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Abstract

The reactions of pyridine-2-carbaldimines, py-2-
CH=NR (R = CzH,OMe-p, Me), with allylic dimers
[MCI(n®-2-MeC3H,)], give rise to stoichiometry, con-
centration, solvent and temperature dependent
equilibria, in which the cationic complexes [M(n>-
2-MeC3H,y)(py-2-CH=NR)]* and the anion [MCl,(n*-
2-MeC3H,)]™ or CI” are involved. In general, the
ligand/dimer reaction (1/1 molar ratio) yields the
ionic products [M(n®-2-MeC;3H,)(py-2-CH=NR)]-
[MCLy(n3-2-MeC3H,)], which can be isolated as
solids, whereas the same reaction in a 1/0.5 molar
ratio yields the species [M(n3-2-MeC3H,)(py-2-CH=
NR)]Cl, which can be studied only in solution, but
are easily converted into [M(n*-2-MeC3H,)(py-2-CH=
NR)|X in the presence of an excess of NaX (X =
ClO4, BF,4, BPhy). In the cationic complexes, the o-
diimino ligand is o, ¢"N,N' chelate to the central
metal. The combined conductivi.y measurements and
electronic, IR, and 'H NMR spectral data show that
(i) the cationic complexes are greatly stabilized in
methanol solution; (ii) extensive ion-pairing occurs in
chlorinated solvents, such as dichloromethane,
chloroform, and 1,2-dichloroethane; (iii) the com-
plexes with X=ClO, are slightly dissociated in
acetonitrile, with the following order of dissociation
constants; Pd>>Pt and py-2-CH=NCH,OMe-p >
py-2-CH=NMe; (iv) various dynamic processes take
place in solution at different rates depending on the
temperature, solvent, central metal, and counter-
anion. In general, a low-energy process involving syn—
syn, anti—anti exchange of the allylic protons occurs,
which in some cases cannot be frozen out and which
is interpreted in terms of formation of stereochemi-
cally non-rigid five-coordinate intermediates by
association of the cationic complexes with the solvent
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or the counteranion. Cation—anion interactions and,
probably, formation of five-coordinate species with
the more coordinating anions, C1~ and [MCl,(n3-2-
MeC3H,)] ™, are responsible for the solvent and anion
dependent 'H NMR chemical shifts of the chelate py-
2-CH=NC¢H,OMe-p ligand. For [Pd(n3-2-MeC3H,)-
(py-2-CH=NC¢H,OMe-p)] [PdCl,(n*-2-MeC;3H,)], but
not for the platinum analogue, a rather fast
scrambling of the Pd(n3-2-MeC3H,) unit between the
cation and anion is observed at ambient temperature
in CDCl;. This and other differences in the solution
behaviour between palladium and platinum deriva-
tives can be rationalized on the basis of a higher
stability (toward dissociation) of the five-membered
metaliacycle M(py-2-CH=NR) on going from M = Pd
toM=Pt.

Introduction

In recent years, the coordination chemistry of the
a-diimines RN=C(R!')-C(R?)=NR has been exten-
sively studied because of the versatile bonding proper-
ties of the flexible N=C—C=N group [1]. In parti-
cular, with Pd and Pt d® metal centers these com-
pounds may act as either g-NV monodentate [2], or
0,06-N,N' bridging bidentate [3], or u,d-N,N’
chelating bidentate ligands [4], the latter being the
most common ligating mode.

In previous papers, we have described the reactions
of ligands RN=C(R")—C(R?)=NR (R = alky! or aryl
group; R!=H, Me) [5] and their imino-carbon
metallated  analogues RN=C(R')~C(MCIL,)=NR
[M=Pd, Pt; L, = trans tertiary phosphines or 1,2-
bis(diphenylphosphino)ethane] [6—9] with chloro-
bridged allyl dimers [PdCI(n®-2-YC3H4)], (Y =H,
Me). These reactions yield different products
depending on the experimental conditions and the
nature of the imino-carbon substituents, as is sum-
marized in Scheme 1 for R = C¢gH,0OMe-p.
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The cationic complexes A with the asymmetric a-
diimine (R!=H, R?=Me) undergo a fast dynamic
process at ambient temperature, which involves syn—
syn, anti—anti exchange of the allylic protons. Such
a process is absent (or occurs at markedly reduced
rate) in the corresponding compounds with
metallated a-diimines (R!=H, Me; R?=MCIL,),
under comparable conditions. The binuclear com-
plexes B are obtained only for R'*=R?=H in
benzene or chlorinated solvents, and are converted
almost quantitatively into the ionic derivatives C in
methanol or ethanol. The latter complexes are
generally formed with bulkier R! and R? sub-
stituents. For R? = frans-PdCIL, (L = tertiary aryl
phosphine), the cation—anion interaction in the
ionic intermediates C brings about a phosphine—
chloride exchange with formation of the products
D and E at rates which are markedly influenced by
the solvent and decrease in the order:benzene > 1,2-
dichloroethane >> ethanol.

As an extension of this line of research, we report
here the reactions of the system py-2-CH=NR/[MCI-
(n*-2-MeC3H,4)], (M = Pd, Pt) in various solvents and
with different ligand/dimer molar ratios. The
presence of an asymmetric a-diimino unit (with two
different N-donor sites) in pyridine-2-carbaldimines
makes these ligands particularly suitable for a variable
temperature 'H NMR investigation of the solution
behaviour of the cationic species in complexes of
type A and C.
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This work is also a preliminary step toward the
study of similar reactions involving palladated ligands,
such as py-2-C(R")=NR [R = C¢H,0Me-p, Me; R! =
trans-PdCI(PPh;),], the synthesis of which has recent-
ly been reported [10].

Experimental

The pyridine-2-carbaldimines py-2-CH=NR (R =
C¢HsOMe-p, Me) and the complexes [MCI(n3-2-
MeC3H,)], were prepared by published methods
[11-13]. All other chemicals and solvents were
reagent grade, and were used without further purifica-
tion. All reactions were carried out at room tempera-
ture. The solvents were evaporated to small volume or
to dryness at reduced pressure in a rotary evaporator.

