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Palladium(l1) and platinum(iZ) complexes derived 
from the bidentate hybrid ligands, o- dimethylarsino- 
aniline (MAA), o-diphenylarsinoaniline (PAA), and 
l-amino-2-(diphenylarsino)ethane (APE), containing a 
hard nitrogen and a soft arsenic donor atom are de- 
scribed. 

The complexes are of two types: 

(i) Pd(ligand)Xb where ligand = MAA, PAA, or 
APE, and X = halogen or thiocyanate. 

(ii) M(ligand)rXI, where M = Pd or Pt, ligand = 
MAA, PAA or APE, X = halogen, SCN or Clot. 

The interest in this paper in compbunds of type 
(ii), which can exist as square planar compounds with 
two, one or no ionic X groups, depending upon the 
action of the two potentially bidentate ligands, as 
both bidentate, one bi- and one monodenfafe or both 
monodentate ligands, respectively. Alternatively, the 
compounds with one or no ionic X groups can be clas- 
sified as five or six coordinate species, respectively. 

Detailed discussion of likely structures is offered, 
based upon infrared and conductance measurements 
on the compounds. 

Some neutral compounds of the type [M(ligand- 
H)z,] (where M = Pd or Pt, ligand -H = singly 
deprotonated MAA or PAA) are also described. 

Introduction 

It has been established that in divalent square pla- 
nar complexes of palladium or platinum the tendency 
of the group V donor atoms to confer upon the cen- 
tral atom the ability to engage in pentacoordination 
incrwses in the sequence N < P< As < Sb. This may 
be a consequence of decreasing donor and increasing 
x-acceptor ability along this sequence with the result 
that increasing positive charge on the central atom 
enhances its ability to attract additional ligands.’ 

In the case of hybrid donor bidentate ligands con- 
taining phosphorus or arsenic as one of the donor 
atoms, the possible occurrence of structures in which 
the ligands coordinate only as monodentate groups 
by utilizing only the phosphorus or arsenic donor 
atom should be considered. This situation is most 

(1) A. D. Westland, 1. Chem. Sot., H)6011%5). 

likely to occur for ligands in which the second donor 
atom is chard>, and therefore does not coordinate 
strongly to palladium(H) or platinum(II), e.g., nitro- 
gen. 

Structures of the type described above have been 
proposed to account for the properties of the palla- 
dium(I1) complexes formed by the ligands (o-dimethyl- 
aminophenyl)dimethylarsine* (As-N) and (o-dimethyl- 
aminophenyl)diethylphosphine3 (P-N). The trans bis- 
complexes formed by these ligands may be considered 
to have one of the square planar structures I, II, or’ 
III, where E = P or As. 

III 

Some of these complexes were found to exist in 
interconvertible isomeric forms corresponding to the 
structures above, e.g., Pd( P-N)212 and Pd(As-N)Brz 
were isolated in both structural forms II and III and 
Pd(P-NMNO& was isolated in all three structural 
forms. In solution, equilibria are established between 
the three structural isomers depending on the tem- 
perature and polarity of the solvent, e.g., Pd(P-N)2X2 
(where X = Cl or Br) are 2: 1 electrolytes in water, 
but only 1: 1 electrolytes in nitrobenzene. Of course, 
it is also possible to account for the above results by 
postulating the existence of five and six-coordinate 
structures IV and V in place of the structures II and 
III since the authors found no suitable method for 
detecting 

X 

( 
E\ I /N 
N/pd\E ) x- 1 

IV 

X 

c E--t 1 lN 
NAPd\E 

? 4 

V 

the presence of free dimethylamino groups.3 

(2) F. G. Mann and F. M. C. Stewart. I. Chem. SIX., 1269(1%5). 
(3) F. G. Mann and H. R. Watson, I. Chem. Sac., 3950 (1967). 
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8-dimethylarsinoquinoline (&dmaq), forms bis- 
complexes with platinum(I1) and palladium(I1) which 
are considered to possess four, five, or six-coordinate 
structures. Four-coordinate structures are obtained 
using poorly coordinating anions, e.g., [M(8-dmaq)z]- 
(ClO&. These complexes react with neutral or 
anionic ligands to form five-coordinate complexes of 
general formula, I: M(bdmaq))~L](ClO& and [ M(8- 
dmaq)2X](ClO~) where X = Cl, Br or I and L = 
pyridine or 4-methylpyridine). The complexes, Pd- 
(8-dmaq)zXz (where X = Cl, Br, I or SCN), are only 
partially dissociated in nitrobenzene and have molar 
conductance values less than would be expected for 
1: 1 electrolytes. This may be attributed to an equi- 
librium between five and six-coordinate species in 
solution 

[ Pr(8-dmaq)lX2] = [ Pd(Gdmaq)tX]X 

(o-methylthiophenyl)dimethylarsine (As-S) forms a 
series of bis-complexes with palladium(I1) and pla- 
tinum(I1). The complexes of general formula, Pd- 
(As-S)ZXZ (where X = Cl, Br or I), tend to disosciate 
with the formation of the monochelate species, [Pd- 
(As-S)Xz], in solution. However in the presence of 
a large excess of the ligand, the complexes appear 
to exist in solution with the five-coordinate structu- 
res [ Pd(As-S)zX] +X-.5 The bis-complexes with pla- 
tinum(J1) show similar properties. Further evidence 
for the existence of [Pt(As-S)zX]+ was provided by 
the isolation of complexes of general formula, [Pt- 
(As-S)2X]C101 (where X = Cl, Br or I).6 The four- 
coordinate cationic complexes, [ M(As-S)Z]‘+, are for- 
med in the presence of weakly coordinating anions, 
e.g., C104- or [PtCb12-. 

Some bis-chelate complexes have also been repor- 
ted for the ligand 2-methyl(dimethylarsino)pyridine.7 

For all the bidentate ligands discussed above, some 
examples of monochelate complexes of general for- 
mula, CM(ligand)Xt] (where M = Pd or Pt and X = 
Cl, Br I and SCN), have also been isolated. These 
are typical square planar complexes and show no ten- 
dency to add a fifth ligand. 

Results and Discussion 

1: 1 Complexes. When any of the three ligands, 
l-amino-2-(diphenylarsino)ethane (APE), o-dimethyl- 
arsinoaniline (MAA), or o-diphenylarsinoaniline (PAA) 
was reacted with potassium tetrachloropalladate( IJ) 
in hot aqueous ethanol in 1: 1 proportions, yellow 
crystalline precipitates of complexes with the general 
formula, [Pd(ligand)C12] (where ligand = MAA, 
PAA or APE) were obtained. For the reaction of 
APE with IGPdCh, the initial product was the light- 
brown coloured salt [Pd(APE)2] [PdCh], but on he- 
ating of the solution this was slowly converted to the 
pale yellow mononuclear complex, [ Pd(APE)Ch] . 
The complexes, [Pd(ligand)X1] (where X = I or 
SCN), were obtained from the reaction of [Pd(ligand)- 

(4) G. A. Barclay, M. A. Collard, C. M. Harris and 1. V. Kingston, 
I. Chem. Sot. (A), 830 (1969). 

