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desired manner (7). The formation of a strained four mem-
bered chelate ring in preference to a more stable six mem-
bered ring may be justified in terms of the HSAB principle
which favours coordination of two hard oxygens to the hard
chromium(III) over those of one hard (oxygen) and one soft
{arsenic) donors due to metal ions of higher charge and with a
small number of d-electrons. On the other hand, the
reported® 3% preferential stabilization of structure (§) over
one similar to (3} in the a-amino acids [R-CH(NH,)(CO,H)]
complexes (R = H, Et, PhCH,, MeSCH,CH,, efc.) with
chromium(I11) is favoured by both the HSAB principle and
the size of the chelate ring, since nitrogen and oxygen are both
hard donors.

T
CO, CO,
@ Serm R—CH cril
AE/ ~n
Ry Hy
(7) (8}

References

W C, A, McAuliffe, Transition Metal Complexes of Phosphoius,
Arsenic and Antimony Ligands, Macmillan Press Ltd., 1973, p. 205. -
@ A, Tzschach and H. Nindel, J. Organometal. Chem., 24, 139
(1970). - B. Chiswell, R, A, Plowman and K. Verrall, Inorg. Chim.
Acta, 6, 113 (1972). ~ ® E, Uhlig and M. Schafer, Z. Anorg. Allgem.
Chem., 359, 178 (1968). — * W. Levason and K. G. Smith, Inorg.
Chim. Acia, 41, 133 (1980). - @ 8. 8, Sandhw and S. 8. Parmar, J.
Chem. Soc. A,, 111(1971). - 8. 8. Sandhu and S. 8. Parmar, Chem.
Comm., 1335 (1968). - ® C. N, Reilley, R, W. Schmid and F. 8.
Sadek, J. Chem. Educ., 36, 555 (1939). - @ 8. 8. Sandhu and S. S.
Parmar, Z. Anorg. Allgem. Chem., 363, 207 (1968). - ¥% A I Vogel,
A Text Book of Quantitative Inorganic Analysis, ELBS and Longman,
London, 3rd. Edit., 1973, p. 343.

New Cationic and Anicnic Tetracoordinate Nickel(1) Complexes 85

(3 3. Q. Doak and L. D. Freedmar, Organometallic Compounds of
Arsenic, Antimony and Bismuth, Wiley Interscience, 1970, p. 191, -
) D, M. Adams, Metal Ligand and Related Vibrations, Arnold, Lon-
don, 1967, p. 238. — U9 K. Nakamoto, Infrared Spectra of Inorganic
and Coordination Compounds, Wiley-Interscience, 1970, pp. 78 and
150. - 9 I, Fujita, K. Nakamoto and M. Kobayashi, J. Am. Chem.
Sec., 78, 3963 (1956). — “9 ¥ M, D, Taylor, C. P. Carter and C. I.

- Wynter, J. Inorg. Nucl. Chem., 30, 1503 (1968);  T. I. Delia, M. A,

Little and D. X. West, J. Inorg. Nucl. Chem., 35, 1400 (1973). -
U9 1. 1. Hodgson, Prog. Inorg. Chem., 19, 173 (1975). - ‘" N. F.
Curtis, J. Chem. Soc. A, 1579 (1968) and refs. therein. - ¥ I, Cat-
terick and P. Thornton, Adv. Inorg. Chem. Radiochem., 20, 291
(1977) and refs. therein. — “ N. W. Alcock, V. M. Tracy and T. C.
Waddington, J. Chem. Soc. Dalton Trans., 2243 (1976). - @ ],
Hiraishi, J. Bufl, Chem, Soc. Jpn., 43, 128 (1972).

