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Several new palladium(Il) complexes of aminophosphines, (PA(L)Xy), {L =PhyPNH «+—+ NRgz; R = CHj3 (L), CpHL2):
X =Cl, Br, I, and NCS) that contain two different donor atoms of nitrogen and phosphorus as s-electron acceptor, were syn-
thesized and characterized by conductivity measurement, ir, and UV/Vis-spectra. For the dithiocyanatopalladium(II} com-
plexes with aminophosphines, it was confirmed that the thiocyanate group trans to phosphorus is coordinated as Pa-NCS
mode and the one trans to nitrogen as Pd-SCN mode, and the aminophosphines form six-membered chelate ring. The spectra
of dihalogenopalldium(I) complexes with aminophosphines show that the band maxima are shifted to the short wavelengths

as the concentration is decreased.

Introduction

{N,N-dialkyl-N’-diphenylphosphino)diaminoethane can
act as bidentate ligand with phosphorus and nitrogen donor
atoms.

Bidentate ligands with two types of donor sites are well
known and have been the subject of many reports. These
ligands are of interest, because they can bridge dissimilar
metals or, if one donor is eastly replaced, yield complexes
that readily provide a coordination site for incoming substra-
tes.! For example, there are phosphines that contain a nitro-
gen or oxygen donor atom.?”

Of the nitrogen containing phosphines, 2-(diphenylphos-
phino)pyridine, 2-.@1111incra]k}rh:»hoe‘:!ahim:,3 3-(diphenylphos-
phino)-N,N-dimethylpropylamine,*® 3-(diphenylphosphino)-
propionitrile,” and o-(diphenylphosphino)benzonitrile® are
the ligands that collectively function as chelate ligands.

In our previous work, the palladium(Il) complexes, {Pd
(L)X,}; {L = 1,2-bis({diphenylphosphino)amino)alkane;
X =C1,Br,I, and NCS} have been synthesized and char-
acterized, and we concluded that these complexes formed
the seven-membered chelate ring.'®

We have new synthesized several dihalogenopalladium
(I} complexes with {N,N-dimethyl-N'-diphenylphosphino)di-
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aminoethane(L, and (N,N-dimethyl-N’-diphenylphosphi-
noliaminoethane(L,) and investigated the bonding char-
acters of the ligands.

Experimental

Genearal Information, Palladium chloride, chloro di-
phenylphosphine (Tykyo Kasei GR), N,N-dialkyl diamino-
ethane (Furker GR), and Triethylamine (Junsei GR) were
purchased from the source indicated. PA(PhCN),CL,!", Na,
PA(NCS),*, and LiX (X = Br I} were prepared by literature’s
methods.

All solvents, including aceton, benzene, and dichloro-
methane were reagent grade and were purified.

All reactions were carried out under a nitrogen atmos-
phere.

Infra-red spectra (4000-200cm™) were recorded on Per-
kin-Elmer 1330 and Hitachi 270-50 model instrument. Ultra-
violet-vistble spectra (250-600nm) were recorded on Gilford
Respense and Hitachi 320 instrument. Melting points were
measured by an electrothermal melting point appartatus.
Elemental analyses were performed with Perkin-Elmer 240,
Conductivities were measured with Suntex SC17-A model in
aceton solutions.

Syntheses of Ligands. (N,N-dialkyl-N'-diphenylphos-
phino)diaminoethane, {R = CH; (L)), C;H5(LJ) }: To a solu-
tion of N,N-dialkylethylenediamine(0.02 mol, in 25m{ ben-
zene} were added triethylamine (0.02 mol)} and chlorodi-
phenylphosphine (0.02 mol) with stirring under a nitrogen
atmosphere over a period of 30 min. The mixture was con-
tinuously stirred for 1 hour at room temperature.

The triethylamine hydrochloride precipitated was filtered
off. The filtrate was evaporated under reduced pressure to
give an oilly product. Yield: 67% (L)), 64% (L,}. These
ligands were used for preparation of palladium(II} complexes
with out further purification.

Preparation of Palladium(ll) Complexes.
{Pd(L))Cl;} and {Pd(L,)Cl,}

A solution of aminophosphine (1 mmol, in 10m/{ benzene)
was added to a solution of {PA(PhCN),Cl,} {1 mmal, in 10 m?
of henzene} with stirring.

A precipitate formed immediately, but the reaction mix-
ture was stirred for 2 hours to promote homogeneity

The compound was collected on a sintered-glass filter,
and washed with ethanol, and ether, and then recrystallized
from dichloromethane and diethy! ether.

