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A short route to cyclopentadienyltricarbonylrhenium substituted derivatives
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CpRe(CO) 3 substituted derivatives were obtained in good yields (44-96%) from fulvenes and Re 2 (CO) 10 in boiling mesitylene. This new methodology was applied to the synthesis of CpRe(CO) 3 substituted steroids with success.

Introduction

The access to compounds for use in bioorganometallic chemistry is not always readily achieved by adopting synthetic methods used in classical organometallic chemistry. Our interest in CpRe(CO) 3 substituted biomolecules [1] as potential radiopharmaceuticals led us to explore efficient synthesis of these species in the 'cold series'. We thus recently reported a one-pot synthesis of CpRe(CO) 3 substituted steroids from the corresponding fulvenes and BrRe(CO) 5 under basic conditions [2]. We now present a new procedure using Re 2 (CO) 10 (a precursor of BrRe(CO) 5 ) as the rhenium source which allows direct access to cyclopentadienyltricarbonylrhenium substituted derivatives from fulvenes under neutral conditions.

Results and discussion

The commercially available fulvene 1 was chosen as a model substrate for the optimisation process (Scheme 1, Table 1). Mixtures of 1 and 2 (0.2 mmol) were heated at different temperatures, with varying amounts of solvent for 2 h. In these reactions, a relatively small portion of the reduced compound 4 was formed under the conditions used. Even though the reaction occurred at 128 °C (run 1), the yields increased upon raising the temperature (runs 2, 3 and 5). The best result was obtained in boiling mesitylene under reflux (run 5). The solventfree reaction (run 4) gave only 40% yield in comparison with the 62% yield obtained at the same temperature (run 3). Increasing the number of equivalents of 1 relative to 2 (run 6) did not significantly alter the yield while a smaller amount of 1 gave only 60% of 3 and 4 (run 7).

The last experiment (run 8) showed that doubling the dilution led to a decrease of the yield.

These results can be explained by the relative instability of the fulvene under the conditions used, the best choice thus appearing to be a delicate balance between the formation of the products and degradation of the fulvene 1. Finally, varying the reaction conditions did not allow us to direct the reaction towards the formation of a sole product, the ratios being quite identical from run 2 to 8. b The ratios were determined on the 1 H-NMR spectra of the mixture of compounds 3 and 4 obtained after filtration on silica gel.

On the basis of these results and apart from the reaction time, the conditions described in run As can be seen from these examples, different functional groups were found to be compatible with the reaction conditions, including ether, alcohol, ketone, amine, chloride and thioether.

Compounds 7 were synthesized from 6 using an ionic hydrogenation [3] in the presence of triethylsilane and trifluoroacetic acid in nearly quantitative yields (Scheme 4). The amino compound 6a led to an inseparable mixture of 7a and a by-product derived from the silane.

This reaction thus provides access to the reduced compounds in good yields.

Scheme 4.

Conclusion

In conclusion, we have provided a short and efficient synthesis of several organometallic species bearing a conjugated side chain from fulvenes and Re 2 (CO) 10 as the metallic source.

The synthesis of similar species was studied 10 years ago [4], [5]. In particular 2-(cyclopentadienyltricarbonylrhenium) propene ( 3) was prepared in a four-step procedure from cyclopentadiene with an overall yield of 32%. Our one-pot synthesis gave the same product in 61% yield. We also showed that the corresponding reduced forms of these compounds were easily obtained in good yields through ionic hydrogenation. In future work, we hope to exploit this method for the discovery of new potential radiopharmaceutical (in the cold series) bearing a CpRe(CO) 3 substituted group. Reactions were carried out in flame-dried Schlenk glassware under an inert atmosphere (Ar).

Experimental

6,6-Dimethylfulvene (98%), 4′-methylthioacetophenone (97%), and 4′-methoxyacetophenone (98%) were purchased from Aldrich; 4′-aminoacetophenone (98%) was purchased from Avocado; 4′-chloroacetophenone was purchased from Fluka; Rhenium carbonyl (98%) was purchased from Strem Chemicals; Mesitylene (99%) and pyrrolidine (99%) were purchased from Acros. These reactants and solvent were used as received.