@) w. 1. Zachariasen, J. Am. Chem. Soc., 62, 1011 (1940). - ®9 T,
C. Downie, W, Harrison, E. S, Raper and M. A, Hapworth, Acta
Crystallogr., 27B, 706 (1971). - @@ W. Bragg and G. T. Morgar,
Proc. Roy. Soc., London, 1044, 437 (1923); CA 18: 603. - Y K, Tto
and H. I. Bemnstein, Can. J. Chem., 34, 170 (1936). - @ N, M.
Karayannis, C. M. Mikulski, M. J. Strocko, L. L. Pytlewski and M.
M. Labes, J. Inorg. Nucl. Chem., 33, 3185(1971). - ® A. N. Speca,
L. §. Gelfand, L. L. Pytlewski, C. Owens and N. M. Karayannis,
Inorg. Chem., 15, 1493 (1976). - ®? L. 8. Geifand, L. L. Pytlewski,
D. C, Cosgrove, C. M. Mikulski, A. N. Speca and N. M., Karayannis,
Inorg. Clhim. Acta, 32, 59 (1979) and refs, therein. - ¥ A, Earnshaw
and J. Lewis, J. Chem. Soc., 396 (1951). - @) C. A. McAuliffe and W,
D. Perry, Inorg. Nucl. Chem. Leit., 10, 367 (19743, — " T. Morishita,
K. Hori, E. Kyuno and R. Tsuchida, J. Bull. Chem. Soc., 38, 1276
(1965).

®0 E, Konig, Structure and Bonding, 9, 175 (1971). — ¥ L. Dubicki
and R. L, Martin, Aust. J. Chem., 23, 215(1970). - ®* M. Ciampo-
lini, Structure and Bonding, 6, 52 (1969).

{Received June 8th, 1981) TMC 664

New Cationic and Anionic Tetracoordinate Nickel(T) Complexes

Manuel Gomez and Pascual Royo*

‘Departamento de Quimica Inorgdnica, Facultad de Ciencias, Universidad de Adcald de Henares, Alcald de Henares, Madrid,

Spain

Summary

The preparation, structural study and chemical behaviour of
new cationic, monoanionic and dianionic tetracoordinate nick-
el(I) complexes of the types: [NiLy][BPhy] (I = PPhs, AsPh,
or SbPhy), [PR4][NiX,L,] (X = Cl, Br or I; L = PPh,, AsPhy
or 8bPh; and [PRy]* = PPh,, Ph,PCH,Ph or Ph,PEt} and
[PR4]2[N1X3L] (X = Cl, Br or I, L= PPh3 and [PR4]+ = PPh4
or PPh;CILPh) are described.

* Author to whom all correspondence should be directed.

@ Verlag Chemie GmbH, D-6940 Weinheim, 1982

Introduction

The reduction of nickel(Il) halides with NaBH, in ethanol in
the presence of ligands, is a general method for preparing
nickel(T) complexes as described in previous contributions®.
Nickel(T} complexes of NiXL, stoichiometry have been iso-
lated in accordance with Equation (1) where X = Cl, Bror 1
and L = PPh3 or ASPth

4NiX, + 2[BH,] +12L— 4 NiXLy + B;Hg + 4 X +2H*
ey
The reaction of NiXL; with CO gas at room temperature

produces pentacoordinate carbonyl complexes NiX(CO),l,
(L = PPhy); Equation (2):

0340-4285/82/0204-0085502.50/0
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NiXL, + 2 CO - NiX(CO)L; + L (2)

We have continued our study of the reduction of nickel(II)
halides by NaBH, oriented towards the preparation of tet-
racoordinate nickel(T) complexes with ligands containing
group VB donor atoms. The following kinds of compounds
have been isolated: a) Cationic complexes [NiL4/[BPhy];
b) Moncanionic complexes [PRy|[NiX,l,] and c) Dianionic
complexes [PRyJ[NiX,L].

Results and Discussion
Preparations

The reduction of ethanolic solutions of nickel(II) halides
with the strict stoichiometric quantity of NaBH, in the pres-
ence of the appropriate ligand permits isolation of different
types of nickel(I) complexes, according to Equation (3):

. 4V~

NiX
4 NiX; -+ 2 NaBH, + 4(4-n)L + {4(:1 X
A[NIX,Lan]® V" + BoHy + 2 HX + 2 NaX+

4X” (n=0)
|
-—- (n=2,3)

©)

In order to obtain cationic complexes (n = () we operated in
the presence of a bulky anion such as V™, [BPhy]™, and iso-
lated the salt of the above mentioned anion as a result of
halide elimination. In order to obtain the anionic complexes
(n = 2 or 3) we add [PR4JX. In this way X", in the required
stoichiometry, together with [PR,]", which acts as a counter
ion for the resulting anionic complex, are present in the reac-
tion mixture. The elemental analyses of the complexes corres-
pond to the stoichiometries given in Table 1.

