413

Journal of Organometallic Chemistry, 335 (1987) 413422
Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

Thermal and photochemical addition of alkyl and aryl halides
to tetrakis( u-pyrophosphito)diplatinum(Il) tetraanion

D. Max Roundhill*, Mark K. Dickson and Stephen J. Atherton

Departments of Chemistry, Tulane University, New Orleans, Louisiana 70118 and Washington State
University, Pullman, Washington 99164. Center for Fast Kinetics Research, University of Texas,
Austin Texas 78712 (U.S.A.)

(Received April 24th, 1987)

Abstract

Alkyl halides RI (R = Me, Et, n-Pr, i-Pr, n-pentyl, CF;, CH,1,) undergo a ther-
mal reaction with Pt,(pop),*~ (pop = pyrophosphite) to give the axially substituted
“lantern” complexes Pt,(pop),RI*”". For R = Me, the pure complex can be iso-
lated. The solution structure has been characterized by a combination of 'H, *C,
3P and Pt NMR spectroscopy. With the higher homologues, (R = Et, n-Pr, i-
Pr, n-pentyl) the reaction gives a mixture of Pt,(pop),RI*~ and Pt,(pop),I,*~. A
radical pathway is proposed. Aryl halides ArX (X = Cl, Ar=Ph; X =Br, Ar=
Ph, p-FC,H,, p-HOC,H,, p-CH,0C,H,, p-HO,CC,H,, p-CH,CH,; X =1, Ar
= Ph) photochemically add to the triplet excited state Pt,(pop),* ™ to give
Pt,(pop),ArX*~. For the photochemical reaction with C,F;Br, CCi,, CHCI,,
CH,CICO,H, CH,BrCO,H and p-BrC,H,NH;™ the product is the dihalo complex
Pt,(pop),X,*” (X =Cl, Br).

Introduction

The tetrakis(p-pyrophosphito)diplatinum(II) tetraanion Pt,(pop),*” has the
“lantern” type structure with two platinum(II) centers held together in an eclipsed
configuration [1]. These non-bonded platinum(II) ions are separated in the complex
by 2.925(1) A, and Pt,(pop),*~ will add halogens X, to give diplatinum(III)
complexes Pt,(pop),X,*” [2]. In these product complexes the formation of a bond
between platinum(1II) centers causes a shortening of the Pt, separation into the
2.695(1) A-2.754(1) A range [3].

Organometallic diplatium(III) complexes can be prepared in an analogous manner
if alkyl or aryl halides (RX) are added to Pt,(pop),*™ [2.4]. These complexes, like
the dihalo adducts, have the R and X substitutents in the axial coordination
positions. In this paper we describe the thermal and photochemical reactions which
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can be used to prepare these complexes Pt,(pop),RX*". and we comment briefly
on the mechanistic features of these addition reactions.

Experimental

Reagents were purchased as high grade purity, and used without prior purifica-
tion. The complex K,[Pt.(pop),]- 2H,O was synthesized by the literature proce-
dure [5]. Water was distilled from glass prior to use. Enriched (90%) "CH,I was
purchased from MSD Isotopes. Analyses were performed by Canadian Microana-
lytical Services. Vancouver, B.(C., Canada and by Galbraith Laboratories, Knoxville.,
Tennessee.

Photolyses were carried out in stoppered tubes with solutions purged with
nitrogen. The lamp used is a 200 watt mercury lamp in a cooled Ealing housing
fitted with a sharp cutoff (A > 335 nm) filter. UV-vis spectra were measured on 2
Hewlett—Packard Model 8451 A spectrophotometer with solutions contained in 1 cm
path length quartz cuvettes. ''P NMR spectra were measured on an [BM /Bruker
AC 200 spectrometer operating at 81.02 MHz. Samples were contained in 10 mm
capped tubes using D,O as internal lock. *'P chemical shifts are referenced (down-
field positive) to phosphoric acid. For the complex Pt.(pop);Mel* . the "H. 'P
and '*Pt NMR spectra were measured on a Nicolet NT 200 spectrometer {6].
Chemial shifts are referenced to tetramethylsilane {('H and V7). and external 5.5 M
H,PtCl; in D,0 ("**Pt). Gas chromatographic analyses were carried out using a
Hewlett--Packard model 5830A instrument with a 207 column of 10% UCW.

