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The  rate constants of deu te r ium exchang.e for cyc lohexane  in CH3CO2)D/D20 

have  been  measured in the presence of 12 complexes  of Pt(II) with various 

l igands (C1, H20,  NH 3, Br, NO 2, py, DMSO, PPh 3, etc. ). The change in 
the  rate constant  is shown to follow the reverse series of the t rans -e f fec t  of Pt(II) 

l igands.  The rate constant  of the in te rac t ion  of PtC12S n (S is H20,  CH3COOH, 
n = 1, 2) with cyc lohexane  in CH3COOD/D20 (1:1), k, equals 2. 5 x 108 exp 
( -18200 /RT )  1 m o l - l s e c  -1 ~at 854 - 385 K). The  rat io of rate constants for 

PtC12S 2, PtC13S- and PtC14 is 100 : 6 : 0. 5 at 100~ 

Id3MepeHbl KOHCTaHTbI cKopocTI4/IefiTepoo6MeHa ImI<noreKcaHa B cpe~Ie CH 3 COOD--D 20 
ilprt KaTa.riH3e 12-1o KOilIJleI<caMH Pt(II) c pa3JIrlqHblMt~ ylI, IraH/laMll (C1, Hz O, NH 3 , Br, NO2, 
py, DMCO, PPh 3 ri ~tp.) �9 IIoKa3arto, ~rro HSMeIteHHe KOHCTaHTbI CKOpOCTH cJIe~tyeT ogpaTao- 
My pmly TpaHc3qbqbeKTa nrlraH/loB y Pt(II). jlrla KOMIIIIeKCa PtC12 S n (S - H 2 0  , C}-  3 C O O H ,  

n = 1,2) KOHCTaHTa CKOpOCTrl B3arlMOr/eftCTBrlJ~ ero c IlI4K:qoreKcaaoi B 1 : 1 CH 3 COOD - D 20 
k = 2,5" 10' exp(-182001RT)JI. MOrn, -1 ceI< "1 (354-385 ~ K). KorlcraaTbi CKOpOCTrl Ilpri 
100~ PtC12 S 2 , PtC13 S- rt PtC124" OTHOC~tTClt i ex / Iy  CO6Ofl KaK 100:6:0,5. 

At 80 - 120~ in aqueous m e d i a  saturated hydrocarbons undergo deuter ium 

exchange  react ions,  oxida t ive  ha logena t ion ,  and dehydrogenat ion  in the presence of 

ch lo rop la t inum complexes  o f / 1 , 2 / .  As demonst ra ted  /3,4/,  the direct  in te rac t ion  

of  the hydrocarbon with the Pt(II) complex ,  result ing in the formation of a P t - C  

bond,  i . e .  the ac t iva t ion  of the hydrocarbon tow ards various react ions,  is the l i m i t i n g  

stage of these processes. Further e luc ida t ion  of the nature  of this in te rac t ion  requires 

studies of the effect  of l igands on the ca t a ly t i c  properties of Pt(II) complexes,  tn the 
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present work deuterium exchangPe with cyclohexane catalyzed by PtCI~ (L = H20, 

C t - ,  NO 2,  DMSO, NH 3, py), PtC12L 2 (L : H20. C I - ,  Br-, I - ,  NO2, CN- ,  PPh 3) 

and other complexes has been studied. The complexes were synthesized by known 

methods; the rate constants were measured for analytical grade samples. The experi- 

ments were conducted in evacuated glass ampoules at a liquid/gas phase ratio of 

4 : 1 (20~ and at [RH ] = 0. 15 M. The constants found under these conditions are 

shown to qorrespond, within the experimental error, to those measured in the 

absence of a gas phase. Mass spectra of deuterocyclohexanes were measured on a 

MI-1305 spectrometer with a SI -03  attachment at an ionizing voltage of 16 eV. 

The experimental value of the rate constant was determined as the average of 3 - 5 

measurements, using the formula 

k = 22di t ' l [p t I I ]  "1 1 m o l ' l s e c  "1 

where A'di is the fraction of cyclohexane molecules p involved in deuterium exchange, 

As follows from Table I, the rate constant of deuterium exchange, depending 

on the ligand, varies over three orders of magnitude, decreasing for more basic and 

softer, easily polarizable ligands with a stronger tendency, to double bonding. Table 

2 gives the rate constants for catalysis b]/ complexes formed in the system 

PtC12S 2 + 2X-  ~ PtC12X 2 + 2S. 

