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A new organodiplatinum(ll) complex cis, cis-[Me2Pt(x-NN)(u-dppm)PtMe;] (1), in which NN = phthalazine and dppm
= bis(diphenylphosphino)methane, is synthesized by the reaction of cis,cis-[Me,Pt(u-SMe,)(«-dppm)PtMe,] with 1
equiv of NN. Complex 1 has a 5d,(Pt) — s*(imine) metal-to-ligand charge-transfer band in the visible region,
which was used to easily follow the kinetics of its reaction with Mel. Meanwhile, the complex contains a robust
bridging dppm ligand that holds the binuclear integrity during the reaction. A double Mel oxidative addition was
observed, as shown by spectrophotometry and confirmed by a low-temperature 3P NMR study. The classical Sy2
mechanism was suggested for both steps, and the involved intermediates were suggested. Consistent with the
proposed mechanism, the rates of the reactions at different temperatures were slower in benzene than in acetone
and large negative AS* values were found in each step. However, some abnormalities were observed in the
related rate constants and AS¥ values, which were demonstrated to be due to the associative involvement of the
polar acetone molecules in the reactions. The rates are almost 6 times slower in the second step as compared to
the first step because of the electronic effects transmitted through the ligands and the steric effects.

Introduction and contain characteristic sharp metal-to-ligand charge-

Oxidative addition is a fundamental reaction and often transfer (MLCT) bands in the visible region, and therefore
serves as the critical activation step in many homogeneouskinetics of their reactions can usua!ly bg invegtigated easily
catalytic processésRecently, oxidative addition reactions USing spectrophotometfyThe reactions involving the ad-
have been used in preparing supramolecular and polymericdition of alkyl halides are shown to proceed normally by
material® Oxidative addition of alkyl halides or other the classical § mechanism, although in some relatively
reagents to mononuclear transition-metal complexes has beefi@re cases, the reactions proceed by a radical mechanism.
extensively studied. In particular, oxidative addition of a wide Another alternative mechanism involves a concerted three-
Variety of reagents to monomeric 0rganop|atinum(||) com- center transition state that has been proposed in the oxidative
plexes, especially those containing diimine ligands, has beenaddition of C-H” or O—0O* bonds to diimineorganoplati-

extensively studie@* These diimine complexes are colored Nnum(ll) complexes. Despite these, the related reactions with
binuclear complexes are scafcEhe addition to the binuclear
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Oxidative Addition of Mel to a Diplatinum(ll) Complex

transition-metal complexes is particularly interesting because Scheme 1

cooperative steric or electronic effects between the two P/\P b /\P
adjacent metal centers can give rise to reaction pathways or Me, N N
products not possible in the mononuclear analo§liesome Pl/s\ +1N N l/ \| 1)
cases, cooperative effects between two metal centers ar%\\\v“ b, - SMe, \sP‘ P‘a,/

.. . - e Me N | 4
thought to enhance the reactivity of binuclear systéisyt Me Me
. . . . . . Me Me Me Me
in other cases, increased steric hindrance in binuclear 1
complexes leads to a decrease in reacti#it@ne main
problem faced in such investigations is that binuclear P/\P PN
integrity is usually broken up during the reactions, and | N N | Me i P
therefore the reactions are complicated by the parallel \Pt Excess Mel %, .\\\\\\‘I%,, ,\\\\\Me
reactions involving the monomeric complexes formed by the P —~ /Pt\ /P‘\ @
: . o e N N | | |
binuclear fragmentation. One way to tackle the problem is ¢ & Me Me v Me
to lock the metallic centers by suitable bidentate phosphine 1 ¢ . Me

ligands such as bis(diphenylphosphino)methane, dppm, or
its amine analogue bis(diphenylphosphino)amine, dppa. —
These ligands are known to easily bridge between a wide P P = dppm; Ph,PCH,PPh, N N = phthalazine; 7\
range of transition-metal centers in many binuclear or
polynuclear complexes and at the same time strongly hold
the molecular integrity during different reactio¥sThe
corresponding binuclear complexes are held together by
usually two such bridging ligands and as such are normally
experiencing a great steric bulk for any oxidative addition
to occurdd However, recently a new series of unusual
organodiplatinum(ll) complexes with a general formula
Cis,Cis[RoPt(u-SMe)(u-PP)PtR;], in which PP is either
dppm or dppa and R and Bre methyl or simple aryl ligands,
have been reported in which the labile bridging $Nigand

can easily be replaced by other phosphine ligdhdis.the
present study, in an attempt to study the oxidative addition

