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Reactions of the head-to-tail o-pyridonato-bridged cis-diammineplatinum(lll) dinuclear complex having equivalent
two platinum atoms, Pt(N3O), with p-styrenesulfonate and 4-penten-1-ol were studied kinetically. Under the pseudo
first-order reaction conditions in which the concentration of the Pt" dinuclear complex is much smaller than that of
olefin, a consecutive basically four-step reaction was observed for the reaction with p-styrenesulfonate, but for the
reaction with 4-penten-1-ol, the reaction was three step. The olefin sz-coordinates to one of the two equivalent Pt
atoms in the first step (step 1), followed by the second s-coordination of another olefin molecule to the other Pt
atom (step 2). In the next step (step 3), the nucleophilic attack of water to the first sz-coordinated olefin initiates its
st—o hond conversion on the Pt atom, and the second sz-bonding olefin molecule on the other Pt atom is released.
Finally, dissociation of the alkyl group on the Pt(N30) and reduction of the Pt" dinuclear complex to the Pt" dinuclear
complex occur (step 4). The first water substitution with olefin (step 1) consists of two paths, the reaction of the
diaqua dimer complex (path a) and the reaction of the aquahydroxo dimer complex (path b), whereas the second
substitution (step 2) proceeds through three reaction paths: the normal path of the direct substitution of H,O (path
c), the path of the coordinated OH™ substitution (path d), and the path via the coordinatively unsaturated five-
coordinate intermediate (path €). The reaction with p-styrenesulfonate proceeds through paths c, d, and e, whereas
the reaction with 4-penten-1-ol proceeds through paths ¢ and d. The third step (step 3) for the reaction with
p-styrenesulfonate involves the coordinatively unsaturated intermediate, but that for the 4-pentene reaction does
not. The reactivities of the HH dimer and HT dimer with olefins are compared and discussed.

Introduction in the HH complexes are not equivalent: one is ligated by
Amidato-bridged Pt dinuclear complexes [(L)Pt(Ng- two ammine nitrogen atoms a_nd two amiQate oxygen atoms

(u-amidato)Pt(NHs)»(L)] ™ (amidato= o-pyridonato,a-pyr- (Pt(N:Oy)), whereas the other is by four nitrogen atoms (Pt-

rolidonato, or pivalamidato, & NOs~, NOy, H,0, CF, or  (Na)). In the HT complexes, the two platinum atoms are

Br-) having a metatmetal bonding sometimes exist in two ~ €quivalent (Pt(NO)).
forms, head-to-head (HH) and head-to-tail (HBs shown
in Chart 1. The HH isomer is formed by oxidation of the (4) El-Mehdawi, R.; Bryan, S. A; Roundhill, D. Ml. Am. Chem. Soc.
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Chart 1

L n+ L n+
o o0

H3N/”““""Pt ,,,,,, O, H3N//n - P m\\\ = amidate

- .

H3;N ‘ ~o HN" ’ SN (a-pyridonate,

H3N/"”""Ptl"l“l'""‘“N H3N/""""Pt N a-pyrrolidonate,

H3N/ | \N H3N/ ’ \ pivalamidate, etc.)
L L = NO3_, NOZ_,

Head-to-Head Head—tO—Tall H,0, CI” or Br~
(HH) (HT)

It is known that the HH amidato-bridged"Ptinuclear
complexes act as catalysts for the oxidation of olefins to
aldehydes, ketones, epoxides, amg-diols!?~1> Several

difference in the axial reactivity was found for the HH and
HT o-pyridonato-bridged dinuclear complexes. The axial
substitution reactivity also varied depending on the bridging

alkyl Pt" dinuclear complexes have been synthesized by theligand in the HH Pt dinuclear complexes.

reactions of the HH complexes with olefins, and their crystal
structures have been determined by X-ray crystallography.
We have studied kinetically the reactions of the HH
o-pyridonato-bridged Pt dinuclear complex with some
olefins and an alkyne, such psstyrenesulfonate, 2-methyl-

In this paper, we examine the reaction mechanism of the
o-pyridonato-bridged HT Ptdinuclear complex [(0)(NH),-
Pt(u-CsHaNO),Pt(NHs)2(H,0)]*", and compare the reactivity
of the HH and HT dinuclear complexes toward olefins.
p-Styrenesulfonate and 4-penten-1-ol were selected as olefins,

