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Figure 1. Comparison of dihydrobis( 1-pyrazoly1)borate 
chelation shifts. Chelation shift (6K salt - 6Ni  chelate), Hz 
(ordinate) vs. AE(K salt - Ni chelate) (abscissa). (A) KH,B(Me,- 
pz), (B) KH,B(Mepz),, (C) KH,B(pz), in D,O, MeOH, and 
Me,CO; all nickel(I1) chelates in CDC1,. KH,B(Me,pz), data also 
obtained in CDC1,. 

trimethylgermyl16 groups in substituted pyrazoles has been 
reported at temperatures above 100" 
Experimental Section 

Potassium dihydrobis( 1-pyrazoly1)borate and potassium di- 
hydrobis[3,5-dimethyI( 1-pyrazolyl)] borate were prepared by published 
procedures.1.17 Potassium dihydrobis[3-methyl( l-pyrazolyl)]boratel8 
was obtained by heating 26.3 g (0.32 mol) of 3(5)-methylpyrazole 
with 4.3 g (0.08 mol) of KBH4 at  110' for 3 hr. A 45% yield of 
product was obtained with a mp of 204-206' after recrystallization 
from anisole. 

Nickel(I1) chelates were prepared by mixing nickel(I1) chloride 
with excess ligand in water. Precipitates were air dried and re- 
crystallized from methylcyclohexane (or benzene) after passing the 
solution through an aluminum oxide column. Solutions for IH NMR 
examination were obtained by ultrasonic agitation of 5-10 mg samples 
in 0.50 ml of deuterated solvent. Undissolved particles were removed 
by filtration and the solution was collected in a clean, 5 mm, N M R  
tube. Chloroform-d was passed through a 5 cm column of dry calcium 
carbonate immediately before use to remove impurities. 

All 1H N M R  spectra at 90 MHz were obtained at  25' with a 
Bruker HFX-11 spectrometer equipped with a Fabritek 1074 time 
averaging computer. With organic solvents, 0.025 ml of tetra- 
methylsilane was used as internal lock; in D20, sodium disilapentane 
sulfonate was employed as  internal reference. Data in methanol-d4 
were recorded at 60 MHz and 30' using a Perkin-Elmer R-12B 
spectrometer. Standard deviations of f0.4 and f0.7 Hz were secured 
in the measurement of resonance frequencies of potassium salts and 
nickel(I1) chelates, respectively. 
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This compound was first prepared by Sylvan Hersh who kindly supplied 
the procedure and analytical data. Calcd for K C B H I ~ N ~ B :  C, 44.87; 
H, 5.65; N, 26.17. Found: C, 44.46; H, 5.50; N, 25.90. Infrared and 
NMR spectra are similar to other dihydrobis( 1-pyrazoly1)borates. Bis 
chelates of dihydrobis[3-methyl( I-pyrazolyl)] borate with nickel(ll), 
cobalt(I1). copper(II), and zinc(I1) were obtained by direct mixing of 
reagents in water. The products after recrystallization from ligroin or 
heptane yielded CHN analysis within 0.3% of theory. Results on the 
nickel(I1) chelate are pertinent to this investigation. Calcd for 
NiC16H24K8Bz: C, 47.02; H,  5.92; N, 27.41; Ni, 14.36. Found: C ,  
47.05; H, 6.07; N, 27.35; Ni, 13.98. 
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Upon reviewing the critical features necessary for a new 
material to exhibit unusual electrical propertieslb arising from 
intermolecular interactions in the solid, two prominent features 
surface: namely, partial oxidation of the metal and close 
intermolecular spacings.'-6 The larger spatial extent of the 
5d9 orbital of Irl and PtII than the first- and second-row 
congeners allows these metals to form in some cases partially 
oxidized one-dimensional complexes which exhibit unusual 
anisotropic physical properties, e.g., high dc conductivity. 

In 1950 Edelman reported on the oxidation of bis(di- 
phenylglyoximato)nickel(II), Ni(HDPG)2, with bromine and 
iodine forming a formally trivalent nickel complex, Ni- 
(HDPG)2X, X = Br, I.7 Subsequently, such reactions were 
effected on the palladium analogs.8.9 Preliminary data indicate 
that upon oxidation the metal-metal distance decreases by 
0.19-0.27 h ; g  and the dc conductivity increases by 5 orders 
of magnitude.8310 Because of these observations and because 
platinum exhibits a greater spatial extension of the d22 orbital 
than either the second- or the first-row congeners, metal-metal 
overlap and stronger intermolecular interactions occur to form 
more pronounced anisotropic properties.1-6 For these reasons 
it seemed appropriate to investigate the chemistry of bis- 
(diphenylglyoximato)platinum( II).11 
Experimental Section 

Physical Measurements. Electronic spectra were recorded on a 
Cary 15 spectrometer and infrared spectra were taken with a Beckman 

