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Appendix: Details of the Calculations 

Coordinates in atomic units to the nearest 0.000 01 bohr 
were derived from average crystallographic3 bond parameters 
for Rh2Cl2(CO)4, namely Rh-Cl = 2.36, Rh-C =1.81, C-O 
= 1.18 A, and angle CI-Rh-Cl = 85°, using the relation 1 bohr 
= 0.529 177 A. Schwarz's CXHF values18 were used for the 
atomic exchange parameters; for the extramolecular and in-
tersphere regions, a weighted average of the atomic a's was 
employed, the weights being the number of valence electrons 
in the neutral atoms. The outer-sphere center positions were 
computed using the same sort of average of the atomic posi
tions. Overlapping sphere radii were obtained by our nonem-
pirical procedure;19 they are given in Table III. 

The highest-order spherical harmonic basis functions used 
were / = 4 for the outer region, 2 for Rh, and 1 for Cl, C, and 
O. Core energy levels were never frozen; in each SCF iteration 
they were calculated explicitly using only the surrounding-
atomic-sphere potential. Iterations were continued until con
vergence to ±0.0003 hartree or better was attained for all 
levels. The SCF potentials were used to search for excited-state 
levels up to —0.05 hartree. The final virial ratio was —2T/V = 
1.0006 for both molecules. 

Previous studies of the oxidation of organoplatinum(ll) 
complexes have been concerned mainly with the synthesis of 
organoplatinum(IV) complexes by oxidative addition using 
halogens and alkyl halides.1-3 The mechanism of these reac
tions has generally been considered to proceed through an SN 2 
transition state such as that postulated for the reaction of alkyl 
halides with the more extensively studied Vaska-type com
plexes f/wis-IrX(CO)L2.

4 Recently, there have been reports5 

suggesting the participation of free radical processes in the 
reaction of f/wj.s-IrX(CO)L2 with alkyl halides, in addition 
to SN 2 processes. 

We examined the oxidation of dialkylplatinum(II) com
plexes by the one-electron oxidant hexachloroiridate(IV)6 in 
order to delineate free radical processes in organoplatinum 
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intermediates in comparison with their nontransition metal 
counterparts, dialkylmercury and tetraalkyllead and -tin 
compounds, described earlier.7 Retention as well as cleavage 
of the alkyl-platinum bonds are observed during the oxidation 
of dialkyl(bisphosphine)platinum(II) complexes, the extent 
of each depending on the structures of the alkyl group and the 
coordinated phosphine. The fate of the alkyl groups and the 
identity of the inorganic products, including platinum(II) and 
-(IV) complexes as well as reduced iridium(III), strongly 
implicate a paramagnetic dialkylplatinum(III) species as a 
prime intermediate following electron transfer. Factors in
volved in (a) the cleavage of this intermediate to alkyl radicals 
and alkylplatinum(II) or (b) the further oxidation to dialkyl-
platinum(IV) are important considerations in this study. 

Electron Transfer Processes in Organoplatinum 
Complexes. Oxidation and Cleavage of 
Dialkylplatinum(II) with Hexachloroiridate(IV) 
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Abstract: Dialkyl(bisphosphine)platinum(II) complexes are readily oxidized by hexachloroiridate(IV) to afford two principal 
types of products depending on the structure of the alkyl group and the coordinated phosphine. Thus, Me2Pt"(PMe2Ph)2 
undergoes oxidation to dimethylplatinum(IV) species, whereas the diethyl analogue Et2Pt"(PMe2Ph)2 affords EtCl and mo-
noethylplatinum(II) species by oxidative cleavage of one Et-Pt bond. The cleavage of the Me-Pt bond can be induced by re
placement of the phosphine to Me2Pt11CPPh )̂2, which competitively undergoes oxidation to dimethylplatinum(IV) species as 
well as oxidative cleavage to MeCl and methylplatinum(II) species. The stoichiometric requirement of 2 equiv of hexachloroir-
idate(IV) remains invariant for each dialkylplatinum(II), independent of the products of oxidation. The energetics and kinet
ics as well as the observation of alkyl radicals by spin trapping and oxygen scavenging support a mechanism involving the rate-
limiting electron transfer from dialkylplatinum(II) to hexachloroiridate(lV). The selectivity in product formation leading to 
cleavage and/or further oxidation is associated directly with the paramagnetic intermediate R2PtL2

+ (formally a Pt(III) 
species), the stability of which is discussed in relationship to the strengths of the alkyl-platinum bonds and the phosphine Ii-
gands. These processes are compared to the reactions of related radical ions derived by electron transfer from alkylmercu-
ry(II), lead(IV), and cobalt(III) complexes. 
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Table I. The Stoichiometry of Oxidation of CW-R2PtL2 by Hexachloroiridate(IV)a 
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R2PtL2, mmol 

L = PMe2Ph; R = Me (0.053) 
R = Me (0.029) 
R = Et (0.018) 
R = Et (0.040) 

L = PPh3; R = Me (0.034) 
R = Me (0.033) 
R = Et (0.033) 
R = Et (0.038) 

IrCl6
2-, 

mmol 

0.133 
0.013 
0.036 
0.142 
0.090 
0.087 
0.102 
0.063 

IrCl6
2" * 

consumed, 
mmol 

0.108 
0.013 
0.036 
0.123 
0.065 
0.063 
0.070 
0.063 

RCl/ 
mmol 

0.0009 
0.0001 
0.016 
0.042 
0.014 
0.013 
0.035 
0.034 

R H / 
mmol 

<0.0001 
0.0001 
0.0005 
0.001 
0.002 
0.002 
0.0003 
0.0003 

R(-H)/ 
mmol 

0.0005 
0.001 

0.0003 
0.0003 

IrCl6
2"/ 

R2PtL2 

2.0 

3.1* 
1.9 
1.9 
2.1 

Etfcx/ 
R2PtL2 

0.02 
0.03rf 

0.95 
1.10 
0.47 
0.45 
1.08 
1.1C 

" In CH3CN at 25 0 C . * Calculated from unreacted I rCl 6
2 - , determined by visible spectrum of the product solution.c Determined by gas-liquid 

chromatography. d Assuming a stoichiometry of I r C l 6
2 _ / R 2 P t L 2 = 2.0. e Organic products were generated during additions of the first 2 

equiv Of I rCl 6
2 - only. 

Results and Discussion 

We examined two series of m-dialkyl(bisphosphine)pla-
tinum complexes R2PtL2 comprising R = methyl or ethyl 
groups in which L = triphenylphosphine or dimethylphenyl-
phosphine. All the compounds reacted rapidly on mixing so
lutions of acetonitrile with hexachloroiridate(IV) at room 
temperature. 

Products and Stoichiometry. The stoichiometry of the oxi
dation was determined by spectrophotometric titration of 
Ir IVCl62_ . The reduced iridium(III) products were analyzed 
by thin layer chromatography as I rCU 3 - and 
I rCl 5 (CH 3 CN) 2 - . Two classes of platinum products were 
characterized largely on the basis of their proton (60 and 220 
MHz) NMR spectra as dialkylplatinum(IV) and alkylpla-
tinum(II) species. The cleaved alkyl group formed concomi
tantly with the latter was found mainly as alkyl chloride, ac
companied by small amounts of alkane and alkene (from 
ethyl). Since the nature of the products and the stoichiometry 
are highly dependent on the alkyl group and the phosphine, the 
oxidation of each dialkylplatinum(II) complex will be de
scribed separately. 