2-propene-1-sulfonate, 4-penten-1-ol, and 4-pentyn-1-ol, to because these olefins show considerably different reaction

clarify the formation mechanism of the alkyl"Ptinuclear

patterns toward the Hld-pyridonato-bridged Pt dinuclear

complexes, and proposed the reaction mechanism as showromplexé

in Scheme S1 (Supporting Informatiol§) The reactions

proceed as a consecutive three-step or four-step reaction. Th®esults and Discussion

olefin r-coordinates preferentially to the PHD%) in the first
step, followed by the secondcoordination of another olefin
molecule to the Pt(ly in the second step. In the third step,

Reaction with Sodiump-Styrenesulfonate The reaction
of the HT dimer with sodiump-styrenesulfonate gives

the nucleophilic attack of a water molecule to the coordinated Sodiump-acetylbenzenesulfonate and the Pt(ll) dimer com-

olefin causes thee—o bond conversion on the Pt{),) to
form the o-complex, and the second-bonding olefin
molecule on the Pt(Nis released. Thg-hydroxyo-complex

is not stable, and in the fourth step, the alkyl group on the H; N Pt ¢

Pt(N,O,) is liberated as the ketonyl compound, and th& Pt
dinuclear complex is reduced to thé' Blinuclear complex.
We have also reported previously the kinetic and equilibrium
studies of the axial aqua ligand substitution with halide in
the HH and HTo-pyridonato-bridged dinuclear complexes
in order to examine the difference in reactivity of the two
isomers'’*8Further, we have recently studied the axial ligand
substitution with halide ions in the Htd-pyrrolidonato-
bridged Pt dinuclear complex and the HH pivalamidato-
bridged Pt dinuclear complex, to examine the effect of the
bridging ligand on the axial ligand substituti&hSubstantial

(12) Matsumoto, K.; Mizuno, K.; Abe, T.; Kinoshita, J.; Shimura,Ghem.
Lett. 1994 1325.

(13) Matsumoto, K.; Nagai, Y.; Matsunami, J.; Mizuno, K.; Abe, T.;
Somazawa, R.; Kinoshita, J.; Shimura, H.Am. Chem. Sod.998
120, 2900.

(14) Lin, Y.-S.; Takeda, S.; Matsumoto, RrganometallicsL999 18, 4897.

(15) Matsumoto, K.; Sakai, KAdv. Inorg. Chem 1999 49, 375.

(16) Saeki, N.; Nakamura, N.; Ishibashi, T.; Arime, M.; Sekiya, H.; Ishihara,
K.; Matsumoto, K.J. Am. Chem. So@003 125 3605.

(17) Saeki, N.; Hirano, Y.; Sasamoto, Y.; Sato, |.; Toshida, T.; Ito, S.;
Nakamura, N.; Ishihara, K.; Matsumoto, Bull. Chem. Soc. Jpr2001
74, 861.

(18) Saeki, N.; Hirano, Y.; Sasamoto, Y.; Sato, |.; Toshida, T.; Ito, S.;
Nakamura, N.; Ishihara, K.; Matsumoto, Eur. J. Inorg. Chem2001
2081.

(19) Shimazaki, K.; Sekiya, H.; Ishihara, K.; Matsumoto Br. J. Inorg.
Chem.2003 1785.
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plex as shown in eq 1. The time course changes in-\ig

(I)Hz (I)Hz
— H3N- —
Pt/
+ H =/H —_— H3N —_—
R N
HN-Et S05” HaNH
OH, HJ—%H
1 505"
H3N=— 0
g o, @
HyN— HsC -
H3N—P-t SO3
2 3

absorption spectra under the pseudo first-order conditions,
Chn < C_ (Figures Sla and S2a, Supporting Information),
were almost the same as those observed for the HH
o-pyridonato-bridged dimer reactidhThe present reaction
consists of four steps (Figures S1b and S2b): the fastest step
(step 1), two intermediate steps (steps 2 and 3), and the
slowest step (step 4). Steps-3 were first-order reactions,
whereas step 4 was very slow and deviated from the first-
order reaction curvature after prolonged reaction time, so
the rate constant for step 4 could not be determined. The
pseudo first-order rate constarksisy, Kobsa andkopssfor steps
1-3, respectively, were dependent on both the excess ligand
concentration €_) and [H] as shown in Figure 1. It is
worthy of note thak,ps, for the present system is different



cis-Diammineplatinum(lil) Dinuclear Complex

in the reaction of the present HT complex with G This
route comes from th&y,s, dependence on [H as well as
onC..

