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Complexes of the typeis-[PtL,Me;] (1—14) (L = an extended series of phosphines of widely different steric

and electronic properties) were synthesized, characterized, and used as precursors for the formation of
cissmonoalkylplatinum(ll) solvento species in methanol. The cleavage of the first platinum-alkyl bond by
protonolysis is a fast process, but the subsequent cis to trans isomerization of the cationic solvento spgcies [PtL
(Me)(MeOH)T" is relatively slow and it can be monitored usi#i§ NMR or conventional spectrophotometry. A

large collection ofH and3P NMR data forcis-[PtLoMey], cis-[PtLoMe(MeOH)], andtrans-[PtL,Me(MeOH)}
complexes showed interesting dependencies upon the size;dbeor capacity, and the mutual position of the
phosphines in the coordination sphere of the metal. The rate constants for isomerizeisiPdf,Me(MeOH)J*

were resolved quantitatively into steric and electronic contributions of the phosphine ligands, by means of
correlations with parameters which reflect theidonor ability ¢ values) and steric requirements (Tolman’s

cone angles)). The electronic and steric profiles obtained for these reactions are discussed within the framework

of a mechanism which involves dissociative loss of the solvent molecule and interconversion of two geometrically
distinct 3-coordinate T-shaped 14-electron intermediates. The factors controlling the stability of these coordinatively
unsaturated species are discussed. The electronic and steric influences of phosphines as “spectator” ligands in a
dissociative process are compared with those shown by these ligands when used as nucleophiles in associative
substitution processes. The activation parametétSandAS" were measured using both conventional isothermal

and non-isothermal spectrophotometric kinetics.

Introduction was drawn to the uncatalyzed cis to trans isomerization of

. complexes of the type [Pt(PE(R)X] (PEtz = triethylphos-
The course of many reactions of square planar complexes of yhine R= alkyls or substituted aryl groups; % halide ions)?

8 transition metals, such as nucleophilic substitution, electron The main features of the reaction mechanism involve dissocia-

transfer, oxidative addition, reductive elimination, thermal e |oss of the coordinated halide group and interconversion

decomposition, and interaction with molecules of biological of o geometrically distinct 3-coordinate T-shaped cationic
interest, is dictated by the geometry in the square planar jyiermediates. In protic solvents, whose role is crucial in

configuration: Despite the great chemical interest in under- hromoting the dissociation of the halide ion from the métal,
standing the way in which such species undergo geometricalihe process is somewhat complicated by a possible solvolytic

isomerizatiop, very few me_chanistic studies have bee_n deVOtedpre-equiIibrium between the halide species aniPtL,(R)S]*
to date to this subjeét. During the last few years our interest
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solvento species. In a recent report Yamarhdtas claimed
that “no cationic organoplatinum solvento complexes with
monodentate tertiary phosphines that haisegeometry have
been reported so far. We discovered that these elusive
compounds can be formed “in situ” easily by protonolysis of
precursor dialkyls or mixed alkylaryl platinum complexes and
that the reason for their instability in solution is an easy
spontaneous conversion into the trans isorfieie process

is extremely simple and clean, it can be monitored by a variety
of spectroscopic techniques, and proceeds through the same
dissociative mechanism mentioned above. Whessolvento
products have been known for many years, and their reactivity
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has been investigated in detail in reactions of olefin insertion were distilled prior to use. The remaining phosphines were used as

or of 8-hydrogen eliminatior. received from Strem. All the other chemicals were the highest grade
There are many interesting features in these processes: (jcommercially available and were used as received or purified by

Dissociative pathways in platinum(ll) chemistry are raréi) distillation or Cr,ySta”'lzat'O” "s"lhe” needed. .

We are far from a complete understanding of the factors that BrL’&zt:i%thgt'ggb sseft?gm;e'r“Z;ﬁizgigt@nﬂebrgglgzg dogr :be
romote the formation and stabilization of 3-coordinate 14- . g ) e

glectron species, as well as of the efficiency with which they operating at 300.13 and 121.49 MHz, respectively.chemical shifts

. : ) S are measured relative to the residual solvent peak and are reported in
can interconvert, as in uncatalyzed isomerization, undergo s ynits downfield from MgSi. %P chemical shifts, in parts per million,

intramolecular processes, as in sopidydride elimination are relative to external phosphoric acid. The temperature within the
reactions’ or be intercepted in solution by the solvent, nucleo- probe was checked using the methanol or ethylene glycol méthod.
philes, or other chemical species. (ii) These coordinatively Microanalysis were performed by Redox Analytical Laboratories, Milan,
unsaturated species offer favorable low-energy reaction routesltaly.

to catalytic processes as an alternative to 4- and 5-coordinate Synthesis of ComplexesAll the complexes were synthesized under
species. (iv) Our understanding of substituent effects of a dry oxygen-free nitrogen atmosphere using standard Schlenk-tube

phosphine ligands is still small, despite their crucial role in techniques. The reaction products were handled under nitrogen in the
coordination and organometallic chemistfy refrigerator. Elemental analyses were consistent with the theoretical

1 31 H . .
In this study, we were interested in searching for a correlation formulas. “H and*P NMR spectra were taken in a 3:1 (v:v) €/
b he labili f bis(ph hi kvl | CD30OD mixture at 253 K.
etwelen the .a llity of bis(p Or?p ine) mofncr)1a Yy so.vento cis[Pt(Me,SO)(CH3),] was prepared according to a published
complexes ofcis geometry and the nature of the coordinated 1042 and was crystallized several times from a 1:1 dichloromethane/
phosphines. Thus, a series of known and new complexes Ofdiethyl ether mixture.

the typecis-[PtLoMey] (L = an extended series of phosphines  pjalkyl Substrates. Some of the complexesis-[PtLy(CHs);] are
of widely different steric and electronic properties) were ell-known and were prepared with a variety of synthetic procedures,
synthesized and used as precursors for the formatiocisef L (reference number): PE€14); PPRh (14); PMg (15); PMePh (16);
[PtL2(R)(MeOH)[" in methanol. The rates of the ensuing PMePh (16); P(4-MeGH.)s (17). The known compounds and the new
uncatalyzed isomerization were measured at various tempera-ones (L= P(Pf)s, P(Pf)s, P(4-CIGHa)s, P(3-CIGHa)s, P(4-MeOGHa)s,
tures. The results are discussed within the framework of a P(2-MeOGH.)s, P(3-MeGH.)s) were prepared by using essentially the
dissociative mechanism. The application of QALE (quantitative following general procedure. A weighed amounté[Pt(MeSO-
analysis of ligand effect®) to the rate data provided a means (Me),] was reacted_ln degassed dichloromethane W|tr_1 the st0|ch|_ometr|c
of ascertaining the relative importance of electronic and steric amount of phosphine. In the case of the least reactive phosphines, the
. o . . . . reaction mixture was set aside overnight. After evaporation of most
properties of the “spectator” ligands |n.g_overn|ng the lability of the solvent, the complex separated out as oil or solid on adding
of th_e substrates. A clea_r structu_maactlwty correlation was ~light petroleum (bp 6680 °C) and cooling. The residue was
obtained. The way in which the size and the electron-releasing crystallized from a suitable solvent. The identity of known complexes
ability of the substituents on the phosphorus atoms influence was checked by their NMR spectra. The identity and purity of the
the spectroscopic properties of the dialkyl and solvento com- new compounds were established by elemental analysis atdl &yd

plexes complexes is also discussed. %P NMR.
cis-[Pt(PMe3)(Me);] (1): crystallized from light petroleum.*H
Experimental Section NMR: 6 1.44 (d,2Jpy = 8.1 Hz,%Jpy = 19.8 Hz, 18H, PEl3), 0.37