* To whom correspondence should be addressed at the Xerox Corp. 
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Table I.  Chemical Analysis and Molecular Weight Data for Various Complexes of Platinum 
c H N X Mol wt - 

Complex Calcda Found Calcda Found Calcd' Found Calcda Found Calcdb m/e SohC 

P~II(HDPG), 49.93 49.95 3.29 3.28 
Pt'V'(HDPGj,C1, 45.17 44.66 2.98 2.92 
PtIV(HDPG),Br , 40.35 40.35 2.66 3.04 
P~ '~(HDPG), I ,  36.26 36.37 2.39 2.27 
Pt'v(HDPG),(SCN), 45.66 45.23 2.80 2.85 

a Reference 14. 195Pt. CHC1, 

Table 11. Unit Cell Parameters for Orthorhombic M(HDPG), 
Np,b NiC Pd PtC 

a, A 22.348 (4) 22.36 22.64 22.73 
b, A 15.177 (4) 15.20 15.35 15.40 
c, .& 7.095 (2) 7.11 7.03 6.99 
M-M,A 3.547 3.55 3.52 3.50 

a 2 = 4 (4 molecules/umt cell); space group of Ibam or Iba2. 
Lattice constants obtained by least-squares refinement of the 

setting angles for 12 high-angle reflections of a single crystal 
mounted in a FACS-I diffractometer equipped with a Mo tube and 
a graphite monochromator (A 0.709261 A). Obtained from the 
least-squares refinement of the data in Table 111. 

IR- 12 spectrometer calibrated against gaseous carbon monoxide. 
X-Ray powder data were recorded on a Philips diffractometer with 
monochromatic Cu radiation (A 1.5418 A). Intensities were based 
on peak heights at the diffraction maxima. Mass spectral analysis 
was performed by Schrader Analytical. The chemical analyses as 
obtained from Galbraith Laboratories are tabulated in Table I. 

Bis(diphenylglyoximato)platinum(II), Ptn(HDPG)2. A hot filtered 
ethanol solution of 1.32 g of a mixture of cis- and trans-Pt(SEtz)zC12I2 
(2.96 mmol) and 1.42 g of diphenylglyoxime (5.92 mmol) was heated 
under reflux for 48 hr and then cooled to 0" to give a deep red product 
which was collected by filtration and recrystallization from o-di- 
chlorobenzene; yield 510 mg (0.76 mmol: 26%). 

Bis(diphenylglyoximato)dibromoplatinum(lV), PtlV(HDPC)zBrz. 
To a slurry of 325 mg of bis(diphenylglyoximato)platinum(II) (0.483 
mmol) in 20 ml of dichloromethane was added 10 ml of 0.055 M 
bromine (in dichloromethane). The slurry was stirred until the solid 
dissolved. Then 20 ml of n-hexane was added and the dichloromethane 
was boiled off. Upon cooling, yellow crystals separated. Recrys- 
tallization was effected from n-hexane-dichloromethane; yield 310 
mg (0.37 mmol; 77%). 

After cooling to 0" for 12 hr of a warm solution of Ptn(HDPG)2 
in o-dichlorobenzene to which 0.65 equiv of bromine (in o-di- 
chlorobenzene) was added, crystals of both Ptll(HDPG)2 and 
Ptlv(HDPG)zBrz were collected and characterized by their mass 
spectrum. 

Ptw(HDPG)2X2 (X = Cl, I, SCN). These complexes were prepared 
in a manner analogous to the preparation of the bromo complex with 
the use of the desired halogen or thiocyanogen13 in dichloromethane. 
The thiocyanogen oxidation was carried out at -78' and warmed to 
room temperature. 

Reaction of PtlL(HDPG)z and PtIV(HDPG)2Brz. A filtered hot 
o-dichlorobenzene solution containing 69.69 mg of PtlV(HDPG)2Br2 
(0.0837 mmol) and 56.28 mg of Pt'l(HDPG)z (0.0862 mmol) was 
allowed to stand at 0' for 12 hr. Upon filtration and drying a mixture 
of deep red needle and yellow prism crystals was deposited. The yellow 
crystals were extracted with dichloromethane; then, after filtration, 
n-hexane was added and the dichloromethane was boiled off yielding 
a yellow crystalline product. No black- or gold-colored phases were 
detected under the microscope. The red residue yielded 48 mg of 
PtlI(HDPG)2 (85%). From the extraction and recrystallization 57 
mg of PtIV(HDPG)2Br2 (82%) was collected and characterized by 
mass spectra. I 

Results and Discussion 
Divalent Platinum Complexes. Bis(diphenylg1yoximato)- 

platinum(I1) forms deep red dichroic needle crystals which 
are isomorphous (as determined from X-ray powder data) with 
the Ni(I1) and Pd(I1) congeners and with bis(dimethy1- 
glyoximato)nickel(II), Ni(HDMG)2.15,16 The orthorhombic 
unit cell dimensions are listed in Table I1 and the indexed 