General method for the fulvene synthesis

To a solution of ketone (5 mmol) and cyclopentadiene (1 ml, 12 mmol) in 8 ml of MeOH, pyrrolidine (2 ml, 24 mmol) was added. The mixture was stirred at room temperature (r.t.) for the appropriate time (60 h for 5a, 5c, and 5d; 24 h for 5b) and diluted with AcOEt/AcOH (50:0.5 ml except for 5a, the purification being processed on the crude reaction mixture).

After stirring for 15 min, the organic layer was washed with brine (3×25 ml), dried over MgSO 4 and concentrated. The residue thus obtained was purified via flash chromatography (5a: petroleum ether-CH 2 Cl 2 , 50:50; 5b: C 5 H 12 ; 5c and 5d: petroleum ether-CH 2 Cl 2 , 80:20).

Compounds 5a, 5b and 5c are known, and their 13 C-NMR spectra are in accord with those reported in the literature [7]. Compounds 8a, 8b and 8c were prepared as previously described [2]. fulvene (5a) (25%, orange oil), fulvene (5b) (50%, orange oil), 1, 143.2, 139.2, 138.5, 131.6, 131.4, 129.8, 125.4, 123.4, 121.0, 22.3, 15.4 

General method for the CpRe(CO) 3 substituted compounds synthesis

The mesitylene was degassed under a stream of Ar (15 min) prior to use. Dirhenium decacarbonyl (0.2 mmol) was added to a solution (or a suspension) of fulvene (0.8 mmol) in mesitylene (1 ml). The reaction mixture was quickly immersed in an oil bath heated to 180 °C and boiled under reflux for 2 or 3 h. After cooling to r.t., the mesitylene was removed under vacuum and the residue was purified via flash chromatography. The spectra of compounds 9a, 9b and 9c are in accord with those previously reported [2]. propene ( 3) and 2-(cyclopentadienyltricarbonylrhenium)propane ( 4)

Purification by filtration (petroleum ether-CH 2 Cl 2 , 95:5) afforded a mixture of 3 and 4 as a colorless oil (76%). The 1 H-NMR spectrum of the mixture shows the presence of 3 according to Ref. [5]. Compound 4 was obtained by reduction of 3 (vide infra). 5, 118.4, 82.7, 82.4, 26.8, 23.9;IR (KBr): 2019, 1911. 
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 1 General 1 H-and 13 C-NMR spectra were taken on 200 MHz Bruker AC 200 spectrometer. Chemical shifts are reported in ppm and referenced to the residual proton resonances of the solvents. IR spectra were recorded by using a BOMEN MB spectrometer. Mass spectra were obtained on NERMAG R1010C apparatus. HRMS were measured at the Service de Spectrométrie de Masse of the Ecole Normale Supérieure (Paris, France). Melting points were measured on a Büchi B-510 apparatus and were uncorrected. Thin-layer chromatography (TLC) was performed on Merck silica gel 60 F 254. Silica gel Merck Gerudan SI (40-63 mm) was used for column chromatography using the Still method[6]. Elemental analyses were measured at the microanalysis laboratory of the Pierre et Marie Curie University (Paris, France) or of the CNRS (Gif sur Yvette, France). Anhydrous MeOH (99.8%) was purchased from Aldrich.

  NMR (200 MHz, CDCl 3 ): δ 5.3-5.2 (m, 4H), 2.68 (sept, J=6.8 Hz, 1H), 1.17 (s, J=6.8 Hz, 6H); 13 C-NMR (50 MHz, CDCl 3 ): δ 194.

  

Table 1 .

 1 Reaction of compound 1 with 2 (0.2 mmol) under selected conditions

	Run	1 (mmol)	Solvent (ml)	T (°C)	Yield (%) a (3/4) b
	1	0.8	1	128	7 (100/0)
	2	0.8	1	141	34 (89/11)
	3	0.8	1	155	62 (89/11)
	4	0.8	0	155	40 (87/13)
	5	0.8	1	163	76 (81/19)
	6	1.6	1	163	72 (82/18)
	7	0.4	1	163	60 (82/18)
	8	0.8	2	163	67 (85/15)

a Yields are based on rhenium (0.4 mmol).