In the pulsed photolysis experiments. transient species were generated using the
355 nm third harmonic, ca. 10 ns, pulses from a Quantel Y 481 Nd: YAG laser,
and were monitored with a conventional xenon lamp, monochromator. photomulti-
plier arrangement. Digitized signals were passed to a PDP 11,70 computer for
analysis. The system has been described more fully elsewhere [71.

The relative quantities of Pt,(pop),Mel? " and Pt.(pop),I.*  formed in the
reaction between Pt,(pop),’” and methyl iodide are calculated from both the
absorbance values at 347 and 435 nm and the extinction coefficients for the two
compounds at these wavelengths. For Pt,(pop),Mel? . ¢.,, = 30100: and for
Pty(pop)4f,* 7. €45 = 17400 In addition, we find that for agueous solutions of
Pt.(pop),Mel*" the ratio of the absorbance intensities at 347 and 435 nm is 2561,
and for Pt,(pop),I,*~ (A, 338 nm) the absorbance ratio of 338 and 347 nm is
1.5/1. The concentration of Pt,(pop),Mel®" is calculated from A ,,.30100 after
subtraction of the absorbance due to Pt,(pop),Mel." . and the concentration of
Pt,(pop),I,* is calculated from A, /17400, after subtraction of the absorbance at
435 nm due to Pt,(pop),Mel*". In theory this method of analysis requires an
iteration, but reasonable accuracy (~ 4%) can be obtained in the Pt,(pop),Mel*
concentration by assuming that all the 435 nm band is due to Pt-(pop),1.* . No
unreacted Pt,(pop),*” is present in the solution as evidenced by ‘'P NMR spec-
troscopy. For the higher homologues Pt,(pop),RI* ", where we cannot get an
absorption spectrum of the pure complex, we¢ can approximate by taking
Pt,(pop),RI*™ /Pt (pop),I,*  as being A/ Asg. and by assuming that the
relative optical densities are €4, (Pt,(pop),RI* ) =0.75 € 5 (Pts(pop),I.* . In the
view of the large degree of uncertainty in this method when applied to the higher
homologues, we have also analyzed the solutions by “'P{'H} NMR spectroscopy.
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This latter method has also allowed a second estimate to be made of the relative
amounts of Pt,(pop),*~, Pt,(pop),RI*~ and Pt,(pop),I,*~ present in the solution.
The reported values are an average of the two methods.

Tetrapotassium iodomethyltetrakis(u-pyrophosphito)diplatinum(I1l): K ,[Pt,-
(pop) ;Mel]. Methyl iodide (0.2 ml, 3.2 mmol) was added slowly to a stirred solution
of K,[Pt,(pop),]:-2H,0 (0.5 g, 1.2 mmol) in deoxygenated water (ca. 5 ml). The
solution changed color from yellow to orange over a period of 30 min. After an
additional 30 min, the solution volume was reduced on a rotary evaporator. Cooling
to 0°C and adding ethyl alcohol gave the product as an orange powder. The
complex was filtered, washed with ethyl alcohol, and dried in vacuo at ambient
temperature. Anal. Found: C, 1.20; H, 0.78; I, 10.4; P, 19.4. CH;IK O, FPt,
caled.: C, 0.95; H, 0.88; I, 10.4; P, 19.6%.

Tetralead bromoaryltetrakis(u-pyrophosphito)diplatinum(I11): Pb,[Pt,(pop-
H),ArBr] - 4H,0. Aryl bromide (~ 0.1 ml) was added to a solution of
K 4[Pt,(pop),] - 2H,O in deoxygenated water (~ 2 ml) in a Pyrex tube. The solution
was photolyzed while the tube was air cooled. After 3 h the aqueous layer was
separated, and an aqueous solution of Pb(OAc), slowly added. A brown precipitate
immediately formed. This. precipitate was centrifuged, washed sequentially with
water, ethyl alcohol, and diethyl ether, and dried in vacuo at ambient temperature.
Anal. (Ar = C¢H;), Found: C, 2.82; H, 0.69. C;H,,BrP;0,,Pb,Pt, calcd.; C, 3.6; H,
0.8%. (Ar = p-FC4H,), Found: C, 3.03, H, 0.80. C4H,(BrFP,0,,Pb,Pt, calcd.: C,
3.5; H, 0.8%. (Ar = p-MeOC,H,), Found: C, 2.77; H, 0.70. C,H,,BrP;0,;Pb,Pt,
caled.; C, 4.1; H, 0.8%.