All the complexes (1-16) are stable under nitrogen at room
temperature in the solid state, but decompose in air and
become green owing to traces of moisture. The stability of
these species decreases as the donor atom size increases, We
were unable to isolate dianionic complexes using AsPhy,
whereas it proved possible to obtain complexes with SbPhs, as
is evident by i.r. spectroscopy. Nevertheless, these complexes

Table 1. Physical properties and analytical data for nickel{I) complexes
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are unstable and it was neither possible to obtain analytical
data nor to carry our their structural study.

The complexes are insoluble in hydrocarbons, methanol,
ethanol and water, but soluble in acetone, chloroform, tet-
rachloromethane, benzene and THEF. Solution studies are
impossible because the complexes decompose quickly to give
green solutions and a white residue. Such decomposition cor-
responds to the disproportionation, Equation (4), behaviour
which is general for nickel(I) complexes; the disproportiona-
tion products being also unstable or insoluble.

Ni' < NiT” + Nif 4

Therefore, spectroscopic or éonductivity studies in solution
were not possible,

Lr. spectra

The i.r. spectra of all the complexes show the characteristic
vibrations for triphenylphosphine® ¥, triphenylarsine® 4 or
triphenylstibine®™ 3,

In the cationic complexes (1-3) the presence of the [BPhy]™
anion {s ntot easily determined from the analysis of the i.r.
spectra, because the phenyl group is common to both anion
and ligands. However, the three spectra exhibit an absorption
band at 800 cm™! which is also present in the NaBPh, spec-
trum, thus confirming the presence of the [BPh,]™ anion. This
absorption band can be assigned to the mode corresponding to
the v(C-B)® . The presence of the tetracoordinate nickel(I)
cationic species [NiL4]* is consistent with these data.

In the monoanionic complexes of the [NiX;L,]™ type where
X = Br or I and L. = PPh;, AsPh; or SbPh;, the vibrations
corresponding to the v(Ni-X) stretching mode cannot be

detected because the range of our apparatus does not cover

the region below 200 cm™.

In the chioro complexes [NiCLL,|™ (L = AsPh; or SbPhj)
the absorption band, v(Ni-Cl), is not observed, probably
because it is overlapped by a much more intense absorption
due to an internal vibration of the ligand. )

Accordingly, we have only studied the chlorophosphino
complexes [NiCly(PPhy);|”. If we propose a tetrahedral
geometry with C,, symmetry, two absorption bands should be
expected due to v(Ni-Cl). The i.r, spectra of these complexes

Complex Colour M,p.? Found (Caled.)%

] C H Ni X
(1) [Ni(PPhs),][BPh,] yellow 105 80.8(30.8)  5.6(5.6) 4.0(4.1)
(2) [Ni(AsPh;),][BPh,] yellow-orange 65 71.8(71.9) 5.0(5.0) 3.6(3.7)
(3) [Ni(SbPhy),][BPh,] orange 115 64.3(64.4) 4.3(4.3) 3.1(3.3)
(4) [PPLJINICL(PPh,),;] red 98 72.4(72.5) 5.0(5.1) 5.8(5.9) 7.4(7.1)
(3) [PPh][NiCl,{ AsPhg)] yellow-orange 71 66.1(66.6) 4.5(4.7) 5.6(5.4) 6.9(6.,5)
(6) [PPhy][NiBr,(PPh,),] red 102 67.0(66.6)  5.3(4.6) 5.3(5.4) 14.1(14.8)
(7) [PPh,|[NiBr;(AsPh,),] ocher 50, 61.3(61.6) 4.4(4.3) 5.0(5.0) 13.2(13.6)
(8) [PPh,|[NiBry(SbPhy),] red 97 S7.0(57.0)  4.0(4.0) 4.6(4.6) 12.6(12.6)
(9) [PPhy[NiL,(PPh,),] brown 57 61.2(61.2) 42(4.3) 5.0(5.0)
(10) [PPh,][Nil,(AsPh,),] yellow 50 $6.9(57.0)  3.6(3.7) 4.6(4.0)
(11) [PhyPCH,Ph][NiCl,(PPh,);] red 160 72.4(72.4) 5.5(5.5) 5.6(5.8) 6.9(7.0)
(12) [PhyPCH,Ph][NICL(SbPh;);] . brown 130 51.4(61.6) 42(4.4) 4.8(4.9) 5.9(6.0)
(13) [PhsPEL][NiL,(PPh,),] brown 125 50.059.9)  4.3(4.6) 5.0(5.13
(14) [PPh,]INiL,(PPh,)] brown 120 58.7(57.4) 4.0(4.0) 4.0(4.2) :
(15) [PPh,J,[NiBr;(PPhy)] red 100 63.2(63.9)  4.6(4.5) 4.5(4.7) 19.0(19.3)
(16) [PhyPCH,Ph],[NiCL{PPhy)] brown 97 71.5(72.0)  5.2(5.2) 4.8(5.2) 8.9(9.4)