{Pd(L )Cl,}: yield: 80%, m.p: 142-143°C, Caled. for
Pd(C15H21N2P1)C12: C, 4409, H, 4‘82; N, 6.43%. Found: C,
44.23; H,5.01; N, 6.52%, Color: yellow.

{Pd(L,)Cl;}: vield: 85%, m.p: 140-141°C, Calcd. for
Pd(C,gHsN,P)Cl,: C, 45.24; H, 5.24; N, 5.86%. Found: C,
45.30; H, 5.29; N, 5.93%, Color: yellow.

{Pd(L,)X;} and {PA(Ly)X,}; X = Br,I:

Ethanol solution {10m/{} of LiBr or Lil {1 mmol} was added
to the dichloromethane solution (5 md of {Pd(L)Cl,} (1
mmol), and the solution was stirred vigorously for 30 min.

The dichloromethane layer was washed three times with
water (10 m/), and was concentrated to 5 m{ by passing nitro-
gen, Orange crystals were obtained by addition of ethanol
and diethyl ether to the concentrated solution. The crystals
were collected by filtration and washed with diethylether,
Then, they were recrystallized from dichloromethane and
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diethylether.

{Pd(L)Br,}: Yield: 75%, m.p: 149-151°C, Color: orange

yellow.

{Pd(L,) L}: Yield: 70%, m.p: 149-151°C, Color: orange

yellow.

{Pd(L,)Br,} : Yield: 70%, m.p: 150-152°C, Color : orange

yellow.

{Pd(L,) 1,}: Yield: 74%, m.p: 151-152°C, Color: orange

vellow.

{Pd(L, XNCS),} and {Pd(L,)}NCS).}

Sodium tetrathiocyanopalladate (Immol) dissolved in ab-
solute ethanol (10 m/) was treated with ethanol solutions (10
m/) of aminophosphine.

The reaction mixture was stirred for 1 hour and the preci-
pitate was collected, washed with distilled water, ethanol,
and diethyl ether successively. Then, it was recrystallized
from dichloromethane and diethylether.

{Pd(L,XNCS),}: Yield: 68%, m.p: 158-160°C, Calcd. for
Pd(CsH, NP (NCS)'1/2CH,Cl,: C, 43.03; H, 4.26; N,
10.85%. Found: C, 43.27; H, 4.13; N, 10.65%, Color: pale
yellow.

{Pd(L,)NCS),}: Yield: 70%, m.p: 160-162°C, Calcd. for
Pd(CgH NPy (NCS),-0.7H 0: C, 42.69; H, 4.53: N, 9.62%.
Found: C, 42.63; H. 4.67; N, 10.04%, Color: pale yellow.

Results and Discussion

Direct reaction of {PdX,}*" with diphosphine, but not
always, leads to the formation of insoluble Magnus-type salt,
{Pd(diphos), }-{ PdX,}. It is possible to avoid formation of
Magnus’salt by'? using {Pd(PhCN),Cl;} in place of {Pd
X4}* 3. The reaction of {Pd(PhCN),Cl,} with equimolar
aminophosphine in benzene yields a pale yellow precipitate
of {PA(L)Cl,} and for convenience, metathesis reactions be-
tween { PA(L)Cl;} and LiX(X = Br,I) were used to obtain the
analogous {Pd(L)X;} complexes, and also the thiocyanato
complexes with aminophosphine were prepared from sodium
tetrathiocyanatopalladate and aminophosphine.

All of these palladium(II} complexes are stable in air, and
soluble in chlorinated hydrocarbons. These complexes are
nonelectrolyte which was evidenced by conductance mea-
surement of complexes in acetone(A p=ca. 1.3cm?/ohm
mol).

The ir-spectra of (N,N-dimethyl-N’-diphenylphosphino)di-
amincethane (L} and {Pd(L)Cl:} complex with L, are

—_— o —

4000 2000 1200 800 250
FREQUENCY ( cm™1 )
Figure 1. The ir spectra of N,N-dimethyl-N'-diphosphincamino-
ethane(L) and {Pd(L,}Clz} PhoPNHCH;CHzN(CH3)z: +-- -+, {Pd
{L1)Cly: ——.
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Table 1. Selected ir Absorption Bands of Ligands and Com.
plexes

Characteristic absorption band (cm-1)
PN CN C=N GS Pd-X
PhyPN + + N(CH3)o(L1) 1185s 1100s

Compounds

340, 300m

Pd(L,)Cl, 1115sh 1100s

Pd(L,)Brz 1115sh 1100s . .