N=N

of Mel to a suitable binuclear system, we have used the
methyl analoguegis,cis-[Me,Pt(u-SMe)(u-dppm)PtMg],

and replaced the bridging SMdigand by phthalazine,
represented by NN, to produces,cis-[Me Pt(u-NN)(u-
dppm)PtMe]. This new diplatinum(ll) complex showed two
main advantages in the study of its reaction with Mel. First,
it has a distinct color because of the presence of the imine
ligand and so its reactions could easily be followed by
spectrophotometry in the visible region. Second, the complex
contains a robust bridging ligand, which strongly prevents
fragmentation of the dimer during the reaction.
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Consistent with this, a singlet @ = 9.1 was observed in
the 3P NMR spectrum of the complex, which has short-
range platinum satellites wittd(PtP)= 1910 Hz as well as
long-range platinum satellites wifld(PtP)= 59 Hz12The

IH NMR spectrum of complex was also very useful in
structure determination. Thus, two equal-intensity doublets
atd = 0.54 [with 2J(PtH) = 70.0 Hz ancBJ(PH) =7.5 Hz]
andd = 0.67 [with 2J(PtH) = 88.6 Hz and®BJ(PH) = 7.7

Hz] were assigned to the Me ligands trans to phosphorus
and the Me ligands trans to nitrogen, respectively. Note that
the latter signal has a significantly high&i(PtH) value
because nitrogen has a considerably lower trans influence
than phosphorus; ti8(PH) values are, however, similar for
both types of Me ligand® A singlet até = 9.60, which is
coupled to platinum witJ(PtH) = 10.9 Hz, was easily
assigned to two CH groups of phthalazine adjacent to the
coordinating N atoms. The presence of only one such signal
confirms that the phthalazine ligand has symmetrically
bridged between the two metal centers. The overall relative
integration of protons also confirmed the presence of one of
each of the phthalazine and dppm ligands in the molecule
(see the Experimental Section). The YVis spectrum of
complex 1 contained a series of very strong absorptions
below 4 = 300 nm, which are due to the phthalazine
intraligand transition&? there was also a strong absorption
appearing as a shoulder/at= 375 nm (in both acetone and
benzene). This absorption is ascribed to thg(Bt) — 7*-
(imine) MLCT band, which is believed to be responsible
for the reddish color of the complex and is used to study the
kinetics of its reaction with Mel (see below).

Reaction of Complex 1 with Mel. Mel was oxidatively
added to both platinum(ll) centers of complExwhich was
then followed by displacement of the NN ligand by iodide
ligands to give the known Pt(I\H)Pt(IV) binuclear complex
4 as shown in Scheme 1 (reaction 2). Completxad been
prepared previously either by reaction @$,cis-[Me,Pt(u-
SMey)(u-dppm)PtMeg] with Mel'*® or by a reaction involving
the mixturecis,cis-[MesPi(u-SMey),]/Mel/dppm*® Reaction
2 in Scheme 1 was slow enough-a40 °C to be monitored
by 3P NMR spectroscopy, as shown in Figure 1. The results
are described in Scheme 2. Immediately after the addition
of Mel, a mixture of complexl and an intermediate
formulated a® in Scheme 2 was detected. This intermediate
showed a singlet signal with parameters similar to those of
diplatinum(ll) complexi [0 = 10.6 and-J(PtP)= 2029 Hz]
and another singlet signal further upfieldéat= —4.2 with
1J(PtP)= 1243 Hz [close to the value of 1060 Hz obtained
for the Pt(IV)-Pt(IV) binuclear complex4; note that, in
complex?2, the Pt(IV) center is adjacent to a Pt(ll) center,
and thus a highe¥J(PtP) value is expected]. Intermedi&e
is, therefore, depicted as a rare case of a mixed-valence Pt

(13) Similar trends ofJ(PtH) and3J(PH) values for the Me ligands trans
to phosphorus and the Me ligands trans to nitrogen have been observe
in the binuclear methylplatinum(ll) complex [MeRtPN)(u-NP)-
PtMe)](CFsCO,), where PN= 2-PhPGH4N. See: Rashidi, M.;
Jennings, M. C.; Puddephatt, R.Qrganometallic2003 22, 2612.