9 With dec,
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reveal a very weak absorption peak at 275 cm™' and another
much more intense one at 245 em™', which can be assigned to
the above mentioned vibrations. On the other hand, in the
dianionic complexes no absorption band corresponding to
v(Ni-X) (X = Br or I} was observed, In the chloro complex,
two absorption peaks are observed at 240 and 285 cm L. If we
propose a tetrahedral geometry with a C;, symmetry, we
should expect two v(Ni-Cl) stretching vibrations to which
these absorptions can be assigned.

Magnetic susceptibilities

The room temperature magnetic susceptibilities s of the
complexes are shown in Table 2. Magnetic moments, pes, are
of the magnitude expected for mononuclear nickel(I) com-
plexes containing an unpaired electron (d°). All complexes
exhibit normal paramagnetic behaviour which foliows the
Curie-Weiss law, between 200 and 300 K. The p variation
with temperature is very low (ca. 0.1 B.M.) between 195 and
300 X, so that it has been ignored. Theoretically, for a ground
term, T;, is possible to calculate a p of 2.20 B.M. which is
temperature dependent.

The experimental values, Pz, for cationic complexes are in
good agreement with the theoretical value for undistorted tet-
rahedral complexes®. We think that these complexes which
possess four equivalent ligands must be minimally distorted
since steric hindrance by the bulky ligands would make defor-
mation towards a square-planar environment difficult.

Furthermore, we have studied the magnetic susceptibility,
¥4t variation of the phosphino-complex between 195 and
300 K verifying that this behaviour follows the Curie-Weiss
law, with 8 = -22 K.

The g values for monoanionic complexes, also correspond
to paramagnetic mickel(I) species with an undistorted tet-
rahedral structure. The study of the temperature variable ¥y
for complex (7) revealed a behaviour pattern which follows the
Curie-Weiss law, with 0 = 106 K.

As far as dianionic complexes are concerned, we could only
study the magnetic behaviour of the chloro complex. The data
are shown in Table 2 and are in good agreement with the
values expected for a regular tetrahedral complex. We were
unable to carry out a variable temperature magnetic study
since decomposition prevents the measurement and the results
are unreliable. '

Table 2. Magnetic data and i.r. spectra for nickel(T) complexes

Complex 108 yhe e v(C-B) v(Ni-X)
(B.M) (em™)  (em™)
(1) [Ni(PPhs),][BPa,] 2390 2.38 845
(3) [Ni(SbPha),|[BPh,] 1839 210 852
(4) [PPhyj[NiCL(PPh,),] 2003 2.24 245w
(5) [PPhy[NiClL(AsPh,),] 2172 2.28
(6) [PPh,|[NiBry(PPha)] 1947 2.16
(7) [PPh,|[NiBr,( AsPhy),] AN 2.28
(9) [PPh,][NiL,(PPh,),] 240 231
(11} [Ph,PCH,PhI[NiCly(PPhy);] 2050  2.20 275w,
245m
(12) [Ph.PCH,Ph][NiCL(SbPhy),] 2061  2.22
(13) [PhaPE1][Nily(PPhs),] 2162 2.27
(16) [PhsPCH,PhLNiCL,(PPhy)] 2670  2.25 285m,
240w
B At 297 K.
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Table 3. Electronic spectra of nickel(I) complexzes (diffuse reflect-
ance).

Complex v(em™)

(1) [Ni(PPhs)][BFh,]

(3) [Ni(SbPh,),|[BPh,]

(4) [PPh][NiCly(PPhs),|

(16) [PhyPCH,PhL[NiCh(PPhy)]

19230sh, 15150sh, 10640
13884sh, 10410
21740sh, 15150sh, 11100
21745sh, 153870sh, 9260

Electronic spectra

The electronic absorption spectral studies of all the nickel(T)
complexes described in this paper have been carried out in the
solid state by means of diffuse reflectance, since all the com-
plexes are unstable in solution.

