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Synthesis of [Pt(t15-CsMe6)(q4-C8H12)]BF4 (2). Treatment 
of 1 (0.1 g, 0.17 mmol) with HBF4.Et20 (2-3 drops) in pentane 
at -78 "C gives an instantaneous pale yellow precipitate. The 
suspension was allowed to warm to room temperature, and the 
solid was collected by filtration. Recrystallization from THF 
diethyl ether (1:l; 10 cm3) gave a yellow microcrystalline solid 
(0.063 g, 0.12 mmol, 70%). 

Synthesis of [Pt(PMe3)2{u2-C8H12(Cp*)2)] (3). To a solution 
of [Pt(q-C,Me5){o:q2-C,H12(Cp*))] (0.05 g, 0.087 mmol) in pentane 
(30 cm3) was added trimethylphosphine (1 cm3) by vacuum 
transfer. The mixture was allowed to stir at room temperature 
for 24 h. The solvent and unreacted PMe3 were removed in vacuo, 
yielding a colorless oily residue. The residue was extracted with 
pentane (2 X 20 cm3), and the solution was filtered and concen- 
trated to ca. 10 cm3. Cooling initially to -20 "C and then -80 "C 
gave colorless crystals (0.5 g, 0.068 mmol, 80%). 

Synthesis of [Pt(q-C8Hl2)(q1-CgH7)C1] (4). To a suspension 
of [Pt(~pC~H~~)C1~](0.2 g, 0.53 mmol) in THF (50 cm3) was added 
NaInd (0.073 g, 0.53 mmol) in THF (20 cm3). The mixture was 
stirred for 12 h during which time the solution turned yellow. The 
suspension was allowed to settle and the solution filtered. The 
filtrate was reduced to dryness in vacuo, yielding a yellow solid. 
The oily solid was extracted with toluene (2 X 50 cm3). The 
toluene extracts were concentrated under reduced pressure. 
Cooling to -20 "C and then to -80 "C overnight gave yellow 
crystals of [Pt(q-C8H12)(q1-CgH7)C1] (0.16 g, 0.37 mmol, 70%). 

Synthesis of [ P ~ ( ~ - C B H ~ ~ ) ( ~ ~ - C ~ H ~ ) ~ ]  (5). To a suspension 
of [Pt(~-C8H12)C12] (0.1 g, 0.26 mmol) in THF (50 cm3) was added 
NaInd (0.096 g, 0.7 mmol) in THF (20 cm3). The mixture was 
stirred for 12 h during which time the solution turned yellow in 
color. The suspension was allowed to settle and the solution 
filtered. The filtrate was reduced to dryness in vacuo, yielding 
a waxy red solid. The waxy solid was extracted with toluene (2 
x 50 cm3) giving a dark orange solution. The toluene extracts 

were concentrated under reduced pressure. Cooling to -20 "C 
and then to -80 "C overnight gave orange microcrystalline [Pt- 
(q-C8H12)(q1-CgH7)2] (0.097 g, 0.18 mmol, 71 %). 

Synthesis of [Pt($-CgH7)(lj4-C8Hl2)]BF4 (6). Method A. 
Treatment of inixture of 5a and 5b (1:l; 0.2 g, 0.53 mmol) with 
HBF,.Et20 (2-3 drops) in diethyl ether at -78 "C gives an in- 
stantaneous pale yellow precipitate. The suspension was allowed 
to warm to room temperature. The precipitate was collected, 
washed with diethyl ether (2 X 10 cm3), and dried in vacuo. 
Recrystallization from THF/diethyl ether (1:l; 10 cm3) gave a 
yellow microcrystalline solid (0.23 g, 0.47 mmol, 90%). 

Method B. To a solution of 4 (0.75 g, 0.14 mmol) in CH2Clz 
(20 cm3) was added a solution of AgBF4 (0.027 g, 0.14 mmol) in 
CH&l2 at room temperature. The solution was stirred at room 
temperature for 5-10 min and the solvent removed under reduced 
prmure to give a yellow waxy solid. Extraction with THF/diethyl 
ether (1:l; 2 x 10 cm3) gives an orange solution which on cooling 
to -20 O C  and then -80 O C  gives a yellow microcrystalline solid 
(0.056 g, 0.11 mmol, 80%). 
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A study of the formation of binuclear complexes with p-hydrocarbyl ligands by double oxidative addition 
of the organic dihalides, a,a'-dibromoxylene (ortho and para isomers), and I(CH2),I to binuclear platinum 
complexes has been made. In bridged 2,2'-bipyrimidine (bipym) systems it is found that [Me2Pt(p-bi- 
pym)PtMe2(4-CH2C6H4CH2Br)Br] undergoes rapid intramolecular oxidative addition to give [Me2BrPt- 
(r-bipym)(p-4-CH2C6H4CH2)PtBrMe2] but the analogous complexes [Me2Pt(p-bipym)PtMe2(2- 
CH2C6H4CH2Br)Br] and [Me2Pt(p-bipym)PtMe2{(CH2)nI]I] were long-lived and rearranged slowly to 
tetranuclear complexes. Reasons for these differences are suggested, based on conformational or ring strain 
effects. Binuclear complexes with p-hydrocarbyl groups were formed more easily from [PbMe4(p-pyen)] 
(pyen = bis(2-pyridy1)ethylenediimine) as a result of the flexibility of the p-pyen ligand, but the reagents 
I(CH2),I failed to give p-polymethylene derivatives. Kinetic studies of several of these reactions have been 
carried out, and it is shown that the para isomer of a,a'-C6H4(CHzBr)z is more reactive than the ortho 
isomer and that a platinum center can activate a remote C-Br bond by a neighboring group effect. The 
apparent intermolecular oxidative additions of binuclear complexes to give tetranuclear complexes are 
shown to follow first-order kinetics and probably involve an intramolecular reaction followed by rapid 
dimerization. The intramolecular reaction is thought to involve dissociation of platinum(IV) from the diimine 
ligand. 