Pd(L ANCS) 1110sh 1100s 2100s 760w
(SCN) 2150 840w

Ph,PN+ +N(C;Hg,  1180s  1100s

(L

Pd(L,)Cl2 1115sh 1100s 340, 300m

Pd(L,)Br, 1120sh 1100s

Pd(L )2 1120sh 1100s . .

PA(L,XNCS) 1120sh 1100s 2050s 760w
(SCN) 2150 820

s; strong, sh; shoulder, m; medium, w; weak, d; doublet.

~7
/
N/
‘ v
yA
2200 2000 900 700

FREQUENCY( cm~1)
Figure 2. The C=N stretching (2000-2200cm 1} and C-S stretching
(700-900 cm-?) region of the infrared spectra. {Pd{LJClz}: -~
{Pd{LXNCSXSCN}}: —.

shown in Figure 1, and the characteristic absorption bands of
the ir-spectral data for { Pd(L}X,} are summarized in table 1.

As shown in Figure 1 and Table 1, the v{C-N) peaks of un-
complexed aminophosphine are observed at or near ca. 1100
cem™ 19 for the complexes.

Although the »(P-N) peaks are observed'? at 1185cm!
for L, and 1180cm™ for L,, these peaks were shifted about
70cm ™ toward the lower frequency (from 1115 to 1120cm™)
for the complexes, and might be overlapped with the v(C-N)
peak at ca. 1110cm™.

The free ligand has partially double bond character of the
P-N bond (p,-dz), which is resulted from the overlap of P,

Myung Ki Dok and Bong-€ on Kim

Table 2. Electronic Spectral Data for the Complexes in CHyClg

Pd{L,) X, Pd(Ly) .12

X

A maz v A max v
NCS 372 2090 371 1950

358 2180 355 2182
Cl 351 2140 343 2150

312 2050 310 2030
Br 420sh 420sh

335 2100 335 2110

310 2055 310 2030
I 420 240sh

340 2050 335 2100

315 2200 317 2250

orbital of the nitrogen atom with empty 3d-orbital on phos-
phorus atom.'® However, when the phosphorus atc m of ami-
nophosphine was coordinated to palladium, the p:-competi-
tion occurs between palladium and the P-N bonl. Accor-
dingly, v(P-N)peak is shifted about 70cm ™ toward the lower
frequency.

Much structural informations can often be resented
from a study of the vibrational spectra of other ligar d present
in the complex, and stereochemical assignments ar: frequen-
tly made on the basis of metal-halogen stretching fr :quencies
which occur in the far infrared region.'®

The two v(Pd-X) peaks are observed at 350 and 270cm ™
for the chlorine containing complexes with aminop 10sphine.
This result is in a good agreement with bond order '’ (reduc-
ed overlap population} calculated by the extended Hiickel
molecular orbita! method.™®

The C= N stretching (2000-2200cm ™) and the Z-S stret-
ching frequency aminophosphine are shown in Fig are 2 and
compared with the ir-spectrum of the dichloropal adium(II)
complex, The ir-spectra (Figure 2) of the dithioc; -anatopal-
ladium(II) complex with aminophosphine display: a strong
and sharp peak at about 2100cm™ and relativel * broader
peak at about 2000cm™ indicating the presence ¢f two dif-
ferent types of coordinated thiocyanate ions.'®* Also the
weak absorption band at 840cm ™! in the spectrum ¢ f the thio-
cynato complexes is assigned to the C-S stretching reguency
of N-bonded thiocyanate to palladium(II} ion. Intenise absor-
ptions of organic ligand preclude location of the Z-S stret-
ching frequency of the S-bonded thiocyanate to pal adium(II)
ion.

However, from the integrated absorption valuzs of two
different C = N bands in the coordinated thiocyan: te ligand,
it is confirmed that one thiocyanato group trans to the nitro-
gen donor atom of aminophosphine is S-bondec, but the
other thiocyanate group trans to the -bonding pl.osphorus
donor atom is N-bonded. Such a form was found n isothio-
cyanatothiocyanato(1-diphenylphosphino-3-dimet yylamino-
propane) palladium(II) complex* having one strong and one
weak z-bonds. These phenomena are indicative of r-bonding
competition between donor atom of ligand and dz-rbital of a
palladium(I1) ion.