(14) Amstutz, E. DJ. Org. Chem1952 17, 1508.

(15) Rashidi, M.; Fakhroeian, Z.; Puddephatt, RJ.JOrganomet. Chem.
1991, 406, 261.
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Figure 1. 3P NMR spectra of a mixture of compléxand excess Mel in
acetone at-40 °C: (a) spectrum of pure complekbefore adding Mel;

(b) spectrum immediately after the addition of Mek- successive spectra
during 15-min intervals; (g) spectrum after 4 h. As can be seen, upon the
addition of Mel, complext is rather quickly converted to intermedise
while the latter is converted to intermedia® considerably slower;
intermediate3 is very rapidly converted to the final Pt(IV)Pt(1V) dimer

4. The assignments are shown.

(I —Pt(1V) binuclear comple¥ having structure2; the
signals are rather broad because of the unresolvel P
coupling of the two chemically inequivaleAtP nucleitla
The formation of any complex with structur2a as an
alternative for intermediat® in Scheme 2 is ruled out
because, in contrast to the expectation based on the kinetic
date discussed in the next section, strucBais not expected

to contain any 5¢(Pt) — s*(imine) MLCT band. Also, on

the basis of thé'P NMR spectra in Figure 1, no fragmenta-
tion to monomeric forms occurred at this stage; the param-
eters expected for the presumed Pt(IV) monomer [BtMe
(dppm)J© are far more different from the data obtained for
the Pt(IV) signal at this stage in Figure 1.

The intermediat® was then reacted with Mel, albeit at a
rate rather slower than that for the first step, and a singlet
with platinum satellites ad = —23.5 [with 2J(PtP)= 1035
Hz] gradually formed. The latter signal is attributed to a
cationic symmetrical Pt(I\VyPt(1V) intermediate binuclear

complex with structure8 in Scheme 2. Note that the two
alternative structural possibilities f& i.e., [MesPt(u-NN)-

({u-dppm)PtMg]>*[I ], or [MeslPt(u-NN)(u-dppm)PtiMe],

each of which is expected to give a simifP signal, are
ruled out because the former contains coordinatively unsatur-

(16) Tangestaninejad, S.; Rashidi, M.; Puddephatt, R. Drganomet.
Chem.1991, 412, 445.
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Scheme 2
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ated platinum centers and the latter is too crowded. The
displacement of NN with iodide ligands in the last step gave

the final Pt(IV)—Pt(IV) binuclear compleXd. Complex4 was
easily characterized by its known NMR daté.

Absorbance

450
A/ nm

500 550 600

Figure 2. Changes in the U¥vis spectrum during the reaction of complex
1 (3 x 1074 M) and Mel (0.106 M) in benzene & = 25°C: (a) initial
spectrum (before adding Mel); (b) spectrumtat 0. Successive spectra
were recorded at intervals of 30 s.

Absorbance @ 375 nm

time/ min

Figure 3. Absorbance-time curves for the reaction of compléxwith
Mel (0.053-0.53 M; [Mel] increases reading downward) in benzene at 25

Conductivity measurement was carried out to investigate °C. The solid lines were obtained by fitting thA, () data into eq 2.

the possible formation of the ionic species during the reaction

of complex1 with Mel. Thus, the molar conductivity of a
103 solution of the neutral complekin acetone at-25°C

were evaluated by nonlinear least-squares fitting of the
absorbancetime profiles to the biphasic first-order equation

sharply increased upon the addition of excess Mel and then(eq 2).

significantly decreased after 2 h. This observation supports

the formation of the ionic intermediate f8{MesPt(u-NN)-
(u-dppm)u-)PtMes] t1-, as was also shown above By
NMR spectra.

