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Abstract: Allenic samaritma complexes are readily generated in high yields by the reaction of 
propargylic benzyl ethers with (C5Me5)2Sm(thf) 2. Electa'ophilic trapping of the complexes derived 
from the secondary and tertiary ethers with cyclohexanone and dimethylphenylsilyl chloride gives the 
corresponding propargylic products selectively, whereas ct-allenic alcohols are predominantly 
obtained in the reaction of the complexes, generated from the primary ethers, with cyclohexanone. 

Allenic and propargylic organometallics have played an important role in organic synthesis, and 

extensive studies on the regio- and stereochemistry of their reaction have been reported. 1 However, little is 

known about the corresponding organolanthanides. There are a few examples of their preparation: 

transmetallation of propargylic Grignard reagents with cerium salts, 2 and palladium-catalyzed reaction of 

propargylic acetates 3 and phosphates 4 with samarium diiodide. The reaction of 2-alkynes with 

Cp*2LnCH(SiMe3)2 (Ln=La, Ce, Y) has been also reported to produce propargylic lanthanides. 5 Isolation 

and adequate characterization of the lanthanide complexes are moreover still lacking in contrast to other 

transition metal analogues. 6 

In a previous paper, 7 we demonstrated a facile preparation of q3-allylic samarium complexes by the 

reductive cleavage of allylic ethers with Cp*2Sm(th0n. We have applied this method to propargylic ethers 

to generate the allenic samarium complexes and studied the regioselectivity on their reaction with 

electrophiles. We now report these results. 

When benzyl 3-(1-phenyl-l-butynyl) ether (la) (Rl=ph, R2=Me, R3=H) was added to a solution of 
two equivalents of (C5Mes)2Sm(th02 in benzene-d6, the reaction mixture turned deep red immediately. 1H 

NMR spectra of the mixture exhibited two sets of new signals in a ratio of 1: l, one of which was assignable 
to allenic complex 2a [57.15 (1H, t, J =  7.3 Hz, p (H)-Ph), 6.70 (2H, t, J =  7.3 Hz, m (H)-Ph), 5.50 (2H, d, J 
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Table 1. Trapping of the Allenic Complexes 2 with Cyclohexanone 

R 1 
R2 R 3 RHO[~ R2 R R 3 1) 2Cp*2Sm(th02=._ R1 N~.O H 

OBn 2) cyclohexanone ~ x R3 

4 5 

Run Substrate R 1 R 2 R3 Ratio (4 : 5)a % Yield (4 + 5) a 

1 l a  Ph Me H 87 : 13 82 

2 lb Ph nBu H 73 : 27 89 

3 lc nBu Ph H 92 : 8 (90 : 10) b 87 (79) b 

4 ld nBu Me H 90 : 10 92 

5 le c Ph Me Me 70 : 30 49 

6 If Ph H H 2 : 98 (1 : 99<) b 94 (76)b 

7 lg nBu H H 41 : 59 (30 : 70) b 79 (42) b 

a Determined by GC. b Cyclohexanone was added at -78 °C. c l e  was treated with 

Cp*2Sm(thf)2 at 50 °C for 15 h. 

= 7.3 Hz, o (H)-Ph), 3.86 (1H, br s, allenic H), 1.05 (30H, s, C5Me5), -5.90 (3H, s, Me)] 8 and the other to 

Cp*2SmOBn (3). 7 But no signals for the starting substrate la  were observed Similar treatment of various 

propargylic benzyl ethers 1 with Cp*2Sm(th02 provided the expected allenic complexes 2 together with 

equimolar amounts of the benzyloxide 3, based on NMR. The reaction of tertiary ether le (RI=ph, 

R2=R3=Me) was carried out at 50 °C, since le remained unchanged at room temperature. 

The complexes 2, in situ generated, were mapped with cyclohexanone to examine the regioselectivity. 