Introduction 
There is considerable interest in p-hydrocarbyl corn- 

plexes of transition metals, partly since such compounds 
can act as models for proposed catalytic intermediates, and 
this area of chemistry has been re~iewed. l -~ Platinum 

(1) Herrmann, W. A. Angew. Chem. 1982, 94, 118. 

complexes with Pt(CH2),Pt units have been prepared by 
oxidative addition of I(CHz),I to  complexes such as the 
W'-bipyrimidine derivative [PtMeAbi~ym)l (IC) .5*6 The 

(2) Holton, J.; Lappert, M. F.; Pearce, R.; Yarrow, P. I. W. Chem. Rev. 

(3) Moss, J. R.; Scott, L. G. Coord. Chem. Reu. 1984, 60, 171. 
(4) Puddephatt, R. J. Comments Inorg. Chem. 1982, 2, 69. 

1983, 83, 135. 
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Scheme I Scheme I11 

Scheme I1 
.I* 

I 4 
# 

first product was 2c, containing a Pt(CH2),1 group, but 
further reaction between 2c and IC gave 3c, containing the 
desired Pt(CH,),Pt units with n = 3-6 (Scheme I). 

Although this intermolecular oxidative addition occurred 
readily, intramolecular oxidative addition of the C-I bond 
of 4 to the dimethylplatinum center did not occur. This 
observation was interpreted in terms of the difficulty of 
arranging the (CH,),I chain into the conformation required 
for oxidative addition to the second platinum center since, 
when n = 6, the (CH,), chain is certainly long enough to 
bridge between the platinum centers (separated by about 
5.7 A).6 In this case, an 11-membered ring would be 
formed in complex 5 ,  Scheme 11, and the problem may be 
related to the difficulty, which is well-known in organic 
chemistryP of forming medium-sized rings. Hydrogen 
atoms of the central methylene groups of 5, and especially 
of the hypothetical transition state 6 leading to 5,  must 
be directed toward the bipyrimidine ring, and unfavorable 
steric effects result from this. In addition, there are un- 
favorable eclipsed conformations of carbon-carbon bonds 
in 6. 

These problems should be largely overcome by use of 
a planar aromatic ring bridging two -CH2X groups, and 
this paper reports a study of the reactions of the ortho and 
para isomers of a,a'-dibromoxylene with dimethyl- 
platinum(I1) derivatives of 2,2'-bipyrimidine. In addition, 
reactions with the binuclear complex [PhMe,(p-pyen)] (7) 
having a flexible bridge between the two diimine chelates 
are described. The flexible CHzCH2 bridge allows the 
orientation of the coordination planes and the distance 
between the two platinum(I1) centers to vary, in contrast 
with the rigidly coplanar 2,2'-bipyrimidine complexes. 
This leads to significant differences in reactivity. The 
formation of chelate or bridging complexes with CH2C6- 
H4CH2 ligands has been observed in several other sys- 
tems.2A8-12 

(5) Monaghan, P. K.; Puddephatt, R. J. Znorg. Chim. Acta 1983, 76, 
L237; Organometallics 1985, 4,-1406. 

(6) Scott, J. D.; Puddephatt, R. J. Inorg. Chim. Acta 1984, 89, L27; 
Organometallics 1986, 5, 1538. 

York, 1900; pp 185-186. 
(7) March, J. Advanced Organic Chemistry, 3rd ed.; Wiley: New 

14 Q - 

Results and Discussion 

The 2,2'-Bipyrimidine System. Because the binuclear 
complex [PtzMe4(p-bipym)] (8). is highly insoluble,6 the 
mononuclear complex [PtMe2(bipym)] (1) was used in 
synthesis. The reaction of IC with excess a,a'-dibromo- 
o-xylene or a,a'-dibromo-p-xylene to give [PtBrMe2(2- 
CH2C6H4CH2Br)(bipym)]  (9) or [P tBrMe2(4-  
CH2C6H,CH2Br) (bipym)] (lo), respectively has been re- 
ported earliera6 Further reaction of 9 and 10 with 1 then 
gave the binuclear derivatives [(PtBrMez(bipym)),(p-2- 
CH2C6H4CH2)] (1  1)  and [{PtBrMe2(bipym)J2(p-4- 
CH2C6H4CH2)] (12), respectively. 

- I I  ._ 12 

Reaction of 9 or 10 with [Pt2Me4(p-SMe2),] should give 
initially the Pt(1V)-Pt(II) derivative 13 or 14, respectively, 
by displacement of SMe, ligands by the free nitrogen do- 
nors present in 9 or 10 (Scheme 111). 