[M(7>-2-MeC3H,)(py-2-CH=NR)] X (M =Pd, Pt; R =
CeH;,0Me-p, Me; X = ClQ,, BF,)

A solution of the dimer [MCl(n’-2-MeC3H,)],
(0.5 mmol) in ca. 30 ml of CH,Cl, was treated with
py-2-CH=NR (1 mmol) and then with an excess of
NaX (ca. 2 mmol) dissolved in 10 ml of methanol.
A white precipitate of NaCl was immediately formed.
The reaction mixture was stirred for 15 min and the
solvents were evaporated to dryness. The solid residue
was redissolved in CH,Cl,, treated with charcoal and
filtered off to give a clear solution. After concentra-
tion, the product was precipitated by adding diethyl-
ether, and purified by reprecipitation from the same
solvents. The yield based on the theoretical amount
was in the range 85-90%, and the colour varied from
yellow—brown for the platinum(Il) to yellow for the
palladium(II) derivatives.

[Pd(n3-2-MeC3 H, )(py-2-CH=NCs H,OMe-p)] BPh,
The complex [PdCl(n3-2-MeC3H,)}, (0.20 g, 0.5
mmol) and the ligand (0.21 g, 1 mmol) were mixed
together in methanol. Dropwise addition of NaBPh,
(0.34 g, 1 mmol), dissolved in 20 ml of MeOH/H,0
(2/1 v/v), caused the immediate precipitation of a
yellow solid which was stirred for 20 min and filtered
off. Repeated washings with H,0, with MeOH/H,0
(1/1 v/v) and finally with MeOH gave the pure
product, which was dried in vacuo (0.62 g, 89%).

[M(13-2-MeC3H, )(py-2-CH=NC¢ H, OMe-p )| MCl,-
(m*-2-MeC3H, )] (M = Pd, Pt)

A solution of [MCl(n3-2-MeC;3H,)], (0.5 mmol) in
40 ml of benzene was treated with py-2-CH=NC4H,-
OMe-p (0.5 mmol) dissolved in 20 ml of CH,Cl,.
Evaporation of the more volatile CH,Cl, solvent and
dilution with Et,0 gave the product as a yellow solid
for M =Pd, or as a yellow—orange oil for M = Pt,
which crystallized on stirring. Each compound was
reprecipitated from a CH,Cl,/C¢Hg solution (1/1
v/v), following the same procedure (yield 81%,
M =Pd; 77%, M = Pt).
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Attempted Preparation of [M{n*-2-MeC;3H, )(py-2-
CH=NC4H,0OMe-p)]C!

In an attempt to isolate these cationic complexes
with chloride as counteranion, the reactants [MCl(n>-
2-MeC3H,)], (0.5 mmo}) and py-2-CH=NC4H,O0Me-p
(1 mmol) were dissolved in 20 ml of CH,Cl,. The
solution was concentrated to ca. 2 ml and then
diluted with benzene to precipitate a yellow solid
(M =Pd) or an oily material (M = Pt), which crystal-
lized upon addition of Et,O and stirring. Elemental
and spectral analysis showed that the product was
[Pd(n*-2-MeC3H,)(py-2-CH=NC¢H;0Me-p)] [PdCl,-
(n®-2-MeC3H,)], starting from the palladium dimer,
or a mixture of [Pt(n3-2-MeC3H,)(py-2-CH=NC¢Hj,-
OMe-p)] [PtCly(n*-2-MeC;3H,)] and presumably [Pt-
(m3-2-MeC3H,)(py-2-CH=NCH,0Me-p)]Cl, starting
from the platinum dimer.

AsPha[MCly(n3-2-MeC3H, )]

These anionic complexes were obtained from the
reaction of [MCI(n®-2-MeC4H,)], with AsPh,Cl-H,0
(1/2 molar ratio), as was described for the prepara-
tion of [NEt3;(CH,Ph)][PdCl(n3-2-MeC;H4)] [8]
(yield 81%, M = Pd; 62%, M = Pt).

[PtCln®-2-MeC3H, )(py-2-CH=0)]

The complex was prepared by bridge-splitting
reaction of [PtCl(n®-2-MeC3H,)], (0.28 g, 0.5 mmol)
with pyridine-2-carbaldehyde (0.12 g, 1.1 mmol) in
20 ml of CH,Cl,. Concentration of the solution,
followed by addition of Et,0, gave the analytically
pure product (0.30 g, 75%).

Physical Measurements

The conductivity measurements were carried out
with a CDM 83 conductivity meter at 20 °C. The 'H
NMR spectra were recorded on a Varian FT80A
spectrometer by A. Berton of the Centro Chimica
Tecnologia Composti Metallorganici C.N.R., Padova,
Italy. The electronic spectra in solution were
recorded with a Bausch-Lomb Spectronic 210UV and
with a Cary 219 spectrophotometer in the range
550—250 nm at 25 °C, using quartz cells of 1 cm path
length. Infrared spectra were recorded with a Perkin-
Elmer 983G instrument, using Nujol mulls and Csl
windows in the range 4000—200 cm™!, and CaF,
cells of 0.5 mm width for CH,Cl, solutionin the range
1800—1400 cm™*.

Results and Discussion

Preparation and Characterization of the Cationic
Complexes [M{n>-2-MeCs H, )(py-2-CH=NR)]*

The reactions of the system [MCI(n*-2-MeC3H4)],/
py-2-CH=NR are reported in Scheme 2. In the
absence of the sodium salt NaX (which causes the
precipitation of the insoluble NaCl), the formation of
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the ionic intermediates [I] [MCl,(n®-2-MeC3H,)] or
the final product [I]C1 (where [I]* refers to the
cationic species [M(n®-2-MeC;3H,)(py-2-CH=NR)]")
appears to be controlled by the stoichiometry and
concentration of the reactants. Electronic, IR and 'H
NMR spectra of the reaction mixtures [MCI(n3-2-
MeC3H,)],/py-2-CH=NR (1/1 or 1/2 molar ratio)
show that the position of the equilibria (i) or (ii) in
Scheme 2 is much in favour of complexes [I] [MCl,-
(n3-2MeC3H,)} or [I]Cl, both in methanol (at initial
concentration of allylic dimer higher than S X107°
mol dm™®) and in chlorinated solvents (at initial
concentration of allylic dimer higher than 5 X 1073
mol dm™3).