Results and discussion

Thermal reactions: When alkyl iodides (RI) are added to aqueous solutions of
Pt,(pop),*~, the diplatinum(III) complexes Pt,(pop),RI*~ (R = Me, Et, n-Pr, i-
Pr, n-pentyl) are formed (eq. 1) [3]. The complex K ,[Pt,(pop),Mel] has been iso-

Pt,(pop)s*~ + RI = Pt,(pop),RI*~ (1)

lated in a pure state from this reaction, but for the higher alkyl homologs the
complexes have been characterized in solution by a combination of UV-vis and *!'P
NMR spectroscopy. The complexes Pt,(pop),RX*~ can be identified in the elec-
tronic spectrum by the presence of an intense (e =4 X 10* M~' cm ') absorption
in the 320-370 nm range. This absorption has not been definitively assigned, but it
is probable that the transition contains components from a do* « do and a LMCT
(Pt « X or Pt'! « R) transition [8]. The *P NMR spectra of these complexes
show two groups of resonances in the § 30-40 ppm range for the chemically
inequivalent sets of phosphorus nuclei. Each of these multiplets is then coupled to
platinum (**°Pt, I=1/2, 33.7% abundance), with J(PtP) being in the 2000-2500
Hz range. These chemical shift and coupling constant ranges correspond with those
found for the axially substituted dihaloplatinum(III) complexes Pt,(pop),X,*™ [2],
and differ markedly from the values of 8 66.5 ppm and J(PtP) 3075 Hz found for
the diplatinum(II) complex Pt,(pop),*~ [6].

The single crystal X-ray structure of K ,[Pt,(pop),Mel] confirms that the methyl
and iodide ligands are coordinated in the axial positions [9]. The 'H, *C, *P and
9Pt NMR spectra confirm that this stereochemistry is retained in aqueous solu-
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tion. The complex is stable in aqueous solution for several days at ambient
temperature, and indeed the highest stability of the complex is observed in solutions
acidified to a pH in the 1--2 range. This latter observation shows that the designa-
tion of the methyl group as a carbanton in the oxidation state formalism does not
translate into a corresponding chemical reactivity of the methyl group as a
carbanionic base. The '"H NMR spectrum of Pt.(pop),Mel’ in agueous solution
shows an overlapping pattern consisting of 45 lines, The central quintet (8 1.5]
ppm, J(PH) 5.2 Hz) is flanked by two sets of satellites due to “J(PtH) 32.7 Hz and
*J(PtH) 13.8 Hz. Superimposed on these 25 lines are a further 20 lines due to the
doubly enriched isotopomer '*Pt,(pop),Mel®  (Fig. 1). It should be noted. how-
ever, that this assignment is pot unambiguous, since we have made the explicit
assumption that “J(PtH) > "J(PtH). The "C{'H} NMR spectrum of the 90%
carbon-13 enriched complex Pt,(pop),' CH,I* shows a center line at § ~ 2.1 ppm
flanked by two sets of satellite doublets due to coupling with ***Pt: J(Pt(h 377 Hz
and “/(P1C) 134 Hz. No coupling due to “J(PC) is observed. Additional resenances
in the spectrum are due to the approximately 11% contribution from the isotopomer
P, (pop) 4 *CH,I* ™ (Fig. 2). The proton coupled '*C spectrum shows additional
quartet multiplicity of each resonance line due to coupling with the hydrogens of the
methyl group ('J(CH) 142 Hz). Both the 'H and *C resonances in this complex are
found to be close to the anticipated chemical shift positions, but the value of J{Pt()
is smaller than that for other complexes [10]. This reduced value is hikelv caused by
a high degree of s-character in the Pt'"-Pt""! bond, thereby reducing the s-orbital
contribution in the Pt—C bend. The V'P{'H) NMR specirum shows two guintet