Complexes 13 and 14 are expected to be characterized 
by a metal to ligand charge-transfer band [Pt" (da) - 
bipym (a*)] in the region 500-600 nm.6 The species 13 
was formed, as shown by the growth of the expected band 
in the UV-visible spectrum (Figure 1, supplementary 
material), but the complex slowly reacted further as shown 
by the subsequent decay of this band (Figure 1, supple- 
mentary material). An examination of a molecular model 
of 13 shows that intramolecular oxidative addition of the 
C-Br bond to the platinum(I1) center is impossible due 
to ring strain (see structure 13 which is drawn approxi- 
mately to scale), and the nature of the final product will 
be discussed later. In contrast, reaction of 10 with 
[Pt,Me,(p-SMe,),] gave a product with no band in the 
region 500-600 nm. Models show that 14 can undergo 
intramolecular oxidative addition by the SN2 mechanism 
to give 15 (Scheme 111), and this reaction is clearly much 
faster than the rate of formation of 14. The difference 
between these two systems is illustrated in Figure 2, which 

(8) Hersh, W. H.; Hollander, F. J.; Bergman, R. G. J.  A m .  Chem. Soc. 

(9) Hipler, B.; Uhlig, E.; Vogel, J. J. Organomet. Chern. 1981,218, C1. 
(10) Lappert, M. F.; Martin, T. R.; Atwood, J. L.; Hunter, W. E. J .  

Chem. Soc., Chern. Cornmun. 1980,476. 
(11) Hutton, A. T.; Shabanzadeh, B.; Shaw, B. L. J. Chem. Soc., Chem. 

Commun.  1982, 1345. Constable, A. G.; Langrick, C. R.; Shabanzadeh, 
B.; Shaw, B. L. Znorg. Chirn. Acta 1982, 65, L151. 

(12) Chappell, S. D.; Cole-Hamilton, D. J. Polyhedron 1982, 1, 739. 

1983, 105, 5834. 
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Q0131' 
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0 139 278 117 556 665 min 

Figure 2. Absorbance vs. time plots: above, at X = 570 nm for 
the reaction 9 - 13 - 16; below, (a) at X = 500 nm and (b) at 
h = 570 nm for the reaction 10 - 15. 

shows the changes in UV-visible absorption a t  570 nm 
during the reactions. The growth and subsequent decay 
of the 570-nm band can be used to monitor the reaction 
9 - 13 - final product (Figure Za), whereas the similar 
reaction of 10 - 15 shows no buildup of the proposed 
intermediate 14 (Figure 2b). The complete set of UV- 
visible spectra in the latter case show only the growth of 
a band at  480 nm, typical of binuclear Pt(1V)-Pt(1V) 
complexes with p-bipym ligands., 

The final product from the a,d-dibromo-o-xylene system 
was identified as the tetranuclear derivative 16. The initial 
evidence for the tetranuclear formulation was based on the 
mass spectrum which gave the highest mass peak at  m / e  
1424, with the expected isotope pattern for a Pt4 species, 
corresponding to the loss of four bromine atoms from the 
molecular ion. Since the other spectroscopic data did not 
define the nuclearity of the complex and crystals suitable 
for X-ray studies could not be grown, a confirmation of 
the proposed structure by an independent synthesis was 
made. Complexes 11 and [Pt2(p-Br),Me4(p-o- 
CH,C6H4CH2)(SMe2)2] (17)13 already contain the p- 
PtCH2C6H4CH2Pt units proposed in 16. It was found that 
the free nitrogen donors present in 11 displaced dimethyl 
sulfide ligands from 17 to yield 16, identical (IR, MS) with 
the complex prepared earlier. Since this reaction, by 
analogy with many others,, is expec?ed to give 16, the 
proposed structure is strongly supported. 

It has since been discovered that the complexes 4, with 
n = 3-6, slowly (3-5 days) react in dilute acetone solution 
to give insoluble orange solids which, by analogy with the 
above reaction, are suggested to be tetranuclear derivatives 
18. These complexes 18 gave satisfactory elemental 
analyses but were too insoluble to give NMR spectra. 
The Bis(2-pyridy1)ethylenediimine System. The two 

platinum centers in the pyen complex 7 have much flex- 
ibility, unlike the bipym system described above. The 
dimer 7 is also soluble enough for direct study. Reaction 
of 7 with a,a'-dibromo-o-xylene gave 19 by double oxida- 

(13) Puddephatt, R. J.; Scott, J. D. Organometallics 1985, 4, 1221. 

Me, ,Me Me, ,Me + Me\pt ,MyN,prON m a  & *  PI 
& N I $ > N ~  @ M ~ ' I ' M ~  Br 

f-7 
2 0 b  200 - - 

tive addition (Scheme IV). The structure of 19 is deduced 
from the NMR spectra. Examination of molecular models 
shows that the structure with methylplatinum units syn 
as shown is the only viable form and that the angle be- 
tween the coordination planes of the two platinum centers 
is likely to be -looo. Clearly the difference from the 
bipym system, in which a long-lived Pt(1V)-Pt(I1) inter- 
mediate was formed, is due to the flexibility of the pyen 
ligand, which allows the o-CH2C,H4CH2 to bridge between 
the two platinum centers without severe angle strain. 

a,&-Dibromo-p-xylene also reacted readily with 7 to give 
20, again by double oxidative addition. Two isomers of 
20 with the dimethylplatinum units syn (20a) or anti (20b) 
are possible, depending on which face of the second di- 
methylplatinum(I1) unit the second, rapid oxidative ad- 
dition occurs. One of these isomers was formed in much 
higher yield than the other (product ratio -4:l) but, since 
suitable crystals for X-ray diffraction were not obtained, 
the two isomers could not be distinguished. In this case, 
molecular models suggest that the two dimethylplatinum 
units should be approximately coplanar in 20. 

