
Insertion Reactions

DOI: 10.1002/ange.200501202

Reactivity of ortho-Palladated Phenol Derivatives
with Unsaturated Molecules: Insertion of Nitriles
into a Late-Transition-Metal–Carbon Bond**

Jos� Vicente,* Jos� Antonio Abad,
Mar�a-Jos� L�pez-S�ez, and Peter G. Jones

Nitriles have a very rich coordination chemistry because they
are activated by some metals towards nucleophilic or electro-
philic attack.[1, 2] Based on this reactivity, stoichiometric and

catalytic metal-mediated conversions of organonitriles into
important organic compounds are currently being devel-
oped.[1,3] In contrast to other unsaturated molecules, such as
alkynes, alkenes, CO, or RNC, nitriles insert less easily into
metal–carbon bonds. Most of the known examples involve
nitriles RCN and early-transition or actinide metal organo-
complexes [M]�R’ to give azaalkenylidene complexes [M]�
N=CRR’ upon insertion.[4,5] In a few cases, the azaalkenyli-
dene ligand in [M]�N=C(R)CH2R’ rearranges by a 1,3-H shift
to the corresponding enamide [M]�NHC(R)=CHR’.[5] Some
special cases involve low-valent transition-metal organocom-
plexes [M]�CH2C(O)R’ that react at high temperature with a
nitrile RCN and PPh3 to give a k2-C,O-cyclometalated imino
complex [M]�NHC(R)CHC(O)R’.[6] Another unusual case is
the reaction between the extremely reactive Fe2Mes4 (Mes=
2,4,6-Me3C6H2) and PhCN to give the dimer [{(PhCN)-
(Mes)Fe}2(m-N=CPhMes)2].

[7] Herein, we report a new type
of nitrile insertion that also represents the first example of the
insertion of a nitrile into a C�M bond (in which M is a late-
transition element).

[Pd{2-(OH)C6H4}I(tmeda)] (tmeda=N,N,N’,N’-tetrame-
thylethylenediamine) reacts at room temperature with
excess RCN and 1 equivalent of TlOTf (OTf=CF3SO3) to
give [Pd{1-O-2-[C(R)=NH]C6H4-k

2-O,N}(tmeda)]OTf [R=

Me (1), C6F5 (2), CH2=CH (3)] (Scheme 1). As many known

stable alkyl– and aryl–palladium complexes contain a cis-
coordinated nitrile ligand,[8] we can assume that the ortho-
hydroxy group plays a crucial role in the process and that after
substitution of the iodo ligand by RCN (A in Scheme 2), the
following stepB is the protonation of the nitrogen atom of the
nitrile. Unexpectedly, however, the usual nucleophilic attack
at the nitrile carbon atom by the oxygen function[1,2] to give
the addition product C does not occur. In our opinion, the
resonance form B’ contributes significantly to the electronic
structure of the protonated intermediate because of the
electron-withdrawing character of the positively charged
metal center and the electron-releasing nature of the neg-
atively charged oxygen substituent. Both favor the location of
a partial negative charge on the ipso carbon atom of the aryl
ligand. Therefore, our results can be explained through the
nucleophilic attack at the nitrile carbon by the ipso carbon
atom, probably via the four-membered metallacycle D.
Consequently, this insertion process differs from those
reported previously with other unsaturated molecules in the
role played by the ortho-hydroxy group, first in the proto-

Scheme 1. Reaction of [Pd{2-(OH)C6H4}I(tmeda)], excess nitrile, and
TlOTf (1 equiv).
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nation of the nitrile ligand and then in the generation of a
partial negative charge on the ipso carbon atom of the aryl
ligand.

Recently, the reaction of acrylonitrile with [PdMe-
(NMe2Ph)L2]

+, [{PdMe(L2)}2(m-Cl)]
+ (L2= various bidentate

N-donor ligands),[9] and [Pd(O,N)Me(NCMe)] (O,N=

Grubbs salicylaldiminato and related diazene ligands)[10]

were reported to give a-cyanopropyl derivatives, that is, the
insertion products of the olefinic part of the nitrile into the
Pd�Me bond. In all cases, the first step was, as we propose in
our case, the N-coordination of the nitrile but the difference
from our result (complex 3) proves to be the crucial role
played by the hydroxy group in our reactions. We have
reported that CO and olefins insert into the C�Pd bond of
[Pd{2-(OH)C6H4}I(tmeda)] without intervention of the hy-
droxy group.[11]

The insertion of a nitrile group into an aryl–Pd bond has
been postulated as a step in the mechanism of the synthesis of
aryl ketones by the Pd-catalyzed reaction of arenes with
nitriles at 75–100 8C.[12] The proposed subsequent step is the
protonation of the resulting imido complex to give an imine.
Our results suggest that these two steps could occur in the
reverse order.