The experimental data in Figure 1 give eq 2 lfgys, and
eq 3 is derived from the reaction paths in Scheme 1.

kobsl /s

Kobs1= K CL t Kgp ()
k1#Kh1 + k— #Kh2
1 + —1 +
H'] H]
Kobs1 = (L] + ®3)
3 Kha Khz
1+ + +
b H] H']
—.{ 2r Equations 4 and 5 are obtained from eqs 2 and 3, under
S S the present pseudo first-order conditid®,y < C.. The

- 2 valuesks; andkg; are the rate constants of the forward and
the reverse reactions of step 1 in Scheme 1, respectively.

0 5 10 15 20 25 ky Koy
C,/10°M L

hl

14—

H']

The plot ofki (1 + Kny/[H™]) vs [HT] " was linear (Figure
S3a, Supporting Information). In the denominator of eq 5,
Kn/[H*] is negligible compared to unity under the present
conditions, since the plot dfy vs [H']™* (Figure S3b) is
linear within the experimental errors.

#

K k1 Kpp

NS k1K

Figure 1. Dependence of the observed rate constant dor the reaction ky = ~k_,+ " (5)
of the HT dimer withp-styrenesulfonate at= 2.0 M. (a) For step 1, at 25 Khz HM]
°C and [H'/M = 0.412 ©), 0.824 ), 1.23 @), 1.64 (7). (b) For step 2, 1 H
at 25°C and [HJ/M = 0.412 ), 0.824 (), 1.24 ), 1.65 (). (c) [H7]
For step 3, at 40C and [H]/M = 0.0401 (), 0.401 ), 0.803 ), 1.61 . .
). P ] ©) ®) @) On the other handk,pszfor step 2 in Scheme 1 is expressed

as eq 6, when the steady-state approximation is applied to

the coordinatively unsaturated complex.
from that for the HHo-pyridonato-bridged dimer reactidf;

in the latter reaction, thie,,s;was dependent oG, similarly Ky Ky kok,[H']
to Figure 1b, but was independent of [H , + ] m['—] +kogky
For the HH dimer in Scheme S1, the first ligand substitu- ky,.,= K [L] + " Ez K ~
tion with olefin occurs to the Pt(}D;), and the first 14 N2 L] +keg
deprotonation of the aqua ligand occurs to th©HPt(N,) [HY]
exclusively (step 1). The second substitution takes place on kZ#KhZ KylL]
the Pt(N) (step 2). Ther-bond== g-bond conversion occurs k, + T [L] + T+ k Ik (6)
in step 3, which takes place on the PiQ).132021 At step H] L]+ kg,
4, the intramolecular reaction proceeds and ted@mplex The change of théH NMR spectra (Figure S4, Supporting
is reduced to the HH Ptdinuclear complex to release the |nformation) for the presen-styrenesulfonate system was
ketone. quite similar to that for the HH dimer systethj.e., the

A similar reaction scheme can be drawn for step 1 in the formation of thes-complex1 (step 3 in Scheme 1, eq 1)
present HT dimer reaction as shown in Scheme 1; however,was followed by the liberation of the ketorg&from the
different from the corresponding reaction of the HH complex, g-complex and the reduction of thecomplex to the HT
the pathk;” is added in Scheme 1, which was also observed q-pyridonato-bridged Ptdinuclear complex (step 4).

The reactive intermediate having the unsaturated coordina-

(20) g/latslugrg%tt}llé:sl\gggsunami, J.; Mizuno, K.; Uemura,JHAm. Chem. tion site at step 3 in Scheme 1 is necessary to explain the
oC . . . . . .
(21) Sakai, K.; Tanaka, Y.; Tsuchiya, Y.; Hirata, K.; Tsubomura, T.; lijima, drastic decrease dfonss With increasingC (Flgure 10)'

S.; Bhattacharjee, Al. Am. Chem. Sod998 120, 8366. Equation 7 is derived when the steady-state approximation
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Scheme 1. Mechanism for the Reaction of the HT Dimer with SodipaStyrenesulfonate