_ _ _ (M, 2py = 65.5 Hz, 6H, PtE3). 3PNMR: 0 —23.1 (Jpp = 1761
Materials. Solvents used in the synthetic procedures were distilled Hz)

under nitrogen from appropriate drying agents (diethyl ether from c.is-[Pt(PMe Ph . ; 1

. R ) S 2Ph),(Me);] (2): crystallized from methanol. *H
fsodlum benzpphenotr;]e, (‘jclicr-]lchmmtﬁﬂl]anl(? fr(_)dm be:rlulm oxide; metrf]anol NMR: 6 7.5-7.3 (m, 10H, PPh); 1.47 (@Jes = 7.3 Hz,3Jpp = 21.3
rom magnesium methoxide; dimethyl sulfoxide, at a low pressure, from Hz, 12H, PGHy), 0.44 (M 2Jpw = 66.9 Hz, 6H, Pt€ly). 3P NMR: 6
CaH,, after preliminary filtration through an alumina column) and then ~10.0 (e = 1794 H)

stored in dried, Milled flasks over activatg 4 A molecular sieves. . . ) .
P . e cis[Pt(PEts)2(Me),] (3): crystallized first from light petroleum and
Methanol for use in kinetic runs was obtained by purification of then from methanol.lH NMR: 6 1.75 (m, 12H, P&,—), 1.05 (m,

spectrophotometric grade methanol (Aldrich). Deuterated solvents for o1 31 .
NMR measurements were used as received from Aldrich Chemical Co. 18: PCG1s), 0.30 (M, “Jpws = 64.7 Hz, 6H, PtEly). *P NMR: 0
Solid phosphines were recrystallyzed from EtOH, by dissolving in s IPHP(PI" - ol lized | ti .
the hot solvent, filtering, and cooling the filtrate t&G. The crystals cis[PUP(Pr")s):(Me)] (4): oil, crystallized several times from

were stored under N The phosphines PEand PMePh (Aldrich) ?rzetfzns/ hlgg: pe)trtilil;r?r:nfzana;llééron; ?chtlo(r;’tij NM_R; :_? 187:
’ ’ 2= ) L. ’ ’ 2= ) 4. y VHH — (.9, ’

PCC3), 0.31 (M,2Jpy = 64.7 Hz, 6H, PtEl3). 3P NMR: § —0.1
(1JPtP: 1828 HZ).
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light petroleum. *H NMR: 8 7.3—7.0 (m, 24H, PPh), 2.33 (s, 18H,
CCHs), 0.24 (m,2Jpyy = 67.8 Hz, 6H, Pt€l3). 3P NMR: 6 26.0 (Jpp
= 1924 Hz).

cis-[Pt(P(4-CIC¢H4)3)2(Me) ] (8): crystallized from dichloromethane/
methanol. *H NMR: 6 7.3—7.2 (m, 24H, PPh), 0.35 (MJpy = 69.8
Hz, 6H, PtGH3). 3P NMR: 0 26.7 (Jpip = 1887 Hz).

Cis-[Pt(P(4-MeOCgHJ)3)2(Me);] (9): crystallized from dichlo-
romethane/ methanol'H NMR: 6 7.3—-7.0 (m, 24H, PPh), 3.79 (s,
18H, O-CHg), 0.27 (m,2Jpyy = 68.4 Hz, 6H, PtEl3). 3P NMR: &
24.7 (e =1930 Hz).

cis-[Pt(P(Pri)s)2(Me);] (10): crystallized from light petroleum/
acetone.'H NMR: ¢ 2.43 (m, 6H, PE€I—), 1.22 (m, 36H, PCH3),
0.34 (m,ZthH = 66.0 HZ, 6H, Pt®|3). 31p NMR: 6 29.8 (I'thp =
1866 Hz).

cis[Pt(P(3-MeCgH4)3)2(Me)2] (11): crystallized from dichlo-
romethane/ methanol*H NMR: ¢ 7.3—-7.1 (m, 24H, PPh), 2.15 (s,
18H, CH3), 0.27 (M,2Jpy = 69.1 Hz, 6H, PtEl3). 3P NMR: o
28.1 e'\]ptpz 1923 HZ).

cis[Pt(P(3-CICgH4)3)2(Me),] (12): crystallized from dichloromethane/
methanol. *H NMR: 6 7.4—7.1 (m, 24H, PPh), 0.39 (MJpy = 70.6
Hz, 6H, PtGH3). 3P NMR: 6 29.5 ((Jpip = 1876 Hz).

cis[Pt(PCys)2(Me),] (13): crystallized from dichloromethane/ ac-
etone. 'H NMR: 6 2.3-1.1 (m, 66H, Cy), 0.31 (mJpy = 64.4 Hz,
6H, PttH3). 3P NMR: 6 20.1 (Jpp = 1828 Hz).

Cis[Pt(P(2-MeOCsH4)3)2(Me);] (14): crystallized from chloroform/
methanol. *H NMR: § 7.5-6.6 (m, 24H, PPh), 3.3 (s, 18H,GCH3),
—0.30 (M, 2Jpy = 70.6 Hz, 6H, PtEs). 3P NMR: 6 9.5 (pp =
1839 Hz).

Kinetics. The kinetics of isomerization afis-[PtL,(Me)(MeOH)J"
(L = alkyl, aryl, and mixed alkytaryl phosphines) complexes were
followed spectrophotometrically by the traditional method, at constant
temperature (CTK) and by a non-isothermal method (V¥y.

(a) CTK Method. The kinetics were followed by repetitive scanning
of the spectrum at suitable times in the range-32R0 nm or at a
fixed wavelength, where the difference of absorbance withtridues

product was largest. The reactions were carried out in a silica cell, in P(
the thermostated cell compartment of a Cary 219 or of a rapid-scanning
Hewlett-Packard Model 8452 A spectrophotometer, with a temperature

accuracy of+0.05°C. The reactions were started by adding with a
syringe a prethermostated solutionois-[PtL,(Me);] in methanol to a
thermostated methanol solution of BFF,~. In all cases the concentra-
tion of acid was sulfficient to produce a fast cleavage of the first Pt
CHs; bond. All the reactions obeyed a first-order rate law until well
over 90% of the reaction and the rate constén¢s— ) were obtained
from a nonlinear least-squares fit of the experimental daia te D.
+ (Do — D) exp(—kit) with Do, D, andk; as the parameters to be
optimized Do = absorbance after mixing of reageriis, = absorbance
at completion of reaction). Activation parameters were derived from
a linear least-square analysis ofKi() vs T ! data.