CiS-Me2Pt(PMe2Ph)2 reacted with 2 equiv of I rCl 6
2 - to 

afford essentially no methyl chloride or methane as shown in 
Table I. The reduced iridium(III) products consisted of an 
equimolar mixture of IrCl6

3" and I rCl 5 (CH 3 CN) 2 - . Signif
icantly, both methyl groups remained intact on the oxidized 
platinum(IV) product, which consisted of a mixture of two 
m-dimethylplatinum(IV) species formed in 60 and 40% yields 
as described in the Experimental Section. 

Me2Ptn(PMe2Ph)2 + 2 I rCl 6
2 -

Me2Pt I V(PMe2Ph)2X2 + IrCl6
3" + IrCl5

2" 
CH3CN 

(D 

where X = Cl, Ir111Cl5(CH3CN) or CH 3 CN 
CiS-Et2Pt(PMe2Ph)2 and c/s-Et2Pt(PPh3)2 also reduced 2 

equiv of IrCl6
2" to afford an equimolar mixture of IrCl6

3" and 
IrCl5(CH3CN)2". However, one ethyl group was liberated as 
ethyl chloride from both complexes during the oxidation (Table 
I). Small amounts of ethane and ethylene were also observed. 
The rate of oxidation of the triphenylphosphine complex was 
noticeably slower than that of the dimethylphenylphosphine 
complex. 

m - E t 2 P t n L 2 + 2IrCl6
2" —*• r ra /w-EtPt nL 2(CH 3CN)+ 

CH3CN 

+ EtCl + IrCl6
3" + I rCl 5 (CH 3 CN) 2 " (2) 

where L = PMe2Ph, PPh3. The monoethylplatinum(II) 
product in eq 2 (L = PMe2Ph) was subject to further slow 

oxidation by an additional equivalent of Ir IVCl6
2", but no more 

ethyl chloride was formed in this subsequent oxidation. 
cis-Me2Pt(PPli3)2 consumed 2 equiv of I r l vCl 6

2" . Several 
reactions were competing in this system, however, since 0.46 
mol of methyl groups was cleaved from each mole of cis-
Me2Pt(PPh3)2 during oxidation to afford methyl chloride 
(87%) and methane (13%). Integration of the NMR spectrum 
of the products indicated that the remainder (1.54 mol) of the 
methyl groups remained attached to the platinum products, 
which are tentatively identified as a mixture of Me2PtL2X2 

and MePtL2X species (see Experimental Section). 

<54%) 

2 IrCU2 " 
Me2Pt IV(PPh3)2X2 (3) 

<46%) 
Me2Ptn(PPh3)s 

MePt^PPha^X + MeCl (4) 

Multiple Pathways in the Oxidation of Dialkylplatinum(II) 
with Hexachloroiridate(IV). Despite the different products 
obtained from the oxidation of methyl and ethyl derivatives 
of dialkyl(bisphosphine)platinum, the stoichiometric re
quirement for the consumption of hexachloroiridate(IV) al
ways remains invariant at 2 equiv for each mole of reactant. 
Such an overall two-electron oxidation of organoplatinum(II) 
can be centered either (a) on the metal by the conversion of 
Pt(II) to Pt(IV) or (b) on the ligand by the oxidative cleavage 
of one alkyl-platinum bond to Pt(II) and alkyl chloride as 
represented formally by the half-reactions in eq 5 and 6, re-

R2Pt11L2 
(-2«) 

R 2 P t 1 V + 

RPt11L2
+ + R+ 

(5) 

(6) 

spectively. The organic and inorganic products indicate that 
both types of oxidation are taking place. Thus, 
Me2Pt(PMe2Ph)2 is oxidized to dimethylplatinum(IV) species 
with both CH3-Pt bonds intact. On the other hand, the diethyl 
analogue reacts exclusively by oxidative cleavage of a single 
CH 3 CH 2 -Pt bond to afford ethyl chloride and monoethyl-
platinum(II) species. This dichotomy is influenced by the 
phosphine ligands, since the oxidative cleavage of the CH3-Pt 
bond is promoted simply by replacing the coordinated di
methylphenylphosphine by triphenylphosphine. Any mecha
nistic formulation of the oxidation of dialkylplatinum(II) 
complexes by hexachloroiridate(IV) must account for these 
divergent pathways. 

Kinetics. The rates of reactions of dialkylplatinum(II) 
complexes with hexachloroiridate(IV) in acetonitrile were 
followed spectrophotometrically by the disappearance of 
hexachloroiridate(IV). The reactions obeyed second-order 
kinetics, being first order in each reactant according to the 
equation 
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-d[IrCl6-2]/d* = 2A: [IrCl6
2"] [R2PtL2] (7) 

The kinetic experiments were generally carried out with 
IrCl6

2- in the concentration range 1-3 X 1O-5 M and with 
R2PtL2 in tenfold excess in order to approximate pseudo-
first-order conditions as described in the Experimental Sec
tion. 

The second-order rate constants for the oxidation of R2PtL2 
depend in an interesting manner on the nature of the alkyl 
group as well as the phosphine ligand as shown in Table II. The 
greater reactivity of ethyl derivatives compared to the methyl 
analogues in the two series of R2PtL2 is in accord with their 
ability to act as donor ligands in electron transfer reactions. 
Similarly, the difference between the phosphine ligands, 
PMe2Ph and PPh3, can be attributed to their varying donor 
properties. It is unlikely that steric factors are dominant (or 
even important), since the difference in ethyl/methyl reactivity 
increases tenfold from 3.6 to 38 when the ligand is changed 
from PMe2Ph to the more bulky PPh3. We think the latter 
reflects a saturation of electronic effects, which is also seen in 
the change in the reactivity of the methyl derivative by a factor 
of 22 000 when PMe2Ph is replaced by PPh3 compared to a 
corresponding change of only 2100 observed with the ethyl 
derivatives. 

Electron Transfer Processes with Organoplatinum. In order 
to investigate the ability of dialkylplatinum(II) complexes to 
act as electron donors, it is desirable to measure the energetics 
of electron detachment. 

R2PtL2 - R2PtL2
+ + e (8) 

Direct measurement of the ionization potentials of these or-
ganometals by photoelectron spectroscopy is difficult to per
form due to their low volatility and thermal instability. Earlier 
studies have shown, however that alternative methods such as 
electrochemical oxidation and charge transfer spectra can 
afford comparable information about the energetics of electron 
detachment from organometals.7 

1. Electrochemical Oxidation. Anodic oxidation of cis-
Me2Pt(PMe2Ph)2 and CW-Et2Pt(PMe2Ph)2 at Pt electrodes 
in acetonitrile solutions indicated only single peak potentials 
at 0.72 and 0.40 V (vs. Ag/0.1 M AgNO3), respectively. Cyclic 
voltammetry showed no reduction wave even at sweep rates 
as high as 10 V/s, the upper useful limit for Pt electrodes. The 
apparent irreversibility of the process unfortunately discour
aged further coulometric studies. Earlier, we found that among 
alkylmetals, ethyl derivatives are oxidized7 more readily than 
the methyl analogues in processes such as that represented in 
eq 8, consistent with the 0.32-V difference found above. 

