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The tetradentate ligand 2,3-butanedionebis(2-diphenylphosphinoethylimine),

(CaHs)zPCHzCHzL Y=C(CI’13 )C(CHa )=

NCH,CH,P(CsHs)z, forms the four-coordinate, square [Ni(Cs2HsN2P,)](ClOs); complex and the five-coordinate, diamag-
netic, square-pyramidal complexes [Ni(CseHgiNoP2)X](C104) - 0.6CH;OH (X = Cl, Br, I) and [Ni(CsH:N:P;)X](C10,)-0.5-

C4H90H (X = Cl, BI')

The compounds have been characterized by conductivity measuirements, proton magnetic resonance
spectra, infrared spectra, electronic absorption spectra, and elemental analyses.

The electronic absorption spectra of the

five-coordinate, square-pyramidal complexes are characterized by a distinct low-energy shoulder on a more intense high-

energy absorption band.

‘ Introduction

Although the relative crystal field stabilization ener-
gies for low-spin d® metal ions in trigonal-bipyramidal
and square-pyramidal crystal fields indicate that the
square pyramid should be the preferred structure,?
numerous low-spin, five-coordinate d* transition metal
complexes with ‘‘tripod-like” tetradentate ligands have
been shown to possess the trigonal-bipyramidal struc-
ture, The structure of some of these complexes* has
been attributed to such steric requirements of the lig-
and as the pyramidal nature of the central donor atom,
the rigid nature of the carbon chain between donor
atoms, and the steric bulk of the terminal donor atoms.
The observation that ‘‘tripod-like”’ tetradentate lig-
ands with flexible carbon chains between the donor
atoms form trigonal-bipyramidal complexes rather
than square-pyramidal complexes has been interpreted
as illustrating the importance of electronic factors such
as the repulsive interaction between bonding electron
pairs and the =-acceptor ability of the ligand donor
atoms in determining the structure of low-spin, five-
coordinate d?® complexes.®S

The tetradentate arsenic ligand o-phenylenebis(o-
dimethylarsinophenylmethylarsine) forms a square-
pyramidal complex with platinum(II), in which one
of the.inner arsenic donor atoms occupies the apical
position of a square pyramid. The formation of a
square-pyramidal complex in preference to a trigonal-
bipyramidal complex illustrates the importance of
ligand field effect associated with the 5d platinum(II)
iont in determinihg the structure of low-spin, five-co-
ordinate d* complexes as opposed to steric and elec-
tronic factors associated with the ligand.” However,
the arrangement of donor atoms about the square pyr-
amid results in a relatively unstrained pyramidal ar-
rangement of alkyl and aryl groups about each of the
arsenic donor atoms. Thus a combination of ligahd
field effects and steric requirements of the ligand best
accounts for the observed structure.
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Computer Center.

(2) Presented at the 21st Southeastern Regional Meeting of the American
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2nd ed, Wiley, New York, N. Y., 1967.

(4) L. M. Venanzi, Angew. Chem., Int. Ed. Engl., 8, 453 (1964).

(5) G. S. Benner and D. W. Meek, Inorg. Chem., 8, 1544 (1964).

(6) G. S. Benner and D. W. Meek, ¢bid., 6, 1399 (1867).

(7) T. L. Blundell and H. M. Powell, J, Chem. Soc. 4, 1650 (1967).

The more flexible tetradentate ligand 1,3-bis(3-di-
phenylphosphinopropylthio)propane forms five-coordi-
nate trigonal-bipyramidal complexes with Ni(II) and
five:coordinate square-pyramidal complexes with Pd-
(II) and Pt(II).* The square-pyramidal structures
of the PA(II) and Pt(II) complexes are associated with
the relatively greater ligand field effects associdted
with 4d and 5d transition metal ions. The trigonal-
bipyramidal structure of the nickel(II) complexes most
probably arises from a combination of electronic factors
associated with the ligand and steric interactions be-
tween the cis diphenylphosphino groups and the fifth
donor atom in the corresponding square-pyramidal
structure.