On the basis of the above results, it appeared likely that 
the reagents I(CH2),1 would yield PtJp-(CHZ),J complexes 
on reaction with 7. However this was not the case and the 
products 2 la-d were obtained instead. These complexes 
were identified by the IH NMR spectra and analytical 
data. All showed prominent triplets in the lH NMR 
spectra due to the dangling CHJ groups, though the re- 
maining CH2 resonances of the Pt(CH,),I groups gave 
complex, overlapping peaks which would not be assigned. 
Confirmation of the structure was obtained by recording 
the 13C NMR spectrum of complex 21c, for which the 
expected five CH, resonances of the Pt(CH,),I unit were 
readily identified (Experimental Section). Only one isomer 
of each complex 21 was observed. 

(CH2J"I (CH2InI ( CH&, I 
,Me /Me Me 1 Me Me, ,Me 

Pt Pt 'PtN Pt / '  'NsN'\'N N/"N.,~N' ' & * c y *  22 
- 
n= 5 

a 
n = 0 . 3 ,  b,4.c.S,d.b 

For the reaction with I(CH2)J with 7 in acetone-d,, 
monitoring by 'H NMR showed that the 1:l adduct 22 was 
formed a t  an intermediate stage and reacted further with 
I(CH2)J to give 21c. The reactions of 7 and 22 with I(C- 
H2),I occurred at  about the same rate, and it was therefore 
not possible to isolate the intermediate 22, which was 
characterized by the observation of two MePt" resonances 
[ 6  1.14 (,J(PtH) = 88 Hz), 1.22, (zJ(PtH) = 88 Hz)], two 
MePtIv resonances [6 1.43 (V(PtH) = 70 Hz), 1.48 ('J- 
(PtH) = 72 Hz)], and a triplet due to the CHJ resonance 
[ 6  3.14 (3J(HH) = 7 Hz)]. The failure of 22 to undergo 
intramolecular oxidative addition is presumably due to 
unfavorable conformational effects in the transition state 
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Table I. Second-Order Rate Constants for Reactions of 
a,af-Dibromoxylene and Derivatives in Acetone at 25 "C 

k2lL 
comdex reagent product mol-' s-l 

9 
10 
11 
12 
19 
20 

21a 
21b 
21c 
2ld 

2.75 

1.33 

2.08 

3.2 X 
2.0 x 10-2 
2.0 x 10-2 
2.2 x 10-2 

17.5 

21.0 

18.1 

for the SN2 mechanism, although examination of molecular 
models suggested that such effects should be less severe 
than in 6 and related complexes with the 2,2'-bipyrimidine 
ligand. 

In an attempt to gain further insight into these reactions, 
a more detailed study of the reaction of methyl iodide with 
complex 7 was made. It was earlier reported that the two 
isomers 23a and 23b were formed in this reaction." This 
has been confirmed, but, on standing, one isomer decays 
and the other grows until, after 1 day, only one isomer was 
present. The NMR data do not define which isomer is the 
more stable. It is suggested that the isomerization of the 
less stable to the more stable isomer occurs by partial 
dissociation of a PtMeJ unit from the diimine ligand, 
followed by rearrangement and recoordination. Because 
of the complexity of the NMR spectra of the initial product 
mixture, i t  was particularly difficult to identify interme- 
diates in this system. However, by using only a small 
excess of methyl iodide and monitoring the early stages 
of the reaction by NMR a t  -80 "C, we observed new res- 
onances presumed to be due to intermediate 24: G(MePt) 
0.55 (trans to I), 0.96, 0.98 (MePtII), 1.12, 1.34 (MePtI" 
trans N). However, 24 was always a minor cotnponent in 
the presence of 7 and 23 and clearly reacts more rapidly 
with Me1 than does the parent 7, for reasons which are not 
understood. 

Me Me I 
Me,l,Me Me I Me Me,h;le,M Me I Me 

'PCO 'VNdN/ 'Pt' I ' 
@ * 

2 9  2.U 

Kinetic Studies. The kinetics of several of the above 
reactions were studied, in order to compare the reactivities 
of the ortho and para isomers of a,a'-dibromoxylene and 
to compare the reactivities of the different platinum com- 
plexes. Some of the results, obtained a t  25 OC in acetone 
solution, are given in Table I and Figure 3. 

The mononuclear complex [PtMez(bipym)] (1) reacted 
with excess of the ortho and para isomers of a,a'-dibrom- 
oxylene to give 9 and 10, respectively. The reactions were 
first order in each reagent, and the second-order rate 
constants were 2.75 and 17.5 L mol-ls-', respectively. The 
corresponding rate constants for the oxidative addition 
reaction of the remaining C-kr bond of 9 and 10 to 1 were 
1.33 and 21.0 L mol-' s-l, respectively. For the p-xylene 
derivatives, complex 10, which has only one C-Br bond, 
reacts slightly faster than a,&-dibromo-p-xylene which has 

(14) Scott, J. D.; Puddephatt, R. J. Organometallics 1986, 5,  2522. 

2t  

0 5 IO 
lO4[CgH4(CH2Br)$ / M  

Figure 3. Plots of observed first order rate constants vs. con- 
centration of a,a'-dibromoxylene for reaction with complex 7 in 
acetone at 25 OC: (a) para isomer; (b) ortho isomer. 

