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cently been shown to be characteristic of square-planar co-
balt(II) chelates.?*2°

Conclusion

Nickel(ID), copper(Il), palladium(IT), and cobalt(IT) che-
lates have been prepared with H, [(sacac),en], H, [(sacac),-
pn], and cis-H; [(sacac),chxn], which are new tetradentate
thioimine ligands. Zinc(II) and cadmium(II) chelates were
prepared with H, [(sacac),en] while #rans-H, [(sacac),chxn]
formed only the palladium(II) chelate. All of the complexes
are square-planar monomeric species. Infrared and pmr
spectral data indicate that there is more charge delocalization
in the sulfur-containing chelates than in their well-studied
oxygen analogs. This has been attributed to some d-orbital
participation on the part of the sulfur atoms which serves
to drain some of the electron density from the metal ion.
An alternate explanation might attribute this effect to the
greater polarizability of the sulfur atom. Since the electron
density around the metal ion is known to play an important
role in determining the stability of M-O; bonds in oxygen

(25) M. Hariharan and F. L. Urbach, Inorg. Chem., 10, 2667
(1971), and references therein.
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adducts,*26 some of these new complexes are proving to
be ideal species for the evaluation of inductive, 7-bonding,
and polarizability effects in synthetic oxygen-carrying sys-
tems. Results of thermodynamic studies on these systems
will be reported in a forthcoming paper.
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Ligand displacement reactions performed in polar solvents afford a convenient general route to an extensive series of cat-
ionic complexes containing dialkyl phenylphosphonite, P(OR),Ph, and alkyl diphenylphosphinite, P(OR)Ph,, ligands (R =
Me, Et) which may be isolated as their tetraphenylborate salts. These products were characterized by elemental analysis,
proton nmr spectroscopy, and conductivity measurements. Complex cations isolated and characterized in this manner in-
clude the hydrides [RuHL';]* and {IrHL',]%*, the dinuclear species [L,RuX,RuL,]*, and the mononuclear cations

{Rul’ }?*, [IrL' 1%, [IrL,]*, [PdL,] **, [PtL,]?*, {CuL,J*, [AgL,]*, and [AuL,]* [L' = P(OMe),Ph; L = P(OR),Ph, P(OR)-
Ph,; R =Me, Et; X =C], Br]. Qualitative descriptions of the coupling patterns observed in the nmr spectra of the complex
cations are given and are interpreted in terms of ligand dissociation and rearrangement processes.

Introduction

Transition metal complexes containing tertiary phosphine?
and, more recently, tertiary phosphite® ligands have been ex-
tensively studied. However, the ligand properties of the re-
lated phosphonites, PCOR),R’, and phosphinites, P(OR)R',,
have attracted relatively little attention, and no systematic
investigation of their coordinating abilities toward the plati-
num metals has been reported. As part of a study of phos-
phorus donor ligands we have described the synthesis of cat-
ionic trialkyl phosphite complexes of gold, silver, and the
platinum metals;! we now report a similar study on the syt-
thesis of related complex cations containing dialkyl phenyl-
phosphonite, P(OR),Ph, and alky! diphenylphosphinite, P-
(OR)Phy,, ligands (R = Me, Et).

Until recently very little was known concerning the coordi-

(1) Part XI: D. A. Couch and S. D. Robinson, submitted for
publication in Inorg. Chim. Acta.

(2) G. Booth, Advan. Inorg. Chem. Radiochem., 6, 1 (1964).

(3) Reference 1 and references therein,

nating properties of these phosphorus donor ligands, and few
transition metal derivatives had been described. However a
small selection of important compounds of this type have
now been reported and some spectroscopic investigations
have been undertaken. Complexes isolated include the salts
{Cu[P(OR),Ph],}C!,* the zero oxidation state nickel and
palladium species, M [P(OR),Ph],,%* and the four- and five-
coordinate nickel(II) derivatives, Ni(CN), [P(OR)Ph, ], and
Ni(CN), [P(OR),Ph];.6 During the course of the present
study other workers have reported the complex hydrides,
FeH, [P(OR),Ph]4,” RuH, [P(OR),Ph]s,” {RuH [P(OMe),-
Ph)s} {BPh,},® and CoH{P(OR),Ph],® together with an ex-

(4) A. A. Orio, B. B. Chastain, and H. B. Gray, Inorg. Chim.
Acta, 3,8 (1969).

(5) D. Titus, A. A. Orio, and H. B. Gray, Inorg. Syn., 13,117
(1972).

(6) B. B. Chastain, E. A. Rick, R, L. Pruett, and H. B. Gray, J.
Amer. Chem. Soc., 90, 3994 (1968).

(7) D. H. Gerlach, W. G. Peet, and E. L. Muetterties, J. Amer.
Chem. Soc., 94, 4545 (1972), and references therein.
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tensive series of cationic four- and five-coordinate cobalt,®

rhodium,!* and iridium'>*? derivatives. No comparative
study of the ligand series PPhy, P(OR)Ph,, P(OR),Ph, and
P(OR); has been reported, although Chastain, et al.,° infer-
red from the electronic spectra of the nickel(II) cyanide
derivatives that the sequence of ligand field splitting cap-
ability increases as PPh; < P(OR)Phy < P(OR),Ph ~ P(OR);.
This trend was attributed to contraction and stabilization of
the o-donor orbital by the alkoxy groups; m-acceptor ability
is thought to decrease as P(OR),Ph > P(OR),.

Experimental Section

Synthesis of Complex Salts—General Comments. The syn-
thetic methods employed in the present paper are essentially similar
to those used to prepare the related trialkyt phosphite derivatives.'
The free ligand, P(OR),Ph or P(OR)Ph,, was added to a solution or
suspension of a labile transition metal precursor (usually a triphenyl-
phosphine or olefin derivative) in the corresponding alcohol, ROH.
The mixture was heated, if necessary, to achieve dissolution of the
transition metal precursor and then cooled and treated with sodium
tetraphenylborate. Dicationic products precipitated readily, were
separated, then purified by washing with chloroform, in which they
are sparingly soluble, and crystallized from dichloromethane-alcohol
(ROH). The monocationic derivatives usually crystallized more
slowly from the reaction solution and were purified by washing and,
where necessary, by recrystallization.

Products were identified and characterized by elemental analysis,
conductivity measurements, and pmr spectroscopy. The latter tech-
nique was employed to assign stereochemistry, and also gave the
alkyl:aryl proton ratio, which in turn helped to verify the ligand:anion
ratio. The derivatives of silver, palladium, and, to a lesser extent,
gold and platinum are sensitive to air; with these exceptions all the
complexes reported show good stability toward air and moisture.
Some of the more unstable products could not be analyzed; their
characterization is based solely on conductivity and spectroscopic
measurements.

