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Summary 

The investigation of a variety of oxidative addition reactions of Is, Cl& I, 
-and CFa I with trans-PtRI[P(CHa )z (C, H5 ) 3 2 (R = C6 H5, CH, ) and the stereo- 
chemistry of the resulting platinum(IV) compounds are discussed. The.addi- 
-tions of CHsI, and CFs I to cis-PtRzLs [where R = C, H5, CH3 ; L = CNC6 H4 - 
CH3, As(CHs)s or P(CHs)2(C,H,) J have been investigated and the stereo- 
chemistry of the platinum(IV) compounds was found to be dependent on both 
R and L. Stereochemical rearrangements can be facilitated by the formation-of 
PtrV cations. In several instances reductive elimination occurred -to give Pt” 
compounds. Factors governing the isomerization and reductive elimination 
reactions are discussed. Kinetic data for the oxidative addition of methyl iodide 
and acetyl chloride to cis-Pt(CHS )* (CNCs H4 CH3 )z are given. 

Introduction 

Oxidative addition and reductive elimination reactions of transition~metal 
complexes form the basis of many catalytic systems [l - 31. The addition of a 
molecule X-Y to a square planar d8 platinum(I1) complex to give an octa- 
hedral’d6 platinum(IV) complex represents one of the classic examples of such 
reactions. In particular, methylplatinum(I1) complexes of the types trans- 
Pt(CHs )XLz and ck-Pt(CH3 )Z LZ (where L = tertiary phosphine or amine 141) 
have been shown to undergo a variety of oxidative addition reactions although 
no kinetic data have yet been obtained. Little. is known about o&dative addi- 
tion reactions of other organoplatinum(II) complexes such as trans-PtRXLs 
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and cis-PtRpLp (where R = CFa , Ca H& )_ Such reactions have been studied in 
the present. work. 

Complexes of the type PtIRs R’LZ formed by oxidation of PtRz L2 by R’I 
undergo a variety of reductive elimination and isomerization reactions, especial- 
ly if the coordinated iodide is removed by silver ion. The course of the reaction 
is di&ussed in terms of the natures of R, R’ and L. 

Results and discussion 

Analytical and physical data for the new platinum complexes that have 
been isolated.are.listed in Table 1, and spectroscopic data are given in Table 2. 
Stereochemistries were assigned from various hmR spin-spin coupling constants 
such as 2J(Pt-CF, ), 2J(Pt-CHs) and 3J(Pt-P-CH3) since the magnitude .of 
these coupling constants is very dependent upon the nature of the trans-ligand 
and on the oxidation state of pIatinum [5 - IO]. Also, in the phosphine com- 
plexes, the coupling patterns of the methyl groups in the P(CH3 )s (C, H5) 
ligand give valuable stereochemical information. For example, a doublet pat- 
tern for the phosphine ‘methyl resonances usually indicates that the phosphines 
are in a &-configuration whereas a triplet pattern usually is characteristic of 
mutually trans-phosphines [ll]. One must be careful however, since slight 
distortions from 180” of the trans- 31P nuclei [6] may collapse the virtual 
coupling pattern to a doublet which could be mistakenly interpreted as indicat- 
ing a c&configuration. 

TABLE1 

PHYSLCALANDANALYTICALDATAFORNEWCDMPLEXES 

ISO- AnaIyses found (calcd.) <%) Melting 
mer point(OC) 

Carbon Hydrogen Fluorine Iodine 

PtCl(.CH3)2<COCH3)A2 (X1 22.41 4.86 117-120c 
white (22.09) (5.01) 

PtI<CF3)(CH3)2A2 (III) 16.60 3.83 8.91 163-165d 
white (16.35) (3.66) (8.62) 

PtI(CF3)<CH3)2<CNC6H4CH3)2 (I\;) 34.50 3.15 9.03 113d 
yellow (34.70) (3.37) (8.67) 

PtI(CH3)2(CF3)Q2 (IV) 32.82 4.32 8.50 .144d 
white (32.73) (4.05) (8.18) 

tmm+Pt(C6Hg)IQ2 39.31 4.08 127-129 
white (39.11) (4.03) 

Pt(CH311362 <Ia) 23.55 2.87 43.97 120-lti6 
darkbrown (23.55) (2.91) (43.90) 

