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Abstract: A reaction of [P§(CH3COO)] (1) with an excess of diethyldithiophosphate fEpH) in CHCN
affords a tetrasubstituted derivative,fR&H;COOQ)(Et.dtp)], which is a mixture of two isomers. X-ray analyses

of the isolated two isomers revealed thaidfp ligands in both isomers are coordinated in the plane of the Pt
cluster core, and that coordination mode ofdfp is the chelate type in one isom@) (vhereas it is the bridge

type in the otherJ). 'H NMR studies showed that bothand3 isomerize slowly in solution to give the same
equilibrium mixture. The rate constants for the isomerization in GRE#O°C werek; = 1.2 x 1074 s71 (for

the reaction fron® to 3) andk, = 1.5 x 10~ s~ (for the reaction fron8 to 2), respectively. Botl2 and 3
undergo the isomerization also in acetonitrile with similar reaction rate, but the mechanism is different from
that in chloroform. Activation entropy for the reaction starting fr@o 3 was —9 4+ 9 J molt K71 in
chloroform and—47 + 11 J mof! K1 in acetonitrile. The smallAS| value for the reaction in chloroform
suggests that the isomerization proceeds without bond cleavage through an intermediate where three sulfur
atoms from two Edtp’s are coordinated to each platinum. That is, the isomerization in chloroform is caused
by rotation of the Rtcluster core within an array of eight S atoms arranged circularly in a single plane. On
the other hand, the isomerization in acetonitrile proceeds via-& Piond cleaved intermediate possibly by

the solvent assisted mechanism. All the kinetic parameters for the reactions ig &RICCRCN are reported.

Introduction Chart 1

Octaacetatotetraplatinum(ll) [P€EHzCOQO)] (1) is a well-
known cluster complex of divalent platinum with-Fet bonds
and has unique structdrand reactivity2~* The acetate ligands
in 1 which are in the plane of the square-planar cluster core are
labile, whereas the out-of-plane ligands are inert to substitétion.
Tetrasubstituted derivatives with bidentate ligands (L) at in-
plane sites, [Pt(u-CH3COON(L)4"", are classified into two
types by the coordination mode of L. One is the bridge type as
in 1 and the other is the chelate type (Chart 1).

Bidentate ligands such as carboxylafeacetamidaté,and
acetylacetonat®,C ® make tge bridge type complexes, whereas che|ate type structure. Which type of the structure is formed
ethylenediaminé, picolinate] or amino acidatésafford the depends likely on the bite distance of L. A ligand with a shorter

(1) (a) Carrondo, M. A. A. F. de C. T.; Skapski, A. @. Chem. Soc., bite distance tends to give the bridge type cluster and those
Chem. Commun1976 410-411. (b) Carrondo, M. A. A. F. de C. T.;  with longer bite distances the chelate type. In this study, we

Skapski, A. C.Acta Crystallogr, Sect. B1978 B34 18571862. (c) ; e ; ;
Carrondo, M. A. A. F. de C. T.; Skapski, A. @cta Crystallogr, Sect. B used diethyldithiophosphate ion ¢8tp) as L, which has an

1978 B34, 3576-3578.

chelate type bridge type

Coordination mode of [Pt4(CH3CO0)4L4].
For clarify, out-of-plane acetates are omitted
and L is depicted as

[Ptg(CH;CO0)5} (1)

(2) Yamaguchi, T.; Sasaki, Y.; Nagasawa, A.; Ito, T.; Koga, N; EtO, S
Morokuma, K.Inorg. Chem 1989 28, 4311-4312. AN /..'

(3) (@) Yamaguchi, T.; Adachi, H.; Sasaki, Y.; Ito, Bull. Chem. Soc. /P\-‘ ©
Jpn 1994 67, 3116-3118. (b) Shibata, A.; Yamaguchi, T.; Ito, Thorg. EtO S
Chim. Actal997, 256, 179-204.

(4) Yamaguchi, T.; Nishimura, N.; Ito, T. Am. Chem. Sod993 115 Et,dtp
1612-1613.

5) Yamaguchi, T.; Abe, K.; Ito, Tinorg. Chem, 1994 33, 2689-2691. . . . . .