Kinetic Study of the Reaction of Complex 1 with Mel
in Benzene As mentioned before, the reddish complex
contains a MLCT band in the visible region that could be
used to monitor its reaction with Mel and study the kinetics
of the reaction by using U¥vis spectroscopy. Thus, an
excess of Mel was used at 26, and the disappearance of
the MLCT band att = 375 nm in a benzene solution was

A= (Ao — A)lexp(—kpd)] + A, 1)
A= ofexp(—Kypsaf)] + Blexp(—KopsP)] + A, (2)

Plots of the first-order rate constantgys) (for step 1)
andkops) (for step 2), versus [Mel] in both cases were linear
with no intercepts (Figure 4), showing a first-order depen-
dence of the rate on the concentration of Mel in each
step. The slope in each case gave the second-order rate
constant K, for the first step and;, for the second step),
and the results are collected in Table 1. The findings seem

used to monitor the reaction. The change in the spectrumto be consistent with the two-step sequence indicated
during a typical run is shown in Figure 2. above based on th#P NMR data (see Figure 1) for the
The time-dependence curves of the spectra of the reactionreaction of complext with Mel. Therefore, each step of
in benzene at this condition are shown in Figure 3. The datathe reaction (see Scheme 2) obeys a simple second-order
failed to fit properly in eq 1, which corresponds to a rate law (eq 3 for step 1 and eq 4 for step 2), first order
monophasic kinetic behavior. However, the data were in both the corresponding dimer and Mel; note tkat>
successfully fitted in eq 2 with two exponentials, showing a k;, and the reproducibility of the data was remarkable
clear biphasic kinetic behavior. Thus, the pseudo-first-order (+£5%). The same method was used at other temperatures,
rate constantkypsayandkopsiz)for the two steps of the reaction  and activation parameters were obtained from the Eyring
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Table 1. Rate Constants and Activation Parametdos the Reaction of Compleg with Mel in Acetone or Benzene

Reaction in Acetone

rate constants at different temperatures

5°C 10°C 15°C 20°C 25°C AH®/(KImolY)  ASH/(J K- molY)
10%c/(L mol~1s77) 264425  37.0422 411423 656446  856+24 251+ 2.0 ~165+ 7
10%ky/s1 1.9+ 0.4 1.5+ 0.4 2.8+ 0.4 1.7+ 0.6 1.1+0.2
10%K'2/(L mol~1s77) 5.6+ 0.2 7.3+0.2 9.2+ 0.3 12.9+04  158+04 22.1+2.1 -188+7

Reaction in Benzene

rate constants at different temperatures

5°C 15°C 25°C 35°C AH*™/(kJ mol1) ASP/(J KL mol1)
10%c/(L mol~ts7) 13.9+0.2 22.4+1.1 39.0+ 05 62.2+ 3.6 335+1.1 —140+ 4
107K 5/(L mol~1s71) 1.4+0.1 3.6+ 0.1 5.6+ 0.1 11.1£ 0.5 45.3+ 4.4 ~116+ 15

aValues given based on 95% confidence limits from least-squares regression afi@jstained from the Eyring equation.

0.35 —m that, as is indicated in Scheme 2, Mel first performs an
osl T @ electrophilic attack on one of the electron-rich platinum(ll)
% oosl. centers of diplatinum(ll) complexl with an S2-type
025 - Bomf mechanism with the rate constadatand the mixed-valence
. LT ® a Pt(I)—Pt(IV) binuclear intermediat2 (Scheme 2) is formed.
o 021 ol @ \ ; .
g o_aioﬁmz;: The assignment of the alternative structi2e to this
&0 045 - intermediate is ruled out becau2a cannot have any 5é
01} (Pt) — a*(imine) MLCT band in order to contribute to
0.05 the absorption changes in the next step. Interme@atas
-1 then reacted with Mel in step 2 again by an2Sype
0 ' ! ' mechanism, with the rate constadgt which is nearly 6-10
0 01 02 03 04 05 06