Step 2 Step 3 SO~
3
H3N H>=<©
N—
AN Ho|H Pr_
H3N H3N'|_0 ks SR
TN — N Pt/ ) L H3N
3 Pt ~ 3 =_— H3N-1—
H3N H3N-I— —tdf
H | H HyN—Ltdf k-s H3NH H
g SO3” H -
steady-state 3 ks S0+ steady-state SO3
+L
ks || k3 \ Kns || +H" k¢ ﬂ ks
H Step 4
SO;3™ P
OH, - AN
H3Ni>|t_ ) H|H o i -—
k| HaN k N H3N4—0 ky AT
HaN HaN Pt Hi;N—
+L H3'N-Pt_' +L 3 3 -L
— [HN — | HNp HNS— -
k_y A | H HsN— HN—tt H
H>=<© | u % 0
= H
SO3” H>_<® -
05" 1 SO;3 H3C SOn-
3
k’)# Pt; H
2 U~ 5o
+H™| K +H'|| K2 L H "
H
SO3™
OH
OH H3N-l:!t_’
HN—Q g [N
HyN—T" l -l—
3 +L HBNP ,
H3N-I—) =————| H3N
- Pt # 3
H;N—ft kot oL
OH, i
SO;37

is applied to the intermediate at step 3 in Scheme 1. This complex, those of the reacted"Pdinuclear complex -
equation agrees with the experimental data as shown incomplex), and those of the tetrahydrofurfuryl protons of the

Figure 1c. o-complex were observed. The structure of theomplex
is analogous to that of the previously reported pivalamidato-
ksKin K_gk_g[L] bridged 2-methy! tetrahydrofurfuryl complex, whose structure
HT+ Kis Ke was elucidated by X-ray crystallography.
bs3 k IL (7)
Kelll OH,
ks H3,N—1:I't_/O H%N?/
H3N_i ) H H H3N_i
The best-fit curves in Figure 1 were drawn by applying a HN3=] " H>=R - NS ®)
non-linear least-squares fitting of egs 3, 6, and 7 to the BN— o HN=—~0
experimental data, and agree well with the experimental OH, CH,
results. All the rate constants in these equations were o
calculated by usingl,; = 1.05x 102 M (25 °C, | = 2.0
M) determined previously{? and are tabulated in Table 1. 4

Reaction with 4-Penten-1-olThe reaction with 4-penten-
1-ol gave thes-complex4 as the final product as shown in A three-step reaction was observed under the pseudo first-
eg 8. The complex is stable under the experimental condi- order conditionsCuy < C.) (Figure 2). Step 1 was fast and
tions, and does not release the alkyl group. The formation could not be detected even at lower temperature for the HH
of the o-complex was confirmed by th#d NMR spectrum dimer reaction with 4-penten-1-8lwhereas for the present
(Figure S5, Supporting Information). The peaks of the HT dimer reaction, the last part of step 2 could be detected
bridginga-pyridonato ligand in the unreacted'Pdinuclear at lowerC, (Figure 2b,d), but th€, dependence of the rate

312 Inorganic Chemistry, Vol. 43, No. 1, 2004
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Scheme 2.

I) Dinuclear Complex

Mechanism for the Reaction of the HT Dimer with 4-Penten-1-01

H;N 0O,
AN
I HsN——N,
-L H3N—-—>1
— v Pt /4
~ H;N | O
CH,
O
4

Step 3
e
H | H
HyN—-l—0
HNI Pt /)
3
7 E'[ Y/
H3N—|O
CH,
(0]
K
Step 2 ol h3 H'
OH, _— 2 o ky u OH
ALV AL il el
’ \ N > g H
HsN _N> “ LN—'— HyN=l—0
H;N=|— L 3 / LN
P = H;N HN—N,
3 | ko H | H H3N—P t_/
OH, H>=R0H k' AN
+ 11K +L H | H
H || Ky H h2 - H>=R
i - OH OH
OH /
| HyN-l—0
H3N— —0 : Pt/
v t / # H3N_'N
w)
HyN—=l— L 5Pt 4
} Pt 4 HN—
H;N | ky H | H
Of, e SNy
OH

Table 1. The Rate and Equilibrium Constants (25, | = 2.0 M) for the Reactions of the HH and HI-Pyridonato-Bridged Bt Dinuclear