Eeg Yamaguchi, T.; Sasaki, Y.; Ito, % Am. Chem. Socl99Qq 112 intermediate bite distance. We report here that both the bridge
4038-4040. ' and chelate isomers of [RCH3COO),(Et,dtp)] are isolated,
sosr) Yamaguchi, T.; Ueno, T.; lto, Tinorg. Chem 1993 32, 4996~ that each isomer undergoes isomerization in solution to give

(8)' Yamaguchi, T.; Shibata, A.; Ito, TI. Chem. Soc., Dalton Trans.  an equilibrium mixture of two isomers, and that the isomeriza-
1996 4031-4032. tion in chloroform proceeds by the unique “cluster core rotation”
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Figure 1. ORTEP drawings of two isomers: (eelate[Pty(CH;COON(Etdtp)] (2) in 2:CCly4/3CHCI; and (b)bridge-[Pty(CH;COO,(Et,dtp)])
(3). Atoms are drawn at the 30% probability level.

Table 1. Crystallographic Data and X-ray Experimental Conditions Table 2. Selected Bond Distances and Angles 39€Cly-4/3CHCls

for 2-:CCls+4/3CHCl; and 3 and 3?2
compound 2:CCly+#3CHCl 3 2:CCly**3CHCls 3
empirical formula PiCo6.33H533802856P4Clg  PuCoaH5201656Ps i
formula weight 2262.34 1757.40 - bond distance (A)
: . Pt—Pt 2573(1)  Pt(1)}Pt(2) 2.583(1)

crystal system _cubic orthorhombic PH(1)-Pt(2) 2.5836(7)
space group 143d (No. 220) Pbcn(No. 60) PL-S(1) 2.494(7) PHBS() 2.461(3)
A 26.388(4) 2?979%"{%‘) Pt-S(2) 2.482(7)  PH1)S(4) 2.492(3)
¢ A 14.927(3) P1(2)-S(2) 2.500(3)
V, A3 18374(1) 4772(2) P2)-5(3) 2.485(3)
Z\value 1 4 S(1y--S(2) 3.20(1)  S(¥)-S(2) 3.375(4)
Deao, g/CIT? 5453 2 446 S(1y--S(2) 3.18(1) S(2)-S(3) 3.187(4)

calo . . . 8(3)'"8(4) 3372(4)
u(Mo Ko)), mm 9.87 12.18 S()-5(4) 3.203(4)
temp, K 183 183 )
trans. factors 0.901600.9781 0.678%0.9987 bond angle (deg)
no. of residuals:iR; R, 0.046; 0.044 0.034; 0.037 Pt—Pt—Pt’ 88.46(1) Pt(2)-Pt(1)-Pt(2)  88.79(4)
GOF indicator 1.27 1.48 Pt(1-Pt(2}-Pt(1)  85.82(3)

S(1-Pt-S(2)  80.0(2) S(LPt(1)-S(4)  83.36(9)
S(2-Pt(2-S(3)  79.47(9)

mechanism, whereas that in acetonitrile proceeds by the solvent Pt —Pt=S(1) 95.5(2) Pt(2)yPt(1>-S(1) 95.17(7)
assisted mechanism. Pt'—Pt-5(2) 96.4(2) Pt(2yP(1)-S(4)  93.79(7)
Pt(1-Pt(2-S(2)  98.79(6)
Results and Discussion Pt1y-P2)-S(3)  96.12(7)
Syntheses and Structures[Pt(CHsCOO)(Etdtp)] was _JAK_e{, t%‘lsxn;(rn(ﬁt)ric)lzer_at;orlﬁ?-_cg lflll/icr Sj-lgz:;\n(cl)fc?r’;'/4 (; i
easily obtained from a reaction &fwith an excess of EtitpH %y -z ' ' ’ ’

in CH3CN. The product of the synthetic reaction was a mixture

of two isomers. It was impossible to separate the mixture into 2 494(7) and 2.482(7) A i and 2.461(3)2.500(3) A in3

pure compounds by silica gel column chromatography, becausegye |onger than that of mononuclear platinum(ll) complex of
each component of the mixture isomerizes to give an equilibrium dithiophospate, [PRrdtp)] (2.33—-2.34 A)? This may be a
mixture (vide infra).chelate[Pty(CH;COO)(Etdtp)] (2) and result of the trans influence of the PRt bond as is observed
bridge-[PL(CH;COOM(ELdip)] (3) were separated into pure i, other tetraplatinum complexé&’ It is noteworthy that intra-
forms with use of the difference in solubilities in chloroform 5.4 interligand S-S distances are similar to each other within
and tetrachloromethane. each isomer and also between the two isomers (3.20(1) and

