligand, 2.000 (5) A, is comparable to that reported for the
Pd-C bond involving the 2,4,6-trinitrophenyl (R) ligand
in [Pd(R)Cl(AsPhy),], 1.97 (2) A, or in cis-[Pd(R)CL{S-
(O)Me,l]~, 1.994 (4) k,‘b but it is slightly longer than that
reported for [Pd(R’)Cl(u-Cl)],* [1.958 (8) A] (R’ =
CeHsMe-2,NO,-6)* certainly due to the different nature
of the Pd-Cl bond trans to the aryl ligand. Comparing the
values of the Pd-C(2) bond distance with those found in
other arylpalladium(II) complexes [mean value: 1.981 (32)
A from 28 values),!? it can be concluded that the fact that
it does not insert CO in the Pd-aryl bond is not due to an
unusual stability of such bond. Probably, the presence of
the two ortho substituents in 1 and 2 gives account of their
inertness. The phenyl ring is strictly planar with the C(8)
and N atoms of the substituents and the Pd atom prac-
tically coplanar [they deviate by 0.005 (11), —0.016 (7), and
-0.005 (2) A, respectively, from the mean plane passing
through the phenyl ring] and forms an angle of 90.8 (2)°
with the mean coordination plane. The almost perpen-
dicular disposition of this ligand with respect to the co-
ordination plane determines approximate axial positions
for the O(2) atom of the nitro group [Pd--0(2) = 2.755 (6)
A) and for one hydrogen atom of the methyl group [Pd-
~H(81) = 2.56 A]. Short axial Pd--O and Pd-+H contacts
are common features in square-planar Pd complexes with
nitro and methyl-supporting ligands, even if it is not easy
to attribute them to weak bonding interactions.’®4 The
Pd--0(2) contact in 1 is significantly shorter than that
found in its starting complex [Pd(R)Cl(u-C1)],% [2.893 (6)
A)% The nitro group, in which the N~O bonds are of 1.222
(7) and 1.208 (9) A, is also strictly planar and tilted by 7.2
(3)° with respect to the phenyl ring.

Conclusions

Although the 7 back-bonding in the Pd—CO bond can
be considered as negligible or unimportant in neutral or
cationic complexes, all data we report here about the first
two organo—carbonyl anionic complexes of palladium can
be interpreted by using the classical s-donor—r-acceptor

(9) Bendiksen, B.; Riley, W. C.; Babich, M. W.; Nelson, J. H.; Jacob-
son, R. A. Inorg. Chim. Acta 1982, 57, 29.

(10) Behrens, U.; Hoffmann, K. J. Organomet. Chem. 1977, 129, 273.

(11) Goldberg, S. Z; Eisenberg, R.; Miller, J. S.; Epstein, A. J. J. Am.
Chem. Soc. 1976, 98, 5173.

(12) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson,
D. G.; Taylor, R. J. Chem. Soc., Dalton Trans. 1989, S1.

(13) Vicente, J.; Arcas, A.; Borrachero, M. V.; de Goicoechea, M. L,;
Lanfranchi, M.; Tiripicchio, A. Inorg. Chim. Acta 1990, 177, 247.

(14) Manotti Lanfredi, A. M.; Tiripicchio, A.; Natile, G.; Gasparrini,
F.; Galli, B. Cryst. Struct. Commun. 1979, 8, 611. Natile, G.; Gasparrini,
{‘é;sgalli, Il?"éé\'ianotti Lanfredi, A. M.; Tiripicchio, A. Inorg. Chim. Acta

, 44, B
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Table II. Experimental Data for the X-ray Diffraction
Study on Complex 1

mol formula C33HysCL,NO,PPd
mol wt 694.87

cryst system triclinic

space group P1

radiatn (A, A) Ni-filtered Cu Ka (1.54178)
a, A 10.446 (5)

b, A 12.538 (7)

¢, A 14.148 (6)

a, deg 65.40 (2)

B, deg 74.17 (2)

vy, deg 72.83 (2)

Vv, A3 1586 (1)

Z 2

D yeqr g cm™3 1.455

F(000) 704

cryst dimens, mm 0.20 X 0.23 X 0.30
u(Cu Ka), em™! 71.75

20 range, deg 6-140

reflens measd +h,+k,l

no. of unique tot. data 6035

no. of unique obsd data 4505 [I > 2a(I)]
R 0.0502

R, 0.0670

ability of carbon monoxide. More synthetic and structural
work on this area could give a better understanding of the
bonding in carbonylpalladium(II) complexes. Crystal
structures of some neutral and/or cationic carbonyl-
palladium(II) complexes would be very important to gain
a better insight into the Pd—CO bond.