Abs.t 

I s  

i / n m  6'0 4 00 5 00 

Figure 4. Changes in absorption spectra during the reaction of 
complex 7 with I(CH&I in acetone to give 22a and then 21a. 
Absorbance decreases with time. 

two C-Br bonds. The remote platinum atom in 10 
therefore has a modest activating effect. In contrast, 9 
reacts more slowly than a,a'-dibromo-0-xylene with 1, but 
this is probably a result of greater steric hindrance in the 
ortho derivative 9. It is likely that steric effects are re- 
sponsible for the lower rate of reaction of the ortho de- 
rivatives in all the systems studied here. 

For the reactions with [PhMe,(p-pyen)] (7), the prod- 
ucta, even with a large excess of a,a'-dibromoxylene, were 
always 19 and 20. The measured rate constants are 
therefore for the first oxidative addition to give the Pt- 
(1V)-Pt(I1) intermediate, which then undergoes very fast 
intramolecular oxidative addition to give 19 or 20. How- 
ever, in the reactions of 7 with I(CHz),I the observed rate 
constant is an average of the values for the first and second 
oxidative addition to give 21. I t  is remarkable that the 
UV-visible spectra indicate a single proces and good 
first-order kinetics were observed in all cases. This is 
expected only if the rate constants for the first and second 
oxidative additions are very similar and if the interme- 
diates 22 have very similar UV-visible spectra to the 
starting complex 7. A set of UV-visible spectra for a 
typical reaction is shown in Figure 4. The diiodoalkane 
I(CHz),I with n = 3 was more reactive than when n = 4-6, 
consistent with previous studies on oxidative addition to  
the mononuclear complex [PtMez(l,lO-phen)] (phen = 
phenanthroline) .6 

A brief kinetic study has also been made of the reactions 
of 9 and 10 with [PhMe,(p-SMe2)z] in acetone at 25 "C, 
by analysis of the UV-visible spectral changes illustrated 
in Figures 1 and 2. The reaction of 10 with [Pt,Me4!p- 
SMe& to give 15 followed overall first-order kinetics, w t h  
h o w  = 3.5 X lQ4 s-l. The rate-determining step is the 
ligand displacement to give 14, and the observation of 
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first-order kinetics suggests a mechanism similar to that 
for displacement of dimethyl sulfoxide from cis-[PtMez- 
(Me2SO),] by 2,2'-bipyridine or 1,lO-phenanthroline, which 
was suggested to involve rate determining loss of Me2S0 
from c i ~ - [ P t M e ~ ( M e ~ S O ) ~ l . ~ ~  In the present case, rate- 
determining dissociation or solvolysis of [PkMe4(p-SMeJz] 
to give cis-[PtMe2(SMe2)] or cis-[PtMez(SMez)(acetone)], 
followed by rapid attack by 10 can be invoked. However, 
we have not studied the kinetics in detail and this con- 
clusion is tentative. The first step of the reaction of 9 with 
[Pt,Me,(p.-SMe,),] to give 13 also followed overall first- 
order kinetics, with kobsd = 3.4 X 10" s-'. The close sim- 
ilarity in magnitudes of these two rate constants lends 
support to the mechanism of formation of 13 and 14 pro- 
posed above and also supports the suggestion that the 
ligand substitution step is rate determining in the reaction 
of 10 with [PtZMe4(p-SMe2),]. 

More surprising was the observation that the slow re- 
action of the binuclear complex 13 to give the tetranuclear 
product 16 also followed first-order kinetics, with t2,bsd = 
2.8 X s-l. Clearly a true intermolecular oxidative 
addition, which we had expected, involving the C-Br bond 
of one molecule of 13 adding to the Pt(I1) center of a 
second molecule of 13 should lead to second-order kinetics. 
We suspect that, in the rate-determining step, the plati- 
num(1V) center of 13 must partly dissociate from the bi- 
pym ligand, thus allowing the C-Br bond to approach the 
platinum(I1) center and undergo intramolecular oxidative 
addition. the initial product would then be 25 (S = solvent 
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acetone), which must rapidly dimerize to give the observed 
product 16. The ability of platinum to dissociate (pre- 
sumably with solvent assistance) from the chelate diimine 
ligand is a t  first surprizing. However, we have observed 
similar steps in the disproportionation of Pt(1V)-Pt(I1) 
complexes with binucleating bis(diimine) ligands to give 
the Pt(1V)-Pt(1V) and Pt(I1)-Pt(I1) anal~gues, '~J~ as well 
as in the isomerization of complexes 23a and 23b discussed 
above. Presumably the trans-labilizing effect of the me- 
thylplatinum groups is responsible for this effect. 

Conclusions 
This work has demonstrated two significant effects in 

the formation of (p-alkanediy1)dimetal complexes by 
double oxidative addition. 

Firstly, the observation that 6 does not undergo rapid 
intramolecular oxidative addition whereas 14 does dem- 
onstrate the importance of conformational effects in oxi- 
dative addition by the SN2 mechanism. In the above two 
compounds the chain lengths are similar but steric effects 
involving the (CH,), chain hinder the approach of the CHzI 
group of 6 to platinum(II), whereas no such problem arises 
with the bridging CHzC6H4CHz group of 14. 

Secondly, the flexibility of the pyen ligand in 
[PtzMe4(p-pyen)] (7) allows the orientation of the coor- 
dination planes of the two platinum centers to vary and 
the distance between the platinum atoms to vary. This 
greatly enhances the ability to form (p-hydrocarby1)di- 

Scott et al. 

platinum complexes when compared to the bipym system. 
The comparison of the complexes 19, formed by double 
oxidative addition, and 13 illustrates this point clearly. 
However, the reactions of I(CH2),I with 7 failed to give 
p-hydrocarbyl derivatives, and it is clear that conforma- 
tional effects are still unfavorable even in this case. 