Single-crystal X-ray analyses of the isolated two products 3.18(1) A for 2, and 3.375(4), 3.372(4) A and 3.187(4)
(Table 1) showed that the less soluble isomer in Q@&is the 3.293(4) A for3,,respectively). 'I"he resemblance of the-S '

chelate typechelate[Pu(CH:COO)(Etdtpy] (2), and the more 1o is annears to be related to the ease with which the
soluble isomer was the bridge tyg®ijdge[Pt4(CHz;COO)(Et,- isomerizatigg takes place (vide infra).

dtp)] (3) (Figure 1). The cluster core structures2imnd3 are . o .
essentially the same as that inbut slight changes are seen Isomerization of 2 and 3 to an Equilibrium Mixture. Both

(Table 2). The PPt distances of 2.573(1) A idand 2.583(1) 2 an_d?_: isom_erize slowly in chloroform to give the same
and 2.584(1) A ir8 are somewhat longer than thatlir{2.492- equilibrium mixture.

(1)—2.501(1) A)! This may be due to the trans influence of .

the sulfur donor. The squares of the cluster cor2 &nd3 are =

slightly distorted from the square-plane toward tetrahedron: chelate{Pt,(CH,COOM(ELAIP)] 3

deviation from the least-squares plane defined by four platinum bridge-[Pt,(CH,COO),(Et,dtp),] (1)
atoms is as much as 0.211(1) Adrand 0.280(1) A ir8, while

that in 1 is less than 0.116(1) A. The P8 distances of (9) Tkachev, V. V.; Atovmyan, L. OKoord. Khim.1982 8, 215.
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bridge chelate than that in chloroform. These gave the rate constiants 1.4

x 10% st andk, = 3.4 x 104 s ! at 40 °C. Activation
parameters in acetonitrile were also obtained from temperature-
dependence study (Table 3).

Mechanism of the Isomerization ReactionFor the chelate/
bridge interconversion, three mechanisms shown in Figure 4
would be possible. Mechanism a is successive ligand migration
through intermediates containing the unidentateltitligand,
and the solvent molecule is not involved in the reaction.
| Mechanism b is of the solvent-assisted type, in which successive

1.85

1.80 1.75 ligand migration is accompanied by coordination of the solvent
8 (ppm) molecule to the Rtcore. In concerted mechanism c, the reaction
Figure 2. Time course ofH NMR spectra around the acetate methyl proceeds through an intermediate in which three sulfur atoms
region of2 in CDCl; at 40°C. from two Etdtp ligands are coordinated simultaneously to each
platinum. By which mechanism the chelate/bridge isomerization
o T of [P(CHsCOON(Et,dtp)] proceeds is distinguishable by the
sign and magnitude of an activation entropy of the reactiéh
0.9 It should be positive for mechanism a, whereas negative for
mechanism b, taking into account entropy changes for the
R 08 formation of unidentate Edtp species and coordination of the
solvent molecule. For mechanism |4 S| is expected to be
0.7 much smaller than those for mechanisms a and b, since the
process in this mechanism is mainly the rotation of the Pt
0.6 cluster core.
In actual fact, a striking difference inS"; was found between
05+ 1 0 0 1 the reactions in chloroform and acetonitrile (Table 3). It was
2 4 6 8 10 12 16x10 -9+ 9JmoltK~1in CDClz and—47 4+ 11 J moft K~tin
t/sec CDsCN. This suggests strongly that the mechanism of the
Figure 3. Change in a molar fraction &, R = {[2]/([2] + [3])}, isomerization is different in these solvents. The very s
during the reaction as a function of time in CR@k 40°C. in CDCl; is consistent with mechanism c, where the isomer-

Table 3. Kinetic Parameters for Chelate/Bridge Isomerization of |zaF|on.proceeds without PS5 bond.cleavage. .Not.e that S|,
Eq I which is not so small aAS;, contains a contribution from the

entropy change of the reactiolsS", = AS"; — A§2—3). On
the other hand, the relatively large negative value\&f; for

solvent kist (at40°C) AH*kJmol! AS/ImoltK!