1.7 1.6 1.5 1.4 1.3 ppm

Fig. 1. '"H NMR spectrum of Pt,(pop),Mel*~ measured in aqueous solution
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Fig. 2. *C{’H) NMR spectrum of Pt,(pop),Mel*~ measured in aqueous solution.

resonances (2J(PP) +°J(PP) = 16 Hz) centered at & 32.7 and 30.0 ppm, and flanked
by satellites due to coupling with **Pt (J(PtP) 2274 and 2454 Hz, respectively).
Additional resonances are observed because of the higher order multiplicity of this
[AB],XY spin system. The Pt NMR spectrum shows two quintet of quintets
centered at 8 —4314 ppm (J(PtP) 2274 Hz, %J(PtP) 46 Hz) and 8 — 5227 ppm
(J(PtP) 2454 Hz and “J(PtP) 86 Hz). By comparison with the complexes
Pt,(pop)41,*~ (8(Pt) —5103 ppm), we assign the resonance at 8 —5227 ppm in
Pt,(pop),Mel*~ to the platinum(III) center bonded to iodide. Additional reso-
nances are observed from *°Pt, (pop),Mel*~ (VJ(PtPt) = 1550 Hz).

The addition of methyl iodide to Pt,(pop),*” is a thermal reaction which is
observed even under experimental conditions where light is excluded. Higher
homologue alkyl iodides (RI) will also undergo a slow thermal oxidative addition to
give “lantern” complexes of the type Pt,(pop),RI*". The reactions proceed more
slowly than does that with methyl iodide; even after 4 days the addition is
incomplete. A second difference from the methyl iodide reaction is that the solution
formed at the completion of the reaction always contains significant amounts of
Pt,(pop).1,*~ (eq. 2). We find no evidence for the formation of Pt,(pop),R,* .

r1 — Pt,(pop),RI*~
Pt,(pop)st™ — B (2)
PR S Pty(pop)aly?

The formation of the alkyl complexes Pt,(pop),RI*~ has been confirmed by a
combination of UV-vis and *'P NMR spectroscopy (Table 1), and by isolation of
the impure compound as the Pb?* salts. The simultaneous formation of
Pt,(pop),RI*~ and Pt,(pop),1,*” is suggestive of an addition reaction which
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Table 1

Spectroscopic data on the diplatinum(111) complexes Pt,(pop),RX*™ ¢

Complex A iy (0ID) SCUPY (ppmy (L(PP) (Hz))

R X

CH, i 347 30.3 (2454). 32.7 (2274
C,Hs I 332 33.4 (2465, 35.2(2339)
0-CyH, ) 358 34,3 (2405). 36.3(2216)
i-CyH-T I° 358 2.6 A2

CF; 1 324 25.0 (2200), 26.0 (2362)
CH,1 i 334, 372 29.8 {2382y, ATA 2260y
n-CsHy, 1 358 316 (24461, 135 (2252
CoHy 1 360 30.5 (2428, 3.6 (2236)
CeHg Br 326 32.6 (2284), 302474
p-FCH, Br 326 31.9 (2233, 26,2243
p-HOC H, Br 321 32.3(2254), 36.8 (2468)
p-CH,0C,H, Br 327 3212222, 36.7 (2441
p-HO,CC H Br ¢ 326 32.0 (2226). 34.1 (2390)
p-CH,C.H, Br ¢ 326 321 (2220). 34.1 (2400
C,H ce 328 35.8 (2188), 36.6 {2458)

? Data measured in aqueous solution, ® Platinum-195 satellites not assigned. * Spectra measured in
aqueous DMSO solution.