Hexakis(dimethyl phenylphosphonite)ruthenium(Il) Tetraphenyl-
borate. Dimethyl phenylphosphonite (1.0 ml) and catena-dibromo-
(bicyclo[2.2.1]hepta-2,5-diene)ruthenium (0.18 g) in methanol (10
ml) were heated under reflux until a yellow solution formed (ca. 4
hr). Sodium tetraphenylborate (0.32 g) in methanol (10 ml) was
added, and the resultant white precipitate was recrystallized from
dichloromethane-methanol as colorless crystals (0.52 g, 70%).

Tri-u-chloro-hexakis(dimethyl phenylphosphonite)diruthenium-
(II) Tetraphenylborate. Dimethyl phenylphosphonite (1.0 ml) and
catena-dichloro(bicyclo[2.2.1]hepta-2,5-diene)ruthenium (0.44 g)
in methanol (10 ml) were heated under reflux until a clear brown
solution formed (ca. 4-6 hr). The solution was filtered, to remove
traces of precipitated metal, and then treated with sodium tetraphen-
ylborate (0.30 g) in methanol (10 ml). The off-white precipitate was
filtered off, washed with methanol, and recrystallized three times
from dichloromethane~methanol to yield the required product as
pale yellow crystals (0.7 g, 50%).

The following compounds were similarly prepared using the ap-
propriate ligands and the corresponding alcoholic solvents: tri-u-
chloro-hexakis(methyl diphenylphosphinite)diruthenium(lI) tetra-
phenylborate as fluffy pale yellow crystals (40%) from dichloro-
methane-methanol, tri-u-chloro-hexakis(diethyl phenylphosphonite)-
diruthenium(lI) tetraphenylborate as pale yellow triangular plates
(32%) from dichloromethane—ethanol, tri-u-chloro-hexakis(ethyl
diphenylphosphinite)diruthenium(Il) tetraphenylborate as pale yel-
low crystals (80%) recrystallized with difficulty from dichlorometh-
ane—ethanol.

The following compounds were similarly prepared from catena-
dibromo(bicyclo[2.2.1 Jhepta-2,5-diene)ruthenium: tri-u-bromo-
hexakis(diethyl phenylphosphonite)diruthenium(Il) tetraphenyl-
borate as pale yellow crystals (50%) from dichloromethane-ethanol,

(8) 1. J. Hough and E. Singleton, J. Chem. Soc., Chem. Commun.,
371 (1972).

(9) D. Titus, A. A. Orio, R. E. Marsh, and H. B. Gray, Chem.
Commun., 322 (1971).

(10) A. Bertacco, U. Mazzi, and A. A. Orio, Inorg. Chem., 11,
2547 (1972).

(11) L. M. Haines, Inorg. Chem., 10, 1685 (1971).

(12) L. M. Haines and E. Singleton, J. Organometal. Chem., 25,
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tri-u-bromo-hexakis{ethyl diphenylphosphinite)diruthenium(II)
tetraphenylborate as yellow microcrystals (24%) from dichlorometh-
ane—ethanol,

Hydridopentakis(dimethyl phenylphosphonite)ruthenium(II)
Tetraphenylborate. Dimethyl phenylphosphonite (1 ml) and chloro-
hydridotris(triphenylphosphine)ruthenium (0.415 g) were stirred
together in methanol (10 ml) for 5§ min. The pale yellow solution,
which formed on standing, was treated with sodium tetraphenyl-
borate (0.15 g) in methanol (10 ml). The resultant white precipitate
was washed with methanol and crystallized from dichloromethane-
methanol as white crystals (0.35 g, 61%).

Pentakis(dimethyl phenylphosphonite)iridium(I) Tetraphenyl-
borate. Chloro(carbonyl)bis(triphenylphosphine)iridium (0.446 g),
triethylamine (1.0 ml), and dimethyl phenylphosphonite (1.3 ml)
were heated together under reflux in methanol (10 ml) for 30 min.
Sodium tetraphenylborate (0.20 g) in hot methanol (10 ml) was
added to the hot orange solution, and the mixture was then set aside
for 3 days. The pale yellow crystals of required product (0.36 g.,
46%) which gradually formed were filtered off and washed in
methanol.

Tetrakis(dimethyl phenylphosphonite)iridium(I) Tetraphenyl-
borate. Recrystallization of pentakis(dimethyl phenylphosphonite)-
iridium tetraphenylborate from chloroform-methanol gave the re-
quired product as orange crystals (50%).

Tetrakis(methyl diphenylphosphinite)iridium(I) Tetraphenyl-
borate-Dichloromethane Adduct. Di-u-chloro-bis(cycloocta-1,5-
diene)diiridium (0.214 g) and methyl diphenylphosphinite (0.8
ml) in methanol (10 ml) were heated under reflux for 10 min, form-
ing a deep orange solution. Sodium tetraphenylborate (0.22 g) in
methanol (10 ml) was added to the cold solution, and the resultant
precipitate was filtered off, washed with methanol, and then recrys-
tallized from dichloromethane-methanol to yield the required prod-
uct as pale orange prisms (0.77 g, 85%).

The following were similarly prepared using ethanol as solvent:
tetrakis(diethyl phenylphosphonite)iridium(I) tetraphenylborate
as orange crystals from dichloromethane-ethanol (70%), tetrakis-
(ethyl diphenylphosphinite)iridium(I) tetraphenylborate as orange
crystals from dichloromethane—ethanol (80%).

Hydridopentakis(dimethyl phenylphosphonite)iridium(III) Tetra-
phenylborate-Dichloromethane Adduct. Chloro(carbonyl)bis(tri-
phenylphosphine)iridium (0.32 g) and dimethyl phenylphosphonite
(1.0 ml) were heated together under reflux in methanol (10 ml) for
2 hr. Sodium tetraphenylborate (0.2 g) in methanol (10 ml) was
added to the hot orange solution, and the mixture was set aside over-
night. The mixture of colorless and yellow crystals which formed
was extracted with boiling chloroform, and the colorless insoluble
residue which remained was recrystallized from dichloromethane-
methanol to afford the required product as colorless crystals (0.24
g, 30%).

trans-Dihydridotetrakis(dimethyl phenylphosphonite)iridium-
(III) Tetraphenylborate., A solution of pentakis- or tetrakis(di-
methyl phenylphosphonite)iridium tetraphenylborate in dichloro-
methane was saturated with hydrogen until the orange color was dis-
charged, then diluted with methanol, and set aside overnight. The
colorless crystals of required product (80%) were filtered off, washed
with methanol, and dried in vacuo.