2. Charge Transfer Complexes of Dialkylplatinum(II) with 
Tetracyanoethylene. On the addition of tetracyanoethylene 
(TCNE) to cw-Me2Pt(PPh3)2 in 1,2-dichloropropane at -60 
0C, the solution turned pale yellow immediately. A broad 
featureless absorption band (AX i/2 = 100 nm) was observed 
at Xmax 440 ± 10 nm, which disappeared, with a half-life of 
approximately 30 min. A new split band (Xmax 400 and 415 
nm) due to pentacyanopropenide7 formed simultaneously. 
Only the latter was observed when the reaction was carried out 
at room temperature, the charge transfer band being too 
transient. 

Similarly, on the addition of TCNE to cw-Et2Pt(PPh3)2 in 
1,2-dichloropropane at -77 0C, the solution turned pale yellow 
immediately. The charge transfer band at 450 nm (showing 
vibrational fine structure) increased rapidly then disappeared, 
with a half-life of about 15 min, accompanied by the appear
ance of the spectrum of pentacyanopropenide. 

With CW-Me2Pt(PMe2Ph)2, the solution turned pale yellow 
on addition of TCNE (-77 0C), but the charge transfer 
spectrum was too transient to observe. 

The charge transfer bands between R2PtL2 and TCNE are 
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Table II. Rate Constants for the Oxidation of R2PtL2 by 
Hexachloroiridate(IV)" 

R2PtL2 MLmol- 's- ' ) ferei* 

Me2Pt(PMe2Ph)2 4.4 X 102 2.2 X 104 

Et2Pt(PMe2Ph)2 16 X 102 8 XlO4 

Me2Pt(PPh3);, 0.02 1.0 
Et2Pt(PPh3);, 0.76 38 

0 In acetonitrile solutions at 25 0C and constant ionic strength (0.01 
M NaClO4). 'Relative reactivity based on fc[Me2Pt(PPh3)2] = 
1.0. 

characteristic of other weak donor-acceptor complexes pre
viously observed with various organometals.8 

R2PtL2 + TCNE ^ [R2PtL2 TCNE] (9) 

The transient nature of such complexes has been shown to arise 
from subsequent thermal reactions following electron trans
fer, 

[R2PtL2 TCNE] — [R2PtL2-+ TCNE--] etc. (10) 

and to be highly dependent on the ionization potential of the 
organometal and the stability of the attendant cation radical.8 

[A study of the products arising from R2PtL2 and TCNE will 
be reported later.] 

Paramagnetic Species as Intermediates. 1. Spin Trapping 
of Radicals. Electron spin resonance (ESR) studies were car
ried out to probe for paramagnetic intermediates in these re
actions. With nitroso-ter/-butane (NB) as spin trap, ethyl 
radical was successfully detected in acetic acid during the re
action of hexachloroiridate(IV) and CW-Et2Pt(PMe2Ph)2 in 
excess (eq 11). The ESR spectrum of the adduct consisted of 

CH3CH2- + t-BuNO —- -̂BuNCH2CH3 (11) 

O-

the pronounced 1:1:1 nitrogen triplet («N = 16.5 G), together 
with further hyperfine splittings by the protons on the ethyl 
group (flH£ = 10.6 and any = 0.42 G).7 The experiment was 
carried out in the dark. However, on exposure of the solution 
to room light for approximatley 30 s, the major triplets in
creased in intensity by a factor of at least 20. The final spec
trum consisted of only a simple 1:1:1 triplet (ON = 16.4 G), 
which is identical with that of di-tert-buty\ nitroxide. When 
the same reaction was carried out in acetonitrile, only the 
spectrum of di-ter?-butyl nitroxide was observed. 

Subsequent experiments indicated that the same spectrum 
of di-tert-butyl nitroxide was observed when mtroso-tert-
butane was added to a solution of CW-Et2Pt(PMe2Ph)2 in the 
absence of hexachloroiridate(IV). It was again found that the 
intensity of the signal increased on exposure of the solution to 
light. The possibility that the products of the reaction between 
Cw-Et2Pt(PMe2Ph)2 and IrCl6

2- induced the formation of 
di-/erf-butyl nitroxide was examined by adding NB to the 
product solution. No ESR signal was detected in the dark and 
after exposure to light. It appears, therefore, that di-te«-butyl 
nitroxide is formed by the reaction of CW-Et2Pt(PMe2Ph)2 with 
nitroso-ferf-butane. A similar decomposition of NB to form 
di-fer/-butyl nitroxide in the presence of other alkylplati-
num(II) and alkylpalladium(II) derivatives has been re
ported.910 

It is noteworthy that similar reactions carried out with cis-
Et2Pt(PPh3)2 did not afford the ESR spectrum of f-Bu-
(Et)NO- nor that of di-tert-butyl nitroxide. However, owing 
to the low solubility of cw-Et2Pt(PPh3)2 in acetic acid and in 
acetonitrile, the reaction with hexachloroiridate(IV) was 
carried out under heterogeneous conditions, which necessitated 
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Table HI. The Stoichiometry of the Reaction between c«-Et2PtL2 and Hexachloroiridate(IV) in the Presence of Molecular Oxygen" 

L Et2PtL2 IrCl6
2- EtCl CH3CHO EtOH C2H4 C2H6 EEt* 

PPh3 0.030 0.04 F 0.0022 0.022 0.0063 0.0007 0.0008 0.032 
0.030 0.036rf 0.0010 0.021 0.0043 0.0007 0.0009 0.028 

PMe2Ph 0.041 0.041 0.0030 0.034 0.0069 0.0017 0.0018 0.047 
0.044 0.044 0.0035 0.036 0.0078 0.0020 0.0021 0.051 

" All quantities in millimoles. In acetonitrile solutions under one atmosphere of oxygen at 25 0C. * Includes all products derived from cleaved 
ethyl group. c Unreacted amount is 0.0114 mmol. d Unreacted amount is 0.0066 mmol (see ref 12). 

rather long shaking (~10 min) before the reaction was com
pleted. It is likely that any spin adduct of ethyl radical and NB 
formed in the reaction was destroyed by prolonged exposure 
to hexachloroiridate(IV). No ESR spectrum was detected 
when «'s-Et2Pt(PPh3)2 was mixed with NB alone. In these 
experiments we could find no evidence of paramagnetic plat
inum containing species by their ESR spectra. Similarly, no 
ESR spectrum was observed when a benzene or tetrahydro-
furan solution of Cw-Me2Pt(PMe2Ph)2 was irradiated at 2537 
nm in the cavity of the spectrometer. 

