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Abstract : Two novel ruthenium complexes, RuH3[Si(OEt)a](PPh3)2 and Ru[Si(OEt)a]2(PPha)2, have 
been shown to catalyse the cyelopropanation of activated olefins in high yields. 

Efficient and selective syntheses of cyclopropanes are of great interest in organic chemistry due to their 

frequent occurrence in biologically active compounds and as valuable synthetic intermediates. 2 To date, direct 

transition-metal catalysed carbene transfer from a diazo compound to an olefin remains the most 

straightforward route to cyclopropanes. 3 Rhodium(II) carboxylates have proved to be very often the catalysts 

of choice for promoting cyclopropanation reactions, having largely replaced traditional copper catalysts which 

often required higher temperatures. 3,4 Rhodium(ll) carboxylates suffer however from the high cost of the 

metal and also from a lack of stereoselectivity. That justifies the search for cheaper and more selective 

catalysts. In this context, much less is known on the use of ruthenium-based catalysts. 5 We recently reported 

on the unique activity of various ruthenium complexes, including some diruthenium(II,II) tetracarboxylates6, 7 

and ruthenacarborane clusters, s in both the cyclopropanation s and metathesis reactions. 6,7,9 On the other 
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hand, RuCl2(p-cymene)(PCy3) and RuC12(PPh3)3 have also been shown to be outstanding catalysts for the 

metathesis of olefins 9 and especially of silicon-containing olefins.1°-13 Ruthenium species with Ru-H and Ru- 

Si bonds seem to be the key intermediates in the catalytic metathesis of vinylsilanes, according to the 

insertion-elimination mechanism proposed 12,13 although the carbene-based mechanism cannot be totally 

excluded. Continuing work in these laboratories directed toward the discovery of  novel catalysts active in 

olefin cyclopropanation and/or metathesis and toward a better understanding of the parameters that direct the 

reaction toward olefin cyclopropanation or metathesis has led us to consider different ruthenium-based 

complexes as promising catalyst precursors, namely two novel hydride and silyl complexes, RuHa[Si(OEt)3 ]- 

(PPh3)2 and Ru[Si(OEt)3]2(PPh3)2,14 as well as RuC12(PPh3)3 activated in refluxing benzene under air 

(RuC12(PPh3)3/C6H6)A 3 The purpose of  this communication is to describe preliminary results on the 
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cyclopropanation of various olefins by ethyl diazoacetate, catalysed by these two novel hydride and silyl 

ruthenium complexes as well as by RuCI2(PPh3)3 as a commercially available model. 

As shown in Table 1, the yields of  cyclopropanation were often in the range 80-95% with styrene and 

substituted styrenes, side reactions (mostly formation of carbene dimers or azines) were almost completely 

suppressed, and only a small amount (0.5 tool % relative to diazo compound) of catalyst was required. 

Complexes : RuC12(PPh3)3 (1) 

RuC12(PPh3)a/C6H6 (2) 

RuHa[Si(OEt)3] (PPh3)2 (3) 

Ru[Si(OEt)a]20aPh3)2 (4) 

Table 1. Cyclopropanation Yields and Stereoselectivities from Reactions of  Ethyl Diazoacetate with 

Representative Olefins in the Presence of Ruthenium Complexes 1-4 a 

Yield, % b (cis/trans or endo/exo ratio) 

Olefin Complex: 1 2 3 4 

Styrene, 20°C 37 (0.50) 38 (0.48) 33 (0.40) 41 (0.53) 

Styrene, 40°C 55 (0.63) 53 (0.61) 48 (0.41) 54 (0.62) 

Styrene, 60°C 93 (0.80) c 89 (0.79) 85 (0.42) 91 (0.68) 

4-Methylstyrene 91 (0.54) 91 (0.58) 83 (0.50) 90 (0.55) 

4-t-Butylstyrene 90 (0.71) 87 (0.56) 83 (0.57) 85 (0.59) 

4-Methoxystyrene 92 (0.63) 87 (0.70) 87 (0.60) 90 (0.64) 

4-Chlorostyrene 89 (0.57) 87 (0.40) 81 (0.40) 83 (0.41) 

4-Bromostyrene 85 (0.47) 84 (0.65) 80 (0.47) 80 (0.62) 

a-Methylstyrene 94 (0.87) 90 (0.88) 86 (0.87) 92 (0.97) 

1-Hexene 6 (0.67) 9 (0.62) 6 (0.47) 6 (0.53) 

1-Octene 7 (0.68) 8 (0.65) 6 (0.51) 5 (0.55) 

Cyclohexene 4 (0.38) 5 (0.30) 3 (0.34) 4 (0.38) 

