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Abstract 

Pentamethylcyclopentadienylrhodium dication, [Cp*Rh(AN)$+ (AN= acetonitrile), reacts with hydro- 
gen hexachloroplatinate(IV), H,PtCl,, in acetonitrile to give quantitatively, [Cp*RhPtClb] (1). The 
reaction of 1 with [Cp*Rh(AN),]*+ in acetonitrile provides [(Cp*Rh),(p-Cl),][PtCI,(CH,CONH,)I (2). 
Recrystallization of 1 from hot water gives a different salt, [(Cp*Rh),(p-Cl),],[PtCl,] (3). Single-crystal 
X-ray diffraction analyses have revealed that 2 and 3 are salts of the tri-p-chloro dirhodium cation 
and pentachloroplatinate with acetamide or hexachloroplatinate. The acetamide molecule in 2 takes 
an iminol configuration and coordinates to the platinum atom through the nitrogen atom. Crystal data: 
[(Cp*Rh),(&l),][PtCl,(CH CONHI)] .2CHC&, monoclinic, space group P&/n, a =27.456(2), 
b= 13.131(l), c = 11.706(l) A, p=91.27(1)“, Z=4; [(Cp*Rh),(p-Cl),],[PtCl,], monoclinic, space group 
C2/m, a =27.068(3), b = 11.104(l), c = 8.968(2) A, p= 101.15(2)“, Z = 2. 

Introduction 

Bimetallic complexes, especially those containing 
widely divergent transition metal centers, are of 
interest because of the possibility of emergence of 
new reactivity patterns which are substantially dif- 
ferent from those of bimetallic complexes containing 
identical or closely related metals [l]. Early-late 
heterobimetallic complexes form a class of such 
category. Although there are various examples of 
early-late heterobimetallic complexes as reviewed by 
Stephan, both metal centers are mostly organome- 
tallic groups. A different class, on the other hand, 
will emerge by constructing bimetallic complexes with 
both organometallic and so-called Werner type metal 
centers. 

A wide variety of organometallic compounds that 
contain the pentamethylcyclopentadienyl (Cp’) li- 
gand have been studied by Maitlis et al. [2, 31. For 
the following reasons Cp*Rh is one of the suitable 
organometallic groups for building bimetallic com- 
plexes: (i) Rh”’ shows catalytic behavior in a variety 
of hydrocarbon transformation, (ii) Cp* itself is less 
reactive toward nucleophilic attack at the ring carbon 
atoms, (iii) Cp* highly stabilizes the M-Cp* bond. 

**Author to whom correspondence should be addressed. 

As the Cp*Rh group has threevacant sites for bonding 
to other atoms, octahedral metal ion is suitable for 
forming the face-sharing dinuclear complexes with 
appropriate bridging ligands. One such candidate is 
[PtCl,]“-. If it is possible to combine the Cp*Rh 
group with [PtCl,]*- in a molecule, each metal ion 
would be expected to show new reactivity patterns 
in a cooperative fashion. 

In this paper, we describe the synthesis and reac- 
tivity of [Cp*RhPtCl,] which contains the organo- 
metallic group and so-called Werner type metal 
centers in the molecule, and we also report here 
the X-ray structure of KCp*W&-%I- 
[PtC15(CH3CONH2)]~2CHC13 and [(Cp*Rh)*(p- 
C1)3]2[PtC16] which were obtained by the reaction of 
[Cp*RhPtCl,] with [Cp*Rh(AN),]*+ and by heating 
[Cp*RhPtCl,] in water, respectively. 

Experimental 

Chemicals 

Silver hexafluorophosphate and acetonitrile-d3 
were purchased from Aldrich. Hydrogen hexa- 
chloroplatinate(IV) hydrate was thoroughly dried 
over phosphorus pentoxide in vucuo. Pentamethyl- 
cyclopentadienylrhodium chloride dimer, 
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[Cp*RhCl& was prepared from rhodium(II1) chlo- 
ride trihydrate (Wako) and 1,2,3,4,5pentamethyl- 
cyclopentadiene (Aldrich) by the literature method 
[4]. Acetonitrile was distilled over calcium chloride 
under an argon atmosphere. 