The decreasing exchange rate in the series X = F > C1 > Br > I >NO 2 corresponds 

to the behavior of pKptx~-  (see Fig. 1) / 5 / ,  to the overlap integra] of Pt 6p a orbitals 

and ligand p~ orbitals /6 /  as well as to the parameters of ligand softness or hardness 

(ax) /7 / .  A ligand may evidently affect both the degree of PtX 2 complex formation 

in solution and the electronic properties of the complex as a whole. The strong influ- 

ence of a liga•d on the electronic properties of a catalytically active species is 
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No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12' 

Table 1 

Deuterium exchange of cyclohexane in the presence of Pt(II) complexes 

[Pt]= 0.0043 M ( I -  2); 0.02M(3- 12); [HCIO4]= 0. I M '  

[C6H12] = 0. 15 M, 100~ 

Complex 

PtCI2S 2 

KPtCI3S 

K 2PtCI 4 

Time 

(hrs) 

2 

2 

1. 68 

I d i  

0. 230 

0. 154 

0. 333 

k x 103 

7. 42 

4.97 

2. 78 

K2Pt(NO2 ) C13 

KPt(NH 3) C13 

KPt(py)C13 

KPr(DMSO)C13 

Pr(DMSO)CI(NO 3) 

K2Pt(NO2CI) 2 

Pt(PPh3)2Cl 2 

Pt(acac) 2 

Pt(CF3COO) 2 

7 

2.5 

12 

12.5 

4 

7 

16.5 

7.5 

0.3 

O. 185 

O. 140 

O. 0268 

O. 0549 

O. 0242 

O. 0584 

O. 0078 

O. 0511 

O. 0158 

O. 366 

O. 777 

O. 025 

O. 056 

O. 083 

O. 115 

O. 007 

O. 094 

0. 732 

~ ' id  i 
M= 

~ d i  

1.93 

i. 74 

1.75 

I. 52 

i. 65 

!. 46 

I. 60 

i. 62 

i. 41 

i. 34 

i. 57 

I. 34 

*Experiment carried out in CF3COOD at 91~ 

revealed by comparing [ PtC13L]" type complexes where L = CI-,  H20, NH 3, DiV~O. 

The instability constants of aqua and DMSO complexes are close to each other, i. e. 

the concentrations of active complexes PtC12(DMSO)S and PtC12(H20)S in solution 

are almost the same, but the rate constants of deuterium exchange catalyzed by these 

complexes differ by more than one order of magnitude. The introduction of dimerhyl 
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Table 2 

Effect of anions on deuterium exchange of  cyclohexane 

in the presence of  PtC12S 2 

[ptlI~ = O. 0043 M; I X -  ] = 0. 0086 M; [HC10 4] = 0. 1 M; [pyrene]  = 0. 031 M; 

kxl03, 

(1 mol - l sec  -1) 

(7 
X 

M 

[C6H12] = 0. 15 M 

CF3CO O I F 1/230 4 

6. 28 6.30 6.26 

18. 05 

2. 02 1.94 

C1 

/ 

6.26 6. 06 I 4. 10 

2. 18 ! 9. 92 

1.92 1.98 i 1.77 
1 

Br 

2.47 

9 ~2 

/1.48 

I NO 2 

0. 394 0, 115 

8.31 5. 87 

1.52 1. 42 

CN 

0. 106 

1. 52 

sulfoxide, a strong ~-acceptor ,  increases the positive charge on the central ion, 

which, in accordance with the donor nature of the hydrocarbon, should accelerate 

deuterium exchange (similarly to the effect observed in the series H20 > NH3}. The 

observed decrease in the exchange rate is due to an increasing softness (increased 

double bonding) upon going in the series of ligands from oxygen to sulfiar (or, similar- 

ly, from nitrogen to phosphorus). Indeed, the values of oxidation numbers in 

Pt(C2H4)CI 3 and Pt (H20)C1 ~ (ethylene and DMSO are close in their acceptor prop- 

erties) are 2, 9 and 2. 44, respectively /8 / .  The increasing oxidation number of the 

metal  in the complex reduces the ability of the complexes to oxidative addition of 

alkanes. It is well known that soft ligands stabilize Pt(II) complexes with respect to 

transition into Pt(IV). The rate of deuterium exchange with cyclohexane increases 

in the order of ligands: CN ~ CNS < PPh3 < DMSO ~ py < NO2 < I < Br < NH3< 

C1 < H20 ~ F ~ SO 4. This corresponds to the reverse order of the trans-effect of 

ligands in substitution reactions of square planar Pt(II) complexes /6 / .  Thus, the 
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Fig. 1. 