Experimental Section

Recording of infrared spectra, the C, H, and N analyses, con-
ductance measurements, melting point determinations, and 'H
NMR spectra were performed as described elsewhere.!> Reactions
were carried out at room temperature with magnetic stirring and
without special precautions against light or atmospheric moisture.

Preparation of the Complexes [PPhy(CH,Ph)],[Pd(R)-
Cly(CO)] [R = CsH;Me-2,NO,-6 (1), R = CHy(NO,)5-2,4,6 (2)].
Into a suspension of [PPh3(CH,Ph)][Pd(R)Cl(u-Cl)]; {(ca. 0.1
mmol) in dichloromethane (15 mL) was bubbled a stream of CO
during a few minutes at atmospheric pressure until a yellow
solution was obtained. This solution was stirred under CO for
2 h and filtered, and to the resulting solution, diethyl ether (45
mL) was added to give 1 or 2 as yellow solids in 60-65% yield.
Anal. Caled for C33HyCLNOSPPA (1): C, 57.04; H, 4.06; N, 2.01.
Found: C, 56.98; H, 4.07; N, 1.91. Caled for C;3,H,,Cl,N;0,PPd
(2): C,49.86; H, 3.14; N, 5.45. Found: C, 50.02; H, 3.55; N, 5.46.
Mp (°C): 183 (1); 123 dec (2). Molar conductivity (2! cm? mol™):
97 (1); 101 (2). 'H NMR spectra (200 MHz, CDCly): (1) § 2.77
(s, 3 H, Me), 4.95 [d, CH, of the cation, 2J(HP) = 13 Hz], 6-8
[unresolved multiplets, Ph of the cation + H(3) + H(4) + H(5)
of R}; (2) 6 4.81 [d, CH, of the cation, 2J(HP) = 14 Hz], 8.82 [s,
H(3) + H(5) of R].

Single crystals of complex 1, suitable for the X-ray diffraction
study, were obtained by slow diffusion of a saturated solution of
CO in n-hexane into an acetone solution (saturated with CO) of
complex 1 under a CO atmosphere.

X-ray Data Collection, Structure Determination, and
Refinement for cis-[PPhy(CH,Ph)][Pd(C;H;Me-2,NO,-6)-
Cl,(CO)] (1). The crystallographic data are summarized in Table
II.  Unit cell parameters were determined from the 8 values of
30 carefully centered reflections, having 22 < § < 39°. Data were
collected at room temperature (22 °C) on a Siemens AED dif-
fractometer, using the nickel-filtered Cu Ka radiation and the
8/20 scan type. The reflections were collected with a variable scan
speed of 3-12° min~! and a scan width from (8 - 0.65)° to (§ +
0.65 + 0.142 tan 6)°. One standard reflection was monitored every
50 measurements; no significant decay was noticed over the time
of data collection. The individual profiles have been analyzed

(15) Vicente, J.; Chicote, M. T.; Ramirez-de-Arellano, M. C.; Pelizzi,
G.; Vitali, F. J. Chem. Soc., Dalton Trans. 1990, 279.
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Table I1I. Fractional Atomic Coordinates (X10¢) with Esd’s
in Parentheses for the Non-Hydrogen Atoms