2. Scavenging of Alkyl Radicals by Molecular Oxygen and 
Hexachloroiridate{IV). The formation of ethyl chloride and 
minor amounts of ethane and ethylene during the oxidation 
of diethylplatinum(II) complexes with hexachloroiridate(IV) 
most likely arises from ethyl radicals. Scavenging experiments 
with ethyl radicals generated from an independent source have 
shown that chlorine transfer in eq 12 is extremely rapid.7 

CH3CH2- + Ir lvCl6
2-

-^CH3CH2Cl-I-Ir1 1 1Cl5(CH3CN)2- (12) 
CH3CN 

Alkyl radicals are also known to react with molecular oxygen 
at diffusion-controlled rates to produce a mixture of alcohols, 
ketones, and peroxides, depending on their structure." When 
the reaction of CM-Et2PtL2 (where L = PPh3 and PMe2Ph) and 
hexachloroiridate(IV) was carried out in the presence of mo
lecular oxygen; ethyl chloride, which is the only organic 
product formed in a nitrogen atmosphere, was largely elimi
nated as shown in Table III. In the place of ethyl chloride, high 
yields of ethyl alcohol and acetaldehyde were found. These 
products are expected from the self-reaction of ethylperoxy 
radical. 

CH3CH2- + O 2 -* CH3CH2OO- (13) 

2CH3CH2OO- — CH3CHO + CH3CH2OH + O2 (14) 

The higher yields of acetaldehyde relative to ethyl alcohol 
observed (in comparison to those expected from the stoichi
ometry in eq 14) can be attributed to further oxidation of the 
latter by oxygen under the homolytic conditions extant in the 
reaction. The results in Table III also indicate that 1.0 and 1.2 
mol of ethyl groups were cleaved from m-Et2Pt(PPh3)2 and 
Cw-Et2Pt(PMe2Ph)2, respectively, for each mole of hexa-
chloroiridate(IV) consumed.12 This observation suggests that 
homolytic substitution of ethylperoxy radical on CM-Et2PtL2 
is not important under these conditions, 

EtO2- + Et2PtL2 — EtOOPtL2Et + Et- (15) 

Et-+ O2-> EtO2- (13) 

EtOOPtL2Et — CH3CHO, CH3CH2OH, etc. (16) 

since we expect that chain reactions propagated via eq 13 and 
15 would result in increased yields of cleavage products. 

In these studies the highly efficient interception of the alkyl 
group by molecular oxygen supports other studies that ethyl 
radical is an important intermediate during the oxidative 
cleavage. Direct autoxidation of Et2PtL2 does not occur under 
these conditions in the absence of hexachloroiridate(IV). 

In order to test whether the alkyl-platinum bond is under
going cleavage to afford alkyl cationoid intermediates, the 
reaction of m-Me2Pt(PMe2Ph)2 with hexachlororidate(IV) 
was carried out in the presence of a 40-fold excess of bromide 
(as the tetra-n-butylammonium salt) in acetonitrile. Methyl 
bromide, the product expected from bromide displacement,13 

was absent. 
Mechanism of the Oxidation of Dialkylplatinum by Hexa-

chloroiridateirV). The oxidation of dialkylplatinum(II) com
plexes by IrCl6

2- is dependent on the nature of both the alkyl 
group bonded to Pt as well as the coordinated phosphine, the 
relative rates of oxidation decreasing in the order: 
Et2Pt(PMe2Ph)2 > Me2Pt(PMe2Ph)2 > Et2Pt(PPh3)2 > 
Me2Pt(PPh3)2. This trend is counter to expectations based on 
steric hindrance and suggests that the rate-limiting step does 
not involve bond cleavages to any significant degree. We pro
pose that electron transfer is the rate-limiting process which 
is common for all dialkylplatinum(II) complexes as presented 
in Scheme I.14 This formulation is in general accord with the 
well-established property of hexachloroiridate(IV) to function 
as an electron acceptor.6 According to Scheme I, the activation 
process is represented by the electron transfer step 17, which 
is rapidly followed by two competing reactions, in which the 
intermediate dialkylplatinum cation I either undergoes frag
mentation (eq 18a) or reacts further with IrCU2- (eq 1915). 
Scheme I accords with all the observations we have made in 
this system, including (a) the energetics and kinetics of the 
electron transfer step, (b) the observation of ethyl radicals 
during oxidative cleavage, and (c) the selectivity between 
cleavage and further oxidation in methyl and ethyl derivatives 
as described in the following discussion. 

Scheme I 

R2PtL2 + IrCl6
2" - ^ R2PtL2

+ + IrCl6
3" (17) 

I 
fast IrCl6^-

I—J-RPtL 2
+ + R *• RCl + IrCl5

2" (18) 
(a) (b) 

II 
fast 

I + IrCl6
2- — » R2PtL2Cl+ + IrCl5

2- (19) 

III 

The second-order kinetics for cleavage indicate that dialk-
ylplatinum(II) and only one IrCl6

2- are involved in the rate-
limiting transition state. The other IrCl6

2- required by the 
stoichiometry must be involved in a fast subsequent step. For 
an electron transfer process, the second-order rate constant k 
in eq 17 should increase with increasing «ase of electron de
tachment from R2PtL2, a measure of which is obtained from 
the frequencies J>CT of the charge transfer bands in the 
[R2PtL2-TCNE] complexes.7 Indeed there is some correlation 
between log k for oxidation and VCT- It is noteworthy that the 
correlation is not dependent on whether oxidative cleavage or 
further oxidation of R2PtL2 obtains. 
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Table IV. NMR Spectra of Alkylplatinum(II) and Dialkylplatinum(IV) Products from the Oxidation of R2PtL2" 

R2PtL2 

CK-Me2Pt(PMe2Ph)2 

CK-Et2Pt(PMe2Ph)2 

«'s-Me2Pt(PPh3)j 

CiS-Et2Pt (PPh3), 

Pt-CH 3OrPt-CH 2CH 3 

S (JpH)(JPtH) 

0.79 t (5.5) (67) 
1.2Ot (6.0) (65)1 
1.25 t (6.0) (64)\ 

0.45-2.22 m 

0.57 t (7.0) (70)1 
0.95 t (5.0) (66){ 
1.38 d (2.5) (65) 

0.43 t (7.0) (55)1 
1.1-1.5 m S 

PMe2Ph 

S (JpH)(JPtH) 

2.22 t (4.0) (17) 
1.89 t (4.0) (19)! 
1.9Ot (4.0) (20)S 

2.22 t (4.5) ( - ) 

Assignment* 

Me2Pt(PMe2Ph)2X2 

Me2Pt(PMe2Ph)2XY 

others: 6 1.96 s, CH3CN-Pt 
5 2.30 s, IrCl5(CH3CN)2-

fra«s-EtPt(PMe2Ph)2(CH3CN)+ 

others: S 1.98 s, CH3CN-Pt 
S 2.35 s, IrCl5(CH3CN)2-

?ra«s-MePt(PPh3)2X and Me2Pt(PPh3)2X2 

Me2Pt(PPh3)2X2 

others: 5 1.98 s, CH3CN-Pt 
6 2.31 s, IrCl5(CH3CN)2-

fra«s-EtPt(PPh3)2(CH3CN)+ 

others: 6 1.97 s, CH3CN-Pt 
5 2.31 s, IrCl5(CH3CN)2-

a The reaction was carried out in CH3CN and the NMR spectra were recorded with product residue in pyridine. Chemical shift in parts per 
million relative to internal Me4Si. Coupling constants in hertz; d = doublet, t = triplet, m = multiplet. b For discussion of assignments and X or 
Y see Experimental Section. 