trans-Chlorohydridotetrakis(dimethyl phenylphosphonite)iridium-
(III) Tetraphenylborate, Di~u-chloro-dichlorodihydridobis(cyclo-
octa-1,5-diene)diiridium (0.565 g), dimethyl phenylphosphonite .
(1.2 ml), and benzene (10 ml) were shaken together until the com-
plex dissolved; the solution was then evaporated under reduced pres-
sure to yield an oil. Methanol (10 ml), dimethyl phenylphosphonite
(0.5 ml), and sodium tetraphenylborate (0.5 g) in methanol (10 ml)
were added successively to the residual oil; the resultant yellow
precipitate was recrystallized from dichloromethane-methanol as
colorless crystals. These crystals were extracted with chloroform
(two 10-ml portions), and the soluble fraction was crystallized by
addition of methanol to the chloroform extract. The product was
identified by ir and nmr spectroscopy as trans-chlorohydridotetrakis-
(dimethyl phenylphosphonite)iridium tetraphenylborate (yield 0.53
g, 28%). The insoluble fraction was similarly identified as hydrido-
pentakis(dimethyl phenylphosphonite)iridium(IIl) tetraphenylborate.

trans<Chlorohydridotetrakis(methyl diphenylphosphinite)iridium-
(IHI) Tetraphenylborate. Methyl diphenylphosphinite (1.0 ml) and
di-u-chloro-dichlorodihydridobis(cycloocta-1,5-diene)diiridium (0.218
g) were heated under reflux in benzene (10 ml) for 2 min. The solu-
tion was filtered and evaporated under reduced pressure, and the
residual oil was treated with methanol (10 ml) and methyl diphenyl-
phosphinite (0.8 ml). The mixture was heated under reflux for §
min and then treated with sodium tetraphenylborate (0.20 g) in
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Table I. Analytical and Conductivity Data for Phosphonite and Phosphinite Complexes

D. A.Couch and S. D. Robinson

Analytical data, found (caled), %

Conductivity,

Complex C H A,ohm™ mol™! cm?
{Ru,C1, [P(OMe),Ph}], }{BPh,} 53.15 (52.45) 5.45 (5.25) 78
{Ru,Cl, [P(OMe)Ph, ], } {BPh,} 63.35 (63.65) 5.15 (5.15) 80
{Ru,Cl1, [P(OEY),Ph],} {BPh,} 55.3 (55.5) 5.8 (6.1) 81
{Ru,Cl, [P(OEt)Ph, ], }{BPh,} 64.15 (64.55) 5.4 (5.5) 82
{Ru,Br, [P(OEY),Ph], }{BPh,} 52.1 (51.75) 5.9 (5.7)
{Ru,Br, [P(OEt)Ph, ], }{BPh,} 59.8 (60.55) 5.15(5.2)
{Ru[P(OMe),Ph],}{BPh,}, 65.5 (65.5) 6.1 (6.1)
{RuH[P(OMe),Ph],} {BPh,} 60.6 (60.4) 6.15 (6.0) 92
{ir[P(OMe),Ph1,}{BPh,} 56.15 (56.45) 52(5.4) 91
{I[P(OMe),Ph},} {BPh,} 56.5 (56.45) 5.35 (5.55)
{I:[P(OMe)Ph, ], }{BPh,}-2/,CH,CI, 64.2 (64.35) 5.1(5.25) 80
{Iz[P(OEt),Ph],}{BPh, } 59.15 (58.95) 6.05 (6.2) 89
{lz[P(OEt)Ph, ], } {BPh,} 67.3 (67.1) 5.55 (5.65) 88
{IrH[P(OMe),Ph]} {BPh,},-2/,CH,Cl, 61.05 (61.3) 5.7 (5.65) 196
trans- {ItHC1[P(OMe)Ph, 1,} {BPh,} 64.25 (64.6) 4.9 (5.2) 83
trans-{ItHC1[P(OEt),Ph],}{BPh,} 57.2 (57.35) 5.95 (6.1) 88
cis- {IrtHCI[P(OEt),Ph],}{BPh,} 56.75 (57.35) 5.8(6.1) 90
trans- {ITHC1[P(OEt)Ph, ], }{BPh,} 65.25 (65.4) 5.3(5.55) 83
{Pd[P(OMe)Ph, ], } {BPh,}, 74.05 (74.6) 5.65 (5.75) 193
{Pd[P(OMe),Ph],} {BPh,}, 192
{Pt[P(OMe),Ph],}{BPh,}, 63.05 (63.45) 5.7 (5.6) 207
{Pt{P(OMe)Ph,1,} {BPh,}, 71.05 (70.7) 5.5(5.45) 209
{Pt[P(OEt),Ph],}{BPh,}, 65.45 (65.0) 6.0 (6.2) 197
{Pt[P(OEt)Ph, ], }{BPh,}, 704 (71.2) 6.2 (5.75) 189
{Cu[P(OMe)Ph, |} {BPh,} 72.4 (73.15) 6.0 (5.8)
{Cu[P(OEt)Ph,1,} {BPh,} 73.95 (73.7) 5.9(6.2)
{Ag[P(OMe),Ph},} {BPh,} 61.0 (60.7) 5.65 (5.8) 93
{Ag[P(OMe)Ph, 1.} {BPh,} 70.9 (70.65) 5.6 (5.6) 86
{Ag[P(OEt),Ph],}{BPh,} 62.3 (63.0) 6.5 (6.6) 103
{Ag[P(OEt)Ph,],}{BPh,} 71.3 (71.3) 5.8 (6.0) 80
{Au[P(OMe),Ph],}{BPh,} 56.55 (56.2) 5.1(5.4) 93
{Au[P(OMe)Ph, 1, }{BPh,} 66.95(66.1) 5.0 (5.25) 70
{Au[P(OEY),Ph],}{BPh,} 58.5 (58.7) 6.0 (6.15) 86
{Au[P(OEt)Ph,],}{BPh,} 66.8 (66.85) 5.2(5.6) 78

methanol (10 ml); the resultant creamy white precipitate was filtered
off and washed with methanol to yield the required product (0.55 g,
66%).

The following compounds were similarly prepared using ethanol
in place of methanol: trans-chlorohydridotetrakis(ethyl diphenyl-
phosphinite)iridium(III) tetraphenylborate as colorless crystals (56%),
trans-chlorohydridotetrakis(diethyl phenylphosphonite)iridium(III)
tetraphenylborate as colorless crystals (17%). The mother liquor
from the above reaction yielded the isomeric complex cis-chloro-
hydridotetrakis(diethyl phenylphosphonite)iridium (III) tetraphenyl-
borate as colorless crystals (24%).

