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ABSTRACT

Reactions of the mixed donor ligands 8-(diphenylarsino)-
guinoline and 8-(diphenylphosphinol)quinoline and 8-aminoquinoline
with dichlorotetrakis(dimethylsulphoxide)ruthenium(II), rhodium
trichloride trihydrate, dichlorodicarbonylrhodate(l) anicn,
dichlorobis(benzonitrile)palladium(II), potassium tetrachloro-
platinate(II) and iridium trichloride trihydrate have teen
studied. In most cases well-defined compounds were prepared.
Molar conductance, infrared, ultraviolet, and electron spin
resonance spectra were recorded for some of these compounds.
All of the above ligands behave in their reactions as bidentate
thus forming stable five-membered rings. 8-(Diphenylarsinc)-
quinoline and 8-(diphenylphosphino)quinoline were found to
stabilize divalent rhodium.

The reaction of 2-pyridinecarboxaldehyde with Pd{(II} and
Pt(II) has also been investigated. The infrared spectra of the
square planar complexes obtained show that the carbonyl group
is not bonded to the metal atom. The condensation reaction

of these complexes with 8-aminoquinoline has been attempted.
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1. INTRODUCTION

Among the many bidentate ligands known, those which
have both nitrogen and phosphorus, arsinic or another nitrogen
as donor atoms are of special importance. These ligands
are commonly derived from 8-substituted quinolines which
are known to form a wide variety of complexes with transition
metals.

Issleib and Frdhlich® and later Gilman2 synthesized
alkali metal diphenylphosphides by similar methods. The only
difference between the two methods of synthesis is that
Issleib and Frdhlich used absolute dioxane whereas Gilman
used tetrahydrofuran as a solvent. In the presence of at
least one aromatic group, tertiary phosphines are cleaved
with alkali metals to give alkali phosphides R,PM (M = Li, K,
Na). With excess alkali metal further reduction to the radical
anion takes place. The formation of the radical anion has

been confirmed by e.s.p.°

Pth + 2M — thPM + MPh (L)

Ph,PM + M — Ph,PM + M (2)
The rate of cleavage of various aromatic tertiary

. phosphines [Reaction (1i] with potassium in dioxane under

comparable conditions, has been found to decrease in the

orderu:



m—naphthy1:> phenylj> p—tolyl:> 2,5—dimethy1pheny1:> ethyij}

cyclohexyl.

The most electronegative substituent is cleaved first.
Although it was not possible to cleave tertiary purely
aliphatic and alicyclic phosphines with alkali metals, the
presence of at least one resonance-stabilized aromatic group
effects this cleavage readily. The preparative, general
chemistry, and general physical properties of alkali metal
phosphides have been reporteds.

Different methods have been developed for the formation
of P-C bonda. Among these methods are the reactions of
alkali metal phosphides with alkyl halides or the reaction
cf chlorophosphine with alkyl lithium. Potassium diphenyl-
phosphide reacts with B8-chloroquinoline in tetrahydrofuran
to glve 8--(diphenylphosphimo)quinoline(I)7 [Reaction (3)],
which is relatively stable in air and undergoes the usual

reactions of a tertiary phosphine.

O ~+ KPth — O (3)

7 Ph
Ci Pisc
Phe



The reactions of (I) with Ni(II) and Co(II) have been
investigated and the complexes obtained were identified as
dibromo-bis[?—(diphenylphosphino)quinoline]cobalt(II)?.

Similar routes were used for the synthesis of tertiary
arsines. They are prepared by the reaction of alkali metal
derivative of secondary arsines with an organic halide of
the proper structure. When the secondary arsine is diphenyl-
arsine, the substitution reactions with organic halides
proceed in good yield with retention of configuration, whereas
dimethylarsine gives products with significantly lower yields
and in some cases with structural Pearrangementss. In the
year 1965, Barclay, Harris and Kingstong prepared 8-(dimethyl-
arsino)quinoline and in 1971, Feltham and Metzger8 reported
the preparation of (I) and 8~(diphenylarsiclquinoline(II) by
using sodium metal and triphenylphosphine or triphenylarsine,
respectively, in liquid ammonia. 8-Chloroquinoline reacts
with the nucleophiles thP' and thAs_ to give (I) and (II),
respectively. These reactions afforded the products in good
yield without any accompanying significant side reactions.

No reactions between (II) and any of the transition metals
have been hitherto reported.

An interesting chelating ligand which is structurally

related to the above ligands is 8-aminoquinoline(III).

Al
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In 1939, Burrows and Ritchelo investigated the reactions
of (III) with Cu(II), Fe(II), Ni(II}) and Co(II). Since (III)

forms stable complexes with the transition metals it has been

11,12,13

widely used as an analytical reagent Reactions of

chromium and molybdenum hexacarbonyls with (III) have been

i 15

investigated Further work™" has been reported concerning

cobalt complexes containing 8-aminoquinoline, especially those

containing the nitrosyl group16’17. 8~Aminoquinoline is a

useful chelating agent not only for gravimetric analysis but

also for the spectrophotometric determination of many

cation518,19,20,21,22. The complexes formed upon the reaction

of (III) with the chlorides of Mg(II), Zn(II), CdA(II), Cu(II),

Ni{II) and Pd(II) were isolated and their absorption spectra

were studiedza. The infrared spectrum of Pd(8-aminoquinoline)-

012 has been recorded over the range 250 to 600 em™t 2”.

With its one amine and one heterocyclic nitrogens, 8-amino-
guinoline is expected to have coordination properties inter-
mediate between those of ethylenediamine and 1,10—phenanthrolinezs.

Reactions of (III) with Fe(II), Co(II), Ni(II}, Cu(II), Zn(II),



Ca(1I), Mn(II), Cr(III), Fe(III) and Pt(II) have been attempted
and well-defined products have been obtained for the first

six cations?®. Similar complexes with rare earth halides

have been prepared and their i.r. spectra cver the range

4000 to 800 em ! have been investigatedzs. Recently the
complex of V(IV) with (III) has been reported27 and later
Harris and McKenzic?® have reported bis-chelated complexes

of the type Ni(B—aminoquinoline)2X2.n(solvent).



2. EXPERIMENTAL

2.1 Materials

Triphenylphosphine and benzonitrile were purchased from
Eastman Organic Chemicals, New York, U.S.A.

Triphenylarsine and rhodium(III) chloride trihydrate,
RhCla.3H20, were purchased from Alfa Incorganics, Ventron,
Beverley, Massachusetts, U.S.A.

Ammonia gas was purchased from the Matheson Company,

Inc., East Rutherford, N.J., U.S.A.

Sodium metal was purchased from E. Merck, Darmstadt,
W. Germany.

2-Pyridinecarboxaldehyde(picolinaldehyde) was purchased
from Aldrich Chemical Co., Inc., Milwaukee, Wisconsin, U.S.A.
and was distilled under vacuum before use.

Dimethylsulphoxide was purchased from Crown Zellerbach
Camas, Washington, U.S.A.

Ruthenium(III) chloride hydrate was purchased from Research
Organic/Inorganic Chemicals Corp., Sun Valley, California, U.S.A.

Palladium(II) chleoride, PdClz, was purchased from Fluka AG,
Chemische Fabrik, Buchs, Switzerland.

Iridium(III) chloride hydrate was purchased from K and K
Laboratories, Inc., Plainview, New York, U.S.A.

Potassium hexachloroplatinate, K2PtClB, was purchased
from Fisher Scientifie Company, Fair Lawn, N.J., U.S.A.

8~Chloroquinoline was purchased from Eastman Kodak Co.,



Rochester, N.Y., U.S.A,
The solvents used in this work were analytical reagent

grade and were used as purchased.

Dichlorotetrakis{dimethylsulphoxide)ruthenium(II), Ru(DMSO)u012,

was prepared by the method described by Evanszg: Ruthenium
trichloride trihydrate (1.0 g} was refluxed in dimethyl-
sulphoxide (5.0 ml) for five min. The sclution was then
reduced to half its original volume in vacuo. Addition of
acetone (20 ml) gave a yellow precipitate which was filtered,
washed with acetone and ether, and dried under vacuum..