The ligand, 2,3-butanedionebis(2-diphenylphosphino-
ethylimine), was designed and synthesized to investi-
gate (1) the electronic absorption spectra of low-spin,
square-pyramidal nickel(II) complexes with a cis ar-
rangement of donor atoms in the basal plahe and (2)
the steric interactions associated with the introduction
of a fifth donor group into a square-planar complex
having a cis arrangement of bulky donor groups.

Experimental Section

Reagents.—Reagent grade 1,4-dioxane was dried over sodium
wire for several days and then distilled (bp 101°) from molten
sodium under a dry nitrogen atmosphere. Dichloromethane
was stirred over anhydrous calcium chloride and then distilled
(bp 40°) from fresh anhydrous calcium chloride. Acetonitrile
was refluxed over calcium hydride, decanted, and then distilled
(bp 81°) from Pi0Oj. 1-Butanol was dried over magnesium
oxide and then distilled (bp 117°) from magnesium butoxide.
Chlorodiphenylphosphine was vacuum distilled (bp 111° (5 mm))
and the second of three equal fractions was collected. Ethyl-
enimine (Dow) was distilled (bp 55°) from sodium hydroxide.
Absolute ethanol and anhydrous diethyl ether were used without
further purification,

Synthesis of 2-Diphenylphosphinoethylamine.—2-Diphenyl-
phosphinoethylamine was prepared according to the method of
Issleib and Haferburg.®

Synthesis of 2,3-Butanedionebis(2-diphenylphosphinoethyli-
mine).—To 5.20 g (22.7 mmol) of 2-diphenylphosphinoethyl-
amine was added 0.977 g (11.35 mmol) of biacetyl under dry
nitrogen. After approximately 2 hr sufficient solid had formed
to make stirring difficult. Absolute ethanol (100 ml) was added
to the reaction mixture and stirring was continued for an addi-
tional 48 hr. The white crystals were collected by filtration,
washed with three 10-ml portions of absolute ethanol and three
10-ml portions of anhydrous diethyl ether, and dried in a stream
of dry nitrogen. The crude product was recrystallized from

(8) T. D. DuBois and D. W. Meek, Inorg. Chem., 8, 146 (1969).
(9) K. Issleib and D. Haferburg, Z. Naturforsch. B, 30, 916 (1965).
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TaBLE 1
ELEMENTAL ANALYSES OF CgpHpNpP2 AND ITs NIckEL(IT) CoMPLEXES®
- % caled: - % found:

Compound [o} H N - P X C H N P X
CooHyN:P; 75.56 6.74 5.51 12.18 s 75.52 6.84 5.33 12.38 o
[Ni(CseH3NaP2)} (ClO,): 50.16  4.47 ... '8.08 9.25 50.00 4.34 . 8.10 9.39
[Ni(CsH3gsNP;)C1)C104-0. 5C:H:OH  54.66 514 3.86 4.89 54.49 5.10 3.77 4.86°
[Ni(CaeH3 NPy )Br] C104+0.5C,H:OH  51.49 4.85 3.64 10.38 51.73 4.77 3.69 10.39%
[Ni(CsH3 N Py)I]1C104-0.5CHsOH  48.51 4.57 3.43 15.53 48.71 4.57 3.50 . 15.59°
[Ni(CsHsN:P,)C1] C10,-0.56C,H,OH 55.25 5.32 c 8.38 9.59 55.10 5.58 8.17 9.56°
[Ni(Cs2H3NP2)Br] C104-0. 5CHOH - 52.11 5.01 7.90 9.05 52.33 5.24 7.63 9.39¢

@ Carbon, hydrogen nitrogen, phosphorus, and total halogen analyses reported as per cent chlorine were performed by Galbraith

Laboratories, Inc., Knoxvﬂle, Tenn.
chlorine.

butanol, dried in a stream of dry nitrogen, and finally dried in
Vacuo (3 0 g, 529 vwield). The elemental analyses for 2,3-
butanedionebis(2- d1pheny1phosphmoethyhmme) (mp 144—145°)
are reported in Table I.