x y z
Pd 2409 (1) 2109 (1) 2769 (1)
CK1) 1941 (2) 3911 (2) 1281 (1)
Cl(2) 1423 (2) 1022 (2) 2293 (2)
P -2565 (1) 5820 (1) 1771 (1)
o(1) 3582 (7) 3549 (6) 3423 (5)
0(2) 4988 (6) 827 (6) 2325 (4)
0(3) 6069 (7) -909 (6) 3134 (6)
N 5102 (6) -86 (6) 3110 (5)
C(1) 3161 (7) 2959 (7) 3203 (5)
C(2 2852 (6) 663 (6) 4046 (4)
C(3) 4045 (7) -205 (6) 4061 (5)
C 4362 (9) -1219 (7) 4948 (6)
C(5) 3429 (11) -1357 (9) 5867 (7)
C(6) 2216 (9) ~540 (7) 5889 (6)
C(7 1918 (7) 462 (7) 4996 (5)
C(8) 572 (9) 1342 (9) 5078 (7)
C(9) -2757 (6) 4611 (5) 1490 (4)
C(10) -1648 (6) 3671 (6) 1454 (5)
C(11) -1777 (7) 2747 (6) 1206 (5)
C(12) -2991 (7) 2763 (6) 1005 (5)
C(13) -4108 (7) 3679 (6) 1070 (5)
C(14) -3998 (6) 4602 (6) 1307 (5)
C(15) -4026 (6) 7003 (5) 1540 (4)
C(16) -4275 (6) 7660 (6) 515 (5)
C(17) -5367 (7) 8605 (8) 310 (8)
18) -6231 (7) 8915 (7) 1125 (6)
C(19) -6026 (7) 8258 (7) 2152 (7)
C(20) -4942 (6) 7313 (7) 2366 (5)
C(21) -2376 (7) 5289 (6) 3131 (4)
C(22) -2152 (8) 6077 (9) 3508 (6)
C(23) -1972 (12) 5654 (13) 4546 (7)
C(24) -2087 (15) 4498 (14) 5204 (8)
C(25) -2300 (14) 3767 (12) 4827 (7)
C(26) -2462 (11) 4140 (8) 3787 (6)
C(27) -1076 (6) 6362 (6) 891 (5)
C(28) -656 (6) 7266 (6) 1141 (4)
C(29) -1394 (8) 8433 (7) 901 (7)
C(30) -1024 (11) 9194 (9) 1203 (10)
C(31) 47 (11) 8853 (9) 1702 (8)
C(32) 819 (10) 7696 (9) 1907 (7)
C(33) 460 (8) 6894 (8) 1633 (6)

following Lehmann and Larsen.’® Intensities were corrected for
Lorentz and polarization effects. A correction for absorption was
applied (maximum and minimum values for the transmission
factors were 1.314 and 0.791).17 Only the observed reflections

(16) Lehmann, M. S.; Larsen, F. K. Acta Crystallogr., Sect. A 1974,
30, 580

Vicente et al.

were used in the structure solution and refinement.

The structure was solved by Patterson and Fourier methods
and refined by full-matrix least squares first with isotropic thermal
parameters and then with anisotropic thermal parameters for all
the non-hydrogen atoms. Sixteen hydrogen atoms were clearly
localized in the final AF map and refined isotropically; 12 were
placed at their geometrically calculated positions (C~H = 1.08
A) and refined “riding” on the corresponding carbon atoms. The
final cycles of refinement were carried out on the basis of 446
variables; after the last cycles, no parameters shifted by more than
1.60 esd. The biggest remaining peak (close to the Pd atom) in
the final difference map was equivalent to about 1.22 e/A% In
the final cycles of refinement a weighting scheme, w = [¢%(F,) +
gF 21, was used; at convergence the g value was 0.0072. The
analytical scattering factors, corrected for the real and imaginary
parts of anomalous dispersions, were taken from ref 18. All
calculations were carried out on the Cray X-MP/12 computer of
the “Centro di Calcolo Elettronico Interuniversitario dell’Italia
Nord-Orientale” (CINECA, Casalecchio Bologna, Italy) and on
the Gould Powernode 6040 computer of the “Centro di Studio
per la Strutturistica Diffrattometrica” del CNR, Parma, Italy, by
using the SHELX-76 and SHELXs-86 systems of crystallographic
computer programs.'®* The final atomic coordinates for the
non-hydrogen atoms are given in Table III. The atomic coor-
dinates of the hydrogen atoms and the thermal parameters are
given in Tables SI and SII (supplementary material).
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