The yellow rhodium chlorocarbonyl solution first prepared

30 yas shown later by Kingston31 to contain the

by Chatt
rhodium anion {hh(CO)2C12:]“. This solution was prepared
by passing carbon monoxide through a refluxing ethanolic

solution of rhodium(III) chloride trihydrate.

Dichlorobis(benzonitrile)palladium(11}, Pd(CBHSCN)2CIZ’ was

2: Palladium(II)

prepared by the method described by Kharasch3
chloride (1.0 g) was added to 20 ml of benzonitrile and the
mixture was heated on a water-bath with constant stirring

for three hours. The solution was filtered while hot and left

to cool at room temperature. Excess low~boiling petroleum

ether was added and the precipitate obtained was collected



by filtration, washed with ether and dried under vacuum.

Potassium tetrachloroplatinate(II), K2Pt01u, was prepared by
33

the method described by Cooley and Busch™“, and later improved

by Tayimau.

2.2 Preparation of the Ligands

8-(Diphenylphosphino)quincline and 8-(diphenylarsino)-
guincline were prepared after Feltham and Metzger8 by the
reaction of (C6H5)2P- or (CBH5)2A5— with 8~chloroquinoline
in liquid ammonia: A 500-ml, three necked, round-bottom
flask was equipped with a nitrogen inlet, an addition funnel,
and dry-ice condenser. Sodium (4.6 g in 250 ml liguid
ammonia) was added to the flask under nitrogen, and 24.4 g
of triphenylphosphine was added over a 30-min period, during
which time the mixture was stirred continucusly. The solution
changed color from blue to red. Next, 16.3 g of 8~-chloro-
quinoline was added to the solution over one hour., After
the evaporation of ammonia over 16 hours, the residue was
hydrolyzed with 500 ml of water. The residual solid was
recrystallized from a (1:1) ethanol/ethyl acetate soclution
to yield the final product.

8-(Diphenylarsinolquinocline was prepared as described

above for the phosphine compound with only minor medifications.



A total of 4.6 g of sodium was dissolved in 300 ml of liquid
ammonia and 30.6 g of triphenylarsine was added over a 30-min
pericd. Next 9.8 g of NH,Br was added to neutralize the
NaCcH formed in this reaction. Finally 16.3 g of 8-chloro-
quincline was added slowly over one-hour period and the mixture
was stirred for another 12 hr. After the ammonia had evaporated,
the residue was hydrolyzed with water. The solid residue
was recrystallized from a (1:1) ethancl/ethyl acetate solution
to yield the final product.

8~Aminoquinoline was prepared by the method of Fieser
and HershbergaS. A mixture of 5- and 8-nitrcquinoline was
prepared by the nitration of guinoline. 8-Nitroquinoline was

36

separated and reduced with Adams catalyst.

2.3 Preparation of the Complexes

2.3.1 Complexes of 8~(Diphenvlarsinol)quinoline {(N-As)

1) Dichlorobis(dimethylsulphoxide)[8-(diphenylarsino)-

quinoline]ruthenium(II): To a suspension of 0.242 g (0.5 mmole)

of Ru(DMSO)uCl in 10 ml of toluene was added a filtered

2
solution of 0.179 g (0.5 mmole) of 8-{(diphenylarsinolquincline
in 10 ml of toluene. The mixture was refluxed with continucus
stirring for two hours, during which the color changed to

dark red and a light brown precipitate separated. Tt was

washed with boiling toluene (20 ml) and ether (20 ml).
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Finally, the product was dried in a vacuum oven at 50°C for

24 hours; decomposition startsat 265°C.

11) Trichloro[8—(diphenylarsino)quinoliné}rhodium(III):

To a filtered solution of RhCl .3H20, (0.264% g, 1 mmole),

3
in 10 ml of water, was added a filtered solution of 0.379 g
(1 mmole) of 8-(diphenylarsino)quinoline in 10 mi of acetone.
The solution was stirred at room temperature for 24 hours.
The orange-yellow precipitate was washed with acetone (20 ml)
and cther (20 ml). The product was recrystallized from
chloroform. The brown needles were collected, washed with

chloroform and dried under vacuum at 50°C. The product does

not decompose or melt under 360°cC.

iii) Di-/”~chloro-bisighlorocarbonyllB-(diphenylarsino)~

quinolinel rhodium(II)} : To a filtered solution of ?h(CO)2C1é]_
in ethanol (10 ml)so, was added a filtered solution of

8- (diphenylarsino)quinoline (0.179 g, 0.5 mmole) in 10 ml

of a (1:1) ethancl/acetone solution. The solution was refluxed
with continuous stirring for two hours. The orange-yellow
precipitate which separated on cooling was filtered, washed
with ethanol (10 ml) and ether (20 ml) and dried under vacuum

at 50°C.
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iv) Dichloro[B-(diphenylarsino)quinoline]palladium(II):

To a filtered solution of Pd(CSHSCN)2Cl (0.192 g, 0.5 mmole)

2
in 10 ml of acetone, was added a filtered solution of 0.357 g
of 8-(diphenylarsino)quinoline (0.1 mmole) in 20 ml of acetone.
A bright yellow crystalline solid separated on standing.

It was collected, washed with acetone (20 ml) and dried

under vacuum at 50°C; m.p. 330°C with decomposition.

v) Dichloro[8—(dipheny1arsino)quinoline]platinum(II):
To a filtered solution of KZPtCIQ (0.208 g, 0.5 mmole) in
10 ml of distilled water, was added a filtered solution of
8-{(diphenylarsino)quincline (0.179 g, 0.5 mmole) in 20 ml
of acetone. An orange-yellow precipitate separated immediately.
The mixture was stirred at room temperature for one hour.
The sclid was collected, washed with acetone (20 ml) and then

dried under vacuum at SOOC; decomposition starts at 3lSOC¢

2.3.2 Complexes of 8-(diphenylphosphino)gquineline (N-F)

i) Dichloro[8-(diphenylphosphino)qpinoline]rhodium(II):

To a filtered sclution of Rh(C1l,.3H,0 (0.264 g, 1 mmole) in

2
10 ml of water, a soluticn of 8-(diphenylphosphino)quinoline
(0.313 g, 1 mmele) in 10 ml of acetone was addad. A yellow

solid separated immediately, which then dissolved on heating.

The solution was refluxed gently for 24 hours during which a
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pale yellow precipitate was obtained. The solvent was removed
completely by evaporation under vacuum. The yellow-orange
solid obtained was dissolved in acetone and precipitated

with ether and finally dried under vacuum at 50°C for 2u

hours; decomposition startsat 280°C.

ii) Dichlorocarbonyl[ﬁ-(diphenylphogphino)quinoline]-

rhodium(II): To a filtered sclution of {Rh(CO)zclz]_ (0.5 mmole)
30

in ethanol (10 m1), a filtered solution of 8-{diphenyl=-
phosphino)quinoline (0.157 g, 0.5 mmole) in ethanol (10 ml)

was added. The solution was refluxed for two hours, then

half of the solvent was evaporated under vacuum. Upon addition
of diethylether a pale yellow precipitate separated. It was
filtered, washed with ethancl (20 ml) and ether (20 ml), and

dried under vacuum at 50°C; m.p. 150°C with decomposition.

iii) Dichloro[é—(dipheny;phosphino)quinoline]palladium(ll):

To a filtered solution of Pd(CsHSCN)zcl (0.192 g, 0.5 mmole)

2
in 10 ml of acetone, a filtered solution of 8-(diphenylphosphinc)-
quinoline (0.313 g, 1 mmole) in 10 ml of acetone was added.