Complexes with Olefins

p-styrenesulfonate 4-penten-1-ol
HHa HTb HTe HHa HT® HTe
Step 1
kk=13x 18M-1s1 ki=23x 1?M~1st ki=12x 1FM1st
k*=44x 1M 1sl Kk*=43x10*M1s? ki*=22x 10*M~1s1
k.1=0.90st k.1=0.19s? k-1=0.10s1?
k_l# =23x 1Ps? k_l# =26s1 k—l#: 13s1?
Kh2=3.8x 107*M Kne=7.7x103M Kne=7.7x103M
Step 2
kr=31+3M1s? kr=17+5M1s1 kp=85M1s1 kp=29M1s1 kx=20M"1s71 kor=10M"1s71
k= (2.84£0.4)x 10° ko =1.4x 108 ko = 6.2 x 104 ko = 2.4 x 103 ko = 1.2 x 103
M-1st M-1st M-1st M-1st M-1st
ks=0.6440.06 s1 ks=144+0.1s1t ks=0.7st Knz=6.3x 103M Kpp=2.0x103M Kp=2.0x 103M
k_alks=4.0x 1073 M koslks=3.2x 1073 M k_aglks=3.2x 10°3M
Step 3
ks=3.7x 103s? ks=1.6x 1072s71d ks=8.0x 103s71d k3=44M1s1 k3=50M71s1 k3=25M1st
Khz3=0.21M Kns = 3.63 M¢ Kns = 3.63 MW* ks=1.2s?t

k g=54x 104s?
kslke=7.5x 1PM~1

k-g=3.3x 103g1d
k-s/ke = 7.3 x 1(PM~1d

kg=17x 103s1d
k-s/ke = 7.3 x 1@ M~1d

Kh3=7.2x 103M

aReference 16° This work. ¢ Statistical factor was taken into accodftd At 40 °C.

constant could not be determined for this step. Step 2 anddecreased with increasing {H(Figure 3a). The slope of
step 3 were exactly first order, and no further reaction was thekqpsszVvs Ci. plot was constant with respect to THFigure
3b). Thus, the mechanism of the reaction of the HT dimer

observed for at least

The observed rate constamtss, andk.ps3 for step 2 and

a couple of hours.

with 4-penten-1-ol is constructed as in Scheme 2, which is

step 3 in the reaction with 4-penten-1-ol increased linearly virtually the same as for the HH dimer reaction with

with increasingC,, and the slopes of the plot &fps,vs C.

4-penten-1-ot® According to the mechanism in Scheme 2,

Inorganic Chemistry, Vol. 43, No. 1, 2004 313
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Figure 2. (a) Change of the U¥visible spectrum for the reaction of the HT dimer with 4-penten-1-ol, takerye¥aratl = 2.0 M and 25°C. Cyr =

5x 105M, CL. =7.02x 103 M, and [H"] = 1.66 M. (b) The absorbance change with time at 265 nm in Figure 2a. (c) The absorbance change with time
at 265 nm at highe€,. Cur =5 x 10°M, C. = 1.42x 1072 M, and [H"] = 1.66 M. The inset shows the semilog plot of the data. (d) The absorbance
change with time at 265 nm at low€l. Cqyt =5 x 10> M, C. = 4.74 x 103 M, and [H"] = 1.66 M. The inset shows the semilog plot of the data.

kobsz @and Kopsz are expressed as eqgs 9 and 10, respectively, difference of the strength of the olefirrcoordination bond,

under the present conditions. i.e., thesr bond between the olefin and the Pi(D{) in aqua-
. N N m-olefin dimers is more effectively strengthened fpr
ko= kolL] = k[H] + Kk, Khz[L] <l + Ky Ko L] styrenesulfonate than 4-penten-1-ol by accepting more
bs2— T2 H] + K, 2 HY electrons from the d orbitals of the Py®h). This is
9) facilitated by the electron-withdrawing benzenesulfonate
kKo g group® This more stabler-coordination means that the Pt-

- +k_g[L] ~ k_4[L] (10) (N20,) is in a more positive oxidation state fprstyrene-
[H]+ Kis sulfonate than 4-penten-1-ol in the agqualefin dimers. As
a result, the Pt(ly is less positive fomp-styrenesulfonate,
and the HO molecule on the Pt() is less stable for
p-styrenesulfonate and therefore theCHis released. This

Kobss= Kiz T KgdlL] =

The data in Figure 3 were successfully analyzed according
to eqs 9 and 10 (see also Figure S6, Supporting Information).