Tetrakis(methyl diphenylphosphinite)palladium(II) Tetraphenyl-
borate. Dichloro(cycloocta-1,5-diene)palladium (0.210 g) was dis-
solved in methanol (20 ml) containing methyl diphenylphosphinite
(1.0 ml), and the solution was treated with sodium tetraphenylborate
(0.5 g) in methanol (10 ml). The precipitate was filtered off, washed
with methanol then chloroform, and recrystallized from dichloro-
methane-methanol by evaporation under reduced pressure. The
colorless crystals of required product (0.18 g, 15%) were given a
final wash with chloroform.

Tetrakis(dimethyl phenylphosphonite)platinum(II) Tetraphenyl-
borate. Dichloro(cycloocta-1,5-diene)platinum (0,316 g) was dis-
solved in methanol (10 ml) containing dimethyl phenylphosphonite
(1.0 ml), and the filtered solution was treated with sodium tetra-
phenylborate (0.6 g) in methanol (10 ml). The resultant precipitate
was extracted with hot chloroform, and the insoluble residue was
crystallized from dichloromethane-methanol to yield the required
product (0.035 g, 3%) as colorless crystals.

The following were similarly prepared using the appropriate
ligand and the corresponding alcoholic solvent: tetrakis(methyl
diphenylphosphinite)platinum(II) tetraphenylborate as colorless
rhombic plates (21%), tetrakis(diethyl phenylphosphonite)platinum-
(II) tetraphenylborate as large pale yellow rectangular prisms (23%),
tetrakis(ethyl diphenylphosphinite)platinum(II) tetraphenylborate
as pale yellow crystals (17%).

Tetrakis(methyl diphenylphosphinite)copper(I) Tetraphenyl-

borate. Cuprous chloride (0.10 g) and methyl diphenylphosphinite
(1 ml) were heated together under reflux in methanol (10 ml) for 6
hr and then allowed to stand for 3 days. Sodium tetraphenylborate
(0.35 g) in methanol (10 ml) was added to the colorless solution and
the resultant white precipitate was filtered off, recrystallized from
dichloromethane-methanol, and then dried in vacuo to yield the re-
quired product (0.73 g, 60%) as colorless crystals.

Tetrakis(ethyl diphenylphosphinite)copper(I) tetraphenylborate
was similarly prepared, using the appropriate ligand in ethanol solu-
tion, as colorless crystals (62%). This product was not recrystallized.

Tetrakis(dimethyl phenylphosphonite)silver(I) Tetraphenyl-
borate, Silver nitrate (0.105 g) was dissolved in a methanol solution
(10 ml) containing dimethyl phenylphosphonite (0.8 ml). Sodium
tetraphenylborate (0.21 g) in methanol (10 ml) was added and the
mixture was set aside overnight. The required product, which
separated as colorless crystals, was filtered off, washed with methanol,
and then dried in vacuo (yield 0.136 g, 20%).

The following were similarly prepared using the appropriate
ligand and the corresponding alcoholic solvent: tetrakis(methyl di-
phenylphosphinite)silver(I) tetraphenylborate as colorless crystals
(68%) from dichloromethane-methanol, tetrakis(diethyl phenyl-
phosphonite)silver(I) tetraphenylborate as colorless crystals (81%),
tetrakis(ethyl diphenylphosphinite)sitver(I) tetraphenylborate as
colorless crystals (50%).

The following were similarly prepared from chloro(cyclooctene)-
gold using the appropriate ligand and corresponding alcoholic sol-
vent: tetrakis(dimethyl phenylphosphonite)gold(I) tetraphenyl-
borate as colorless crystals (10%) obtained with difficulty from di-
chloromethane-methanol, tetrakis(methyl diphenylphosphinite)gold-
(I) tetraphenylborate as colorless crystals (62%), tetrakis(diethyl
phenylphosphonite)gold(I) tetraphenylborate as colorless crystals
(42%) (this complex is particularly photosensitive), tetrakis(ethyl
diphenylphosphinite)gold(I) tetraphenylborate as colorless crystals
(28%)

See Table I for analytical and conductivity data of these com-
pounds.



Transition Metal Complexes of P Ligands Inorganic Chemistry, Vol. 13, No. 2, 1974 459

Table II. Nmr Spectra (Alkyl Protons) for Complex Cations®

ppm°® Hz
Complex ion 7(Me) +(CH,) 3J(PH) 3J(HH")
{Ru,C1, [P(OMe),Ph] }* 6.53 (vc) (Xd =10.5)
{Ru,Cl,[P(OMe)Ph, ] }* 7.05 (ve) (X =11.0)
{Ru,C1,[P(OE1),Ph],}* 8.70 (1) 6.23 (m) 7.0
{Ru,Br, [P(OEt),Ph], }* 8.72 (1) 6.25 (m) 7.0
{Ru,Cl, [P(OEt)Ph, ] }* 8.82 (1) 7.09 (e) 7.0
{Ru,Br,[P(OEt)Ph, |, }* 8.70 (m) 6.95 (e)
{RuH[P(OMe),Ph],}*, eq {6.85 o) (X=11)
ax 6.93 (d) 10
{Ru[P(OMe),Ph] }** ® 6.85 (vc)
{ir[P(OMe),Ph1,}* 6.95 (vo) X =12)
{lr[P(OMe)Ph, ], }* 7.45 (vo) (X=11)
{Ir[P(OEt),Ph],}* . 8.95 (1) 6.67 (m) 7.0
{Ir[P(OEt)Ph, ], }* 9.89 (1) 7.05 (m) 7.0
{IrtH[P(OMe),Ph],}**, eq® {2.34 (ve) X =~11)
ax .95 (d) ~11
trans- {ItHC1[P(OMe),Ph] }* ® 6.65 (vc) (X=12)
trans-{IrHC1[P(OMe)Ph, |, }* 7.25 (e) :
trans- {ItHC1[P(OEt),Ph], }* 8.86 (1) 6.35 (m) 7.0
cis- {IrH, [P(OMe)Ph, ], }* { 7.14 (1) (X=12)
7.08 (d) 10
trans- {Irt4, [P(OEt),Ph],}* 8.82(t) ~ 7.0
cis-{ItH, [P(OEt),Ph], }* {8.89 ® 6.0-72(¢) 7.0
9.05 (t) : 7.0
cis- {IrtH, [P(OEt)Ph, ], }* - {8.73 ® 6.5-7.2 (e) } 7.0
8.94 (1) ‘ 7.0
{Pt[P(OMe)Ph, ], }*+ ® 7.44 (vc) (X=12)
{Pt[P(OEt),Ph],}** ? 8.75 (1) 6.05 (¢) 7.0
{Cu[P(OMe)Ph, ], }* 6.82 (s)
{Cu[P(OE)Ph, ], }* 8.80 (t) 6.64 (q) 7.0
{Ag[P(OMe),Ph] }* 6.62 (d) 12.0
EAg[g(OMe)th]q}}+ 6.;3 @ 12.0
Ag[P(OEt),Ph],}* 8.84 (t) 6.35 (m) 7.0
{Ag[P(OEt)Ph, ], }* 8.91 (1) 6.58 (qn) 7.0 7.0
{Au[P(OMe),Pn],}* 6.69 (d) 11.0
{Au[P(OMe)Ph, 1, }* 6.67 (d) 13.0
{Au[P(OE1),Ph],}* 8.87 (t) 6.40 (e) 7.0