Preparation of the complexes 

Method A. To an acetonitrile suspension of 
[Cp*RhCl& (314 mg, 0.5 mmol per 20 cm”) was 
added an acetonitrile solution of AgPF, (506 mg, 
2.0 mmol per 10 cm3) with stirring under an argon 
atmosphere. A yellow [Cp*Rh(AN)3]2+ solution [5] 
was obtained by filtration of AgCl. The yellow solution 
was added to an acetonitrile solution of H,PtCI, 
(410 mg, 1.0 mmol per 10 cm’). A yellow solid which 
appeared on stirring the solution for 20 min at 20 
“C was collected, washed with acetonitrile and ether, 
and then dried in vacua. At this stage the formation 
of [Cp*RhPtCl,] has not been completed, since the 
IR spectrum of the yellow solid indicates the existence 
of an acetonitrile molecule. It was then heated in 
methanol in order to remove the acetonitrile mol- 
ecule. The obtained orange solid was washed with 
methanol and dried in vacua. Yield 550 mg (85%). 
Anal. Found: C, 18.75; H, 2.39; Cl, 32.9; Pt, 29.2; 
Rh, 15.4. Calc. for Cr,,H&l,PtRh: C, 18.59; H, 2.35; 
Cl, 32.93; Pt, 30.2; Rh, 15.9%. IR spectrum (Nujol): 
1421m, 1162w, 1078m, 1009s, 722m, 588w, 461m, 
355s, 319s, 298s cm-‘. 

Method B. To an acetic acid solution of H,PtCl, 
(410 mg, 1.0 mmol per 20 cm”) was added an acetic 
acid solution of [Cp*RhC1212 (314 mg, 0.5 mmol per 
30 cm3) with stirring. Stirring was continued for 15 
min at 75 “C. The red-brown solution turned to an 
orange suspension. An orange precipitate was col- 
lected, washed with dichloromethane to remove un- 
reacted [Cp*RhC1212 and with ether, and then dried 
in vacua; yield 588 mg (91%). 

[Kp*Rh)z (CL-Cr),llPG (CH,CONH,)l (2) 
To an acetonitrile suspension of 1 (323 mg, 0.5 

mmol per 10 cm’) was added an acetonitrile solution 
of [Cp*Rh(AN),]*+ (20 cm3) prepared in the same 
way as mentioned above ([Cp*RhC1212 (0.25 mmol); 
AgPFd (1.0 mmol)). The mixture was refluxed for 
12 h under an oxygen atmosphere. The orange 
solution was filtered and evaporated under vacuum. 
The resulting orange residue was extracted with 
chloroform (50 cm3). The chloroform solution was 
evaporated slowly in air. Orange crystals were col- 
lected, washed with a small amount of chloroform, 
and dried in vacua. Yield 101 mg (20%). Anal. 
Found: C, 27.08; H, 3.65; N, 1.33. Calc. for 

C&H3&lsNOPtRh2: C, 26.06; H, 3.49; N, 1.38%. ‘H 
NMR (CD,CN): S 1.62 (s, 3OH, CSMe*), 2.35 (s, 
3H, CH& 7.68 (s and d, lH, NH, J(Pt-H)= 120 
Hz), 10.62 (s, lH, OH). IR spectrum (Nujol): 3314w, 
1639s 1539w, 1426m, 1335m, 1206s, 1165w, 1081m, 
1014s 918w, 76Ow, 72Ow, 588w, 516w, 463m, 455m, 
344s cm-‘. 