673 673 28.96 28.62 
7.53 7.35 9.52 9.36 743 743 784 

19.18 19.12 833 833 
27.37 26.72 927 

10.64 10.46 789 820 

Bragg spacings are listed in Table 111. Precession and 
Weissenberg photographs of a single crystal of Ni(HDPG)2 
showed systematic absences consistent with the space group 
Iba2 or Ibam. In accord with either space group c / 2  is the 
metal-metal distance in the columnar chain. The Ni-Ni 
(3.549 %I) and Pd-Pd (3.52 A) distances are in excellent 
agreement with the distances of 3.547 %I (Ni) and 3.517 A 
(Pd) calculated from spectral data.17 As typified by other 
square-planar congener group VI11 complexes the Pt complex 
exhibits the shortest spacings even though the covalent radii 
go with the opposite trend.l>s 

The large metal-metal spacings may be due to noncoplanar 
phenyl rings (resulting from steric interaction of ortho hydrogen 
atoms on adjacent phenyl groups). Consistent with the stronger 
metal-metal interaction for the Pt complex the solubility of 
the Pt complex is much lower in either dichloromethane or 
o-dichlorobenzene than are the solubilities of Pd(HDPG)2 and 
Ni(HDPG)2 complexes. This agrees with the results obtained 
for other bis(g1yoximato)nickel triad complexes.ls 

The intermolecular interactions in the solid manifest a 
low-energy electronic transition. The low-energy absorbances 
for each of the nickel triad complexes account for the color 
of the complex in the solid state [red (Ni, 19,200 cm-1; Pt, 
17,950 em-1) and yellow (Pd, 22,475 cm-I)] and are assigned 
to a charge-transfer absorption in accord with the Ni(HDMG)2 
complex.19 These low-energy absorptions are not evident in 
solution, Table IV. 

The room-temperature dc two probe polycrystalline con- 
ductivity of each of the M(HDPG)z (M = Ni, Pd, Pt) 
complexes is in the range of large gap semiconductors, Le., 
URT < 10-10 ohm-' cm-1. This is consistent with the filled band 
character of the complexes and the results obtained for Ni- 
(HDMG) 2.20 

Tetravalent Platinum Complexes. Oxidation of Ptll(HDPG)2 
with halogen or thiocyanogen results in the formation of 
monomeric hexacoordinate Pt( IV) complexes, Ptlv- 
(HDPG)%2, X = C1, Br, I, SCN. These PtIv complexes were 
characterized by chemical analysis, molecular weight (Table 
I), and electronic spectra (Table IV). The electronic spectra 
indicate that the Ptlv complexes are isoelectronic to each other. 
A trans geometry is assigned on the basis of a sharp singlet 
assigned to VSCN at 2130 cm-1 in KBr for Pt'V(HDPG)2- 
(SCN)2. The two-probe polycrystalline dc conductivity of these 
PtlV complexes is less than 10-10 ohm-' cm-1. This is consistent 
with filled molecular orbitals of these complexes and the lack 
of intermolecular interactions in the solid. Recently similar 
results were reported for the oxidation of bis( 1,2-benzoquinone 
dioximato) complexes of the nickel(I1) triad.21 

Further attempts were made to prepare a formally trivalent 
platinum complex. Both oxidation of Ptl1(HDPG)2 with less 
than 1 equiv of bromine and dissolution of equimolar amounts 
of PtIl(HDPG)2 and PtlV(HDPG)2Br2 in warm o-dichloro- 
benzene and cooling yield a mixture of the divalent and 
tetravalent complexes. No evidence was noted for the existence 
of a mixed-valent bis(diphenylg1yoximato)platinum complex. 
Thus a structure of M(HDPG)2X comprised of alternating 
divalent and tetravalent platinum complexes (as observed for 
Pt(NH3)2Brjla) is unlikely. 
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Ligand substitution and addition reactions with IrCOC1- 
(PPh3)2 have been widely studied and show a marked de- 
pendence on the identity of the  at tacking reagent. Carbon 
monoxide adds to form Ir(C0)2Cl(PPh3)2,1 while PMePhz 
gives the unsaturated substitution product IrCOCl(PMePh2)2;2 
excess PMePh, has no effect.3 I rCOCl(PMePhz)z,  in turn, 
reacts with tertiary phosphites, L', in the presence of NaBPh4 
to give [IrCO(PMePh2)2Lt2] BPh4.3 IrCOCl(PMe2Ph)2 reacts 
with equimolar PMezPh to produce IrCOCl(PMe2Ph)3, which 
has an extremely long iridium-chlorine bond in the solid state.4 
Two moles of PMe2Ph produce IrCO(PMe2Ph)4+, excess CO 
yields I r (  CO)3(PMe2Ph)2+, and equimolar PMe2Ph and CO 
yield Ir(CO)2(PMezPh)3+.5 IrCOCl(PPh3)2 reacts with 