CbCl ke 1.2x107 98+ 3 —9+9 the reaction in CBCN shows that the isomerization proceeds
CDCN ::j iii ig4 ggii :?éi ?1 by the solvent-assisted mechanism b.
ko 3.4x 104 74+ 2 —75+8 To confirm further the reaction mechanism in C&inetic
- - measurements for the isomerization fr@io 3 were carried
9 iT;welzr]nc:T?grnla?rllg ;)Aa&elznle;;a rifgrStere f?cggnr?f}fﬁ(zggég out at 35°C in CDCk solution containing a small amount of
AH(2—3) = 11+ 3 kJ molt andAS(2—3) = 284+ 8 I mol1 K tin water added on purpose. The concentration of water was varied
CDsCN. from O to 80 mM. Irrespective of the concentration of water,

Figure 2 shows the time course of & NMR spectrum around values ofk,psandR., were constant within experimental errors,
respectively (see Supporting Information). This fact suggests

the acetate methyl region @fin CDCl; at 40°C. The intensity N .
of the out-of-plane acetate (1.78 ppm) decreases with time, anolthat the mechanism is not of the type promoted by contaminated

concomitantly the signal of that i@ (1.85 ppm) appears and water. Th.e P pluster core is surroundgd by eight S atoms
increases. Change in the molar fraction2oR = {[2]/([2] -+ circularly in a single plane, and the Bng is close toa regular
[3])}, during the reaction is shown as a function of time in Figure g_ctagl?n as shown db_y >§-ray fsiLucturses?)and? (vide ante).

3. TheR value decreases exponentially and reached an equi-t imu ﬁnpetou§ poo:hlna lon 0 _reet | atoms lronn;évgdﬁgs
librium within a few hours under the experimental conditions. 0 eac » giving three approximately equivale onas,

A least-squares fitting nicely agrees with the data giving the IS poss_lble only when eight S atoms form a rggular octagon.
apparent first-order rate constdgts = 2.7 x 104 s andR Such circumstances are consistent with mechanism c. The highly
S — .

at equilibrium,R., = 0.56. From these values, the equilibrium symmetric arrangement of S atoms facilitates the cluster core
constant = (1 — Ru)/R. = 0.79 was obtained. Sindeps = rotation that leads to the transformation of the bridge mode of
ki + ko andK = ki/ko, the rate constants = 1.2 x 104 -1 Etdtp into the chelate mode, or vice ve“rsa. The rotat|onal T"IOtIOFI
andk, = 1.5 x 104 s~ were obtained. The opposite reaction of the clustgr core may be taken as molecu!ar bearing”.
starting from3 in CDCl; gave the samé&, ki, andk, within We have isolated and structurally characterged bbE.Ha'te
experimental errors. The same experiments were carried out a@nd bridge-[Pt(CH;COO)(Etdick] (Etodtc = diethyldithio-
five temperatures from 30 to 56C, which gave activation carb_amate ion)? in WhICh the Pi cluster core is surrqunded
parameters fok; andk, (Table 3). by eight S atoms similarly t@ and3. Bothchelate anqlbndgg

The isomerization of eq 1 proceeded also in acetonitrile with [Pu(CHsCOO)(Etdtc)], however, do not undergo isomeriza-
similar reaction rates. Kinetic studies were carried out in a fion at all in chloroform. An arrangement of eight S atoms

similar way by means ofH NMR in CD:CN. The apparent (10) Yamaguchi, T.; Saito, H.; Ito, Tthe 1995 International Chemical

first-order rate constant was nearly twice as large as that in congress of Pacific Basin Societiéonolulu, December 1995; Abst. INOR
chloroform and the equilibrium constant was slightly smaller 0094. Details will be reported elsewhere.
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Figure 4. Three mechanisms for the bridge/chelate isomerization ofQPECOOMELdtp)]. The square shown with thick lines denotes the Pt
cluster core, and out-of-plane acetates are omitted for claityD represents Edltp ligand.

around the Rtcore in these compounds deviates largely from (3) were formed and collected by filtratio#d NMR (CDCls, ppm) o
the regular octagon, with intra- and interligand-S distances ~ 1.38 (t, 12H, Eidtp-CH), 1.85 (s, 12H, OAc-Ch), 4.20 (m, 8H, Et
being respectively 2.904(4) and 3.424(4) A in the chelate form dtp-CH); **C NMR (CDCk, ppm)4 15.92 (Etdtp-CH), 21.68 (OAc-
and 3.01(1) and 3.26(1) A in the bridge form. Irregulay S CHa): 63.44 (Etdtp-CHy); **Pt NMR (CDCE, ppm)o 329.

