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Sythesis and Characterization of Some New Platinum-
Imine-Olefin Complexes
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'H and '*C chemical shifts are reported for new type of Schiff bases
and amine analogus and their complexes with platisum(lI)-olefin com-
pound to form complexes of the type trans-[PtCli(n*-C:Hd)(imine)],
trans-[PtCly(n*~-C;H4)(amine)]. (The Schiff base ligand being derived
from salicylaldehyde and appropriate primary ‘amine, the amine
ligand obtained by the reduction of the appropriate imine). The 'H and
13C spectra provide that only one single rotamer exist in Schiff base
ligand solution and when the imine complexes left in solution for several
hours, E-Z isomerization occurs.

°

INTRODUCTION

A considerable number of compounds containing salicyladiminato
ligands have been examined, however, these investigations are mostly
devoted to complexes of the first-row transition metals, iridium (I) and
rhodium (I) complexes with 1,5-cyclooctadiene as the chelating ligand!.
As part of our continuing interest in the coordination chemistry of
platinum (1I) compounds with olefin as the chelating ligand, we found
that stable platinum (II)-olefin-monodentate o-immine bonded complexes
of the type [PtCly(7?-C;H,)(imine)] can be prepared.? Here we report the
synthesis, reactions, and characterization of new type of Schiff base
(imine)-complexes. Schiff bascs are prepared by condensation of salicylalde-
hyde and the appropriate aliphatic primary amines. In addition, second-
ary amines which were obtained by the reduction of the imine, were used
as ligands in complex formhation.

RESULTS AND DISCUSSION

The Schiff bases in the present work were obtained from the reaction
of salicylaldehyde with appropriate primary amine. The products were
liquids and the yields were reasonably high and mainly inthe E-isomeric
form (100%).

Complexes of the type trans-[PtCly(n?-ethane)(sal)] (where sal=Schiff
base derived from salicylaldehyde) have been isolated in almost quanti-
tative yicld form 1/I molar reaction of K[PtCly(n*-ethane)] with the
respective Schiff base ligand. Furthermore secondary amines obtained
from the reduction of the above mentioned Schiff bases were used as
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ligands and complexes with platinum (11) were prepared, trans-[PtCly(7?-
cthane)(NHRR')]. '

The Stoichiometry of the complexes was established by elemental
analysis, further evidence was obtained from 'H and '*C NMR spectra.

The Stercochemistry of the Free Ligand§ (imines)

The stereochemistry of the free imines was assigned on the basis of
their 'H and ®C NMR data. Thus in chloroform-d solution, the 'H
spectrum shows that there is only one sct of isomer signals (Table 1),
Scheme I, i.e., 1b, R=CH;. Thus, N-CH; appear as a doublet at

Scheme |
©
6 CH= N~R CH,NH~R
5 5 f
\
4
4
2 0H ¢ OH
3
| 2
Scheme I: 1 2
1a, Salicylaldehyde 2b, R=—CH,
1b, R=—CHs 2¢c, R=—CH(CHj).
lc, R=—CH(CH)»): 2d, R=—CH:CH(CHy):
1d, R=—CH,;CH(CHy3), 2e, R=CH(CH,;)CH,CH;
le, R=—CH(CH;~)CH:0H; 2f, R=—C(CHs)s

If, R=—C(CHs)s

"8 3.39 ppm; =C-H as quartet at & 8.23 ppm and the aromatic protons
were at 7.41 to 6.92 ppm as multiplets.

Similar observations were obtained in acetone-ds, benzene-dq,
dimethyl-d¢ sulfoxide which confirm the existence of these imines in 1009
one diastereomeric form. Further evidence come from “Jycncu Where
imine (1b) (scheme I) shows a value of 1.47 Hz which is in good agree-
ment of an earlier study concerning E-conformation of similar imines.?
The Z-configuration of imines (1b) requires the “Jycncy coupling constants
to be larger than E-form (ca. 2.2 Hz).> The 3C NMR chemical shift of_
imines (1b-1f) (Table 1) leads to precise stereochemical assignments of
these imines.. Inspection of the spectraf shows that each carbon gave one
signal in the complete decoupled spectra. No satellites or any other small
signal which may be due to the minor isomer have been observed. These
observations confirm the existence of these imines in one diastereomeric
form (E-form) only.
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'H and C NMR Chemical Shifts
(a) The Schiff base Iigan& ' °