These results are summarized in Table 1. The reaction of the secondary ethers la-d gave homopropargylic 

alcohols 4a-d predominantly (runs 1-4). Although the selectivity and yield decreased in case of tertiary ether 

le, the propargylic alcohol 4e was obtained as a major product (run 5). On the other hand, the primary 

substrate I f  produced exclusively the allenic alcohol 5f at -78 °C (run 6). The reaction of the primary ether 

lg gave 4g and 5g in a ratio of 41 : 59 at room temperature and 30 : 70 at -78 °C (run 7). 

Then the regioselectivity on mapping of the allenic complexes 2 with dimethylphenylsilyl chloride was 

investigated (Table 2). The complexes 2a-e, generated from the secondary and tertiary propargylic benzyl 

ethers la-e, reacted the silyl chloride to afford propargylic silanes 6a-e exclusively (runs 1-5). This 

selectivity is consistent with that of cyclohexanone trapping as described above, 9 but higher than that. The 

propargylic silanes 6fand 6g were also formed as major isomers from the primary ethers I f  and lg with low 

selectivities (runs 6 and 7). 
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Table 2. Trapping of the Allenic Complexes 2 with Dimethylpbenylsilyl Chloride 

R 1 . .  

R ~  R3 R 1 R 2 
R2N~ Ra 1) 2Cp* 2Sm(th02: R' + ~ = = ' = = ~  n3 

- -OBn 2) Ph_M¢2SiC1 SiMe2Ph PhMo2Si n 
1 6 7 

Run Substrate R 1 R 2 R 3 Ratio (6 : 7)a % Yield (6 + 7) a 

1 l a  Ph Me H >99 : 1 74 

2 lb Ph nBu H 98 : 2 67 

3 lc nBu Ph H 98 : 2 (70 : 30) b 71 

4 ld nBu Me H 96 : 4 84 

5 leC Ph Me Me 95 : 5 72 

6 If Ph H H 68 : 32 84 

7 lg nBu H H 55 : 45 87 

(54)b 

a Determined by GC. b The silyl chloride was added at -78 °C. c le was treated with 

Cp*2Sm(th02 at 50 °C for 15 h. 

The regioselectivity observed in this study is completely opposite to the previously reported results of 

allenic and propargylic organolanthanides. For example, the samarium species, generated by the reaction of 

secondary or tertiary propargylic acetates and phosphates with Pd-SmI2, have been reported to give allenic 

products exclusively on trapping with ketones and alcohols, whereas those from the primary substrates 
afforded propargylic products selectively.3,4,10 Cerium reagents, prepared by transmetailation of y- 

monosubstituted propargylmagnesium bromides with CeCI3 or Ce(Oipr)3, have been known to produce 

homopropargylic alcohols on quenching with aldehydes. 2 The reverse selectivity of our samarium 

complexes may be attributed to the effect of the two bulky C5Me5 rings. Instead, the present selectivity is 

similar to that of early transition metals such as titanium I 1 and zirconium 12, wherein regiochemistry was 

accounted for by the exclusive formation of allenic or propargylic intermediates depending on the substituent 

pattern and subsequent SE2' reaction with electrophiles. However, attempts to clarify the position of 

equilibrium between the allenic and propargylic samarium species 13, including comparison of the 1H NMR 

spectra of 2a with those of 2f 14 and low temperature experiments, have so far not succeeded. 

Typical experimental procedure is as follows: Cp*2Sm(th02 (565 rag, 1 retool) was placed in a 

schlenk tube under argon and dissolved in degassed toluene (5 mL). Propargylic benzyl ether (0.5 mmol) 

was added to the solution, and the mixture was stirred for 2 h at room temperature. Then cyclohexanone (98 

mg, 1 mmol) or dimethylpbenylsilyl chloride (171 mg, 1 mmol) was added to the resulting deep red solution, 

and the mixture was stirred for 5 h or 20 h, respectively, at room temperature. After addition of 2 M HCI, the 
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mixture was extracted with ether. The usual workup and purification by column chromatography on silica gel 

provided the products. 