(5) S. E. Livingstone. 1. Chem. Sot., 4222 (1958). 
(6) B. Chiswell and S. E. LivIngstone, I. Chem. Sot.. 1071 (1960). 
(7) H. A. Goodwin and F. Lions, 1. Am. Chem. SOL, 81, 311 (1959). 

Cl21 with excess sodium iodide or potassium thio- 
cyanate. 

The reaction of MAA or APE with potassium tetra- 
chloroplatinate(I1) in aqueous ethanol in 1: 1 propor- 
tions gave insoluble pink-coloured precipitates of the 
salts, I Pt(ligand)z][ PtCl,] (where ligand = MAA or 
APE). These salts were not readily converted to 
mononuclear complexes, e.g., when a suspension of 
[Pt(APE)z][ PtCh] in ethanol was boiled, precipita- 
tion of platinum metal gradually occurred. However, 
on stirring a suspension of [Pt(APE)2][PtClr] in 
ethanol with excess sodium iodide, the yellow com- 
plex [Pt(APE)IJ slowly formed. This complex cry- 
stallized from dimethylformamide as [Pt(APE)L] . ‘12 
(DMF), as indicated by the analytical data and the 
presence of a C= 0 stretching band at 1660 cm-’ 
in the infrared spectrum. 

The complexes of general formula, [ M(ligand)XJ 
(where M = Pt” or Pd”), appear to have the four- 
coordinate planar structures which are commonly 
found for platinum( II) and palladium( II) complexes. 
Coordination of the amino groups of the ligands is 
evident from the infrared spectra of the complexes. 
In the series of complexes, [Pd(ligand)XJ, the N-H 
stretching frequencies of PAA, APE and MAA are 
shifted to lower frequencies by about 300, 105-135 
and 240-280 cm-’ respectively. In the infrared spec- 
trum of each of the complexes, Pd(APE)(SCNh and 
Pd(PAA)(SCN)2, there are two C-N frequencies at 
2120, 2115, and 2120, 2100 cm-’ respectively, con- 
sistent with a cis- arrangement of S-bonded thiocyan- 
ate ligands. 

Of some interest is the case with which the chelate 
ring in the APE complexes of platinum(I1) and pal- 
ladium(I1) can be opened by protonation of the amino 
group. Thus [Pt(APEh] [PtCl,] dissolves in a hot 
mixture of ethanol and hydrochloric ecid, and an 
orange-yellow complex of structure VI separates on 
cooling. 

r H,N+-CH>-CHI-AsPhI, /Cl 1 
~‘Pt’ 

CI’ ‘Cl 
. Hz0 

The complex is an example of zwitterion, and be- 
haves as a non-conductor in nitrobenzene solution 
(Table Ic). The analogous orange-brown complex 
[Pd(APEH)+ClJ. Hz0 was obtained from the reac- 
tion of [Pd(APE)ClJ with hydrochloric acid. In con- 
trast to these complexes, [ Pt(en)Clz] has been reported 
to dissolve in 12 M hydrochloric acid without reaction.9 

2: 1 Complexes. When two proportions of MAA, 
PAA, or APE were reacted with one proportion of 
either potassium tetrachloropalladate( II) or potas- 
sium tetrachloroplatinate( II) in aqueous ethanol, solu- 
tions were obtained from which complexes of general 
formula, M(ligandkC12 . r&I20 (where M =Pd” or Pt”; 
ligand = APE, MAA, or PAA; n = 0, 1, or 2), were 
subsequently isolated. The chloride ion in these 
complexes was replaced by bromide, iodide, thio- 

(8) M. J. Hudson, R. S. Nyholm. and M. H. B. Stiddard, 1. Chem. 
Sot. (A), 40 (1969). 

(9) G. L. Johnson. Inorg. Syntheses, 8, 242 (1966). 
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Table I. Molar conductances of platinum(II) and palla- 
dium( II) complexes. 

cyanate, or perchlorate ions, using metathetical reac- 
tions . 

Complex Molar Concentration 
AM o;rg; cm’ 

1 

(a) Conductance measured in methanol at 24’C 

Pd(APE)Xlr .2HzO 1.07x lo-‘M 
Pd(MAA),Cl, . Hz0 1.02x10-’ 
Pd( PAA),Cl, . H’O 1.00x 10-l 
Pt(APE),Cl’ 1.11 x lo-’ 

1, 5.53 x lo-’ 
. . 9.73 x lo-’ 

116.0 
97.8 

119.0 
73.3 
91.3 

139.0 
162.0 
66.9 
79.7 
91.8 

104.0 
73.5 
92.2 

124.0 
164.0 

72.7 
31.7 

110.0 
162.0 
133.0 
148.0 
168.0 

,- 

Pt(ti;ZA),Cl, .2H,O 
I> 
,I 

Pt(P;iA)‘Cl: . H,O 
I, 
. . 

Pd(iPE)J, 

3.42 k lo-’ 
1.17x lo-’ 
5.84x 10-l 
1.45x 10-l 
2.21 x lo-’ 
1.10x 10-Z 
5.51 x lo-’ 
1.52 x lo-’ 
2.11 x lo-’ 
1.07 x lo-’ .~ 

II 

9, 

Pd(iPE),(ClO,): . H,O 
Pt(APE)z(ClO,), . Hz0 
Pt(PAA)IClO,), 

5.69 x 10-l 
1.61~10“ 
2.22 x lo-’ 
1.06x lo-’ 
0.97 x lo-’ 

0.991 x lo-’ 

(b) Conductances measured in nitromethane 

Pt(MAA),(SCN), 
Pt(APE)z(ClO& . Hz0 
Pd(MAA),(ClO,), 
Pd(PAA)I(CIO,)’ . Ii:0 
Pt(APE)‘(ClO,), . Hz0 
Pt(MAAh(Cl0,)’ 
Pt(PAA),(ClO,), 
Known 2: 1 electrolyte 
(Ph,As)J OsBrs] 

1.33x lo-‘M 32.1 
1.00x 10-l 144.0 
1.14x lo-’ 151.0 
1.24~10“ 132.0 
9.8 x lo-’ 135.0 

1.12x lo-’ 154.0 
1.16x lo-’ 130.0 

1.03x 10 -’ 170.0 

(c) Conductanccs measured in nitrobenzene 

Pd(PAA)‘Cl’ . Hz0 
Pt(PAA)‘Cl, . Hz0 
Pd(APE)‘I, 
Pd(MAA),I, 
Pd(PAA)J, GH’OH 
Pd(APE),I, 
Pd(MAA),I, 
Pt(PAA)‘I, 
Pd(APE)‘(SCN), 
Pt(APE),(SCN), 

Pd(~PE)‘(ClO), . Hz0 
Pt(APE),(ClO,), . HxO 

Knok 2: 1 electrolyte 
(PhrAsh[OsBo] 