The results obtained in the u.v.-vis near i.r. spectral region

for cationic complexes [NiL,][BPh,] are shown in Table 3. The
arsino complex could not be studied because it is unstable in
air.
In the [Ni(PPh;),]* spectrum, an absorption band maximum
is located at 10640 cm ™ which is asymmetric and exhibits two
shoulders at 15150 and 19230 cm™. On the other hand, the
SbPh; complex shows an absorption band at 10410 em™?, also
asymmetric, with a shoulder at 13884 ecm™

‘This behaviour is consistent with a tetrahedral geometry and
therefore the absorption band indicated must be undoubtedly
assigned to the 27,—°FE transition. The observed shoulders
could be due to the splitting produced by spin-orbit coupling
or to the presence of a distortion that in any case must be very
small, in agreement with the .y values which are very close to
the theoretical values for a regular tetrahedral environment.

A comparative study of the spectra, reveals a shift of the
absorption band corresponding to the *7,—*E transition from
10640 cm™ (L = PPh,) to 10410 cm™! (L = SbPhy), which
confirms that SbPh; produces a field weaker than PPh;, as has
been observed in other complexes. This assignment is in good
agreement with results obtained in spectral and crystallo-
graphic studies of other nickel(I} complexes®=Y,

With respect to the monoanionic complexes, we note that
the lack of stability of the majority of these species under
conditions employed has made it impossible to obtain reliable
results, Therefore we only discuss [PPhy]|[NiCly(PPhs),]. The
electronic spectrum of this complex shows an asymmetric
absorption band with a maximum at 11100 cm™ and two

- shoulders at 15150 and 21740 ¢cm L. This behaviour is similar

to that observed for cationic complexes and it secems also
reasonable in this case to assign the main absorption to the
2T,—2E transition in a tetrahedral environment almost without
distortion, in -accord with the calculated g values.

However, it is not possible to explain the position of the
band at a higher energy compared to that corresponding to
[Ni{PPh;)4][BPhy], since replacement of FPhy by Cl should
produce a decrease in splitting caused by the field. Possibly, as
we have seen, the transition is not as simple as indicated and
the position of the maximum could well depend on the way the
bands overlap. ’

Since the neutral NiXI,; complexes are distorted tetrahedral
it seems unreasonable that the [NiX,L,]™ species are not also
distorted. However, we have to take into account the fact that
the presence of two anionic ligands in the coordination sphere,
and their mutual repulsion, must make distortion to square-
planar difficult. ‘This could well explain the spectral and
magnetic behaviour observed for this monoanionic complexes.
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The spectral data obtained from
[PhsPCH,Ph},[NiCl;(PPhs)] is also in agreement with these
proposals. The absorption band at 9260 cm ! can be asmgned
to the T,—”E transition which corresponds to a d° ion in a
tetrahedral environment, This asymmetric band also contains
shoulders at 15870 and 21745 cm™*

Experimental
Physical measurements

The i.r. spectra were recorded between 4000-200 cm ™ on a
Perkin-Elmer 599 spectrophotometer using KBr pellets and
Nujol dispersion with CsI cells,

The diffuse reflectance electronic spectra were recorded in
the u.v.-vis-near ir. region with a Perkin-Elmer 330 spec-
trophotometer, using BaSQ, as calibrant.

Magnetic susceptibilities were measured by the Faraday
method using a Bruker B-E.15 magnetic balance with a tem-
perature control unit. HgCo(SCN), was used as calibrant and
diamagnetism was corrected for using the appropriate Pascal’s
constants.

" M.p. measurements have been made in a Thermovan
Reichert microscope.

C and H analyses were made with a Perkin-Elmer 240 B
mlcroanalyzer Nickel was determined with d1methy1glyox-
ime!'®, Halogen was determined by White’s method™,

All experiments were carried out in a nitrogen atmosphere.