The mixture was stirred at 40-50°C for two hours during which a
yellow-orange precipitate separated. It was collected, washed

with acetone (20 ml), and dried under vacuum at SOOC; m.p. 230°¢

with decomposition.
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iv) Dichloro[ﬁ-(diphenylphosphino)quinoline]platinum(II):

To a filtered solution of K2PtClu

10 ml of distilled water, a filtered solution of 8-(diphenyl-

(0.206 g, 0.5 mmole) in

phosphino)quinoline (0,1565 g, 0.5 mmole) in 20 ml of acetone
was added. A buff yellow precipitate separated directly

upon mixing. The mixture was stirred at room temperature

for one hour. The pale yellow precipitate was collected,
washed with acetone (20 ml), and dried under vacuum at SOOC;

M. D. 230°C with decomposition.

2.3.3 Complexes of 8-Aminoquinoline (N-N)

i) Dichlorobis(dimethylsulphoxide)(8-aminoquinoline)-

ruthenium(II): To a suspension of Ru(DMSO)uCZL2 (O.u84 g,

1 mmole) in 10 ml of toluene, a filtered solution of
8-aminoquinoline (0.l44% g, 1 mmole) in 10 ml of toluene was
added. The mixture was refluxed for two hours. The precipitate
obtained was washed with toluene (20 ml)} and ether (20 ml).

The yellow-green solid was dried under vacuum at 50°C; m.p.

200°C with decomposition.

1i) Trichlorobis{8-aminoguinoline)rhodium(III): To a

filtered solution of 8-aminoquinoline (0.288 g, 2 mmole) in

10 ml of acetone a filtered solution of RhCl3.3H 0 (0.264 g,

2
1 mmole) in 10 ml of water was added. The mixture was refluxed

with continuous stirring for one hour. The bright yellow



- 14 -

precipitate which separated was washed with acetone (20 ml)
and ether (20 ml), and then dried under vacuum at SOOC;

decomposition startsat 300°cC.

1ii) Trichlorocaquobis(8-aminoguinoline)rhodium(III):

To a filtered solution of [Rh(CO)2C12]— (1 mmole) in ethanol 3°

(10 ml), a filtered solution of 8-aminoquinoline (0.288 g,

2 mmole) in 10 ml of ethancl was added. The solution was
refluxed for two hours and the pale -yellow precipitate was
collected, washed twice with ethanol (20 ml) and then three
times with ether (30 ml). TFinally, it was dried under vacuum

at 50°C; starts to decompose at 300°C.

iv) Dichloro(8-aminoquinoline)palladium(Il): To a filtered

solution of 8-aminoquinoline (0.288 g, 2 mmole) in 10 ml of

acetone, a filtered solution of Pd(CBHSCN)2C1 (0.192 z, 0.5

2
mmole) in 10 ml of acetone was added. The mixture was refluxed
with continuous stirring for two hours. The yellow-orange
precipitate was washed with acetone (20 ml) and ether (20 ml),

and then dried under vacuum at QOOC; the product does not melt

or decompose below 360°C.

v) Dichloro(8-aminoguinoline)platinum(IIl): To a filtered

solution of 8-aminoguinoline (0.288 g, 2 mmole) in 20 ml of
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acetone, a filtered solution of K PtCl“ (0.415 g, 1 mmole)

2
in 20 ml of distilled water was added. The solution was
refluxed at 40-50°C with continuous stirring for two hours
during which a brown precipitate separated. It was filtered

and washed with acetone (10 ml) and then dried under vacuum

at 50°C; decomposition startsat 330°cC.

2.3.4 Complexes of 2-Pyridinecarboxaldehyde (N-0)

i) Dichlorobis{2-pyridinecarboxaldehydelpalladium(II):

To a filtered solution of Pd(CBHSCN)zcl (0.383 g, 1 mmole)

2
in 10 ml of acetone, a filtered solution of 2-pyridinecarboxali-
dehyde (0.214% g, 2 mmole) in 10 ml of acetone was added. A
yellow precipitate separated immediately. The mixture was
stirred at room temperature for two hours. The yellow solid

was filtered, washed with acetone (20 ml), and then dried

under vacuum at 50°C; m.p. 195°C with decomposition.

ii) Dichlorobis(2-pyridinecarboxaldehyde)platinum(II):

To a filtered solution of K,PtCl, (0.415 g, 1 mmole) in 10 ml
of distilled water, a filtered solution of 2-pyridinecarboxal-
dehyde (0.214% g, 2 mmole) in 10 ml of ethanol was added. The
solution was stirred at 40-50°C for two hours. A pale yellow
precipitate separated. It was filtered and washed with ethanol

(20 ml) and ether (20 ml) and then dried under vacuum at SOOC;
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m.p. 250°C with decomposition.

2.3.5 Reactions of aldehyde complexes with 8-aminoquinocline:

i) Reaction of Pd(N-O)2012 with N-N): 7To a suspension

of Pd(N—O)zcl2 (0.3%91 g, 1 mmole) in 10 ml of acetone, a
filtered solution of 8-aminoquinoline (0.288 g, 2 mmole)

in 10 ml of acetone was added. The mixture was stirred at
room temperature for two hours. The yellow solid suspended
in the solution dissclved guickly to give a red sclution
which finally gave a dark red precipitate. The precipitate
was filtered, washed with acetone (20 ml}) and then dried
under vacuum at 50°C; m.p. 260°C with decomposition.

ii) Reaction of Pt(N—O)zCl with (N-N): To a suspension

2
of Pt(N-0)2012 (0.480 g, 1 mmole) in 10 ml of acetone, a

filtered solution of 8-aminoqguinoline in 10 ml of acetone was
added. The mixture was stirred at 40-50°C for four hours.

The yellow solid dissolved to give a dark red solution which
then gave a brown precipitate. The precipitate was washed
with acetone (20 ml) and then dried under vacuum at 50°C; m.p.

210°C with decomposition.
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2.3.6 Tetrachlorobis(dimethylsulphoxide)-/7, /¥, /T=tpris-

(dimethylsulphoxide)diruthenium(II): A suspensiocn of Ru(DMSO)uCl2
(0.242 g, 0.5 mmole) in 15 ml of toluene was refluxed with
continuous stirring for two hours during which time an orange-
yellow precipitate separated. It was filtered, washed with

hot toluene (20 ml) and ether (20 ml), and dried under vacuum

at 50°C; m.p. 250°C with decomposition.

2.4 Instrumental

Elemental analyses for carbon, hydrogen, nitrogen,
chlorine and sulphur and molecular weight determinations
were run by Mickroanalytisches Laboratorium, Bonn, Germany.

The infrared spectra were recorded using a Perkin-Elmer
621 Grating Spectrophotometer. Potassium bromide pellets
were used.

The ultraviolet spectra were recorded using a Perkin-
Elmer 202 Spectrophotometer. Solutions of about 10 '-107° M
were used. Rectangular silica cells of 10 mm path-length
were used.

Melting and decomposition points (uncorrected) were taken
using a Mel-Temp apparatus.

The conductivity measurements were carried out on a

Fisher Scientific Conductivity Bridge Model RC 16 B2 at

room temperature.
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The electron spin resonance spectra for rhodium(II)

and rhodium(III) were taken on a Varian V-4500 instrument.



3. RESULTS

3.1 Reactions of 8-(Diphenylarsino)quinoline, 8-(Diphenyl-

phosphino}guinoline, 8-Aminoguinoline and 2-Pyridinecarboxal-

dehyde with Metal Ions:

The reactions of 8-(diphenylarsino)quinoline, 8-(diphenyl-
phosphinolquinoline and 8~aminoquinoline with Ru(II), Rh(IIY},
Rh(I), Pd(II), Pt(Il}), and Ir{(III) have been investigated.

With the exception of Ir(III), all the above metal ions

gave well-defined products with the three ligands. The
suggested formulas for the products from the reaction of the
above ligands with Ir(III) are not in good agreement with

the results of the elemental analyses. The ligand 2-pyridine-
carboxaldehyde was reacted only with PA(II) and Pt(II).