Synthesis of [Ni(CpHuN,P;)](ClO,);-—To an ethanol solu-
tion (10 ml) containing 0.3657 g (1 mmol) of Ni(ClO,).-6H,0
was added 0.5082 g (1 mmol) of CyHaNaP; in dichloromethamne
(10 ml) under nitrogen. Yellow [Ni(CsH3N3P3)](ClO4), crys-
tals separated from the reaction mixture with the slow evapora-
tion of dichloromethane under a stream of dry nitrogen. The
crystals were collected on a sintered-glass funnel, recrystallized
from a 1:1 mixture of dichloromethane and ethanol, washed with
ethanol, washed with diethyl ether, dried in a stream of dry air,
and finally dried % vacuo (0.60 g, 78% vield). Elemental analy-
ses are reported in Table I.

Synthes1s Of [Nl(cszHuNsz)X] C10405C2H50H (x = Cl,
Br, 1).—These complexes were prepared by adding 1 mmol of
LiCl, NaBr, or Nal dissolved in absolute ethanol to a dichloro-
methane solutlon containing 1 mmol of [N1(C32H34N2P2) (ClO4)s.
The appropriate deeply colored complex separated from the solu-
tion with the evaporation of dichloromethane from the reaction
mixture under a stream of dry nitrogen. The complexes were
collected on a sintered-glass funnel, recrystallized from a 1:1
mixture of dichloromethane and ethanol, washed with ethanol,
washed with diethyl ether, dried in a stream of dry air, and ﬁnally
dried in vacuo (yields were approximately 80%). The elemental
analyses are reported in Table I.

Synthesis of [Ni(C32H34N2P2)x] C10405C4H90H (X = Cl,
Br).—These complexes were prepared according to the procedure
given fot the [Ni(CeH:N:P,)X]ClO¢-0.5CH;OH complexes
except that 1-butanol was used rather than absolute ethanol in the
preparative and recrystallization steps (yields were approxi-
mately 809,). The elemental analyses are reported in Table I,

Spectra.—Infrared spectra were obtained with a Perkin-
Elmer Model 457 spectrophotometer. Spectra were recorded
for Nujol mulls hetween crystallme KBr plates and for deuterjo-
dichloromethane solutions in KBr cells. Visible and ultraviolet
spectra of the complexes in solution were recorded with a Cary
Model 14 spectrophotometer using matched 0.1- and 1.0-cm
cells. ~ The spectra of the complexes in the solid state were ob-
tained with the Cary Model 14 spectrophotometer by using
Nujol mulls suspended on filter paper.?

Conductance Measurements.—The measurements were pet-
formed with an Industrial Instruments Model RC- 16B conduc-
tivity bridge. All measurements were made at 25.0 £ 0.1° and
a frequency setting of 1000 cps for the electrolytes. The cell
constant was 1.50. Dilution studies were carried out in acetoni-
trile over the concentration range of 1 X 1072to 1 X 1074 N.

Pmr Spectra.—The pmr spectra were recorded with a Varian
Associates T-60 spectrometer. Tetramethylsilane was used as
an internal standard in deuteriodichloromethane solvent.

Results and Discussion

Four-Coordinate Square Complex.—The complex
[Ni(C32H3N:P3) ](C10,), behaves as a 2:1 electrolyte
in acetonitrile solution (Table II).!*~*# The infrared

(10} R. H. Lee, E. Griswold, and T Klemberg Inorg. Chem., 8, 1278
(1964),

*(11) G. J. Janz, F. J. Kelley, and H. V. Venkatassetty, “A Survey of
Non-Aquequs Conductance Data,’” Rensselaer Polytechmc Instltute Troy,
N. Y., 1962,

(12) R. D. Feltham and R. G. Hayter, J. Chem. Soc., 4587 (1964).