Cyclooctene 5 (0.65) 6 (0.72) 4 (0.55) 4 (0.56) 

a Reaction conditions : olefin, 20 retool; complex, 0.005 retool; ethyl diazoacetate, 1 retool, diluted in I mL of the olef'm; perfusion 
time, 4 h; temperature, 60°C, except for 1-hexene, 50°C. 

b Yield based on ethyl diazoacetate and determined by g.l.c., by comparison with authentic samples. Diethyl maleate and fumarato 
as well as traces of metathesis products (1-3 turnovers) represented by-products of these reactions. With cyclohexene, the allylic 
C-H insertion product was also formed in 5-10% yield whereas, with styrene and its derivatives, polymers were precipitated in 
methanol (conversion, 6-25%; Ma, 35,000-220,000 ; PDI, 1.8-3.3). 

c RuCl2(AsPha)3,92 (0.73); RuCl2(SbPh3)3,94 (0.42). 

The application to non activated olefins is, however, very limited. Terminal and internal linear olefins, 

cycloolefins or -dienes could not be cyclopropanated with ethyl diazoacetate using complexes 1-4 as catalysts 

(yields lower than 10%), while norbornene was selectively metathesized. 15 At 280C, isoprene (Table 2) was 

cyclopropanated only in modest yields (20-30%) although ethyl diazoacetate was fully decomposed at even 

20°C. In addition, temperature played a crucial role on the cyclopropanation process. For instance, with 

styrene (Table 1), cyclopropanation yields increase with temperature. Therefore, we conclude that this 
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Table 2. Cyclopropanation Yields, Regio- and Stereoselectivities from Reactions of Ethyl Diazoacetate with 

Isoprene in the Presence of Ruthenium Complexes 1-4 a 

Cyclopropane Isomeric distribution, % 

Complex yield, % b I-Z I-E II-Z II-E 

1 26 14.5 73.5 4 8 

2 25 14 74 4 8 

3 19 11.5 78 3.5 7 

4 23 10 81 3 6 

a,b Reaction conditions same as in Table 1 (reaction temperature, 28°C). 

cyclopropanation is fairly regioselective to a terminal double bond which is in conjugation with an arene 

group, provided the reaction is carried out at moderately high temperature (60°C, Table 1). These results are 

reminiscent of the catalytic activity of cobalt(II) carbenoids studied by NakamuraA 6 

The observed stereoselectivities (cis/trans or endo/exo ratio) depended -as expected- on the olefinic 

substrate and were much less sensitive to the catalyst precursor. In most cases, however, 

RuH3[Si(OEt)3](PPh3)2 (3) was the most selective for the trans (exo) isomer. Most noteworthy was the 

increase in the ratio ofcis  to trans product observed with complexes 1, 2, and 4 (but not with complex 3) upon 

raising the temperature (Table 1). 

Styrene and a selection of p-substituted styrene derivatives were chosen so as to permit a study of the 

electronic effects of the substituents on the cyclopropanation reaction. The results (Table 1) indicate that 

lower yields of cyclopropanes were obtained in the presence of electron-withdrawing substituents and confirm 

the results observed with isoprene (Table 2), where the cycloaddition also preferentially occurred (>85%) at 

the electron-rich double bond. In intermolecular competitive experiments (Table 3), 4-methylstyrene was 1.6 

time more reactive than styrene. All these results are consistent with the eleclrophilic nature of the ruthenium- 

carbene intermediate formed by decomposition of the diazo compound by the metal complex. 

In conclusion, RuC12(PPh3)3 (1) and other ruthenium phosphine complexes (2-4) were found to be 

regioselective catalysts for the cyelopropanation of activated olefins at 60"C. Much remains to be elucidated 

in this reaction and especially its competition with olefin metathcsis, another carbcne reaction catalysed by 

ruthenium complexes. 
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Table 3 .  Relative Reactivities of 4-Methylstyrene, Styrene and 4-Chlorostyrene in their Reactions with Ethyl 

Diazoacetate in the Presence of Ruthenium Complexes 1-4 a 

Relative Reactivities 

Complex 4-Methylstyrene Styrene 4-Chlorostyrene 

1 1.57 1 1.08 

2 1.70 1 0.96 

3 1.42 1 1.10 

4 1.67 1 0.97 

a Reaction conditions ,same as in Table 1. 

Acknowledgements : We thank the SCIENCE Programme of the European Community for generous financial 
support (contract EC n ° SCI-CT 90-0530) and the "National Fund for Scientific Research" (F.N.R.S.), 
Belgium, for the purchase of major instrumentation. The collaboration between our groups was made possible 
in the frame of the Li~ge-Poznan interuniversity cooperation-exchange agreement. 

REFERENCES AND NOTES 
1. "Research Associate" of the "National Fund for Scientific Research" (F.N.R.S.), Belgium. 
2. For some representative papers published last year in this Journal, see : e.g., (a) Kfinzer, H.; Thiel, M. 