(b) VTK Method. Kinetic runs were carried out using a Perkin-
Elmer Lambda 3 spectrophotometer, connected to a 486/DX IBM

Romeo and Alibrandi
and the Eulero methétifor solving the differential equation

d(, — D,,)
at

KTotay Tas| | AH
h R R(To + at)

wherea is the temperature gradient ami, AH¥, and ASf are the
parameters to be optimized. For a detailed description of the VTK
method see ref 18 and the Supporting Information, including Figure
SI1.

(D~ D) (1)

Results

Organometallic complexes of the typis-[PtL,(Me),] (L =
PEg, PMe;, PPh) can be prepared starting frooms-[PtL,Cl]
and methylating agerits 6 or using other synthetic procedures
such as the reaction of [Pt(COD)(Mgvith phosphines (PRh
and P(4-MeGH,)3),17-?%the reaction of [PMe4(u-SMey),] with
phosphines (PRh PEg, PMe, PMePh, PMeP}),2® and,
eventually, the reaction dfis-[Pt(Me;SO)(Me),] with phos-
phines (PP¥.13 In our hands, this latter method proved to be
very useful, and therefore, an extended series of phosphine
complexes was synthesized, according to eq 2

cis-[Pt(Me,SO)(Me),] + 2L —
cis-[PtL,(Me),] + 2Me,SO (2)

The removal of both molecules of sulfoxide from the starting
material by the phosphines (L) is fast and easy, the reactions
go to completion, and the desired products were obtained in
high yield and purity. Complications arise only with the most
sterically demanding phosphines. Thus, for P(2-Mé£; and
2-MeOGH,)s, the reaction mixture showed the contemporary
presence of mono- and bis-substituted phosphine products, and
this latter product was obtained in a satisfactory pure solid form
only in the case of P(2-MeOPh) Attempts to synthesize the
compound with P(Bi) failed. The new compounds, therefore,
are those containing P(Bs (4), P(4-CIGH.)s (8), P(4-
MeOGsHa)3 (9), P(P)3 (10), P(3-MeGHa)3 (11), P(3-ClGHa)3
(12), PCy (13), and P(2-MeOG@H,)s (14). Traces of dimethyl
sulfoxide incorporated in the products were eliminated by
crystallization. The complexes were characterizedtyand
3P NMR in a 3:1 CRCI/CDsOD mixture, cooled at 253 K,
and selected resonances are listed in Table 1.

Spectral Characteristics of the Complexes.The methyl
part of the'lH NMR spectrum of all thecis-[PtLy(Me),]

microcomputer and equipped with a cell compartment thermostated COMplexes is similar to that described in detail for-LPP,*

by a Perkin-Elmer PTP (Peltier temperature programmer), which allows PE®,?> PMe;Ph®and PMg.2® The3!P NMR spectrum shows
a controlled change of the temperature with time with an accuracy of a single resonance with low valuesdf coupling constants,
+0.05°C. The temperature was checked by a platinum resistor insertedtypical of phosphorus atomgans to carbon in platinum

into the spectrophotometric cell and connected to the computer. The complexeg547
reactions were started as described above for the CTK method, the A solution of a weighed amount @is-[PtLx(Me),] in a 3:1

only difference being that the starting temperatufg) (vas made
sufficiently low to slow down the initial rate of reaction. This procedure

makes negligible the dead-time before reaching the linear part of the
temperature program of the PTP device. The reactions were followed

at a fixed wavelength, and the absorbaribee data were automatically

acquired by using the Perkin-Elmer PECSS program. The processing
of the stored data was performed by use of the MicroMath SCIENTIST (22)

prograni® with a Powell modified Marquadt algorithihfor the fitting

(18) (a) Alibrandi, G.Inorg. Chim. Actal994 221, 31. (b) Alibrandi, G.;
Micali, N.; Trusso, S.; Villari, A.J. Pharm. Sci1996 85, 1105.

(19) zZhang, S.; Brown, T. Llnorg. Chim. Actal995 240, 427.

(20) MicroMath Scientific Software, Salt Lake City, UT 84121.

(21) Press, W. H.; Flannery, B. P.; Teukolsky, S. A.; Vetterling, W. T.
Numerical RecipesCambridge University Press: Cambridge, U.K.,
1986.

CD,CI,/CD3s0D mixture was frozen in the NMR tube and then
added with the stoichiometric amount of an ethereal solution
of HBF4. The temperature was slowly increased to 253 K, and
the H and 3P NMR spectra of the ensuing cis-monoalkyl
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Chem 1963 2, 1255.
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Puddephatt, R. J.; Tse, J. Borg. Chem 199Q 29, 2487.
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Commun 1967, 860.
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Table 1. SelectedH and3'P NMR Data for Dialkyl Phosphine Complexes of Platinum(ll) and for the Cis and Trans Monalkyl Solvento
Species Obtained upon Protonolysis and Subsequent Isomerization

complexes
cis-[PtLy(Me);] cis-[PtL.Me(MeOH)J" trans-[PtL.Me(MeOH)T

no. phosphine (L)  J(*H)(PtCHs) o(3P) O(*H)(PtCHs) O(3Pa)P O(3Pg)° O(*H)(PtCH) O(3P)