The results of these reactions are listed in Table I.

The product isolated from the reaction of 8-(diphenyl-
phosphinolquinoline with Ru(DMSO)uC].2 does not contain any
of the ligand. The same product was obtained when Ru(DMSC),Cl,
was refluxed in toluene in the absence of 8-(diphenylphosphino)-

quinoline. This product was identified as Ruz(DMSO)SClu.

- 19 -
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Table 1

(N-P)s

(N-N) and (N-0) with Metal Ions

Metal Salt
or Complex

Ru(DMSO)uCl2

RhCl,.3H,0

3 2

[Rn(coy,c1, |

Pd(CGHSCN)ZCl

K2PtClu

2

Ligand

N-As

N-N

Product

Ru(N-As) (DMSO)

Ru(N-N)(DMSO)201

Toluene Ruz(DMSO)5014

N-As
N-P

N-N

N-As
NP
N-N

N=-As
N-P

N-N

N-As
N-P
N-N
N-0O

Rnev-m,c1, ]

Rh(N-As)Cl3
Rh(N--P)Cl2

Rh(N-N)2013

Rh(N-P)(CO)Cl2

Pd(N—As)Cl2
Pd(N-P)C12
Pd(N-N)Cl2

Pd(N-O)2C12

P‘t(N--As)Cl2
P‘t(N—P)Cl2
Pt(N—N)Cl2

2

2

Cl

2

[Rn(n-as) (cO)CL, ]2

.H,0

2

Color

light brown
yellow-green

orange-yellow

brown
pale yellow

bright yellow

orange-yellow
pale yellow

pale yellow

bright yellow
orange-yellow
orange-yellow

yellow

orange-yellow
pale yellow
brown

pale orange

Melting or

Dacomp.

Point ©C
265 d
200 4

250 4

> 380

280 d
300

250
150

300

330
230 a
> 360

195 d

315 d
230 a
230 4

250 @



_21_

The reaction of 8-aminoquinoline with the anion
@h(C0)2C12]' is remarkable. The yellow color of the ethanolic
gsolution of the anion changes immediately on mixing to
orange-yellow., After ten minutes of gentle reflux, a vellow
precipitate was separated. After about an hour of reflux
the yellow precipitate started to disappear and a greenish
solution accompanied with formation of a greenish precipitate
was observed. At the end of two hours of reflux, the greenish
precipitate completely disappeared to give a pale yellow
product which does not show any changes after 48 hours of
reflux. As shown by their identical infrared spectra,
these compounds do not contain any of the carbonyl groups.

The formation of the pale yellow product is accompanied with
oxidation of Rh(I} to Rh(III). Moreover it has properties
different from those of the complex isolated from the direct
reaction of Rh(III) with B-aminoquinoline.

With the excepticn of 8-aminoquinoline and 2-pyridine-
carboxaldehyde complexes which are soluble only in pyridine
and dimethylformamide, the complexes are in general soluble in
chloroform and nitrobenzene and inscluble in water and ethancl.
The solubilities of these complexes in various solvents are
listed in Table II.

The results of the elemental analyses for carbon, hydrogen,
nitrogen, chlorine, and sulphur for the ligands and their

complexes are listed in Table III,
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Table II

Solubility of the Metal Complexes

Complex acetone ethanol chloro- nitro- aceto- water pyri- DMF CH,CL, benzene
form  benzene nitrile dine
Ru(N-As)(IMSO),CL,  + n + + + - PO - ¥
RJ(N-N)(H‘BO)ZClz + + + + + + + + - -
Ru, (IMS0)(C1, ¥ e + + ¥ + - 4 - -
Rn(N-As)Cl, ; - + ; ¥ - o+ - 7
Ru(N-P)CL, ¥ re + + ¥ - + 4+ - -
Rhﬂ+¢02013 - - - + - - + + - -
&m(N;As)(CO)ClZ] + - + + + ¥ + + - -
2
Rh(N"P) (CO) C:LZ + ; + + + - + + - -
[Re-ncl a0 - - - : - - 3 7 - ]
PA(N-AS)CL, - - + - + - + o+ - -
Pc!(N-P)012 + - + + + - + + - -
PA(N-N)CL, - - - ¥ - - + 7 - -
Pd(N-0),,C1, - - - - - - - ¥ - -
Pt(N-As)Cl, - - - F - - - I - .
PE(N-P)CL, - - ¥ ¥ - - - 7 - -
Pt(N-N)CL, + - ¥ ¥ - 3 + o+ - -
Pt(N=0),C1, 3 - - - - - - 4 - -

+ = soluble -~ = insoluble + = slightly soluble.
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Table IIT

Elemental Analyses of the Ligands and their Complexes

Compound

N-As

Ru(N-As) (DMS0),,C1,
Ru(N-N) (DMS0),C1,
Ru, (DMS0) (C1,
Rh(N-As)Cl,
Rh(N-P)C1,
Rh(N-N) ,C1,
]}h(N-As)(CO)Clé}z

Rh(N-P)(CO)Cl2

Calc.
Found
Cale.
Found
Calc,
Found
Calce.
Found
Calc.
Found
Cale.
Found
Cale.
Found
Cale.
Found
Calc.
Found
Calc.
Found
Calc.

Found

%C

70.59
70,02
80.51
80. 54
75.00
75,09
43.80
43.69
33.08
32.33
16. 34
16.28
4,48
43.96
51.76
52.77
H3.42
43.20
47.23
46.86
51.26

50.56

%H

.48

L5}

.83

'09
.07

s £ £

b.u7
4.31
19, 4k
19.58

5.93
5.83

2.47
2.50

11.26
11.21

2.72

2.79

3C1

10.36
10,450
15.04
16.57
13,35
18,54
18.80
18.75
14,58
15.12
21.41
21.00
12.70
14.26
13.79
13.62

13.
lll
21.

21.

.34

005

55
87
80
58



&h(N-N)zclé.Hzo
Pd(N-As)C1,
PA(N-P)CL,
PA(N~N)CL,
PA(N-0),C1,
Pt(N-As)Cl,
Pt(N-P)Cl,

Pt(N—N)012

P‘t(N—O)2012

Ir(N-aS)Cla.HZO(?)

Ir(N-N)Cla.Hzo(?)

Calc.
Found
Calc.
Found
Calc,
Found
Calce.
Found
Calc.
Found
Calc,
Found
Calc.
Found
Calc.
Found
Calc.

Found

Calc.
Found
Calec.

Found
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41.90
42.09
B7.15
47.11
51.38
49,80
33.60
au. 46
36.79
37.48
40. 4y
40.11
£3.52
43.24%
26, 34
27.16
30.00
31.03

37.43
36.13
23.u44
24.58

3.56
2.99
2,98
3.26
3.1%
2.48
2.69
2.55
2,68
2.58
2.75
2.786
3.05
1.9%
1.99%

2.08

2.67
2.70
2.17
2.51

2.08
1.94
6.08

6.16

20.65
19.35
13.28
13,17
14.57
13.582
22.09
20.86
18.14
17.63
11.39
11.34
12.26
11.97
17.32
16.69
14.79

13.02

15.82
18.50
23.12

25.14
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Produet of N-P Calc.,
+ IrCl,.3H,0
Found 30.62 2.57 1.69 19.78 -
Product of Calc.,
Pd(N-0),C1, with Found  43.50 3.24  9.27 14.18 -
N-N
Product of Calc.
Pt(N-0),Cl, with Found  38.59 2.55 8.68  6.87
N-N

3.2 Infrared Spectra

The infrared spectra of 8-(diphenylarsinolquinoline,
8-(diphenylphosphino)quinoline, 8-aminoguinoline, and
2-pyridinecarboxaldehyde, and the reactant metal salts and the
products of their reactions with the above ligands were recorded

1 1

over the range %000 cm — to 650 cm — and in some cases the

range was extended to about 200 cm'l.