[Mel] /M times smaller than the corresponding value for(see
Figure 4. Plots of first-order rate constants [(a) first stég,ds1, and Table 1)' i i . i . i
(b) second stefk,,, /s~ for the reaction of comples with Mel at 25°C In a two-step oxidative addition reaction of this type in
versus the concentration of Mel in benzene (the inset shows plots in acetone;which none of the components of the reaction contains any
note the intercept for the first step in part a). metal-metal bond and yet the metallic centers are not too
far from each other, it is suggested that the first addition
@ occurs faster than the secoftd® In the present study, we
strongly believe that this has actually been the case. First,
as expected based on the qualitafif® NMR investigations,
1.5 - vide supra, step 2 appears to be slower than step 1. Second,
® in step 1, Mel attacks the platinum(ll) center of a Pt{l)
Pt(Il) complex, 1, while in step 2, Mel reacts with the
platinum(ll) center of a Pt(Ih-Pt(IV) species (compleg).
As such, the reaction should be slower in the second step
because, in contrast to compléxin specie® the adjacent
000315 00033 000345 00036 Pt(IV) moiety not only creates a more severe steric hindrance
T K for the attacked Pt(ll) center but also reduces its nucleophi-
Figure 5. Eyring plots for the reaction of complet with Mel in licity through the_) bridging |Ig_atlng groups. Despite these,
benzene: (a) first step; (b) second step. however, to confirm that the higher rate constégtactually
belongs to the first step in the above sequence and the second
equation (see eq 5 and Figure 5). The data are collected instep is proceeded with the slower rate const&ht,we

-6.25

In(k/T)

-8.75

-10

Table 1. considered Espenson’s approach, in which the biphasic
equation (eq 6) was used in evaluating the two rate
—d[1]/dt = k;[1][Mel] @) constant¥ and it was predicted that the method might be of
—d[2)/dt = K,[2][Mel] 4) general applicability.
kz)_ (ks) AS AW A~ A, =alexp(-kt) +aJexp(-kpl  (6)
'”(? =h/ TR T RT ®)

In this equationk; and ks are the rate constants for the

Large negative values okS’, which are in favor of a {55t and slow steps, respectively, but do not identify a
classical R2-type mechanism, were observed for both steps.

On the basis of these NMR and kinetic data, we suggest(17) Shimura, M.; Espenson, J. hhorg. Chem.1984 23, 4069.
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Table 2. Rate Constantsk{ andk;) and Calculated; Values at 375 one mentioned in the last section for the reaction in benzene,
nm for Cases 1 and"2 was also observed for the reaction in acetone. Thus, the
10%kd 10%¢/ 10 %/(M~tcm™Y) second-order rate constant for the first stgpis again nearly
1*Mel)M  (Lmol~tsl) (Lmol~ts?)  casel case 2 6 times larger than the second-order rate constant for the
2.6 2.24 10.79 322  —13.49 second stefk,. However, two abnormalities are seen when
?-g g-‘z‘g ég-?g ggg —ig-zg the results are compared with the results usually reported
106 6.42 20.59 339 1897 for the reaction of Mel with electron-rich transition-metal
13.2 7.62 49.63 341 —19.64 complexes operated by a classicalSype mechanism:
159 10.48 69.19 342 —19.99 (i) The reactions in both steps at different temperatures
18.5 10.87 74.15 3.44  —20.78 | . f . han in b hi
212 1251 86.97 345 2125 are nearly 2 times faster in acetone t an in benzene. This,
26.5 15.60 108.14 345 —21.17 of course, strongly supports the operation of the-8pe
53.0 28.35 200.97 346 2175 mechanism in the reactions because in the latter mechanism,

aThe values of the extinction coefficient)at 375 nm were determined  in which after each Mel attack a polar transition state is
by the method of nonlinear least squares (the program KaleidaGraph 3-6)-expected, the rate should be faster in a more polar acetone
solvent than in benzene with a significantly lower dielectric
particular reaction step. Thus, we now consider the two casesconstant. Usually, however, a rather higher rate increase is

pertaining to a sequence of reactions: expected. For example, [PtMeCsH4)2(NN)], in which NN

