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1 is readily prepared in 30% yield by the reaction of 
[(MeC6H4-i-Pr)RuClz12 with the nido-dicarbaborane 
Me2C2B8Hlo in the presence of tetramethylnaphthalene- 
diamine, this route being essentially similar to that used 
to generate R2C2Bg clusters from nido-CzBg starting ma- 
t e r i a l ~ . ~ ~ ~  The molecular structure of compound l is shown 
in Figure 1.14 The q6-C6Me6 analogue [($-C,Me,)- 
RuMe2C2B8H8] (compound 2) can be prepared similarly 
by using [(C6Me6)RuC12]2,15 but this has so far proved 
reluctant to crystallize in a crystallographically suitable 
habit. The extreme similarity to the NMR shielding pa- 
rameters, however, show that compounds l and 2 have 
essentially identical geometrical and electronic structures,16 
and the reported NMR parameters for an $-CsH6 analogue 
(prepared by a degradative route from [(C6H6)- 
R u C ~ B ~ H ~ ~ ] ) ~ ~ ~  show that this last species also conforms 
to the same structural type. 

It can be seen that there is considerable distortion of the 
molecular MCzBs cluster structure (represented in IV) 
away from the idealized CZu MBlo configuration I11 ex- 
hibited by "isocloso" eleven-vertex metallaboranes such as 
[ ( T ~ - C ~ M ~ ~ ) R ~ B ~ ~ H ~ ~ ] . ' ~  The Ru(l)-.C(4) distance is ap- 
proaching nonbonding at  268.3 (7) pm [compared with 
212.4 (6) pm for Ru(l)-C(2)], thereby generating an open 
quadrilateral face at  Ru(l)-C(2)-C(4)-B(5), and there is 
also some lengthening of Ru(l)-B(5) [236.3 (6) pm] over 
that otherwise expected (ca. 229 pm). The anomalous open 
face together with the retention of the high metal-to-cluster 
connectivity is reminiscent of the structures about the 
metal in the isonido ten-vertex iridacarbaborane 
[(PPh3)(Ph2PC6H4)IrB8H,C(OH)]'8 and in the recently 
reported isoarachno-structured ten-vertex ruthenaborane 

It is of interest to speculate whether this eleven-vertex 
"isonido" configuration obtained for compound 1 arises 
from a localization of an electron pair in the intercarbon 
linkage [C(2)-C(4) = 148.5 (7) pm], and why this should 
be, or whether there are contributions from the higher 
metal valency state ruthenium(IV) which would engender 

- 
[1-('r16-C6Me6)-1-R~BgHl~].19 

(14) Crystal data: Cl4HSB&u; M, 393.93, orthorhombic, space group 
P212121, a = 827.5 (1) pm b = 1066.0 (1) pm, c = 2154.4 (2) pm; U = 1.9004 
nm3; Z = 4; p = 7.27 cm-'; F(000) = 784; scan widths 2.0' + a-doublet 
splitting; scan speeds 2.0-29.3' mi&; 4.0 < 26' < 50.0'. All crystallo- 
graphic measurements were made on a Nicolet P3/F diffractometer op- 
erating in the w/20 scan mode by using graphite-monochromated Mo Ka 
radiation following a procedure described elsewhere.21 The data set was 
corrected for absorption empirically.22 The structure was solved by 
standard heavy-atom methods and refined by full-matrix least squares 
using SHELX76.23 All non-hydrogen atoms were refined anisotropically 
with all carbon-attached hydrogen atoms included in calculated positions 
(C-H = 108 pm) and refined with an overall isotropic temperature factor. 
All borane hydrogen atoms were located in a Fourier map and were freely 
refined isotropically. The weighting scheme w = [ 2 [ F o )  + 0.0002(F0)2]-1 
was used at the end of refinement. Final R and R, values are 0.0232 and 
0.0259, respectively (244 parameters, 1890 observed data). 

(15) Bown, M.; Greenwood, N. N.; Kennedy, J. D. J. Organomet. 
Chem. 1986, 309, C67. 

(16) NMR data W B )  [with 6('H) for directly attached H atoms in 
square brackets]]: compound 1 has BH(3) +58.i [+7.61], BH(5) -37.2 
1-2.071. BH(6) -5.2 1+1.201. BH(7) +3.5 1+2.471. BHE9 -11.9 1+1.731. 

presumption that ["B(3)] occurs at  lowescfield (ref 5 and 6) and that 
[llB-llB] COSY correlations between B atoms flanking B-C and C-C 
linkages are weaker. 'H assigned to directly bound B atoms by 'H("B- 
(selective)) experiments. 

(17) Fontaine, X. L. R.; Fowkes, H.; Greenwood, N. N.; Kennedy, J. 
D.; Thornton-Pett, M. J. Chem. Soc., Dalton Trans., in press. 

(18) Crook, J. E.; Greenwood, N. N.; Kennedy, J. D.; McDonald, W. 
S. J. Chem. Soc. Chem. Commun. 1981, 933. 