1 PMg 0.37(65.5) —23.1(1761) 0.56 (41.2) —4.0(1780) —29.6(4367) 0.58 (89.0) —6.4(2789)

2  PPhMe 0.44 (66.9) —10.0(1794) 0.66 (37.5) 7.4 (1820) —16.7 (4500) 0.51 (85.3) 5.4 (2919)

3  PE% 0.30 (64.7) 9.3(1843)  0.52(43.4) 25.5 (1827) 8.9 (4427)  0.48(86.8) 25.9 (2817)

4 P(Pf)s 0.31 (64.7) —0.1(1828) 0.59 (45.0) 16.7 (1801) —2.7 (4424) 0.48 (89.0) 15.2 (2793)

5 PPhMe 0.29 (68.4) 7.6(1851)  0.57 (41.3) 20.3(1846) —2.2(4655)  0.40 (86.7) 18.4 (3021)

6 PPh 0.29 (69.9) 28.0 (1910) 0.62 (41.2) 35.8 (1903) 15.3 (4823) 0.30 (82.4) 32.7 (3139)

7  P(4-MeGH.)s 0.24 (67.8) 26.0 (1924) 0.55 (43.5) 34.3 (1924) 12.3 (4807) 0.25 (86.8) 30.9 (3108)

8  P(4-ClGHa)3 0.35 (69.8) 26.7 (1887) 0.67 (48.1) 35.5(1897) 13.3 (4854) 0.26 (80.7) 31.3(3178)

9  P(4-MeOGH.)3 0.27 (68.4) 24.7 (1930) 0.58 (48.6) 33.5(1945) 10.1 (4798) 0.29 (80.1) 29.3 (3085)
10 P(PHs; 0.34 (66.0) 29.8 (1866) 0.57 (88.2) 38.6 (2841)
11 P@B-MeCHy))s 0.27 (69.1) 28.1 (1923) 0.58 (41.0) 35.2 (1890) 14.3 (4836) 0.25 (79.4) 32.8(3128)
12 P(3-CIGH4)s 0.39 (70.6) 29.5(1876) 0.72 (47.1) 37.4 (1860) 15.1 (4876) 0.25 (86.8) 33.4(3214)
13 PCy 0.31 (64.4) 20.1 (1828) 0.25 27.9 (2807)
14  P(2-MeOGH4s;  —0.30 (70.6) 9.5 (1839) 0.46 (96.0) 24.1(3274)

aResonances in ppm from TMS andR0, at 253 K; solvent= 3:1 CD,Cly/ CD;OD (V/V); 2Jpw in Hz for PtCH; andJpp in Hz are given in
parenthese®.Pa, phosphorus atom trans to the methyl grotigs, phosphorus atom trans to MeOH.

solvento species were recorded. As a typical example, in the collected in Table 2, together with the values of the rate constant
case of cis[Pt(PMeg)(Me)(MeOH)Jt, the methylplatinum ki/s™1 for the isomerization at 298.16 K. The values/®f*
resonance appears at0.56, as four lines of equal intensity andASf obtained by the VTK method are collected in Table 2,
due to the coupling with two nonequivalef#? atoms, with where they can be compared with those obtained with the CTK
195pt satellites Ipiy = 41.2 Hz) The two nonequivalent  method.
phosphine ligands give twBP resonance®(Pa) = —4.0 (Jpp
= 1780 Hz) andd(Pg) = —29.6 (Jpip = 4367 Hz). The low
coupling constantJpipa is indicative of a phosphorus atom trans Easy displacement of dimethyl sulfoxide by phosphines from
to carbon, while the valublpppg = 4367 Hz is consistent with  the complexcis-[PtMex(DMSO),], according to eq 2, led to the
the presence of a very weak trans donor ligand such as methanolsynthesis of a wide series of complexes of the tgjsePtL-
The low value of théiJpp coupling constant (12 Hz) is typical ~ Mez]. All attempts to obtain the compound with P(Bfailed,
of cis phosphines. Essentially the same pattern is observed wher@s a consequence of the strong steric congestion of the bulky
a moderate excess of acid is used and, therefisesonfigu- phosphines occupying cis-positions. The compound with P(2-
ration is retained at 253 K, as a result of@tH; bond breaking.  MeCgHa4)s was detected in solution, but all efforts to isolate it
On increase of the temperature to 300 K, the isomerization canwere unsuccessful. The synthesis of the compound containing
be monitored through the decrease in#esignals associated P(2-MeOGH4)3 came as a surprise because, on the basis of its
with cis-[Pt(PMe;)Me(MeOH)]* and the parallel and matching encumbrance, we would have expected severe steric restriction
increase in the signal of the correspondirans complex, which to the formation of this molecule. Unfortunately, we were
appears as a singlet with platinum satellite® at6.4 (Jpp = unable to grow suitable crystals for a crystallographic study,
2789 Hz). The rate ofis to transconversion proved to be too  but it seems safe to conclude that a remarkable intermeshing
fast to be followed for the complexes containing PP Cys, and distortion of the two bulky phosphines must take place to
and P(2-MeOG@H.)s, and therefore, soon after the addition of minimize steric congestion at the metal cerfer?
acid, even at the lowest temperatures, only¥fesignals due The dialkyl complexes were used as precursors for the
to the trans isomers were observed. A collection #f and synthesis “in situ” of cationicis solvento [Ptla(Me)(MeOH)J
3P NMR data for the dialkyl complexes and for the monoalkyl complexes. For the complexes containing the bulky P{Pr
cis andtrans solvento isomers is reported in Table 1. P(Cyk, and P(2-MeOgH.)3 phosphines the conversion of [R4L
Spectrophotometric Kinetic Studies. H and 3P NMR (Me)(MeOH)T" from thecis to thetrans form was too fast to
spectra taken during the course of the reactions showed thatbe followed, even at the lowest temperatures and, therefore, the
the process under study was the simple uncatalyzed isomerizaspectral characteristics of these elustigspecies could not be
tion of the cis monoalky! solvento complex. The amount or detected. ThéH and3!P experiments indicate quite clearly
the nature of the acid used (provided the counteranion is not athat at 253 K the protonolysis of the dialkyls substrates is seen
nucleophile, as for HBE HCIO;, or 4-toluenesulfonic acid) had ~ as a single-step conversion to the cis-monoalkyl products, with
no effect on the reaction. All isomerization reactions were no evidence throughout of possible reaction intermediates such
followed spectrophotometrically using methanol as the solvent. as platinum(lV) hydride-alkyl species of the type recently
The conversion was 100% complete, and the spectral changegeported in the literatur& 32
showed isosbestic points (see Supporting Information Figure

Discussion

(27) (a) Immirzi, A.; Musco, Alnorg. Chim. Actal977 25, L41—-L42.

SI2). For the complexes containing PjRrPCys, and P(2-

MeOGsH4)3 the two consecutive processes, protonolysis and
isomerization, were complete soon after the mixing of the

reagents. The isomerization follows a first-order rate law.

Specific rate constant/s™1, measured at different tempera-
tures, were analyzed by least-squares regression of linear Eyring

plots (primary kinetic data for isomerization at different tem-
peratures are given as Supporting Information in Table SI1).

The values of AH* (kJ molY) and AS" (JK™! mol™1) are

(b) Porzio, W.; Musco, A.; Immirzi, Alnorg. Chem198Q 19, 2537.
(c) Cameron, T. S.; Clark, H. C.; Linden, A.; Nicholas, A. M.;

Hampden-Smith, M. Jnorg. Chim. Actal989 162 9.
(28) (a) Ferguson, G.; Roberts, P. J.; Aylea, E. C.; Khanlndrg. Chem.

1978 17,2965. (b) Alyea, E. C.; Dias, S. A.; Ferguson, G.; Restivo,
R. J.Inorg. Chem.1977, 16, 2329. (c) Alyea, E. C.; Ferguson, G.;
Somogyvari, Alnorg. Chem1982 21,1639. (d) Smith, J. D.; Oliver,

J. D.Inorg. Chem.1978 17, 2585.
(29) (a) Clark, H. C.; Hampden-Smith, M.Qoord. Chem. Re 1987, 79,
229 and references therein. (b) Immirzi, A.; Musco, A.; Mann, B. E.