Complexes similar to 1–3were prepared by the reaction of
1) [Ru(L2)2(CO3)] (L2= bpy (2,2’-bipyridyl), phen (1,10-phe-
nanthroline)) with p-{CH2N=C(Me)(2-OHC6H4)}2C6H4,

[13]

2) [Ru(PPh3)3Cl2] with oximes of salicylaldehyde, 2-hydroxy-
acetophenone, or 2-hydroxynaphthylaldehyde,[14] and
3) aqueous ammonia, 2-hydroxo-4-methoxyacetophenone,
and copper(ii) salts.[15] Therefore, in the known complexes
the main skeleton of the ligand is preformed in the organic
reagent. Complexes 1–3 contain ligands of the same family as
that present in Grubbs nickel catalysts.[16]

The crystal structures of the three complexes were solved
by X-ray diffraction studies (Figures 1–3).[17] They show a
distorted square-planar geometry at the palladium center,
with normal bond lengths and angles. The chelate ring
involving N1 and O1 is essentially planar in 1 but becomes
less planar for 2 and 3 (mean deviations 0.03, 0.08, 0.11 @).

Cation/anion N�H···O(O2)SCF3 hydrogen bonds are
observed.

In conclusion, we have reported the first examples of the
insertion of nitriles into a late-transition-metal–carbon bond.
The process involves the insertion of an alkyl (Me), aryl
(C6F5), or vinyl nitrile into an aryl–palladium bond. The
insertion is assisted by the protonation of the nitrile nitrogen
atom by the ortho-hydroxy group present in the aryl ligand
and thus represents a new type of insertion reaction.

Scheme 2. Proposed mechanism for the reaction of
[Pd{2-(OH)C6H4}I(tmeda)] with nitriles. Figure 1. Thermal ellipsoid plot (50% probability) of 1. Selected bond

lengths [N] and angles [8]: Pd–O1 1.9655(14), Pd–N1 1.9800(16), Pd–
N2 2.0685(16), Pd–N3 2.0710(16), N1–C7 1.297(3), O1–C1 1.313(2);
O1-Pd-N1 91.58(6), O1-Pd-N2 87.55(6), N1-Pd-N3 95.55(7), N2-Pd-N3
85.62(6), C7-N1-Pd 128.74(14), C1-O1-Pd 126.31(12), N1-C7-C2
123.24(17), N1-C7-C8 117.75(18), C2-C7-C8 118.95(17).

Figure 2. Thermal ellipsoid plot (30% probability) of 2. Selected bond
lengths [N] and angles [8]: Pd–N1 1.9769(13), Pd–O1 1.9804(12), Pd–
N2 2.0636(15), Pd–N3 2.0698(14), O1–C1 1.308(2), N1–C7 1.288(2);
N1-Pd-O1 90.91(5), N1-Pd-N2 94.21(6), O1-Pd-N3 89.00(5), N2-Pd-N3
85.88(6), C1-O1-Pd 125.59(10), C7-N1-Pd 127.26(11), N1-C7-C2
125.08(15), N1-C7-C11 115.63(14), C2-C7-C11 119.29(14).
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Preliminary results allow us to state that the process also
occurs with other alkyl and aryl nitriles.

Experimental Section
General procedure: The nitrile (1.15 mmol) and TlOTf (81 mg,
0.23 mmol) was added to a solution of [Pd{2-(OH)C6H4}I(tmeda)][11]

(100 mg, 0.23 mmol) in CH2Cl2 (15 mL). The resulting mixture was
stirred for 4 h at room temperature, the suspension was filtered over
celite, the yellow solution was concentrated (3 mL), and Et2O
(10 mL) was added, which resulted in the precipitation of a solid.
The precipitate was filtered, washed with Et2O (3E 5 mL), and dried
to give the corresponding complex as a yellow solid.