(13) A. Davison, D. V. Howe, and E. T. Shawl, Inorg. Chem., §, 458 (1967).

® Tonic halide determined gravimetrically as silver salts.

¢ Total halogen reported as per cent

TaBLE I1

ConpuctancE DATA FOR NICKEL(I1) COMPLEXES
OF C3H3N,P2 IN ACETONITRILE
Caled slopes

Compound Am® A Aexptt® A1 Az
[Ni(Cs:NaaN2P3) [ (ClO4)2 310 181.3 775 365 712
[Ni(CszNsN2Pz) C1]C10¢- 0.5C:H:OH 140 150.7 346 342 630
[Ni(CNuN:P2)Br]Cl04:0.5C:HsOH 146 156.4 344 346 661
[Ni(CaHuN2P2}1]C104+0.5C:H;OH 147 159.2 398 348 667

@ Molar conductivities for approximately 10~% M acetonitrile
solutions. ? Using the Onsager limiting law, A" — A. = Ac'e,
the valye of the slope, 4, was determined from a plot of equwalent
conduct1v1ty, Ae, against ¢'/2, where ¢ is the equivalent concentra-
tion. The value of the 11m1tmg equivalent conductivity, A, was
obtained by extrapolation of the same plot to ¢'/z = 0.

bands at 625 and 1100 ecm~! associated with the per-
chlorate anion are not split in the solid-state Nujol
spectrum indicating that the perchlorate anions are
not coordinated.'* The pmr data for the complex in
deuteriodichloromethane indicate that all four domor
atoms of the ligand CgHaNoPy are coordinated to the
nickel(IT) cation since a downfield shift is observed for
all protons bound to carbon atoms adjacent to the
ligand donor groups (Table III).**-" Addition of
methyl iodide to approximately 10—% M acetonitrile
solutions of the complex did not cause an increase in
conductivity over a period of 4 weeks. Although a
recent report indjcates that the methyl iodide conduec-
tivity test is not a particularly reliable method for
detecting ligand donor atoms which are not coordi-
nated,!” these observations are consistent with the con-
clusion drawn from the pmr data that all four ligand
donor atoms are coordinated. The electronic absorp-
tion spectrum of the diamagnetic [Ni(CsH3NoPy)]-
(CIO,): complex exhibits an absorption maximum at
26,200 cm™! (e 3100) with a low-energy shoulder at
~25,000 em~! in dichloromethane solution and in the
solid state.  The similarity of the solid state and the
solution electronic spectra indicates that the complex
possesses the same structure in dichloromethane solu-
tion and in the solid state. The electronic absorption
spectrum is con51stent with a’square-planar arrange-
ment of donor atoms about nickel(II). The low-energy
shoulder and the maxirmum are assigned the transitions
of d-orbital character xy =» x? — »? and 2* — x? —
¥?, respectively.

Five-Coordinate Complexes.—Spectrophotometric ti-
trations’ of [NI(C32H34N2P2)](C104)2 with (’ﬂ C7H15)4~
NCl, (n C7H15)4NBI' and (n C7H15)4NI in dichloro-

(14) B. J. Hathaway and A, E. Underhill, J. Chem. Soc., 3091 (1961).

(15) H. P. Fritz, I. R. Gordon, K. E. Schwarzhans, and L. M. Venanzi,
ébid., 5210 (1985).,

(16)- R. C. Taylor, G. R. Dobson, and R. A, Kolodny, Inorg. Chem., T,

1886 (1968).
(17) R. L. Dutta, D. W, Meek, and D. H, Busch, ¢bid., 9, 1215 (1970).
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TaBLE III