(19) BOM, M.; Fontaine, X. L. R.; Greenwood, N. N.; Kennedy, J. D.; 
MacKinnon, P. J. Chem. Soc., Chem. Commun. 1987, 817. 
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contributions from a nido electron count that would be 
associated with four metal-borane cluster bonding orbitals. 
In this context it may be noted that the anomalous dis- 
tortion toward nido observed for [2,3-Me2CzB8Hlo-4,7- 
(OH),-lO-Br] (structure V)20 has also been attributed to 
additional electron density in the cluster but derived in 
this instance from oxygen atom ?r-donation into the cluster. 
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Summary: A synthesis of heterobinuclear p-methylene 
complexes involving oxidative addition of (chloromethy1)- 
metal derivatives is described, and it is shown that the 
metal substituent activates the carbon-chlorine bond to 
oxidative addition by a factor of 2 1 03; for example, re- 
action of [AuCH,CI(PPh,)] with [PtMe,(P,P'-bpy)] (bpy = 
bipyridine) gave [PtClMe,(CH,AuPPh,)(bpy)] . 

We wish to report a new route to heteronuclear p- 
methylene complexes and its application to the synthesis 
of the first such transition-metal complexes that do not 
contain either a metal-metal bond or an additional 
bridging ligand. p-Methylene complexes are of general 
interest as models for catalytic intermediates,' and the 
labile homonuclear complex [IC~RU(CO)~),(/~-CH,)I~ ap- 
pears to be the only previous example of a p-methylene 
complex without a metal-metal bond or additional 
bridging ligand.'T2 

Complexes 2a-c (NN = 2,2'-bipyridine, Scheme I) were 
prepared in good yield by trans oxidative addition of 
[Au(CH2C1)LI3 to [PtMe2(bpy)] (1)4 and were unambigu- 
ously characterized by elemental analysis and by their 'H 

0 

(1) Herrmann, W. A. Angew. Chem., Int. Ed. Engl. 1982, 21, 117. 
(2) Lin, Y. C.; Calabrese, J. C.; Wreford, S. S. J. Am. Chem. Soc. 1983, 

105,1679. 
(3) Nesmeyanov, A. N.; Perevalova, E. G.; Smyslova, E. 1.; Dyad- 

chenko, V. P.; Grandberg, K. I. Izv. Akad. Nauk SSSR, Ser. Khim. 1977, 
2610. 

(4) Chaudhury, N.; Puddephatt, R. J. J. Organomet. Chem. 1975,84, 
105. 
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Scheme I 

and ,'P NMR ~ p e c t r a . ~  Complexes 2a and 2b are stable 
compounds, but 2c has low thermal stability. Complex 2a 
reacted rapidly and quantitatively with the electrophiles 
HC1, Cl,, and HgCl, by selective cleavage of the Au-C bond 
to give [AuCl(PPh,)] and 5a, 5b, and 3a, respectively.6 
The reaction with HgC1, gave an intermediate (4) at  -70 
"C which was characterized by NMR and isomerized 
quantitatively at  -10 "C to 3a, both complexes containing 
the novel PtCH2Hg linkage (Scheme I). In the isomer 3a, 
the platinum centre is chiral and hence the p-CH*Hb 
protons are nonequivalent in the NMR s p e ~ t r u m . ~  

The PtCH2Hg complexes 3a-c could be prepared in- 
dependently by oxidative addition of the appropriate 
(chloromethy1)mercury derivative, XHgCH2C1, to 
[PtMe2(bpy)] (Scheme I), and in every case the CH2HgX 
group was found only in the equatorial p ~ s i t i o n . ~  It  is 
possible that the initial oxidative addition is trans followed 
by rapid isomerization to 3, but no intermediates were 
detected. 

Oxidative addition of CH2X2 to bridged binuclear pal- 
ladium, iridium, and gold complexes has given p-methylene 
complexes, and these reactions involve intramolecular 
oxidative addition of MCH2X units to the second metal 
center,' but complexes 2 and 3 are the first p-methylene 
complexes to be formed by intermolecular oxidative ad- 
dition of a (chloromethy1)metal complex. The metal has 
a strong activating effect on the C-Cl bond as shown by 
the second-order rate constants (k2/L mol-' s-') for reaction 
with [PtMe2(bpy)] in acetone at 25 "C of 0.051 (PhCH2Cl, 
0.41 ( [Au(CH,Cl)(PPh,)]), and 3.46 (Hg(CH2C1),). Since 
PhCH2C1 reacts -500 times faster than CH3C1 in oxidative 
additions,8 the activating effect is estimated to be -4 X 
lo3 for the AuPPh, substituent and -2 X lo4 for the 
HgCH2Cl substituent. The kinetic order and the magni- 
tudes of the activation parameters E, (kJ mol-') = 32.0 and 
26.5 and AS* (J K-' mol-') = -144 and -145, for reactions 
with [Au(CH,Cl)(PPh,)] and Hg(CH2C1),, respectively, 
strongly support the S N ~  mechanism of reaction. The 
observation of such a strong activating effect suggests that 
the synthesis of heterobinuclear p-methylene complexes 
by the above method should have wider applicability. 