The absorption bands and their assignments for the ligands
8-(diphenylarsincl)quinoline, 8-{(diphenylphosphincolguinoline,
8-aminoguinoline and 2-pyridinecarboxaldehyde are listed in
Table IV.

Table V lists the absorption bands of the metal complexes

along with their assignments.
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The assignments of ring stretching bands in the 1600 -
1400 cm"l region, the C-H in-plane and C-H out-of-plane
deformation bands have been made by comparison with the work of
Katritzky and Jones®’ on mono-substituted quinolines. The
number and position of the first group of bands are not very
sensitive to the nature of the substituents, but the intensity
of these bands is often altered drastically, whereas the

positions of the second group of bands do vary with the nature

of the substituentsa7.

The P-phenyl and As-phenyl stretching of 8-(diphenyl-

phosphino)quinoline and 8-(diphenylarsinol)quinoline respectively

1 38

are characteristic of the compounds and appear at about 995 cm
The aliphatic nitrogen-aromatic carbon (N-quinolyl)

stretching of 8-amincquinoline appears as a well characterized
26,39
l 3

band at 1333 om which shows a downward shift upon

chelation.

The amine (N-H) stretching of 8-aminoguinoline gives rise
40
1 1

to sharp peaks at 3448 cm — and 3350 cm A considerable

downward shift of these bands was observed upon complexation.
The metal-chloride and metal-to-ligand stretching vibrationsql

were assigned only in a few cases because of the unreliability

of the instrument around and below 300 cm t.



Table IV

Infrared Spectra of 8-(Diphenylarsino)quinoline, 8-(Diphenylphos-

phino)gquinoline, 8-Aminoquinoline and 2-

nyidinecarboxaldehyde

Compounds
Mode
no)quinoline noquinoline
—NH, stretching - -
Aromatic -C-H 3050(m.b) 3050(m.b)
stretching

-C0-H styetching - -
Q
-CH stretching - -

Ring skeletal 1597(w),1587(w)  1586(m.b),1485(s)
vibrations ~ 1570(w),1485(s)  1450(w),1375(m)
1475(s) ,1450(w,b)
1373(m) ,1350(m)

n-plane and 1300(s),1070(s)  1304(w),1300(s)
out-of-plane  823(s), 790(s) 1090(s), 82u(s)
~C-H defor— 760(s), 735(s) 790(s) , 760(s)
mation 693(s) 740(s), 690(s)

As~phenyl 1430(s), 996(s) -
stretching
P~phenyl - 1430(s), 995(m)
stretching
rening "
ching
Unassigned 1180(w) ,1020(s)  1065{(m.Db),1020(m.bL)
910(w}, 6u0(m) 815(w), 560(s)
573(m), 470(s) S46(m) 4534 (w)
420¢w) 500(s), 488(m)
448(s), 430(w)

8~-(Diphenylarsi- 8-(Diphenylphosphi- 8~Aminoquinoline 2-Pyridine-

carboxaldehyde

3448(s) ,3350(s) -
3025 (w) ,3000(w) 3060(m) ,3010(s)

- 2820(s) ,2710(w)

- 1710(s)

1590(s.b),1560{(m.b) 1583(s),1570(s)
1500(s) ,1466(s) 1470(s) ,1438(s)
1420(m) ,1368(s) 1364(s)

1124(s},1093(s) 1300(s),1210(s)
820(s), 790(s) 1150(m} ,1090(m)
760(s.b) 1040(s), 995(s)

830(s), 660(s)
615(s)

1333(s) -

1610(s), 985(w) 3410(w),1260(s)
8960(w), 940{w) 762(s)

888(m), 860{m)

700(m.b), B4O(W)

535(w.b), 495(w.b)

s = strong m = medium w = weak b = broad sh = shoulder



Mode

Ru(DMSO)qu
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Table V

Infrared Spectra of the Complexes

2

~IH, stretching -

Aromatic -C-H
stretching

Aliphatic -C-H 3010(m),2914(m)

stretching

Ring skeletal
vibrations

In-plane and
out-of-plane

aliphatic and
aromatic -C-H
deformation

As-phenyl
stretching

1
-5=0 s=bonded
stretching

H
~5=0 o-bonded
stretching

1
-5=0 o=~ and s-
bonded stretch.

CS0 sesgioring

Ru~ligand
stretching

Ru~Cl stretch.

Unassigned

1420(s),1395(s)
1305(s),1292(s)
1020¢s), 986(s)
970(s}

1105(s),1080(s)

920(s)

715(s), 675(s)
420(s), 385(m)
480(s)

335(s)

1200{m.b)

Complexes
Ru(N-As) (IMSO)ZC12 Ru(N-N)-(INSO)2Cl

3050(m)

1587(w.b) ,1490(s)

1480(sh) ,1435(s)
1375(s), 1305(s)
1292(w)

1070(s), 823(s)
780(s), 732(s)
687(s)

1430{s}, 935(m)

1087(s) ,1077(s)

910(m)

748(s), 693(s)
480(s)

340(m), 316(s)

1230{(w) ,1195(m)
1185(w), 966(w)

440(m.b) ,3160(w.b)
3070(w.b)

2320(w)

1620(w) ,1570(w)
1500(s) ,1468(m}

1400(s)

1010(s), 970(m)

820(s), 780(s)

1315(s)

1070(s)

915(m)

720(s), 675(s)
420(s), 385(w)

325(s)

422(s)

Ruz(DMSO)5C14

3000(s) ,2914(s)

1030(s) ,1014(s)

1110(s) ,1090(s)
928(m) , 910Cw}
3965(s) ?

718(s), 674(s)
420(s), 380(m)

343(m)

1130{s)



Mode

-Nﬁé stretching
Aromatic ~C-H
stretching
Ring skeletal
vibrations

In-plane and out-of-
plane -C-H vibraticns
(—NH2 out-of-plane

vibrations)

As-phenyl stretching
P-phenyl stretching

Frctcning

Rh=Cl stretching

Unassigned
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Rh(N-As)Cl3

30554}

1610(m) ,1590(m)
1570(m) ,1493(s)
1480(sh) ,1455(w)
1385(s)

1075(s) ,1020(m)
B4k(s), 825(s)
776(s), T40(s)
685(s)

1433(s8),1000(s)

325(s)

552(m) , 475(sh)
464(s), 445(sh)

Complexes
Rh(N-P)Cl2

3050(m)

1610(w) ,1592{m)
1572(w) ,1500(s)
1483(sh) ,1382(m)

1310(m) ,1096(s)
1050(w} ,1030{w)
866(s), 840(s)
787(s), 755(s)
696(s)

1%36(s) ,1002(m)

308(s), 335(s)

1232(m) ,1180(m)
1160(m)

Rh(N-N)2C13

3180(s) ,3100(s)
3070(s)

1620(w) ,1530(m)
1540(s) ,15G5(s}
1468(s),1380(w)

1143(s) ,1078(s)
826(s), 793(s)
775(sh), 760(s)

1320(s)

330(m)

1255(w) ,10U2{w)
1023(w), 705(w)
580(m)



Mode

-0H stretching
--NH2 stretching
Aromatic ~C~H stret.
Terminal -C=0 stret.

Ring skeletal
vibretions

H-0-H bonding
As-phenyl stretching
P-phenyl stretching
H, N~quinolyl stret.

