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Abstract—This letter reports our successful use of the Grubbs ruthenium imidazole alkylidene catalyst in enol ether–olefin ring
closing metathesis reactions. © 2000 Published by Elsevier Science Ltd.

In a relatively short period of time since its discovery,
the olefin–olefin ring closing metathesis (RCM) reac-
tion has become an integral synthetic tool in organic
chemistry.1 This has largely been due to the discovery
of well defined catalysts that are remarkably stable
while still demonstrating high reactivity. The evolution
of catalysts capable of carrying out olefin–olefin RCM
has proceeded from highly reactive yet relatively un-
stable W and Mo alkylidenes (e.g. 1 and 2)2 to less
reactive, yet highly stable, Ru alkylidenes (e.g. 3)3 to
the more recently developed highly reactive and highly
stable Ru imidazole catalysts (e.g. 4) (Fig. 1).4

A number of research groups, including ours, have been
interested in the use of enol ether–olefin RCM reac-
tions.5–7 This reaction provides high yields of cyclic
enol ethers when the Schrock molybdenum catalyst 18

is used but does not generally work with the more
robust Grubbs catalyst 3.9–11 Out of an interest in using
catalysts more robust than 1 in enol ether–olefin RCM
chemistry, we have recently explored the use of the
ruthenium imidazole catalyst 4 in these reactions and
report the results of this study herein.

We isolated bicyclic enol ether 67a in an 89% yield when
b-C-glycoside 5 was treated with 20 mol% of 4 at rt for
2 h. Impressively, 4 worked as well as the more sensi-
tive catalyst 1 with this substrate (Scheme 1).

We have also investigated the enol ether–olefin RCM
reaction of an intermediate on route to the marine
ladder toxin gambierol. In a similar fashion to 5, when
712 was exposed to 4 at rt for 5 h, we were able to
isolate an 83% yield of the corresponding bicyclic enol
ether (e.g. 8) (Scheme 2).

Scheme 1.

Figure 1.
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Scheme 2.

Scheme 3.

Lastly, we have examined the RCM reaction of an
intermediate that was used in our synthesis of hemi-
brevetoxin B,13 enol ether 9. We considered this reac-
tion to be a test of the ability of 4 to carry out enol
ether–olefin RCM as the cyclized compound places the
two substituents on the pyran in a 1,3-diaxial relation-
ship to one another. In the event, the reaction of 9
proceeded at rt to give an 84% yield of bicycle 10. This
result clearly demonstrates the utility of 4 in enol
ether–olefin RCM (Scheme 3).

These results indicate that the robust and mild Grubbs’
imidazole catalyst 414 can be used in enol ether–olefin
RCM reactions. Undoubtedly, this catalyst will enable
a number of highly substituted and sensitive cyclic enol
ethers to be synthesized.

Acknowledgements

We are grateful to the National Institutes of Health,
General Medical Sciences (GM56677) and Research
Corporation for the generous support of this work.

References

1. For representative reviews on olefin–olefin RCM, see: (a)
Fürstner, A. Angew. Chem. Int. Ed. 2000, 39, 3013. (b)
Grubbs, R. H.; Chang, S. Tetrahedron 1998, 54, 4413. (c)

Grubbs, R. H.; Miller, S. J.; Fu, G. C. Acc. Chem. Res.
1995, 28, 446. (d) Schmalz, H.-G. Angew. Chem. Int. Ed.
1995, 34, 1833.

2. (a) Schrock, R. R.; Murdzek, J. S.; Bazan, G. C.; Rob-
bin, J.; DiMare, M.; O’Regan, M. J. Am. Chem. Soc.
1990, 112, 3875. (b) Fu, G. C.; Grubbs, R. H. J. Am.
Chem. Soc. 1992, 114, 5426.

3. Fu, G. C.; Nguyen, S. T.; Grubbs, R. H. J. Am. Chem.
Soc. 1993, 115, 9856.

4. Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. H. Org.
Lett. 1999, 1, 953.

5. For recent examples of enol ether–olefin RCM in the
synthesis of carbohydrates, see: Postema, M. G. D.;
Calimente, D.; Liu, L.; Behrmann, T. L. J. Org. Chem.
2000, 65, 6061 and references cited therein.

6. For recent examples of the use of enol ether–olefin RCM
in the synthesis of fused ether rings see: Clark, J. S.;
Kettle, J. G. Tetrahedron 1999, 55, 8231 and references
cited therein.

7. For previous work in this area from our group see: (a)
Rainier, J. D.; Allwein, S. P. J. Org. Chem. 1998, 63,
5310. (b) Rainier, J. D.; Allwein, S. P.; Cox, J. M. Org.
Lett. 2000, 2, 231.

8. Fujimura, O.; Fu, G. C.; Grubbs, R. H. J. Org. Chem.
1994, 59, 4029.

9. (a) Clark, J. S.; Kettle, J. G. Tetrahedron Lett. 1997, 38,
123. (b) We have found 3 to be completely ineffective in
the RCM of 5; Rainier, J. D.; Allwein, S. P. unpublished
results.

10. Isolated examples of the use of 3 in enol ether RCM
exist. See: (a) Sturino, C. F.; Wong, J. C. Y. Tetrahedron



J. D. Rainier et al. / Tetrahedron Letters 42 (2001) 179–181 181

Lett. 1998, 63, 9623. (b) Clark, S. J.; Hamelin, O. Angew.
Chem. Int. Ed. 2000, 39, 372.

11. While the use of 1 requires the use of a glove box in the
transfer of the catalyst, 3 and 4 can be transferred in the
atmosphere without any adverse effects.

12. Rainier, J. D.; Cox, J. M. unpublished results.

13. See Reference 7b and Rainier, J. D.; Allwein, S. P.; Cox,
J. M. manuscript submitted.

14. Grubbs has published that 4 provides a moderate yield in
a single example of an enol ether–olefin RCM. See:
Chatterjee, A. K.; Morgan, J. P.; Scholl, M.; Grubbs,
R. H. J. Am. Chem. Soc. 2000, 122, 3783.

.
.


