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Summary: Treatment of RuHCl(CO)(PPh3)3 (1) with 
(CHyCHlSnR3 (R = p-tolyl, Me) affords high yields of 
the coordinatively unsaturated complexes Ru(SnR3)Cl- 
(CO)(PPh3)2 (R = p-tolyl (a, Me (3)) probably via 
insertion of the vinylstannane into the ruthenium hydride 
bond followed by a 8-stannyl elimination from the 
resulting 8-stannylethyl complex. The p-tolyl derivative 
2 is unstable with respect to a p-tolyl migration to 
ruthenium, forming Ru@-tolyl)Cl(CO)(PPh3)2. The mo- 
leculargeometry of Ru(SnMe3)C1(CO)(PPh3)2 (3) has been 
determined by a single-crystal X-ray diffraction study. 

Insertions of alkenes into transition-metal-hydride 
bonds and, to a lesser extent, into heavier group 14 
element-transition-metal bonds have been well docu- 
mented.lJ With respect to the reverse reactions, @-hydride 
eliminations from a-alkyl complexes are also well-known,3 
but examples of &eliminations of heavier group 14 moieties 
from &substituted a-alkyl complexes to form new tran- 
sition-metal-group 14 bonds are raree4 To our knowledge 
there have been no reports in the literature pertaining to 
the formation of transition-metal-tin bonds via 8-stannyl 
eliminations. In this communication we report the syn- 
thesis of two new ruthenium(I1) stannyl complexes formed 
via @-stannyl elimination (see Scheme I). 

Treatment of RuHCl(CO)(PPh3)3 (1) witha 25% excess 
of a vinylstannane affords, in high yield, the coordinatively 
unsaturated ruthenium complexes Ru(SnR3)Cl(CO)- 
(PPh3)2 (R = p-tolyl(2), Me (3)h5 As illustratedin Scheme 
11, it is proposed that the vinylstannane inserts into the 
ruthenium-hydride bond to afford a 8-stannylethyl com- 
plex, which then undergoes 0-stannyl elimination with 
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(5) In a typical reaction RuHC1(CO)(PPhs)s (0.500 g, 0.525 mmol) was 
suspended in benzene (25 mL) in a Pyrex flask under nitrogen and 
(CH<dH)Sn@-tolyl)a (0.330 g, 0.788 mmol) added. The mixture was 
then maintained at  ca. 20 "C while being photolyzed for 45 min with a 
IOOO-W tunpten/halogen lamp held ca. 1Ocm from the flask. The solvent 
was then removed in vacuo and the product recrystallized from benzene/ 
hexane to yield Ru(Sn[p-tolyll~)Cl(CO)(PPh~)~ (2) (0.430 g, 75% ). 
Compound 3 wan prepared in a similar manner using (CH24H)SnMes. 
Data for R~(Sn[p-tolylIs)Cl(CO)(PPh~)~ (2): mp 158 OC dec; IR (Nujol 
mull, cm-l) 1913 u(C+), 798 8CHd; lH NMR (CDCla, 6 in ppm, TMS 
at  6 0, J m  Hz) 2.24 (e, 9H, CHd, 6.77 (d, 6H, CH, 3J(HH) 7.43), 7.08-7.31 
(m,36H,PhH); NMR (CDCln, 8 in ppm, H.90, a t  80, external standard, 
J in Hz) 33.13 (8, WlgSnP) 135.4, 2J(lI7SnP) 129.9). Anal. Calcd for 
CaaHslC10P2RnSn: C, 64.43; H, 4.75. Found C, 63.59; H, 4.82. Data for 
Ru(SnMe:1)C1(CO)(PPha)2 (3): mp 164 OC dec; IR (Nujol mull, cm-1) 
1911,1896 u ( C 4 ) ;  IH NMR (CDCl:,, 8 in ppm, TMS at  6 0, J in Hz) 0.07 
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" A n  asterisk denotes that the species so labeled was not 
isolated. 

loss of ethylene to yield the ruthenium stannyl complexes 
2 and 3. The formation of ethylene has been confirmed 
by carrying out the reaction in a sealed NMR tube ( c a s )  
and observing the appearance of a signal attributable to 
free ethylene (6 5.24 ppm) in the lH NMR spectrum. 

Compound 2 is relatively unstable in solution, readily 
decomposing to Ru@-tolyl)Cl(CO) (PPh3)2 (6; Scheme 11). 
The spectral data for 6 have been compared with those of 
an authentic specimens and confirm the nature of the 
decomposition product. It is likely that the decomposition 
of 2 occurs viap-tolyl migration from the stannyl moiety, 
to the vacant coordination site at  the ruthenium center, 
affording a transitory stannylene complex which then 
dissociates SnRz to afford 5. Such a-migrations (see 
Scheme 111) involving coordinatively unsaturated metal 

(e, 9H, CH3, V('J("9SnH) 47.6, V(J("7SnH) 46.0), 7.37-7.57 (m, 30H, P W ;  
NMR (CDCla, 6 in ppm, HsPO, at  6 0, external standard, J in Hz) 