The rate constants in eqs 9 and 10 are given in Table 1. . - .
The definite difference between the HH and HT reaction 's the ks path. Th|.s difference of the reaction paths shows
that the electronic state of the aqugp-styrenesulfonate

mechanisms is the reaction paths in step 2. Step 2 in Scheme,. . | v
S1 involves two pathsk, andks, whereas step 2 in Scheme dimer is close to HO-Pt(N,)-Pt (N20)-7z-p-styrene-
1 involves three pathsc, ks, andk,* sulfonate, whereas that of the aguat-penten-1-ol is close

In step 2 in Scheme 1, the reaction proceeds thrdugh (© H2O-Pt!(Ne)-Pt!(N2O;)-7-4-penten-1-ol. On the other
andks paths; in thek, path, direct substitution of the hand, when the hydroxy-olefin dimers are compared, the
on the Pt(N) with an olefin occurs, whereas the path electronic structure is reversed to HOUR\,)-Pt" (N,O.)-
includes a coordinatively unsaturated intermediate. In con- 7-P-styrenesuifonate and HOl'IHt\I4)-PﬂV(NZQZ)—ﬂ-4-penten-
trast, the reaction of the HH dimer with 4-penten-1-ol 1-0l. This s the reason for the” path to exist only forr-4-
proceeds throughk, and k.* paths (in Scheme S2 in penten-1-ol. Considering these flexible oxidation states of
Supporting Information, in which the reaction paths are the two Pt atoms, it is understandable that the HT dimer in
essentially the same as for the present HT dimer in SchemeScheme 1 has all the three paths in stef2k.”, andks,
2 as mentioned previously), and in tké path, OH on the since the HT dimer is expected to have less delocalized
Pt(N,) is substituted with the olefin. This difference of step electronic state compared to the HH dimers. All the Pt
2 between Schemes 1 and S1 can be explained by theoxidation states mentioned above are only approximate

314 Inorganic Chemistry, Vol. 43, No. 1, 2004
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0.8 Table 2. The Rate Constants for Step 2 of the Reactions of the HH
a Amidato-Bridgedcis-Diammineplatinum(lll) Dimer with Halide lons at
| =2.00 M and 25°C?
0.6
ligand bridging ligand path k[M~1s™q
o cl- a-pyridonaté ko (5.50+ 0.10) x 1C?
_“é 0.4 ® c 3.14+0.3
< K-k (3.7£0.5)x 1078
0.2k & o-pyrrolidonate ko (1.52+0.01) x 1C®
: pivalamidate ko (1.51+£0.01)x 10°
ko (8.66+ 0.24)x 107¢
0.0 ! 1 1 Br- a-pyridonaté ko (4.50+ 0.36) x 1(?
5 10 15 20 ks 44+0.8
3 K_alksd (3.7+£0.8)x 1073
C./10°M o-pyrrolidonate ko (1.36+ 0.07) x 1?
ks 1.39+ 0.07
10 K_g/kqd (7.73+ 0.93)x 107
pivalamidate k2 (1.01+ 0.30) x 1?
b ko (1.25+ 0.46) x 1072
81 koK (8.52+ 0.81) x 10?
:.”’ 6l aReference 19 Reference 17¢In s~ 9In M.
= @
2 ab ® systems in Table 2. When thgvalue becomes further lower
= ; as in the present HT reactions wipkstyenesulfonatekg =
2 8.5 M1 s and 4-penten-1-olkg = 10 M~ ! s71), step 2
0 | \ \ has three paths depending on the nature of the olefin in the
0 5 10 15 20 aquas-olefin dimer. Thus, the paths involved in step 2
C /10°M depend on the magnitudes lafKn, andks relative tok; in
L
eq 6.
Figure 3. Dependence of the observed rate constants dor the reaction In step 3 in Scheme S1, a water molecule is coordinated

of the HT dimer with 4-penten-1-ol at= 2.0 M. (a) For step 2, at 25C .
and [H/M = 0.206 O), 0.411 (), 0.822 @), 1.66 (7). (b) For step 3, at 0N the Pt(N) in the o-complex, whereas no water molecule

25°C and [H]/M = 0.0100 ©), 0.0401 {), 0.201 @), 0.401 §), 0.803 exists on the Pt(ly in the o-complex of the reaction with

®). 4-penten-1-ol (Scheme S2). This difference was explained
. by the decreased electron-donating ability of the substituted

expressions to help understand how the electrons move a|°”galkyl group in theo-complex in Scheme S1 due to the

th% Pt-Pt bond in each step. The expressiofOHPt'(N.)- benzenesulfonate group, which reduces the electron localiza-

P_ﬂ (N2O,)--olefin does not mean that oIeflns cancoor- tion in the dinuclear complex P (N,02)-Pt!(N4)-X») to

dinate to PY. It only shows that the Pt(D,) oxidation state  ha |ess localized complex POt (N,Oy)-Pt! (N)-X).16

would be higher than Pt TheKns of the HT dimer reaction with-styrenesulfonate

The order of trans effect and/or influence of the olefinin g substantially larger than that of the HH dimer in Table 1
the HT aquar-p-styrenesulfonate dimer in step 2 in Scheme gye if the temperature difference is taken into account. In
1 would be intermediate between the HH analogue in Schemeg previous report on the-pyridonato-bridged HH dimer