Inorg. Chim. Actal977 21, L37—L38.
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Table 2. Ligand Properties of Phosphorus(lll) Compounds, Rate Constants, and Activation Parameters for the Spontaneous Cis to Trans
Isomerization of the Solvento [P#{Me)MeOH]" Species in Methanol

no. phosphine (L) 7 o 10%;° AHH(VTK)® AH¥(CTK)® AS(VTK)' AS{(CTK)?
1 PMe; 8.55 118 0.018 125 1 127+ 2 84+ 1 92+ 6
2 PPhMe 10.6 122 0.017 128 3 92+ 10
3 PEt 6.3 132 2.95 108 1" 106+ 3 67+ 1 63+ 12
4 P(Pf)s 5.4 132 9.26 119 15 123+ 2 116+ 1 128+ 4
5 PPhMe 12.1 136 0.071 125 10 122+ 2 94+ 3 84+ 4
127+ 1 103+ 1
6 PPh 13.2 145 5.31 12% 1h 119+ 1 120+ 1 11142
122+ 1 121+ 1
7 P(4-MeGH.)s 11.5 145 17.9 11@ 1" 115+ 5 119+ 1 106+ 15
120+ 1 123+ 1
8 P(4-CIGH.)s 16.8 145 0.543 12 1 125+ 2 124+ 1 11345
127+ 1 117+ 1
9 P(4-MeOGH2)s 10.5 145 62.0 12 15 117+ 1 134+ 1 124+ 5
11 P(3-MeGH.)s 148 7.97 120k 10 120+ 2 116+ 1 11745
120+ 1 118+ 1
12 P(3-CIGH.)s 18.4 145 0.141 11 15 116+ 2 80+ 1 69+ 7
124+ 1 96+ 1

aValues in cnt taken from ref 34; for P(Pg and P(Cy} x = 3.45 and 1.4, respectively Cone angle in deg data taken from ref 42; for BgPr
and P(Cy), 6 = 160 and 170, respectively® First-order rate constants for isomerization at 298.16 K. Enthalpies of activation (kJ mof)
from variable-temperature kineticsEnthalpies of activation (kJ mol) from constant-temperature kineti¢€ntropies of activation (J K mol~?)
from variable-temperature kineticsEntropies of activation (J & mol=) from constant-temperature kinetiésTemperature gradiemnt = 0.0166
°C/s L. i Temperature gradiert = 0.0083°C/s .

Quantitative Separation of Steric and Electronic Effects. analysis of ligand effect data, based essentially on the use of
To correlate electronic or steric effects with chemical and data obtained from graphical analysis to control the results of
physical properties it is necessary to dissect the overall effectthe regression analysis. To perform the stereoelectronic analysis
into its steric and electronic components. In the last few years, of the NMR and kinetic data in Tables 1 and 2 we followed the
numerous papers by Giering, Prock, and co-wokéfand by protocol suggested by Gierir{§. Attempts to apply Drago’s
Poeand co-workers®-9 have reported methods to perform a electrostatic/covalent modél were unsuccessful, since the
quantitative analysis (QALE) of the stereoelectronic properties properties being analyzed depend heavily upon steric effects
of ligands of the type AR ARyArs—,, and A(4-XGHj)s. A and to a minor extent on aryl effects. The limits of Drago’s
large body of kinetic and physicochemical properties can be E/C model in correlation analyses involving phosphines have
analyzed successfully with the general equéfion been recently discussédl.

, Stereoelectronic Analysis ofJpir Coupling Constants. The
property= a(x) + b(6) + b'(6 — )4 + c(E,) +d (3) values of Wpp coupling constants of theis-[PtLy(Me),]
complexes in Table 1 are in the range typical of a phosphorus
atomtransto carbon in platinum(ll) compounds, and setting
apart the rogue value for compléx, they encompass a range
of 160 Hz. Values of, 6, andE, were used in the analysis as

wherey is an infrared parametérthat measures the donicity
of the ligand (the electron-donor ability decreaseg imsreases),
0 is Tolman’s cone angl&, which measures the steric require-

rr;er_lts Oﬁf thf Ilgandﬁ)_sélsréhe sterlqttr;lr_eshfold,tl_)eloglk\: V;’h'Ch rllo stereoelectronic parameters of the ligands, but in principle, other
Steric eflects are evidem, is a switching function that equals g g1aq parameters could be used, sucHa®pr pKy 1cvalues

0 whenf < 6 and equals 1 whefl > 05, andEqis the aryl- of PRsH™, Bodner'sé(*3CO) values' Brown's Er values?! or
effect parametei? which depends on the number of pendent Coville’s solid angle value® but their use does not bring about

aryl groups of ARArs-n and A(4-XGHa)s but is independent any significant improvement in the analysis.

of any substituents on the aryl rings, b, b’, and c are Th Its of . sis of all d .
regression coefficients that measure the relative importance of e results of a regression analysis of all data points- (
13), performed using eq 3 and the MicroMath SCIENTIST

electronic, steric, and aryl factors in the process. The response

’ ' . . rogram, were as followsa = —6.00+ 1 Hz cm;b =+ 4.0
of the property tg is assumed to bénear over the entire range ~ ° ;
of Iigagdspwh¥leqihe response to the steric paraméter t)ig + 0.4 Hz deg’; b = —8.9+ 1 Hz deg™; ¢ - 23'9i.5 Hz;
: Y . S d = 1338+ 58 Hz; 05 = 149°. The correlation coefficient of
is not linear. The presence of so many variables makes the ; 1 i - .
results from regression analysis questionable, especially in thelle linear plot OfJptp(caley'S Jpip(obs)(Where'Jerpcaio)is obtained
detection of a meaningful value for the steric threshold. Having by applying eq 3 andJpip(vs)is determined experimentally)
in mind this difficulty, very recently Giering, Proclet al33 .

. p . (37) (a) Drago, R. SOrganometallics1995 14, 3408. (b) Drago, R. S;

have proposed a combined method of graphical and regressmn( )J(o)erg’ gl Am. Cghem. S0c1996 ?18 2654, ((c)) Drago, R S
Applications of Electrostatic/G@lent Models in ChemistnBurfside

(30) (a) Stahl, S. S.; Labinger, J. A.; Bercaw, JJEAmM. Chem. So4996 Scientific Publishers: P.O. Box 13413, Gainesville, FL, 1994. (d)
118 5961. (b) Stahl, S. S.; Labinger, J. A.; Bercaw, JJEAmM. Chem. Drago, R. S.; Dadmun, A. P.; Vogel, G. Gorg. Chem 1993 32,
Soc 1995 117, 9371. 2473.