Our inability to observe the ESR spectrum of the para
magnetic intermediate R2PtL,2+ indicates that the lifetime of 
I is short, consistent with the irreversibility observed in the 
cyclic voltammetry of R2PtL-2. Intermediate I as a 17-electron 
system is expected to be unstable. Other evidence for the for
mation of transient Pt(III) species has been advanced in the 
photolysis613 of PtCl4

2- and the pulse radiolysis6c of PtCl4
2-

and PtCl6
2-. There is also kinetic evidence for the existence 

of metastable Pt(III) species in the oxidation of PtCl4
2- by 

hexachloroiridate(IV).6a 

According to Scheme I, the paramagnetic intermediate I 
suffers at least two principal fates: cleavage of an alkyl radical 
or further oxidation to dialkylplatinum(IV) by unimolecular 
and bimolecular routes, respectively. The competition between 
these pathways depends not only on the concentration of 
IrCl6

2-, but more importantly on the stability of I as reflected 
in the strength of the alkyl-platinum bond. All else being the 
same, ethyl cleavage is more facile than methyl cleavage, in 
general accord with the trend in bond strengths.7'16 The ten
dency for methyl cleavage to occur more readily in the presence 
of coordinated dimethylphenylphosphine compared to tri-
phenylphosphine (vide supra) may be attributed to greater 
electron release by the former. Differences in steric bulk (e.g., 
cone angles) of the phosphines may al6o be a factor.17 

The fragmentation of the alkyl group from I as a free radical 
in eq 18a during oxidative cleavage of Et2PtL,2 and 
Me2Pt(PPh3)2 is supported by spin trapping and oxygen 
scavenging, as well as the ability of IrCl6

2- to convert alkyl 
radicals to alkyl chlorides efficiently.18 The latter leads 
concomitantly to the reduction of hexachloroiridate(IV) to 
pentachloroiridate(III) as IrCl5(CH3CN)2- according to eq 
12 and 18b. Indeed, analysis of the reduced iridium products 
shows the presence of equimolar amounts of Ir1"-
Cl5(CH3CN)2- and Ir111Cl6

3-, the latter arising from the 
rate-limiting electron transfer step according to Scheme I.19 

The instability of I coupled with its rapid rate of oxidation 
by hexachloroiridate(IV) largely precludes a kinetic study of 
the competition described in eq 18 and 19.20 In this connection, 
the stability of I can be compared to that of other paramagnetic 
cations formed by electron transfer from organometals such 
as dialkylmercury(II), tetraalkyllead(IV), tetraalkyltin(IV), 
and alkylcobalt(III) complexes.7-13 With the nontransition 
metal alkyls, we found that fragmentation of alkyl radicals is 
the exclusive fate of the paramagnetic hypervalent interme
diate.7 

R—m+ — R- + m+ 

m = HgR, PbR3, SnR3 

(20) 

On the other hand, electron transfer from the methyl and ethyl 
derivatives of alkylbis(dimethylglyoximato)cobalt(III), 
R(DH)2Co, affords rather stable paramagnetic organoco-
balt(IV) species which undergo further reaction by the formal 
loss of an alkyl cation, e.g.,13 

/ ^ ROH + (DH)2Co1' + H+ (21) 
[R(DHtfoIV]+ — ( 

V3I+ RBr + (DH)2Co" (22) 
The divergent pathways followed by each of these paramag
netic organometal intermediates is no doubt highly dependent 
on the accessibility of the various oxidation states of the metals. 
In a broader sense, the ease with which alkyl cleavage can be 
induced by electron transfer processes underscores the duality 
of mechanisms possible (including 1-equiv oxidation centered 
largely on a metal orbital7-8,21 as well as 2-equiv oxidation of 
the alkyl ligand16-22) during electrophilic scission of the car
bon-metal bond in organometals.23 Further studies will 
hopefully delineate these problems in greater detail. 

Experimental Section 

Materials. The series of cw-dialkyl(bisphosphine)platinum(II) 
compounds used in this study was synthesized by the procedures de
veloped by Chatt and Shaw.3 Sodium hexachloroiridate(IV), 
Na2lrCl6-6H20, was obtained from Varlacoid Co. and used without 
purification, since the visible absorption spectrum (e.g., t^j 4060 M-1 

cm-1 in 1 M HClO4) of the sample agreed with that in the literature.26 

Acetonitrile (Mallinkrodt, analytical reagent) was stirred with calcium 
hydride overnight, filtered, and then distilled from P2O5 under a ni
trogen atmosphere. 

Gas Chromatography Analyses. Hydrocarbons and alkyl halides 
were analyzed on a column consisting of 15-ft 20% apiezon L plus 15-ft 
20% FFAP at 100 0C. Methane, ethane, and ethylene were also an
alyzed with a 2-ft Porapak Q column at room temperature. 

NMR Spectra. The proton NMR spectra were recorded either on 
a Varian EM 360 or 220 MHz spectrometer. The spectra of the di-
alkyl(bisphosphine)platinum(IV) and alkyl(bisphosphine)plati-
num(II) complexes are listed in Table IV. The structures of the latter 
were assigned primarily on the basis of their proton NMR spectra 
using the correlations described by Ruddick and Shaw.2 Complete 
structural assignments were limited by the ambiguities relating to 
coordination by the solvent and chloroiridium(III) species as described 
below for each system. Nonetheless, the principal features relating 
to the alkyl-platinum bonds in the products can be assigned. 

Journal of the American Chemical Society / 99:5 / March 2, 1977 



1455 

Reaction of CiS-Me2Pt(PMe2Ph)2 with IrCl6
2". A 25-mL flask 

containing the desired amount of CW-Me2Pt(PMe2Ph)2 and a mag
netic stirring bar was sealed with a gas-tight rubber serum cap. The 
flask was then deoxygenated by purging with N2, and 4 mL of de-
oxygenated acetonitrile was added. A concentrated solution of 
Na2IrCl6^H2O in acetonitrile (0.5-1.0 mL) was introduced into the 
stirred solution by means of a hypodermic syringe. The reaction was 
complete on the addition OfNa2IrCU- Samples of gas were analyzed 
for methane, ethane, and methyl chloride by gas chromatography. 
Samples of liquid were spectrally analyzed for the unreacted 
IrCl6Z-. 