In-plane and out-of-
plane -C-H vibrations
and out-of-plane

~NH, vibrations

Rh~Cl stretching

Unassigned

Rh(N-As)(C0)C1

3030(w)
2040(s),1970(s)

1560(w.b) ,1480(
1470(s) ,1370(m)

1420(s), 987(m)

1064(s) ,1012(w)
817(s), 766(s)
725(s), 678(s)

325(s)

1295¢m) ,1214(w)
1175(w) ,1045(w)
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Comp

[

s)

lexes

Rh(N-P)(CO)C12

3040(m)
2060(s) ,2975(s)

1620(m) ,1584(s)
1533(s) ,1480(m)

1400(w) ,1370(w.b)

1430(s), 990(s}

1300(w) ,1090(s}
825(s), 770(s)
T4u4({s5), 720(s)
686(s)

335(m)

1225(w) ,1205(w)
11u5(s) ,1115(s)
655(w), 615(w)
550(s), 536(sh)
516(m), 485(s)

Rh(N-N)2013.H

3595(m.b)

3350(m.Db),3120(sh)
3070(m. b) ,2950{m.b)

1588(s},1565(sh)
1505(s) ,1468(s)
1422 (w) ,1802(s)
1370(sh)

1620(m.D)

1320(55

1134{m) ,1090(s)
830(s), 77072
730(w)

308(w), 336(s}

1255(w) ,1223(s)
1030(w) , 9%0(m)
910(w) , 530(w)



Mode

—I\‘-H2 stretch.
Aromatic -C-H
stretching

~00-H stretch.
—E:O stretch.

Ring skeletal
vibrations

As-Phenyl
stretching

Pd(N-As) C12

3050(w.b)

1599 (m),1560(m.b)

1490(s) ,1475(s3)
1380(s)

1430(s), 997(s)

P-phenyl stretch. =~

ggregulnolyl

In—plane and
out—of-plane
vibrations &
-NI'IZ Out-Of-
plane vibra-

tions

Pd-Cl stretch. 33u(s.b),318(s.b)
Pd—NH2 stretch.

Pd-N (hetero-

cyclic)strexch.

Unassigned

1304(s),1077(s)
840(sh), 832(sh)
825(s), 776(s)
738(s), 687(5)

477(s), 464(s)
446 (sh)

1225(m),1180(s)
1145(m) ,10u5(w)
1020(s), 594(w)
550(w)

- 31 -

1590(m) ,1560(w.b}

1500(s) ,1456(m)
1380(w) ,1350(m)

1430(s), 995(s)

1300(w),1120(s)
1110(sh) ,1060(s)
1024(m), 852(s)
820(s), 775(s)
765(sh), 752(s)

Complexes
Pd(N—P)012 Pd(N-N)Cl2
- 314%0(s) ,3084(sh)
3050(w.b) 3050(s)

1589(s),1564(s)
1505(s),1469(s)
1390(s)

1320(53)}

1143(s) ,1082(s)
830(s), 775(s)

725(s) ,703(2h) ,690(s)
33u(s) 330(s)
- 528(m)
BLY5(w) 435(w)
1233(m) ,1280{w) 1616(m) ,1255Qm)

1150(w), 800(w)
575(s), 560(s)
550(s), 500(s)

1235(s),1215(s)
1030(w) , 910(w)
700(w), 582(m)

Pd(N-O}2C12

3100(m) , 3064 (s)
3000 (i

2850(m.b)
1708(s)

1595(s) ,1564(w)
1468(s) ,1436(s)
1378(s)

1220(s),1158(s)
1100(5),1060(s)
1032(s), 992{w)
820(s), 780(s)
724(m), 668(s)

350(s), 290(m)

440(s), 455(w)

1296(s) ,1260(w)



Mode

%%5 stretch.
Aromatic -C-H
stretching
~C0~-H stretch.
-CH=0 stretch.

Ring skeletal
vibrations
As-phenyl
stretching
P-phenyl
stretching
E%N;quiqolyl
ching

In-plane and
out-of-plane
~C-H vibre-
tions & out-
of-plane -
pane N,

Pt-Cl stret.

Pt-NH, stret.
Pt=-N (hetero-
cyclic) stret.

Unassigned

Pt(N-As)C12

3050(w.b)

1568(m) ,1490(s)

1455(w),1377(s.b)

1437(s), 997(s)

1308(s),1080(s)
846(sh) ,828(s)
773(s}, 735(s)
690(s)

300(s), 330(w)

460(s), 445(w)

1700(w.b},1227(m)

500(w)
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Complex

Pt(N-P)012

3040(m)

1583(m) ,1490(s)
1375(s)

1430(s), 992(m)

1308(m) ,1100(s)
860(s), 825(s)
775(s), 745(s)
690(s)

300(s)
430(s), 476(s)
430(w)

1695(w) ,1228{(m)
1160(s), $70(s)
550(s), 520(m)
510(w)

Pt(N—N)C12

3120(m.b)
3050(m.b)

1556(m) ,1505(s)
13%4(m)

1320(s)

1150(s) ,1030(m)
830(s), 785(sh)
775(s)

338(s),332(sh)
572(w), 530(w)
440{m)

1620(w) ,1260(w)
1235(m),1216(m)
1180(w)

Pt(N-0)2012

3060(m)

2850(w.b)
1708(sh),1675(s)

1600(s) ,1475(s)
1440(s) ,1366(m)

1210(s),1158(s)
1100{w} ,1065(s)
1038(sh) ,868(s)
825(s), 788(s)
770(s), 722(s)
690(s), 676(s)
660(w)

3u0(s), 290(m)

476(s), B40(s)
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3.3 Ultraviolet Spectra

The ultraviolet spectra of 8-(diphenylarsino)quinoline,
8~{(diphenylphosphino)quinoline, 8-aminoquinoline and 2-pyridine-~
carboxaldehyde and their metal complexes were recorded in the
range 400 M to 200 mp. The bands appearing in the spectra
are due to electronic transitions in the above ligands only.

Table VI lists the observed bands for the above ligands
in chloroform and dimethylformamide. The bands appearing around
270, 320, and 240 mpe  are associated with the local excitation
of the quinoline or pyridine ring. The bands observed around
250 mp¢ are due to charge transfer transitions. The unsaturated
substituent ( T;CO) in 2-pyridinecarboxaldehyde shows a charge
transfer in an opposite direction accompanied with a band at
244 m M uz. These two types of charge transfer are expressed
by reactions (4) and (5) respectively:

Ph._ hy PP ® ©

/,Q ~ quinolyl - _~Q = quinolyl (4)
Ph Ph

(5)

Table VII lists the observed bands for the metal complexes

of the above ligands in either chloroform or dimethylformamide.
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Table VI

Ultraviolet Spectra of 8-(Diphenylarsinolquinoline, 8-(Diphenyl-~

phosphino)quinplinelr8-Aminoquinoline and 2-Pyridinecarboxaldehyde

Ligand Sclvent
Chloroform Dimethylformamide
N-As 248 , 318 L ps 270 , 317 mpM
N-P 252 , 318 mp 270 , 320 mp
N-N 251 , 340 mp 268 , 350 nv;
N-O 244, 269 mp 271 m)4
Table VII

Ultraviolet Spectra of the Metal Complexes

Metal Complexes Solvent mf4
Ru(N-As)(DMSO)2C12 Chloroform 242, 324
RR(N-As)Cl, DMF 280(b), 318
[%h(N—As)(00)012]2 Chloroform 246, 320
PA(N-As)Cl, | Chloroform 245, 305, 318
Pt(N-As)012 Chloroform 273(b), 310(b)
Rh(N-P)Cl2 Chloroform 244, 322
Rh(N-P)(CO)C}.2 Chloroform 243, 320(b)
Pd(N-—P)Cl2 Chloroform 246, 315(b)
Pt(N—P)C12 DMF 273(b), 311(b)
Ru(N-N)(DMSO)2C12 Chloraform 246, 295(b)
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Metal Complexes Solvent mp
Rh(N-N)ZCl3 DMF 282(b)
@h(N-N)zclg.Hzo DMF 278(b), 318
Pd(N-N)C12 DMF 278(b)
Pt(N-N)C12 DMF 285(b)
Pd(N—0)2C12 DMF 269
Pt(N-0)2C12 DMF 270
Ruz(DMSO)5C1u Chloroform 244

3.4 Others

The electron spin resonance of the complexes of Rh{III)
and Rh(II) in the solid state were determined. The complexes,

Rh(N-As)Cl,, Rh(N-N),Cl, and [Rh(N~N),C1,.H,0 are diamagnetic

3°? 3
which is consistent with their oxidation states as formulated.