(31) Hill, G. S.; Rendina, L. M. Puddephatt, R.Qrganometallics1995 (38) Fernandez, A.; Reyes, C.; Wilson, M. R.; Woska, D. C.; Prock, A.;
14, 4966. Giering, W. P.Organometallics1997, 16, 342.

(32) De Felice, V.; De Renzi, A.; Panunzi, A. Tesauro,JDOrganomet. (39) (a) Streuli, C. AAnal. Chem196Q 32, 985. (b) Henderson, W. A,;
Chem.1995 488 C13-C14. Streuli, C. A.J. Am. Chem. S0d96Q 82,5791. (c) Allman, T.; Goel,

(33) Bartholomew, J.; Fernandez, A. L.; Lorsbach, B. A.; Wilson, M. R.; R. G.Can. J. Chem1982 60, 716. (d) Bush, R. C.; Angelici, R. J.
Prock, A.; Giering, W. POrganometallics1996 15, 295. Inorg. Chem.1988 27, 681.

(34) Bartik, T.; Himmler, T.; Schulte, H. G.; Seevogel, K.Organomet. (40) Bodner, G. M.; May, M. P.; McKinney, L. Enorg. Chem198Q 19,
Chem.1984 272, 29. 1951.

(35) Tolman, C. AChem. Re. 1977, 77, 313. (41) (a) Lee, K. J.; Brown, T. Linorg. Chem 1992 31, 289. (b) Brown,

(36) Wilson, M. R.; Woska, D. C.; Prock, A.; Giering, W. Brganome- T. L.; Lee, K. J.Coord. Chem. Re 1993 128 89.

tallics 1993 12, 1742. (42) White, D.; Coville, N. JAdv. Organomet. Chenl1994 36, 95-158.
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Figure 1. (A) Electronic profile, showing the dependence of the
coupling constantske upon the electronic parametefor cis-[Pt(PRy-
Ars_n)2(Me);] compounds. (B) Steric profile, showing the dependence
of Jpp upon Tolman's cone angle. (¥, plot. See text for the
description of each plot. Numbers refer to the ligands as listed in Table
1. Filled squares refer to isosteric P(4-¢kG); ligands.

wasr? = 0.995. A supplementary statistical criterion is given
by the value of the root-mean-square deviatiohJefscaifrom
Lpip(obsy(rmsd = 6), which gives an estimate of the scatter of
data. An appropriate index of goodness-of-fit is given also by
the correspondence between the values ¢6.00 + 1 Hz
cm) obtained from full regression analysis and the valua of
(—6.89+ 0.2 Hz cm) obtained from a plot 89ppns)vs x for

the isosteric ligands P(4-X%El4)s, where 6 and E; remain
constant. These statistical critenié,rmsd, and correspondence

Inorganic Chemistry, Vol. 36, No. 21, 1994827

constants to the inductive effects brought about by substituents
on phosphorus and can be constructed by subtracting the
contributions of all the terms of the regression equation, except
that of the variable of interesti.e. a(y), from the Jpp
experimental data, according to the following equation:

(Ip () = (Jpaps — [D(O) + B'(0 — 04 + C(E,) + d
4)

Likewise, the steric profile (Figure 1B) can be constructed using
the equation

(o)) = (piops— [a0) + ¢(E,) +dl  (5)

and finally the aryl dependency (Figure 1C) can be obtained
from the equation

(o) (Ea) = (Ippops — [alx) + b(6) + b'(0 — O )4 + d]
(6)

In practice, for the sake of visual comparison of the plots,
the termd has not been subtracted, and the figures are presented
with the same absolute scale. The plots include all data points.
The most relevant feature is that, before the steric threshold,
both electron release and steric encumbrance of substituents on
phosphorus concur to increase the valuéJgf, with the latter
factor playing a somewhat major role. After the steric threshold,
the overload of steric congestion leads to a sharp decrease of
1Jpp that must be associated with severe distortions of the
P—Pt—P bond angle and lengthening of -/ bond dis-
tance<®43 The slope of the electronic profile in Figure 2D
(—6.00£ 1 Hz cm) is comparable to that found for isosteric
ligands incis-[PtPh(CO)(PRAr;—n)] compounds § = —8.2
+ 0.9 Hz cm¥*indicating that inductive effects are transmitted
primarily through the G-Pt—P bond axis and the nature cf
groups does not play a significant role.

ThelJppvalues of tharans[PtLy(Me)(MeOH)[™ complexes
encompass a range of 425 Hz, much wider than thatifer
[PtL2(Me);]. The results of the QALE analysis, performed by
using eq 3, were as followsa = 14.64+ 2 Hz cm;b = 3.6 +
0.6 Hz degl; b = —3.7+ 1 Hzdegl; c =644+ 7 Hz;d =
22404+ 62 Hz; 6= 151° (r> = 0.998, rmsd= 7, n = 13), in
agreement with those obtained from the graphical analgsis (
= 14.4+ 1 Hz cm, from the electronic plot for isosteric P(4-
XCeHy)s ligands). The electronic and steric profiles are
illustrated in Figure 2A,B, respectively. The most significant
feature that emerges is that the valuedJpfs decrease greatly
with increasing thes-donor power of the coordinated phos-
phines, in sharp contrast to the pattern of behavior observed
for the cis-dialkyl complexes (the values of the slopes of the
plots of the two electronic profiles ae= —6.0+ 1 Hz cm,
Figure 1A, anca = +14.6+ 2 Hz cm, Figure 2A, respectively).
Coupling constant$Jp of closely related planar platinum(il)
complexes have been regarded as a good diagnostic probe of
the extent of the covalence of the-fR bond, representing
primarily the change in 6s character of the hybrid orbital of
platinum used in bonding to the phosphorus aténCorrela-
tions with data available from other spectroscopic techniques
and from X-ray diffraction studies have shown that smaller
values oflJpp correspond to longer PP bond distances and

of the a values, were used throughout to quantitatively assessto higher trans influences of groups in trans position to the

the utility of the equations used in modeling the examined
property.

The results of QALE analysis can be now displayed as
electronic, steric, and aryl profiles. The electronic profile
(Figure 1A) represents the sensitivity of tAép coupling

bond#>-47 Thus, ligands of high trans influence increase the

(43) Clark, H. C.; Nicholas, A.; Martin de RMagn. Reson. Chem99Q
, 99.
(44) Romeo, R.; Arena, G.; MonsB8colaro, L.Inorg. Chem 1992 31,
4879.
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Figure 2. (A) Electronic profile, showing the dependence of the
coupling constantdJee Uupon the electronic parametgrfor trans
[Pt(PRAr3_n)2(Me)(MeOH)J" compounds. (B) Steric profile. Numbers
refer to the ligands as listed in Table 1.

Pt 6s character of their bond at the expense of the tran® Pt

Romeo and Alibrandi

which involves dissociation of the solvent (S) from this-
solvento species (vikp), followed by the conversion of a
T-shaped 14-electron intermediatg pathway).