S1 and the HH aqua-4-penten-1-ol dimer (in step 2 in  oaction with halide iod? the first substitution occurs
Scheme S2). In other words, the HT aqu@-styrene-  referentially to the Pt(bD,) and the deprotonation of the
sulfonate dimer has an intermediate character between the.ordinated water selectively takes place on the Bidep
HH analogue and the HH aqua4-penten-1-ol dimer, and 1 j, Scheme S1), since the electrons are localized in the HH
therefore, step 2 in S(_:heme 1 has bkifandk,* paths. In diagua dimer as close to jB-PtY(Na)-Pt'(N202)-OH,]**.
accordance with this, in Table Ky, (7.7 x 10°° M) for the This has been supported by the recEfet NMR measure-
HT reaction withp-styrenesulfonate is ca. 20 times larger meant of the HH and HT diaqua-pyridonato-bridged dimers;

) ) ;
than that (3.8x 10 M) for the HH reaction with  he chemical shifts are 1488 ppm (Pt(M) and—2863 ppm
p-styrenesulfonate, and is comparable to the value .3 (Pt(N,O,)) for the HH dimer, and-1766 ppm (Pt(NO) for
103 M) for the HH reaction with 4-penten-1-ol. On the other {ha HT dimer. with reference to P& (0 ppm)2 The
hand, ks (0.70 s*) for the HT reaction withp-styrene-  gjectron localization is also observed in the X-ray crystal-

sulfonate is comparable g (0.64 s*) for the HH reaction  |oqraphy: in the HH dichlore-pyrrolidonato-bridged dimer
with p-styrenesulfonate. The rate constants of step 2 for the [CI-Pt(N4)-Pt(N:O,)-Cl]2+ 2L the CHPt(N,Oy) is longer than
reactions of the HH amidato-bridges-diammineplatinum- Cl—Pt(N), which suggests that the electronic state is
(1) dimer with halide ions are given in Table2.In this localized as [CI-PY(N.)-Pt'(N.O,)-Cl]2* 21 On the contrary,
table, the reactions of the Hédpyrrolidonato-bridged dimer  {he electron localization is in the opposite direction in the
and the plvalamldato—brldged dimer with-Ghave only the alkyl HH pivalamidato-bridged dimers, e.g., [N®'(NJ)-

ko path, and their values are of the order of.M¥hen thek, PtV (N,0,)-CH,CHOP* 2 due to the strong trans influence

value is large as in this order, step 2 consists of solelkihe ot the alkyl group. Similar inversion of the electron localiza-
path. As thek, value decreases, the reaction pkthor ks

appears in addition tky, and this is the case for most of the (22) Unpublished results.
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tion direction has been observed in the reaction of the HH
pivalamidato-bridged diaqua complex with olefins to form
the monop-hydroxy alkyl dimer complex® Analogously,

in thesr,o-HH and HT dimers#,0-complexes), the electronic
states would berf-Pt!'(N4)-PtY(N,O,)-0]3" in the HH dimer

in Scheme S1 andrfPt'(N3O)-PtV(NzO)-0]°" in the HT
dimer in Scheme 1; the degree of electron localization would
be more pronounced in the Hijo-complex. Therefore, the
HH x,0-complex would be more stable than the HT
analogue, considering that Pt complexes in the lower
oxidation states tend to form stabtecomplexes. The fact
that theKyz value of the HT reaction witp-styrenesulfonate

is larger than that of the HH dimer (Table 1) indicates that
the energy difference between thgr-complex (e.g.,%-Pt-
(N4)-Pt(N:O,)-7]*" in Scheme S1) and,o-complex is larger
for the HT dimer. It follows therefore that the Hh,z-
complex is more thermodynamically stable than thest#-
complex. All the synthetic and X-ray studies show that mono-
alkyl HH complexes have always the alkyl groups on the
Pt(N:O,), which suggests that theto o conversion by water
attack occurs always to the PH®h)-7 in the HH dimer, in
other words, water attack occurs easier to the RNz
than the Pt()-mr, which means that the electronic states of
Pt(N;O;) and Pt(N) in the HH z,m-complex are not
equivalent and ther ligand on the Pt(BO,) is more
positively charged than that on the Pi{Nsuggesting the
localization of PV (NO,)-Pt'(N,). Considering that the two
Pt(N;O) are equivalent in the HF,m-complex, the water
attack to the olefin in ther,z-complexes is expected to be
faster in the order Pt(}D2)-r > Pt(N;O)-r > Pt(Ny)-, i.e.,

HH > HT, though the rate constant of this step could not be
measured.