: ; X-ray Data Collection and Structure Determination. A suitable
arra_n ge”.‘e”t. n [B([C.HSC.:OO)“(EtZdtC)“] may be responsible for crystal coated with epoxy glue was attached to a glass fiber and mounted
the inactive isomerization.

on a Rigaku AFC 7S four-circle diffractometer. The unit cell parameters

. . were obtained by a least-squares refinement of the angular settings of

Experimental Section 25 high-angle (22.5< 26 < 30.0°) reflections. Crystallographic and
Apparatus. *H, 13C, and'%Pt NMR spectra were recorded on a JEOL ~ structural determination data are listed in Tables 1 and S1. Intensity

GSX-270 FT-NMR spectrometer at 270, 67.9, and 58.0 MHz, respec- data in the range 3 20 < 55° were collected by using a92-w scan

tively. The chemical shifts of®Pt NMR were referenced to a,D and at a scanning rate of 4.0 deg miriThe intensities of three standard
solution of KPtCl using the high-frequency positive-shift sign reflections did not vary significantly throughout the data collection.
convention. Lorentz, polarization, and absorption correctigngcan) were applied

Kinetic Measurements. Typically 10 mg of2 (or 3) was dissolved ~ t0 the intensity data.
in 0.85 mL of deuterated solvent (ca 6.7 mM). As soon as a sample Al calculations were performed using the teX8eerystallographic
solution reaches the desired temperature in the spectrorHetsiMR software package. Atomic positional and anisotropic thermal parameters
spectra of the solution were recorded at7Zlmin intervals. Concentra-  and interatomic distances and bond angles are given in TabteS$2
tion of water in CDC{ was determined by relative integrated intensities chelate[Pt4(CHsCOO)4(Et.dtp),] - CCls*4sCHCI ;5 (2:CCl4-45CHCl33).
of IH NMR signals due to water and PEH;COO)(Etdtp)]. A black crystal (0.30x 0.25 x 0.25 mn%) was used for data collection.
Synthesis ofchelate[Pts(CH3COO)4(Et.dtp).] (2). To an aceto- A total of 1776 independent reflections were measured at 183 K. The
nitrile solution of [P§(CHsCOOY] (1) (61 mg) was added 0.16 mL of  structure was solved by the automatic Patterson analysis method
diethyldithiophophate. After 30 min, the color of the solution turned (DIRDIF92 PATTY*) and successive difference Fourier synthesis and
dark brown and the solution was evaporated to dryness. The residuerefined by the full-matrix least-squares method. Anisotropic temperature
was dissolved in tetrachloromethane/dichloromethane (1:1) and chargedactors were applied to all non-hydrogen atoms. Three chlorine atoms
on a silica gel column (Wakogel CF-40). The main dark brown fraction 0f solvate chloroform were disordered around the crystallographic 3-fold
eluted by dichloromethane/acetonitrile (9:1) was evaporated to dryness.axis. The final refinement gave = 0.046 andR, = 0.044 for 1148
This residue was a mixture of the chela® éand the bridge isomer  independent reflections havingo| > 30(lo) and 158 independent
(3). It was impossible to separate the mixture into pure compounds by parameters.
silica gel column chromatography because of the isomerization (see bridge[Pts(CH3COO)4(Et2dtp)] (3). A black crystal (0.23x 0.20
text). x 0.15 mn¥) was used for data collection. A total of 5507 independent
Pure chelate[Pt,(CH;COO)(Etdtp)] (2) was isolated in the fol- reflections were measured at 183 K. The structure was solved by the
lowing way. The isomer mixture was dissolved in chloroform and to automatic Patterson method (DIRDIF92 PAT'FYand successive
this solution was added 1/3 vol of tetrachloromethane. Chloroform in difference Fourier synthesis and refined by the full-matrix least-squares
the solution was slowly evaporated in a refrigerator for a few days to method. Anisotropic temperature factors were applied to all non-

give black crystals ofhelate[Pty(CH;COON(Etdtpl]-CCly-4/3CHCls hydrogen atoms. The final refinement ga®e= 0.034 andR,, = 0.037
(2-CClg*/3CHCL;). *H NMR (CDCls, ppm)é 1.38 (t, 12H, Efdltp-CH), for 4052 independent reflections havind,] > 3o(lo) and 254
1.78 (s, 12H, OAc-CH), 4.20 (m, 8H, Efdtp-CHy); 13C NMR (CDC, independent parameters.

ppm) 6 15.92 (Etdtp-CHs), 22.26 (OAc-CH), 64.27 (Eidtp-CH);

195pt NMR (CDCb, ppm)d 693. Acknowledgment. This work was supported by Grant-in-

Synthesis of bridge-[Pt4(CHsCOO)4(Et.dtp)s (3). The above Aid for Scientific Research (No. 10740299 and Priority Areas
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