After the analyses were completed, the product solution was 
pumped to dryness in vacuo, and pyridine was added to digest the 
residue. The undissolved Na3lrCl6 was removed by filtration and the 
filtrate was again pumped to dryness. The residue was then transferred 
to an NMR tube with^0.6 mL of pyridine and the spectrum recorded. 
The proton NMR spectrum can be assigned to two Pt(IV) complexes, 
both of which have fro/w-phosphines and cw-methyl groups. For 
complex 1, formed in 60% yield, the proton NMR spectrum consists 
of 6 2.22 t (7PH = 4.0, 7P,H = 17 Hz) for PMe2Ph and 0.79 t (JPH = 
5.5, 7P,H = 67 Hz) for Pt-Me, for which we assign the structure 
Me2Pt(PMe2Ph)2IrCl5(CH3CN), with two chlorides of 
IrCIj(CHjCN)2- occupying two cis coordination sites on platinum. 
The equivalence of the two methyl groups on the same phosphorus 
indicates that the two ligands trans to the methyl groups are identical, 
and all the coupling constants are quite similar to those of 
Me2Pt(PMe2Ph)2Cl2 with the same configuration [in CD3Cl, 5 2.10 
t (JPH = 4.1, Jp1H = 17.6 Hz), 0.52 t (JPH = 5.6, yPtH = 68 Hz)].2 

The remaining four triplets in the NMR spectrum can be assigned 
to the complex 2, Me2Pt(PMe2Ph)2XY, formed in 40% yield [<5 1.89 
t (JPH = 4, JPtH = 19 Hz) and 1.90 t (JPH = 4, yPtH = 20 Hz) for 
PMe2Ph, 1.20 t (7PH = 6, /P t H = 65 Hz) and 1.25 t (J PH = 6, /P t H 
= 64 Hz) for PtMe]. The two triplets at 8 1.89 and 1.90 overlap; 
however the coupling constants are resolved in a 220-MHz NMR 
spectrum. The nonequivalence of the two Pt methyls and of the two 
methyl groups on the phosphine indicates that X and Y are different. 
Since the amount of the complex 2 increased on aging the solution, 
we infer that one of the two ligands is pyridine, and the other is either 
Cl - or IrCIs(CH3CN)2-. The characteristic singlet for 
IrCIs(CH3CN)2- (5 2.31 )7 was also present in the spectrum. In ad
dition, there is a minor singlet for coordinated Pt-CH3CN at <5 1.96, 
and another singlet for free CH3CN at S 1.92. Apparently, most of 
the CH3CN originally present in the Pt lv complexes formed during 
the reaction was replaced by IrCIs(CH3CN)2- or by pyridine during 
the workup. A triplet at 8 1.58 which gradually increased in intensity 
on aging the solution might be assigned to Me2Pt(PMe2Ph)2Py2

2+ 

of the same configuration (this complex only accounts for 5% of the 
platinum compounds after 3 weeks). 

A similar reaction was carried out in perdeuterated acetonitrile. 
The proton NMR spectrum of the product residue dissolved in pyri
dine contained all the resonances described above, except for the three 
singlets attributed to IrCl5(CH3CN)2-, Pt lv-CH3CN, and free 
CH3CN. 

Reaction of CiS-Et2Pt(PMe2Ph)2 with IrCl6
2-. A 25-mL flask 

containing the desired amount of CW-Et2Pt(PMe2Ph)2 and a magnetic 
stirring bar was sealed with a gas-tight rubber serum cap. The flask 
was deoxygenated by purging with N2, and 4 mL of deoxygenated 
acetonitrile was added. Aliquots of a solution of IrCl6

2- were added 
dropwise and gas samples analyzed for ethyl chloride and hydrocar
bons after each addition of IrCl6

2-. [This procedure was followed since 
spectrophotometric titration of IrCl6

2- with CW-Et2Pt(PMe2Ph)2 
indicated a stoichiometry of 3 to 1.] The product solution was then 
worked up as described for the reaction of CW-Me2Pt(PMe2Ph)2. The 
proton NMR spectrum is consistent with the presence of an equimolar 
solution of ZrQ^-EtPt(PMe2Ph)2(CH3CN)+ and IrCl5(CH3CN)2" 
[5 2.22 t (JPH = 4.5 Hz) PMe2Ph, 0.45-2.22 m Pt-Et, 1.98 s (Pt-
(CH3CN)), 2.35 s (IrCIs(CH3CN)2-)]. 

The reaction of CW-Et2Pt(PMe2Ph)2 with 3 equiv of IrCl6
2- is 

noteworthy. The results indicate that CW-Et2Pt(PMe2Ph)2 reacts 
readily with the first 2 equiv to give 1 mol of EtCl, and trans-
EtPt(PMe2Ph)2(CH3CN)+. fran.r-EtPt(PMe2Ph)2(CH3CN)+ then 
reacts with an additional mole of IrCl6

2- in a subsequent slow step 
to afford another Pt(III) species, which disproportionates to a mixed 
valence dinuclear (or polynuclear) complex. Alternatively, one-half 
of the ^aW-EtPt(PMe2Ph)2(CH3CN)+ may be oxidized to a Pt(IV) 
species, which then combines with frans-EtPt(PMe2Ph)2(CH3CN)+ 

to form a mixed valence complex. Polynuclear complexes consisting 
of alternating units of PtCU2" and PtCl6

2- are known.27 

Reaction of cis-Et2Pt(PPh3)2 with IrCl6
2". A 25-mL flask con

taining the desired amount of cw-Et2Pt(PPh3)2 and Na2IrCl6, and 
a magnetic stirring bar was sealed with a rubber serum cap. The 
contents were deoxygenated by passing N2 through the solution for 
20 min. Deoxygenated acetonitrile (4.0 mL) was then added to initiate 
the reaction. The solution was stirred [cw-Et2Pt(PPh3)2 was not 
completely dissolved] and samples of gas were periodically removed 
from the flask to monitor the formation of ethyl chloride and the hy
drocarbons. Samples of liquid were analyzed for the unreacted IrCl6

2-

by the examination of its visible spectrum after the reaction was 
complete in 30 min. 

The product solution was worked up as described in the reaction 
OfCw-Me2Pt(PMe2Ph)2. The proton NMR spectrum was consistent 
with the presence of an equimolar solution of trans-EtPt-
(PPh3J2(CH3CN)+ [8 0.43 t (7HH = 7.0, /P t H = 55 Hz, 3 H) for CH3, 
1.1-1.6 m (2 H) for CH2, 1.97 s (3 H) for Pt-CH3CN] and 
IrCl5(CH3CN)2- [5 2.31 s (3 H)]. 

