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The substitution reactions of sulfide by phosphines on Pt(IV) complexes having a cyclometalated imine ligand, two
methyl groups in a cis geometrical arrangement, and a halogen and a sulfide as ligands, [Pt (Me):2X(C™ N)(SRy)],
have been studied as a function of temperature, solvent, and electronic and steric characteristics of the phosphines,
sulfides, X, and C~N. In most of these cases, a limiting dissociative mechanism has been found, where the
dissociation of the sulfide ligand corresponds to the rate-determining step. The intermediate species formed behaves
as a true pentacoordinated Pt(IV) compound in a steady-state concentration only for the systems with SMe,; for
the bulkier SEt, and SBzl, leaving ligands the rate constants and activation parameters show an important degree
of solvent dependence, which correlates with the ability of the solvent to form hydrogen bonds. The X-ray crystal
structure of one of the dibenzyl sulfide complexes has been determined, and the geometrical arrangement of the
ligands has been determined by NOE NMR measurements at low temperature. The nature of the solvent, imine,
sulfide, and halogen ligands produces differences in the reaction rates, which can be quantified very well by the
corresponding AS* values that move from +48 to —90 J K% mol~*. The reaction on [Pt(Me);F(CsCF,CHNCH,Ph)
(SMe,)] has been found to take place via a mechanism that depends strongly on the bulkiness of the substituting
phosphine. While for PCys the reaction is dissociative, for smaller entering ligands the first associatively activated
substitution mechanisms on organometallic Pt(IV) complexes have been established with values of AH* and AS¥
in the 28—44 kJ mol~! and —120 to =83 J K~! mol~! ranges. Important intramolecular hydrogen bonding in the
starting material can be held responsible for this difference with the remaining systems.

Introduction reactions that have a clear associative charabtre pre-
Low-spin octahedral# complexes are considered as vented its proper study and mechanistic assignment. The
P 2 P introduction of an important number of-€@M bonds in any

erc\ﬂggnar::;?:r?élg?trﬁgﬁar:astt:?;hvég?aies tp fi‘;t (t:(())r;hellerxsel;b- complex seems to produce an important degree of dissocia-
‘ 9 (V) b tiveness, due to the importamansinfluence of these EM

[venessidissociaivenese of these substiion procesass geRo"dS: Furthermore, the ntroduction of very goodionors
. . lon p €S IVeR, the coordination sphere should lead to an increase in the
their extreme inertness, the presence minute quantities of

Pt(ll) complexes that catalyze the reactions via substitution metal electron density that could produce an increase of its
P y lability.* Consequently, it is not strange that the introduction

of Pt=C bonds in Pt(IV) 4,5 complexes leads to an important
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lability increase in their substitution reactions, and that they Chart 1

tend to operate through a dissociatively activated mecha- Me Ve
nism> . . arome— e —p
We have been interested in the last few years on the " /| X Sulfide >?:..\\\N/
mechanisms of formation and substitution reactions of cy- Sulfide
clometalated platinum and palladium complexes with a
variety of imines® Dimethy! sulfide substitution by phos- F
phines on cyclometalated Pt(IV) complexes of the type aFMe FSMe [ F A p
shown in eq 1 have already been studi&d. aFBzl F SBz, . P‘tN
F
Me Me
f’\'\‘imc—Pltﬁ'\gl(e _m, ﬂ'\‘imc—P{L’\;I(e +Sulfide (1) F. p
N éulfide N’ bljhos hi berite or SNe N
phine bFMe F  SMe, F Pt
The results indicated the operation of a substitution Zl
mechanism involving the limiting dissociation of the leaving cCIEt Cl  SEt al /@
SMe, ligand, followed by the rapid entering of the substitut- cCIBzl Cl  SBal, N
ing phosphine. Although the discrimination factor between cFMe F o swe, olj<jl\/;t
the back entrance of the leaving sulfide ligand and that of c
the different phosphines studied was not important, despite ‘/Q
the large electronic and steric differences chosen, thermal dFMe F SMe, @\/;N