Theks andKy3 values could not be determined for the HT
dimer reaction with 4-penten-1-ol, because of the relation
kaKna/([H*] + Kng) < k_g[L] in eq 10 under the present
experimental conditions. This is probably due to the very
small Kya.

Conclusion
The reactions of the HT-pyridonato-bridged Pt di-

Arime et al.

i.e., thek,” path does not exist for the HH dimer, whereas it
exists for the HT dimer. The difference is also explained by
the more localized bD-Pt(Ny)-Pt(N,O,)-(p-styrenesulfonate)
structure of the HH dimer, which more destabilizes th©H
Pt(N;) bond than in the HT dimer and the and ks paths
become possible in step 2. Although the difference of the
Kns values of the HH and HT dimers shows only the energy
difference of ther,r-complex andr,o-complex in the HH
and HT dimers, the HTr-Pt(N;O)-Pt(NsO)-o state would

be less stable than the HHPt(N,)-Pt(N.O,)-0, and therefore
the HT z-Pt(N;O)-Pt(NsO)-or would be also less stable than
the HH z-Pt(N,y)-Pt(N,O,)-r dimer. The HT dimer is more
stabilized by the nucleophilic attack of water to th@lefin

to become ther-Pt(N;O)-Pt(NsO)-o complex. This seems
the reason for the largét,s for the HT dimer. In this way,
the comparison of the corresponding HH and HT dimers
gives the idea about how the complexes stabilize their
intermediates depending on the axial ligand, by redistributing
the electrons along the PPt bond.

Experimental Section

Reagentscis-[Pt(NH;).Cl;] was prepared from {PtCl,] (Tana-
ka Kikinzoku Kogyo K.K., Tokyo) according to Dhara’s meth&d.
Reagent grade-pyridone (Kanto Chemical Co. Inc., Tokyo) and
4-penten-1-ol (Tokyo Chemical Industry Co. Ltd.) were purified
as described previousl. Sodium p-styrenesulfonate (Tokyo
Chemical Industry Co. Ltd.) and perchloric acid (60% UGR for
trace analysis, Kanto) were used without further purification.
Sodium perchlorate was prepared and purified according to the
literature?* Head-to-tail [(HO)(NHs)zPt(u-CsHaNO)Pt(NHs),-
(NO3)](NO3)3:2H,O (HT dimer) was prepared according to the
literature!

Measurements.lonic strength was maintained at 2.00 M @/
mol dm~3) with perchloric acid and sodium perchlorate. All the
sample solutions were prepared by using twice distilled water just
before measurement. Spectrophotometric measurements were per-
formed by using the same apparatus as described previSuRhte
constants were measured by monitoring the absorbance change at
350 nm for the reaction of the HT dimer with sodiupt
styrenesulfonate and at 265 nm for the reaction with 4-penten-1-
ol, as a function of time after mixing the solutions of the dimer
and the olefin. Under the conditions that the concentration of the

nuclear complex with olefins were basically the same as thoseolefin (C,) is in large excess over that of the dimer compl€x(),

of the HH a-pyridonato-bridged B dinuclear complex,
except for step 2 in the reaction wiphstyrenesulfonate. Step
2 in the HH dimer reaction consists of two paths and
ks), whereas in the HT dimer reaction it consists of three
paths ke, ks, andk;¥). The difference can be qualitatively
explained by the relative degree of electron localization in
the HH and HT aquaeolefin complexes. The previous
reactions of the HH amidato-bridged"Pdinuclear com-
plexes with halide iorf8 and the present reactions show that
the reaction proceeds via one of the four cases, kg,, (k-
andks), (k2 andk,”), and &, ks, andk,”) in step 2 in the HH
and HT dimer reactions, depending on thevalue relative

the reaction was found to consist of several consecutive first-order
steps. The rate constants were determined as described prevfously.
The 'H NMR spectra were recorded on a JEOL Lambda 270
spectrometer. The chemical shift was referenced to TMA (tetram-
ethylammonium perchlorate, 3.190 ppm to TMS).
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axial ligand on the opposite Pt{¥,) or Pt(NsO) atom. In
the more localized HH dimer, the hydroxide opposite to the
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