Experimental Section 
'H NMR spectra were recorded on a Varian XL200 spectrom- 

eter in CDzC12 solvent. Chemical shifts are given with respect 
to Me4Si. Peaks are labeled as follows: 

b c'" OH0 N, b&l 
a N, ,N a % , pt, 

M/ Me M e a  ~ e b  

IR spectra were recorded on a Beckman IR4250 spectrometer 
as Nujol mulls between NaCl plates. Mass spectra were recorded 
on a Varian MAT Bremen mass spectrometer MAT311A. UV- 
visible spectra were recorded, and kinetic studies were performed 
in acetone solution at 25.0 "C on a Varian Cary 2290 spectrometer 
equipped with a PolyScience Series 900 constant temperature fluid 
circulator and a DS-15 data station. Elemental analyses were 
performed by Guelph Chemical Laboratories Ltd., Guelph, On- 
tario. 

Complexes 1-4 and 9-11 were prepared as previously de- 
scribed.6J4 

Kinetic Studies. The reactions of 2 and 7 with 0- or p -  
BrCH2(C6H4)CH2Br were carried out by using an excess of 
BrCH2C6H4CH2Br, monitoring the decay of the MLCT band of 
1 or 7 (see Figure 4). For example, a 10.0-mL aliquot of a solution 
of 4-C6H4(CH2Br)2 (9.09 X lo4 M) was added to 10.0 mL of a 
solution of [PhMe4(p-pyen)] (7.26 X M) in acetone at 25.0 
"C. A sample of the combined solutions was transferred to a 
cuvette and placed in a cell compartment thermostated to 25.0 
"C. The DS-15 was engaged, and data points (absorbance at 510 
nm) were collected every 10 s by using the Varian Kinetics Storage 
program. With use of the Varian Kinetics Calculation program, 
treatment of the data gave good first-order kinetics and linear 
plots of k o w  vs. [4-C6H4(CH2Br)z] then gave the second-order 
rate constants k2 (Figure 3). The same method was used for 
reaction of 1 in acetone with [C6H4(CH2Br)2]. 

Rate constants for reaction of 9 and 10 with 1 were determined 
similarly but with [9 or 101 = [l]. Second-order treatment then 
gave straight-line plots from which values of k2 were calculated. 

Rate constants for reaction 9 or 10 with [PhMe4~-SMe2),] were 
also determined s imhly but with [9 or 101 = 2 [PhMe,&-SMe,),] 
such that [9 or 101 = [MezPtn]. Due to the extreme insolubility 
of 15, very low concentrations were used to study the kinetics of 
the reaction of 10 and standard solutions were prepared by dilution 
of stronger solutions to minimize error. In all cases the tem- 
perature was 25 "C. 

Synthesis. [ PtzBr2Me4(p-p -CH2C6H4CH2)( bipym) ,] (12). 
[PtMe2(bipym)] (0.050 g) was dissolved in CH,C12 (5 mL) and 
diluted to 20 mL with acetone. To this solution was added a 
solution containing 1 equiv of [PtBrMezlp-CH2C6H4CHzBr)(bi- 
pym)] (0.085 g) in acetone (50 mL). After 1 h the red solution 
had turned bright yellow, and after 4 h the solvent was removed. 
The product was precipitated as a yellow solid from a minimum 
of CH2C1, with pentane and dried under vacuum: yield 81 % ; mp 
218 "C dec. Anal. Calcd for C28H32N&r2Ph: C, 32.6; H, 3.1; N, 
10.9. Found C, 32.3; H, 3.5; N, 10.5. 'H NMR 1.42 [s, 12 H, 
'J(PtH) = 72 Hz, MePt], 2.52 [s, 4 H, 'J(PtH) = 90 Hz, 'J(PtH) 

4 H, 3J(HaHb) = 5.5 Hz, 'J(HaHC) = 2.5 Hz, V(PtH') = 11.5 Hz, 
Ha], 8.98 ppm [dd, 4 H, 3J(HcHb) = 5.0 Hz, 4J(HcHa) = 2.5 Hz, 
h"]. I R  v(C=N) 1568 and 1552 cm-'. 

[PtzBrzMe4(p-p -CHzC6H4CH2)(p-bipym)] (15). [PtBrMe2- 
{4-CH2C6H4CHzBr)(bipym)] (0.096 g) was dissolved in acetone 
(100 mL), and to this solution was added 0.5 equiv of [Pt2Me4- 
(p-SMe,),] (0.043 g) as an acetone solution (50 mL). The yellow 
solution turned orange after 10 min, and the product precipitated 
as an orange solid. After 6 h the solvent was removed and the 
orange solid was washed with CH2C1, and dried under vacuum: 

= 5 Hz, H2CPt , 5.66 [s, 4 H, 'J(PtH) = 6 Hz, C$I,(CH.&, 7.47 
[dd, 4 H, 3J(H b Ha) = 5.5 Hz, 3J(HbHc) = 5.0 Hz, Hb], 8.68 [dd, 