The IR spectra of [I][MCly(n3-2-MeC3H,)] in
CH,Cl, (4—8 X 1072 mol dm™3) show no evidence of
free pyridine-2-carbaldimine, whereas the IR spectra
of [I1Cl under the same experimental conditions indi-
cate that a small amount of free ligand, characterized
by a »(C=N) band at 1626 cm™', is present and that
the intensity ratio ¥(C=N)yee/V(C=N)coorq increases
with increasing dilution. Accordingly, the complexes
[1] [MCl,(n*-2-MeC3H,)] can be easily obtained from
the 1/1 reaction in benzene, whereas the products
[I]CI cannot be isolated as solids, since equilibrium
(i) shifts completely (M =Pd) or partially (M = Pt)
toward the less soluble compound [I][MCl,(n*-2-
MeC3;Hy)] in the attempted precipitation (see
‘Experimental’). The cationic species [I]* are better
isolated with bulkier and less coordinating anions,
such as C10,7, BF, 7, and BPh; ™. In the same way, the
reaction of [PdCl(n3-2-MeC3H,)], with py-2-CH=
NMe (1/2 molar ratio) in the presence of an excess of
NaClO, yields [Pd(n3-2-MeC3H4)(py-2-CH=NMe)]-
ClO,, which will be indicated hereafter as [Ic]Cl10,.

Elemental analyses, molar conductivities, and
selected IR and electronic spectral data are listed in
Table 1. The infrared spectra of the cationic com-
plexes [I1]Cl04 and [Ia}BF,4 show the typical bands
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of the uncoordinate tetrahedral anions. For the com-
pounds [I] [MCl,(n3-2-MeC3H,)], two »(M—Cl) vibra-
tions are detected at 268 and 255 cm™! for M=Pd,
and at 294 and 265 cm™! for M = Pt, which suggest
the presence of the anions [MCly(n®-2-MeC3H,)] ™,
also in the solid state [In AsPh, [MCl,(n-2-MeC3H,)],
the »(M—Cl) bands occur at 270 and 256 cm™! for
M=Pd, and at 298 and 266 cm ' for M =Pt].

In general, all the studied complexes behave as uni-
univalent electrolytes in methanol. In solvents of
lower dielectric constant, such as 1,2-dichloroethane,
however, the molar conductivities for 1072 mol dm™>
solutions depend markedly on the counteranion and
decrease in the order; ClO4 ~ BF, > BPh, >
[MCl,(n3-2-MeC3H,)}™ > CI™. Furthermore, in the
same solvent, the Ay values decrease considerably
with increasing concentration: e.g., the molar con-
ductivity of [IaJClO4 drops from 29.2 to 16.7 ohm™!
cm? mol™! when the concentration is increased from
1073 to 1072 mol dm 3. A similar concentration
dependence is observed for [Ia]BF,; in dichloro-
methane at 20 °C, for which the Ay values are found
to increase from 10.8 to 17.5 and to 45.6 ohm™ ! cm?
mol~!, when the concentration is progressively
lowered from 5X1072 to 1072 and to 1073 mol
dm™3, respectively. In the light of electronic and 'H
NMR spectral results (see further), such anion and
concentration influence appears to result essentially
from extensive ion-pairing in chlorinated solvents,
even though the lower mobility of some ions (particu-
larly for the bulky BPh, ) and the formation of
non-conducting species with the more coordinating
[MCl,(n3-2-MeC3H4)]” and Cl” anions may also
contribute to the observed changes in conductivities.

Electronic Spectra

The electronic spectra of the cationic complexes
[17* in the range 500—250 nm are characterized by a
series of overlapping bands, which give rise to a main
maximum surrounded by one or more shoulders. In
this range, the free ligands py-2-CH=NR exhibit
intense 7 - #* transitions at 339 and 286 nm for R =
C¢H,OMe-p or at 272 nm for R=Me, in 1,2-dichloro-
ethane. The spectral changes observed when the
ligand is 0,0 N,N' chelate to a M(n>-2-MeC3H,)
group are shown in Fig. 1 (for R = C¢H40Me-p), and
can be interpreted in terms of low-frequency shifts of
the ligand 7 = n* bands, which largely overlap with
metal-to-ligand  charge-transfer (MLCT) dy —a*
transitions.

Similar red-shifts of ligand 7 - n* bands upon
o, 0'-N,N " chelation to transition metal ions in
positive oxidation states were reported for complexes
of 2,2"-bipyridine [14] and 1,2-bis(imino)ethanes,
RN=CH—-CH=NR [15]. On the other hand, the
occurrence of MLCT transitions is suggested by
solvatochromic effects, as most of the bands undergo
higher frequency shifts on going from 1,2-dichloro-
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Fig. 1. Electronic spectra of py-2-CH=NCgH4OMe-p (—-—),
{1a]C104 ( ), and [Ib]ClO04 (———) in 1,2-dichloro-

ethane at 25 °C.

ethane to more polar solvents, such as methanol (see
Table I) or acetonitrile.

In methanol, the Lambert—Beer law is obeyed in
the concentration range 5 X107%—5X 107> mol
dm™3 for all the complexes, independent of the
nature of the central metal and the counteranion. In
very dilute acetonitrile solution, the palladium
derivatives [Ia]ClO, and [Ic]ClO,4 undergo a disso-
ciation equilibrium according to eqn. (1)

[Pd(n3-2-MeC3H,)(py-2-CH=NR)]* + 2MeCN ==
[Pd(n?-2-MeC3H,NCMe),]* + py-2-CH=NR (1)
(R= C6H40Me-p, Me)

The occurrence of this equilibrium can be checked by
adding appropriate amounts of free ligand to aceto-
nitrile solutions of the independently prepared
[Pd(n3-2-MeC3H4)(NCMe),]CI0, [13]. The elec-
tronic spectra of the resulting solutions closely
reproduce those corresponding to the dissociation of
[1a]ClO, at the same concentration and temperature
conditions.