Reaction of cis-Me2Pt(PPli3)2 with IrCl6
2-. Experimental proce

dures similar to the reaction of cw-Et2Pt(PPh3)2 were followed. The 
proton NMR spectra of the product residue in pyridine showed the 
following resonances: 6 0.57 t (/PH = 7.0, JPtH = 70 Hz), 0.951 (JPH 
= 5.0, Jp1H = 66 Hz), 1.38 d (JPH = 2.5, JPlH = 65 Hz), 1.98 s, 2.31 
s. The ratios of the area of these resonances were: 1:0.6:0.8:1:1. The 
last two resonances can be assigned to Pt-CH3CN (8 1.98) and 
IrCl5(CH3CN)2- (8 2.31). Gas chromatography analyses indicated 
that 0.46 mol of methyl group was cleaved from each mole of cw-
Me2Pt(PPh3J2, and spectral analysis indicated that 2 equiv of IrCl6

2-

were consumed. We deduce that approximately one-half of the plat
inum products was in the form MePt(PPh3)2S+ and the remainder 
as Me2Pt(PPh3)2S2

2+, where S is either chloride, IrCl5(CH3CN)2-, 
CH3CN, or pyridine. The doublet at 8 1.38 is assigned to 
Me2Pt(PPh3J2S2

2+ in which the two methyl groups are trans to the 
two phosphines. The two triplets were assigned to Me2Pt(PPh3J2S2

2+ 

with /roRs-phosphines, cw-methyl groups, and rra/u-MePt(PPh3)2S
+, 

where S is derived from the solvent. 
Spectrophotometric Analyses of the Iridium(III) Products. A pre

liminary thin layer chromatographic investigation indicated that 
IrCl6

3" and IrCl5(CH3CN)2- were the only Ir(III) products formed 
in these reactions.7 Instead of following the usual procedure (i.e., 
separating the products by thin layer chromatography, followed by 
spectral determination of each product), the product solution was 
directly oxidized with chlorine immediately after the reaction was 
complete, and the spectrum of the oxidized solution (after proper 
dilution) was recorded. Comparison of this spectrum with that of a 
synthetic solution consisting of equimolar amounts of IrCl6

3- and 
IrCl5(CH3CN)2- indicated that the Ir(III) products consisted equally 
of IrCl6

3- and IrCl5(CH3CN)2-. 
Spectrophotometric Titration of IrCl6

2- with CiS-Me2Pt(PMe2Ph)2 
and CiS-Et2Pt(PMe2Ph)2. A UV cell sealed with a rubber serum cap 
was deaerated by purging with N2, and 2.0 mL of 4.2 X 10~4 M 
Na2IrCl6 (»8.4 X 1O-4 mmol) added. The solution was titrated with 
Cw-Me2Pt(PMe2Ph)2 solution (5 nL « 8.5 X 1O-5 mmol). The ab-
sorbance of the solution (followed at X 489 nm) decreased by 20% after 
each addition, and the color of IrCl6

2- disappeared completely after 
25 ML of the solution was added. 

The titration of IrCl6
2- with CW-Et2Pt(PMe2Ph)2 was carried out 

using the same procedures. It afforded a stoichiometry of 3:1 con
sumption of IrCl6

2-. An inverse titration was carried out by the suc
cessive addition of 2.7 X 1O-4 mmol (in 10-juL solution) of Na2IrCl6 
to a cell containing 2.7 X 10"4 mmol of CW-Et2Pt(PMe2Ph)2. The first 
two aliquots were consumed with a half-life of less than 2 min and the 
third aliquot was consumed with a half-life of 10 min. IrCl6

2" was not 
consumed on further addition. 

Electrochemical Oxidation of CiS-Me2Pt(PMe2Ph)2 and cis-
Et2Pt(PMe2Ph)2. The anodic oxidation of Cw-Me2Pt(PMe2Ph)2 and 
CW-Et2Pt(PMe2Ph)2 was carried out in a saturated solution of NaBF4 
in acetonitrile under a nitrogen atmosphere. The cell was equipped 
with a gas bubbler, in addition to the platinum cathode and anode. 
Ag/0.1 M AgNO3 in acetonitrile was employed as the reference 
electrode using a cracked-glass tip.28 A solution (100 mL) containing 
20 mg of the platinum complex was introduced into the cell and the 
solution was purged with N2 for 15 min. The nitrogen flow was in
terrupted before the measurements were taken. Only a single peak 
potential was observed in the anodic sweep (at 5 mV/s) for both cis-
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Table V. Kinetics of the Reaction of CW-R2PtL2 with Hexachloroiridate(IV) in Acetonitrile at 25 0 C 0 

R2PtL2 

105 [IrCl6 
M 

105[R2PtL2] 
M 

^obsdn 

M"1 s-

Et2Pt(PMe2Ph)2 

Me2Pt(PMe2Ph)2 

Et2Pt(PPh3)2 

Me2Pt(PPh3)2 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 
0.8 
0.8 
2.4 

1.6 
1.6 
1.6 
1.6 
0.8 
2.4 

1.6 

1.6 
3.3 
3.3 
5.3 
5.3 

9.0 
9.0 
6.8 
6.8 
2.7 
9.0 
9.0 
9.0 

19.0 
19.0 
14.0 
9.0 

19.0 
19.0 

5.0X 10 - 2* 
1.08 X 10-' 
1.31 X 10-' 
1.54 X 10-' 
1.48 X 10"1 

7.9 X 10-2 

8.3 X 10-2 

6.3 X 10-2 

6.3 X 1O-2 

2.1 X 1O-2* 
7.3 X 10-2 

7.3 X 10-2 

8.2 X 10-2 

3.1 X 10-3 

2.8 X IO-3 

1.8 X 10-3 

1.3 X 1O-3 

3.OX 10-3 

3.1 X 1O-3 

1.6 X 103 

1.6 X 103 

2.0X 103 

1.5 X 103 

1.4 X 103 

Av (1.6 ±2) X 103 

4.4 X 102 

4.6 X 102 

4.6 X 102 

4.6 X 102 

3.9 X 102 

4.1 X 102 

4.1 X 102 

4.6 X 102 

Av (4.4 ±0.2) X 102 

0.82 
0.74 
0.64 
0.72 
0.79 
0.82 

Av (0.76 ± 0.6) 

7 X 10- 0.02 

" 1.0 X 10"2M NaClO4.
 b Values of kobsi are calculated from the initial rates. 

Me2Pt(PMe2Ph)2 (0.72 V) and CW-Et2Pt(PMe2Ph)2 (0.40 V). 
Cyclic voltammetry was carried out in the same cell used in the 

anodic oxidation. The voltage was first swept from zero to beyond the 
anodic peak potential, and then reversed. No reduction wave was 
observed in the reverse scan even at sweep rates as fast as 10 V/s. No 
measurements were made beyond this upper limit for the platinum 
electrode, since the charging current increases steadily at higher sweep 
rates. 

Kinetics. All the reactions were followed spectrophotometrically 
using a Cary 14 spectrophotometer and carried out under a nitrogen 
atmosphere, at constant temperature regulated at 25.0 ± 0.2 0C. 

The reactions were followed by the disappearance of the absorption 
band due to hexachloroiridate(IV) at \max 489 nm. In general, R2PtL2 
was present in tenfold excess or more to ensure that the concentration 
remained essentially constant throughout the reaction. The pseudo-
first-order plots were linear for more than 3 half-lives and were used 
to evaluate the rate constants. However, because of the high rates of 
reaction of CW-R2Pt(PMe2Ph)2 and the low solubilities of cis-
R2Pt(PPh3)2, it was not always possible to maintain a tenfold excess 
of the Pt complexes, even at a IrCl6

2- concentration of 10-5 M. Under 
these conditions, the initial rates of the reaction were used to evaluate 
the rate constants, since the pseudo-first-order plots were not linear. 
At lower concentrations of IrCl6

2-, the absorbance change was too 
small to measure reliably. 

