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ABSTRACT. Novel palladium(II) complexes, [(Pd({ieaa}z-en)) and [(PdC}((ieaa)-i-pn)]
((ieaa) s~en and (ieaa)-I~pn denote N, N'-ethylenebis(isonitrosoethylacetoacetate imine) and I-N-

ol
N-
i

(2-aminopropy|) —isonitrosoethylacetoacetate imine, respectively), have been prepared. The palladium
(I} complexes were characterized on the bases of the electronic absorption, circular dichroism
(CD), BC NMR, infrared,
isonitrosoethylacetoacetate (ieaa) with ethylenediamine gives an(ieaa)z-en type Schiff base, while

and Raman spectra. The reaction of palladium(II) chloride and

similar reaction using I-propylenediamine instead of ethylenediamine gives an (ieaa)-I-pn type
Schiff base. The difference in formation is discussed from the stercochemical viewpoint of the

diamine employed.

The Iigand, such as

INTRGDUCTION

Metal complexes containing a-isonitroso—f5-
diketone type ligand have been stereochemically
remarked because of two probable ccordination

modes of the isonitrose group in the ligand. 14

isonitrosoacetylacetone
(Hiaa) and isonitrosobenzoylacetone (Hiba),
palladium (IT)
through the nitrogen of its isonitroso group to

coordinates to cobalt(III}) or

form selectively a five-membered chelate ring. 2~¢

On the other hand, isonitrasoacetylacetone imine
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{iaa-NH), isonitrosobenzoylacetone imine (iba—
NH), and their N-alkyl derivatives (iaa-NR
and iba-NR: R, alkyl group (CH,;, C,H;, #-
C;H;, and so on)) coordinate to palladium (II)
and nickel (II) to form the square planar [M
(N)y) (M: Pd(II} or Ni(II)} andfor (M(Q)
(N)3) type complexes, depending on the N-
substituted group in the ligand. »5~8 Namely, in
the [Ni(iaa-NH or iaa-NR) (iaa-NH')], (Ni
{iba-NH or iba~NR) (iba-NH")], [Pd(iaa-NH)
(iaa-NH')), and (Pd{(iba-NH) (iba-NH’)] type
complexes, iaa-NH, iba-NH, iaa-NR, or iba-
NR coordinates to palladium(II) or nickel(II)
through the nitrogen of the isonitroso group to
form the five-membered N-N chelate ring.
While, iaa-NH' or iba~NH’ coordinates through
the oxygen of the isonitroso group to form the
six-membered N-O one. In contrast to these
facts, the isonitroso group in the palladium (II)
complexes of the bis type, [Pd(iaa-NR),] and
(Pd(iba-NR),}, coardinates dominantly through
the nitrogen. Quite similar coordination behavior
was confirmed for the palladium(II) and nickel
(II) complexes with isonitrosoethylacetoacetate
imine (ieaa-NH) and its N-alkyl derivative
(ieaa-NR);? namely, in the [M(ieaa-NR),)
(M: Pd (I) or Ni (I)) and (M¢(ieaa-NH)
(ieaa-NH"))
group in ieaa-NR and ieaa-NH coordinates

type complexes, the isonitroso
through the nitrogen and that in ieaa-NH'
through the oxygen.

The present work is concerned with the
preparation and stereochemistry of palladium (II)
complexes with a Schiff base which is derived
from the reaction of the isonitrosoethylacetoa-
cetate (ieaa) with the ethylenediamine (en) or
1(—)sso— propylenediamine (Z-pn).! The resu-
lting palladium (II) complexes, yellow for en
and orange vellow for /-pn, are characterized
{from their electronic absorption, circular dich-
roism (CD), *C

Vel. 29, No. 5, 1985

nuclear magnetic resonance

(NMR), infrared, and Raman spectra, and the
structural difference between the two complexes
is discussed from the stereochemical viewpoint
of the diamine employed.

EXPERIMENTAL

Materials.
oximinoethylacetoacetate, ieaa) was prepared by
the method of Adams. 1! Palladium (II) chloride
and the other reagents used were obtained from
the Wako Pure Chemicals Ind. Co., Lid.