Non-linear regression analysis of the spectral
changes with dilution [5] at 25 °C gives dissociation
constants (Kp) of (5.6 +1.8)X107® mol dm™3 for
[1a]Cl0, and (9.0£3)X1077 mol dm™> for
[1c]Cl0,. No dissociation is observed for the
platinum derivative [Ib]ClO,. If compared with the
corresponding dissociation constants in acetonitrile
at 25 °C for [M(n3-2-YC3;H;)(RN=CH—-CH=NR)]-
Cl0o, (R=C¢H,OMe-p; M=Pd, Y=H Kp=(3.0%
0.4) X 107* mol dm 3, Y=Me (3.4£0.5)X107%
M=Pt, Y=H (3.0£0.8) X1075) [5], the present
results indicate that the ligand py-2-CH=NCsH,OMe-
p gives more stable chelate adducts than the ligand
RN=CH-CH=NR (R =C¢H40OMe-p). Furthermore,
since no dissociation was detected for the complex
[Pd(n®-2-MeC3H,)(bipy)]BF,  (bipy = 2,2'-bipyri-
dine) [5], the stability of the five-membered metalla-
cycle in the cationic complexes [Pd(n®-2-MeC3H,)-
(N-N"]"* containing a ¢,0"-N, N’ chelate a-diimino



< 9L = (H-1dr 87 = (H-d)f
5 88'T 96'¢
= 0¥8 = (H- I vL =~ 97 = (H-W)f 0've = (H-Id)r §TL = (H-W)r (z-01 X ¥)
8 S0€C €0°€ v6'€ $98¢ WLSL WOT'6 WIvs SYE6 o€ “0tad voiolatl
Qo
S Sie S€6°€ 9'1 = GW-Hf, (01 %¥)
5 STt SHTE $S6C 98¢ W698 W86'L O ¥9'8 0s atan
91 = (PK- HDfy (z-01 X ¥)
S8IC SsTe SO0r  A68¢ W9L8 WY08 00Lg 0 aHtadn ror(o1]
0IX6)
ST S9¥'t S90p SL8E WSSL Wv6's WLL'S S06'8 0¢ aotan e
(2 01X8)
Sol'¢ SeCe $ 98¢ SSLE WLSL WILS WS8LS SSL6 0S - A9%aD
(201X 8)
S60'C FIECINIS qansE SZ8E WOSL WSL'S WISS (9IS $1°6 0g a2*an ler]
23S 60T 23S 18T aS6L'¢ (2 01%X57D)
;S 17T 1S 9P'€ ;S SO¥ SL8E WSS WZ6'8 W98 S 688 0¢ aotan [(PHE Dom-T-¢Wiopd [e1]
3S£0°7 3S$9LT (01X ¢€)
;SSIe 1S 9¢€ ;S 88°¢ 2SI8E WSYL WPL8 WOL6 SO0L6 ov- 0an
(01X ¢€)
SIz (1)S 80°€ (Us)sg'¢ SE€8€ WS9L W188 WL6'S S 856 0g f10an [(PHEDOW-T-¢ )% 0Pd] (el
(z_01X¢)
SSIe SPTE (1Q)S 18°¢ S 98¢ pl WEr's pW SL8°L 0€ Udtan tugd{ell
(z01X€)
$2TT $8€'E S¥6¢ $98°¢ WISL WI88 WIS $68 oy - f0ad
(01 X¢)
S1TT IR SY6'E SY8E  WOSL W6L8 WLES S 688 0¢ 10D vadier)
(01 X¢)
st Sove S96°¢ $¢8¢ WISL WS88 WOPs S168 O - £10a0
(z_01X¢)
S1TT S8 $56¢ $£8¢ WOSL WERS WPHES S .88 0t £ao voioler]
SLTe SELE (z_01 X ¥)
szt S8ct SHO¥ S6LE WSHL W¥rL'8 WOTS SILS 0s— U0tao
(01X P
S1TT (19)S 6€°¢ (19A)56°¢ S¢8¢ W8HL WES8 WIT8 S$8L8 0¢ Uotan voiolerl
SN-D huoy YSH OWN WO v H H HO=N
° ¢ () (c_wpow)
ssuoloid 1Ay nmcouoa sujwipreqieo-z-auiptiAd sinjeraduia} juaAjoS punoduwio)
=
= 2B18( [e1192dS AWN Hy PO32918S ‘I 19V L



175

Reactions of Pyridine-2-carbaldimines
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Fig. 2. Electronic spectra of 10™% mol dm™3 solutions of
[1a] [PACly(n>2-MeC3Ha)] (——), and of [Ib] [PtCly(r3-2-
MeC3Hg)] (——=) in 1,2-dichloroethane at 25 °C.
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Fig. 3. Electronic spectra of 1074 mol dm™3 solutions of
[1a]Cl ( ), and of [Ib]Cl (——=) in 1,2-dichloroethane
at 25 °C.

ligand appears to increase with increasing number of
2-pyridyl groups in N—N’| in the order:

RN=CH—CH=NR < py-2-CH=NR < bipy
(R = CgH40Me-p)

In line with previous observations, an increased
stability is observed for complexes [M(1°-2-MeC3H,)-
(py-2-CH=NC¢H,0OMe-p)]CI0, when the central
metal is changed from palladium to platinum [5], and
for complexes [Pd(n>-2-MeC;3H4)(py-2-CH=NR)]-
Cl0, when the C4H,OMe-p imino nitrogen sub-
stituent is replaced by a better electron-releasing Me
group [11].

The different stability of the cationic complexes
[M(n®-2-MeC;3H,)(py-2-CH=NR)]* (M=Pd, Pt; R=
C¢H,OMe-p) toward dissociation of the pyridine-2-
carbaldimine is also reflected in the electronic spectra
of [I][MCl,(n3-2-MeC3H,)] (Fig. 2) and [I]CI (Fig.
3) in 1,2-dichloroethane. Whereas for [Tb] [PtCl,(n°-
2-MeC;3H,4)] the spectrum is identical to that of [Ib]-
ClO,4 at the same concentration, and the Lambert—
Beer law is obeyed down to the lowest explored con-
centration (5 X107° mol dm™3), for [la] [PdCl,(n3-
2-MeC3H,)] a substantial dissociation according to

B. Crociani et al,

equilibrium (i) of Scheme 2 occurs, as can be inferred
from the intense band at 340 nm of the uncoordinate
py-2-CH=NC4H,OMe-p ligand in Fig. 2. For the
complexes [I]Cl at concentrations lower than 5 X
1073 mol dm™3, the higher coordinating ability of the
chloride anion causes a rather extensive dissociation
for the palladium derivative [Ia]Cl [equilibria (i) and
(ii) of Scheme 2] and a slight dissociation for the
platinum analogue [Ib]Cl according to equilibrium
(ii). In the latter case, the formation of a small
amount of free ligand is revealed by a shoulder at ca.
340 nm on the high-energy side of the main absorp-
tion at 390 nm of the cationic species [Ib]” in Fig. 3.