PMR SPECTRA OF 2,3-BUTANEDIONEBIS(2-DIPHENYLPHOSPHINOETHYLIMINE ) AND ITS
Di1aMAGNETIC NICKEL(II) COMPLEXES®

Singlet
Compound CHs
Ca:Hgy N2 P, 1.91 (5.9)
[Ni(C3gHauNoP2)} (C104 )2 2.35(6.0)
[N1({CseH3 N, P2 )Cl] Cl104+ 0. 5C.H;OH 2.35 (6.9)
[Nl(CagquNsz)Br] C1040 5C2H50H 2.35 (6 1)
[N1{CseH3s Ny P2)I] ClO4- 0. 5C,H;OH 2.36 (6.2)
[N1(CseHz NoP3)C1] C10,4- 0. 5CHOH 2.33 (6.0)
[Ni(CyeH3s NPy )Br] Cl0O,- 0. 5C,H,OH 2.33 (6.0)

Proton assignment of resonance signals of ligand, 8, ppm

—

Triplet Triplet Multiplet
CH:P CH:N CsHs
2.50 (4.1) 3.55 (4.0) 7.35 (20)
3.00 (4.0) 3.66 (4.0) 7.35 (20)
3.11 (4.4) 3.78 (4.0) 7.35 (20)
3.11 (4.8) 3.81 (4.4) 7.35 (20)
3.10 (4.6) 3.85(4.0) 7.35 (20)
3.16 (9.5) 3.78 7.35 (20)
3.16 (R.8) 3.78 7.35 (20)

« Resonance signals for the methyl group of C;H;OH and for the methyl group and methylene groups of C;H;OH do not overlap with

the spectrum of the ligand and give integrated Intensities consistent with the formulations.
CH,0H grouping of both alcohols overlap with the ligand spectrum.
b Represents total integrated intensity for CH:P and CH:N groupings of ligand as well as CH;OH grouping

the CH;OH protons.
of butanol.

methane give sharp end points at 1:1 mole ratio of
halide ion to the square cation (Figure 1) indicating
the formation of five-coordinate cations in solution.
Isosbestic points are observed at 350 and 421, 355 and
424, and 365 and 428 nm for C1—, Br—, and I-, respec-
tively. The solid complexes are isolated as their one-
half ethanol or one-half butanol solvates from these

Absorbance

0 05 1o 15 20
Mole Ratio

Figure 1.—Spectrophotometric titration of [Ni(CaHaNPz)]?™*
with (#-C;Hy3)4NBr in dichloromethane solution at 475 nm.

solvents. The ethanol and butanol molecules are not
coordindted to the nickel(II} ion since the dichlaro-
methane spectra of the solid complexes are identical
with the spectra obtained in the spectrophotometric
titrations of [Ni(CsHyNePs)](ClOy), in dichlorometh-
ane solution where no ethanol or butanol is present.
Further support for this conclusion is found in the fact
that the O-H stretch in deuteriodichloromethane solu-
tions of the complexes appears at ~3620 cm™! which is
within the range genetally observed for dilute solutions
of free alcohols in non-hydrogen-bonding solvents.!®
Also, the O-H stretch in the solid state Nujol mulls
appears at ~3530 cm~1 The complexes of the type
IM(CH:OH)s X, give O-H stretching frequencies
for coordinated alcohol at ~3400, 3480-3500, and 3200—
3400 em~! for X~ = ClO,~, BF,~, and NO;~, respec-
tively.’® Finally, only 0.5 mol of alcohol is present
for each mole of complex.

No splitting of the 625- and 1100-cm ™~ infrared bands

(18) R. T. Couley, “Infrared Spectroscopy,” Allyn and Bacon, Boston,
Mass., 1966.

(19) P. W. N. M. van Leeuwen, Recl. Trav. Chim. Pays-Bas, 86, 247
(1967).

The resonance signals associated with the
Integrated intensities, in parentheses, include the signals due to

associated with the perchlorate anions is observed in
the solid-state Nujol spectra of the [Ni(CspH3N,P;)X -
ClO4-0.5ROH (R = CH; and C.H,) complexes in-
dicating that the perchlorate anion is not coordinated
in the solid complexes.!* The C==N stretch which
occurs at ~1620 cm~! in the free ligand is shifted to
~1575 cm™! on complexation.