A rate law of the formk; = ko/{1 + (k-p/kr)[S]}, can be
derived. The termk_p/k7)[S] in the rate law measures the
retardation due to the capture of the first intermediate by the
bulk solvent. This effect decreases, as the donor properties of
the solvent decrease, and it can be considered approximately
constant when one compares the kinetic behavior of compounds
of strictly similar structural properties. Accordingly, the
isomerization ofcis[Pt(PEt)2(R)(MeOH]" complexe$% was
found to proceed through the dissociative mechanism in the
above reaction scheme, and is characterized by the following:
(i) mass-law retardation by [MeOH] in diethyl ethemethanol
mixtures; (i) high values ofAH* and large positive values of
ASF; (iii) small steric acceleration on going from R methyl
or phenyl to mesityf8

The QALE analysis for the isomerization process has been
performed according to the protocol described before. The
regression analysis of all the kinetic data in Table 2 led to the
following equation:

logk; = (—0.27+ 0.06 cm)fy) +
(0.134+ 0.03 deg")(0) + (0.066+ 0.3)E,) — 17.8+ 4
()

r?=0.995 rmsd=0.342 11 data points

There is a good correspondence between the valwe-of
—0.27+ 0.06 cm and the slope of the line for isosteric ligands
P(4-XGsHg)s with & = 145°> anda = —0.324+ 0.04 cm. ltis
worth remembering that this analysis does not include data
points for highly reactive complexes, formed by the most
sterically demanding ligands. Thus, the absence of a steric
threshold could be due only to an insufficient variation of the

bond which uses the same hybrid orbital. Our findings can be steric parameter of the ligands. Assuming there is no steric

rationalized in terms of the competition of the twmans
phosphines for the same orbital along theP—P bond axis
and of the lengthening of the PP bond. At the steric threshold
(0st = 152°), there is still an inversion in the direction of the
steric effects. However, as expected for the less congasies
geometry, the negative steric effebt & —3.7 + 1 Hz deg?)
is smaller than that for theis compoundslf = —8.9+ 1 Hz
deg?).

Stereoelectronic Analysis of Kinetic Data. (a) Uncatalyzed
Isomerization. The isomerization ofis-[Pt(L)(Me)(MeOH)["
complexes is described by the simple reaction scheme

L CH L CH
N/ * lsko \P:/ 8
__>%

L/ s +8,kp L/
kr
L CH L CH
Nt +S NG
Pt - Pt
S/ \L fast \L

(45) (a) Mather, G. G.; Pidcock, A.; Rapsey, J.N.Chem. Soc., Dalton
Trans1973 2095. (b) Meek, D. W.; Mazanec, T.Acc. Chem. Res.
1981, 14, 266.

(46) Appleton, T. G.; Bennett, M. Anorg. Chem 1978 17, 738.

(47) Appleton, T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re 1973
10, 335.

threshold and eq 7 applies to the entire set of ligands, it is
possible to predict the rates of isomerization of the complexes
containing P(P)s (k208 = 117 s1) and PCy (ki29s = 8300

s71). The electronic profile (Figure 3A) and the steric profile
(Figure 3B) for the overall set of ligands were constructed by
using the parameters in eq 7 and the same absolute vertical scale
for the two plots. As expected, the rates of isomerization
increase with increasing electron-donating ability of the sub-
stituents on the phosphorus atoms. Electron donation facilitates
the departure of MeOH with its previously bonding electron
pair and stabilizes the electron-deficient transition state. The
process appears to be particularly sensitive in revealing elec-
tronic interactions between the metal and phosphine ligands.
These findings are in keeping with the results of a study on the
isomerization ofcis-[Pt(PE)2(YCsHa)X] complexes® where

the rate constants were correlated to the Hammett parameters
of the substituents Y, in the meta or para position on the
aromatic ring.

The linear plot of Figure 3B describes the steric dependence
of the rates of these reactions, and the slope of the plot measures
the sensitivity of the isomerization to steric effects. Anincrease
of 10° in the cone angle of the phosphines accounts for more
than 1 order of magnitude increase in reactivity. The steric
dependence is the result of the different response of the energy

(48) In an associative process, the destabilization of the five-coordinate
transition state, produced by tlemethyl groups in the mesityl ring,
provokes a decrease in rate of at least 5 orders of magnitude. See:
Faraone, G.; Ricevuto, V.; Romeo, R. Trozzi, MChem. Soc., Dalton
Trans 1974 1377.
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Figure 3. Stereoelectronic analysis of the rate constéyis® for the
uncatalyzed isomerization @fis-[Pt(PR,Ars-n)2(Me)(MeOH)I" com-
pounds, at 298.16 K in methanol: (A) electronic profile; (B) steric
profile. Numbers refer to the ligands as listed in Table 1.
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Figure 4. (A) Electronic profile for phosphines acting as entering
groups in the nucleophilic substitution reaction of 5-Ag from the
complexcis-[PtPh(CO)(5-Aq)] (5-Aq = 5-aminoquinoline; primary
rate data taken from ref 44). (B) Steric profile for the same reaction.
Numbers refer to the ligands as listed in Table 1. (15) refers to'R(Bu

. . . and (16), to P(2-MegH,)s.
of the ground and the transition states to changes in the size of

the “spectator” ligands. For a purely dissociative process, the decreased with the coordination number of the complexes. It
idealized steric profile is made up by lower and upper plateau could also increase as the transition state comes later, and since
regions, connected by a straight line with a positive sfpe.  the electronic effect is much larger than in the CO dissociation
The first horizontal lower part, for very small |igandS, limits a reactions' this Supports a very late transition state for the

region where steric effects are not operative both in the ground jsomerization with MeOH being totally free. This is in contrast
and in the transition state. A steric threshold marks the onsettg CO dissociation reactions where the electronic and steric

of steric destabilization of the ground state, and the rates increasesffects are both small and the extent of bond breaking is
with ligand size and steric congestion of the substrate. The presumably much less.

second horizontal upper part, for the most sterically demanding  (b) Associative Substitutions. The different roles of elec-
ligands, reflects the case in which the energies of the groundtronic effects and steric hindrance in dissociative and associative
state and of the more flexible transition state are Sterica"y processes can be seen C|ear|y by Comparing the pattern of
influenced to a comparable extent. Therefore, the plot of Figure phehavior illustrated above with that found for the bimolecular
3B, found for ligands of intermediate size, where the rate displacement of 5-aminoquinoline (5-Aq) from [PHBO)(5-
increases with increasing steric destabilization of the ground Aqg)]. Our previously reported QALE analyéfsof these rate
state, is only a part of a more complicated steric profile. There gata, proposed as a series of nucleophilic reactivity constants
are literature examples of a complete fitting of the experimental nf, for phosphines reacting with platinum(il), can be improved
data to the expected profile, such as for the rates of dissociativepy omitting data points for ligands of unusual electronic effects,
substitution of CO fronmer[RU(COR(SICL)L] (L = phos- gych as P(gH,CN)s, or considering that the value of cone angle
phine)>° analyzed by Gieringt aI._ Wlth the QALE method? (165°) originally used for P(3-MegH4)s and P(3-ClGH.)3