1.31 x 10-W 0.8 
1.54x lo-’ 2.6 
0.97 x lo-’ 9.7 
1.09x 10-l 1.5 
1.60x 10-j 0.3 
1.04x 10-j 14.0 
1.38X lo-’ 9.9 
1.17x lo-’ 6.9 
1.19x 10-l 13.7 
9.84x 10-j 8.1 
4.91 x 10-l 10.2 
1.43x 10-j 13.9 
0.63 x 10-l 19.0 
1.02 x lo-’ 31.0 
9.4 x 10-l 18.5 

4.25 x lo-’ 22.7 
1.22x lo-’ 31.1 
0.66 x lo-’ 37.4 

1.23x lo-’ 
Pd(MAA-H)’ 1.38x lo-‘M 
l’d( PAA-H)’ MCH’Cl’ 1.31 x10-’ 
Pt(MAA-H), 1.15x lo-’ 
Pt(PAA-H)z 1.06x 10-l 
Pt(APEH+)Cl, . HI0 0.91 x lo-’ 

(d) Conductances measured in water at 22°C 

Pd(APE)Xll .2H’O 2.36x lo-‘M 189.0 
Pd(APE),Ch .2H’O 0.89 x 10-l 198.0 
Pd(MAA),Cl, . H’O 1.28X lo-’ 190.0 
Pt(APE),Cl, 1.13x lo-’ 191.0 
Pt(MAA)zCh .2H’O 1.27 x lo-’ 185.0 

50.9 
0.9 
0.2 
0.7 
0.7 
0.0 
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If both of the As-N groups behave as bidentate 
ligands, the 2: 1 complexes may be considered to 
possess four-coordinate planar structures as in struc- 
ture I (where E = As), with the possibility of co- 
ordination of one or both anions X. 

Alternatively, if one or both As-N groups coordin- 
ates onIy as a unidentate ligand through the arsenic 
atom, then four coordinate structures of types II and 
III (where E = As) are possible. 

Each of these three structures may exist in cis and 
trans isomeric forms but in no case was the presence 
of isomers of this type detected. 

The presence of free amino groups in complexes 
prepared was determined from the infrared spctra 
of the anhydrous complexes, and information regard- 
ing the structures of the complexes in solution was 
obtained from conductivity measurements. 

For the purpose of discussing the infrared spectra 
of these platinum(I1) and palladium(I1) complexes, it 
is convenient to group them according to the anion 
present. However, the structures of complexes do 
not depend entirely on the anion, but are also in- 
fluenced to some extent by the ligand and the metal 
ion. 

(i) Perchlorates. The complexes, Pt(MAA)2(ClO&, 
Pt(PAAh(ClO&, and Pd(MAA)z(ClO&, show absorp- 
tion bands near 3200 cm-‘, which may be assigned to 
the N-H stretchin!. vibrations of coordinated amino 
groups. An additional broad band in the region 
3600-3500 cm-’ in the infrared spectra of the com- 
plexes, Pt(APE)2(ClO&. HzO, Pd(APEk(C10,)2. HzO 
and Pd(PAA)z(ClO& . HzO, may be assigned to the 
O-H stretching vibrations of lattice water. All the 
perchlorate complexes are considered to have four- 
coordinate bis-chelate structures (I) with ionic per- 
chlorate groups. 

(ii) Chlorides. Pt(APE)G was the only chloride 
complex obtained in an anhydrous state. The highest 
frequency band in the infrared spectrum of this com- 
plex occurs at 2950 cm-‘. This broad band arises 
from the overlapping of the C-H stretching and co- 
ordinated NH2 stretching frequencies. The N-deuter- 
ated complex has N-D stretches at 2210 cm-’ and 
2280 cm-‘. The N-H stretching frequencies in Pt- 
(APEhC4 are at least 200 cm-’ lower than those in 
APE, so the complex is assigned a bis-chelate struc- 
ture. The four-coordinate structure containing the 
cation [ Pt(APE)2]2+ is most likely, although weak 
coordination of the chloride ions could produce struc- 
tures with coordination numbers of five or six. 

The hydrated complexes, Pr(APE)Klz .2H20, Pd- 
(MAA)& . Hz0 and Pt(MAA)X12 .2HzO display 
broad bands near 3400 cm-’ in the infrared, and 
these must be assigned to the O-H stretching of water. 
These bands will mask any absorption that may arise 
from the presence of free amino groups in these com- 
plexes. Other bands are observed in the region 3200. 
3000 cm-’ where the coordinated amino groups are 
expected to absorb, so at least one of the ligands in 
these complexes is chelating. 

Both P~(APE)Q~.~HzO and Pd(PAA)G .2H20 
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have quite strong yellow colours which indicates the 
presence of Pd-Cl bonds, but a distinction between 
a bis-chelate structure with five or six-coordination 
(IV or V) and a four-coordinate structure, cannot be 
made. The water can be removed from Pd(APEkC12 . 
2H20 by heating. The infrared spectrum of this anhy- 
drous compound is similar to that of Pt(APEkC12. 
The anhydrous complex has only a faint cream co- 
lour and probably contains the cation, [Pd(APEk]*+. 

(iii) Zodides. Pt(MAAkL has no infrared absorp 
tion bands above 3200 cm-’ and accordingly may be 
assigned a bis-chelate structure. On the other hand, 
Pd(MAAkL has bands at 3385 and 33 15 cm-’ which 
are only slightly lower in frequency than the N-H 
stretching bands of MAA itself; so this complex evi- 
dently possesses the four-coordinate bis-monodentate 
structure, III. The non-ionic nature of this complex 
is reflected by its insolubility in water and its solubi- 
lity in non-polar solvents such as benzene and c.yclo- 
hexane. The ionic complex, [Pt(MAAk]L is, on 
the other hand, soluble in water and insoluble in 
benzene or cyclohexane. 

The bis-complex of PAA with palladium(I1) iodide 
crystallized from ethanol as a solvate, Pd(PAAkI2 . 
EtOH. The presence of ethanol was evident from 
the analytical results, the presence of O-H stretching 
bands at 3660 and 3500 cm-‘, and aliphatic C-H 
stretching bands at 2940 and 2900 cm-’ in the in- 
frared spectrum. The ethanol was removed by heat- 
ing the complex to 80°C under vacuum. Pd( PAA) 
exhibits N-H stretching bands at 3440 and 3355 cm-‘, 
which are almost at the same frequencies as the N-H 
stretching vibrations in <<free>> PAA. Pd(PAAkI2 is 
therefore considered to possess a bis-monodentate 
type structure III. In the infrared spectrum of the 
ethanolate, the O-H stretching vibration appears as a 
doublet and the splitting of the N-H stretching fre- 
quencies is also evident, bands being observed at 
3440, 3400 cm-’ and 3340, 3240 cm-‘. Evidently 
there is a hydrogen bonding interaction between the 
hydroxyl and amino groups in this compound. Pt- 
(PAAkL shows two strong broad bands near 3400 
and 3000 cm-’ in the infrared spectrum and appa- 
rently possesses both free and coordinated amino 
groups as in the structure II. 