However, the complex [Bh(N-As)(CO)Cl is paramagnetic which

259
is also consistent with its oxidation state and suggests the

absence of metal-metal interaction.
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4, DISCUSSION

The mixed donor ligands (I and II) are prepared by the
reactions of the nucleophiles (C.H.),P” and (C6H5)2AS— with
8-chloroquinoline. The pyramidal geometry around the phosphorus
and arsenic atoms makes the lone pairs of electrons on them
readily available for donation without any steric hindrance.
Participation of both donor atoms in complexing is enhanced

by the formation of a stable five-membered ring.

/

SN

o QR O

-

\

PR \N Ph""'ﬂl\;z ANE
PR Fhe” H7
I IT IT1

Reduction of 8-nitroquinoline gives pure 8-aminogquincline
(IXI) in high yield. The two nitrogen atoms in this ligand
have different coordination tendencles. It is well known
that the electron density on the ring nitrogen is greater than
on the amine nitrogen. Thus, in coordination, the heterocyclic
nitrogen is preferable, An evidence for this preference is
the reaction of Ru(PPh3)2012 or Ru(AsPh3)2C12 with 2-amino-

pyridine (APY) which gives a product that has been identifiea”?



- 37 -

as Ru(APY)uClz. The 2-aminopyridine in Ru(APY)uCI2 is coordinated
only through the heterocyclic nitrogen. It is concluded therefore
that 8-aminoquinoline coordinates through its heterocyclic
nitrogen as a first choice. Then the amine nitrogen may
coordinate when the reaction conditions and the environment

of the metal atom allow the ligand to act as a bidentate ligand.

4.1 Reacticns of Dichlorotetrakis{dimethylsulphoxide)ruthenium{II}
29

It has been shown recently”” that Ru(DMSO)uCil2 is monomeric
in chloroform at 25°C, non-electrolyte in both acetonitrile and
nitromethane, and has a trans configuration.

29 is

It has also been reported”” that when Ru(DMS0), Cl

2

refluxed in neat nitrogen- or phosphoru$ -containing ligands,

all the dimethylsulphoxide molecules are displaced. But,

when a solution of the ligand in an inert solvent is used,

only two of the dimethylsulphoxide molecules are generally
displaced. A bidentate ligand also replaces two of the dimethyl-
sulphoxide molecules., The bidentate ligands, B8~(diphenyl-
arsino)quinoline, 8-amincquinoline and 8-{diphenylphosphino}-
quinoline are expected to show similar behavior. We have found
this to be true for the first two ligands which form the complexes
Ru(DMSO)z(N-As)Cl2 and Ru(DMSO)Q(N-N)Clz, respectively.

The 50 stretching frequency is of great importance in the

study of bonding of dimethylsulphoxide to the metal. The sulphur-
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oxygen bond has been frequently regarded as having considerable

- double bond character; which may be explained in valence bond

terms as arising from the resonanceuu:

CH CH
I+ - 3
\\_S-O B ;S:O
e
CH3 CH3
Iv v

The bonding of a metal ion to the oxygen atom of dimethyl-
sulphoxide stabilizes structure IV, lowers the S-0 bond order
and thus decreases its stretching frequency. On the other

hand, coordination through the sulphur atom stabilizes structure
V, increases the S$-0 bond order and increases its stretching
frequency. The infrared data shown in Table V indicate that

in Ru(N-As)(DMSO)zcl or Ru{N-N)(DMSO)2C12, one dimethyl-

2
sulphoxide molecule is O-bonded to the metal atom and the other

is S-bonded. This behavior has also been previously observed??

in the case of Ru(DMSO)u01 The N~H stretching frequency in

2.
8B~aminoquinoline complex shows a considerable decrease which,

23, is an evidence for bonding through the

according to Coalkey
nitrogen of the -NH2 Eroup.

The conductivity measurements for Ru(N-As)(DMSO)2012 and
Ru(N-N)(DMSO)2012 in chloroform at room temperature show that

both of them are non-electrolytes.
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In view of the above discussion, these complexes are

proposed te have the structures VI and VII.

H
(DMSO (]E i”
/
(DMS(‘\L_/_, _R_ @,
4 @

VI VII

8-(Diphenylphosphino)quinoline deoes not follow the same
pattern. When this ligand is subjected to similar reaction
conditions used for 8-(diphenylarsinolquinoline the product
isolated does not contain any of the phosphine ligand. The
yellow powder obtained has been identified by elemental analysas
te be a dimer of the formula Ruz(DHSO)SClq. The reaction was
repeated in the absence of 8-(diphenylphosphino)quinoline and
the compound isolated was identical to the diruthenium complex
mentioned above. The dimer is non-electrolyte in chloroform
at room temperature. The infrared spectra of Ru(DMSO)uC].2

and Ru,(DMSO}.Cl, differ slightly. The two peaks at 1316 em™t

-1

and 965 cm in the spectrum of the dimer do not appear in that

-1

of Ru(DMSO)u012. The strong band at 920 em © in the spectrum
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of Ru(DMSO),C1, is replaced by two weak bands at 928 cm t

and 910 cm—l in the dimer. The decrease in the intensity of
the band in the spectrum of the dimer in this region may be
attributed to the decrease in the number of O-bonded dimethyl-
sulphoxide molecules in the dimer. The strong peak at 965 em T
may be assigned to the S$-0 stretching when the dimethylsulphoxide
molecule acts as a bridge, in which it is S~ and O-~bonded.
However, the C-H out-of-plane vibrations also appear in the same
region which makes the assignment of the 5-0 stretching rather
uncertain. The n.m.r. spectrum of the dimer (in chloroform)

was too complicated to be used as evidence for the presence

of both bridging and tevminal dimethylsulphoxide ligands.

4.2 Reactions of Rhodium Trichloride Trihydrate

The ligands 8-(diphenylarsinol)quinoline, 8-(diphenyl-~-
phosphinc)quinoline, and 8-aminoquinoline did not behave similarly
in their reactions with rhodium(III) chloride. Although the
product expected from the reaction of 8-(diphenylarsinol-
quinoline is [Rh(N-As)2012]C1, the one obtained is formulated
as Rh(N-As)Cl3 based on its elemental analyses and on the fact
that its solution in dimethylformamide is non-electrolyte. Its
structure as a monomer is square pyramidal or trigonal bipyra-
midal. This geometry is not common for rhodium(III), and thus

a dimeric structure may be expected in which each rhodium atom
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has an octahedral configuration. This could not be confirmed
by molecular weight determination because of the low solubility
of the complex.

8- (Diphenylphosphine)quinoline reacts with rhodium trichlo-
ride trihydrate in a way similar to that of (o—Me.Cqu)3P.
When an ethanolic solution of RhCla.3H20 is allowed to react
with a solution of ( -Me.C.H ),P in ethanol, the square ‘planar
rhodium(II)} complex, trans-Rh E“_ME'CBH4)3P]2012 is isolated. .
The product obtained with 8-(diphenylphesphino)quinoline is
formulated as Rh(N-P)012 which most likely has a square planar
structure.

8-Aminoquinoline behaves typically and gives the product

The N-H stretching (3180, 3100 cm 1)

1

formulated as Rh(N-N)zcla.

shows a shift of about 270 cm ~ towards lower frequency indicating
coordination through the amine nitrogen. Hence the ligand is
bidentate and the complex should be formulated as [Bh(N—N)ZClQ]Cl.
Howcver, the conductivity of the complex in dimethylformamide

does not substantiate this formulation. A solution of the
compound in dimethylformamide has a conductivity at room
temperature that does not correspond to a 1:1 electrolyte. By
comparison with the corresponding bipyridyl complex
{Rh(bipy)2C12]Cl prepared under similar conditionsus,
@h(N*N)zclz]Cl is proposed to have a tramns configuration

(VIIT).
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4.3 Reactions of Dichlorodicarbonylrhodate{I) Anion

The anion [Rh(C0),C1,1"

2)

is one of the most important

starting materials in the synthesis of rhodium complexes.