@ Solvent CDCI, unless otherwise indicated. b Solvent CD,Cl,. ¢Key: s,singlet;d, doublet; t, triplet; q, quartet; qn, quintet; vc, virtual
coupling pattern; m, multiplet; e, envelope. dx= separation of outer satellites; see Figures 1 and 2.

Results and Discussion

Ruthenium Complex Cations, The phosphonite and phos-
phinite ligands L [L =P(OR),Ph, P(OR)Ph,; R =Me, Et]
reacted slowly with [RuCl,(C,Hjy)],, in boiling methanol
(R =Me) or ethanol (R = Et) to afford the binuclear tri-u-
chloro cations [L3RuCl3Rul;]* which were isolated as pale
yellow crystalline tetraphenylborate salts. The bromo com-
plex [RuBr,(C,Hjg)], reacted with P(OEt),Ph and P(OEt)-
Ph, in ethanol to give the corresponding tri-u-bromo cations
[LsRuBryRul;1* but reacted with P(OMe),Ph in methanol
to afford the hexacoordinated dication {Ru[P(OMe),Ph]¢}?*
in good yield. The latter complex cation presumably owes
its formation to the smaller steric requirements of the P(O-
Me),Ph ligands. All attempts to prepare osmium phosphon- phosphinite complex cations [L =P(OEt),Ph, P(OEt)Ph,]

Figure 1. Proton nmr spectrum (methyl region) for complex dica-
tions [L,RuX;Rul;]* [L = P(OMe),Ph, P(OMe)Ph,; X =Cl, Br].

ite and phosphinite derivatives were frustrated by lack of a each contain a well-resolved triplet (methyl protons) and
suitable labile precursor. a complex, symmetrical envelope (methylene protons).
Conductivity data for the series of dinuclear ruthenium These nmr results, together with the analytical and conduc-
cations were consistent with their formulation as 1:1 elec- tivity data, serve to establish the binuclear structure proposed
trolytes of the proposed stoichiometry, and nmr spectra for the complex cations. The methyl protons of the ethyl
(alkyl:aryl proton ratios) confirmed a ligand:anion ratio of diphenylphosphinite complex {Ru,Br; [P(OEt)Ph,]¢} {BPhy}
6:1 in each instance. (See Table II for nmr data.) The give rise to a complex nmr pattern instead of the expected
methyl protons of each.of the complex dications [L3RuX;-- triplet, and the exact nature of the complex cation therefore
RuL;]** [L = P(OMe),Ph, P(OMe)Ph,; X = Cl, Br] aré equiv- remains the subject of some speculation. It is possible, how-
alent and give rise to a symmetrical virtual coupling nmr ever, that the anomalous nmr pattern may simply reflect the
pattern (Figure 1). With one exception (see below), the presence of rotational restrictions imposed by the combina-

pmr spectra of the corresponding ethyl phosphonite and tion of bulky bromide and ethyl diphenylphosphinite ligands,
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The methyl resonance of the cation {Ru[P(OMe),Ph]¢}**
comprises a symmetrical virtual coupling pattern, consistent
with the presence of six equivalent P(OMe),Ph ligands.

It is interesting to note that the phosphines PEt,Ph and
PEtPh,, of stereochemical form very similar to that of P(O-
Me),Ph and P(OMe)Ph,, respectively, have previously been
reported to give binuclear trihalide-bridged ruthenium and
osmium complex cations analogous to those described
above.!* This observation supports our belief that steric
factors are primarily responsible for determining the stoichi-
ometry of the complex cations formed in these systems.

Our efforts to prepare cationic hydrido complexes of the
form {RuHLs}" were only partially successful. The com-
plex {RuH[P(OMe),Ph]s} {BPh,} was obtained as an air-
stable white crystalline solid; however, attempts to prepare
similar derivatives containing the larger ligands P(OMe)Ph,,
P(OEt)Ph,, and P(QOEt),Ph failed, presumably because five
ligands of this size cannot be comfortably accommodated
about a single ruthenium ion. The methyl protons of the
equatorial ligand set in the complex cation {RuH[P-
(OMe),Ph]s}* give rise to a virtual coupling nmr pattern (24
protons) comprising a broad strong center member and two
pairs of symmetrically placed satellites.  Similar patterns are
discussed in part XI' and have previously been reported for
several systems containing four P(OMe),,Ph;_,, ligands (r = 1-
3) in a planar configuration.!?*!>*'*  The methyl protons of the
axial P(OMe),Ph ligand give rise to a doublet [>J(PH)] with
no visible evidence of interligand phosphorus-hydrogen cou-
pling. The high-field nmr pattern comprises a doublet of
quintets consistent with the presence of a hydride ligand
coupled to one trans and four equivalent cis phosphorus
nuclei. This simple first-order spectrum contrasts sharply
with the very complex patterns observed for the high-field
reconances in the cationic hydrides {RuH[P(OR);]s}" ! and
{ItH[P(OMe),Ph]s}** (see below).

Iridium Complex Cations. The iridium(I) and -(I1I) pre-
cursors IrCI(CO)(PPhs),, [IrCCgHi,)]a, and [IrHC1,(Cg-
Hy,)], reacted with the phosphonite and phosphinite ligands
(L) to afford a variety of four- and five-coordinate iridium-
(1) complexes [[tL,][BPhs] (x = 4, 5) and six-coordinate
iridium(IIl)-hydrido derivatives [ItHLs]{BPhy],, [IrH,L4]-
[BPhy], and [IrHCIL,][BPhs].