activation parameters were found to be consistent with the
proposed mechanism. Nevertheless, a certain electronic . . .
tuning related to the nature of the halogen, X, ligand and co_ntmuum‘} sten_c efiects are responsible for the smaller
the presence of electron-withdrawing substituents affecting shifts observed n these and other systériiae operation
the aromatic metalated carbon has been found for the acti-p]c hydr_ogen bO”d”f‘g fo.r these ;ystems ha; ?ISO been proved,
vation entropy values. Namely, a lesser degree of dissociationmd'c"fltlng that_the|r existence in the tra_nsmon state for the
to go to the transition state was observed when the cyclo- reactlorjs Stlﬁ'd'.ed leads to a dec.rease. in the e”&m”
metalated compound contained a maximum of electron- yvhen dissociation of the leaving ligand in the transition state
withdrawing element® s clear.
_ AIong.the same line, we decided t(_) follow.our studi_es bY Results and Discussion
introducing even stronger electron-withdrawing substituents
affecting the aromatic metalated carbon donor, as well as Products. CompoundaFMe has been prepared as de-
increasing the electronegativity of the halo ligand. We present scribed in the literaturé ComplexoBrMe has been prepared
in this paper the Study of the sulfide substitution reactions by the well-established method of oxidative addition of MeBr
of the fluoro and fluoro-substituted complexes shown in on the cyclometalated Pt(l) compound [Pt(Me)(4,5,6-
Chart 1 by a variety of phosphines, in different solvents and FsCsCHCHNCHPh)(SMg)].*° Complexes with Sktand
at varying temperatures, to establish a possible associativeSBzk ligands,cCIEt, cClBzl, andaFBzI, have been obtained
drifting in the reaction mechanism. via substitution of the SMeligand in acetone solution of
For this purpose a number of new cyclometalated com- the corresponding dimethyl sulfide complexé€omplexes
pounds have been prepared and characterized to vary, aFMe, cFMe, anddFMe have been prepared via reaction
smoothly as possible, the electronic and steric characteristicsPf the corresponding bromo or chloro derivatives with AgF
of the reactants; their full low-temperature proton and NOE in acetone solution to produce the final desired compotfhds.
NMR characterization has been especia”y important for this Reaction of the dimethyl sulfide derivatives with the corre-
purpose. The results obtained have indicated that this typesponding phosphine ligands in acetone solution produced the
of tuning is possible, and the first associatively activated expected complexéswhich have been characterized by their
substitution process on organometallic Pt(IV) compounds has'H and*P NMR spectra.
been established Furthermore, our results indicate that,  For the sulfide complexes, in most of the cases 'tHe
while electronic tuning becomesandition sine qua non  NMR signal of the alkyl protons from the sulfide is rather
for important shifts in the associative/dissociative mechanistic broad. An increase of the temperature to the maximum
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Chart 2
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ppm Table 1. Crystal Data and Relevant Bond Angles and Distances for the
Figure 1. Variable-temperaturéH NMR in the SMe region for the Crystal Structure of CompouncCIBzI
compounddFMe in the presence of free dimethyl sulfide ligand.

bonds length/A  angle/deg
; T space group P21 (no. 4) Pt+S1 2.482(2)
possnbl_e for the solyents used_ indicated the presence of a empirical Cato:CINPES  PL-CIL 2.403(2)
dynamic process with free sulfide, as expected for the rate  formula Pt1-N1 2.154(5)
constant found for its interchange (see below). 2B gé igg;ﬁgg E:i—g; g-ggg%
_NOESY expgrlments have already |nd|gated that this process c A 12.162(2) Pi1_03 2.037(5)
includes the interchange of the two platinum-bonded methyl g, deg 110.44(1) Cl1-Pt1-S1
groups via a turnstile twist process that stops when the lessV: A° 1507.1(3) C3-Pt1-S1 94.5(2)

: . LR . Pcalca g CNT3 1,877 C1-Pt1-S1 96.5(2)
labile phosphine derivative is considered or when the tem- 3, 806.93 N1-Ptl-S1 94.5(2)
perature is decreasé&¥'®Nevertheless, even when the tem- z . 2 C1-Pt1-CI1 90.9(1)

; ; foade M, 5.189 N1-Pt1-CI1 86.8(2)
perature is decreased, no bettdNMR signals are obtained; D K 296 SI-Pi-C2 92.3(1)
Figure 1 is representative for the spectra obtained for these ; A 0.10377 Cl1—Pt1-C2 176.5(2)
situations. N 2967 C3—-Pt1-C2 90.9(2)