I (CP*m)* (~-cI)~l~~Ptw (3) 
1 (161 mg, 0.25 mmol) was dissolved in hot water 

(50 cm3) and the aqueous solution was evaporated 
slowly in air. Orange plate crystals were collected, 
washed with water and dried in vacua. Yield 76 mg 
(77%). Anal. Found: C, 30.26; H, 3.95. Calc. for 
C4,,H&lt2PtRh4: C, 30.54; H, 3.85%. IR spectrum 
(Nujol): 1164w, 1078m, 1017s, 956w, 719m, 589m, 
539w, 463m, 330s cm-‘. 

X-ray crystal structure analyses 
Crystallographic data are summarized in Table 1, 

along with data collection and refinement infor- 
mation. Intensities were measured on the diffrac- 
tometer using graphite-monochromated MO Ka ra- 
diation at an ambient temperature of 23 f 2 “C. Unit 
cell dimensions were determined by using 36 26 
values for 2’2CHCls and 50 for 3 measured on the 
diffractometer. The intensity data were corrected for 
Lorentz and polarization factors and for absorption 

[6, 71. 
The crystal structures were solved by the 

Patterson-Fourier method. The positional and ther- 
mal parameters were refined anisotropically for all 
non-hydrogen atoms by the block-diagonal-matrix 
least-squares method. The function minimized was 
Sw(pO] - pF])‘, where w-l = d(p,,]) for complex 
2.2CHC13 and w-l = d(]F,,]) + (0.015/F,])2 for 3. The 
convergence was attained with the R and R, given 
in Table 1. No correction was made for secondary 
extinction. No attempt was made to locate hydrogen 
atoms in the structure analysis. The atomic scattering 
factors, with correction for anomalous dispersion of 
Pt’, Rho and Cl0 were taken from ref. 8. Compu- 
tational work was carried out by using ORTEP 191, 
RADIEL [7] and standard programs in UNICS III 

PI. 

Measurements 
The ‘H NMR spectrum was obtained at 400 MHz 

with a JEOL GX400 spectrometer. IR spectra were 
recorded on a Hitachi 270-50 IR spectrophotometer. 

Results and discussion 

Preparation, characterization and reaction of 
[CpwlPtCI,] 

The reaction of [Cp*Rh(AN)3]2+ with H,PtCl, in 
acetonitrile at room temperature almost quantita- 



TABLE 1. Crystallographic data for [(Cp*Rh)2(~-Cl),][PtCI,(CH,CONH,)I~2CHCI, (2.2CHQ) and [(Cp*Rh),(p- 

C0,1*w&1 (3) 

187 

2.2CHCIx 3 

Formula 
Formula weight 
Crystal system 

a (A) 
b (A) 
c (A) 
P( 

1 V( 3, 
Space group 
Z 

&,I, (g cm-‘) 
~(Mo KLY) (cm-‘) 
Crystal 

Color and shape 
Dimensions (mm) 
Faces 

Data collection instrument 
Scan range (“) 
Scan mode 
Scan speed (” min-‘) 
Background estimation at each end of the scan (s) 
20 Range (“) 
Octants collected 
No. unique reflections 
No. observed reflections with F,>3u(F,) 
Transmission factor 

R(F) 
R#‘) 

C&H3,C1,.,NOPtRh2 
1252.82 
monoclinic 
27.456(2) 
13.131(l) 
11.706(l) 
91.27(l) 
4219.0(6) 
P2,ln 
4 
1.94 
50.23 

orange rhombic 
0.51 x 0.26 x 0.12 
(mo)(oio)(ioi) 
Philips PWllOO 
1.2+0.4 tan 0 
O-28 
L 