The infrared spectrum of Pt(APEkI2 and Pd(APEk- 
12 are similar, with a broad band at 3440 cm-’ and 
other bands near 3200 cm-‘. These complexes also 
apear to have the chelate-monodentate structure II. 

(iv) Thiocyanates. The infrared spectra of Pd- 
(APEk(SCNk and Pt(APEk(SCNk are similar. There 
are no absorption bands at frequencies higher than 
3200 cm-’ and C-N stretching vibration of the thio- 
cyanate ion appears as a doublet, 2060 and 2030 
cm-‘, with frequencies in the region expected for 
ionic thiocyanate groups. The explanation for the 
appearance of the C-N stretching vibration as a 
doublet can probably be described to solid state ef- 
fects. The complexes are considered to have bis- 
chelate structures as in I. 

Pt(MAAk(SCNk shows N-H stretching bands at 
3365 and 3295 cm-’ as well as in the region 3200- 
3000 cm-‘, which indicates the presence of both 

<<free, and coordinated amino groups. This complex 
appears to possess the chelate-monodentate structure 
II. In support of this postulate, the complex shows 
C-N stretching vibrations at 2135 and 2060 cm-‘; 
the first band (2135 cm-‘) is in the region expected 
for an S-bonded thiocyanate, and the second band 
(2060 cm-‘) in the region expected for an ionic thio- 
cyanate. 

Attempts to prepare Pd(PAAk(SCNk resulted in 
the formation of Pd(PAA)(SCNk, while pure samples 
of Pd(MAAk(SCNk and Pt(PAAk(SCNk could not 
be obtained, probably because of similar tendency 
to dissociate to a monochelate complex. 

The generalizations that can be drawn from the 
above results and discussion are: 

(a) that platinum(I1) has a greater tendency than 
palladium(H) to form chelate rings with the RzAs- 
NH2 ligands. 

(b) that APE has a greater ability to chelate to 
platinum(I1) and palladium(I1) salts than does either 
MAA or PAA. 

(c) that the anionic ligands with high nucleophilic 
reactivity towards platinum(II), e.g., iodide ion, are 
the most effective in displacing the amino group of 
the ligands from the coordination sphere. The gene- 
ralizations do not seem to apply in all cases, e.g., 
Pt(MAAkI2. This can be expected since other fac- 
tors such as the temperature and polarity of the sol- 
vent from which the complexes were crystallized will 
be important in deciding the structure. 

Conductance Measurements of 2: 1 Complexes. Con- 
ductivity data were obtained for solutions of the bis- 
complexes of general formula, M(ligandkX2 . nH20 
(where ligand = APE. MAA, or PAA; X = Cl, I, 
SCN, or ClO,; M = Pd or Pt and n = 0, 1, or 2j, 
at concentrations of about 10m3 M in water, methanol, 
nitromethane and nitrobenzene. Molar conductance 
values, (AM), were calculated by assuming the mole- 
cular weight of a complex was equal to its formula 
weight. Results are listed in Table I. 

(a) Conductiuities in Methanol (See Table Ia). So- 
lutions of the complexes, M(ligandkXz . H!O (where 
ligand = APE, MAA, or PAA; X = Cl, I, or SCN; 
M = Pd or Pt and n = 0, 1, or 2), at concentrations 
of about 10m3 M in methanol gave molar conductance 
values which were somewhat lower than the values 
of about 180 ohm-’ cm2 mole-’ usually Qbserved for 
2: 1 electrolytes in methanol.‘3 For some of the com- 
plexes, the molar conductance values obtained were 
much closed to the values usually observed for 1: 1 
electrolytes in methanol, i.e., about 100 ohm-’ cm* 
mole-‘.” 

It is possible to account for the low molar conduc- 
tance values of the complexes in at least four ways: 

(i) by postulating equilibria between bis-chelate, 
chelate-monodentate, and bis-monodentate structures 
in the solutions. 

(IO) I<. A. Krause and D. H. Busch, /. Am. Chem. SIX., 82, 4830 
(1960). 

(II) R. A. Robinson and R. If. Stokes u Electrolyte Solutions 9. 
2nd edition. p. 162, Academic Press Inc., New York (1959). 
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(ii) by postulating equilibria between bis-chelate 
structures with coordination numbers of four, five 
and six in the solutions. 

(iii) by postulating equilibria between the bis-chel- 
ate, four-coordinate structure and the uncharged mono- 
complex formed by complete dissociation of one of 
the chelate ligands. 

[M(ligand),X:] =[ M(ligand)XI] +ligand 

(iv) by postulating ion-pairing which is fortified 
at the low concentrations by hydrogen bonding of the 
anions with the amino groups in the cations. 

The study of the infrared spectra of the complexes, 
M(ligand)zXz (where X = Cl, I, or SCN), indicated 
that either a bis-chelate, chelate-monodentate, or bis- 
monodentate structure occurred in the solid state 
depending on the particular combination of ligand 
and anion. It therefore seems most logical to attempt 
to explain the conductivity results according to po- 
stulate (i) rather than postulates (ii) or (iii). Also 
since some of the complex perchlorates [M(ligand)z]- 
(ClOl)z . nHz0 were found to have lower molar con- 
ductances than expected for 2: 1 electrolytes; the ef- 
fect of ion-pairing as in (iv) may also be significant. 

Conductivity data were obtained over a concen- 
tration range for solutions of the complexes Pt(MAA)r 
Cl2 . 2Hz0, Pt(APE);L, Pt(APE)sCh and Pt(PAA)G . 
2Hz0 in methanol. The results are show in Figure 2 
as plots of An, against Cnl, and in Figure 1 as plots 
of A, againsr C, where it is assumed that the com- 
plexes are 2: 1 electrolytes, i.e. C, = 2% and A, = 
v, Ah,. Alternatively if the complexes are assumed 
to be 1: 1 electrolytes the Ah1 against CM, and Ae 
against C, plots are equivalent. The variation of Ae 
with concentration for dilute solutions of strong 
electrolytes in water as well as in non-aqueous sol- 
vents is given by the Onsager equation 

Accordingly, plots of Ae against C, are expected to 
be linear. The slope A, of these linear plots has 
been shown to be a characteristic of the electrolyte 
type. Feltham and Hayter give values of about 260 
and 510 for 1: 1 and 2: 2 electrolytes respectively in 
methanol.‘* 

The plot of A, against C, for Pt(MAA)Klz .2H20 
was linear over the concentration range lo-’ to 10e4 
M. The A, against C, plot (Figure 1), which assumes 
a 2: 1 electrolyte, has a slope of 140; on the other 
hand the A, against C, plot (Figure 2), which assum- 
ed a 1: 1 electrolyte has a slope of 400. When this 
latter plot is extrapolated to C, = 0 a value of ho = 

109 is obtained. A comparison with the data given 
by Feltham and Hayter shows that the behavior of 
Pt(MAA)2C12 . 2H20 in solution approximately most 
closely to that of a 1: 1 electrlyte. The species pre- 
sent in solution could have either a chelate-monoden- 
tate structure II, or a five-coordinate structure with a 
cordinated chloride anion. 