The electronic spectrum of [la]BPh, in 1,2-
dichloroethane must be recorded immediately after
dissolution, since this compound undergoes a slow
reaction in chlorinated solvents, as is shown by the
progressive colour change from yellow to red of the
solution and the eventual formation of palladium
metal. The course of such reaction is presently under
investigation. Preliminary results suggest that a
phenyl transfer from BPh,™ to the palladium center
of the cation [la]™ is probably involved, followed by
reductive elimination of allylbenzene. This behaviour
is in accordance with the good phenylating properties
of the tetraphenylborate anion toward palladium(II)
complexes [16] and the reactivity of compounds of
the type [Pd(n*-C3Hs)(Ar)(L)] and cis-[Pd(n'-C3Hs)-
(Ar)(L),] (Ar=aryl group, L=tertiary phosphine)
[171.

'H NMR Spectra

The variable temperature 'H NMR spectra have
been studied in CDCl; (—50-30 %), in CD,Cl,
(—80-30 °C), and for some soluble compounds also
in CD;0D (—50—30 %), in the concentration range
5X1073—8 X 107* mol dm™ 3. Some selected data are
listed in Table II. A comparison with the 'H NMR
spectra of the free ligands py-2-CH=NR [18] shows
that the resonances of the 2-pyridyl, the imino
N=CH, and the phenyl ortho AA' protons (R =
C¢H,OMe-p) or the N-methyl protons (R = Me) are
generally shifted downfield in the cationic complexes
[I]*. This effect and the observation of !*°Pt
couplings for 8(N=CH) and 8(H®) signals in the
platinum derivatives point to a o,0"-N, N' chelating
mode for the pyridine-2-carbaldimine ligands [19].

The N=CH and H> resonances are markedly
affected by the central metal, the solvent, the
counteranion and, for [Ia}Cl, also by the tempera-
ture. In the platinum complexes, the N=CH and H®
protons resonate at a lower field of ca. 0.7 and 0.3
ppm, respectively, than in the corresponding
palladium analogues. A comparable downfield shift
of 8§(N=CH) was previously noted for the cationic
a-diimine derivatives [M(n3-C3;Hs)(RN=CH—CH=
NR)]ClO,4 (R =CgH40OMe-p) on going from M =Pd
to M=Pt [5]. The counteranion and solvent
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influence is particularly evident in the series of
palladium compounds of Table I1. Whereas §(N=CH)
and 8(H?) are detected at rather close chemical shifts
in both [1a]Cl04 and [Ia] BF, [6(N=CH) in the range
8.9-8.7 ppm, and 8(H?) in the range 8.4—8.2 ppm],
the same signals are shifted upfield in [la]}BPh,, and
downfield in [Ia] [PdCl,(n*-2-MeC3H,)] or [Ia]Cl, in
chlorinated solvents. However, when CD;0D is used
as solvent for [Ia][PdCl,(n3-2-MeC3H,)} or [Ia]Cl,
the downfield shifts are removed and the N=CH and
H3 resonances appear at chemical shift values com-
parable to those of [Ia]ClO, or [la]BF,. A parallel
trend is observed for the platinum compounds. In
our opinion, these changes are essentially due to
specific cation—anion interactions in tight ion pairs,
extensively formed in solvents of low dielectric
constant, such as CDCl; or CD,Cl,. The upfield shifts
for [I1a]BPhy can be interpreted in terms of shielding
effects of the phenyl ring currents when the BPh,~
anion approaches the planarly chelate py-2-CH=NR
ligand with one phenyl group above and one below
the coordination plane, as is shown in Fig. 4. The
downfield shifts for [I}[MCly(n3-2-MeC3H,)] and
[I]Cl are probably due to partial (or complete)
bonding of the more coordinating anions to the
central metal of the cation [I]*, with formation of
labile five-coordinate species.

>,I

Fig. 4. Proposed interaction of the anion BPhy~ with the
cationic complex [Pd(n3-2-MeC3H4)(py-2-CH=NC6H4OMe-
2]

N /PL(/

Five-coordination has been well established for
a-diimine complexes of Rh(I) and Pt(IT) of the type
[RRCHL'YL*}RN=CH-CH=NR)] (L'=L%*=CO
or PF3; L' = CO, L? = C,Hy) [20], [PtCl,(n?-olefin)-
(RN=CH—CH=NR)] [4], and [PtCl,(n?-olefin)-
(py-2-CH=NR)] [19].

An alternative explanation for the downfield shifts
of 8(N=CH) and §(H?) on going from [I]ClO, to
[1][MCl,(m3-2-MeC5H,4)] or [I]Cl may be given by
the occurrence of equilibria (2) and (3) in chlorinated
solvents, with substantial amounts of the neutral
species II, ITI and IV.

The imino proton N=CH in the species II and IV,
and the H® proton in Il and IV, residing at close
proximity to d® metal centers above or below the
coordination plane, would experience large downfield
shifts, as in the case of the N=CHg or both the N=CH
protons of 1,2-bis(imino) ethanes when these ligands
are 0-N monodentate or 0, ¢’ -N, N' bridging bidentate
in the complexes [21]:
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Such an explanation, however, is not consistent
with other experimental results, at least for the
platinum complexes. The equilibria (2) and (3) should
be fast on the NMR time scale even at the lowest
explored temperatures, since only one signal for the
imino proton and one for each pyridyl proton are
always observed in all the compounds examined.
Under these conditions, the equilibrium (2) for [Ib]Ci
and [Ib][PtCl,(n3-2-MeC3H,)] would lead to aver-
aged J(Pt—H®) and J(Pt—NCH) coupling constants at
significantly lower values than those in the complex
[Ib]Cl0,, because of the small long-range *J(Pt—
NCH) coupling in II and 6J(Pt H®) in III. In the
related compound [PtCl(n3-2-MeC3H,)(py-2-CHO)],
containing the o,N bonded pyridine-2-carboxalde-
hyde, no appreciable *J(Pt—OCH) coupling is actually
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observed. On the other hand, the J(Pt—NCH)
coupling constants were reported to decrease from a
value of 86 Hz for the g, 0’-N, N’ chelate a-diimine in
[PtCL,(RN=CH-CH=NR)} (R =CMe;) [4] to 29 Hz
for the same o-NV monodentate ligand in trans-[PtCl,-
(RN=CH-CH=NR)(PPh3)] under conditions of fast
6,N20d' N’ interconversion, ie., when the ligand
changes rapidly its point of attachment to the metal
[21].