occurs by a radical pathway [11]. A number of experiments have been carried out to
probe the mechanism of this thermal addition reaction. These data for methyl iodide
are collected in Table 2. The added reagents have been chosen because earlier
studies on the addition of alkyl halides to Co(CN)* "~ have shown that they react to
trap free alkyl radicals [12]. Of these added compounds, several cause the formation
of small but measurable quantities of Pt,(pop),I,*”. Among these are a-methyl-
styrene and oxygen. In the presence of a-methylstyrene we find that approximately
10% of Pt,(pop),1,*  is formed. When oxygen is used as a potential radical trap, a
significant loss of selectivity to Pt,(pop),R1*" is also observed. However, in this
case the estimation of the relative contribution from each reaction pathway to give
Pt,(pop),Mel and Pt,(pop),I.*" is difficult to estimate because of the possible

Table 2

Distribution of products from trapping reagents in the thermal reaction (24 h“) between Pt,(pop)*
and Mel (R = Me) *

Trap Fraction (Pt,(pop) 41,*~
None 0.00
Hydroquinone 0.01
Acrylonitrile 0.07
Methyl acrylate 0.07
a-Methylstyrene 0.10
Oxygen (1 atm) 0.26
Oxygen (130 atm) 0.36
Ascorbic acid 0.00
Isopropyl alcohol 0.07

“ After this time the reaction is complete. ® The solvent is water or a 1 /1 mixture of water and methanol.
The reaction occurs in the aqueous methanolic phase.
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formation of small quantities of iodine in the oxidation of methyl iodide by oxygen,
and its subsequent rapid addition to Pt,(pop), to give Pt,(pop) 1,47 [13*]. For
the case of methyl iodide addition we cannot exclude the possibility that an ionic
(Sn2) mechanism is operative, but since radical traps do cause some small decrease
in the selectivity, it is more likely that a cage radical pathway occurs where the
methyl radical is rapidly trapped by Pt,(pop),X*~ [14].

The reactions of Pt,(pop),"~ with the higher homologue alkyl iodides RI
(R = Et, n-Pr, i-Pr, n-pentyl) give much higher amounts of the iodo complex in the
solution after some 4—6 days reaction time. Analyses by UV-vis spectroscopy (rough
estimates from Aa./A,, with the assumption that e(Pt,(pop),RI*7)=10.75
e(Pt,(pop),1,*”) as was found for the methyl complex), or by *P{'H} NMR
spectroscopy, show that the percentage of Pt,(pop),I,*~ in the reaction mixture is
approximately 40-60% of the total product. After 4-6 days we still find unreacted
Pt,(pop),* present in the solution. Each alkyl analog produces a similar percentage
of Pt,(pop),1,*~. For R = Et, n-Pr and i-Pr we have also carried out the reaction in
a mixed solvent (water /methanol 1,/1) with added acrylonitrile or a-methylstyrene,
and we find no major change in the ratio of Pt,(pop),RI*” to Pt,(pop),1,*~
formed in the reaction, although small changes of up to 10% are not detected. No
unambiguous mechanistic details are revealed from these trapping reactions, but a
higher proportion of Pt,(pop),I,*~ is to be expected in the product if these higher
homologue radicals (R’) react more slowly with Pt,(pop),I*~ formed by halogen
atom abstraction from RI (eq. 3) than does a second molecule of RI. If this radical
pathway is operative we must postulate that the olefin trapping agents do not react

Pt,(pop),*~ + RI - Pt,(pop),l*~ + R’ (3)

sufficiently rapidly with the alkyl radicals to cause Pt~(pop),1,*~ to become the sole
product.

Some support for the formation of Pt,(pop),1*~ as an intermediate is found in
the observation that no reaction occurs between Pt,(pop),*~ and RI (R = n-Pr, i-
Pr, n-pentyl) in the presence of a large excess of ascorbic acid. Since the complexes
Pt,(pop),R1*~ and Pt,(pop),1,*~ are not reduced by ascorbic acid under the
experimental conditions of these reactions, a viable explanation s that the mixed
valence intermediate Pt,(pop),I*~ is rapidly reduced back to Pt,(pop) &by
ascorbic acid before it reacts to give diplatinum(III) products.