The complexes [Ni(CsH3iNoPy)X]ClO,0.5C,H;OH
(X = Cl, Br, I) behave as uni-univalent electrolytes
in acetonitrile solution (Table II). The molar con-
ductivities are in the range generally accepted for 1:1
electrolytes in acetonitrile.!* The slopes of plots of
equivalent conductance against the square root of
equivalent concentrdtion are in good agreement with
the values calculated for 1:1 electrolytes.l?1® The
acetonitrile solutions of the complexes obey Beer’s law
over the concentration range studied (~10-2 to ~10—*
N) eliminating the peossibility of equilibria involving
either halide ion displacement or ligand donor atom
displacement by the solvent.

The proton resonance signals for the five-coordinate
complexes are shifted downfield with respect to the
values of the free ligand (Table III). The signals for
the five-coordinate complexes occur at the same or
lower field positions than those for the four-coordinate
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Figure 2.—~Electronic absorption spectra of [Ni{CsH3N;P,)Br]-
Cl0O,-0.6CoH;0H in the solid state (———-) and in dichloro-

).

methane solution (
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square [Ni(CgH3N2Ps)](ClO4); complex in which all
four donor atoms of the ligand CsgpHsNoP: clearly must
be coordinated. These data strongly suggest that all
four donor atoms of CiHzuNyP; are coordinated and
that the complexes are five-coordinate.’®= Addition
of methyl iodide to the acetonitrile solutions (~1 X
10—% M) did not cause an increase in conductivity over
a period of approximately 4 weeks. These observa-
tions are consistent with the conclusion based on the
pmr data that all four ligand donor groups are co-
ordinated.®15-17

The electronic absorption spectra in the solid state
and in dichloromethane and acetonitrile solutions ex-
hibit the same absorption maxima (Figure 2) indicating
that the complexes possess the same structure both in
the solid state and in solution. The absorption max-
ima produce the usual spectrochemical series of Cl >
Br > I (Figure 3). The molar absorptivities of these

\I T . <
' \.

3000 40,00
- g

Motar Absorptivity
2000

1000

30 25 20 16
cm-! x 1073
Figure 8.—FElectronic absorption spectra of [Ni(CyHyNePs)I]-
Cl0,+0.5C,H;0H ( ), [Ni(CsaHsyNyP2)Br] ClO;: 0.5C.H;OH
(—'——), and [Ni(C32H34N2P2)Cl] CIO4'O.5C2HBOH (-——*-—‘) in
dichloromethane solution.

complexes are not sensitive to the halide donor atom
and do not give a definite trend as the fifth donor atom
is changed (Figure 3) whereas those of the trigonal-
bipyramidal complexes are more sensitive and gemner-
ally increase in intensity in the order I < Br < C1.%—2

A comparison of the visible electronic absorption
spectra of the [Ni<C32H34N2P2)]2+, [Ni<C32H34N2P2)-
Br]+, and [Ni{As(o-CsHsAsPh,);}Br]t 222 complex
cations in dichloromethane solution (Figure 4) illus-
trates that the absorption maximum for the [Ni{Cs-
H3N,P;}Br]* cation occurs at considerably higher
energy than that of the trigonal-bipyramidal [NijAs-
(0-CsH.AsPhy); |Br]* cation. The spectrum of the
five-coordinate cation [Ni{CsH3N,P;)Br]* is consider-
ably more intense and shifted to lower energy compared
to the spectrum of the square-planar [Ni(CsHss

(20) G. Dyer and D, W. Meek, Inorg. Chem., 4, 1398 (1965),

(21) G. Dyer and D. W. Meek, ibid., 6, 149 (1967).

(22) G. Dyer, J. G, Hartley, and L. M. Venanzi, J. Chem. Soc., 1293
(1965).