The plots of A, against C, for Pt(APE)& appear 
to be linear only at concentrations greater than about 

(1.2) R. D. Feltham and R. G. Hayter, I. Chem. Sac., 4587 (1964). 

5 x tom3 M, and 1: 1 electrolyte type struture similar 
to those postulated for Pt(MAA)&l2.2HzO may be 
present in this concentration range. At lower con- 
centrations the 2: 1 electrolyte type structure [Pt- 
(APE)?] 1~ seems to become increasingly dominant. 

Pt IHAA,, Cl&i,0 - 

Pt IAPE Cl, --- 
Pt [PAA)* CIzHzO --.--- 
Pt(APEIz I, --*--* 

I 
0 2 6 B IO I2 II I8 

Jr;x IO-’ in quiv. par litn 

Figure 1. Plots of A. against fC. for some platinum com- 
plexes in methanol solution. 

Pt V4AA,IC12.2H20 - 
PtlAPE), Cl? -a-. 
Pt (PAA)* Cl,.2H,O -*--. 
Pt (APE)2 12 )-+-a 

Figure 2. Plots of Ah, against I/C, for some platinum com- 
plexes in methan solution. 

The AC against C, plots for both the complexes, 
Pt(PAA)G . Hz0 and Pt(APE)L$, are non-linear in 
the concentration range 10e2 to 10m4 M. At low con- 
centrations, the molar conductance approaches values 
characteristic of 2: 1 electrolytes. The results sug- 
gest concentration-dependent equilibria between 2: I 
and 1: 1 type electrolytes having structures of the 
type discussed above. 

10m3 M solutions of the complex perchlorates have 
molar conductances closer to, but still slightly less 
than, values expected fbr 2: 1 electrolytes. Because 
of the weak cordinating ability of the perchlorate ion, 
it is unlikely that it will either displace an amino 
group from the coordination sphere, or coordinate 
as a fifth ligand above the MAslNJ plane. The low 
conductance value in the case of the perchlorates 
could be a consequence of ion-pair association. 

Many of the complexes were not sufficiently solu- 
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ble in nitromethane for conductivity measurements. 
Solutions of the complex perchlorates, [M(ligand)z]- 

(ClO.& . nHz0 (where M = Pd or Pt; ligand = 
MAA, APE or PAA; and n = 0 or l), gave molar 
conductance values close to the values usually found 
for 2: 1 electrolytes in nitromethane. 

Pt(MAA)2(SCN)2, which has a chelate-monodentate 
structure in the solid state, has a molar conductance 
of 32 ohm-’ cm2 mole-’ which is somewhat less than 
the values of about 70 ohm-’ cm* mole-’ usually 
found for 1: 1 electrolytes in nitromethane.13 Eviden- 
tly there is a tendency for both amino groups to be 
displaced from the coordination sphere by the thio- 
cyanate ion in solution. 

(c) Conductivifies in Nifrobenzene (See Table 1~). 
The complexes Pd(PAA)& and Pd(MAA)& behave 
as non-electrolytes while the other complexes with 
halide or thiocyanate as anions have molar conduc- 
tances intermediate between non-electrolytes and 1: 1 
electrolytes in nitrobenzene. Thus it is concluded 
that Pd(MAA)212 and Pd(PAAh12 have bis-monoden- 
tate structures in solution in nitrobenzene as well as 
in the solid state. For the other complexes there is 
probably an equilibrium between chelate-monoden- 
tate and bis-monodentate structures, or alternatively 
an equilibrium between five and six-coordinate com- 
plexes with bis-chelate structures. 

Molar conductance values were obtained for Pt- 
(APEL(SCN)Z at several concentrations. The plot of 
AM against Cnl (A, against C, for 1: 1 electrolyte) ap- 
pears to be linear at concentrations greater than about 
10m3 A4 (Figure 3), and the slope of this linear por- 
tion, which is about 72, agrees with the slopes re- 
ported for 1: 1 electrolytes in nitrobenzene, but the 
molar conductance values are less than those nor- 
mally found for 1: 1 electrolytes in nitrobenzene.14 

[Pt(APE),](ClO& . Hz0 and [Pd(APEh](Cl04)2. 
Hz0 have molar conductances of about 30 ohm-’ cm2 
mole-’ at low3 M concentrations in nitrobenzene. 
2: 1 electrolytes in this solvent usually have molar 
conductances of about 50 ohm-’ cm2 mole-‘. The 
plot of AM against C M for [ Pt(APE)J(C10,)2 . H20 
is not linear over the concentration range 10e2 to 10v4 
M (Figure 3). 

This behavior is characteristic of a weak electro- 
lyte where the dissociation increases with dilution. 
Since CPt(APE)~l(Cl04)2 . HZ0 is not completely dis- 
sociated at concentrations of the order of lo-* to 
10V4 M, it may be postulated that ion-pairing occurs 
and is enhanced by hydrogen bonding between the 
perchlorate anion and the amino groups of the cation. 

(d) Conductivities in Water (See Table Id). The 
complexes, M(ligand)Xlz . nH20 (where M = Pd or 
Pt); ligand = APE or MAA; and n = 0, 1, or 2) 
were readily soluble in cold water. The molar con- 
ductances of the aqueous solutions at about lo-’ M 
are about 190 ohm-’ cm’ mole-‘, which is almost in 
the range expected for 2: 1 electrolytes in water. The 
complexes must be mainly present in the solution 
with bis-chelate, 2: 1 electrolyte structures of type I. 

(13) M. Cismpolini and P Paoletti. Inorg. Chem., 6, 1261 (1967). 
(14) E. G. Taylor and C. A. Kraus, I. Chem. Sot., 4587 (1964). 

Deprofonafed Complexes. In aromatic primary 
amines, the lone pair of electrons on the nitrogen 
atom participates to some extent in the conjugated 
system of the aromatic ring. Further reduction of the 
electron density on the nitrogen by coordinate bond 
formation with a metal ion may be compensated for 
by transfer of electron density from the N-H bonds 
to the nitrogen enabling one of the hydrogens to split 
off as a proton. Thus in aqueous solution at pH = 
10.2 two protons are removed from bis(8-aminoquino- 
line)palladium(II). chloride with the formation of the 
neutral non-ionic complexes.” 

PtlAPE),lCIO,l,44,O -*- 

I Pt@PE),6CNl, - 

\ 

n;x to-2 in mol. 1itn-’ 

Figure 3. Plots of AM against fC,, for some platinum corn. 
plexes in nitrobenzene solution. 

The bis-complexes of o-(dimethylarsino)aniline and 
o-(diphenylarsino)aniline with palladium(I1) and pla- 
tinum( II) chloride were similarly deprotonated by 
treating with either aqueous ammonia or aqueous po- 
tassium hydroxide solutions. The abbreviations 
(MAA-H) and (PAA-H) are used for the o-(dimethyl- 
arsino) and o-(diphenylarsino)anilinate anions in the 
following discussion. 