The '*H NMR spectrum of imine (1b) has been chosen as a model in
order to simplify the NMR spectra. The N-CH; and =C-H groups of
this imine resonate apart from each other in chloroform at 25°. The
N-CH; signal appears as a doubled peak at & 3.39, indicating that these
protons are long-range coupled with =CH proton. Jyeney=1.47 Hz and
=CH signal appears as a quartet peak at § 8.23, *Jycneu=1.47 Hz. The
aromatic protons (3, 4, 5 and 6) appear as ABA’B’ pattern, two multi-
plets centre at- & 7.22 (octet) assigned for H 3 and 6 and at 6.82 (sextet) .
assigned for H 4 and 5, have been observed. The OH proton appear as
a broad peak at§ 13.41. ‘

Further support was obtained from the spectrum of (lc). The spectrum
of this compound is also simple. Assignments are given in Table 1. The
=CH signal appears as a single peak at 8.30 in chloroform-d, no long-
range coupling appears, this may be due to its low value. The N~-CH signal
appears as a multiplet at 8 3.79 (3Jyecu=16.35 Hz). The aromatic protons
appear as ABA’B’ pattern as described before. The —-OH proton appears
as a broad peak at § 13.49.

The 3C chemical shifts of the imines are given in Table 1. Signal assign-
ment was straightforward in most cases as the alkyl, aromatic and imine
carbons all resonate at characteristic positions.

The quaternary carbon C-1,C-2 and the imido group C=N are
readily identified since they are less intense compared with other signals
as a result of long relaxation times of the quaternary carbons®. The BC
spectrum (1b) shows (in chloroform-d) signals at & 166.21 assigned to the
C=N group and at & 118.88, 161.17 assigned to the C-1 and C-2
quaternary carbons respectively and confirmed by using the NOE tech-
nique and inspection of substitutent chemical shift (SCS) effect of both OH
and imino C=N groups on the a-position. N—CHj resonates at § 45.87.
Aromatic carbons, C-3, 4, 5, and C-6 appear at 116.94, 131.97, 118.34
and 130.98 respectively. These values were confirmed by using the sub-
stituent chemical shift (SCS) effect of the OH and the imino C=N groups
on the aromatic ring carbons, and comparison with the parent salicylalde
hyde 13C chemical shifts (1a), Table 1.

The BC chemical shifts of other imines are listed in Table 1. It is
worth noting that the C=N carbon is sensitive to the (R) group attached
to the C=N group (Table 1). Of interest that when the attached group is
t-butyl (If), a considerable shift to high field occurred for the BC=N,
which appears at 8 159.52. Compare with (1b), R=CHj, § 3C=N, 166.21.
It is possible that the differing extents of long range transmission relate
to difference in hyperconjugative-type interactions between the N-tert-
butyl and N-methyl group orbitals and the imino m-system. Comparison
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was also made between '*C=N values obtained here and of similar system®
i.e., PhCH=N-CH,, (8§ 162.44) PhCH=N—'Bu (§ 155.08) the only
difference is the exist of the hydroxyl group in the ortho position to the
imino group. Thus, substitution with electron releasing grou;; —-(OH) shifts
the 3C=N resonance to lower field (48 3.77 and 4.44 ppm ‘respectively).
The mechanisms by which the inductive/field effect influences distant
carbon chemical shifts is not well understood but, following the suggestion
of Jones and Wilkinsé, field effects from electron withdrawing substituents
might decrease the polarization (C*—N-) in the imino bond and shift .
the carbon resonance to higher field. '

(b) The Amine Ligand

Secondary amines in the present work, obtained from the reduc-
tion of the above mentioned imines, were used as ligands and complexes
with platinum (II) were prepared. The 'H and 13C NMR spectra of the
secondary amines are also simple. Assignments are given in Table 2. The
imino (C=N~) group change to CHNH~ group. The 'H NMR spectrum
of CH; group resonate at 8 3.88 (2b) and the 13C chemical shift resonate
at 8 54.33 (2b). The 'H and '3C chemical shifts of alkyl and aromatic ring
protons and carbons resonates at characteristic positions.

Interestingly, the carbon chemical shift of the amine derivatives,
13C-1 (ipso) resonate downfield compared with 13C-1 of the corrospond-
ing imine, and '3C:-3,5 and '*C-4 (ortho and para position) resonates
upfield compared with analagous carbons in the imines. This shift arised
from substituent chemical shift effect (SCS) by the new CH, group (com-
pared with CH=N group). The 'H NMR of NH and OH groups appears
as a broad peak.

Scheme II
0-(3) ;
cl c | cn c
A me
/—Pt——N H _C=N_ /—Pt—N HO
| | rotonon
c R ‘ c1 R

R=b) Me, c) Pr, d) Bu, e 'Bu, f) Bu

(c) Trans-[PtCly(n2—C,H,)(imine)).