10 
2.0<20<45.0 
*h, +k, +I 
5796 
2954 
0.28.58-0.5612 
0.0541 
0.0627 

C&&llZPtRhl 
1573.12 
monoclinic 
27.068(3) 
11.104(l) 
8.968(2) 
101.15(2) 
2644.3(6) 
C2lm 
2 
1.98 
45.10 

orange rhombic 
0.06 x 0.20 x 0.34 
(100)(010)(001) 
Rigaku AFCJ 
1.2+0.5 tan 0 
-28 
4 
5 
2.0 < 28 d 60.0 
fh, +k, +I 
4010 
3749 
0.3922-0.7657 
0.0319 
0.0449 

tively gives the yellow solid which still contains 
acetonitrile molecules. The yellow solid turns to 
orange [Cp*RhPtCl,] by heating in methanol. If the 
reaction temperature is raised, further reaction pro- 
ceeds (vide infru) and the yield of [Cp*RhPtCl,] 
decreases, In order to obtain pure [Cp*RhPtCl,], 
an extremely purified acetonitrile should be used 
under an argon atmosphere. We found that the 
reaction of [Cp*RhCl& with H,PtCl, in acetic acid 
at 75 “C also gives [Cp*RhPtCl,] quantitatively in 
one step. 

Results of elemental analyses are fully consistent 

with the formula of [(CJI,,)RhPtCl,]. Since the 
Cp*Rh cation binds potentially three atoms or groups, 
the most probable structure is [Cp*Rh(p-C1)3PtC1,]. 
The IR spectrum of [Cp*RhPtCl,] also supports this 
structure; it shows characteristic bands at 355, 319 
and 298 cm-’ which are due to the Pt-Cl stretching 
vibrations. The appearance of vr(Ar,), y(E& and 

. . 
v3(TIU) mdrcates that the PtCl, unit is distorted from 
0, symmetry to break down the On selection rule 
and strongly suggests the Rh(p-C1)3Pt structure [ll]. 

[Cp*RhPtCl,] reacts with [Cp*Rh(AN),]*+ in re- 
fluxing acetonitrile and successive extraction of the 

solid from the reaction mixture with chloroform gives 

[(Cp*Rh)2(cL-C1),l[PtCI,(CH,CONH2)I (2). We 
could not obtain 2 from the reaction without 

[Cp*RWW,l*+ in acetonitrile. The acetamide is 
presumably formed by the reaction of acetonitrile 
coordinated to the Pt atom with water molecule 
from moisture as suggested in the reaction mechanism 
for the transformation of nitriles into amides by the 
use of TiCI, [12]. 

[Cp*Rh(+&PtCl,] has a very low solubility for 
an organic solvent. It is converted to the ionic 
compound, [(Cp*Rh)2(~-Cl),]2[PtCl~] (3), in hot 
water. The IR spectrum of 3 shows only one band 
(us) at 330 cm-’ due to the Pt-Cl stretching vibration. 
The corresponding Pt-Cl stretching vibration in 
K2PtC16 appears at 347 cm-’ under the same con- 
ditions. The difference in the frequency can be 
ascribed to the effect of each cation [13]. 

It is noteworthy that the Rh(p-C1)3Pt core is 
reactive and the Cp*Rh group prefers to form the 
[Rh(@ZI)sRh] structure, as seen in the above re- 
actions. 

Structure of 2 and 3 
The molecular structures of 2 and 3 were estab- 

lished by X-ray structure analyses. Atomic coordi- 
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nates are listed in Tables 2 and 3. Selected bond 
lengths and angles are given in Tables 4 and 5. The 
perspective drawings of the structures of 2.2CHC13 
and 3 with the atomic numbering systems are pre- 
sented in Figs. 1 and 2, respectively. As far as we 
know, 2 and 3 are the first examples, disclosed by 
single crystal X-ray analyses, of the tri-p-chloro bridge 
structure [14], although several di-CL-chloro bridge 
structures have been established [15, 161. Both com- 
pounds include the same cation but in different 
cation/anion ratios: 2 is l:l, 3 is 2:l. These facts 

TABLE 2. Fractional coordinates and equivalent isotropic 
thermal parameters for [(Cp*Rh)&-Cl),][PtCl,(CH,- 
CONH,)] .2CHC& (2. 2CHC13) 