Pt(CF3)I382 <lb) 22.35 2.51. 6.42 41.50 120dec. 
.darkbrown 

~~CF3)(Cti3)2IQ2 WP 
(22.17). (2.41) (6.19) (41.33) 
32.01 3.82 8.58 116d 

white (32.73) 
I%CF~)G,HS)~IQ~ 

(4.05) (S-18) 
(V 42.14 4.02 7.01 188-190 

-white (42-40) 
fl(c#%)z1iQ2 

(3.93) (6.94) 
<XIV> 38.32 3.80 

(38.23) 
28.80 85-100d 

orange 
Ft<CH&(CF3)CIQ2 

(3.67) (28.86) 
(IV 37.61 4.60 .10.32 160d 

white (37.66) c4.66) 
I%CwF~;:<CNC6H4CH3)2 

(9.41) 
32.41 1.24 8.91 >200 

i (32.67) il.i3). (9.14) 

a A = As<dHi)i, Q = P<CH3’j2C&5_ b 
. . 

(CH3)2CO. 
Containing some (tij-and PtCF3IQZ. .cT&& C2Hil-.d Loses. 



&I. Kinetic study of the addition of methyl iodide and acetyl chloride to cis- 
,@(CH, I2 (p-CW--C6H,--CH3 Jz : 

The oxidative addition of X-Y (where. X-Y, is CHa I or CHs COCl) to 
&-Pt( CHS )2 Q&N-C, H4 -CHs )a , in chloroform, gave exclusively the trans- 
adduct (eqn. 1) and the reaction rates were found to obey second-order kinet- 
iC.5. 

=H3\p;/=N=qq3 + x_-u CH3,Jt,cNC6H4cH3 (,) 

CH ’ 3 ‘CNC H CH 64 3 ,H,/ 1 ’ 
Y 

CNC6H,CH3 

dtPt(CH3)z(CNC6H4CH3)2l/dt = k1.-EX-Yl.CPt(CH3)2(CNCgHqCH3)23 

The reactions were followed by NMR spectroscopy, measuring both the 
increase in intensity of the PtIV-CH3 resonances and the decrease of the 
PtIr-CH3 resonances as a function of time. The kinetic data are given in 
Table 3 and a typical graph is illustrated in Fig. 1, showing the decrease in 
Pt(CHs )s (CNCsHqCHs)a concentration as a function of time. ,4n Arrhenius 
plot of the data gave activation energies of 8.6 and 8.5 k&mole for the 
additions of CHs I and CHs COCl to cis-Pt(CHs )s (CNCs H4CH3 )z, respectively. 
It is interesting that the rate of reaction of methyl iodide with trans-IrCl- 
(CO)[P(C,H,), ] 2 [12] is about 1000 times less than with cis-Pt(CHs )s - 
(CNCs H4 CH3 12 - Similar reactions were qualitatively investigated with c&-Pt- 
(CH3)2L2 [where L = P(CHs)s(CsHs) and As(CH~)~ ] and the reactions were 
even faster than for the isocyanide compound. These low activation energies 
suggest that the pIatinum atom is very electron rich which is consistent with 
the stabilities of their l/l adducts with hexafluoro-2-butyne and tetrafiuoro- 
ethylene [14]. Interestingly, if benzene is used as a solvent, there was no sign 

TIME(MIN.) 
. 

Fig. 1. A plot oi the addition of CH31 to ~~~-P~(CHJ)~~CNC~H~CH~)~ showing the 
rtion of Ptlv (A) and decrease of Ptn (X 1 as a.function of time. 

increase &I coxceritra- __.., -. 
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TABLE 3 

TYPICAL KINETIC DATA FOR THE REACTIONS .. 
xY+ <CHzi)zPWCN’&H&H3)2 * P~XY(CH~)~(CNC~%CHJ)~, 

X-Y Temp. ’ XY Pt” .. k *. .,.. ‘: 
concn. 

eo 
complex 

.Ea,.. 

CM) concn. (M) (M-l .seC’) .- (k&/mole) 

CH31 31 0.477 0.358 2.9 8.6 
1.07 0.358 3.1 

.O 0.637 0.358 0.61 
15 0.575 0.358 ,1.42 

CH3COCl 31 0.570 0.358 . 3.7 8.5 
15. 0.778 0.358 3.0 

0 0.558 0.358 0.93 

of oxidative addition, after several hours, under identical conditions, suggesting 
that a polar transition state may be involved. 

oxidized by 
(ii). Oxidative addition reactions of tram-PtM{P(Cl&), (C6Hs) )z 

trans-PtI(CH, )L3 [L = P(CH3 )3 (C, H5 )] is instantaneously 
one mole of iodine to the complex (Ia) 