The 'H and '3C NMR resonances of the complexes in chloroform-d
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solution at room temperature are consistent with four-coordination, as in
the solid. Support for the existence of four-coordinate specics formed is
provided by the & valuc of 4.4-5.0 ppm and J(Pt—H) 60.0 Hz of n*-ethene
protons. '"H NMR spectra of several amines trans to #-C,H,4 platinum(II)
complexes’® show that the protons of ethene resonate at § 4.5-5.0 ppm
in chloroform solution and are flanked by platinum-195 satellites (33%)
of 59-63 Hz, in agreement with the data in Table 3.

Moreover, the !’C-resonances of five-coordinate platinum olefin
complexes of the type [PtXj(n2-olefin) («-diimine)® !9, showed slightly
downfield shifts of the coordinated ligand, in contrast to the squarc-planar
four-coordinate platinum complexes'°.

Upon coordination the olefinic H and C atoms exhibit large upfield
chemical shifts with respect to the free olefin and accompanied with '*5Pt
satellites with sizeable coupling constants. A comparison of the olefinic
IH and 3C NMR data of n?-olefins in some three-, four, and five coordi-
nate platinum complexes with those of the free olefins is given in Table 5.
{data from ref. 22]. This comparison shows that, particularly in the case
of the ethene platinum complexes, the magnitude of (1%°Pt-'3C) and the
upfield chemical shift of the 'H and !3C resonances are characteristic of
the coordination geometry around the central platinum atom.

In order to obtain further insight into the 'J(19°Pt-13C) values in imine
complexes (Table 3, 4) “we consider § "CH,=, and 'J(!*Pt-13C), values
for ethene complexes similar to imine (i.e. amine)!!-!2 which show that &
BCH,=, and J(Pt, C) values vary from approximately 60-80 ppm and 220
to 150 Hz, respectively, with smaller 8 values and larger J(Pt, C) values
corresponding to ligands. Typical values for 4-substituted pyridine deri-
vatives are in therange 75-77 ppm 160-166 Hz, respectively'!- 12. The BCH,=
in our new imine complexes fall between 63-75 ppm with J(Pt, C)values
(Table 3 &4). Thus there is onlysmall difference between amine and imine
complexes if we consider that !J(Pt, C) is proportional tothe s-character in
the Pt, C bond!3, and that the trans-influence of a group trans to the ethene
reflected qualitatively by changes in the strength of the o-component of
the Pt-C-bond!4. '

It was assumed that R-imine, like R-diimine and R-diamine® is a good
o-donor ligand. Hence, o-donation ability of imines, R, i.e., (CH;);C
(C-quaternary) = (CH;),HC(C-tertiary) > CH3(CH;)2CHy(C-secondary) >
CHj; > Ph', 3C-data of 3CH,=, and ,!J(Pt, C) demonstrate that 'J(Pt, C)
has a value of 160 Hz for imine (3b) complex, R=CHj, suggesting that
this imine may be more strongly bound than other imines; secondly,
BCH,= with a value of 75.06 ppm, the highest value obtained (Table 3),
shows that the Pt-olefin-carbon bond is less bound to the platinum due to
the trans effect of imine (3b), R=CH;. When imine (3f), R=(CH3)3C, R,
donates more electrons to platinum (compared with R=CHj;, imine (3b)),
this causes blooming of the b: orbital toward the olefin which enhances

Vol. 3, No. 1 (1991)
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the =-back bonding, resulting in a stabilization of the platinum olefin
bond!s-16, § ’CH,=, 63.5 ppm and J(Pt, C), 176.0 Hz, imine, R=(CH3),C,
support the above observation. Thus as Panunzi et al'’, have suggested
in order to obtain stable complexes a moderate bulk must be present at
the nitrogen atoms. However, such stabilization could equally be the result
of a combination of steric and electronic effects (comparing the two
imine complexes R=CHj3; and R=(CHj3);C). Long-range coupling between
195pt and !C, obtained in complexes R=CH(CHj3),, 2J(Pt, C) 12.2 Hz;
R=C(CHj3);, 2J(Pt, C) 14.7 Hz, showed results similar to those obtained
from analogous amine complexes!®. Returning "briefly to the CH=, 13C
data ‘of available common amine for complexes, frans-[PtCl(amine)
(n2-C;Hy4)], Pregosin et al'® found that J(Pt, C) has a value of 157-162 Hz
for secondary amines. However, this result compared with our amine,
1J(Pt, C) and & ¥C CH,= data, we find that our amine shows higher
1J(Pt, C) values and a lower 8 13C CH,= value, which indicate that this
type of amine may donate more electrons to the platinum!® and enhances
the n-back bonding, .resulting in a stabilization of the platinum-olefin
bond.

(d) Trans-[PiClx(n*-C,Has)(amine)]

The 'H and *C NMR spectra of complex 4 of the type trans-
[PtCly(n*-C2H,)(amine)] (Scheme III, Table 4) (amine was obtained by
the reduction of the appropriate imine, see experimental), are in good
agreement with- those complexes prepared from imine or from available
commercial amines, i.e., Me,NH, Et,NH7-°.