Photochemical reactions. Aryl halides (ArX) do not add to Pt,(pop),*~ under
thermal conditions. Photochemically, however, oxidative addition occurs to give the
haloaryldiplatinum(III) complexes Pt,(pop) 4ArX*~ where the aryl and halide ligand
are coordinated in the axial positions (eq. 4). The reactive intermediate is the triplet
excited state Pt,(pop),* *, which can be confirmed by the observation that no
reaction is observed in the presence of the triplet state quenchers sulfur dioxide or
hydroquinone [15]. The quenching of Pt,(pop),* * is apparent from the color
change of the photolyzed solution from luminescent green to yellow. The complexes
Pt,(pop),ArX*~ are not reduced by sulfur dioxide or hydroquinone. The range of

* This and other references marked with asterisks indicate notes occurring in the list of references.
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aryl halides used is shown in Table 1. The complexes Pt,(pop),ArX"* show ab-
Ptz(pop)?1 T4 ArX - Pt, (pop)sArX* (4)

sorption bands in the 320-330 nm range, and two sets of resonances in the 'P
NMR spectrum between & 30 and 40 ppm. The reduced coupling to ' Pt (\J(PtP) =
2300 Hz) confirms that oxidative addition to give platinum(Il}) centers has occurred
in reaction 4.

Using transient difference spectroscopy, we have found that the first step in this
photoreaction involves bromine atom abstraction from aryl bromides by the triplet
excited state Pt,(pop),* ™ feq. 5) [16]. The mixed valence diplatinum(I1.111) inter-

Pt,(pop),* * + ArBr — Pt,(pop).Br*  + Ar~ {5)

mediate Pt,(pop),Br? " is characterized by a transient absorption band at 340 am
(Fig. 3). This transient absorption band grows in very rapidly after the pulse with a
1,2 < 100 ns. This bromine abstraction reaction from aryl halides is too fast for the
addition to occur by an electron transfer Sp1 pathway. This claim is particularly
applicable to an ary! halide such as C F;Br. Savéant has shown that the rate of loss
of halide ion from the ary! halide radical anion 1s dependent on the electrode
potential of the aryl halide, and from these data we can calculate that the rate
constant for the loss of bromide ion from CoF.Br~ will be in the region of 10 = 5
[17]. This rate is slower than the overall rate of formation of Pt.(popy,Br* by a
factor of some 10%; therefore a multistep Sppl pathway to give Pt (pop) Br? is
unfeasible. For the cases of Ar being C Hs. p-FCH,, p-HOC H,. p-CH.OCH,.
p-HO,CC,H,, p-CH,C¢H, the product Pt,(pop),ArBr*  appears to be formed
with high selectivity in the early stages of the photochemical reaction. but as
photolysis continues, increasing amounts of Pt,(pop),Br.*" (A .. 305 nm) are
obtained. The formation of Pt,(pop), ArBr*~ from Pt,(pop),Br’®  is explicable if
there is a rapid recombination between Pt,(pop),Br®” and Ar 1o give the final
product Pt,(pop),ArBr®  (eq. 6). The progressive formation of Pt-(pop),Br.*"
under prolonged photolysis is to be expected if reaction ¢ is photochemically
reversible, with Pt,(pop),Br*~ being trapped by halogen abstraction from ArBr (eq.
7). In support of this pathway shown in eq. 7. we find that with bromobenzene and
bromopentafluorobenzene the radical coupling products biphenyl and decafluoro-
biphenyl are detected as by-products of the photochemical reaction. These com-
pounds have been detected using glc by comparing with authentic commercial

Pt,(pop) Br* ™ + Ar — Pt,(pop) ArBr* (6)
Pt,(pop),ArBr*~ + ArBrﬁﬁf»aPtz (pop)sBr,* ™ + Ar, (7)

samples. The impure aryl halide adducts can be isolated as their Pb" " salts by
addition of aqueous solutions of lead acetate to solutions of the complex. The
analytical data are rather unsatisfactory because of contamination of the product
with the dibromo adduct. In some cases, however, this photochemical pathway to
give Pt,(pop)sArX*™ is not followed, and the final product is the dihalo complex
Pt,(pop),X,*". This situation is found in the photochemical reaction between
Pt,(pop),*~ and C,F;Br, CCi,, CHCl,, CH,CICO,H. CH,BrCO,H, p-BrC H,
NH,*. We conclude in this case that the reactions between R and Pt.(pop),*” or
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Fig. 3. Transient difference spectrum of Pt,(pop),Br®~ formed by the reaction between Pt,(pop),* *
and C¢H;Br. The spectrum was measured 0.1 ps after the laser pulse.