- No (Fo > 2 2657 C1-Pt1-C2 5(2

The spectrum measured at 230 K clearly indicates the ng(a;;g") 5%5 N1-Pt1-C2 32_223;
nonequivalence of the two sulfide methyl groups for the Ru(Fo), , 001850.0462 C1-Pt1-C3 88.0(2)
dFMe system; hindered rotation and/or sulfur atom inversion ‘(’IVFiZ g;%) N1-Ptl-C3 %817-?2()3)

of the Pt-S bond have to be held responsible for this fact

even at this relatively high temperatuferhis effectis also ~ and SMe, indicating that théransXC¥™geometrical isomer
present at room temperature for tla&Bzl and cCIBzl is the one present in solution under these conditions, as al-
complexes. Despite the fact that the alkyl protons of each ready found for the series of sulfide and phosphine deriva-
of the Bzl groups are nonequivalent at 298 K, the two Bzl tives whose structure has been established by X-ray crys-

groups are equivalent (two doubletséat= 3.79 andd, = tallography®21! In this respect, the X-ray crystal structure
3.94 ppmJ(Ha—Hb) = 14 Hz,2)(Pt—Ha) = 11.3 Hz 2J(Pt— determination of compoundCIBzl has been carried out
Hb) = 7.8 Hz, forcCIBzl and até, = 3.67 andd, = 3.83 (Table 1, Figure 2).

ppm,J(Ha—Hb) = 14 Hz,2)(Pt—Ha) = 9.2 Hz,2J(Pt—Hb) The structure (Tables S1S6, Supporting Information)

= 7.6 Hz, for aFBzl). Nevertheless, on decreasing the indicates the preference for th@nsXC?™ arrangement in
temperature the signals become four, not completely re-these complexes, as expected especially for this bulky sulfide
solved, doublets, indicating the stopping of the-Btbond ligand. The view of the structure in Figure 2 clearly shows
motion. The nonequivalence of the four protons, and the the hindrance around the chloro ligand does not allow for a
presence ofJ(Pt—H), does not allow for any further esti-  possiblecis-XC@™arrangement of the complex. Furthermore,
mation of the higher coalescence temperature expected forthe stacking of the C3C8 and C25-C30 rings establishes
the hindered rotation in these complexes. Low-temperaturea frozen rotational position of the sulfide ligand very different
(210-235 K) NOE measurements have been carried out for from that observed for the SManalogué2where the sulfide

the SMe complexes to establish the geometric ligand dis- substituents are positioned away from the metalated ring of
tribution around the Pt(IV) center (Chart 2). the complex. The octahedral coordination angles, as a whole,

The NOE effect was observed between thedaad SMe are more distorted, as expected for the bulkiness of the

resonances, whereas no effect was observed betwegn Me coordinated Slellgand that forces the angles further away
from 9, than those determined for the dimethyl sulfide

Guillespie, PAngew. Cfg?ﬁ-, Int. Ed. Endl97Q 9, 703. (b) Casares,  arrangement, produce a much more open structure than

3. A Espinet, Plnorg. Chem 1997 36, 5428. expected for the increase in the bulkiness of the ligand. Even

(14) Mendez, N. Q.; Arif, A. M.; Gladysz, J. AOrganometallics1991, . . ]
10, 2199. more interesting is the fact that the-RMle, Pt-2°"C, and
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Figure 3. 1kosas a function of [PRf[SMe;] for the bFMe plusy system
studied in acetone solution.

Figure 2. View of the complexcCIBzl. Ellipsoids indicate 20% prob- For most of the systems studied, an inverse dependence on
ability. the leaving sulfide ligand concentration has also been found.

Pt—N bond distances do not become affected by the changesThiS is not the case for reaction of compouaieMe with

in the sulfide ligand, despite the fact that not only the gt Pnosphinesy, y, 0, ande, while for the bulky PCy, ¢, the
bond distance increases by 0.013 A but also the corre- Situation reverses to the [phosphine]/[sulfide] dependence.

sponding P+Cl distance increases by 0.015 A on going Figures 3 and 4 show the typical concentration dependence

from the cCIMe515 to the cCIBzl complex. Again, this behav_ior for these s_ystems. _ i
results in a significant decrease in the steric hindrance of N View of the [sulfide]/[phosphine] dependence ki{

the S-C1—CI1 octahedral face, leaving it much more open. Shown in Figure 3, and previously published work, the
Mechanism. The substitution reactions studied are those "®action mechanism and rate law depicted in Scheme 1 and

summarized in eq 2 and have been monitored via electronic®d 3 Were used to fit the data for the systems indicated.

spectroscopy. The monitoring of these reactions’#aand .