Tetrahedron Lett. 1994, 35, 2329-2330. (b) Altmann, K.-H.; Kesselring, R.; Francotte, E.; Rihs, G. ibid. 
1994, 35, 2331-2334. (c) Brown, A.; Grigg, R.; Ravishankar, T.; Thornton-putt, M. ibid. 1994, 35, 
2753-2756. (d) Steinman, M.; Gala, D.; Puar, M.S.; Tahbaz, P. ibid. 1994, 35, 2829-2832. (e) Monti, H.; 

• Rizzotto, D.; L6andri, G.; Monti, J.-P. ibid. 1994, 35, 2885-2888. (f) Appelberg, U.; Vallg/trda, J.; 
Hacksell, U. ibid. 1994, 35, 3417-3420. (g) Samano, V.; Robins, M.J. ibid. 1994, 35, 3445-3448. (h) Oh, 
J.; Lee, J.; Jin, S.; Cha, J.K. ibid. 1994, 35, 3449-3452. (i) Stolle, A.; Becker, H.; Salaiin, J.; de Meijere, 
A. ibid. 1994, 35, 3517-3520, 3521-3524. (j) Armesto, D.; Ramos, A.; Mayoral, E.P. ibid. 1994, 35, 
3785-3788. (k) Alber, F.; Szeimies, G. ibid. 1994, 35, 4093-4096. (1) Grangier, G.; Aitken, D.J.; 
Guillaume, D.; Husson, H.-P. ibid. 1994, 35, 4355-4356. (m) Denis, R.C.; Gravel, D. ibid. 1994, 35, 
4531-4534. (n) Theberge, C.R.; Zercher, C.K. ibid. 1994, 35, 9181-9184. 

3. (a) Maas, G. Top. Curr. Chem. 1987, 137, 75-253. (b) Ye, T.; McKervey, M.A. Chem. Rev. 1994, 94, 
1091-1160. 

4. Demonceau, A.; Noels, A.F.; Hubert, A.J. In Aspects o f  Homogeneous Catalysis, Vol. 6; Ugo, R. Ed.; 
D. Reidel Publishing Company : Dordrecht-Boston-Lancaster, 1988; pp. 199-232. 

5. (a) Bergbreiter, D.E.; Morvant, M.; Chen, B. Tetrahedron Lett. 1991, 32, 2731-2734. (b) Maas, G.; 
Werle, T.; Alt, M.; Mayer, D. Tetrahedron 1993, 49, 881-888. (c) Nishiyama, H.; Itoh, Y.; Matsumoto, 
H.; Park, S.-B.; Itoh, K. J. Am. Chem. Soc. 1994, 116, 2223-2224. 

6. Noels, A.F.; Demonceau, A.; Carlier, E.; Hubert, A.J.; M~trquez-Silva, R.-L.; SS.nchez-Delgado, R.A.J. 
Chem. Soc., Chem. Commun. 1988, 783-784. 

7. Demonceau, A.; Noels, A.F.; Saive, E.; Hubert, A.J.J. Mol. Catal. 1992, 76, 123-132. 
8. Demonceau, A.; Saive, E.; de Froidmont, Y.; Noels, A.F.; Hubert, A.J.; Chizhevsky, I.T.; Lobanova, 

I.A.; Bregadze, V.I. Tetrahedron Lett. 1992, 33, 2009-2012. 
9. Noels, A.F.; Demonceau, A.; Saive, E. In Advances in Catalyst Design, Vol. 2, Graziani, M.; Rao, 

C.N.R. Eds.; World Scientific : Singapore-New Jersey-London-Hong Kong, 1992; pp. 73-94. 
10. Marciniec, B.; Pietraszuk, C. J. Organomet. Chem. 1993, 447, 163-166 and references cited therein. 
11. Foltynowicz, Z.; Pielraszuk, C.; Marciniec, B. Appl. Organomet. Chem. 1993, 7, 539-541. 
12. Marciniec, B.; Pietraszuk, C.; Foltynowicz, Z. J. Organomet. Chem. 1994, 474, 83-87. 
13. Marciniec, B.; Foltynowicz, Z.; Pietraszuk, C.; Gulinski, J.; Maciejewski, H. J. Mol. Catal. 1994, 90, 

213-224. 
14. Gulinski, J.; James, B.R.; Marciniec, B. J. Organomet. Chem. 1995, accepted for publication. 
15. Demonceau, A.; Lemoine, C.A.; Abreu Dias, E.; Noels, A.F.; Pietraszuk, C.; Gulinski, J.; Marciniec, B. 

to be published. 
16. Nakamura, A.; Konishi, A.; Tatsuno, Y.; Otsuka, S. J. Am. Chem. Soc. 1978, 100, 3443-3448, 6544- 

6546. 

(Received in France 21 February 1995; accepted 22 March 1995) 