Preparation of Complexes. (/-N-(2-Amino-
propyl) —isonitrosoethylacetoacetate imino) chlo-
ropalladium{Il) 0.5 Hydrogen Chloride ([(Pd
Cl((ieaa)~I-pn}) - 0.5HCI) : Palladium (II) chlo-
ride (0.35g, 0.002 mol) and ieaa (1.28g, 0.008
mol) were dissolved in 80cm® of absolute me-

Isonitrosoethylacetoacetate (a-

thanol, and 0.34cm® of /-propylenediamine was
added. The solution was adjusted to pH 3~4 by
the addition of acetic acid. After reflux for 48
h, the orange yellow precipitate resulted was
collected by filtration and washed with small
amount of methanol, and recrystallized from
chloroform and dried in vacuum desiccator. The
complex is insoluble in water but soluble in
methanol, dimethylsulfoxide (DMSO), and
chloroform. Amnail. Found: C, 28.77; H, 4.48;
N, 11.21%. Caled for [PdCl ((ieaa)-I-pn)).
0. 5HCI=PdCgH 7 NsO,Cl-0.5HCl:  C, 28.88;
H, 4.44; N, 11.23%.
(N, N'-Ethylenebis (isonitroso ethylacetoacetate
imino)) - palladium (IIT) ([Pd((jeaa),—en))):
This compex was prepared by the procedure
similar to that described for [(PdCI((ieaa)-I-
pn)} +0.5HCI, using ethylenediamine instead of
I-propylenediamine. Palladium{II) chloride (0. 35
g, 0.002mol) and ieaa (1.28g, 0.008 mol) were
dissolved in 50cm® of absolute methanol, and
0.3cm® of ethylenediamine (99%) was added.
The solution was acidified to pH 3~4 with
acetic acid. After reflux for 48h, the golden
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yellow precipitate resulted was collected by
filtration and washed with small amount of
methanol, and recrystallized from methanol and
dried in vacuum desiccator. This complex is
also insoluble in water but soluble in methanol,
DMSO, and chloroform. Awnal. Found: C,
36.91; H, 4.47; N, 12.54%. Caled for (Pd
((ieaa),—en) ) =PAC HyN,Os: C, 37.64: H,
4.51; N, 12.54%.

Measurements. All measurements were car-
ried out at room temperature. The electronic
absorption spectra were recorded with a JASCO
UVIDEC-1 and UVIDEC-610 spectrophotome-
ters, and the CD spectra with JASCO J-20 and
J-500 spectropolarimeters. The 1¥C NMR spectra
were recorded in dimethylsulfoxide-dg with a
JEOL JNM-FX-100 NMR spectrometer at the
probe temperature. Tetramethylsilane was used
as an internal reference. The infrared spectra
260-50 infrared
spectrophotometer using the KBr disk method.
The Raman spectra were recorded with a JASCO
R-800 Laser Raman spectrophotometer by an exc-
itation of the He~-Ne Laser (632.81m, 50mV)

in disk. The elemental analyses were cartied

were recorded with a Hitachi

out in Analysis Center of the University of
Tsukuba in Japan.

RESULTS AND DISCUSSION

One yellow complex was formed by the
reaction of palladium(II) chloride and jieaa

with ethylenediamine in methanol, and its
analytical result suggests the formation of the
palladium (II) complex with an (ieaa)s—en type
Schiff base (Fig. 1). On the other hand,
similar reaction with I-propylenediamine gave
one orange yellow complex and its analytical
result suggests the coordination of an (ieaa)-i~
pn tvpe Schiff base and a chloride ion. Their
electronic absorption spectra are shown in Fig.2

and 3, and the data are summarized in Table 1.
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Fig. 1. The possible geometrical isomers of (Pd
((ieaa)z-en)]; R1=CH; and R2=CO,C,Hs.
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Fig. 2. Absorption spectra of (Pd((ieaa)s~en)) in
chloroform (-—————-- ), in DMSO (——.—.— ),
and in methanol (— ),