The analysis of the deprotonated bis(o-diphenyl- 
arsinoaniline) complexes recrystallized from dichloro- 
methane revealed the presence of chlorine in the ra- 
tio M: Cl = 1: 1, However, when dimethylformamide 
was used in place of dichloromethane as the solvent 
for recrystallization of the platinum complex, a com- 
plex of composition Pt(PAA-H)i was obtained. The 
infrared spectra of this complex and the complex con- 
taining chlorine were identical in the N-H stretching 
region. The chlorine-containing complexes are for- 
mulated as solvates, M(PAA-H)* . %CHX~Z rather 
than monodeprotonated derivatives [M(PAA)(PAA- 
H)]Cl. All of the deprotonated complexes, M(MAA- 
H)z and M(PAA-H)z, are non-conductors in nitro- 
benzene solution (Table lc). 

The N-H stretching vibrations in the deprotonated 
complexes occur in the infrared in the region 3350- 
3400 cm-’ with relatively low intensity. For Pd - 

(15) V. K. Gustin and T. R. Svcet, Analytical Chem., 35, 44 (1963). 
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Table II. 

Complex Colour 
Carbon Hydrogen Nitrogen Platinum 

Calcd Found Calcd Found Calcd Found Calcd Found 
% % % % % % 0; % 

(a) Analytical results for palladium complexes 

Pd’(APE)CI, pale yellow 37.3 37.3 
Pd(APE)I, red 26.6 26.9 
Pd(APE)(SCN), orange 38.8 38.8 
Pd(APEH+)Ch brown 34.5 34.5 
Pd(MAA)CI, yellow 25.7 26.0 
Pd(MAA)I, red-brown 17.2 17.3 
Pd(MAA)L yellow 43.4 32.9 
Pd( PAA)CI, orange-yellow 44.2 44.2 
Pd(PAA)(SCN)z yellow 44.3 44.2 
Pd(APE),CI, .2HzO n cream 40.5 40.7 
Pd(APE)IBrz. H,O faint yellow 46.9 46.3 
Pd(APE)JL faint yellow 38.7 38.6 
Pd(APE),(ClO,)I HI0 cream 32.6 32.3 
Pd(MAA),CI, . H,O brownish yellow 28.7 28.7 
Pd(MAA)JBr> . hH~0 orange 25.5 25.5 
Pd(MAA),I, cream 37.5 27.5 
Pd(MAA),(ClO,)z b orange-yellow 51.6 51.0 
Pd(PAA),I, . EtOH deep red 43.5 43.7 
Pd(PAA)zI, deep red 43.1 43.3 
Pd( PAA)>(ClO,), . H,O c faint yellow 44.7 44.9 
Pd(MAA-H), d brown 38.5 38.4 
Pd(PAA-H), . ‘/2(CH,C12) e red 55.5 55.3 

(b) Analytical results for platinum complexes 

[ Pd(APEh] [ PtCl,] pink 
Pt(APE),Cl, orange-yellow 
PtIAPEhBn vellow 
PtiAPEj;L - 
Pt(APE),(SCN), 
Pt(APE)>(CIO&HzO 
Pt(MAA),CI, .2H,O 
Pt(MAAhBn . %H,O 
Pt(MAA)J., 
Pt(MAA),(SCN), 
Pt(MAAh(ClO& 
Pt(PAA),CI, . H,O 
Pt(PAAhI, 
Pt(PAA),(ClO,), 
Pt(MAA-H), 
Pt(PAA-H), 

Pt(PAA-H)l . M(CH,CI,) E 

[Pt(APEH+)Cl,] . Hz0 
Pt(APE)I,. ‘h(DMF) 
[Pt(MAA),][ PtCl,] 

pink 
faint pink 
colourless 
pale yellow 
colourless 
colourless 
pale gold-brown 

pale brown 
pale yellow 
cream 
cream-yellow 
yellow 

pale brown 
yellow 

yellow 
yellow 
yellow 

3.6 
2.6 
3.3 
3.5 
3.4 
2.2 
3.2 
3.0 
4.8 

:: 
3:9 
4.4 
3.8 
3.2 
3.5 
4.1 
3.7 
3.2 

:.s6 
410 

31.2 31.2 3.0 
28.3 28.4 3.2 
24.5 24.6 2.6 
20.7 20.7 2.6 
41.4 41.4 4.0 
37.3 37.5 3.6 
33.8 33.4 3.2 
42.0 42.0 3.8 
35.1 35.1 3.6 
276 27.7 4.1 
25.4 25.3 3.3 
22.8 22.9 2.9 
30.7 30.7 3.4 
24.4 24.6 3.1 
46.7 46.6 3 .J 
39.6 39.6 3.0 

41.7 41.6 

32.7 32.6 
51.8 51.5 
49.9 49.7 

3.1 

3.8 
3.6 
3.6 

3.7 
2.7 
3.4 

z 
212 
3.6 

:3 
412 

:3 
4:6 
4.0 
3.2 
3.5 
4.2 
3.8 
3.3 

i-56 
319 

3.1 

23.: 
217 
4.0 

33.36 
318 
3.6 

3”: 
2:9 
3.5 
3.0 

::: 

3.1 

33.88 
317 

:.: 
815 
2.9 
3.7 
2.5 
2.9 
7.7 

::: 

:.: 
4:8 
4.2 
3.7 
4.0 

::: 

::; 
5.6 
3.6 

2 
814 
2.9 
3.7 
2.6 
2.7 
7.6 
3.8 
3.2 

:.: 
4:9 
4.2 
3.5 
4.1 
3.2 
2.7 

22:: 

::: 

2.6 
2.4 
2.8 
3.0 
3.5 

:: 
6:5 
2.9 
4.0 
3.7 
3.3 
7.9 
3.G 
3.0 
2.6 

2.6 
2.4 
2.8 
3.0 
3.5 
3.1 
2.8 
6.5 
3.0 
4.2 
3.7 
3.3 
7.9 
3.6 
3.1 
2.5 

2.7 2.7 

4.8 4.9 
3.4 3.3 
32 3.1 

32.9 32.4 

24.0 24.1 

24.8 25.2 

18.8 19.1 

33.2 32.7 

22.2 22.5 

0 Palladium: Clcd. 14.0; Found, 13.8%. b Palladium: Calcd. 15.2; Found, 15.8%. C Palladium: Calcd. 11.0; Found, 10.6%. 
d Palladium: Calcd. 21.3; Found, 20.9%. C Palladium: Calcd. 13.6; Found, 13.8%; Ch!orinc: Calcd. 4.6; Found, 4.7%. f Chlo- 
rine: Calcd. 17.9; Found, 17.8%; 6 Chlorine: Calcd. 4.0; Found, 4.0%. 

(MAA-I-I)2 the adsorption band is weak and broad 
but some structure is resolved in the band for the 
other deprotonated complexes. 