L\i/1 
R/pi\, 

;9’/r 
./pi\, 

I I 

Ua) R = CH, (Tla) R = R’=CH, 
(Ib) R = CF3 (f[b) R = CH3, R’= CF3 

Ruddick and Shaw did not examine this reaction but obtained analogous re- 
sults 141 for oxidation of tians-Pt(CH3)XL2 (X = Cl, Br) by X2. The Pt-CH3 
coupling constant (65.5 Hz) and Pt-P-CH3 coupling constant (19.6 Hz) are 
typical of a methyl group tram to a’ halide and .a phosphine trans to another 
phosphine in PtiV complexes [4,6,10]. Furthermore, the appearance of the 
phosphine methyl resonance as. a triplet indicates the .presence of mutually 
tmns phosphines [ll] _ frans7Pt(CFs )ILs also undergoes rapid oxidative addi- 
tion by iodine in chloroform to give the complex (lb) who$e structure is 
substantiated by comparison of .NMR coupling constants with those obtained 
for other (trlfluoromethyl)platinum(1V) compounds. 

These results contrast with those of Kistner et al. [14] for the reaction of 
tins-Pt(C% )UP(G % )s 12 with iodine. :&though Chatt and 3haw 1151 had 
originally. described the. product as a platinum(IV) complex analogous to- (Ia), 
Kistner considered the. complex ,to be the platinuk(II) compound fra&-Pt- 

WH3 )(I3 -1 [P(C,% )3-1 z I on the basis of tibsorption bands, in the ultraviolet 
spectrum of. the. complex, .at 295, and. 365 nm, :characteristic.lof : the .13& ion 
[16] . We have recorded .the IJV spectra of complexes (Ia) .atid (Ib);.under the 
,Fe conditions as Kistner, and found absorptions ne& 290 and.360 nrnl When 
au extra ‘mole bf y’io&ne was ‘added to- solutions of PtRLi I;3 ; &i bid ‘ch&& 
teristic of .free. 12 w&s observed m the irV spectra, preknably ‘mdi&ing the 
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formation of PtIv I3 groups, but there was little change in the UV spectra of 
the complexes. Since the NMR coupling constants clearly indicate the pres‘ence 
of PQV we suggest that UV spectra do -not provide a reliable means of distin- 
guishini. between Pt1*R(13 )L, and Pt’v RI3 L2. Evaporation of a solution of 
PtR13L2 containing a further mole of iodine, presumably containing the spe- 
cies PtR(13 )I2 L2, gave black solids from which iodine could be slowly washed 
with hexane. 

Pt(CH,)iL, feacts readily with CH,I [4,10] to give (IIa) and with CFsI 
[S] to give (IIb). trarzs-PtRILa [L = P(CH3 )2 (C, H5 ); R = C6 H5 , CF, ] did not 
react with an excess of CH,I or CF31, even when- heated. The fact that the 
reaction of trans-Pt(CF3)IL2 with CH31 did not occur, even though the expect- 
ed product, (IIb), is a stable complex [S J , clearly illustrates the lesser tendency 
of Pt-CFs complexes to undergo oxidative addition reactions compared with 
their Pt.-CH3. analogues. Iodine, which is a good oxidizing reagent is capable of 
oxidizing trans-Pt(CFs )IL, , whereas the less powerful oxidants such as CHaI 
and CFsI, are not. The ease of oxidation decreases in the order CH3-> 
C6H5- > CF3-, which is the reverse order for the electronegativities of the R 

groups. 19,171. These results provide another example of an electron-rich metal 
atom favoring oxidative addition reactions_ 

(iii). Oxidative addition reactions of complexes cis-PtR2 Lp, and isomerization 
and reductive elimination reactions of the pioducts 

For a vast majority of oxidative addition reactions of X-Y to a square 
planar platinum(I1) complex, the initial addition of XY has been shown to be 
trans [4,8]. This stereochemistry is often not the most stable, thermodynamic- 
ally, so that there is a tendency for the initial product to isomerize to the most 
stable isomer. The ease with which this isomerization occurs depends on the 
activation energy for the isomerization reaction; if the activation energy is low 
the initial isomer with trans-X-Y groups may not be detected. We have found 
that. the isomerization activation energy is lowered by the formation of cationic 
compounds. Another -possible reaction of the complexes PtIRz R’L2 is reduc- 
tive elimination of one of the possible pairs R-R, R’-R, R-I and R’-I to give 
platinum(I1) complexes. We have also found that these reactions are enhanced 
by the formation of cationic species [lo] _ 

(a). Products from cis-Pt(CH, J2 L2. cis-Pt(CH3 )Z L2 [L = P(CHs )Z (C, H5 ) 
or As(CH3 )s ] reacts very readily with methyi iodide to give the pIatinum(IV) 
compounds fat-Pt(CHa )3 L2 I [4,10]. We have previously examined a number 

of reductive elimination reactions of these platinum(IV) compounds [lo] 
(scheme 1). 