Treatment of [rCI{CO)(PPh,), or [IrCI(CsH;,)], with the
ligands, L, in boiling alcoholic solvents, followed by addition
of sodium tetraphenylborate, afforded the stable orange com-
plexes [IrL,][BPh,] [L = P(OR)Ph,, P(OEt),Ph] or the yel-
low complex [IrL's1[BPh,] [L' =P(OMe),Ph]. This latter
species, on recrystallization from chloroform-methanol,
lost one molecule of ligand to afford the tetrakis derivative
[IrL',][BPhs]. In several of the above reactions addition
of triethylamine served to remove traces of HCl and there-
by prevent formation of iridium(III) hydrides. In the ab-
sence of triethylamine, [rCI{(CO)(PPh,), reacted with di-
methyl phenylphosphonite under similar conditions to pro-
duce a modest yield of {ItH[P(OMe),Ph]s}{BPhs},. The
failure to obtain analogous products [[rHL;][BPhy], with
the other, more bulky, ligands may again be attributed to
steric problems.

Reactions of the ligands, L, with the iridium(II)-cyclo-
octa-1,5-diene complex [IrHC1,(CgH,)], in boiling benzene,
followed by evaporation of the solutions under reduced
pressure, gave oils which appeared to contain isomeric forms
of the hydridic complexes ItHCL,L; [v(IrH) ca. 2080 cm™

(14) 1. Chatt and R. G. Hayter, J. Chem. Soc., 896 (1961).
(15) L. M. Haines, Inorg. Chem., 10, 1693 (1971).
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(hydride trans to phosphorus?) and ca. 2200 cm™! (hydride
trans to chloride?)]. These oils reacted with excess ligand,
L, in boiling alcohol to give the hydridic species cis- and
trans-[ITHCIL, ] [BPhy]. The dihydride trans- {IrtH, [P(OMe),-
Ph]4} {BPhy} was also isolated from a reaction of this type.

Oxidative addition of dihydrogen and hydrogen chloride
to the complexes [IrL4][BPhy] provided an alternative route
to the iridium(IIT) derivatives [ItH,L,][BPhs] and [IrHCI-
L,][BPhy]. Some of these products were isolated and char-
acterized (see Experimental Section); others were identified
in solution by high-field nmr spectroscopy (see Table III).

Steric and electronic effects observed for these iridium
complexes appear to follow the expected course; for iridium-
(I) complexes the preference for a coordination number of
5 rather than 4 decreases as P(OR); > P(OR),Ph > P(OR)-
Ph, > PPhj;, while the tendency to yield iridium(III) species
decreasesin the reverse order. Only the smallest ligand in the
present group, P(OMe),Ph, gave both four- and five-coordi-
nate iridium(I) derivatives, the remainder yielded only four-
coordinate complexes [IrL,][BPhy].

The methyl protons of the complex cations {Ir[P(OMe),-
Ph],}* and {Ir[P(OMe)Ph,],}" give rise to a symmetrical pat-
tern (Figure 2) with the broad inner satellites partially sub-
merged by the strong center peak. This pattern is consistent
with the presence of four P(OMe),,Ph;_, ligands in a square-
planar configuration. The nmr spectra of the corresponding
ethyl phosphonite and phosphinite complexes {Ir [P(OEt),-
Ph],}" and {Ir[P(OEt)Ph,]4}* each contain a triplet (methyl
protons) and a multiplet (methylene protons). The methyl
proton resonance, observed in the spectrum of {Ir[P(OEt)-
Ph, 4}, occurs 1.2 ppm to high field of the corresponding
free ligand resonance. This phenomenon has previously
been observed!? and has been tentatively attributed to a
“neighbor anisotropy effect”’!® involving the phenyl groups
or to the close proximity of the methyl groups to the central
metal ion.

The methyl protons of the hydridic cation ItH [P(OMe), -
Ph]s?* give rise to a complex pattern which appears to con-
sist of a doublet [axial P(OMe),Ph] and a symmetrical pat-
tern typical of four P(OMe),,Ph; _,, ligands in a square-planar
configuration. However, these signals overlap, and their
exact form remains a matter for conjecture. The high-field
nmr signal comprises a second-order pattern with ten well-
resolved lines visible. This and other similar high-field pat-
terns are the subject of further investigations.

The nmr resonances (Table II) arising from methyl and
ethyl moieties present in the complex cations cis- and trans-
[IrH,L4]* and trans-[ItHCIL,]" [L = P(OR),Ph, P(OR)Ph,;
R = Me, Et] are consistent with the structures proposed for
these species. The high-field nmr patterns (Table IIT) ob-
served for the cations trans-[[tH,L,|" and cis- and trans-[Ir-
HCIL,]* are first order and also serve to confirm the stereo-
chemistry proposed for each complex. However the cations
cis-[ItH,L 4] each give rise to a symmetrical second-order
pattern containing six resolved lines (Figure 3); these latter
spectra are the subject of further investigation.

Palladium and Platinum Complex Cations. The palladium-
cycloocta-1,5-diene complex PdC1,(CgH),) reacted with ex-
cess P(OMe)Ph, in methanol to form a clear, colorless solu-
tion from which the complex salt {Pd[P(OMe)Ph,]4}{BPh4}»
precipitated on addition of sodium tetraphenylborate. Ap-
parently related products were obtained using the other

(16) J. A. Pople, W. G. Schneider, and H. J. Bernstein, “High
Resolution Nuclear Magnetic Resonance,”” McGraw-Hill, New York,
N.Y., 1959,p 176.
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Table ITI. Ir and High-Field Nmr Spectra of Cationic Hydrides
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Complex ion v(MH), cm™! r(MH), ppm Coupling pattern?
{RuH[P(OMe) Ph],}* ~1900 18.93 d, J(PH); = 89.0; qn, J(PH), =19.0
{IrH[P(OMe),Ph], }** 2080 22.0¢ Complex 2nd-order pattern, 10 peaks
trans- {ItHC1[P(OMe),Ph], }* 2200 28.1¢ qn, J(PH), =13 '
trans- {ItHCI[P(OMe)Ph, |, }* 2210 27.65 qn, J(PH), = 13
trans- {ItHCI[P(OEt), Ph],}* 2200 28.4 qn, J(PH), =13
trans- {ItHCI[P(OEt)Ph, ], }* 2200 27.93 an, J(PH). =13
cis-{ I'HC1[P(OEt),Ph] }* 2085 20.8 d, J(PH); = 178; d, J(PH), =16

t, J(PH), =12
trans-{ItH, [P(OMe),Ph],}* 1805 19.33 qn, J(PH), = 16.5
trans-{ItH, [P(OEt),Ph],}* 19.3 qn, J(PH), = 16.5
cis- {ItH, [P(OMe), Ph] }* 22.7 Symmetrical 2nd-order pattern, 6 lines®
cis-{IrtH, [P(OMe)Ph, |, }* 22.1 Symmetrical 2nd-order pattern, 6 lines®
cis- {IrH, [P(OEt),Ph},}* 22.8 Symmetrical 2nd-order pattern, 6 lines®
cis-{IrtH, [P(OEt)Ph, |, }* 22.3 Symmetrical 2nd-order pattern, 6 lines®

@ Spectra taken in CD,Cl,; all others taken in CDCI,.
hertz. € See Figure 3.

e,

Figure 2. Proton nmr spectrum (methyl protons) for complex ca-
tions [IrL,]* [L = P(OMe),Ph, P(OMe)Ph, ].

phosphorus ligands (L) but these underwent decomposition
within a few hours and were not fully characterized.