A fast equilibrium (3) would also yield averaged
values for J(Pt—H®) and J(Pt—NCH) with concomi-
tant averaged proton resonances for the differently
bonded Pt(n>-2-MeC;3H,) unit.

In contrast, the complexes [Ib]ClO,, [Ib] [PtCl,-
(n3-2-MeC;H,)] and [Ib]Cl exhibit J(Pt—H®) and
J(Pt—NCH) couplings at almost constant values of 34
and 74 Hz, respectively, and distinct allyl proton
signals for [Ib]* and for [PtCly(n3-2-MeC3H,)]™ are
observed in the 'H NMR spectra of [Ib]{PtCl,(n3-
2-MeC3H,)] in the temperature range —50—30 °C.

A complex of type II is indeed obtained in the
bridge-splitting reaction of [PtCl(n®-2-MeC3H,)],
with pyridine-2-carboxaldehyde (see ‘Experimental’):

o
NPQ/{“G

The coordination occurs only through the pyridine
nitrogen, as is shown by the J(Pt—H®) coupling of 33
Hz and by the absence of !%°Pt satellites for the
O=CH resonance, which is considerably deshielded
(0.8 ppm) relative to the free ligand [22]. In agree-
ment with the proposed formulation, the IR spectra
of the complex exhibit a »(C=0) vibration at 1712
em™ ! (at the same frequency as for the uncoordinate
pyridine-2-carboxaldehyde in CH,Cl, solution) and a
v(Pt—Cl) band at 297 ¢cm™!. However, the solution
behaviour of this compound is quite difterent from
that of [Ib]Cl, since no fast syn—syn, anti—anti
exchange of allylic protons is observed in CD,Cl, at
30 C. A fast rotation around the Pt—-N bond
probably occurs, as for the 2-methylpyridine complex
[PACI(n>-crotyl)(py-2-Me)] [23], but this point was
not further investigated.

Dynamic Behaviour in Solution

The 'H NMR spectra of Table II also show that
the cationic complexes {1]* undergo dynamic
processes in solution, which generally involve a syn—
syn, anti—anti exchange of allylic protons at different
rates depending on the temperature, the central metal
(Pd > Pt), the solvent (CDCl; > CD,Cl, and CD;0D
>CD,Cly), the counteranion ( [MCly(%-2-MeC3H,)]|~
>Cl047 and CI™>Cl0,7), and in some case ([Ia]-
Cl0, in CD,CLy) also on the concentration. Only for
the platinum derivative [Ib]ClO,4, such exchange is

B. Crociani et al.

slow at 30 C in CD,Cl,: two separate resonances are
in fact observed for the syn protons, at 3.94 and 3.56
ppm, and two for the anti protons, at 3.03 and 2.88
ppm. However, when CDCl; is used as solvent and
when the ClO;™ anion is replaced by CI™ in CD,Cl,,
the rate of exchange at 30 °C is markedly increased so
as to give an averaged signal for Hy,, (at 3.8 ppm for
[Ib]Cl0, in CDCl,y and at 3.71 ppm for [Ib]Cl in
CD,Cl,) and an averaged signal for H,,,; (at 2.94
ppm for [Ib]ClO, in CDCl; and at 2.90 ppm for
[Ib]Cl1 in CD,Cl,). On cooling, the dynamic processes
are slowed down and at —30 °C for [Ib]CIO, in
CDCl;, or at —50 °C for [Ib]Cl in CD,Cl,, the
observed 'H NMR spectra are consistent with a
‘static’ n3-2-MeC3H, group in the cationic complex
with a chelate py-2-CH=NC¢H,OMe-p ligand:

~-HE  Me

H

No significant changes in J(Pt—NCH) and J(Pt—
H®) are detected when the temperature is lowered
from the fast to the slow exchange limit, and also
when the solvent or the counteranion are changed.
On the other hand, if py-2-CH=NC¢H,OMe-p is
added to a CDCl; solution of [Ib]ClO4 or to a
CD,Cl, solution of [Ib]Cl, no exchange between free
and coordinate ligand takes place at appreciable rate
at 30 C.

These observations appear to rule out any disso-
ciative mechanism for the dynamic behaviour of the
platinum complexes, involving either complete disso-
ciation of the a-diimine (as in equilibrium (1)) or
breaking of only one of the Pt—N bonds (as in
equilibrium (2)). Alternative processes for the syn—
syn, anti—anti exchange may be found either in an
intramolecular rotation of the allyl (or the pyridine-
2-carbaldimine) about the metal—ligand axis, or in an
intermolecular association of the cation with the
solvent (or the counteranion) to give stereochemically
non-rigid five-coordinate intermediates, which can
undergo Berry pseudorotation.

The rate of syn—syn, anti—anti exchange for the
palladium complex [Ia]ClO, is higher than for the
platinum analogue [Ib]JClO, under the same experi-
mental conditions. For example, such process is still
fast for [Ia]ClO, in CDCl3 at —40 °C. A rapid
exchange between coordinate and free pyridine-2-
carbaldimine is observed at 30 °C upon addition of
py-2-CH=NC¢H,OMe-p to a 2.5X107% mol dm3
CDCl; solution of [1a]ClO4 (molar ratio [Ia]*/free
ligand 1/0.5). For this system, the 'H NMR spectrum
shows averaged S(N=CH), 6(OMe), 8(H,,,), and
6(Hgpe) signals as sharp singlets at 8.80, 3.84, 3.94,
and 3.38 ppm, respectively. The rate of the latter
process decreases rapidly on cooling and becomes
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OMe

Hanti

Hsyn

M

30 Hz
L0 Hz
/Jk/m ©
40 35 30 d/ppm 40 35 30

Fig. 5. 'H NMR spectra at 30 °C of [I1a]ClO4 in CD,Cl, solu-
tion at different concentration: (a) 8 X 1072 mol dm™3; (b)
4 %1072 mol dm™3; (¢) 8 X 1073 mol dm™3. (d) 'H NMR
spectrum of {1a]ClO4 in 4 X 1072 mol dm™3 CD,Cl, solution
at —40 °C. (¢) 'H NMR spectrum of [Ia]ClO4 in 8 x 1073
mol dm~3 CD,Cl, solution at 30 °C, upon addition of a small
amount of CD;0D.

very slow at —35 °C, whereas at the same temperature
a much faster syn—syn, anti—anti exchange is still
observed. At —35 °C, the 'H NMR spectrum shows
two sharp singlets for §(N=CH) at 8.92 and 8.64
ppm, and two sharp singlets for §(OMe) at 3.86 and
3.83 ppm, corresponding to the coordinate and free
a-diimine, whereas the allylic protons Hy,, and H,,y;
appear as somewhat broader singlets at 3.95 and 3.38
ppm, respectively. These results clearly demonstrate
that the exchange between free and coordinate
pyridine-2-carbaldimine, which requires the initial
breaking of at least one of the Pd—N bonds of the
0,0'-N,N' chelate ligand [probably through a short-
lived intermediate or transition state in which both
the entering and leaving a-diimine is ¢-N mono-
dentate to the palladium center (see Scheme 3)]
occurs at higher energy than the process which causes
the syn—syn, anti—anti exchange of the allyl protons.

