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The Rull fragment [(PNP)RuCI2] assists the coupling of phenylacetylene with H2S t o  give 2-phenylethanethial [PNP = 
CH3CH2CH2N(CH2CH2PPh2)2] in a reaction that is initiated by alk-1-yne to  vinylidene tautomerism at ruthenium, followed 
by  electrophilic attack of H2S on the vinylidene ligand; 2-phenylethanethial is recovered as either ql-S-ligand or 
endo-6-benzyl-I -thiabicyclo[2.2. I ]  hept-3-ene ligand, and the latter molecule is formed via a stereoselective Diels-Alder 
reaction between cyclopentadiene and the ql-2-phenylethanethial complex. 

The Chemistry of transition metal vinylidenes has been 
intensely investigated over the past two decades.1 Interest in 
these compounds stems from both their wide potential in 
organic and organometallic syntheses2 and their implication in 
several homo- and hetero-geneous catalytic processes.3 The 
reactivity of metal vinylidene complexes towards small inor- 
ganic molecules, e.g. 0 2 , 4  H20S and heteroallenes,6 remains 
an undeveloped although attractive area of organometallic 
chemistry. However, with reference to the large availability of 
these strategic inorganic molecules as well as the ubiquity of 
vinylidene derivatives along the series of transition metals, 
investigation of these reactions remains an exciting and 
prosperous area of vinylidene chemistry. 

Here we report on the reaction between a Ru" vinylidene 
complex and H2S, which provides unprecedented access to 
y l-2-phenylethanethial. 

Heating mer, trans-[(PNP)RuC12(PPh3)]7 1 in THF with 
an excess of phenylacetylene at reflux results in 
quantitative precipitation of the vinylidene fac, cis- 
[(PNP)RuCl2( C=C(H)Ph}]f 2 as pale orange needles crystals, 
while triphenylphosphine remains in solution. Bubbling H2S 
into a refluxing CH2CI2 solution of 2 for 2 h quantitatively 
converts the vinylidene complex to fac, cis-[ (PNP)RuCl2{q'- 
S=CH(CHzPh)}] 3.7 The presence of a TI-2-phenylethanethial 
ligand in 3 is unambiguously shown by both W{1H) and IH 
NMR spectroscopy8 [6C, 230.34; 6Cp 54.14; 6H, 12.10, to 
3J(HH) 7.9 Hz] and the reaction with cyclopentadiene. 
Compound 3 in CH2C12 reacts at room temperature with an 
excess of 1,3-cyclopentadiene to givefac, cis-[ (PNP)RuC12{r\l- 
endo-SChH7( CHZPh)}] 4 as dark red microcrysta1s.t The 
Diels-Alder reaction with the diene is stereoselective and 
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occurs with a preference for the endo isomer, as shown by the 
chemical shift and coupling constants of Hb in the q1-S-6- 
benzyl-1-thiabicyclo[2.2.1]hept-3-ene ligand [6H6 4.91, td, 
3J(H6Hs) 4.0, 3J(H6HBZ) 8.0 Hz] .8,9 The phenylethanethiall 
cyclopentadiene adduct can be removed from the metal by 
simply heating a CHC13 solution of 4 to reflux. As a result, the 
unsaturated metal fragment [(PNP)RuC12] dimerizes to the 
known face-sharing bioctahedral complex [Ru2(p- 
C1)3(PNP)2]Cl 5,7 while endo-6-benzyl-1-thiabicyclo- 
[2.2.1]hept-3-enef can be isolated by TLC (A1203, eluent 
Et2O). The dimer 5 can also be obtained by refluxing 3 in 
CHC13. However, in the absence of a specific reagent for 
trapping the phenylethanethial, this spontaneously oli- 
gomerises. 10 
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Footnote 
t Satisfactory spectroscopic data was obtained for all compounds. 