In contrast the platinum(II) cations [PtL,]** were readily
prepared from PtC1,(CgH,,) and excess ligand and were char-
acterized as white or pale yellow. air-stable crystalline tetra-
phenylborate salts. Evidence for the formation of palladi-
um(Il) and platinum(II) monocations [MCIL3]" was observed
but none was isolated.

The palladium and platinum dicationic salts [ML4][BPh,},
are sparingly soluble in common nmr solvents, and the pal-
ladium derivatives are unstable in solution; in general they
did not provide nmr spectra of acceptable quality.

Copper, Silver and Gold Complex Cations. Silver nitrate
reacted with the phosphonite and phosphinite ligands, L, in
the appropriate alcohol to give colorless solutions from which
the cations [AgL,4]" were isolated as their tetraphenylborate
salts. The corresponding gold(I) complexes [AuL,][{BPhs]
were similarly prepared from AuCl(CgHy4). Synthesis of
these complexes completes the triad of complex cations

b Key: d, doublet; t, triplet; gqn, quintet. Subscripts: c, cis; t, trans. J values in

JA0Ms o

Figure 3. High-field proton nmr spectra for complex cations cis-
[ItH,L,]* [L =P(OMe),Ph, P(OMe)Ph, ].

{M[P(OR),Ph],}* (M =Cu, Ag, Au). We have also prepared
and characterized the copper(I) cations {Cu[P(OR)Ph,],}*
thus completing the triad {M[P(OR)Ph,]s}*. The copper,
silver, and gold complexes are all white crystalline solids;
several of them are photosensitive.

The nimr spectra (alkyl protons) of the silver and gold
complex cations show clearly resolved intraligand phospho-
rus-proton coupling [>J(PH)]; those of the copper cations
do not display this coupling. Interligand phosphorus-hydro-
gen coupling [5J(PH)] is absent from all of these spectra
(see Table IT). The absence of detectable interligand 5 (PH)
coupling interactions may indicate that the couplings J(PMP)
are very small, as is the case in many other tetrahedral MP,
systems.!” However, the overall coupling behavior is more
probably attributable to ligand rearrangement and dissocia-
tion phenomena. A detailed investigation of these systems
is in progress and will be reported elsewhere.

Acknowledgment. We thank the SRC for financial support.

Registry No. {Ru,Cl,[P(OMe),Ph],}{BPh,}, 42741-18-4;
Ru,Cl,[P(OMe)Ph,]j{BPh,,}, 42789-21-9; {Ru,Cl,[P(OEt),Ph],}-
BPh,}, 42741-19-5; {Ru,Cl,[P(OEt)Ph,],}{BPh,}, 42741-20-8;
Ru,Bra[P(OEt),Phlﬁ}{BPh:}, 42741-21-9; {Ru,Br,[P(OEt)Ph,],}-
BPh,}, 42741-22-0; {Ru[P(OMe),Ph],}{BPh,},, 42741-23-1;
RuH[P(OMe),Ph],} {BPh,}, 37766-60-2; {Ir[P(OMe),Ph],}{BPh,},

42741-25-3; {Ir[P(OMe),Ph], } {BPh,}, 42741-26-4; {Ir[P(OMe)Ph,],} -
{BPh,}, 38333-57-2; {Ir[P(OEt),Ph],}{BPh,}, 42741-28-6; {Iz[P-

(17) J. F. Nixon and A. Pidcock, Annu. Rev. NMR (Nucl. Magn.
Resonance) Spectrosc., 2, 345 (1969).



462 Inorganic Chemistry, Vol. 13, No. 2, 1974 Sigel, Caraco, and Prijs

(OEt)Ph,],}{BPh,}, 42741-29-7; {ItH[P(OMe),Ph];}{BPh,},, 42741-  {Au[P(OEt)Ph,] }{BPh,}, 42740-88-5; trans- {ItHCI[P(OMe), Ph] }*,

30-0; trans- {ItHCI[P(OMe)Ph, ], } {BPh,}, 42741-31-1; trans- fIrHCl- 42740-95-4; cis- {ItH,[P(OMe)Ph,1,}*, 42740-96-5; trans- {IrH, [P-
[P(OEt),Ph],}{BPh,}, 42741-32-2; cis- {IrtHCI[P(OE1),Ph],}{BPh,}, (OE1),Ph},}*, 42740-97-6; cis- {IrtH,[P(OEt),Ph],}", 42740-98-7;
42741-33-3; trans- {ItHCI[P(OEt)Ph, ], } {BPh,}, 42741-34-4; {Pd{P- _cis- {ItH,[P(OEt)Ph,],, }*, 42740-99-8; trans- iIer[P(OMe)ZPh]‘,}*,
(OMe)Ph,],}{BPh,},, 42741-35-5; de[P(OMe)2Ph]4} EBPh‘;}z: 42741-00-4; cis- {IrtH, [P(OMe), Ph],}*, 42741-01-5; catena- dibromo-
42741-36-6; {Pt[P(OMe),Ph],}{BPh,},, 42741-37-7; {Pt{P(OMe)Ph,],}- (bicyclo[2.2.1]hepta-2,5-diene)ruthenium, 42740-81-8; carena-
{BPh4}2, 42741-38-8; {Pt[P(OEt),Ph]J {BPh4},, 42741-39-9; {Pt- dichloro(bicyclo[2.2.1] hepta-2,5-dieneruthenium, 42740-82-9; chloro-
[P(OEt)Ph,1,} {BPh,},, 42741-40-2; {Cu[P(CMe)Ph,],}{BPh,}, hydridotris(triphenylphosphine)ruthenium, 19631-00-6; chloro-
42741-41-3; {Cu[P(OEt)PI1,],}{BPh,}, 42740-91-0; {Ag[P(OMe),- (carbonyDbis(triphenylphosphine)iridium, 14871-41-1; di-u-chloro-
Ph],}{BPh,}, 42740-92-1; {Ag|P(OMe)Ph,],} {BPh,}, 42740-93-2; bis(cycloocta-1,5-diene)diiridium, 12112-67-3; hydrogen, 1333-74-0;
{Ag[P(OEt),Ph] }{BPh,}, 42740-94-3; {Ag[P(OEt)Ph,] }{BPh,}, di-u-chloro-dichlorodihydridobis(cycloocta-1,5-diene)diiridium,
42789-22-0; {Au[P(OMe),Ph} }{BPh,}, 42740-85-2; fAu[P(OMe)- 12148-12-8; dichloro(cycloocta-1,5-diene)palladium, 12107-56-1;
Ph,],}{BPh,}, 42740-86-3; {Au[P(OEt),Ph],}{BPh,}, 42740-87-4; dichloro(cycloocta-1,5-diene)platinum, 12080-32-9.