IH NMR indicated that the reaction is clean, and that the Kype= kik;[phosphine]

products formed are the expected (see above). No equilibrium ®s k_,[sulfide] + k,[phosphine]

has been detected via NMR spectroscopy for any of the : '

systems studied under the kinetic conditions used, even at b= klkz([phosph|n'e]/[sulf|d('a]) (3)

high added sulfide concentrations, and reverse rate constants k_; + ky([phosphine]/[sulfide])

have not been considered as in the previous systems stdied. 1K = { 1k} + {k_,/(k.k,)} ([sulfide]/[phosphine])
s a

aFMe +a, %, 8, ¢, ¢ bBrMe + o,
aFBzl +x bFMe + 7, ¢ From the temperature dependence of the rate constants
- derived from intercepts of the double inverse plot of eq 3,
c + % € . . .
<ClBzl + 1 dFMe + o, % and by standard Eyring plots, thermal activation param-
cFMe + 3 eters can be derived. Table 2 collects all the relevant kinetic
and activation parameters for the systems studied showing
this behavior, together with relevant literature data for
gg:g:g::g:fggi:“z comparison. In the same table it is indicated when no
» = 2 . . . .
Acetone, chioroform, toluene % Phosphine = PPh differences in Eyring plots are observed on changing the
8, Phosphine =P(4-MeCgH,) H H H
o Phosphing = PE-MeCaH, phosphme entering ligand and/or solvent used_ for the
¢, Phosphine = PCys substitution reactions on the same substrate (Figure S1,

Supporting Information). In this case a combined fitting has
also been used for the derivation of the thermal activation
parameter?

aFo
Me aFy, bBra

I Me cCiy A stated before, for thaFMe plusa, y, 6, or e substitution
arome __py 2 aF3s bBry cCle dFo . . ey ey . X . . .
,;;“\‘CN/"E X aFe  bFx o dFy @ reactions, no inhibition of the reaction rate is obtained with

Phosphine | aFe  bFe increasing leaving ligand concentration in the reaction
medium. Consequently, the reaction mechanism and rate law

Observed pseudo-first-order rate constants were found(lS) c EP——— o A .
H . . ompounag e an rivie nave not peen stuaied In tnis work,
independent of the Concentratlon_Of the platlnum. complex but in ref 5a, and are not included in Chart 1; nevertheless, the
and dependent on the concentration of the entering ligand.  nomenclature established there has been maintained in the text.
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Table 2. Summary of the Relevant Kinetic (Extrapolated from Eyring
020 40°C Plots at 298 K) and Activation Parameters Derived from the Rate Law
Indicated in Eq 3 for the Systems Studied and Literature Data
entering 10Pk2%  AH. ¥/ AS/F/ k-1
s complex ligand solvent st kJmolt JKtmolt k?
aFMe ) acetone 1.2 7%4 —-33+14 1.3
o ¢ toluene 1.7 783 —-17+10 1.7
2 aFBz| x acetone 14 5803 —-90+12 0.40
* 0104 30°C x  toluene 19 634 —49+14 0.29
bBrMe a acetone 5.0 9% 6 39+19 1.2
x acetone 4.2 98 4 57+14 1.8
15 °C e 4.7 99+ 4 48+ 12
0.05 bFMe x acetone 3.0 84 3 6+ 10 0.86
10°C € acetone 3.1 84 2 5+7 0.88
X toluené 3.0 1.0
e 3.0 85+ 2 9+8
0.00 T . . . . . . cClMee® x acetone 3.6 9%e-4 48+ 12 0.97
0.000 0.005 0.010 0.015 0.020 0.025 € acetone 3.6 88 4 22+ 14 1.1
[PPh] /M x chloroform 4.6 89t 2 48+ 12 1.1
€ chloroform 5.1 89+ 1 27+5 16

Figure 4. Observed rate constantksys as a function of phosphine 40 91+ 3 31+ 10

) o . e
concentration for theaFMe plus y system studied in acetone solution. _
Multiple points with the same [PRBhindicate different values of added cCIEt z gzg:gzg gg gig ijji 12 882
[SMe2]. e 21 5744 —69+12
Scheme 1 x toluene 52 88t 6 42+19 1.3
cCiBzl X acetone 52 53 -—-68+11 0091
Sulfide % chloroform 53 54 —564+15 1.2
"I"e K e e 53 5742 —62+8
arom ___Pté_hg(e anomo—pt._ x toluene 89 76t 1 9+5 1.8
NN BN Me € toluené 1.8
7 Sulfide ki ' X e 91 7842 1547
Sulfide cFMe x acetone 2.5 8% 6 —-2+10 0.57
K % toluene 35 8a: 3 -7+9 0.83
€ toluené 0.77
Phosphine e 2.9 81+ 4 —4+15
dFMe o acetone 4.3 727 —32+23 0.51
x acetone 3.3 624 —44+13 0.96
l\llle Me x  toluend 0.89
am\"\’C—/PtLX e 3.7 70+4 -39+ 12
AN
“wnN Phosphine a Average for the temperatures studi€@®nly runs at 25 and 3%C have

been carried out From ref 5a9 Only runs at 15 and 38C have been

N . . carried out® Combined fitting for allk; values for the substitutions by
indicated in Scheme 2 and eq 4 have been applied for thejigerent phosphines and/or salvents (see the text).

systems mentioned.