1: Yield: 90 mg, 78%; m.p. 164 8C; LM= 143W�1 cm2mol�1. IR:
ñ= 3275 n(NH), 1605 cm�1 n(C=N); 1H NMR (300 MHz, CDCl3): d=
8.71 (s, 1H; NH), 7.47 (dd, 1H, 3JHH= 8.3 Hz, 4JHH= 1.5 Hz; C6H4),
7.27 (ddd, 1H, 3JHH= 6.9 Hz, 3JHH= 8.4 Hz, 4JHH= 1.6 Hz; C6H4), 6.91
(dd, 1H, 3JHH= 8.4 Hz, 4JHH= 1 Hz; C6H4), 6.64 (ddd, 1H, 3JHH=
6.9 Hz, 3JHH= 8.1 Hz, 4JHH= 1.6 Hz; C6H4), 2.92 (s, 6H; Me
(tmeda)), 2.85 (s, 4H; CH2), 2.74 (s, 6H; Me (tmeda)), 2.68 ppm (s,
3H; Me (MeCN)); 13C{1H} NMR (100 MHz, CDCl3): d= 172.11 (C),
163.24 (C), 134.30 (CH), 130.93 (CH), 121.04 (CH), 120.92 (C), 115.93
(CH), 63.30 (CH2), 60.39 (CH2), 50.92 (Me (tmeda)), 48.99 (Me
(tmeda)), 24.53 ppm (Me (MeCN)); elemental analysis: calcd for
C15H24N3O4SF3Pd: C 35.62, H 4.78, N 8.31, S 6.34; found: C 35.31, H
4.67, N 8.21, S 6.09; single crystals were grown by slow diffusion of n-
hexane into a solution of 1 in CH2Cl2.

2 : Yield: 125 mg, 83%; m.p. 218 8C (decomp.); LM=
125W�1 cm2mol�1; IR: ñ= 3193 n(NH), 1601 cm�1 n(C=N);
1H NMR (400 MHz, [D6]acetone): d= 9.75 (s, 1H; NH), 7.39 (ddd,
1H, 3JHH= 6.9 Hz, 3JHH= 8.6 Hz, 4JHH= 1.7 Hz; C6H4), 7.11 (dd, 1H,
3JHH= 8.3 Hz, 4JHH= 1 Hz; C6H4), 7.04 (dd, 1H, 3JHH= 8.6 Hz, 4JHH=
1 Hz; C6H4), 6.58 (ddd, 1H, 3JHH= 7 Hz, 3JHH= 8.30 Hz, 4JHH=

1.1 Hz; C6H4), 3.14 (s, 4H; CH2), 2.96 (s, 6H; Me), 2.91 ppm (s, 6H;
Me); 13C{1H} NMR (100 MHz, [D6]acetone): d= 166.65 (C), 161.16
(C), 136.80 (CH), 133.27 (CH), 122.64 (CH), 120.70 (C), 117.15 (CH),
64.15 (CH2), 61.45 (CH2), 51.31 (Me), 49.67 ppm (Me); elemental
analysis: calcd for C20H21N3O4SF8Pd: C 36.52, H 3.22, N 6.39, S 4.87;
found: C 36.41, H 3.20, N 6.43, S 4.80; single crystals were grown by
slow diffusion of n-hexane into a solution of 2 in acetone.

3 : Yield: 100 mg, 84%; m.p. 169 8C (decomp.); LM=
100W�1 cm2mol�1; IR: ñ= 3293 n(NH), 1603 cm�1 n(C=N);

1H NMR (400 MHz, CDCl3): d= 8.38 (s, 1H; NH), 7.46 (dd, 1H,
3JHH= 8.2 Hz, 4JHH= 1.6 Hz; C6H4), 7.29 (ddd, 1H, 3JHH= 6.8 Hz,
3JHH= 8.5 Hz, 4JHH= 1.7 Hz; C6H4), 6.96–6.89 (m, 2H; C6H4, CH2=

CH), 6.64 (ddd, 1H, 3JHH= 7.0 Hz, 3JHH= 8.1 Hz, 4JHH= 1.1 Hz,
C6H4), 5.83 (m, 2H; CH2=CH, CH2=CH), 2.91 (s, 6H; Me), 2.89 (s,
4H; CH2 (tmeda)), 2.75 ppm (s, 6H; Me); 13C{1H} NMR (400 MHz,
CDCl3): d= 171.05 (C), 164.64 (C), 134.77 (CH (C6H4)), 133.32 (CH2=

CH), 132.34 (CH (C6H4)), 126.73 (CH2=CH), 121.10 (CH (C6H4)),
115.85 (CH (C6H4)), 120.58 (C), 115.85 (CH (C6H4)), 63.30 (CH2

(tmeda)), 60.46 (CH2 (tmeda)), 50.91 (Me), 49.36 ppm (Me);
elemental analysis: calcd for C16H24N3O4F3SPd: C 37.11, H 4.67, N
8.11, S 6.19; found: C 36.86, H 4.78, N 8.11, S 6.03; single crystals were
grown by slow diffusion of Et2O into a solution of 3 in CH2Cl2.
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