:h(l) 

Rh(2) 
Cl(l) 
C](2) 
C](3) 
C](4) 
C](5) 
C](6) 
C](7) 
C](8) 
CV9) 
a( 10) 
Cl(H) 
Cl(12) 
Cl(13) 
Cl(14) 

C(l8) 
C(28) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
CUM) 
C(2M) 
C(3M) 
C(4M) 
C(5M) 
C(6) 
C(7) 
C(8) 
C(9) 
CUO) 
C(6M) 
C(7M) 
C(8M) 
C(9M) 
C( 10M) 
N 

C(l1) 
0 

ctw 

0.26990(3) 
0.47637(5) 
0.57157(5) 
0.3468(2) 
0.3054(2) 
0.1936(Z) 
0.2349(2) 
0.2679(2) 
0.5072(2) 
0.5004(2) 
0.5633(2) 
0.4146(2) 
0.4977(2) 
0.4185(3) 
0.6087(3) 
0.7019(4) 
0.6880(5) 
0.4518(8) 
0.671( 1) 
0.4096(6) 
0.4000(6) 
0.4241(5) 
0.4499(6) 
0.4423(6) 
0.3917(7) 
0.3665(7) 
0.4209(7) 
0.4794(7) 
0.4614(7) 
0.6082(7) 
0.5986(6) 
0.6228(6) 
O&78(6) 
0.6385(6) 
0.5903(8) 
0.5679(7) 
0.6237(7) 
0.6794(7) 
0.6586(8) 
0.2702(5) 
0.2803(6) 
0.2935(6) 
0.2807(7) 

- 0.0094( 1) 
0.1897(l) 
0.3124(l) 

- 0.0014(4) 
- 0.0229(4) 
-0.0215(4) 

0.0016(5) 
0.1667(4) 
0.3576(3) 
0.2505(4) 
0.1480(3) 

- 0.2428(5) 
- 0.3374(6) 
-0.4585(5) 
- 0.1720(9) 
-0.2517(9) 
-0.058(l) 
- 0.350(2) 
- 0.154(2) 

0.194(l) 
0.170(l) 
0.079(l) 
0.042(l) 
0.116(l) 
0.286(l) 
0.228(2) 
0.022( 1) 

-0.054(l) 
O.lll(2) 
0.457(l) 
0.427( 1) 
0.330(l) 
0.301(l) 
0.378( 1) 
0.555(l) 
0.485(2) 
0.275(2) 
0.211(l) 
0.383(2) 

-0.163(l) 
- 0.229(2) 
-0.194(l) 
- 0.342( 1) 

0.1310(l) 3.3 
0.3124(l) 2.6 
0.3972( 1) 2.6 
0.0519(5) 5.5 
0.3107(5) 5.1 
0.2080(5) 5.2 

- 0.0507(5) 5.9 
0.1444(5) 5.1 
0.2562(4) 3.1 
0.5048(5) 3.6 
0.3011(4) 3.5 
0.0310(6) 6.8 
0.1384(7) 8.7 
0.0523(8) 10.0 
0.2165(9) 14.4 
0.253( 1) 18.3 
0.309( 1) 17.2 
0.026(2) 5.4 
0.204(3) 10 
0.210(2) 3.3 
0.330(2) 3.2 
0.360( 1) 2.4 
0.259(2) 3.3 
0.170(2) 2.7 
0.146(2) 4.3 
0.410(2) 4.7 
0.471(2) 4.4 
0.249(2) 4.0 
0.051(2) 4.3 
0.398(2) 3.5 
0.514(2) 2.9 
0.537(2) 3.2 
0.436(2) 3.1 
0.349(2) 2.9 
0.340(2) 5.0 
0.598(2) 4.6 
0.649(2) 4.4 
0.420(2) 4.7 
0.232(2) 5.0 
0.129( 1) 3.7 
0.053(2) 4.2 