Scheme 111

cl OH
],, .
/— Pt — NH —CH,
ct R
R=b) Me, c) Pr, d) Bu, e °‘Bu, f) 'Bu

Ligand-Ligand Exchange

In trans-[PtCly(n*-C,H,)(amine)] the Pt-N bond is always labile*! (on
an NMR time scale) if free amine is present, unless the amine is very
hindered sterically.?® From the point of view of NMR studies compounds

Asian J. Chem.
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containing frans-labilizing ligands, such as %?-C,;H,, o-CH,, CO, PPh;,
are particularly instructive as reaction and relaxation rates are of the
same general order. Trans-[PtCly(7?-C,H )-(imine)] shows a platinum-
195 coupling to the imine protons (Table 3), which persists on addition
of excess imine. In contrast, rapid addition of one mol equivalent of
amine to the imine complex results in an amine-imine exchange and the
coupling between the platinum-195 and imine protons. disappears (free
imine observed) resulting in the formation of trans-[PtCl,(n%-C;H,)(amine)],
amine; CH;NH,, (CH;),NH, (primary and secondary, aliphatic amines).

When excess amine was added it resulted in the formation of o-
zwitterionic 2-ammonioethanideplatinum eomplex.”® Thus 72-C;Hg is
strong trans-labilizing, but there is no evidence for imine-imine exchange.
This can be explained by the large sterically-hindered effect of the added
- imines. It is generally believed that ligand substitution reaction in square-
planar four-coordinated trans-[PtX,-(>-C,H4)(amine)] complexes occur
via five-coordinate intermediate. 202!

Stability of the Complexes

Elemental analysis supports the stoichiometry of the complexes. The
complexes showed sufficient solubility and stability in chloroform-d
solution to allow an extensive study of their structure in solution by !'H,
and 13C NMR spectroscopy. When the solution was left for several days
at room temperature, ﬁ/Z isomerism occurred. When the solid complexes
(yellow colour) were left at room temperature for a week, these decom-
posed slowly and colour changed to dark-yellow; leaving the solid com-
plex at 0°C for 6 months no change was observed.

Infrared Spectroscopy

Assignment of v(C=N) was made for the imine compound. The strong
y(C=N) band at 1597 cm~! with respect to the free ligand (1623 cm-1, s)
was observed in KBr disc. However, the observation of a strong vuym
(Pt-Cl) at 325 cm~! established the presence of trans positioned Cl atoms
(CI-Pt-Cl).22 '

EXPERIMENTAL

Salicylaldehyde, primary amines and K[PtCl;(»2-C,H,)] were obtained
from Lancaster Synthesis Ltd., Aldrich Chemicals and Winlab Comp.,
and were used without any further purification.

Preparation of Ethene-Imine Complexes

To K[PtCly(n?>-C2H,)] (400 mg, ca. | mmol) in water (10 cm?) cooled
to 1°C was added slowly with stirring imine (ca. 1.1 mmol) dissolved in
ice-cold HyO (2 cm?). The mixture was cooled in ice and stirred for

Vol. 3, No. 1 (1991)
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10 min. Yellow precipitates were rapidly formed. To enhance the yield,
a few drops of acetone were added. Acetone enhances the solubility of
the starting imine in water and force the imin¢ complex to precipitate.
The yellow precipitate which separated was washed with cold water
(ca. 2 cm?) followed by pentane, and dried in vacuo. The complexes
were recrystallized from CHCly-pentane mixture. Ethylene-amine com-
plexes® were prepared by a method similar to the reported method in
ref. [8, 9] and were recrystallized from chloroform-pentane.

Secondary amines used in complex? were obtained by reduction of
the imine ligand used in complex®, by NaBH, in absolute methonal
similar to the reported procedure.?

All NMR spectra were measured on a JEOL JNM FX-100 spectrometer
operating in the Fourier transform mode. All the spectra were recorded
at ambient temperature, 25°C. 3C NMR spectra; observation frequency
25 MHz; pulse width 10 us (45°); pulse delay Ss, acquision time auto set;
data points 8k; spcctral width 5000 Hz, effective resolution 0.015 ppm,
sample tube 10 mm; probe 'H/3C dual probe, 'H noise decoupling and
internal lock of the deuterium signal of the solvent. 'H NMR spectra;
observation frequency 100 MHz; pulse width 20 us (45°); pulse delay
auto set, acquisition time auto set, data points 8k; spectral width 1000 Hz;
effective resolution 0.1 Hz, probe temperature 25°, sample tubes 10 mm,
probe SH/13C dual probe and deuterium internal lock.
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