(23) G. A. Mair, H. M. Powell, and L. M. Venanzi, Proc., Chem. Soc.,
London, 170 (1961).
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Molar Absorptivity
2000 3000
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2% 20 15
em~ x 1072

Figure 4.—Electronic absorption spectra of [NiAs(o-CsHyAs-
th)aBl’] ClO4 ( ), [Ni(ngH“Nng)Br] Cl10,-0.5C;H;0OH
(—=—), and [Ni(CsHzN,P;)](ClO4)2 (~—--) in dichlorometh-
ane solution.

2000 3090 4000

Molar Absorptivity

1000

)
30

em~! x 10738

Figure 5—ZElectronic absorption spectra of [Ni(CyHzN.P;)-
Br] Cl10,- O5C2H50H ( ), [Nl{ PhyP (0-C6H4ASPP1’12 ) } 2Br] -
ClO; (—~—), and Ni{CH;As(CH:CH.CH;AsMe;);}Bry (———-)
in dichloromethane solution.

N,P;) ]+ cation. Since the spectra of the [Ni(CypHas-
NePo)X ]+ (X = Cl, Br, I) cations are not typical of
trigonal-bipyramidal complexes which are character-
ized by an intense symmetrical absorption maximum
at ~16,000 cm~! followed by a much less intense ab-
sorption at ~21,000 cm~—1,%~% these complexes are
assigned a square-pyramidal structure with all four
donor atoms of C3;HsN,P, being coordinated in the
basal plane of the square pyramid. This structural
assignment is consistent with the planar nature of the
ligand. A trigonal-bipyramidal structure or a square-
pyramidal structure in which one or more of the phos-
phorus donor atoms were not coordinated in the same

(24) L. P, Haugen and R. Eisenberg, Inorg. Chem., 8, 1072 (1969).
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plane as the C.N:Ni chelate ring would place excessive
strain on the required planar nature of the C,N,Ni
chelate ring. The low-energy shoulder at ~17,000
cm~! and the maximum at ~21,000 cm~! in the
electronic absorption spectra of these five-coordinate,
square-pyramidal complexes are assigned to transitions
of d-orbital character 22 — x? — y? and xy = x2 — 32,
respectively.

The cis arrangement of donor atoms in the basal plane
of the square-pyramidal structure yields complexes
whose electronic absorption spectra are quite similar
in energy position and contour to those of the Ni{ CH;-
As(CH,CH,CH,AsMe;); | Bry?:2%  (Figure 5) and Ni-
{CH;N(CH,CH,PPh:), | Bry”*® complexes which are
known to possess unsymmetrical square-pyramidal
structures. This observation gives additional support
to the assigned square-pyramidal structure. The dia-

(25) G. A. Mair, H. M. Powell, and D. E. Henn, Proc. Chem. Soc., London,
415 (1961).

(26) G. A. Barclay, R. S. Nyholm, and R. V. Parish, J. Chem. Soc., 4433
(1861).

(27) L. Sacconi and R, Morassi, ibid., 4, 2997 (1968).

(28) P. L. Orioli and L. Sacconi, Chem. Commun., 1310 (1968).

GRAYBILL, WRATHALL, AND IHRIG

magnetic, five-coordinate nickel(II) complexes of the
o-phenylene-bridged bidentate ligands Ph,P(o-CoH,-
AASPhQ), Pth(D-CeH4SCH3), and thP(O-CeH4SECH3)
have been assigned square-pyramidal structures on
the basis of their electronic absorption spectra.2%®
A comparison of the electronic absorption spectrum of
the [Ni{Ph,P(0-CeHAsPh,)},Br]+ cation with that of
the [Ni(CspHaN.P)Br]t cation illustrates that the
absorption maxima appear at similar energies (Figure 5).
The lack of splitting in the absorption bands of the
square-pyramidal nickel(II) complexes with the bi-
dentate ligands suggests that these complexes have a
trans arrangement of identical donor groups in the basal
plane of the square pyramid rather than a cis arrange-
ment of identical donor atoms.

The fact that monomeric complexes of the types
[N1<C32H34N2P2)X]C104O5ROH (X = Cl, Br, I where
R = C:Hs;and X = Cl, Br where R = C,Hj,) can be pre-
pared demonstrates that two diphenylphosphino groups
can occupy cis positions in the basal plane of a square-
pyramidal nickel(II) complex.