- 0.057( 1) 7.8 
0.059(2) 4.6 

TABLE 3. Fractional coordinates and equivalent isotropic 
thermal parameters for [(Cp*Rh)&-Cl)&PtC&] (3) 

X Y z B 
-l 

Pt 0 

Rh(1) 0.24478(2) 

Rh(2) 0.36533(2) 

CVl) -0.06042(7) 

CV2) 0.04495(5) 

Cl(3) 0.31236(6) 

CK4) 0.30202(4) 

C(1) 0.1739(2) 

C(2) 0.1774(2) 

C(3) 0.1836(l) 

C(4) 0.1658(3) 

C(5) 0.1749(2) 

C(6) 0.1877(2) 

C(7) 0.4269(2) 

C(8) 0.4304(2) 

C(9) 0.4338(2) 

C(l0) 0.4237(3) 

C(H) 0.4294(2) 

C(12) 0.4379(2) 

0 
0 
0 

0 
0.1463(l) 
0 

-0.1434(l) 
0 

- 0.1042(4) 
- 0.0654(4) 

0 
- 0.2335(5) 
- 0.1427(5) - 

0 
- 0.1057(4) 
- 0.0663(4) 

- :.2336(5) 
- 0.1428(5) 

0 2.1 
0.20942(5) 2.1 
0.31381(5) 2.1 
0.1522(2) 4.1 
0.1536(l) 3.8 
0.0580(Z) 2.8 
0.3652( 1) 3.1 
0.2795(S) 2.9 
0.1886(5) 2.8 
0.0420(5) 2.6 
0.4424(g) 4.2 
0.2371(6) 3.8 

- 0.0922(6) 3.8 
0.4985(7) 3.5 
0.4093(5) 3.0 
0.2588(S) 2.9 
0.6683(9) 5.8 
0.4576(7) 4.7 
0.1247(6) 4.1 

TABLE 4. Selected bond distances (A) and angles (“) for 
[(Cp*Rh)2(~-Cl)j][PtC15(CH~CONH2)]~2CHCI~ 
(2.2CHC1,) 

PtCl(1) 
PkCl(2) 
PGCl(3) 
PtCl(4) 
P&Cl(S) 
Pt-N 
Rh(1) . . eRh(2) 
Rh(l)-C1(6) 
Rh(l)-C1(7) 
Rh(l)Cl(8) 
Rh(2)-C1(6) 
Rh(2)-C1(7) 
Rh(2)-Cl(8) 

2.326(5) Rh( 1)-C(l) 
2.305(6) Rh(l)-C(2) 
2.303(5) Rh(l)-C(3) 
2.319(6) Rh(l)-C(4) 
2.319(5) Rh(l)-C(S) 
2.02(Z) Rh(2)-C(6) 
3.209(2) Rh(2)-C(7) 
2.457(5) Rh(2)-C(8) 
2.467(6) Rh(2)-C(9) 
2.454(5) Rh(2)-C(lO) 
2.465(5) N-C(ll) 
2.485(5) C(ll)-O 
2.443(5) C(ll)-C(12) 

2.17(2) 
2.13(2) 
2.13(2) 
2.15(2) 
2.12(2) 
2.15(2) 
2.15(2) 
2.15(2) 
2.14(2) 
2.12(2) 
1.27(3) 
1.43(3) 
1.49(3) 