Two reaction pathways are possible, depending on the nature of L and L’. 
Two conditions were established [lo] that had to be m&t, simultaneously, for 
redtictive elimination, via loss of ethtie, to occur from the trimethylplatinmn- 
(IV) cations: 
(I)_ Tv& of ‘the three methyl groups must be-&c& to ligands of high NMR- 

trans-influence*- For.exFple, fac-CPt(CH~)3(NC,H5),-[P(CH,!,(C~H5)]~+ 

* Fqr +.s.eview of the b-ms-influence see I& iS_ For a classification of neutral ligands according to their 
NMR-trans-iidluence se& ret 6. 
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(PF6) 

(PFg) + CH3CH3 

is quite stable whereas fat-{Pt(CH,),(NC,H,)[P(CH,),(CsHg)]z}+reduces 
to trans{Pt(CH,)(NC,H,)[P(CH3)2(CsH5)]23+ and; 

(2). The three methyl groups must not be chemically equivalent, e.g. fcrc- 
IPt(CHa )a IP(CHa )Z (GIL, )] 3 3’ and fat-CPt(CH3 )s (CHa OH), I + me 
quite stable with respect to reductive elimination while ~uc-{P~(CH~)~- 
[P(CH3 )Z (C, Ha )] a fCHs OH) 3’ reduces rapidly to platinum(II). It should 
be emphasized that these reductive elimination reactions apply only to 
trimethylplatinum(IV) cations. 
Therefore, it was of interest to prepare other triorganoplatinum(IV) com- 

pounds and to investigate their stability with respect to reductive elimination. 
cis-Pt(CH3),Lz [L 3 P(CH3)s(CsHg)] reacts readily with CF31 to give (III), 
-which can be refluxed in methanol without change, although pyrolysis at 165” 
yields trans-Pt(CF3)LaI and CH3-CH3 [S] . 

CH3,1F> CH~\~“;L 
CH3 

CH3\ I /L 

CH /‘i\L 3 CF,/‘i\L L/p;\ 
I 

I I CF3 

au) mn cm 

*he addition of a silver salt of a non-coordinating anion such as AgClO* to an 
acetone or methanol solution of (III), readily precipitated AgI_ The silver 
iodide was filtered off and anacetone, or methanol, solution of NaI was added 
to the filtrate. The NMR spectrum of the resultant products was shown to 
tionsist mainly of isomer IV, IL = P(CHa )a (C, Hz. )] with small amounts of (III) 
.and the platinum(H) compound frans-Pt(CF3 )La I. The various species are read- 
ily identified. by their charaoteristic lg F NMR specti (Table 2). When the 
reaction is carried out in acetone and the filtrate, after. removal. of- AgI, is 
kefluxed for .one hour, or. allowed to stand 3. days at room temperature before 
the addition. of sodium .iodide, the ,product is:. entirely Pt(CF3 )ILz . In metha- 
201, refluxing for. one hour has the same result, but refluxing for 15 minutes or 
&+nding -at room temperature -for three. days gives -rise, ~predominantly to khe 

., 





:-lx!84 

Acetyl chloride also reacts very rapidly with ck-Pt(CHs )2L2 IL = As- 
(CH3 )a ] to give (X). _Refluking in methanol for one hour yields trans-Pt(CHS )- 
L2 Cl in quantitative yields .and thus provides a much improved synthetic route 
to this compound, over the reaction of HC1 with the dimethyl compound. 

(b). Products from cis-Pt(C6H,)2-L2. cis-PtCG H5 12 WCH, 12 G H, 112 

reacted slowly (over 24 hours) with excess methyl iodide at room temperature 
to give a mixture of products. The platinum(lV) products, although detected 
by NMR in solution, were unstable and attempts to isolate them were unsuc- 
cessful; only the ‘decomposition products (PtL1) could be isolated. From the 
NMR spectrum, it appears likely that isomer (XI) is initially formed but rear- 
ranges in chloroform solution tq (XII) [Scheme 3, L = P(CH,)2 (Ce Hs )] . If the 
reaction mixture is heated, trans-Pt(C6H5)ILZ is obtained with the formation 
of toluene, C6 H5 --CH3 . 