It is prepared in solution by passing carbon monoxide through

a refluxing cthanolic solution of rhodium trichloride

trihydrate.

for many Rh(I) complexes.

In general, this anion is an important precursor

An exception to this generaliza-

tion is its reaction with 8-(diphenylarsino)quinoline and

8~{diphenylphosphinoc)quinoline which results in the formation

of rhodium(II) complexes.

It seems that these mixed donor

bidentate ligands stabilize the divalent oxidation state

more than the monovalent state.

and arsenic atoms tend to stabilize the lower oxidation state

while the strong ¢ ~donor and very weak JT-acceptor nitrogen

The Ti-acceptcer phosphorus

O I\J\ !"“ O/

\

/

L7
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atom in the same ligand forms more stable complexes with the
high oxidation state. Hence the intermediate divalent oxidation
state represents a compromise between the two opposing effects.

8~ (Diphenylarsinolquinocline forms a dimer, [Rh(N-As)(CO)Clz]Z,
which is non-conducting in dimethylformamide and shows two strong

1 and 1870 cm_l) due to terminal C-0 groups.

bands (2040 cm~
This suggests that the carbonyl groups are not equivalent.
8~(Diphenylphosphino)quinoline forms the non-conducting monomer
Rh(N-P)(CO)Cl2 which also shows two intense bands (2060 em !
and 1975 cm %) in the terminal C-0 stretching region. These
bands suggest the presence of two isomers in which the carbonyl
groups are sterically different.

The possible structures of these Rh(II) complexes are

shown in IX - XII.

. CO " CO (TAs N ™™

/'/r'f \Fth/ ) ‘\_L /_F‘J \ ‘\Q ey

o mh N NN,

as----i-‘fcn-d-j-\;\g/ OC7 - 3D
Cl Cl Cl CH

IX X
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XI XII

8-Aminoquinoline, which has two nitrogen donor. atoms
and nc phosphora$S or arsenic donor atoms is expected to form
stable complexes with rhodium(III). This indeed is what we
have observed. 8-Aminoquinoline, forms a trivalent rhodium
complex,Ekh(N-N)zclg.HZO. The infrared spectrum of the complex
does not show any bands in the terminal C-0 region. Two
peaks have been observed in the N-H stretching region and are
assigned to complexed and uncomplexed —NH2 group. A broad

1 1

band centered at 3595 em - and a medium one at 1620 cm

indicate that water is not bonded to the central metalua.

4,4% Reactions of Dichlorobis{benzonitrile)palladium(II)

Dichlorobis{(benzonitrile)palladium(II) is a very useful
starting material for the preparation of many palladium(II)
compounds. The coordinated benzonitrile is wvery labile and can
be easily displaced by a variety of ligands. When a solution

of the above palladium complex in acetone is allowed to react
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with 8-{(diphenylarsino)quinoline, 8-(diphenylphosphino)}-
quinoline, 8-aminoquinoline, or 2-pyridinecarboxaldehyde,
the benzonitrile molecules are displaced and the complexes,
Pd(N—As)Clz, Pd(N-P)ClZ, Pd(N-N)ClZ, and Pd(N-O)2Cl2 are
isolated, respectively.

The properties of the 8~aminoquinoline complex are in good
agreement with those of an authentic compound prepared by a
literature procedurezu. Coakley23 has reported the preparation
of a different 8-aminoquinoline complex, ‘}d(N—N)zlclz. In
all of these complexes, 8-aminoquincline acts as a bidentate
ligand as shown clearly by the decrease in the N-N stretching
frequency.

2-Pyridinecarboxaldehyde reacts with dichlorobis(benzo=~
nitrile)palladium(II) to form a cis-dichlorobis(2-pyridine~
carboxaldehyde)palladium(II), in a way similar to the reaction
of pyridineug. The C-0 stretching band appears exactly at the
same pesition in both the free ligand and its complex indicating
that 2~pyridinecarboxaldchyde functions as a monodentate ligand
and coordinates through its heterocyeclic nitrogen. The infrared
spectrum shows two peaks in the Pd-Cl stretching region indica-
ting that the compound has a cis configurationzu. This is
also confirmed by the presence of two peaks in the Pd~N
stretching regions. All the palladium complexes cited above

are non=-conducting; Pd(N—As)Clzlchloroform, Pd(N-P)Clzfnitro-
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benzene, Pd(N-N)Cl2 and Pd(N-O)2C12/DMF « They are square

planar as shown in XIII and XIV.

Q
4
R H—C
| L o PR
Cf N\ J~ ,I \ //JJNO
2 pd ;"
SEA
H—C
A\
O
L=zAs ; R = Ph Pd(N-As)012 Pd(N-O)QClZ
L=P ; R=Ph Pd(N-P)CL,
X1v

L=N 3 R=H Pd(N—N)Cl2

4.5 Reactions of Potassium Tetrachloroplatinate(II)

Potassium tetrachloroplatinate(II) was used as a starting
material for the preparation of platinum(II) complexes. When

an aqueous solution of K PtClu is allowed to react with

2
8- (diphenylarsino)quinoline, 8-(diphenylphosphino)quinoline,

8=aminoquinoline, and 2-pyridinecarboxaldehyde, the complexes

Pt(N-AS)Clz,'Pt(N-P)Cl2, Pt(N-N)Clz, and Pt(N-O)2012 are

25

respectively isolated. TFanning and Taylor were not able to
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prepare the 8-aminoquinoline complex of Pt(II) because of the
insolubility of K2PtC1u in organic solvents. We report here
the preparation of this complex using an agqueous solution of

K PtClq.

2
Similar to all 8~aminoquinoline complexes so far discussed,

Pt(N—N)012 shows a large decrease in the N-H stretching

frequency. Conductivity measurements indicate that all these

| platinum complexes are non-electrolytes. 2-Pyridinecarboxal=-
dehyde is bonded to the platinum atom only through the heterocyclic
nitrogen leaving the carbonyl group free as shown clearly by

the infrared spectra of both the free ligand and its complex.
Similar to cis-dichloro square planar complexes its infrared
spectrum shows two peaks in the Pt-Cl stretching region.

Pt (N-P)C1

Al]l of these complexes, Pt(N-As)Cl Pt(N—N)Clz,

2’ 22
and Pt(N—0}2012 are square planar as shown in XV and XVI.

O
R P H-C”~

. wa ~
L/l“\_‘_*J- (:’,\ //NO

Pl '> ALY
ST ‘l—————ND
. tﬂéo - O

\\f~j Fr_(;hm

L=As; R=Ph Pt(N-As)Cl, Pt (N-0),Cl, U
LzN ; R=

H P‘t(N—N)Cl2
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4.6 Coupling Reactions

When 2=-pyridinecarboxaldehyde is mixed with 8-aminoquinocline,

the tridentate 8-( A-pyridylmethyleneamino)quinoline (N-N-N)

is isolatedso. It is expected that the free carbonyl group

in both Pd(N-O)2012 and Pt(N—O)2C12 may couple in a similar

way with 8-aminoquinoline forming new complexes containing the
tridentate ligand (N-N~N). Comparison of the infrared spectra

of 2~pyridinecarboxaldehyde, Pd(N—O)2012 and the coupling

product shown in Figures (1) and (2) suggest that condensation

1 in the

has taken place. The C-0 stretching at 1708 cm
spectrum of Pd(N-O)2C12 completely disappeared in the (N-N-N)
complex. Moreover, the N-H stretching characteristic of
g§-aminoquinoline does not appear at all in the spectrum of

the (N-N-N) complex. However, the reaction product does not
give good elemental analyses. Attempts to prepare the expected

product [M(N—N-N)Cl]Cl, (M = Pd, Pt) in pure form have been

unsuccessful.
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