References 
1 For a recent review see: M. I. Bruce, Cherrz. Rev., 1991, 91, 197. 
2 See for example: B.  M. Trost, J. A. Martinez, R .  J. Kulawiec and 

A. F. Indolese, J .  Am. Chem. SOC., 1993, 115, 10402: M. D .  
Fryzuk, L. Huang, N. T. McManus, P. Paglia, S .  J. Rettig and J. S. 
White, Organometallics, 1992, 11, 2979; S.  Feracin, H.-U. Hund, 
H. W. Bosch, E. Lippmann, W. Beck and H. Berke, Helv. Chirn. 
Acta, 1992,75,1035; B. M. Trost and J. A. Flygare, J .  Am.  Chem. 
Soc., 1992, 114, 5476; H. E. Selnau and J. S.  Merola, J .  Am. 
Chem. Soc., 1991, 113, 4008; R. Wiedemann, P. Steinert. M. 
Schafer and H. Werner, J .  Am. Chem. SOC., 1993, 115. 9864. 

3 S. J.  Landon, P. M. Shulman and G. L. Geoffroy, J .  Am. Chem. 
SOC., 1985, 107, 6739; T. J. Katz, T.-H. Ho, N.-Y. Shih, Y.-C. 
Ying and V. I .  Stuart, J .  Am. Chem. SOC., 1984, 106. 2659; Y. 
Sasaki and P. H. Dixneuf, J.  Chem. SOC., Chem. Cornrnun., 1986, 
790; R. Mahe, Y. Sasaki, C. Bruneau and P. H .  Dixneuf. J .  Org. 
Chem., 1989,54, 1518; B. M.  Trost, G. Dyker and R. J. Kulawiec, 
J .  Am.  Chem. SOC. ,  1990, 112, 7809; C. Bianchini, M. Peruzzini, 
C. Frediani, F. Zanobini and A. Albinati, J .  Am. Chem. SOC. ,  
1991, 113, 5453; C. Bianchini, M. Peruzzini, P. Frediani. A. Polo 
and F. Zanobini, Inorg. Chim. Acra, 1994, 220, 5. 

4 C. Bianchini, A. Meli, M. Peruzzini, F.  Zanobini and P. Zanello, 
Organometallics, 1990, 9, 241; A. Mezzetti, G. Consiglio and 
F. Morandini, J .  Organomet. Chem., 1992,430, C15; M. I .  Bruce, 
J. R. Rodgers, M. R.  Snow and G. A. Swincer, J .  Chem. SOC., 
Chem. Commun.. 1981,271; M. I .  Bruce, G. A. Swincer and R.  C. 
Wallis, J .  Organomet. Chem., 1979, 171, C5. 

5 B. E. Boland-Lussier and R. P. Hughes, Organornetallics 1982,1, 
635; B.  P. Sullivan, R. S.  Smythe, E. M. Kober and T. J .  Meyer, 
J .  Am.  Chem. SOC., 1982,104,4701; C .  Mountassir, T.  B. Hadda 

I. _ ^ ^ ^  - ~ -  _ -  . - -  - - 



2220 

6 R. Beckhaus, 1. Strauss, T. Wagner and P. Kiprof, Angew. Chem., 
Int. Ed. Engl., 1993, 32, 264; J. P. Selegue, J. Am. Chem. SOC. ,  
1982, 104, 119. 

7 C. Bianchini, P.  Innocenti, D. Masi, M. Peruzzini and F. 
Zanobini, Gazz. Chim. It., 1992, 122, 461. 

8 Some examples of q1-coordinated transition-metal thioaldehyde 
complexes include: W. A. Schenk, T. Stur and E. Dombrowski, 
Inorg. Chem., 1992, 31, 723; W. A. Schenk, T. Stur and E. 
Dombrowski, J. Organomet. Chem., 1994, in the press: H. Fischer 
and S.  Zeuner, 2. Naturforsch., 1985, 40B, 954. 

J. CHEM. SOC., CHEM. COMMUN., 1994 

9 For the problem of diastereoselectivity in Diels-Alder reactions of 
thioaldehydes see: E. Vedejs, J. S. Stuts and R. G. Wilde, J. Am.  
Chem. SOC. ,  1988, 110, 5452; H. Fischer, K. Treier, U. Gerbing 
and J. Hofmann, Chem. Ber., 1990, 132, 725. 

10 ‘Organic compounds of sulphur, selenium and tellurium’, Special- 
ist Periodical Reports; The Chemical Society: London, 1970-1981; 
vol. 1-6. 




