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Summary 

The coupling of [Ru(CO),L(s4 -cot)] (L = CO or PPh,, cot = cycloocta- 
tetraene) with [ Fe(CO), (77 5 -cyclohexadienyl)] + or [Fe (P( OMe), } (NO), - 
(v3 -allyl)]’ yields respectively the dimetallic species [Ru(CO),L(v* ,q3 -C8H8 - 
(Fe(CO), (q4-C,H,)j ] (3) and the allyl-substituted derivative 
[Ru(CO),L(n’ -C8H,CH,C(Me)=CH2)] [PF,] (5) whose X-ray structure is 
reported; paramagnetic [Co(q-C,H,),] and [Ru(CO),(qs -cyclohexadienyl)]’ 
give diamagnetic [RUG (q4 -&,H,C,H, (o-CgH5 )] (8) via C-C bond formation 
and one-electron reduction. 

The synthesis of carbon-carbon bonds in organometallic chemistry rou- 
tinely involves the addition of a carbon-based nucleophile to a coordinated 
hydrocarbon [ 11 . Reactions involving the electrophilic addition of a carboca- 
tion are, however, far less common [2] , due in part to the relative scarcity 
of suitable, easily handled, reagents. 

We now show that stereo- and regio-selective C-C bond formation can be 
readily effected by the addition of an organometallic electrophile, functioning 
as a stable source of a reactive carbocation, to an electron-rich (and therefore 
nucleophilic) transition metal n-complex. The generality of this method is 
illustrated here by the use of cationic ally1 and cyclohexadienyl complexes 
as carbocation sources. As far as we are aware, the only previous examples 
of this approach involved the reactions of [Fe(o-allyl)(CO),(q-C,H,)] with 
[Fe(CO),(q-C,H,)(q-CsHs)]+ and [Fe(CO),(v’-cycloheptatrienyl)]’ [3]. 
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(NO), group from the initial adduct between 1 and 4, were verified by an 
X-ray crystallographic study on 5 (L = PPh3, R = CH2C(Me)=CH,). 

Crystal data: Complex 5 (L = PPh3, R = CH*C(Me)=CH*) as its hemi-di- 
chloromethane solvate: C&HS0F6PZRu. 0.5CH,Cl,, M = 765.5, monoclinic, 
space group P2, In (non-standard setting of P2,/c, No. 14), a 12.984(8), h 
11.602(2), c 21.99(l) A, p 96.57(5)“, U 3 291(3) A3, room temp., Z = 4, 
I)c 1.55 g cme3, F(OOO) 1548 electrons, graphite-monochromated X-radiation, 
X = 0.71069 A, ~(Mo-I&) 7.05 cm-‘. Data were collected for a unique quad- 
rant of reciprocal space in the range 4 < 20 < 50” on a Nicolet P3m dif- 
fractometer. The structure was solved by the heavy atom method and refined 
by least squares to give a residual index R of 0.052 for 3686 unique, ab- 
sorption-corrected, observed [I > 2a(I)], intensity data. The anion and solvent 
are both disordered, the latter about a crystallographic inversion centre. The 
C, -ring hydrogen atoms were located and refined freely. 

The geometry of the cation of 5 (L = PPh,, R = CH*CH(Me)=CH,) is shown 
in Fig. 1. The ruthenium atom is bonded to the Cs -ring, in the q2 ,q3 -mode 
found for 3 and for [Ru(Q’ -CsH9)(q6 -mesitylene)]’ [5], to two carbonyls, 
and to PPh, which is trans to the v2 -alkene bond C(6)-C(7); the ally1 group 
C(S)-C(lO)-C(11) is stereospecifically joined to the Cg-ring as an exo-sub- 
stituent, via bond C(8)-C( 9). 

Fig. 1. The geometry of the cation of 5 (L = PPh,, R = CH2C(Me)=CH,I the phenyl groups have been 

omitted for clarity. Important interatomic distances are Ru-C(1) 2.336(6). Ru-C(2) 2.210(6). 

RuX(3) 2.232(6), Ru--C(G) 2.420(7), RuX(7) 2.393(7), C(l)-C(8) 1.499(10), C(1)<(2) 

1.367(g). C(2)-C(3) 1.413(g), C(3)-C(4) 1.463(10). C(4)-C(5) 1.306(11), C(5)-C(6) 1.448(10). 

C(6)-C(7) 1.356(g), C(7)-C(8) 1.501(g), C(8)-C(9) 1.508(10), C(9)-C(10) 1.494(12). C(lObC(l1) 

1.283(14) A. 



Two other aspects of the reaction between 1 and 4 are noteworthy. 
First, it is regiospecific in that the new C-C bond in 5 (I, = PPhj. R = 
CH(Me)CH=CH,) is almost exclusively (at least 8576, by ‘H NMR spectro- 
scopy) formed by the coupling of the CHMe terminus of the ally1 group of 
4 (ally1 = C,H,Me-1) with the C, -ring, Second, diastereoisomerism is ob- 
served for 5 (R = CH(Me)CH-CH, ): the two chiral <ent.rci are at. C(8i (Fig. 1. i, 
found in all examples of 5, and at C(9). 

Both 3 and 5 are readily deprotonated by NEt, in CH2Cl,, giving the 
red, crystalline, cot derivatives 6 (M = Ru, I, = PPh,: 59”;~; i;‘ iCO)(n-hesane) 
2049, 2003, 1978, and J~9 17 cstn ’ ) and ‘7 (M = Ru, I, =T PPh,;: 28”G :T,( c(O)(n- 
hexane) 2002 and 1946 (*x11 ’ ), respectively (Scheme 1 ). Thus. tilt) o\Terall 
electrophilic substitut,ion of the coordinated C, ring of I IS rapidly and simply 
achieved in overall yields of 15.-30%. 

The coupling reatrtions described are not confined to electron-rich iot com- 
plexes. For example 2 (M T= Ku) and paramagnetic [ (::o(~i-C~El~ )2 j (in a 1’2 
ratio) in toluene give [CO( v-’ -C+H,R)(q-CSHj j] as deep red, diamagnetism 
crystals (8; R = Ru(CO)S(?l’ -C,,H.;), 10%. G(CO)(n-hesane) 2059, 199-1. and 
1987 cm -’ ; m/e = 45-l] (Scheme 2). The formation of 8 differs from those 
of 3 and 5 in that a one-ekbctron rrduc~t~ion process is als<l rec~uired. Complex 

SCHEhlh 2. M = Ru(CO), (2, M :- FL=), (i) ICO(~~C~H,)~ I 
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8 undergoes one-electron oxidation* at ca. 0.1 V (vs. the saturated calomel 
electrode) so that the reduction of S’, the initial adduct formed between 
2 (M = Ru) and [CO(Q-C~H~)~], would certainly occur with a second equiv- 
alent of cobaltocene (the oxidation of which, to [CO(Q-C,H,),]‘, occurs at 
-0.9 V) (Scheme 2). 
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*This P~OWSS is irreversible in CH,Cl,, but this does not rule out the mechanism shown in Scheme 2 
which refers to the reaction in toluene at O°C. 