) Scheme 2
Kops = Ky[phosphine] (4) Phosphine
1Y § k Me
Table 3 collects all the determined kinetic parameters a’\"‘"(‘C—,Pt-/—Xe < arome_ ple M
derived for these systems together with the corresponding N éu,ﬁde ) N Prosphine
thermal activation parameters obtained from their temperature Sulfide

dependence. Significant data obtained for the limiting in- Table 3. Summary of the Kinetic and Activation Parameters Derived

hibited process (Scheme 1, eq 3) for the same complex arérom the Rate Law Indicated in Eq 4 for thEMe System Studied
also included for comparison.

L . . enterin k229§ AHo* AS*| 10 A ko/ke} &
For the substitution reactions of the systems following “gandg solvent M31 s1 KkJ m20|»1 IK-Lmolt 2{,\,7 o

Scheme 1, it is clear that a limiting dissociative mechanism — acetone 60 28 1 12042 50
is operating for the proce3%.This fact has already been x acetone 3.9 333 —125+10 3.2
established for a variety of complexes and substitution toluene 68 42  —93+8 4.0

. . o acetone 6.2 331 -—-120+1 5.1
reactions of the same tySéThe general trend observed in toluene 11 b1 —88+1 63
Table 2 is in agreement with a dominant steric tuning of the ¢ acetone 3.7 362 —107+6 4.0
mechanism proposed in Scheme 1. The Lewis donor basicity toluene 65 442  —83+6 3.1

of the entering ligands does not seem to play an important 2Average for the temperatures studiég.derived from Table 2 data.
role!” The activation parameters related to ta/k_1} k.

term, derived from the slopes of eq 3 (Table S7, Supporting Information), are not reliable separately given the fact that

they are composites. NeverthelesaHi/AS' compensation

(16) (a) Tobe, M. L.; Burgess, Jnorganic Reaction Mechanisms  Plot (Figure 5)2 for all the systems studied, including those

Loggénan:t ) HaRI/IOW}‘] U-K-im129%9~ gb) '\EAS%ensorﬁ _ﬂﬂmemigal *;inféigg from ref 5a, indicates that there is clear a difference between

an eaction Mechanismgnad ed.; McGraw-mill: New YOork, . . .

(17) (@) Chen, L.: Poe, A. JCoord. Chem. Re 1995 143 265. (b) the reactions of the SMeand the SEt or SBzb ligand
Goodfellow, R. J.; Goggin, P. L.; Duddell, D. Al. Chem. Soc. A
1968 504. (18) Liu, L.; Guo, Q.-X.Chem. Re. 2001, 101, 673.
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ing systems the activation entropy values are in the expected
positive rangé? Especially revealing is the plot of Figure
S2 (Supporting Information), where the difference of ca. 2
kJ mol™ in the value of the energy of activation at 298 K
(Table 2) is indicative of the entropic control of the more
facile decoordination of SBzl

Anyway, the zero or negative values of the activation
entropies need to be explained. The fact that the @Hups
of the SE} and SBz ligands are more prone to hydrogen
bonding than the methyl groups of the dimethyl sulfide
ligand” and the presence of fluoro ligands/substituents could
be held responsible for this observation. If solvent-assisted
hydrogen bonding is established between the sulfide and the
fluoro ligand of the complex, PtS bond breaking should
not produce a more disordered transition state for the
dissociation of the ligand. On the contrary, the leaving sulfide
would be poorly connected to both the Pt(IV) center and
the F ligand/substituent, producing a highly ordered dis-
sociative transition state as found for other systérhis
effect should be more evident for complexes with ligands
more prone to form hydrogen bonding, as S&itd SBz)
are. Solvent polarity should also favor this effect. When the
sulfide ligands AG?)). Given the fact that the SEligand is reactions are carried out in toluene, the lesser importance of
the besw-donorl’ no electronic influences from the leaving  this effect is reflected in the values of the activation entropies
ligand seem to be present. If this compensation translates tathat enable a faster substitution process, as observed in the
separated isokinetic relationships for the two sets of systems,values collected in Table 2. From these data it is clear that,
a clear reference to the PS bond breaking process is while the effect of changing from X Br or Clto X =F or
established? from S= SMe, to S= SEb or SBz} is huge, changing the

Discussion of the available kinetic and thermal activation substituents on the ring that contains the metalated carbon

1204

S = SEt, or SBzl, S =SMe,

40

ASH K 'mol”!