SCHEME 3 
CH3 ‘=H3 

=sH5 
\I/ 

L Q-b 

C6H (‘i\L -, 

\I/ 

L 

+ Cl-&I - 

/p 
=6H5 

I I 

irans - Pt (C6H51 L$ + C6H5-CH3 

When cis-Pt(Cs H5)2 [P(CHs )2 (CsHs )] 2 was allowed to react with CFe I 
in diehloromethane, complex (XIII) was obtained, probably through isomeriza- 
tion of the initially formed &am-addition product. When (XIII) is refluxed in 
methanol trans-Pt(CF, )1L2 [L = P(CH3 jz (C, H5 )] is formed, presumably with 
loss of biphenyl. 

=6& 

-3 
\I/ 

L 

;/T\ 
C6H5 

L/T\ 
1 

I I 

Similarly, the addition of CFe I to c&Pt(Cs Ha )s (CNCs H4 CHa )2 gave a 
good yield of Pt(CFs )I(CNCsH4CHs)s. The reaction gave initially the plati- 
num(lV) product of ftansaddition, followed by reductive elimination which 
occurred smoothly at room temperature over several days, or more quickly on 
refluxing in acetone. 

cis-Pt(C, H5 )a [P(CH, )2 (C, Hs )] z was readily oxidized by iodine’ to give 
complex (XIV); ‘analogous to the reactions reported using triethylphosphine. 
Ettore 1201 suggested that reductive elimination ‘of Ce H5--1 from (XIV) pro- 
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-For the preparations described -below s = P(CH, )z CsHa , A = As(CHs)a. 
1 H NMR spectra were recorded on a Varian HA-100 spectrometer at 100 

MHz using chloroform or dichloromethane as solvent and ls F spectra .were 
recorded at 94-l MHz. Microanalyses were performed by Chemalytics Inc., 
Tempe, Arizona and Schwarzkopf Laboratory Inc., Woodside, N.Y. 

Only representative examples of the oxidative addition, isomerization and 
reductive elimination reactions will be described in detail. 

(a). P&mm Con if tran.&Pt(C6Hs)1Q2~ 
To a solution of cis-Pt(Ca H5 )2 Qs 117 3 (0.903 g) in a l/l methanol/chlo- 

roform mixture (30 ml) was added .5 ml of methyl iodide. The solution was 
refluxed for 5 h, then evaporated to dryness. The solid was recrystallized from 
ether/pentane. Yield 0.50 g. 

(b). Preparation of Pt(CF3)(C6Hs)21Q2 
0.32 g of ck-Pt(CaHg )ZQ2 was dissolved in the minimum volume Of 

dichloromethane in a Carius tube. Excess CFa I was condensed in, the tube was 
sealed and shaken for six days. The tube was then opened and the solution 
evaporated to dryness to give a yellow solid which was recrystallized from 
dichloromethane/hexae. Yield was 74%. 

(c). Reaction of cis-Pt(C,H5,Ja Q2 with iodine 
To 0.297 g of cis-Pt(Ce H5 I2 &a in dichloromethane was added 0.122 g of 

iodine in CH2Clz. The solution immediately turned red. Evaporation of the 
solution gave an orange-red solid which was recrystallized from CH2Clz / 
hexane. Yield was 95%. 

(dj. Reaction of PtCI(CH, )z (COCH, )Q, with AgC104 
0.112 g of PtCl(CH, )a (COCHs )Q 2 was dissolved in acetone and 0.060 g 

of AgC104 in acetone was added. The silver chloride was filtered and an excess 
of lithium chloride was added. The solution was evaporated to dryness. Dichlo- 
romethane was added, the solution filtered and evaporated to dryness to give a 
white solid which was identified as trans-Pt(CHs)ClQ2 [43. Yield was 90%. 

(e). Preparation of trans-Pt(CH,)CIAz from cis-Pt(CH3)2 A2 
To a solution of Pt(CHe)sAa (5.44 g) in 100 ml of diethyl ether was 

added CHaCOCl (0.77 ml). The solution was allowed to stand for 15 rn.m and 
white qystals of Pt(CHs )e (COCHs )ClAz deposited. The solution was cooled 
for several hours at 0”. and the ether decanted. The yield of the Ptrv complex 
was 6.35 g. The PtrV complex was suspended in = 50 ml of methanol, refluxed 
for 1 h, and the solvent was removed by rotary evaporation to give white 
crystals which were filtered and w&hed with ether. Yield 5.27 g 194% based .on 
PtWG 12 A2 1 i 
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