33.56 (e, 2J(119/1l'SnP) 132.0). Anal. Calcd for C4diseC10P2RuSn: C, 
56.32; H, 4.60. Found: C, 56.31; H, 4.80. 
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complexes are very rare from a metal-bound carbon atom 
and we believe without precedent from a metal-bound tin 
atom. However, the reverse process, stannylene insertion 
into a metal-halogen bond, is known.' In one sense the 
behavior of 2 is similar to that reported8 for Ru(SnCl3)- 
Cl(C0) (O=C [ Me] 2) (PPh3)rO=C(Me)2, which, on re- 
crystallization, loses the SnC13 ligand. In this latter 
complex, the weakly coordinated acetone ligand dissoci- 
ates, chloride migrates to the vacant coordination site at  
ruthenium, and SnC12 is subsequently lost. The p-tolyl 
migration for 2 can, however, be readily prevented by 
coordination of a Lewis base such as p-tolyl isocyanide to 
afford the coordinatively saturated complex Ru(Sn[p- 
tolyll~)C1(CO)(CN[p-tolyll)(PPh~)~ (4).9 In contrast to 
the instability of 2 in solution, the coordinatively unsat- 
urated trimethylstannyl complex 3 shows no inclination 
to undergo methyl migration to give Ru(Me)Cl(CO)- 
(PPh3)2lo under similar conditions. 

Crystals of 3 suitable for asingle-crystal X-ray diffraction 
study" were grown, and the molecular structure deter- 
mined is shown in Figure 1. The structure of 3 is best 
described as distorted square pyramidal with the trime- 
thylstannyl ligand apical. Theoretical studies indicate that 
in the absence of steric factors this geometry is preferred 
over trigonal bipyramidal for coordinatively unsaturated 
d6 complexes.12 The Ru-Sn bond length of 2.603(1) A is 
noticeably shorter than the Ru-Sn bond lengths of 2.691 
and 2.694 A reportedl3 for the coordinatively saturated 
complexes [Ru(SnMe3)(C0)412 and [Ru&-SnMen)(SnMes)- 
(CO)312 respectively. The absence of a trans ligand is 
expected to result in a shorter Ru-Sn bond, and a similar 
phenomenon has been observed for the analogous silyl 
compounds Ru(SiR3)C1(CO)(PPh3)2.14 As for other aryl- 
or alkylstannyl complexes, the angles about the tin deviate 
from tetrahedral with the Ru-Sn-C angle opening to an 
average of 114.3' and the C-Sn-C angle closing to an 
average of 104.2'. 
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CIdEtOH. Crystal data: a = 11.859(1) A, b = 18.817(6) A, c = 17.004(13) 
A, 6 = 95.74(3)', 2 = 4, Dealc = 1.473 g cm-?, space group F'2,/c. A total 
of 6703 unique reflections (I > 3a(Z)) were collected on a Nonius CAD-4 
diffractometer at 293.5 0.5 K using Mo Ka radiation (A = 0.710 69 A). 
Disorder was apparent between the C1 and CO groups, and the model 
adopted aa best fitting the peak heights was a 6040 ratio in the two 
possible orientations. The predominant orientation (60 % ) is depicted 
in Figure 1. Least-squares refinement converged to R(F) = 0.051 and 
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Figure 1. ORTEP view of Ru(SnMea)C1(CO)(PPh3)2 with 
thermal elli oids at the 50% probability level. Selected bond 
distances (E and angles (deg): Ru-Sn, 2.603(1); Ru-P(l), 
2.355(1);Ru-P(2),2.381(1); Sn-C(2), 2.168(6);Sn-C(3),2.182- 
(8); Sn-C(4), 2.146(7); P(1)-Ru-Sn, 100.1; P(2)-Ru-Sn, 97.4; 
C(B)-Sn-Ru, 116.1; C(B)-Sn-Ru, 111.8; C(U-Sn-Ru, 115.0; 
C(3)-Sn-C(2), 104.8; C(4)-Sn-C(2), 101.9; C(4)-Sn-C(3), 
106.0; P(2)-Ru-P(1), 162.5. 

The new method of ruthenium-tin bond synthesis 
outlined in this communication can also be utilized in the 
preparation of osmium-tin derivatives. For example, 
reaction of CHyCHSnMe3 with OsHCl(CO)(PPh3)3 
produces Os(SnMe&l(CO)(PPh3)2 in good yield. It is 
anticipated that it will be possible to extend this synthetic 
method to prepare tin derivatives of other transition 
metals. 

The ruthenium-tin complexes 2 and 3 are amenable to 
further elaboration at  both the ruthenium and tin centers. 
Addition of small Lewis bases to the coordinatively 
unsaturated ruthenium proceeds smoothly to give the 
corresponding saturated derivatives. Furthermore, con- 
trolled cleavage of the organo groups from the tin center 
by iodine enables the selective functionalization of the 
coordinated stannyl group. These results will be reported 
in a forthcoming paper. 
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