= 4,4-di-tert-butyl-2,2-bipyridine, reacts with Mel at 25
Case 1: k, =k > ky = kg °C faster in acetone than in benzene by a factor of*7.5,
Case 2: k,=k <K, =k and the factor for the reaction of Mel with [Pt{h,2-

bipyridine)] is 6.2 at 40°C.52 Also, the rate of the reaction
If we considereq, €;, ande, as the molar absorptivities of ~ of Vaska’'s complex [IrCI(CO)(PRJ] with Mel at 25°C is
starting dimer1, intermediate2, and the final product 6 times faster in acetone than in benzéhe.

(complex4), respectively, ther; can be calculated from the (ii) It is believed that in {2-type reactions, where a highly
following equations, depending upon which case is ap- polar transition state is formed, less negath& values are
plicable: obtained in more polar solvents, and this is attributed to
decreasing order in the transition state relative to the ground
Case 1: € = (5 — a)(1 — kdky) + kdk; state!® In the three reactions of Mel just mentioned in (i),
) ASf values in benzene and acetone, respectively-di@l
Case 2: 6 = (eq— (1~ ki) + ekl and—123 J mot K~ for the first reactioff and—156 and

—114 J mot! K~ for the second reactiott;for the third
reaction, AS" values of —213 and—49 J molt* K~ in
benzene and DMF, respectively, were found. As is shown
in Table 1, a reversed trend is actually observed for the
system studied in the present work. ThAS in each step
Before the Mel addition: has a larger negative value in acetored 65 J mott K~tin
. 4 o _ step 1 and—-183 J mol! K~1 in step 2) than in benzene
[complex]o=3.0x 107" M and Abs=1.192=¢, = (—140 J mott K1in step 1 and-116 J mot! K1 in step
Abs/[complex1],= 3973.3 2).
To explain these abnormalities, we suggest that, in each
step of the reaction, the more polar acetone solvent would
[complex4], = 3.0 x 10 *M and Abs= 0.103— €= unusually lower the entropy of the ground state as compared
Abs/[complex4],= 344 to the excited state. In fact, we have observed a two-term
rate law for the first step of the reaction in acetone (see the
The data for case 1 are preferable for two reasons. First,inset of Figure 4):
in case 1, the value af for the 10 experiments at 375 nm
is almost constang = 3.33x 10° M~ cm™ (+5% standard —d[1)/dt = k,, J1], wherek,,.= k; + k,[Mel]
deviation), whereas large scatter and negative values are
obtained fore; when case 2 was assumed. Second, the value Thus, in addition to second-order tekatfor step 1, which
of & at 375 nm in case 1 lies close ¢g (3.97 x 10° M~* is suggested for the simple associativ@$ype mechanism,
cm?), in which both of the related complexes have MLCT a much smaller termk, is also observed for associative
bands, and far fron,, as one would expect for the final  substitutions by solvent in this step. All of the rate constants
product4 with no MLCT band in the visible region. are shown in Table 1. The associative substitution by acetone,
Kinetic Study of the Reaction of Complex 1 with Mel S, in step 1 is suggested to involve a transition state with
in Acetone A similar UV—vis spectroscopic method was
used atl = 375 nm to study the kinetic behavior of the red- (18) Stieger, H.; Kelm, HJ. Phys. Chem1973 77, 290.
dish complext with Mel in an acetone solvent. The results (1) (&) Wiberg, K. BPhysical Organic Chemistndofin Wiley & Sons:

. o New York, 1964; pp 381387. (b) Levy, C. J.; Puddephatt, R.1.
are collected in Table 1. A two-step sequence, similar to the Am. Chem. Socl997, 119,10127.