(15) Lanza, S.; Minniti, D.; Romeo, R.; Moore, P.; Sachinidis, J.; Tobe, 

(16) Hux, J. E.; Puddephatt, R. J., unpublished work. 
M. L., J.  Chem. Soc., Chem. Commun. 1984, 542. 
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Formation of (p-Hydrocarbyl)diplatinum(IV) Complexes 

yield 96%; mp 268 "C dec. Anal. Calcd for C&IBN4BrzPh: C, 
27.5; H, 3.0; N, 6.4. Found C, 27.6; H, 3.2; N, 6.1. IR: u(C=N) 
1569 cm-'. 
[Pt4Br4Mes(p-o-CH&'~4CH2]z(p-bipy)2] (16). To a solution 

of [PtBrMez(2-CHzC6H4CHzBr(bipym)] (0.60 g) in acetone (75 
mL) was added 0.5 equiv of [P&Me4(p-SMez)zl (0.026 g) as an 
acetone solution (25 mL). In the first 0.5 h the yellow solution 
turned deep brownish red (UV-vis: A, -570 nm (MLCT) due 
to intermediate formation of [PtBrMez(2-CHzC6H4CHzBr}(p-bi- 
pym)PtMez]), and after 1 h it began to turn orange and the 
product precipitated as an orange solid. After 6 h the solvent 
was removed, and the orange solid was washed with CHzClz and 
dried under vacuum: yield 88%; mp 280 "C dec. Anal. Calcd 
for CmHS2N8Br4Pt4: C, 27.5; H, 3.0; N, 6.4. Found: C, 27.6; H, 
3.0; N, 6.6. 'H NMR (CaJV): 1.78 ppm [s, ?J(PtH) = 76 Hz, 
MePt]. The product is only sparingly soluble in pyridine and 
reacted slowly; the spectrum must be obtained immediately after 
dissolution. IR: v(C=N) 1570 cm-'. Mass spectrum: see text. 
The following complexes were prepared similarly. Maximum 
yields of [Pt414MeS(p-(CHz).)z(p-bipym)z] (18a-d) are obtained 
after 3 days for n = 3 and increasing through to 5 days for n = 
6, with the reactions performed in the dark to minimize side 
reactions. All complexes 18a-d were insoluble orange solids that 
were collected by filtration, washed with CH2Clz, and dried under 
vacuum. [Pt414Me8GL-(CH2)3)2(p-bip~)z] (Ma): yield 63% ; mp 
165 "C dec. Anal. Calcd for C30H48Ns14Pt4: C, 19.9; H, 2.7; N, 
6.2. Found C, 20.0; H, 2.7; N, 6.0. I R  u(C=N) 1568 cm-'. 
[Pt414Mes(p-(CHz)4)z(fi-bipym)z] (lab): yield 57%; mp 155 "C dec. 
Anal. Calcd for C32H52N814Pt4: C, 20.9; H, 2.9; N, 6.1. Found: 
C, 21.3; H, 3.0; N, 6.0. I R  1567 u(C=N) cm-'. [Pt41,Mes(p- 
(CH2)5)2(p-bipym)2] (18~): yield 41%; mp 155 "C dec. Anal. Calcd 
for CaHSN8I4Pt4: C, 21.9; H, 3.0; N, 6.0. Found C, 22.2; H, 3.1; 
N, 6.2. IR: 1568 v(C=N) cm-'. [Pt414Me8(r-(CH2)6)z(p-bipym)z] 
(18d): yield 37%; mp 145 "C. Anal. Calcd for C36HBON814Pt4: 
C, 22.8; H, 3.2; N, 5.9. Found C, 23.0; H, 3.2; N, 5.8. IR: v(C=N) 
1568 cm-'. 

Reaction of 11 with [Ptz(p-Br)zMe4(~-o-CHzC,H4CHz}- 
(SMez)z]. To a solution of [PtzBrzMe4(p-o-CHzC&14CH2}(bipym)z] 
(0.040 g) in CHzClz (25 mL) was added 1 equiv of [Ptz(p- 
Br)zMe4(p-o-CHzC8H4CHz)(SMez)z] (0.033 g) as a CHzClz solution 
(10 mL). After 6 h the product [Pt4Br4Mes(p-o-CHzC6H4CHz]z- 
(~~-bipyrn)~] (16) had precipitated and was collected by filtration, 
washed with CHzClz, and dried under vacuum: yield 96%. 
Analysis and spectral parameters of the orange product were the 
same as for 11 prepared as described above. 
[PtzBrzMe4(p-o-CHzC6H4CH2)(p-pyen)] (19). [PtzMe4(p- 