(29) T. D. DuBois and D. W. Meek, Inorg. Chem., 6, 1395 (1967).
(30) M. O. Workman, G. Dyer, and D. W. Meek, ¢bid., 8, 1543 (1987).
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The Quincke method of magnetic susceptibility measurement has been adapted for use in magnetic titrations.

The tech-

nique has been employed to study the complex formation reactions of nickel(II) with ethylenediamine, 1,2-propanediamine,

2-methyl-1,2-propanediamine, and 2,3-dimethyl-2,3-butanediamine in 409, aqueous methanol solution.

It was found that

ethylenediamine and 1,2-propanediamine react with nickel(II) to give paramagnetic tris complexes, with no indication of
intermediate diamagnetic species. 2-Methyl-1,2-propanediamine gives a paramagnetic tris complex with excess ligand but
forms a diamagnetic intermediate species during the magnetic titration at a 2:1 ligand:metal ratio. 2,3-Dimethyl-2,3-
butanediamine reacts with nickel(II) to give a diamagnetic bis complex with no indication of further interaction, even at
large ligand:metal ratios. Increasing C-substitution of ethylenediamines causes an increase in the relative tendency to
form stable diamagnetic bis complexes with nickel(II). This is due principally to steric interactions. The reaction of
nickel(II) with meso-1,2-diphenylethylenediamine in 509, aqueous dioxane was also studied. A paramagnetic mono com-

plex and a diamagnetic bis complex were formed during the course of the magnetic titration in this system.

Introduction

Nickel(IT) complexes of ethylenediamines have been
the subject of a number of investigations,?~* since the
bonding characteristics and even the structure of the
complexes are very sensitive to structural variations
of the ligand. Ethylenediamine itself and other de-
rivatives which are not highly substituted form blue,
paramagentic complexes, whereas highly substituted
ligands form yellow, diamagnetic complexes.

Basolo and collaborators have determined stepwise
formation constants for the nickel(II) complexes of

(1) From the Ph.D. thesis of G. R. G., University of Hawaii, 1970.

(2) I. Lifschitz, J. G. Bos, and X. M. Dijkema, Z. Anorg. Allg. Chem.,
242, 97 (1937).

(3) F. Basolo and R. K. Murmann, J. Amer. Chem. Soc., T4, 5243 (1952).

(4) F. Basolo and R. K. Murmann, 7bid., T6, 211 (1954).

(5) F. Basolo, Y. T. Chem, and R. K. Murmann, ¢bid., T6, 956 (1954).

(6) H. Irving nd J. M. M. Griffiths, J. Chem. Soc., 213 (1954).

(7) R. G. Wilkins, 7bid., 4521 (1957); Accounts Chem. Res., 8, 408 (1970).

(8) D. L. Leussing, Inorg. Chem., 2, 77 (1963).

several ethylenediamines,® % including ethylenediamine
(en), 1,2-propanediamine (pn), 2-methyl-1,2-propanedi-
amine (¢-bn), 2,3-dimethyl-2,3-butanediamine (tetra-
Meen), and meso-1,2-diphenylethylenediamine (ms-
stien). They found that en, pn, and ¢-bn form mono,
bis, and tris complexes but that tetraMeen and ms-
stien do not go beyond the his complex. Furthermore,
the order of stability constants was found to be anoma-
lous for the tetraMeen complex, with K, being greater
than K;. In the same study the solid compounds Ni-
(tetraMeen),;Cl; and Ni(¢-bn).Cly were isolated and
found to be diamagnetic. It was concluded that the
tendency to form yellow, diamagnetic compounds in-
creases with increasing methyl substitution.

Wilking’ has studied the kinetics of the dissociation
of the mono and bis nickel(II) complexes of all five of
these diamines in aqueous acid. Although Basolo
found no correlation between C-methyl and C-phenyl