The calculated; values from the experimental data for
different presumed cases are listed in Table 2. As an example
in a benzene solvent at 2% and1 = 375 nm, the end
results are as follows:

End of reaction:
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structure [Me(*-NN)Ptu-dppm)Pt(S)Mg], in which one Preparation of cis,cis[MePt(x-NN)(u-dppm)PtMe;] (1). To
S molecule displaces one of the N donor atoms and thea solution ofcis,cis-[Me;Ptu-SMe,)(u-dppm)PtMe] (100 mg, 0.11
binuclear integrity is held by only one bridging dppm ligand. mmol) in acetone (15 mL) was added phthalazine, NN (14.6 mg,
This structure is based on a recent report that the labile,SMe 0-11 mmol), in acetone (5 mL) at room temperature. The mixture
ligand in cis,cis-[Me,Pt{u-SMe;)(u-dppm)PtMe] can be was stirred for 1 h, the solvent was then removed under reduced

. . pressure, and the residue was triturated with ether (3 mL) to give
replaced with monodentate P donor ligands such as,PPh a pale red solid, which was separated and dried under vacuum.

L, to form the.stable Comp|e.XS,CIS—[M?ZL'P'[(u-dppr.n)- Yield: 70 mg, 65%. Mp: 170C (dec). Anal. Calcd for HsoNPo-
PtLMe], in which the tvyo platinum(ll) moieties are bridged py. ¢ 46.0: H, 4.1: N, 2.9. Found: C, 45.9: H, 4.1; N, 2!8.
by only one dppm with no metaimetal bonding; each  NMR data in acetonek: 6 0.54 [d,2)(PtH) = 70.0 Hz,3)(PH) =
platinum center also bears a monodentate ligand L and two7.5 Hz, 6H, 2 Me ligands trans to phosphorus], 0.6 2}PtH) =
methyl groupsie 88.6 Hz,3)(PH) = 7.7 Hz, 6H, 2 Me ligands trans to nitrogen],
We believe that this kind of associative solvent involve- 2.61[m, 1H of dppm], 3.90 [m, 1H of dppm]; phthalazine protons,
ment by acetone molecules could most probably be respon-8-00 [m, 2H], 8.15 [m, 2H], 9.60 [$)(PtH) = 10.9 Hz, 2H, 2 CH
sible for the above-mentioned abnormalities observed in the 9roups of phthalazine adjacent to N atoms]; dppm phenyl groups,
. . . . . 1 i . 1
kinetics of the reaction of complekwith Mel. Thus, inthe /-0, 7.10.7.30,7.90 [20 H*P NMTgég CDC: 09.1[s,3(PtP)
first step of the Mel reaction in acetone, the association of — 1910 HzJ(PtP)= 59 Hz, dppm].**Pt NMR in CDCk: 0 262
) . . [d, L(PtP)= 1912 Hz].
starting complexd with solvent molecules will lower the

i f th d stat lative to th tioni ited Reaction of 1 with Mel. An excess of Mel (4Q:L) was added
entropy of the ground state relalive 10 the calionic exited ,, 5 g4 ytion of complex (20 mg in 5 mL of acetone) at room

state (not shown in the scheme) more than is usually observedeerature. The mixture was allowed to stand at this condition
in the absence of such an extra solvent involvement. This for 6 h, then the solvent was removed under reduced pressure, the
makes theAS' value in the acetone solvent more negative residue was washed twice with ether%23 mL), and the product
than usual, to the extend that it abnormally becomes morewas dried under vacuum and identified by 8 and 3P NMR
negative than thAS' value in benzene. This entropy effect spectra as the known diplatinum(V) complefPiMes(u-1)} 2(u-
should also be responsible for an abnormally lower rate dppm)] @)*%in a high yield.
increase (nearly 2 times as compared to the usual(6 This reaction was also monitored B> NMR spectroscopy at
times) observed in the present study in going from the —40°Cinan NMR tube as follows: a small sample (10 mgjlof
acetone solvent to the nonpolar benzene solvent. TheWas dissolved in acetort-(0.3 mL) in a sealed NMR tube, and
intermediate2, which is now the reactant for the reaction WNi€ the tube was cooled by liquid,Nan excess of Mel (20L)

. o .. was added. The NMR spectra were recorded several timed@t
with Mel in the second step, would Sl,m”arly act to make °C over aboti4 h until the mixture was gradually converted to
the AS" value for step 2 more negative than usual. The