result obtained is not consistent with the direct substitution of a Pt(II) ligand by a 

hydrocarbon: 

RH + p t I I - c l  ~ [ H + . . . R - . . . P t  + . . . C 1 - ]  # ~ H + * R P t + C 1  - 

which is similar to the mechanism of substitution in square planar complexes of pla- 

t inum and, hence,  should have corresponded to a normaI series of the trans-effect.  

On the other hand, the inversed series of the trans-effect of ligands is, in our opinion, 

in accordance with the homolytic cleavage of RI-I by a Pt(II) complex, resulting in 

the formation of Pt-H and Pt-R bonds. Indeed, the logarithm of the rate constant for the 

homolytic detachment of H and Rby an active species is linearly related to the strength 

of the bond arising between this species and H or R / 9 / :  logk = a + bD (PtH or PtR). As 

s h o w n / 1 0 / ,  the frequency of the Pt-C bond, and hence its strength, in trans-Pt 

(CHg)X(PEts) 2 decreases in the series X = NO 8, NCS >> C1 > Br ~ NO 2 > I >CN,which  

is an inversed trans-effect series. The frequency of the Pt-H bond and its strength 

in PtA2LH fall in a similar series: L = NO 8 > C1 > I > NO 2 > SCN > CN / 11 / .  
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Thus, the rate constant of exchange should in general be dependent on the degree 

of PtX 2 complex formation s, determining the concentration of free PtX 2 in solution, 

and on the nature of ligands in PtX 2 manifesting itself in the value of k 1, the rate 

constant for uncomplexed PtX 2. Taking into consideration that in the series PtX 2, 

PtX~, PtX42" the complex PtX 2 is the most active, the following relationship may be 

written as a first approximation: k = kl[PtX2]o/q4 where @ is a function of thedegree 

of complex formation between PtX 2 and a ligand in soluts For chloro complexes 

of platinum 

k = 
(k I + k2K2[CI- ] + k3KI2[CI-]2) [PtCI2] o 

i + K2[CI" ] + KI2[CI-] 2 

and from the relationship between k and [CI" ] the partial constants k I, k 2, and k 3 

can be evaluated for the complexes PtCl2S 2, PtCl3S-, and PtCI~-, which are at 

equilibrium in solution; K I and K12 = KIK 2 are the constants of these equilibria, We 

have found that k I : k 2 .. k 3 = 100 .. 6 : 0, 5 at I00~ For exchange with the partici- 

pation of PtC12S 2 the temperature dependence of the rate constant in the range from 

81 to 112~ was measured (Fig, 2). It was found that k I = 2. 5 x 108 exp (18200/RT) 

1 mol'Isec "I. The activation parameters, zIH * = 17. 5 kcal tool "I, ,iS* = -22, 6 e, u, 

can be compared with the respective parameters for the process of H 2 binding by the 

complex IrCl(CO) (PPh3) 2/13/.. 

HH :~ = I0 - 18 kcal tool "I ,  ~S* = -(14 - 24) e. u. 

*Further solvolysis of Pt.X 2 should be a much flower process /12/and  does not 

substantially contribute to the equilibria of Pt(ll) complexes in solution at not very 

small [ptII]. 
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Fig. 2. 

The close values of AS * are in agreement with a common mechanism for both 

processes: 

l r l +  N2 ___.~ir ill H H and Pt II + RH--->Ptl~.~ 

Thus, the results of the present work unambiguously confirm the previous assump- 

tion / 3 / t h a t  the interaction of alkanes with platinum follows the mechanism of oxi- 

dative addition. 

The authors wish to acknowledge the assistance of A. I. Mustafin in mass spectral 

analysis, the help and constant attention to our work of M. L. Khidekel, and the help 

of A. E. Shilov in the discussion of the results. 
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