For a number of other dissociative processes of carbonyl greatly overstates the size of these groups. With these correc-
compounds the steric profile is a straight line as shown in Figure tions no steric threshold was observed. The reaction rates can

3Bt A reviewer has observed that the valuebof 0.13 + be correlated through a three-parameter equation:
0.03 deg? for isomerization is very large compared to the values
reported for CO dissociation from a variety of carbonyl log k, = a(x) + b(#) + ¢ (8)

complexes, where it was claim@d? that the steric effect

49) Ericks. K- Giering. W. P Lit H.Y .- Prock A Chem 198 wherea = —0.021+ 0.02 cm,b = —0.087+ 0.05 deg™?, and
(49) Ericks, K.; Giering, W. P.; Liu, H. .; Prock, Anorg. Chem 1989 ¢ — 12 8+ 1 (2= 0.979, rmsd= 0.354,n = 14). The negative

(50) Chalk, K. L.; Pomeroy, R. Kinorg. Chem 1984 23, 444.
(51) Chen, L.; PoeA. J.Inorg. Chem 1989 28, 3641. (52) Brodie, N. M. J.; PgeA. J. Can. J. Chem1995 73, 1187.
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sign of thea coefficient indicates that the transition state is Conclusions

electron-demanding relative to the ground state. The negative o .

sign of theb coefficient indicates that increasing steric require- 1 1€ overall structurereactivity correlation for some orgaro
ment of the ligand impedes the reaction. By using these phosphine platinum(ll) compounds has been rationalized. The

parameters the electronic profile (in Figure 4A) and the steric QALE analysis has proved to be a useful method for evaluating
profile (in Figure 4B) were constructed, which give a visual the effects of ligand baS|c.|ty and steric h|ndranqe on the NMR
comparison of the relative importance of the two parameters. Parameters and the reactivity. For the complesiegPt(PRy-

On the basis of eq & log k, has a 94% steric contribution and ~ Ar3-n2Me] the values of the coupling constantdp were

only 6% electronic contribution. The main conclusions are found to increase linearly with the electron releasing ability of
when phosphines are used as entering groups in a bimoleculaf’® Substituents on the phosphorus atoms. However, the
substitution on [PtPXCO)(5-Aq)], (i) the contribution to the ~ OPPosite trend was observed when the two phosphines occupy
rates of changes in the-inductive ability of the attacking  [ans positions as in therans [P{PRArs—n);(Me)(MeOH)]"
P-donor ligands is negligible and (ii) the reaction is dominated Sclvento complexes. These experimental findings are in agree-
by steric factors. The generality of this pattern of behavior for Ment with theoretical predictions. The steric profile fdpe
phosphines needs to be confirmed. Shi and ERfirgve has an inverted V shape, increasing with ligands of intermediate
recently reported that the rates of substitution of some Squaresize and then decreasing, after the steric threshold. The decrease

planar platinum(il) complexes with thioethers show a significant 'S Sharp, for theeis complexes, and less dramatic for tians
dependence on changes in the electronic properties of theCompounds, as a consequence of the overload of steric conges-

entering ligands. As discussed previo®yhe linear steric  ton at the central metal.

prof”e in Figure 4B is On|y a part of a more Compﬁcated The rates of the isomerization of the solvento Complms
hypothetical steric profile which consists of upper and lower [P{(PRArs-n)2(CHz)(MeOH)]" are accelerated both by electron
p|ateau regions connected by a Straight line with a negative donation and steric hindrance brought about by substituents on
slope. Along this downward sloping part of the plot, steric the “spectator” ligands. The rate-determining step is the
effects are operative through a continuous increasing destabi-dissociationof the weakly bonded molecule of MeOH from

lization of the five-coordinate transition state. the metal. Inductive effects stabilize a flexible 3-coordinate
Activation Parameters. The activation parameters for the T-Shaped 14-electron transition State, and steric effects desta-
isomerization of thecis-[PtL,(Me)(MeOH)J" solvento com- bilize the rigid 4-coordinate square-planar ground state. High

plexes were calculated from the temperature dependence of the/alues of the enthalpy of activation and large positive entropies
reaction, using both the traditional isothermal (CTK) method of activation are associated with isomerization. The release of
and a non-isothermal (VTK) method. The valuesAdt* and steric strain on going from the ground state to the transition
AS obtained with the two methods, listed in Table 2, appear State significantly affects the rates. A plot of ldge) vs
to be in excellent agreement. The advantages offered by theTolman’s cone angle of the phosphines is a straight line with a
VTK method are straightforward: (i) It permits fast and easy Positive slope. This plot is only a part of the expected shape
collection and processing of enormous amounts of data. (ii) for the steric profile of a purely dissociative process and reflects
The whole set of data is from a single experiment carried-out the continuous increase of steric congestion at the metal. In
in homogeneous conditions. (iii) With a single kinetic run itis contrast, when the phosphines are used as entering groups in
possible to obtain &(T) profile instead of a single rate constant, associative substitution processes, the steric profile is a straight
saving time and chemicals. (iv) The statistical error associated line with a negative slope.
with the calculated values &fH* and ASF is very low. This work gives a rational explanation of some of the reasons
The large values of enthalpy of activation and the positive which make it difficult to synthesize bis(phosphine) alkyl
entropies of activation associated with isomerization give a solvento complexes of platinum(ll) in teés configuration. Two
further indication that the reaction proceeds through the dis- factors, (i) ligand steric congestion and (ii) stroogelectron
sociative mechanism shown in the earlier scheme. Setting apartdonation by the ligands, combine to accelerate the rate of
the complex with triethylphosphine, which appears as a rogue conversion into the more stable trans-isomers. The nature of
point, the values oAH* encompass a difference of 10 kJ mbl the bonded organic moiety (linear or branched alkyl group;
between the highest and the lowest value, with a mean valuephenyl or substituted aryl group) is also of overriding impor-
of AH¥ = 122+ 3 kJ molL. For the entropy of activation the  tance, especially as far as the presencg-bldrogens on a
mean value iAS = 111+ 15 J K1 mol%, the lowest value alkyl chain is concerned. This will be the subject of a
being 844 1 J K1 mol~! and the highest 134 2 J K-Imol~L. forthcoming pape?®
Therefore, the contribution ofFAS' to AG*, at 298 K, varies

by ~15 kJ mofl. These findings are in agreement with a Acknowle_dgmer_lt. We wish to thank Prof. W. P. G_iering_
mechanistic picture in which the relief of steric strain on going fOF helpful discussions and the CNR and MURST for financial

from the congested square planar substrate to the more flexibleSUPPOrt.
T-shaped 3-coordinate transition state makes a significant Supporting Information Available: Text providing a detailed
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