pyen)] (0.050 g) was dissolved in acetone (150 mL), and to this 
solution was added 1 equiv of o-BrCHzC6H4CH2Br (0.020 g) as 
an acetone solution (50 mL). Over 6 h the red solution turned 
bright yellow. After 8 h the solvent was removed. The product 
was precipitated from a minimum of CHzClz with EtzO washed 
with E 4 0  and dried under vacuum: yield 81%; mp 210 "C dec. 
Anal. Calcd for C26H34N4Br2Ph: C, 32.8; H, 3.6; N, 5.9. Found: 
C, 32.7; H, 4.0; N, 5.6. 'H NMR: 1.46 [s, 6 H, %J(PtH) = 70 Hz, 
Me" or MebPt], 1.54 [s, 6 H, V(PtH) = 68 Hz, Me" or MebPt], 
2.98-5.00 [m, 8 H, PtCH, and CH2N], 9.57 [s, 2 H, %J(PtH) = 30 
Hz, HC=N], 8.61 [d, br, 3J(HH) = 5 Hz, 3J(PtH) = 10 Hz, Ha], 
6.54-7.80 ppm [m, aromatic HI. [PtzBrzMe4(p-p- 
CHzC6H4CHz](p-pyren)] (20) was prepared in a similar manner; 
however the reaction was complete after 4 h yield 91%; mp 225 
OC dec. Anal. Calcd for CZ6HaN4Br2P&: C, 32.8; H, 3.6; N, 5.9. 
Found: C, 32.5; H, 3.8; N, 5.4. 'H NMR: 1.36 [s, 6 H, V(PtH) 
= 70 Hz, Mea or MebPt], 1.45 [s, 6 H, 2J(PtH) = 72 Hz, Mea or 
MebPt], 2.64 [d, 2 H, zJ(HH) = 10 Hz, zJ(PtH) = 75 Hz, 7J(PtH) 
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= 2 Hz, PtCHaHb], 2.88 [d, 2 H, 'J(HH) = 10 Hz, V(PtH) = 108 
Hz, 7J(PtH) = 2 Hz, PtCHaHb],3.26-4.76 [m, br, 4 H, CH2N], 
8.60 [s, 2 H, 3J(PtH) = 30 Hz, HC=N], 8.94 [d, 2 H, %J(HaHb) 
= 5 Hz, %J(PtH) = 10 Hz, HO], 5.92-8.84 ppm [m, aromatic HI. 
The other possible isomer occurs as a very minor product and 
is identifiable only by its distinct MePt resonances at 1.23 [s, 
2J(PtH) = 72 Hz] and 1.46 ppm [s, 2J(PtH) = 72 Hz]. 
[Pt~IzMe~((CH~),I]~(p-pyen)] (21). To a solution of 

[P&Me4(fi-pyen)] (0.07 g) in acetone (10 mL) was added 1,4-di- 
iodobutane (0.6 mL), and the mixture was allowed to stand for 
16 h. The solution was evaporated, and the product was washed 
with ether and purified by precipitation from a concentrated 
solution in CHzClz using hexane. [Pt21zMe4((CH2)41)z(p-pyen)]: 
yield 72%; mp 188 "C dec. Anal. Calcd for C26H42N414Pt2: C, 
23.9; H, 3.2; N, 4.3. Found: C, 24.1; H, 3.3; N, 4.3%. 'H NMR: 
1.35 [s, 6 H, 2J(PtH) = 68 Hz, Mea or MebPt], 1.46 [s, 6 H, 2J(PtH) 
= 70 Hz, Me" or MebPt], 3.00 [t, V(HH) = 7 Hz, CH21], 4.52,4.79 
[m, 4 H, CHzN], 7.67 [m, 2 H, HC], 7.90 [d, 2 H, 3J(HH) = 7 Hz, 
Hd], 8.02 [t, 3J(HH) = 7 Hz, Hb], 8.90 [d, 2 H, 3J(HH) = 7 Hz, 
Ha], 10.15 [s, 2 H, %J(PtH) = 29 Hz, He]. 

Similarly were prepared the following complexes: 
[Ptz12Me4( (CH,),],(fi-pyen)]: mp 216 "C dec. Anal. Calcd for 
Cz4H38N414Pt2: C, 22.5; H, 3.0; N, 4.4. Found: C, 23.7; H, 3.3; 
N, 4.8. 'H NMR 1.35 [s, V(PtH) = 70 Hz, MePt], 1.38 [s, 
V(PtH) = 72 Hz, MePt], 3.00 [t, ,J(HH) = 7, CH21], 4.54 and 
4.77 ppm [m, CH2N]. [PtzIzMe4((CHz)61)2(p-pyen)]: mp 182 "C 
dec. Anal. Calcd for C28H46N414k'h: C, 25.2; H, 3.5; N, 4.2. Found 
C, 25.1; H, 3.6; N, 4.6. 'H NMR: 1.32 [s, 6 H, 2J(PtH) = 72 Hz, 
MePt], 1.43 [s, 6 H, %J(PtH) = 72 Hz, MePt], 3.04 [t, 4 H, ,J(HH) 
= 7 Hz CHJ],4.53,4.84 [m, 4 H, CH2N], 7.66 [m, 2 H, HC], 7.86 
[d, 2 H, Hd], 8.02 [m, 2 H, Hb]; 8.89 [d, 2 H, Ha], 10.13 ppm [s, 
%J(F'tH) = 30 Hz, He]. 13C NMR: -7.05 ['J(PtC) = 690 Hz, MePt], 
-3.70 ['J(PtC) = 685 Hz, MePt], 25.93 ['J(PtC) = 665 Hz, 
CHz"Pt], 31.69 [2J(PtC) = 91 Hz, CH20], 28.98 [,J(PtC) = 29 Hz, 
CHZ'], 33.47 [4J(PtC) = 8 Hz, CH;], 7.54 [CHiI], 54.55 [2J(PtC) 
= 14 Hz, CHZN], 128.4 [J(PtC) = 12 Hz, Ca], 129.4 [J(PtC) = 7 
Hz, Cb], 139.4 [C'], 148.1 [J(PtC) = 15 Hz, CN], 154.3 [J(PtC) 
= 7 Hz, Cd], 170.1 pprn [Ce]. [Pt12Me4((CH2),I),(p-pyen)]. Anal. 
Calcd for CmHd414Pt2: C, 26.4; H, 3.7; N, 4.1. Found: C, 26.9; 
H, 3.7; N, 4.3. 'H NMR: 1.34 [s, 6 H, *J(PtH) = 72 Hz, MePt], 
1.44 [s, 6 H, %J(PtH) = 72 Hz, MePt], 3.10 [t, 4 H, ,J(HH) = 7 
Hz, CHzI], 4.60, 4.84 ppm [m, 4 H, CH2N]. 
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