204

-20 -

T T T T T 1
100 105 1o 115
-1
AH /kJ mol

Figure 5. Compensation plot for the thermal activation parameters related
to the {ki/k-1} ko composite term of eq 3. Full circles indicate data from
ref 5a.

complexes. A difference of ca. 6.5 kJ mbin the value of
AG* for both sets of systems is evident, which has to be
related solely to the more facile dissociation of the bulkier

parameters related to process 1 in Schenig)kséems much

more straightforward. Activation enthalpies are expected to

be high, while their activation entropies should be clearly
positive® The effects on the values &f of the size of the
leaving ligand are clearly evident in the data of t@Me,
cCIEt, and cCIBzl plus y systems in acetone solution

does not seem to have such an important effect.

Finally, with reference to the discrimination factiori/k;
the results indicated in Table 2 are less clear-cut when
compared with the values obtained for previously published
studies®®Although the changes in the leaving ligand should
produce clear differences, the discrimination factor for a

collected in Table 2; an increase of more than 1 order of given entering phosphine ligand seems to be independent of
magnitude is observed. The nature of the halo ligand providesthe leaving sulfide group, as can be seen when the set of
the expected changes also; both going fliBnMe to bFMe complexessCIMe, cCIEt, andcCIBzI| are considered. Prob-
and going fromcCIMe to cFMe produce a decrease in the ably the above-mentioned hydrogen bonding in the transition
value ofk; that is not as important as in the previous instance. state facilitates the back-entering of the sulfide ligand in such

Changes in the substituents of the metalated ring do not seena way that any discrimination is compensated.

to produce measurable changes, as seen on compélihe,
cFMe, anddFMe plusy data; only when the fully fluorinated
metallacycle is introduced (fronbFMe to aFMe) is a

As a whole, it seems that hydrogen bonding plays a key
role in the substitution mechanism operating for this type of
complex; nevertheless, a certain degree of electronic tuning

measurable difference apparent. Changes in the enteringhad also been established with reference to the presence of
ligand do not produce any differences in the values derived, electron-withdrawing substituents in the metalated ring and
which allows the thermal activation parameters to be cal- the electronegativity of the halo ligand present in the
culated from combined plots (Figure S1, Supporting Infor- platinum complexX?In this respect, when compouréMe
mation)®@ The fact that the activation entropy varies from is considered, but the entering ligands are set to have smaller
values clearly positive (as expected) to clearly negative, givencone angles, the substitution behavior changes dramatically,
the dissociative character of the substitution process, isand the kinetic and activation parameter values collected in
surprising; activation enthalpy values vary accordingly from Table 3 can be derived according to Scheme 2 and eq 4.
large to small values. While the largest negative entropies From these values, it is clear that the reaction mechanism
are present for systems with the bulkier leaving ligands and becomes associatively activated, with small values of the
in solution of the more polar solvents, the complexes with enthalpies of activation and large negative activation entro-
fluoro ligands produce values closer to zero; for the remain- pies; furthermore, these parameters depend on the solvent
used as expected. The trend is that expected for an as-
sociatively activated sterically controlled substitution mech-

(19) Larson, RReact. Kinet. Catal. Lettl999 68, 115.
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anism.AH,* is larger for the bulkier phosphines, while the electronegative ligands and the presence of tight outer-sphere
value of AS* is kept constant for all the reactions studied. (noncoordination) interactions between the coordinated leav-
The apparent misbehavior of the trendkn for the y, 9, ing and/or entering substituting ligands and the cyclometa-
and ¢ entering phosphines can be easily related to the lated complex. Hydrogen bonding seems to play a crucial
important changes in their Lewis basicity. It has been proved role in many of these reactions, and the existence of solvent-
that the values of the stereoelectronic factors of phosphinesassisted dead-end complexes in some of the cases produces
are not linear with respect to the classical cone angle anda set of thermal activation parameters that does not seem to
electronic parameters; that is, the relative weight of steric fit with the established dissociative mechanism found in some
and electronic factors is not common to all the phosphine of the cases studied. The determined X-ray crystal structure
ligands?® The reactions carried out in toluene have larger of the cCIBzl compound agrees very well with these outer-
values ofAH»*, while those ofAS;* are less negative; if we  sphere interactions, the compound showing a geometrical
accept that hydrogen bonding also plays a part in thesearrangement that should not be the favored one in the
reactions, the processes carried out in acetone should favodynamic solution media.
the interaction between the leaving sulfide and the fluorine
atoms in the complex, producing a more ordered transition Experimental Section