In a typical experiment for the reaction of CW-R2Pt(PMe2Ph)2, a 
cell containing 1.6 X 10-5 M IrCl6

2- and 1.0XlO -2M NaClO4 in 
2.5 mL of acetonitrile was thermostated for 15 min, and a concen
trated solution of CW-R2Pt(PMe2Ph)2 in the amount of 20-100 txL 
was added with a microsyringe to initiate the reaction (see data, Table 
V). For the reactions OfCW-R2Pt(PPh3J2, a cell containing 1.0 X 1O-2 

M NaClO4 and the desired amount of R2Pt(PPh3)2 was thermostated 
for 15 min and a concentrated solution of IrCl6

2- was added in the 
amount of 10-30 ^L to initiate the reaction. The reverse order of ad
dition of the reagents was necessary due to the low solubilities of cw-
R2Pt(PPh3)2 in acetonitrile (~2 X 10 -4 M in a saturated solution). 
Owing to the slow rate of reaction of cw-Me2Pt(PPh3)2 with IrCl6

2-

and the instability of IrCl6
2- in CH3CN at the low concentrations, 

it was not possible to measure the rate of this reaction accurately. 
Charge Transfer Spectra. The charge transfer complexes of cis-

R2PtL2 with TCNE are unstable and could not be determined at room 
temperature. The spectra of the complexes of cw-Et2Pt(PPh3)2 and 
cw-Me2Pt(PPh3)2 were recorded at -77 and -60 0C, respectively. 

The solutions for the determination of the charge transfer spectra 

were prepared in a nitrogen atmosphere as described previously.7 A 
solution containing 1.0 X 1O-3M R2PtL2 in 2.0 mL of 1,2-dichloro-
propane was allowed to reach thermal equilibrium for 15 min in the 
cell, and a 0.2-0.6-mL solution of 2.0 X 10-1 M TCNE was then 
added. The solution was quickly shaken and the cell transferred to the 
spectrophotometer. 

Reaction of CiS-Et2PtLj with Hexachloroiridate(IV) in the Presence 
of Oxygen. In a typical experiment, a 25-mL flask containing 0.030 
mmol of Cw-Et2PtL2 was sealed with a gas-tight rubber septum cap 
and purged with oxygen for 15 min. Oxygen-saturated acetonitrile 
(4.0 mL) was added and the solution stirred magnetically. A solution 
of hexachloroiridate(IV) consisting of 0.041 mmol in 1.0 mL of ace
tonitrile was then added dropwise to the vigorously stirred solution. 
The precipitate was allowed to settle and samples of the liquid removed 
in order to analyze it for ethyl chloride, acetaldehyde, and ethanol. 
Samples of the gas phase were also removed for the analysis of ethane 
and ethylene. 

Ethyl chloride was identified by gas liquid chromatography (GLC) 
on a 30-ft FFAP column at 110 0C. Acetaldehyde and ethanol were 
identified on two columns of different polarity (30-ft FFAP and 4-ft 
Porapak Q). Ethane and ethylene were analyzed on a Porapak Q 
column at 115 0C. 

Spin Trapping of Ethyl Radicals in the Reaction of CiS-Et2PtL2 and 
Hexachloroiridate(IV). 1. CiS-Et2Pt(PPhJ)2. In a typical procedure, 
3.1 X 1O-2 mmol of cw-Et2Pt(PPh3)2, 2.2 X 1O-2 mmol of sodium 
hexachloroiridate(IV) hexahydrate, and 2.5 X 1O-' mmol of ni-
troso-rerr-butane were weighed into an NMR tube. The mixture was 
deaerated by nitrogen entrainment and 0.5 mL of acetic acid was 
added to initiate the reaction. No ESR signal was detected. A similar 
experiment carried out in acetonitrile gave no ESR signal. All of these 
experiments were carried out in the dark. 

2. CiS-Et2Pt(PMe2Ph)2. Nitroso-Je/T-butane (0.11 mmol) and 
Na2IrCl6-6H20 (0.030 mmol) were weighted into an ESR tube, 
deoxygenated, and 0.3 mL of acetic acid was added in the dark. No 
ESR spectrum was observed. A solution of CW-Et2Pt(PMe2Ph)2 
consisting of 0.038 mmol in 1.2 mL of acetic acid was then added. The 
resulting solution showed an ESR spectrum that could be clearly 
identified as that of the ethyl adduct to nitroso-ferr-butane. Exposure 
of this solution to light resulted in a marked increase in intensity of 
the 1:1:1 triplets due to the spectrum of di-rez-r-butyl nitroxide, which 
has almost the same nitrogen hyperfine splittings as that of the ethyl 
adduct. 

Reaction of CiS-Me2Pt(PMe2Ph)2 with HexachIoroiridate(IV) in 
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the Presence of Bromide. Both CW-Me2Pt(PMe2Ph)2 (17.1 mg, 3.4 
X 1O-2 mmol) and tetra-zi-butylammonium bromide (1.3 mmol) were 
weighed into a 25-mL flask, which was sealed with a gas-tight septum 
and the contents deaerated with a stream of nitrogen. Acetonitrile (2.0 
mL) was added and the solution stirred, while a solution of sodium 
hexachloroiridate(IV) containing 6.6 X 10-2 mmol in 1.0 mL of ac
etonitrile was added. Gas liquid chromatography of the reaction after 
completion [noted by the rapid decoloration of iridium(IV)] showed 
a trace of methyl chloride, but no methyl bromide. We infer from the 
absence of methyl cleavage that the oxidation of Me2Pt(PMe2Ph)2 
followed the usual course to the platinum(IV) species. 
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Abstract: Substituted dibenzo-18-crown-6 ethers, cis- and trans-dinhro, cis- and trans-diammo, tetrabromo, octachloro, and 
mono- and bis(tricarbonylchromium), have been synthesized and characterized. Investigations on the ability of these crown 
ethers to extract sodium and potassium salts from water into methylene chloride have been performed. A very pronounced sub
stituent effect has been observed that results in a reversal of the normal selectivity for this process of K+ > Na+. 

There has been considerable recent interest in the chemi
cal and physical properties of the synthetic ionophores com
monly named crown ethers.2 Since Pedersen first established 
these compounds as very efficient coordinating agents for the 
alkali metal cations,3 many studies have demonstrated the 
general concept that the size of the crown cavity plays a large 
role in determining the thermodynamic stability of the re
sulting complexes.4-5 Certain gross substituent effects upon 
their properties have been observed. For example, there are 
differences in complexing abilities of the various 18-crown-6 

ethers: dibenzo-18-crown-6, dicyclohexyl-18-crown-6, and 
18-crown-6.6 However, such variations with substituent may 
spring in part, if not mostly, from structural changes that re
strict important conformational distortions of the crown upon 
complexing the metal cation.7 It has also been established that 
the solvent environment can cause variations from one ether 
to another often causing changes in cation selectivity.8 Apart 
from these results the overriding factor thought to control the 
formation of cation-crown complexes is the relative cation-
oxygen cavity size. Thus, while 14-crown-4 ethers complex 
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