Assuming that the yellow complex contains
an (ieaa)s-en type Schiff base, three geometrical
isomers with respect to the coordination mode of
the isonitroso group of ieaa moiety are possible
for the square planar palladium (II} complex,
as shown in Fig. 1. For the palladium (ID
complexes such as [Pd(iaa-NR),],® [Pd(iba-
NR).),? and [Pd(ieaa-NR);) (R: CH,, C,H;,
n-CsH;, etc),® it has been known that each

Journal of the Korean Chemical Society
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Fig. 3. Absorption and CD spectra of [PdCI((icaa)-
1-pn)} (——) : (Pd((iead)z-en)) {(-------- )
and ieaa (—»—+—-— Y} in chloroform.

isonitroso group of the ligands coordinates to the
palladium(II) through the nitrogen rather than
the oxygen on the basis of their infrared spectral
investigation. The infrared spectrum of the
yellow complex exhibits the N—O, C=0, and
Pd-N stretching vibration bands, vy_o=ca. 1210
em~l, ve—p=ca. 1700cm™), and vps_ny=ca. 505
cml. These spectral bands are quite similar to
those of (Pd(ieaa-NR),;] (R: CH,; C,H;, n-
C,H;, et¢) whose isonitroso groups coordinate
to palladium (II) through the nitrogen atom;®
especially, the spectral behavior of the N-O
stretching vibration band suggests the nitrogen
coordination of the isonitroso group in the
vellow complex. These considerations lead us to
the conclusion that the yellow complex is (a)
in Fig. 1.

The absorption spectral pattern of the yellow
complex in the region of 18~35X10%m™ is not
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affected by each of the solvents employed,
chloroform, dimethylsulfoxide, and methanol
(Fig. 2 and Table 1), and this fact reveals
that the complex is structurally stable in these
solvents. In Fig. 3, an intense band at ca. 41X
10°%cm™ is assigned to z-z* transition of the
coordinated (ieaa)s;—en and another intense band
at ca. 33X10%m™! to the charge transfer band,
in comparison with the absorption spectra of the
free ieaa and [Pd(ieaa~NR);).® The shoulders
(at ca. 20 and 25X10%m™)) are due to the d-d
transition and they can be correlated to the band
at 34.8X10%m™ of (Pd(Z-pn)s)?* 2 and {Pd
(amino carboxamidato),),* which belong to
(Pd(N)4 type, since the d-d transition in the
most Schiff base cobalt (IIT) complexes shifted
to lower energy side. 4

The infrared spectrum of the orange vellow
complex exhibits the N-O, C=0, and Pd-
N stretching vibration bands, vy_o=ca. 1200
em™, veo=ca. 1700cm™, and vp_n=ca. 510
ecm™), as in the case of (Pd((ieaa)s;—en)].
Further, the stretching vibration band of the
Pd-Cl bond appears at ca. 320cm™ as reported
for the palladium(II) complexes with the chlo-
ride coordination.¥® The Raman spectrum of the
orange vellow complex exhibits ont only the Pd-
N stretching vibration band at ca. 500cin™! but
similar bands at 270~300cm™? to those of PdCl,,
suggesting the Pd-Cl bonding. These infrared
and Raman spectral behaviors for the orange
vellow complex indicate that the chloride and
the nitrogen of the isonitroso group coordinate
to the palladium{(II). The shoulders at ca. 24X
10%cm™! of the orange yellow complex somewhat
shift to lower energy side than that of (Pd
((ieaa) ;-en)} (Fig. 3 and Table 1), though the
ahsorption spectral pattern is similar each other
in the whole region. This absorption spectral
behavior for the orange yellow complex also
suggests the chloride coordination to the palla-
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Tabie 1. Absorption and CD data of palladium (II) complexes

Absorption
¢/10%m"! (e/mol~! dm? ¢m-1)
Compound
in CHCl, in DMSO in MeOH
ieaa 29.94 (L. 43sh) 26.88 (0. 71sh)
38.17 (2.82sh) 32.89 (2. 24sh) 35.97 (3.08sh)
20.65 (3.34) 38.17 (3.09) 42.74 (3.76)
(Pd{(ieaa)s-en)) 20. 08 (2. 04sh) 19.84 (1. 36sh) 19.69 (3.72sh)