Cationic complexes [NILJ[BPh,]

To NiCl, - 6 H,0 (1.000 g, 4.210 mmol) in EtOH (15 cm®)
was added NaBPh, (2.280 g, 8.420 mmol}. A white precipitate
of NaCl immediately separated from the resulting green solu-
tion containing nickel(1l) cationic species. To this solution the
ligand L (L. = PPh;, AsPhy or SbPh;) (16.840 mmol) was
added to give a white suspension which was stirred for 0.5 h at
20°. NaBH, (0.079 g, 2.105 mmol) in EtOH (15 cm’} was then
added dropwise to the white suspension. During the addition a
colour change of the suspended solid was observed and when
all the NaBH, had been added, a solid was separated by filtra-
tion, as yellow (I) (L = PPhy), yellow-orange (2) (L = AsPh;)
or orange (3) (L = SbPhs) crystals. The crystals were washed
with EtOH (3 x 5 cm®) and dried in vacuo. Yield 50-60%.

Moneanionic complexes [PRJINIX,L,]
[PPRJINICLL,]

NiCl; - 6 H;O (0.500 g, 2.100 mmol) in EtOH (15 cm®) was
treated with the ligand L (L = PPh; or AsPhs) (2.100 mmol)
and [PPh,]Cl (1,039 g, 2,100 mmol). After 0.5 h stirring a
green  suspension was formed, which contained
[PPh)[NiCL;L]"%, When the ligand L (L = PPh, or AsPh,)
(2.100 mmol) was added to the green suspension followed by
an BtOH solution (10 cm®) of NaBH. (0.039 g, 1.050 mmol)
the colour of the suspensed solid changed. When the addition
was completed, this solid was separated by filtration as red (4}
(L = PPh;) or orange (5) (L. = AsPhy) crystals which were
washed with EtOH and dried in vacuo. Yield 50-60%.

[PPh,J[NiBrLy]

NiBr, (1.000 g, 4.570 mmol) was suspended in EtOQH
(10 cm®) and the ligand L (L = PPh;, AsPh, or SbPhs)
(4.570 mmol} and [PPhyBr (3.480 g, 4.570 mmol) were
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added. The sus%)ension was stitred for 1h and the green
[PPh,][NiBrsL]" formed. Ligand L (L = PPhs, AsPh; or
SbPh;} (4.570 mmol) was added to the green suspension fol-
lowed afterwards by NaBH, (0.086 g, 2.285 mmol) in EtOH
(12 em®) dropwise. When the addition was complete, crys-
talline red (6) and (8) (L. = PPh; and SbPh,) and ochre solids
(7) (L = AsPh;) were obtained which, were washed with
EtOH (2 X 5 em®) and dried in vacuo. Yield 70-50%,

[PPh NI L]

Nil; - 6H,0 (0.500 g, 1.180 mmol) was disolved in EtOH
(8 cm®) and treated with ligand L (I = PPhsy or AsPh,)
(1.180 mmol) and [PPhyT {0.550 g, 1.180 mmol). After 0.5 h
stirring, the second mole of ligand L (1.180 mmol) was added
and an EtOH solution of NaBH, (0.024 g, 0.590 mmol) was
added dropwise, When the NaBH, addition was completed the
solid in suspension was separated by filtration as crystalline
brown (9} (L = PPhj) or yellow (10} (L = AsPhs) solids which
were washed with EtOH (2 X 4 cm®) and dried in vacuo.
Yield 58-50%.

[PhsPCH,PA][NiCL )]

NiCl, - 6 H;0 (1.000 g, 4.210 mmaol), ligand L (L. = PPh; or
SbPh;) (8.410 mmol) and [PhPCELPh]CI (1.636 g,
4,210 mmol) were dissolved in EtOH (10 cm®) and the solu-
tion was stirred for 0.5 h. An EtOH solution (10 em?) of
NaBH, (0.079 g, 2.105 mmol) was then added dropwise and
when the addition was complete, crystalline red (11) (L =
PPh;) or brown (72) (L = SbPh;) solids were obtained. They
were washed with EtOH (2 X 3 cm®) and dried in vacuo.
Yield 75-40%.

[PPh,EL[NiL,(PPhs),]

Nil; - 6H,O (1.000 g, 2.490 mmol), PPhy; (1.260 g,
4,980 mmol) and [PPhsEt]I (1.041 g, 2.490 mmol) were dis-
olved in EtOH (10 cm®). The solution was stirred for 0.5 h. To
the green solution an EtOH solution of NaBH, {0.044 g,
1.245 mmol) was added dropwise. When the addition was
completed a crystalline red (13) solid was obtained. The solid
was washed with BtOH (2 x 3 cm®) and dried i vacuo, Yield
40%.