CI(l)-Pt-C1(3) 178.6(2) C](6)-Rh(l)-C1(8) 81.1(2) 
c1(2)-Pt-c1(4) 179.0(2) C](7)-Rh(l)-C1(8) 83.2(2) 
C](5)-Pt-N 176.6(4) C1(6)-Rh(2)<1(7) 81.8(2) 
Pt-N-C(ll) 134(l) C1(6)-Rh(2)-C1(8) 81.2(2) 
N-C( 11)-O 119(2) C1(7)-Rh(2)-C1(8) 83.0(2) 
N-C(ll)-C(12) 130(2) Rh(l)-C1(6)-Rh(2) 81.4(l) 
o-C(U)-C(12) ill(2) Rh(l)-C(7)-Rh(2) 80.8(2) 
C1(6)-Rh(l)-C1(7) 82.4(2) Rh(l)-C1(8)-Rh(2) 81.9(l) 

indicate that the charge of the counter anions of 2 
and 3 is - 1 and -2, respectively. The structure of 
3 is described before that of 2, because [(Cp*Rh)&- 
Cl),]’ in 3 possesses higher symmetry than in 2. 

As mentioned above, 3 comprises two 
[(Cp*Rh)&-Cl),]+ ions and a [PtCl#- ion. The 
two [(Cp*Rh)&Cl),]+ ions are related by a two- 



TABLE 5. Selected bond distances (A) and angles (“) for 
[(Cp*Rh),(~-C1),I,[PtCI,I (3) 

PGCl( 1) 2.324(2) Rh(l)-C(1) 2.132(7) 
PGCl(2) 2.317(l) Rh(l)-C(2) 2.137(5) 
Rh(1). . .Rh(2) 3.216(l) Rh(l)-C(3) 2.136(4) 
Rh(l)-Cl(3) 2.480(2) Rh(2)-C(7) 2.111(7) 
Rh( 1)-C](4) 2.460(l) Rh(2)-C(8) 2.151(5) 
Rh(2)-Cl(3) 2.459(2) Rh(2)-C(9) 2.140(5) 
Rh(2)-C1(4) 2.448( 1) 

cq l)-Pt-Cl(2) 89.94(6) Rh(l)-C1(3)-Rh(2) 81.26(5) 
C1(3)-Rh(l)-C1(4) 81.99(5) Rh(l)-C1(4)-Rh(2) 81.88(4) 
C1(3)-Rh(2)-C1(4) 82.68(5) 

fold axis. The Rh(l), Rh(2), Cl(3), C(l), C(4), C(7) 
and C(10) atoms lie on a mirror plane, and the rest 
of the atoms is related to the other half by the 
mirror plane. The two Cp* rings are approximately 
parallel and take an eclipsed conformation; the 
eclipsed conformation is also seen in the structures 
of [(Cp*M)&OH),]+ (M=Rh, Ir) [17], while 
[Cp*RhX(p-X)]2 (X= Cl, Br) has a staggered con- 
formation [15, 161. These facts seem to indicate that 
the tri-p-halogen0 or the tri-CL-hydroxo bridge struc- 
ture prefers the eclipsed conformation and the di- 

-AI I I 

C(3M) 
C(9) 

6) x - C(10) 
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p-halogen0 bridge structure prefers the staggered 
one. The Rh . . .Rh distance (3.216(l) A) is c. 0.5 
8, shorter than that of [Cp*RhCl(p-Cl)], (3.7191(6) 
A) [15]. The Rh-CI distances (2.448(l)-2.480(2) A) 
are comparable to the corresponding Rh-Clbridge 
distances of [Cp*RhCl(~-Cl)]2 (2.4649(11), 
2.4522(10) A) but c. 0.06 8, longer than the 

Rh-CL,i”,l distance of the same compound 
(2.3967(11) A). The mean Cl-Rh-Cl and Rh-Cl-Rh 
angles are 82.34 and 81.57”, respectively. The former 

is comparable to the corresponding angle of 
[Cp*RhCl(p-Cl)], (81.71(3)“), while the latter is c. 
16.7” less than the corresponding one (98.29(3)“). 