with al rener man formed. Comparison , i
zﬁtﬁe dtiss%ceiz;\?eeaned gaysgg‘ci;i\?etzgfva?[ione(rjat(e:?:or?;asnct)s Instruments. *H1 NMR spectra were recorded with Varian XL-

200, Varian XL-300, Bruker 250 DRX, Bruker 500 DRX, and

produces ratio figurgs (Table 3) that indicate_th_at, for these g ker 500 DMX spectrometers, whif8P{1H} and 19t NMR
systems, the reactions through the associative path arepectra were obtained by using a Bruker 250 DRX (101.25 and
preferred by a factor of 23 orders of magnitude, which 53,5 MHz, respectively) spectrometer. Chemical shifts (ppm) were
practically does not give room for the dissociative mechanism measured relative to SiMéor *H and to 85% HPQ, for 3P spectra;

to be detected. Kinetic experiments run with [phosphine]/ the solvent used was acetodg-All spectra were obtained at the
[sulfide] held constant, but with increasing phosphine Unitat de RMN d’Alt Camp de la Universitat de Barcelona and
concentration, have been carried out to check the possiblethe Servei de Ressoneia Magnéica Nuclear de la Universitat
existence of thisky path for the systems dissociatively Autonoma de Barcelona.

activated described before. That is, combination of egs 3 and Products. All the phosphine ligands used in this study were used
4 has been tried; no significant increase from the determined@s commercially available; solvents were distilled and kept l_Jnder
ki values has been obtained, indicating that the availability - ComplexeaFMe, cCMe, anddBrMe were prepared according

. . . . to the established literature procedufe®: The complexoBrMe
of reaction pathk; is limited to the Pt(IV) center with highly was prepared by reaction Ofp0_3 g of [Pt(Me)(4 SSGZ-EHCHN

glectron—withdrawing ligands and.smaller leaving .an.d enter- CH,Ph)(SMe)]*2 in 50 cn? of acetone solution with 42 cn® of
ing ligands™* A possible explanation of the associativeness pgie. after being stirred fo2 h atroom temperature the solution
observed can easily be related to the fact that the presencgyas taken to dryness and the solid washed with hexane, yield 79%
of highly electron-withdrawing substituents produce a Anal. Calcd for PtGgH»NBrFsS, bBrMe: N, 2.28; C, 35.1: H,
Pt(IV) much more acidic, which would make both make the 3.44. Found: N, 2.45; C, 35.5; H, 3.49. Compouné&8zI, cCIEt,
Pt—S bond stronger and the association with an entering andcCIBzl were prepared by dissolving 0.3 g of the corresponding
nucleophile more facile. In this respect, 2D NOESY NMR SMe; derivatives in 30 crhof acetone and further addition of a
experiments indicated that, faFMe, the exchange of the 4-fold excess of the corresponding substituting sulfide. After being
two methyl groups due to the interchange of the dimethyl stirred gt 40°C for 24 h, th_e_ solutlo_ns were taken _to dryness and
sulfide ligand, observed for all the other complexes, does € solids washed repetitively with hexane, yields—50%.

. L CompoundbFMe, cFMe, anddFMe were prepared by dissolving
not take place under the experimental conditions. The reaso

his eff - | h bstituti . n0.25 g of the corresponding chloro or bromo derivativeBrie,
this effect is only apparent on the substitution reactions on cCIMe, dBrMe)is in 50 cn? of acetone and addition of a

aFMe is not clear, but the presence of a perfluorinated gsichiometric amount of AgF in 10 chof methanol. Stirring for
metalated ringolus a fluoride substituent seems to do the 5 min produced the complete precipitation of the corresponding
trick.?2 silver halides, which were filtered. Concentration of the solution
Summarizing, the first associatively activated substitution to dryness produced the desired compounds in @Y yield. If
process on an organometallic Pt(IV) complex has been necessary, all products can be further purified by recrystallization
established. The type of activation of the process can be tunedn acetone/hexane solution. All new complexes were characterized

via both the acidity induced on the Pt(IV) center by highly by 'H NMR spectra. Table S9 (Supporting Information) collects
all relevant data for the complexes prepared.