(5) Typical NMR data (referenced to Me4Si, (MeO)3P0, or K2PtC4, 
in CDC13 or CDZCl2 solvent): 2a,6 1.25 [s, 6 H, %T(PtH) = 72 Hz MePt], 

= 64 Hz, PAu]; 4 at -70 OC, 6 1.26 [s, 6 H, %I(PtH) = 68 Hz, MePt], 1.66 

= 2201 Hz, Pt]; 30, d 0.48 [s, 3 H, V(PtH) = 77 Hz, V(HgH) = 4 Hz, 
MePt trans to Cl], 1.36 [s, 3 H, 2J(PtH) = 70 Hz, MePt trans to N], 1.39 
[m, 2J(HaHb) = 11 Hz, 2J(PtH) = 21.5 Hz, p-CHaHb], 1.68 [m, V(HnHb) 
= 11 Hz, *J(PtH) = 69.5 Hz, WHgH) = 48 Hz, p-CH"Hb], 3.14 and 3.15 
[each m, 'J(H*Hb) = 11 Hz, 4J(PtH) = 2 Hz, 'J(HgH) = 51 Hz, 
HgCH'HbCI], 1260 [a, %J(PtHg) = 1235 Hz, Pt]. 
(6) Kuyper, J. Inorg. Chem. 1978, 17, 77. 
(7) Murray, H. H., IIk Fackler, J. P., Jr; Tocher, D. A. J. Chem. SOC., 

Chem. Commun. 1985,1278. El Amane, M.; Maisonnat, A.; Dahan, F.; 
Pince, R.; Poilblanc, R. Organometallics 1986,4, 773. Harrison, D. G.; 
Stobart, S. R. J. Chem. Soc., Chem. Commun. 1986,285. Schmidbaur, 
H.; Hartmann, C. Angew. Chem., Int. Ed. Engl. 1986, 25, 575. 

(8) Schrauzer, G. N.; Deutach, E. J.  Am. Chem. SOC. 1969,9I, 3341. 

1.61 [d, 2 H, 'J(PtH) = 65 Hz, 3J(PH) = 4 Hz, p-CHZ], 43.7 [E, V(PtP) 

[s, 2 H, 'JCPtH) = 56 Hz, 'J(HgH) = 56 Hz, p-CHZ], 1070 [E, 2J(PtHg) 
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Summary: Ruthenium(1 I)-promoted site selective intra- 
molecular Diels-Alder cycloadditions of l-phenyl-3,Mi- 
methylphosphole and vinylphenylphosphines or vinyl phe- 
nyl sulfoxide occur readily in high yield. These new com- 
pounds containing chiral bidentate ligands have been 
characterized by infrared and ''P('H) NMR spectroscopy 
and in one case by X-ray crystallography. 

Pursuing our interest' in the transition-metal-promoted 
intramolecular Diels-Alder [4 + 21 cycloadditions of 
phospholes, we sought to determine whether similar re- 
actions would occur within the coordination sphere of 
ruthenium(I1) complexes. The ruthenium(I1) complexes 
were particularly attractive because they afford the pos- 
sibility of controlling the site of reactivity and, hence, the 
overall stereochemistry of the products. This is possible 
because as we2,, and Mawby et al.4 have independently 
shown ligand substitution reactions of ttt-(R,P),Ru- 
(C0)2C12 occur regiospecifically to produce trans-mer- 
(R3P)2LRuCOC12 according to reaction 1. 

( 1 )  
CI-pC, C I P L  / R u /  + L - -  / R u /  

OC---rCI 0 C - p  

PR3 PR3 

In these reactions, the entering ligand, L, occupies the 
site vacated by the departing carbon monoxide. I t  thus 
appeared that reaction 1 involving a ruthenium phosphole 
complex 1 with a vinylphosphine or a ruthenium vinyl- 
phosphine complex 2 with a phosphole should produce 
mixed phosphole-vinylphosphine complexes wherein these 
ligands would occupy mutually cis coordination positions. 
This appears' to be a necessary condition for transition- 
metal-promoted intramolecular [4 + 21 Diels-Alder cy- 

(1)  Holt, M. S.; Nelson, J. H.; Savignac, P.; Alcock, N. W. J.  Am. 

(2) Green, R. L.; Nelson, J. H., unpublished observations. Krassowski, 

(3) Wilkes, L. M.; Nelson, J. H.; McCuster, L. B.; Seff, K.; Mathey, F. 

Chem. SOC. 1985,107,6396. 

D. W. Ph.D. Dissertation, University of Nevada, Reno, 1987. 

Inorg. Chem. 1983,22, 2476. 

Soc., Dalton Trans. 1976, 955. 
(4) Barnard, C. F. J.; Daniels, J. A.; Jeffery, J.; Mawby, R. J. J. Chem. 
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