The Pt atom in [PtCl#- lies on the two-fold axis 
and the mirror plane. The Cl(l) atom also lies on 
the mirror plane and the Cl(2) atom is related to 
the other Cl atom by the mirror plane, and these 
three Cl atoms are further related to the other half 
by the two-fold axis. The structure of [PtCl$- is 
identical with that of KJPtCl,] [18]; the Pt-Cl dis- 
tances of 2.324(2) and 2.317(l) A and the Cl-Pt-Cl 
angle between adjacent Cl atoms of 89.94(6)” are 
almost the same as those in K,[PtCl,] (2.314(l) A 
and 90”). 

- 
C(lOM) 

C(9M) 

Fig. 1. ORTEP diagram of [(Cp*Rh)&Cl),][PtCl,(CH,CONH,)] (50% probability contours for all atoms). 
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c(n) 9”: C(8) 
C(9) x 4 _. C(7) 

Fig. 2. ORTEP diagram of [(Cp*Rh),(p-Cl),],[PtCl,]. Thermal ellipsoids are drawn at the 50% probability level. 

Fig. 3. The structure of [PtCl,(CH,CONH,)]-; details are 
the same as in Fig. 1. 

On the other hand, 2 comprises a [(Cp*Rh)&- 
Cl),]’ ion and a [PtCI,(CH,CONH,)]- ion. Although 
the symmetry of the [(Cp*Rh)+Cl),]+ ion of 2 is 
lower than that of 3, its structural features are 
identical with those of 3. The structure of the 
[PtC15(CH,CONHz)] anion of 2 is shown in Fig. 3. 

Fig. 4. The 400-MHz ‘H NMR spectrum of [(Cp*Rh)&- 
Cl),][PtCI,(CH,CONH,)] in CD,CN solution. X denotes 
the peak of the solvent. 

The central Pt atom has an octahedral coordination 
of five Cl atoms and an acetamide l&and. The Pt 
atom lies in the general position, thus the five Cl 
atoms are independent. The mean value of the Pt-Cl 
distances (2.314 A) is almost the same as in 3 and 
in K2[PtC16]. The Pt-N, C-C, C-O and C-N distances 
are very similar to the corresponding distances in 
[PtCl,((CH,),CCONH&] which has an iminol con- 
figuration: 2.02(2), 1.49(3), 1.43(3) and 1.27(3) A 



for 2, [2.12(4), 2.05(3)], [1.55(7), 1.53(6)], [1.35(g), 
1.40(5)] and [1.20(7), 1.26(5)] A for 
[PtC12((CH&CCONH&], respectively [19]. The 
acetamide ligand is planar and the C(ll) atom has 
an sp’ configuration. The IR spectrum of 2 shows 
the characteristic bands at 3314,2994 and 1639 cm-’ 
which are due to the N-H stretching vibration, the 
O-H stretching vibration and the C=N stretching 
vibration, respectively. These data support that the 
acetamide ligand coordinates to the Pt atom through 
the N atom in an iminol configuration. 

The NMR spectrum of 2 is shown in Fig. 4. The 
signals from the acetamide ligand appear at 2.35, 
7.68 and 10.62 ppm with 3:l:l in the intensity ratio, 
and they are easily assigned to the CHs protons, the 
NH proton and the OH proton, respectively. In- 
terestingly, the coupling of lg5Pt with the NH proton 
was observed in 2 in spite of the rather broad signal 
of the NH group. The signal pattern of 2 is quite 
similar to that of [PtC12((CH3)9CCONH2)2] [19] which 
also has an iminol configuration in CDCla. From 
these data we can conclude that the acetamide ligand 
in complex 2 takes an iminol configuration and 
coordinates to the Pt atom through the N atom in 
both solid and solution. 

Cl 

Cl 

I 
--Pt’ 

0 
/H 

I 
Cl C -CH3 

V 
:, 

4 

‘I ‘H Cl 
Cl 

Supplementary material 

Listings of thermal parameters (Tables SIA and 
SIB), full lists of bond lengths and bond angles 
(Tables SIIA and SIIB), and tables of calculated 
and observed structure factors are available from 
the authors on request. 
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