In view of the ir spectral data presented above it is pro-
posed that the aminophosphines of these {Pd(L'X;} com-
plexes consist of six-membered chelate ring.

Electronic absorption spectral data for the | Pd(L)X,}
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ABSORBANCE

400 600NM

WAVELENGTH
Figure 3. UV-Visible spectra of { Pd(L 1)Cl2} in CH2Cl; solutions.

ABSORBANCE

400y aveLeneTH 600NM

Figure 4. UV-Visible spectra of {Pd(L;)Cla} with various concen-
tration range from 2 x 10-2 M to 2 x 10-3M in CH2Cl2 solutions.

complexes are summarized in Table 2, and the spectra of
{ PAL,)Cl,} are shown in Figure 3. As shown in Figure 3, the
bands for {Pd(L)Cl,} have been assigned on the bases of the
assignments for {Pd{en)Cl,}.*” The first band at visible
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460}

480} .-

500

NM

1L " a
2.0 1.2 0.8 0.4
CONCENTRATION( X107 2M)
Figure 5. Plot of absorption maxima vs concentration of {Pd(L,)
Clz} in CH2Cl; solutions Pd(L,)C]; : @096, PAL1)Bry: -0-0-0-13-,
Pd(LXClz: ©O-C0- L = PH;PNHCH(CH3)}CH;NHPPh;.

region may be interpreted 'Az < 'A, transition band, and the
other band are charge transfer of Pd(Il)-Ligand.*!

The spectrochemical series that is derived from the elec-
tronic spectra of the {Pd(L)X,;} complexes with the mono-
dentate ligand is CI>NCS> Br> 1.

Figure 4 shows the variation of the absorption maxima and
extinction coefficient of spectra with various concentrations.

The band maxima and the extinction coefficient increase
as the concentration increases (see Figure 5). The deviation
from Beer’s law for {Pd(L)X,} complexes were conside-
rable, and spectra obtained in acetonitrile solutions and those
in dichleromethane solutions were similar type.

The spectrum was changed systematically as the concen-
tration of complex increased and exhibited isosbestic point.
Finally, when a solution was evaporated to dryness and the
solids were redissolved in dichloromethane, the spectrum
was the same as that was initially prepared.

These results correspond to the spectra of dihalogenopal-
ladium(IT) complex with Ph,PNHCH(CHZCH,NHPPh,.*

The presence of such variation in the spectra of each com-
plex may be considered as an inter-molecular interaction bet-
ween the filled d(=)-orhital of metal and the filled anti-bon-
ding p-orbital of halogen atom in high concentration of com-
plexes.
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In order to investigate the oligomerization state of the plasma membrane proteolipid apoprotein purified from the bovine
kidney, fluorescence polarization experiment was carried out in the two different solvent systems, i.e., water and organic
solvent{chloroform-methanol). The molecular volumes of the proteins estimated from the Perrin equation, were to be
45,258A% and 17,608A3 in water and organic solvent, respectively. These values indicate that a trimerization is possibly
occurring in the aqueous environment. As an auxiliary experiment for the calculation of the motecular volume using Perrin
equation, fluorescence quenching constants (K ) with the quencher acrylamide and fluorescence lifetimes ( 7 & of the intrinsic
fluorophore tryptophan residue were estimated in the two different solvent systems. K, in water was 18.21M-! and it was
46.24M1 in organic sotvent. Fluorescence lifetimes of tryptophan residue were calculated to be 2.80 nsec. in water and 3.81

nsec. in organic solvent, respectively.

Introduction

Proteolipid is a kind of hydrophobic membrane-bound
proteins. They are characterized by their solubility in chloro-
form-methanol, and contain covalently bound fatty acid resi-
dues, probably attached in ester linkage to serine or thre-
onine hydroxyl groups. By the way, the apoprotein whose
lipid components are almost removed can be obtained by the
routine methods. The extraction of proteolipids is possible

*To whom correspondence should be addressed

by the chloroform-methanol solvent mixture. They are readi-
ly soluble in chloroform-methanol (2:1, v/v) solvent system
and insoluble in water, but a water soluble form can be pre-
pared by several methods'®. The organic solvent soluble
form of proteolipid and the water soluble one can be inter-
convertible each other.

The proteolipids in the plasma membrane have all heen re-
lated with the ion channel formation for transporting K*
ions. To understand the structure-function relationship of
these proteins, a few physico-chemical studies have been car-
ried out. Circular dichroic analysis for these proteins must be



