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Summary 

Preparation of trans-[P,‘bMC1,]-type complexes (Pcb = o-HCB,,H,,CCH,PPh, 
M = Pd, Pt), which readily undergo intramolecular metallation through the B-L 

bonds of the carborane cage to form exocyclic compounds involving a P-C-C-B-M 
bond system, is described. Both monomeric compounds, truns-[MCl(B-P)Pcb], and 
bridged complexes, such as [Pd,Cl,(B-P),], are formed, where (B-P) is intramolecu- 
lar-metallated carborane phosphine. The bridging bond is readily cleaved under the 
action of various ligands (pyridine, PEt 3, etc.) to form monomeric compounds. 

The cyclometallation reaction is a convenient method to synthesize carborane 
derivatives involving a B-M u-bond (M = Mn [l], Re [2], Rh [3], Ir [3,4]). Intramo- 
lecular metallation of the transition metal complexes with P-donor ligands is widely 
used to form carbon-transition metal bonds [5]. We studied the possibility of 
employing this method in carborane chemistry for the activation of B-H bonds. 
1-Diphenylphosphinomethyl-o-carborane (I), previously used by us to obtain 
cyclometallated carboranes with B-Rh and B-Ir bonds [3], was employed as a 
ligand. We found that the interaction of a Na,PdCl, solution in methanol with 
phosphine I at 20°C results in the formation of a pale yellow complex, trans- 
[P,CbPdCl,] (II), where Pcb= o-HCB,,H,aCCH,PPh,. Similarly, the platinum de- 
rivative, truns-[PTbPtC1,] (III), was obtained starting from a methanol solution of 
K,PtCl,-1%crown-6-ester complex (molar ratio 1 : 2). The compounds II and III 
may also be obtained under the action of (PhCN),MCl, (M = Pd, Pt) on I in 

(PhCN),MClz ; C6Htj 

H$--,CCH2PPh2 / 
Na2PdC14 trans- PibMC12 

&OHIO 
K2PtC14/18-crown-6 

( PCb) MeOH M q Pd (II), Pt (IIt, 
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TABLE 2 

INFRARED AND 3’P NMR DATA 

Compound IR“ 

r(M-Cl) 

(cm- ‘) 

3’P NMR b 

arc 

(ppm) 

2J(P-P) J(Pt-P) 

(Hz) (Hz) 

II 350 10.9 d 

III 345 6.33 e 2588 

IV 279 (PA)h = 46.371 384.6 

(Pa) h = 19.53 
V 274 (PA) h = 46.96’ 426.8 2930 

(Ps)h = 22.06 2899 

VI 54.55; 55.15 d 
VII, VIII s 48.82; 49.72( 

(1 Infrared spectra were recorded in Nujol on a Bruker JFS-113 Fourier spectrometer. b “P NMR spectra 

were run on a Bruker WP-ZOOSY instrument, working frequency 81.026 MHz. ’ Positive values corre- 

spond to downfield shifts with respect to external standard (85% HsPO,). d Solution in acetone. e Solution 
in C,D,.‘Solution in CDCl,. s L = 4-methylpyridine. h The phosphorus atom notation is shown in Fig. 1. 

benzene. In this case the compounds are isolated as the benzene solvates. The 
analytical and melting point data, as well as the yields of the new complexes, are 

listed in Table 1. 
The complexes II and III were assigned the truns configuration on the basis of 

their far-infrared spectra (Table 2) in conformity with the data of Duddell and 
coworkers [6]. 

The palladium complex II, on heating in toluene, eliminates hydrogen chloride to 
form the exocyclic compound IV which dissociates readily in solution losing one 
molecule of phosphine I and yielding the less soluble dimeric chlorine-bridged 
complex VI. The platinum complex III under similar conditions yields just the 
monomeric derivative V. 

PhMe; A 
P;bMCL, p 

-HCI 

(VI) 

M q Pd (E) , Pt (P) 

The corn ounds IV, V and VI contain a five-membered chelate metallocycle with 
a+ -C-C-B-M bond system as shown in Fig. 1. The phosphorus atoms in IV and V 
are in tram position, as follows from the 3’P NMR data (Table 2) in accordance with 
Goodfellow’s evidence [7]. Likewise, the low value for v(M-Cl) agrees with the tram 
arrangement of the phosphorus atoms (Table 2) (similar to the corresponding 
v(M-Cl) values for the aromatic derivatives with a C-M-Cl bond system [S]), 
suggesting that the chlorine atom in IV and V is in a tram position with respect to 



-M-CCL 

PB 

; M = Pd, Pt 

Fig. 1. Proposed structure of compounds IV and V. 

the boron atom of the carborane cage. The 3’P NMR spectrum of compound VI 
contains two signals of similar chemical shifts (Table 2) with ratio 1 : 1, which may 
be attributed to the presence of two isomers - probably of syn and anti configura- 
tions. 

The bridging bond in compound VI is readily cleaved under the action of donor 
ligands, such as pyridine, triethylphosphine, etc., to form monomeric compounds 
consisting of a mixture of two isomers VII and VIII. When treated with bidentate 
phosphines, such as Ph,PCH,CH,PPh,, the chlorine atom is displaced from the 
palladium coordination sphere, and the cationic complex IX is formed, which was 
characterized as its tetraphenylborate derivative. 

\ Ph2PCH2CH2PPh2 t 

NaBPh,; MeOH 

It is to be noted in conclusion that 1 -diphenylphosphino-o-carborane forms donor 
complexes with palladium and platinum as well, which, in analogy with complexes II 
and III, undergo intramolecular metallation to form four-membered exocyclic de- 
rivatives involving a B-M bond. 
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