In summary, the reductive cleavage of propargylic benzyl ethers with Cp*2Sm(thf)2 serves as a 

convenient method to generate allenic organosamariums, which exhibit a different regioselectivity from 

those formed by the conventional methods. 

Acknowledgment. This work was partially supported by a grant-in-aid from the Ministry of Education, 

Science and Culture, Japan. 

References and Notes 

1. Yamamoto, H. in Comprehensive Organic Synthesis; Trost, B. M.; Fleming, I. Eds.; Pergamon Press: 

Oxford, 1991; Vol. 2; pp. 81-98. 

2. Eckenberg, P.; Groth, U.; Kohler, T. Liebigs Ann. Chem. 1994, 673-677. 

3. Tabuchi, T.; Inanaga, J.; Yamaguchi, M. Tetrahedron Lett. 1986, 27, 5237-5240. Tabuchi, T.; 

Inanaga, J.; Yamaguchi, M. Chem. Lett. 1987, 2275-2278. 

4. Mikami, K.; Yoshida, A.; Matsumoto, S.; Feng, F.; Matsumoto, Y.; Sugino, A.; Hanamoto, T.; 

lnanaga, J. Tetrahedron Lett. 1995, 36, 907-908. 

5. Heeres, H. J.; Heeres, A.; Teuben, J. H. Organometallics 1990, 9, 1508-1510. 

6. Blosser, P. W.; Gallucci, J. C.; Wojcicki, A. J. Am. Chem. Soc. 1993, 115, 2994-2995 and references 

therein. 

7. Takaki, K.; Kusudo, T.; Uebori, S.; Makioka, Y.; Taniguchi, Y.; Fujiwara, Y. Tetrahedron Lett. 1995, 

36, 1505-1508. 

8. 1H NMR signals of this complex 2a in toluene-d8 shifted to downfield at -40 °C (~) 1.28 for Cp* and 

-5.03 for Me) and split into two peaks in nearly equal intensities at -78 °C (5 2.03 and 1.93 for Cp*, 

and -3.09 and -3.19 for Me). 

9. Trapping of Cp*2Sm(q3-allyl) with PhMe2SiCI shows a reverse regioselectivity to that with 

cyclohexanone: Takaki, K.; Fujiwara, Y.; et al. Unpublished results. 

10. The intramolecular version of this method has been reported to produce propargylic products from the 

secondary or tertiary propargylic acetates because of geometrical reason; Aurrecoechea, J. M.; Anton, 

R. F.-S. J. Org. Chem. 1994, 59, 702-704. 

11. Ishiguro, M.; Ikeda, N.; Yamamoto, H. J. Org. Chem. 1982, 47, 2225-2227. Furuta, K.; Ishiguro, M.; 

Haruta, R.; Ikeda, N.; Yamamoto, H. Bull. Chem. Soc. Jpn. 1984, 57, 2768-2776. 

12. Ito, H.; Nakamura, T.; Taguchi, T.; Hanzawa, Y. Tetrahedron Lett. 1992, 33, 3769-3772. Ito, H.; 

Hanzawa, Y.; Taguchi, T. Yuki Gosei Kagaku Kyokaishi, 1994, 52, 217-225. 

13. q3-Allenic bonding mode is also possible; see ref. 5. 

14. 2f: 1H NMR (cyclohexane-dl2) 6 6.61 (1H, t, J = 7.3 Hz, p (H)-Ph), 6.12 (2H, t, J = 7.3 Hz, m (H)- 

Ph), 3.77 (2H, d, J = 7.3 Hz, o (H)-Ph), 2.71 (2H, br s, allenic CH2), 1.04 (30H, s, C5Me5). 

(Received in Japan 10 May 1995; revised 30 June 1995; accepted 1 July 1995) 