The deprotonation of the complexes of 1-amino-2- 
(diphenylarsino)ethane could only be expected to oc- 
cur under very strongly basic conditions, e.g., potas- 
sium amide in liquid ammonia,” and was not investi- 
gated. 

Experimental Section 

(Analytical results are shown in Table II). 

Potassium tetrachloropalladate(I1) and potassium 
tetrachloroplatinate( I I) were prepared from palladium 
or platinum sponge, respectively, according to methods 
given in Inorganic Syntheses.” 

(a) 1 -amino-2-diphenylarsinoethane(A PE) Complex- 
es. 

(i) Dichloro( 1 -amino-2-diphenylarsinoethane)palla- 
clium(l1). A solution of APE (0.50 g) in ethanol 
(75 ml) was added to a solution of potassium tetra- 
chloropalladate(I1) (0.60 g) in water (25 ml) acidified 
with 10 M hydrochloric acid (0.5 ml). A light-brown 

(16) G. Watt, R. E. MC Carlcy and I. W. Dawcs, I. Am. Chem. 
Sot., 79, 5163 (1957). 

(17) G. B. Kauffman nnd 1. Ilwa-sari Tsni, Inorg. Synfhcses, 8, 235 
(1966). G. B. Kaullmnn and D. 0. Cowan, Inorg. Synfheses, 7, 240 
(1963). 
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precipitate, probably [ Pd(APE)z] [ PdCl1], formed at 
once. The mixture was heated to boiling point, 
whereupon the initial precipitate dissolved forming a 
yellow solution. On cooling the solution, pale yellow 
crystals of Pd(APE)Ch separated. The product was 
collected and washed with water and ethanol. 

(ii) Diiodo( 1 -amino-2-diphenvlarsinoethane)palla- 
dium(ZZ). Excess sodium iodide iO.50 g) was added 
to the suspension of [ Pd(APE)z] [ PdCh] prepared 
from potassium tetrachloropalladate(I1) (0.30 g) and 
1-amino-2-(diphenylarsino)ethane (0.25 g) in aqueous 
ethanol, and the mixture was stirred and heated on 
the steam bath for 1 hour. The red precipitate was 
collected and recrystallized from hot ethanol. 

(iii) Dithiocyanato( I-amino-2-diphenylarsinoethane)- 
puZZadium(ZZ). This complex was prepared similarly 
to (ii) above using (0.33 g) potassium tetrachloro- 
palladate(I1) (0.40 g) and potassium thiocyanate (0.50 
g). [Pd(APE)(SCN)I] formed as orange crystals. 

(iv) Trichloro(l-ammonium-2-diphenylarsinoethane)- 
pZatinum(ZZ) monohydrate. [ Pt(APE)l] [ PtCh] (0.40 
g) was dissolved in 50 ml of 1: 1 ethanol and 10 M 
hydrochloric acid by heating. On cooling the solu- 
tion thus obtained, orange-yellow crystals of Pt(APE- 
H+)Ch . Hz0 separated. The product was collected 
and washed with ethanol. 

(vii) Diiodo( I-amino-2-diphenylarsinoethane)plati- 
num(ZZ). The suspension of [ Pt( APE)21 [ PtCL] , pre- 
pared from APE (0.20 g) and potassium tetrachloro- 
platinate(II) (0.30 g) in aqueous ethanol, was stirred 
with excess sodium iodide (0.50 g) while heating on 
the steam bath for about 5 hours. The colour of the 
suspension gradually changed from pink to yellow. 
product was collected and recrystallized by dissolving 
in dimethylformamide and adding ether and hexane. 
Yellow crystals with the composition of [Pt(APE)&]- 
l/z DMF were obtained. 

(viii) Bis(l-amino-2-diphenylarsinoethane)palladium- 
(II) chloride. A solution of APE (0.75 g) in ethanol 
(30 ml) was added to potassium tetrachloropalladate 
(II) (0.45 g) in water (20 ml). A precipitate of [Pd- 
(APE)*] [PdCL] formed initially, but dissolved on 
heating and a yellow solution was obtained. The so- 
lutions was evaporated to dryness on a steam bath 
and the dry residue was extracted with absolute etha- 
nol (20 ml). The potassium chloride was filtered off 
and on slowly adding ether to the filtrate, a yellow 
crystalline precipitate formed. The product was re- 
crystallized by dissolving in ethanol and adding ether. 
The yield of Pd(APE)2C12 . 2Hz0 was 0.91 g. The 
complex was readly dehydrated by heating to 110’ C. 
The anhydrous compound was almost colourless but 
rapidly converted to the bright yellow dihydrate on 
standing in air. Pd(APE)zClI . 2H20 is readily solu- 
ble in water and ethanol. 

(ix) Bis( 1 -amino-2-diphenylarsinoethane)platinum- 
(II) chloride. This complex was prepared similarly 
to (viii) above from APE (0.53 g) and potassium te- 
trachloroplatinate(I1) (0.40 g). The yield of almost 
colourless crystals was 0.70 g. [Pt(APE)2]Cl2 is rea- 

dily soluble in water and ethanol. 

(x) Complexes of general formula M(APE)zXz . n- 
Hz0 where M = Pd or Pt; X = Br, I, SCN, or 
c101; 11 = 0 01’ 1. A slight excess of the appropriate 
salt, NaX (where X = Br, I, or ClO,) or KSCN, dis- 
solved in water was added to an aqueous solution of 
either [Pt(APE)2]ClI or [Pd(APE)2]Clz. 2HzO. Pre- 
cipitates of the complexes M(APE)*X? . nH:O were 
thus obtained. The complexes were sparingly soluble 
in cold water but moderately soluble in boiling water 
enabling water to be used as a solvent for recrystalli- 
zation. The products thus obtained were: 

Pd(APE)>Brl . HI0 (pale yellow) 
Pd(APE)J, (orange-red) 
[ Pd(APE)2](SCN), (pale yellow) 
[ Pd(APE),](CIO,), H,O (faint yellow) 
[Pt(APE)I]Br, (colourless) 
Pt(APE),I, (yellow) 
[Pt(APE),](SCN)2 (colourless) 
[ Pt(APE)I](C10,)2 . Hz0 (colourless) 

(b) o-(dimethylarsino)aniline (MAA) complexes. 

(xi) Dichloro(o-dimethylarsinoaniline)palladium(ZZ). 
MAA (0.30 g) dissolved in ethanol (50 ml) was added 
to KzPdCls (0.50 ml) in water (20 ml). The light 
brown precipitate that formed initially dissolved on 
boiling. Yellow crystals of Pd(MAA)Clz separated 
when the solution was cooled. The product was col- 
lected and washed with ethanol. 

(xii) Bis(o-dimethylarsinoaniline)platinum(ll) tetra- 
chloroplatinate(ZZ). MAA (0.14 g) dissolved in etha- 
nol was added to an aqueous solution of KlPtC14 
(0.30 g). A pink precipitate formed at once. The 
product was collected and washed with water and 
ethanol. 