: i complex4 in solution (see Figure 1).
magnitude of the effect oAS" values is more pronounced Kinetic Study. In a typical experiment, a solution of compléx

in the second step; th&S" value difference on going from i penzene (3 mL, 3« 107“M) in a cuvette was thermostated at
acetone to benzene 25 J K1 mol~? for step 1, while it 25°C and a known excess of Mel was added using a microsyringe.
is =72 J K* mol™! for step 2. We believe that this is After rapid stirring, the absorbance /at= 375 nm was monitored
because, in the second step, the associative substitution byvith time.
acetone is only taking place with reactant compkand
not with the final kinetic product comple8 (or more
precisely with the preceding polar transition state not shown A new binuclear complexis,cis[Me,Pt(u-NN)(u-dppm)-
in Scheme 2) in which both platinum centers are Pt(IV); note PtMey], 1, in which NN = phthalazine and dpprs bis-
that, in the first step, both reactant compleand the product  (diphenylphosphino)methane, was synthesized, and its two-
complex 2 (or, more precisely, with the preceding polar step reaction with Mel was investigated in detail by
transition state not shown in the Scheme 1) are involved in spectrophotometry in the visible region. The results are
the associative substitution by acetone and so a more modestonsistent with the qualitative results obtained from the study
entropy effect is expected for step 1. of the reaction by'P NMR spectroscopy at40 °C. Both
steps proceed by the classicaSype mechanism, as shown
in Scheme 2, with large negativeS' values in both acetone
The NMR spectra were recorded on a Bruker Avance DRX 500- and benzene, and the rates were faster in acetone than in
MHz spectrometer. The operating frequencies and references,benzene. An associative substitution by an acetone solvent
respectively, are shown in parentheses as folloi{500 MHz, was suggested as being responsible for some abnormalities
TMS), 3P (202 MHz, 85% HPQ,), and'**Pt (107 MHz, aqueous  gpserved in the trends of the quantitative kinetic measure-
N&PCL). All of the chemical shifts and coupling constants are in - ants. |n the first step, Mel attacks the electron-rich platinum

ppm and Hz, respectively. Kinetic studies were carried out by using .
a Perkin-Elmer Lambda 25 spectrophotometer with temperature F:enters of the PY(Ihy Py(ll) starting complext to form the

control using an EYELA NCB-3100 constant-temperature bath. The intermediate2, which is suggested to have a PHiB(IV)

conductivity study was carried out using a Metrohm 660 conduc- ;keleton. The _rate of Fhe reaction of thg platinum(ll) center
tometer. The microanalysis was performed using a Termofinnigan IN complex2 with Mel is therefore considerably slower (by
Eager 300 CHN-O elemental analyzer. The dimeric precursor @ factor of 6) than that of the platinum(ll) center in the
cis,cis-[Me,Pt(u-SMey)(u-dppm)PtMe] was prepared by the lit-  starting complexi, for a combination of steric hindrances
erature methodt? and the electronic effects transmitted through the ligands.

Conclusions

Experimental Section
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Mel in the first step reacts with compléx(in which each complexes of this type and also the same oxidative additions
metallic center is bonded to one P donor and one N donor)to some monomeric complexes with P and N donors

in acetone at 25C with a rate constark, = 0.86+ 0.02 L (designed to have suitably similar overall structures to the
mol™* s, some 50 times slower than that with the corresponding dimers) to actually substantiate any possible
mononuclear complex [PtR(2,2-bipyridine)] (with the  “neighboring group effect” of the adjacent metal center in

metal center bonded to two N donors) at the same conditionthe binuclear complexes.
for which k» = 47 L mol™ s™1.8 This significant rate
decrease is to be expected for the reaction of compliex
which each of the metallic centers is conneciead f atom
with a larges-back-bonding that considerably reduces the
electron density on the platinum centers as compared with
that in the monomeric complexes with two strong N donor
atoms. However, it would be of great interest to have more
experimental data on the oxidative addition to the binuclear 1C0511064
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