25.38 (3.11sh)
33.33 (3.67sh)

25.51 (3.17sh)
33.78 (3. 81sh)

25.51 (3.82sh)
32.63 (3.87sh)

42,37 (41.39)

40.65 (4.11) 38.46 (1.08) 43.10 (4.05)

(PAC1{(ieaa)-{-pn)] 19. 31 (1.52sh)
24.27 (2.93sh) 24. 88 (2.98sh) 25.25 (3.06)
31.85 (3.47) 31. 85 (3.65) 32.47 (3.64)
40. 32 (4.095) 38.46 (3.94) 41.32 (4.21)

¢/10° em™? (ds?r[;u]‘l dm3? cm)

(PACI( Geaa)~I-pn)) 21.01 (~1.19) 21.55 (—0,56) 21.74 (—0.49)
23.93 (+4-1.24) 24.51 (-+0.69) 25.13 (+0.73)
29.94 (+40.76) 31.45 (+0.50) 3165 (+0.44)
33.11 (—0.64) 34.48 (—0.11) 35.21 (—0.16)
34.97 (40.21) 37.88 (=0.38) 37.59 (4+0.26)
39.06 (--1.46) 46.98 (=0.08)

Sh denotes a shoulder.

dium(II), referring the absorption spectral data
of (Pd{I-pn)2)}?" and (PdClo(¢-pn)).*2 In the
d-d transition band region (20~24x10%m™1),
the orange vellow complex exhibits two CD
bands (a negative band at 21.0X10°cm™! and a
positive one at 23.9X10%m™!) as shown in Fig.
3 and Table 1. This CD spectral pattern is
quite similar to that in the d-d transition band
region of the square planar palladium(II) com-
plex with a [-propylenediamine, (PdCly{I-
pn) ], ¥ whose optically active source arises from
a coordinated /-propylenediamine. The *C NMR
spectrum of the orange yellow complex exhibits
three resonance lines (13.9, 15.4, and 18.1
ppm from TMS) due to the three methyl carbon
atoms in the ligand, indicating that the complex
is not a mixture such as (a)~(d) in Fig. 4.

From these facts, the orange yellow complex is

assigned to one of {a)~(d) of (PACI((icaa)-i-
pn)) as shown in Fig. 4.

In contrast to the case of the yellow complex,
(Pd((ieaa);-en)), the reaction of palladium (II)
chloride and ieaa with I~propylenediamine does
not give an (ieaa),-I-pn type Schiff base. This
difference in formation can be related to that in
rigidity between the gauche forms of the ethy-
lenediamine and I-propylenediamine moieties.
In the case of the yellow complex, the ethyle-
nediamine can span favorably the ¢is coordina-
tion sites of the square planar (Pd(Geaa)s] be-
cause of its flexible gauche form, though the
ethylenediamine chelate ring coordinated to the
palladium(II) take a rigid gauche form in cry-
stalline state.1® On the other hand, it is well
known that !-propylenediamine coordinates to
a metal ion such as palladium(II) and platinum

Journal of the Korean Chemical Society
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Fig. 4. The possible isomers of [PACI((ieaa)-/-pn)];
R1=CH3 and R2=COQC2H5.

(II) to take a A gauche form depending strongly
on the equatrial orientation of its methyl group
and brings about a non-planar chelate ring. %%
Here, taking into consideration that the CD
spectral pattern of the orange yellow complex
in the d-d transition band region is quite similar
to that of (PACl,({-pn)], % it can be deduced
that the chelate ring of the I-propylenediamine
molety takes the 1 gauche form, (a) or (b) in
Fig. 4. It is considered, therefore, that the
rigid A gauche conformation of the I~propylene-
diamine chelate ring hinders the amino-exchange
reaction of (ieaa)~I-pn with another ieaa,
namely, N-H orientation depending strongly on
the A gauche conformation does not fit for the
reaction with another ieaa. The methine carbon
atom bound to the equatrially orientated methyl
group of the I/-propylenediamine shows more
remarkable displacement from the N-Pd-N plane
than the methylene carbon atom, accordingly,
the amino group remote from the methyl group
may react selectively with ieaa to form (a) in
Fig. 4.
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