(xiii) Diiodo(o-dimethylarsinoaniline)palladium( II). 
The solution obtained by heating MAA and K?PdCl, 
in aqueous ethanol as in (xi) above was treated with 
excess sodium iodide solid. The red-brown precipi- 
tate that formed was recrystallized from ethanol. 

(xiv) Bis(o-dimethylarsinoaniline)palladium(ZZ) chlo- 
ride hydrate. MAA (0.50 g) in ethanol was added 
to an aqueous solution of KiPdCL (0.40 g). A light 
brown precipitate formed initially but dissolved on 
warming. The solution was evaporated to dryness, 
and the complex was extracted with absolute ethanol. 
The complex was precipitated from the ethanol solu- 
tion by adding low-boiling petroleum ether. The 
product was dissolved in ethanol and reprecipitated 
with petroleum ether. The yield of cream coloured 
product was 0.65 g. 

(xv) Bis(o-dimethylarsinoaniline)plutinum(ll) chlor- 
ide dihydrate. This complex was prepared similarly 
to (xiv) above using KlPtC14 (0.50 g) and MAA (0.48 
g). A precipitate of [Pt(MAA)z][ PtCh] formed ini- 
tially but dissolved on heating. The yield of gold- 
brown product was 0.75 g. 

(xvi) Complexes of general formula M(MAA)zXz. 
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nH20 (where M = Pd or Pt; X = Br, I, SCN, or 
Clod; and n = VZ or 0. 

changesto a pale brownish-white powder when col- 
lected and dried. 

A solution of M(MAA)$h . 2HzO (0.1 mole) dissolv- 
ed in water was treated with a slight excess of an (xxii) Complexes of general formula M(PAA)rXz . 
aqueous solution of the appropriate salt, NaX (where nH20 (where M = Pd or Pt; X= I or Clod; and 
X = Br, I, or Clod) or KSCN. A crystalline precipi- n = 0 or 1). 
tate formed at once or in a few minutes. The pro- M(PAA)Eb . Hz0 was dissolved in ethanol and 
ducts were collected, washed with water, and dried. 
The products were than recrystallized from a suitable 

then diluted with an equal volume of water. To 
this solution was added a slight excess of either NaI 

solvent indicated below. The complexes thus obtain- or NaC104 in water. The products formed as preci- 
ed were: pitates which were collected and washed with water. 

Complex Colour solvent for recrystallization 

Pd(MAA)2BrZ. QH,O cream water 
Pd(MAA),I, 
Pd(MAAh(Cl0.h 

orange cyclohexane 
white 

Pt(MAA),Bn . V2HZ0 
not recrystallized 
water 

Pt(MAA),Il 
pale brownish yellow 
pale golden-brown water 

Pt(MAA),(SCN), oale vellow .~ 
Pt(MAAh(ClO,), iaint “yellow 

water 
not recrystallized 

(xvii) Bis(l-dimethylarsinoanilinato)palladium(IZ). 
An aqueous solution of Pd(MAAhCh . Hz0 (0.65 g) 
was treated with excess 12 M ammonia solution. Di- 
chloromethane (50 ml) was added to the suspension 
of the product which then dissolved in the dichloro- 
methane layer. The red dichloromethane layer was 
separated and dried (CaS04). The product was pre- 
cipitated by adding low-boiling petroleum ether to 
the dichloromethane solution. Pd(MAA-H)z was ob- 
tained as a brown microcrystalline precipitate. 

(xviii) Bis(o-dimethylarsinoanilinato)platinum(ZZ). 
This complex was prepared similarly to (xvii) using 
Pt(MAAhC12.2HzO (0.75 g). Pt(MAA-H)* was ob- 
tained as bright yellow crystals. 

(c) o-(diphenylarsino)aniline (PAA) complexes. 

(xix) Dichloro(o-diphenylarsinoaniline)palladium - 
(II). A solution of PAA (0.50 g) in ethanol (50 ml) 
was added to a solution of KzPdCh (0.50 ml) in water 
(40 ml). A light brown precipitate formed initially, 
but it slowly became yellow. The precipitate was 
collected and recrystallized as yellow plates from a 
4: 1 mixture of ethanol and water. 

(xx) Bis(o-diphenylarsinoaniline)palladium(ZZ) chlo- 
ride monohydrate. This complex was prepared a 
procedure analogous to that given for the preparation 
of Pd(MAAhC12. Hz0 (xiv). Using PAA (0.61 g) 
and &PdCh (0.30 g), 0.73 g of the product was ob- 
tained as orange-yellow crystals. 

(xxi) Bis(o-diphenylarsinoaniline)platinum(ZZ) chlo- 
ride monohydrate. This complex was prepared by a 
procedure similar to that of (xv) for Pt(MAA)zCb . 
2H20. From PAA (0.60 g) and KzPtCl, (0.39 g), a 
yield of 0.82 g of Pt(PAA)EL . Hz0 was obtained. 
The complex separates initially as yellow crystals but 

They were purified by recrystalling from ethanol 
(usually twice). The complexes thus obtained were: 

Pd(PAA),I, . EtOH deep red 
Pd(PAA)z(ClO,)z . H,O pale yellow 
Pd(PAA),Ir yellow 
Pt(PAA),(ClO& pale brownish-yellow 

(xxiii) Dithiocyanato(o-diphenylarsinoaniline)palla- 
dium(ZZ). When an attempt was made to prepare 
Pd(PAA)i(SCNh according to procedure (xxii), Pd- 
(PAA)SCNz formed instead. The complex was ob- 
tained as orange-yellow crystals after three recrystal- 
lizations from ethanol. 

(xxiv) Bis(o-diphenylarsinoanilinato)palladium(lZ). 
Pd(PAAhCb . Hz0 (0.73 g) was suspended in water 
(20 m!) and 12 M ammonia solution (20 ml) was ad- 
ded. The colour of the suspended material changed 
immediately to orange-red. After stirring for 20 mi- 
nutes it was collected and washed with dilute ammo- 
nia solution and ethanol. On recrystallizing the pro- 
duct from dichloromethane bright red crystals of com- 
position Pd(PAA-H)z . VzCHCb were obtained. 

(xxv) Bis(o-diphenylarsinoanilinato)platinum(lZ). 
This complex was prepared by a procedure similar to 
that given for (xxiv) using Pt(PAA)Q . Hz0 (0.80 g) 
or by an alternative procedure using potassium hydro- 
xide in place of ammonia. A solution of Pt(PAAh- 
Cl2 . Hz0 in ethanol was treated slowly with about 
1 l/z times the calculated quantity of potassium hydro- 
xide solution. The yellow precipitate was collected 
and recrystallized from dichloromethane. Yellow 
crystals of composition Pt(PAA-H)z. 1/2CH$Z12 were 
obtained. If the product was recrystallized from di- 
methylformamide and washed with water and ethanol, 
a yellow powder of composition Pt(PAA-Hh was ob- 
tained. 
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