For [1a]ClO,, the syn—syn, anti—anti exchange is
much faster in CDCl; than in CD,Cl, under com-
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parable temperature and concentration conditions.
Furthermore, dilution studies in CDCl; at 30 °C show
no appreciable changes in line-shape of the H,,, and
H,n:i resonances on lowering the concentration from
3X1072% to 5X107% mol dm™3, whereas similar
studies in CD,Cl, at 30 °C show a progressive
broadening of Hyy, and Hgp,; signals with increasing
dilution from 8 X102 to 5 X 1072 mol dm 3, and
even a splitting of the Hy,,, resonance into two broad
absorptions at concentrations lower than 1072 mol
dm™3 (see Fig. 5).

As can be seen when the temperature is lowered
from 30 °C to —40 °C for the 4 X102 mol dm™3
CD, (1, solution, the rate of exchange is considerably
depressed and a spectrum typical of a rigid n3-2-
MeC;H, ligand is observed (spectrum (d) of Fig. 5).
In contrast, addition of a small amount of CD;0D to
the 8 X1073 mol dm™® solution brings about a
marked increase in rate, and two averaged sharp
singlets are observed for the H,,, and H,,,; protons
(spectrum (e) of Fig. 5).

A comparison of the dynamic behaviour in 4 X
1072 mol dm™3 CD,Cl, solutions for the palladium
complexes  [Pd(n>-2-MeC3H,)(py-2-CH=NR)|ClO,
(R =C¢Hs0OMe-p, Me) and [Pd(n3-2-MeC3H4)(py-2-
CR'=NC¢H,0Me-p)|Cl0;  [R'= trans-PdCI(PPh;),]
{24] shows that the rate of syn—syn, anti—anti
exchange is little changed when the C¢H;OMe-p sub-
stituent in [Ia]ClO4 is replaced by the Me group in
{Ic]ClO,4, whereas it is very much reduced when the
imino proton in [la]ClO, is replaced by the bulky
trans-PdCI(PPh3), unit in the binuclear complex. The
'H NMR spectra of the latter compound and of its
platinum analogue are consistent with rigidly bound
n3-allyl groups both in CD,Cl, and CDCl; at 30 °C,
according to the following structure:

PPh, c « Me | CIO,
N
Pd
/
Cl PPh,

(M=Pd,Pt; R= CgH,OMe-p)

Thus, steric factors may also play an important role
in the process of syn—syn, anti—anti exchange of
allylic protons in cationic complexes with o, d-N, N’
chelate pyridine-2-carbaldimine ligands.

All these results can be accommodated into a
mechanism involving association equilibria of the
cationic substrates with the solvent, the counter-
anion and, if present, also with the free ligand to give
five-coordinate intermediates of sufficient life-time to
undergo low-energy stereochemical changes through
Berry pseudorotation (Scheme 3)
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Me

(M=Pd,Pt, N-N'=z py-2-CH=NR; L= S (solvent), X (counteranion),N-N' )
(iif) : M=Pd, L= N-N'

Scheme 3.

The rate of syn—syn, anti-anti exchange will
depend on the magnitude of the -equilibrium
constants, and both K (association with solvent) and
K, (association with anion) will increase with
increasing ligating ability of S and X, respectively,
and decrease with increasing steric bulkiness of the
N-N' ligand, whereas K, will become smaller in
solvents of higher dielectric constants. In this
context, the higher rates of exchange for [[a]Cl0, in
CDCl; or CD,Cl,/CD;0D and the lack of concentra-
tion dependence in CDCl; can be rationalized by a
predominant association with solvent (CDCl; or
CD;0D), with relative K values much higher than
that with CD,Cl,. In the latter solvent, a significant
contribution is given by association with the anion,
as suggested by the concentration dependence of the
exchange rate for [I1a]ClO,.

Similar solvent or anion promoted dynamic
processes, involving cis—trans isomerization through
five-coordinate intermediates, have been reported for
the cationic complexes [Pd(n*-allyl)(n*-diene)]PF,
[13] or [Pt(PNH,),]X, [PNH, = (0-aminophenyl)-
diphenylphosphine] [25].

The equilibrium (iif) of Scheme 3 is proposed to
account for the exchange between free and chelate
pyridine-2-carbaldimine, which is found to occur at
an appreciable rate only for the palladium system
[la]*/py-2-CH=NC4H,;OMe-p at higher temperatures.
The lack of this exchange for the analogous platinum
cation [Ib}* can be related to a greater inertness of
the five-membered metallacycle in [Ib]* to undergo
rupture of the Pt—N bonds, in line with the greater
stability of the complex toward dissociation in
chlorinated solvents [equilibria (i) and (ii) of Scheme

+5 (Ks) L (iv) R 7
(N\§>Me /——\/' NS N'\IJ4 //:—_’ (13 -2-MeC3H,) CIM~N
N N\ +X(Ka) N/

(M=Pd,Pt; X“= [MClp(n?-2-MeC;H,)]™; L= S (solvent), X™ )
(iv) and (v): M=Pd, L= X"

Scheme 4.
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2] and in acetonitrile (equilibrium (1)). This gives a
rationale also to the different dynamic behaviour of
the systems [I] [MCl,(n®-2-MeC3H,)] and [I]Cl when
the metal is changed from palladium to platinum. In
contrast to [Ib][PtCl,(n3-2-MeC;3H,)], a rather fast
exchange of the Pd(n>-2-MeC3H,) unit between the
cationic and anionic species of [Ia][PdCl,(n3-2-
MeC3H,)] is observed at 30 C in CDCl3. The rate of
exchange decreases at lower temperatures, and also
in CD;0D. At —40 C in CDCl; or at 30 C in
CD30D, no exchange occurs at an appreciable rate. It
is worth noting that under these conditions a fast
syn—syn, anti—anti exchange of the allylic protons of
[1a]* is still present. For [Ib] [PtCl,(n*-2-MeC3H,)],
only the latter process is found to occur rapidly at 30
°C in CDCl;. This behaviour can be interpreted on the
basis of the mechanism proposed in Scheme 4.