Dianionic complexes [PR,LINi X;1]
[PPhyJs[NiIX5(PPhs)]

Nickel(II} halides (X = Br or I) (1.188 mmol), PPhy (1,188
mmol) and [PPhy]X (X = Br or I} (2.376 mmol) were disolved
in EtOH (10 cm®) and the solution was stirred for a few
minuates. An EtOH solution of NaBH, (0.024 g, 0.594 mmol)
was added dropwise to the green suspension. When the addi-
tion was completed, crystalline red (15) (X = Br) or brown
{14) (X = 1) solids were formed which were washed with
FtOH (2 x 3 em®) and dried in vacuo. Yield 68-60%.

[PhsPCH,Ph],[NiCl(PPhs)]

NiCl, - 6H,O (1.000 g, 4.200 mmol), PPhy {1.000 g,
4.200 mmol) and [Ph;PCH,Ph|CI (3.271 g, 8.400 mmol) were
disolvéd in EtOH (10 cm®) and the solution was stirred for
0.5 h after which a blue precipitate was formed, and an EtOH
solution (10 cm®) of NaBH, (0.079 g, 2.100 mmol) was added
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dropwise. When the addition was complete a crystalline brown
(16) solid was obtained, which was washed with EtOH
(2 x 4 cm®) and dried in vacuo. Yield 50%.
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Summary

The kinetics of oxidation of some. neutralized ¢-hydroxy
acids such as lactic (LA), mandelic (MA), o-hydroxyisobutyric
(IB) and benzilic (BA) acid by hexachloroiridate{(IV) have
been studied. The oxidation products are acetaldehyde, ben-
zaldehyde, acetone and benzophenone for the respective reac-
tions, which are first order with respect to each substrate and
to iridium(IV}. The reaction rate increases with increase in pH
and salt concentrations. The temperature influence.is quite
marked in all these reactions. A mechanism involving the for-
mation of an unstable complex, which decomposes vig a free
radical pathway to give the respective reaction products, is
proposed.

Introduction

The oxidation of some inorganic®® and organic*® com-
pounds by hexachloroiridate(TV) has been studied, but no
attempt seems to have been made to investigate the mechan-
ism of oxidation of a-hydroxy carboxylic acids by this oxidant.
The reactions are too slow to be monitored in a highly acid
medium (>10"*M) and hence they have been carried out at
lower acidities in the presence of a sodium acetate-acetic acid
buffer. The present report deals with the kinetics and mechan-
ism of oxidation of some a-hydroxy carboxylates by hexa-
chloroiridate(IV) under different experimental conditions,

* Author to whom all correspondence should be addressed.

® Verlag Chemie GmbH, D-6940 Weinheim, 1982

Experimental
Reagenis

Na,IrCls (Fohnson-Mathey) was used as supplied. Lactic (E.
Merck), mandelic (BDH), a-hydroxyisobutyric (Fluka, AG)
and benzilic (E. Merck, AG) acids were used without further
purification and their Na salts were prepared by the addition
of the requisite amount of NaQH. Inorganic materials were of
the highest available purity. All solutions were made in doubly
distilled H,O. The oxidation studies were carried out in a
NaOAc-HQACc buffer.

Kinetic measurements

A Perkin Elmer {digital) spectrophotometer was used to
study the reaction kinetics. The [IrClg]*~ absorption maximum
lies at 488 nm and hence the disappearence of iridium(TV) was
monitored at this wavelength using a cell of 1 cm path length.
Neither [IrClsP*~ nor its hydrolysed product [Ir(H,0)Cls]*~
absorbs at this wavelength; the details have been reported in
our earlier communication™. Fresh reactant solutions were
occasionally prepared for kinetic runs to ensure reproducibil-
ity of the data. The pseudo first order rate constants were
calculated in the usual way. In most cases, duplicate rate mea-
surements were reproducible to within £ 5%.

Results

Stoichiometry and products

Identification of aldehydes or ketones as the reaction prod-
ucts when hexachloroiridate(TV) is present in excess over sub-
strates requires the stoichiometry, shown in Equation (1):
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