Contribution from the Institute of Inorganic Chemistry,
University of Basel, CH4056 Basel, Switzerland

Ternary Complexes in Solution. XVI.! Influence of the Size of the Chelate Rings on the
Stability of Mixed-Ligand Copper(II) Complexes Containing Aliphatic Ligands

HELMUT SIGEL,* RENE CARACO, and BERNHARD PRIIS

Received July 11, 1973

The influence of the ring size on the stability of ternary Cu** complexes was studied (25°;7=0.1). The differences, A log
K =log KCuAq, 4 p —log KC¥g, p, which correspond to the equilibrium CuA + CuB = CuAB + Cu, and the constants,

log X, concerning the equilibrium CuA, + CuB, = 2 CuAB, were compared for aliphatic ligands forming five- and six-mem-
bered chelates: for A =ethylenediamine and B = oxalate (log X = 0.94), glycinate (1.03), and 1,2-propylenediamine (0.31)
(five membered) or malonate (2.31), g-alaninate (0.88), and 1,3-propylenediamine (1.00) (six membered); for A = 1,3-pro-
pylenediamine and B = oxalate (3.14), glycinate (2.37), ethylenediamine (1.00), and 1,2-propylenediamine (1.13) or malo-
nate (log X =2.55) and g-alaninate (1.70). It is concluded that in general mixed ligand complexes containing a five- as well
as a six-membered chelate ring are favored in comparison with those containing either two five- or two six-membered rings.
Furthermore, it appears that ternary complexes containing two six-membered chelates are somewhat more stable than the
corresponding complexes containing two five-membered rings. Additionally, two earlier results are confirmed: (i) if the
formation of a ternary complex leads to a neutralization of charge, its formation is favored, and (ii) comparisons of mixed-
ligand systems containing either ethylenediamine or 2,2'-bipyridyl reveal the stability increasing effect of the latter ligand
and the discriminating qualities of the Cu?**-2,2"-bipyridyl 1:1 complex.

Systematic studies of mixed-ligand Cu?* complexes reveal- pendent upon the size of the ring,'® the same may be sur-
ed? that among the driving forces which lead to the forma- mised for mixed-ligand complexes. In fact, this is confirm-
tion of ternary Cu?" complexes in solution are statistical fac- ed by a recent study where one of the ligands was aromatic.**
tors,®"® steric hindrance in one of the binary parent com- These systems contained either two five-membered chelate
plexes,®” and neutralization of charge by forming the ter- rings or one five- and one six-membered ring. For the sake
nary complex.®® Ternary complexes of especially high sta- of an unequivocal generalization it is necessary to do a simi-
bility are formed by an aromatic amine and a second ligand lar investigation with aliphatic ligands only. The ternary
with O as donor atoms.””'%!!  The reason for this increased complexes studied now contain either two six-, a five- and
stability is due to cooperative effects and n-bond formation a six-, or two five-membered rings. The stability constants
in these systems.'!:12 of the following two series of complexes were determined or
As the stability of binary chelate complexes is strongly de- taken from earlier work: (i) the ethylenediamine-Cu?*-L
(1) Part XV: H. Sigel, P. R. Huber, R. Griesser, and B. Prijs, system and (ﬁ) the 1,3-propylenediamine—Cu2+fL system,
Inorg. Chem., 12, 1198 (1973). where L = oxalate (0x) or malonate (mal), glycinate (gly)
(2) H. Sigel in “Metal Ions in Biological Systems,” Vol. 2, H. or $-alaninate ($-al), and ethylenediamine (en), 1,2-propylene-

Sigel, Ed., Marcel Dekker, New York, N. Y., 1973, p 63.

(3) R. DeWitt and J. 1. Watters, J. Amer. Chem. Soc., 76, 3810 diamine (1 ,Z-prop), or 1,3-pr0pylenediamine (1 ,3-prop).

(1954). . .

(4) S. Kida, Bull. Chem. Soc. Jap., 29, 805 (1956). Experimental Section

(5) V. S. Sharma and J. Schubert, J. Chem. Educ., 46,506 Materials. Ethylenediamine and glycine were from Fluka AG,
(1969). Buchs, Switzerland. g-Alanine and 1,3-propylenediamine were ob-

(6) R. Nasanen and M. Koskinen, Suom. Kemistilehti B, 40, tained from the British Drug Houses, Ltd., Poole, England. Disodi-
23 (1967). um oxalate or malonate were from Merck AG, Darmstadt, Germany.

(7) R. Nasanen and P. Tilus, Suom. Kemistilehti B, 42, 11 (1969).

(8) W. B. Schaap and D. L. McMasters, J. Amer. Chem, Soc., 83, From ethylenediamine and 1,3-propylenediamine the respective di-

4699 (1961). hydrochlorides were prepared. Anal. Caled for C,H,,N,Cl, (en-
(9) G. A. L’Heureux and A. E. Martell, J. Inorg. Nucl. Chem., 2HCI): C, 18.06;H, 7.58; N, 21.06;Cl, 53.30. Found: C, 18.28;
28,481 (1966). H, 7.76; N, 21.06; Cl, 53.29. Anal. Caled for C,H,,N,Cl, (1,3-
(10) R. Griesser and H. Sigel, Inorg. Chem., 9, 1238 (1970).
(11) P. R. Huber, R. Griesser, and H. Sigel, Inorg. Chem., 10, (13) H. Irving, R. J. P. Williams, D. J. Ferrett, and A. E. Williams,
945 (1971). J. Chem. Soc., 3494 (1954).
(12) F. A. Walker, H. Sigel, and D. B. McCormick, Inorg. Chem., (14) H. Sigel, P. R. Huber, and R. F. Pasternack, Inorg. Chem.,
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