Table I. "P NMR Parameter9 
6(phos- b(ph0s- 
phite) phine) J p p  

P(OCH,),CCH, 91Sb  
Ir [ P( OCH, ) CCH 1, + 84.70 

[P(OCHz) 1 CCH 3 I,(PPh,) + 83.65 +1.99 54.0 
11 [P(OCH,),CCH,],(PPh,)CO+ 80.42 - 1.43 92.0 

Ir [P(OCH, ),CCH , 1, (PPh,),+ 19.22 -1.15 49.5 
Ir [ P(OCH,),CCH,],CO+ 80.50 

Ir[P(OCH,),CCH,],(PPh,),CO+ 78.36 +.58  44.0 
IrCOCl(PPh,), +23.5 
PPh, -5.4 

a In CHC1, at 30". M. Crutchfield, C. Dungan, J .  Letcher, V. 
Mark, and J. Van Wazer, Top. Phosphorus Chem., 5 ,  267 (1967). 

HPPhz to give IrCO(PHPh2)4+,6 but PPh3 gives IrCO- 
(PPh3)3+ salts only after preliminary removal of halide with 
Ag+.7 

Although caged phosphite esters8 such as P(OCH2)3CR 
seem suited to forming highly substituted phosphite complexes, 
the reactions of these ligands with second and third row 
transition metals have been little studied. We report here the 
results of a study of the reactions of IrCOCl(PPh3)2 and 
IrN2Cl(PPh3)2 with P(OCH2)3CCH3. The interpretation3 
of "virtually coupled" proton NMR spectra of Ir(CO)x-  
(PR3)5-x+ complexes is not possible without knowledge of 
phosphorus-phosphorus coupling constants in a trigonal bi- 
pyramid. Values of ~ JPP  are reported here and are found to 
lie in narrow ranges which appear to be structurally diagnostic. 
Stereochemical nonrigidity is established for a number of 
products. 

Experimental Section 
IrCOCI(PPh3)2,9 IrNzCI(PPh3)z,lo and P(OCH2)3CCH3* were 

prepared according to literature methods. Fourier transform 3lP 
NMR spectra were recorded with white-noise proton decoupling as 
described earlier.11 Downfield chemical shifts are recorded as positive. 
Reactions were run and samples prepared under N2. 

One millimole of Ir (CO) C1- 
(PPh3)z and 5 mmol of P(OCH2)3CCH3 were stirred and refluxed 
in p-xylene for 2 hr. The resulting slurry was cooled and filtered, 
and the precipitate was vacuum dried. The infrared spectrum showed 
no CO stretching vibration, and no vibrations characteristic of PPh3. 
Proton NMR (in CDC13): 6 4.16 (CHz), 0.77 (CH3); peaks due to 
p-xylene are also present in the correct intensity ratios at 6 6.98 (CH) 
and 2.25 (CH3). Anal. Calcd for C33HssCIIr01sPs: C, 36.88; H, 
5.12. Found: C, 36.56; H, 5.15. 

Other reactions were run by adding 10 ml of benzene to a degassed 
sample of 0.1 g of the iridium compound and the appropriate amount 
of P(OCHz)3CCH3. Gas evolution was vigorous, even for an irid- 
ium:phosphite ratio of 1:2. White solid formed immediately, but the 
reaction was stirred for 2 hr at 25' before filtration and vacuum 
drying. 

Results 
IrN2GlL2 reacts with L' (mole ratio 1:4.5) in benzene at 

25" to precipitate a white solid which shows vibrational 
frequencies characteristic of both L and L';l2 no bands due 
to coordinated N2 are present. Phosphorus NMR shows the  
product to be a mixture of IrL'5+ and IrL'4L+ in a mole ratio 
15. T h e  former was identified by independent synthesis (see 
below). The formula of the latter is based on the appearance 
of an A4X spectral pattern with JAX = 54.0 Hz. 

When the reaction of IrN2ClL2 with L' is carried out  a t  a 
1:4 mole ratio, dinitrogen is still completely displaced. The 
benzene-insoluble material contains a t race of I rL 'P,  along 
with equal amounts of IrL'4L+ and IrL13L2+. The latter shows 
an A3X2 spectral pattern with JAX = 49.5 Hz. 

IrCOClL2 reacts with L' (mole ratio 15)  in refluxing 
p-xylene with precipitation of analytically pure [ IrL'51 C1. 
CsHio. The chemical shift of this cation is shown in Table  
I. 

IrP( OCHz) 3CCH31sCIpXylene. 