Pt,(pop),X*~ do not occur to any significant extent before the dihalo product is
formed by the halogen atom abstraction reaction of Pt(pop),X*~ with RX.

Acknowledgment

Acknowledgment is made to the Donors of The Petroleum Research Fund,
administered by the American Chemical Society, for support of this research (Grant
no. 16965-AC3). The Center for Fast Kinetics Research is supported jointly by the
Biotechnology Branch of the Division of Research Resources of NIH (RR 00886)
and by the University of Texas at Austin.

References and notes

1 M.A. Filomena Dos Remedios Pinto, P.J. Sadler, S. Neidle, M.R. Sanderson, A. Subbiah, and R.J.
Kuroda, J. Chem. Soc., Chem. Commun., (1980) 13.



b

14

15
16

(3]

C.M. Che, W.P. Schaefer, H.B. Gray, M K. Dickson, P.B. Stein, and DM, Roundhill. . Am. Chem.
Soc.. 104 (1982) 4253.

K.A. Alexander, S.A. Bryan. F.L.. Fronczek, W.C. Fultz. A.L. Rheingold. D. M. Roundhill. P. Stein.
and S.F. Watkins. Inorg. Chemn., 24 (1985) 2803.

D.M. Roundhill, J. Am. Chem. Soc.. 107 (1983) 4354.

K.A. Alexander, S.A. Bryan. M.K. Dickson, . Hedden, and >.M. Roundhill. Inorg. Synth.. 24
(1986) 211.

M.K. Dickson, Ph.D. thesis, Washington State University. 1982,

D.C. Foyt, Comput. Chem., 5 {1981) 49.

K.R. Mann, J.G. Gordon, II and H.B. Gray, ). Am. Chem. Soc., 97 (1975) 3553 .M. Che, T.C. W,
Mak, V.M. Miskowski and H.B. Gray. ibid., 108 (1986) 7840.

C.M. Che, T.C.W. Mak, and H.B. Gray, Inorg. Chem.. 23 (1984) 4386.

M.H. Chisholm and S. Godleski. Prog. Inorg. Chem., 20 (1976) 299 P.W. loliv. and R. Mynott. Adv.
Organomet. Chem., 19 (1981} 257,

AV, Kramer. J.A. Labinger. 1.5, Bradley. and JA. Osborn, J. Am. Chem. Soc., 96 {1974) 7145, 5. A,
Bryan, M.K. Dickson, and D.M. Roundhill, ibid., 106 (1984) 1882 LK. Kochi. Organomeallic
Mechanisms and Catalysis. Academic Press. 1978, Chapter 7.

J.P. Collman. and L.S. Hegedus, Principles and Applications of Organotransiton Metal Chemustry.
University of Science Books, Miit Valley, CA, 1980, p. 229.

The use of oxygen as a radical trap in the addition of isopropyl iodide to PtMe,{phen’i s exemplified
by the formation of PtMe, (O, Pr')phen) as the final product; sec (. Ferguson. M. Paves. P.K.
Monaghan, and R.J. Puddephatt. I. Chem. Soc., Chem. Commun.. (1983} 267,

C.-M. Che. F.H. Herbstein. W.P. Schaefer, R.E. Marsh and H.B. Gray. 1. Am. Chem. Soc. 105 (1983)
4604.

K. Alexander, P. Stein, D). Hedden. and D.M. Roundhili, Polyhedron. 12 {1983} 138y

D.M. Roundhill and S.J. Atherton, Inorg. Chem.. 25 (19863 4071.

17 C.P. Andrieux. .M. Savéant. and 1. Zann, Nouv. J. Chim., & (1984} 107