(20) ((t’o)l)) l\F/Iartineé, M.}_\ MEIIe[, GJ.TC:I(emF.{ Soc., Ié):altgn T&anlf%g_lbfﬁg- W For the phosphine-substituted derivatives the standard published
ernandez, A. L.; Lee, |. Y.; Reyes, C.; Prock, A.; Giering, . H . : :
P Haar, C. M.: Noian, S. Rl. Chem. Soc.. Perkin Trans. 1999 procedu'rée1 was also applied; characterization of the complexes
2631. was achieved Vvi&'P and'H NMR spectra. Table 4 collects all the
(21) For experiments on theFBzl plus y system at [PP/[SBzl;] = 1 characterization NMR data from the new phosphine-substituted

with triphenylphosphine concentration varying from 0.015 to 0.045 compounds.
M, kobschanges from 0.073 to 0.080'5(20 °C) or from 0.33 to 0.38 .
s71 (40 °C), which does not seem a large enough reliable difference  Crystallography. Good-quality X-ray crystals from the com-

to Ibe_ Consigt_ered, taking into account the important changes in the pound cCIBzl were obtained by cooling a concentrated acetone
solution medium. : . : .

(22) Reaction ofFMe with LiBr in acetone solution produced the expected Soluthn of the complex in a refrigerator for extended peI’IOdS:.
aBrMe, which behaves as the rest of the complexes studied with Intensity data for the compounds were measured on an Enraf-Nonius

respect to its SMeby PPh substitution. CAD4 four-circle diffractometer using graphite-monochromated Mo
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Ko radiation ¢ 0.71073 A) in thewd26 scan mode. Lattice Kinetics. The reactions were followed by UWis spectroscopy
dimensions were determined by a least-squares fit of the settingin the 506-330 nm range where none of the solvents absorb. Runs
parameters of 25 independent reflections. Data reduction andwith t;, > 170 s were recorded on an HP8452A instrument
empirical absorption corrections were performed with the XTAL equipped with a thermostated multicell transport; runs within the
package? Structures were solved by heavy-atom methods with 7—170 s margin were recorded on a HP8452A or a J&M TIDAS
SHELXS-86*and refined by full-matrix least-squares analysis with  instrument and using a High-Tech SFA-11 rapid kinetics accessory.
SHELXL9725 All non-H atoms were refined with anisotropic ~ Forty, < 7 s, a Durrum D-110 stopped-flow instrument connected
thermal parameters. Crystallographic data and selected bond lengthso a J&M TIDAS spectrophotometer was used. Observed rate
appear in Table 1 (Tables S86, Supporting Information). The  constants were derived from absorbance versus time traces at the
atomic nomenclature is defined in Figure 1, drawn with the graphics wavelengths where a maximum increase and/or decrease of ab-

program PLATONES sorbance was observed. Table S8 (Supporting Information) collects
NOE Experiments. NMR experiments were carried out on a all the obtained,nsVvalues for all the complexes studied as a func-

500 MHz ADVANCE spectrometer equipped wia 5 mmitriple- tion of the starting complex, entering and leaving ligands, solvent,

resonance inverse broad-band probe headgmadient coil con- and temperature. No dependence of the observed rate constant

trolled by a B-AFPA10 gradient unit, and a eurotherm VT-3000 values on the selected wavelengths was detected, as expected for
temperature regulation system. Selective 1D NOE®¥d selective reactions where a good retention of isosbestic points is observed.
1D ROESY8 experiments were performed using a double-pulsed The general kinetic technique is that previously descriBégin
field-gradient echo as a selective excitation, in which the® palse all cases, pseudo-first-order conditions were maintained and the
has a Gaussian shape truncated to 1%. The duration of this pulseplatinum concentration was maintained at€) x 10~ M to avoid

was set accordingly to the required selectivity. When selective undesired decomposition reactions.

excitation was not feasible, phase-sensitive 2D NOESpectra Acknowledgment. We acknowledge financial support for

were recorded using basically the same previously described - - . L,
conditions. In all experiments, the number of scans was set as athe BQU2001-3205 project from the Ministerio de Educacio

function of sample concentration, and the mixing time for both y Cultura.
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of the NMR experiments also varied with each sample. In practice, structure data for the compountCIBzI, observed rate constants
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exchange effects between methyl signals were observed. activation parameters, and relevant characterization data for the
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