The scrambling of the Pd(n3-2-MeC3H,) group in
[Ia] [PdCl,(n3-2-MeC3H,)] may take place through
two different pathways: step (iv), involving the for-
mation of a short-lived binuclear intermediate (or
transition state) with a o,0-V,N’ bridging ligand,
and/or step (v), involving dissociation to the free
ligand N—N' and the dimer [PdCl(n3-2-MeC3H,)],.

A third possible mechanism, involving exchange of
n'-allyl groups between the cationic and anionic
species, as was proposed for the ionic complexes
[Pd(n3-all)(TMEDA)] [PdCl,(n?-all)] (TMEDA = tetra-
methylethylenediamine) [26], is not consistent with
previously reported 'H NMR data on the related
system  RN=CH--CH=NR/[PdCl(n3-2-MeC3H,)],,
which showed the typical features of 7°-bound allyl
ligands in the fast exchange limit [S5], and on the
complexes:

[R = C¢H4OMe-p; R’ = PACi(dppe), trans-PdCI(PPhj3),; R =
H, Me]

in which the cation—anion interaction caused a fast
syn—anti exchange of the allylic protons of the

N'-MCl (73 -2-Me C3Hy,)

M (v)
© N NN s MO -2-Me G HYD,
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TN

(vi)

L
N 7
M A

N+CI7(Ka) ~ N/ Me S vy

(M=z=Pd,Pt; L= S(solvent), CI7)
(vi): MzPd,L=Cl"

Scheme 5.

cation without any concomitant fast scrambling
of allyl groups between the cation and the anion
[71.

According to the proposed mechanism, the
marked decrease in rate of exchange of the Pd(n’-
2-MeC3H,) unit for [Ia][PdCl,(n3-2-MeC3Hy)] in
CD;0D solution can be understood in terms of the
expected changes in the association equilibria (larger
K, and smaller K, value in a solvent of higher di-
electric constant and better coordinating properties,
such as CD;0D).

The combined 'H NMR, IR and electronic spectral
data for the compounds {I]JCl are in accordance
with the dynamic behaviour shown in Scheme 5.
The 7° >n* - n® process (vi) occurs only for the
palladium complex [Ia]Cl in CD,Cl, at 30 °C, as
suggested by the appearance of a broad resonance for
the allylic protons at 3.5 ppm. The rate of such
process decreases markedly when the temperature is
lowered, and also in CD;0OD solution. At —30 C in
CD,Cl, or at 30 °C in CD;0D, no appreciable syn—
anti exchange is observed. However, under these
conditions a fast syn—syn, anti—anti exchange is still
apparent for the allylic protons of [Ia]*, which is not
frozen out even at lower temperatures (—50 “C). For
the platinum derivative [Ib]Cl, only the latter process
occurs rapidly at 30 °C in CD,Cl,.

In agreement with IR data in CH,Cl, solution, a
dissociation equilibrium (vii) is observed in CD,Cl,
for both systems [la]Cl and [Ib]Cl, which shifts
progressively to the left (towards the coordinate
species) on cooling. The rate of dissociation is low
(on the NMR time scale) for [Ib]Cl, as indicated by
the presence of a small (N=CH) resonance at 8.6
ppm for the free py-2-CH=NC¢H,OMe-p ligand in the
'H NMR spectrum at 30 °C, and fast for [Ia]Cl, for
which an averaged 6(N=CH) signal at 9.15 ppm is
detected. At lower temperatures, the weak signal of
the free ligand disappears in the spectrum of [Ib]Cl,
while the averaged §(N=CH) signal of [[a]Cl shifts
progressively to lower field, until a limiting value of
9.8 ppm is reached at —60 °C. Neither process (vi) for
[1a]Cl nor process (vii) for both {Ia]Cl and [Ib]Cl are
observed in CD;0D at 30 C, in line with the pre-
viously discussed stabilization of the cationic species
[I}* in this solvent.
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Conclusions

From dissociation equilibria studies, it appears
that the pyridine-2-carbaldimine py-2-CH=NC¢Hj;-
OMe-p is a better 6,0-N, N’ chelating ligand than the
a-diimine p-MeOC H4;N=CH-CH=NCzH,OMe-p in
the cationic complexes [M(n3-2-MeCsHY(N-N")]*
(M =Pd, Pt). For the palladium derivatives [Pd(n>-
2-MeC3Hy)(N-N")}*, the stability of the five-
membered metallacycle increases with increasing
number of 2-pyridyl groups in N—N', in the order:

RN=CH-CH=NR < py-2-CH=NR < 2,2’-bipyridine
(R = C6H4OMe-p)

In contrast to the coordination behaviour of
RN=CH-CH=NR [5], the pyridine-2-carbaldimines
show no tendency to act as o,¢-N,N' bridging
bidentate ligands in the reaction with [PdCI(n3-2-
MeC3H,)], in benzene or chlorinated solvents
(ligand/dimer molar ratio 1/1).

For the complexes [M(n3-2-MeC3H,)(py-2-CH=
NC¢H,OMe-p)][ "X~ (X =Cl0o,, [MCl,(n3-2-
MeC3Hy)]7, CI7), an increased stability (toward
dissociation) of the five-membered metallacycle
M(py-2-CH=NR) is observed on going from M = Pd to
M = Pt, which can also account for some significant
differences in the solution behaviour between
palladium and platinum derivatives. Thus, the
processes involving either exchange between free and
chelate pyridine-2-carbaldimine in the system [M-
(n*-2-MeC;3H, X py-2-CH=NR)] */py-2-CH=NR (R =
CsH,OMe-p) or exchange of the M(n3-2-MeC3H,)
unit between the cationic and anionic species of [M-
(n*-2-MeC;3H,)(py-2-CH=NR)] [MCl,(n°-2-MeC3H,)]
are relatively fast (on the NMR time scale) for M = Pd
at 30 °C in chlorinated solvents, whereas they do not
occur at any appreciable rate for M = Pt under the
same experimental conditions.
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