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Abstract: Ring opening cross-metathesis (ROM) of bicyclic alkenes with terminal aryl alkenes on solid 
support was accomplished. A select group of resin-bound bieyclic alkenes underwent highly 
regioselective ROM with electron rich styrenes. The influence of both electronic and steric factors on 
regioselectivity was examined. © 1997 Elsevier Science Ltd. 

Ring closing-metathesis has been extensively utilized for the synthesis ofmacrocycles, carboeycles and 

heteroeycles) However, the application ofintermolecular ring opening cross-metathesis (ROM) for the 

convergent synthesis of  small organic molecules has remained relatively unexplored due in part to a lack of 

regioseleetivity. 2 The influence ofsteric factors on regioselective ROM ofbicyelic and fused alkene systems 

with aliphatie alkenes has recently been reported. 3 We now wish to report ROM ofbicyclic alkenes with 

terminal aryl alkenes on solid support and, most interestingly, the influence of electronic and steric factors on 

regioseleetivity. 

~dng opening metathesis polymerization of bicyclic or fused alkenes often competes with the desired 

cross-metathesis. Although infinite dilution techniques are widely utilized for solution-phase ROM, 

application of solid-phase synthesis techniques to ROM is an attractive means of preventing polymerization by 

isolating the bieyclic or fused alkene on a resin. 4 In addition, a solid-phase methodology can be conveniently 

incorporated into combinatorial library strategies. ~ 

Terminal aryl alkenes have been shown to participate in selective cross-metathesis reactions utilizing a 

molybdenum alkylidene catalyst. 6 However, an extensive utilization of aryl alkenes in ROM is absent. 7 We 

chose to evaluate aryl alkene substrates first in solution-phase reactions. For the metathesis reactions 

described herein the commercially available catalyst (Cy3P)2C12Ru=CHPh, 1, was used. 8 The reaction of 

bicyclie alkene 2 (0.12 M in dichloromethane) with 4-vinylanisole (5 equiv.) at room temperature in the 

presence of 1 (5 mol%) produced tetrasubstituted cyciopentane 3 in 61% isolated yield (Scheme 1). Unlike 

alkyl substituted alkenes, terminal aryl alkenes lead to only the trans-substituted isomers (J~.~s=16.5 Hz). 2'3 

However, non-terminal aryl alkenes (e.g. cis and trans-stilbene, and 1-phenyl-l-propene) were unreactive. 
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Several unsymmetrically substituted bicyclic alkenes (4a-d) were also subjected to ROM with 4-vinylanisole 

utilizing solution-phase conditions. Syringe pump addition of the bicyclic alkene minimized undesired 

polymerization. 2 In all cases two isomers were produced (Scheme 2). 9 
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S c h e m e  2 

In order to evaluate solid-phase ROM, a bicyclic alkene substrate was attached to Wang resin, 5 (0.85- 

1.01 mmol/g). First, 5 was allowed to react with 1,1 '-earbonyldiimidizole (CDI) followed by treatment with a 

primary or secondary diamine to give 6 (Scheme 3). t° Resin 6 was acylated with mono-methyl cis-5- 

norbornene-endo-2,3-dicarboxylate, 4 (X = OH), to give resins 7-10. n 
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S c h e m e  3 

Resin 7 was allowed to react with 4-vinylanisole (10 equiv.) in the presence of 1 (10 mol%) at room 

temperature for 18h (Scheme 4). Treatment of the resin with 50% trifluoroacetic acid (TFA) in CH2C12 

yielded 11 as a mixture of  regioisomers (2.7:1). 9 Likewise, the reaction of resin 8 with 3-chlorostyrene 

followed by TFA treatment afforded 12 as a mixture of regioisomers (1:1).9 The overall isolated yields based 

on resin loading were 60-77%. The solid-phase ROM reaction was compatible with an array of electronically 

differentiated terminal aryl alkenes including 4-trifluoromethylstyrene and 3-nltrostyrene affording 13 and 14, 

respectively. Remarkably, the reaction of  4-vinylanlsole with resin 8 in the presence o f l  followed by 

treatment with 50% TFA produced only one ROM product in 77% overall yield (Scheme 5). Structure 

elucidation of the product revealed the fused bieyelie lactam 16a) 2 Analysis of the resin-bound ROM product 

by gel-phase IH NMR showed the absence of  resonances characteristic of 16 and was most consistent with 15. 

Cyclization of  15 occurred during the TFA mediated resin cleavage step. 13 Regioseleetive ROM was only 
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observed in cross-metathesis reactions between terminal styryl ethers and phenols with resin-bound substrates 

attached through primary diamine linkers. 

The relative proximity between the bicyclic alkene substrate and the resin was also investigated. The 

bicyelie acid 4 (X = OH) was attached to TentaGel S PI-IB resin, which contained a poly(ethylene glycol) 

tether, employing a 1,3-propanediamine linker via an a~logous  protocol to the preparation of  resin 8 (vida 
supra). However, ROM with 4-vinylanisole in the presence of  1 gave a mixture of  regioisomers (3.3:1) 

suggesting that close proximity between the bicyclic alkene substrate and the resin was necessary for the 

enhanced regioseleetivity, t4 
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In summary, we have shown that ring opening cross-metathesis ofbicyelie alkenes with terminal aryl 
alkenes on solid support is an effective means to diastereospecifieally synthesize highly funetionalized 

cyclopentane derivatives. In addition, the influence of electronic and sterie factors on the enhanced 

regioseleetive ROM of resin-bound bicyclie alkenes was demonstrated. Efforts to understand the origin of the 

regioselective ROM reactions described herein and its extension to solution-phase substrates are currently 
being pursued. 

Acknowledgment: The authors are grateful to Mr. Doug Gabler for assistance in acquiring NMR data. Profs. 

Marc Snapper (Boston College) and Gregory Fu (MIT) provided insightful discussions and suggestions. 

References and notes 

1. Grubbs, R. H.; Miller, S. J.; Fu, G. C. Acc. Chem. Res. 1995, 28, 446 and references therein. 

2. (a) Randall, M. L.; Tallarico, J. A.; Snapper, M. L. £ Am. Chem. Soc. 1995, 117, 9610. (b) Schneider, M. 
F., Blechert, S. Angew. Chem. Int. Ed. Engl. 1996, 35, 411. 

3. (a) Snapper, M. L.; Tallarico, J. A.; Randell, M. L. £ Am. Chem. Sac. 1997, 119, 1478. (b) Schneider, 
M. F.; Lucas, N.; Velder, J.; Blechert, S. Angew Chem. lnt. Ed. Engl. 1997, 36, 257. 

4. Schuster, M.; Pernerstorfer, J.; Blechert, S. Angew. Chem. lnt. Ed. Engl. 1996, 35, 1979. 

5. (a) Ellman, J. A. Acc. Chem. Res. 1996, 29, 132. (b) a 5000-membered library has been prepared 

utilizing the methodoloy described herein and will be reported in a separate publication. 

6. Crowe, W. E.; Zhang, Z. J. J. Am. Chem. Soc. 1993, 115, 10998. 

7. Noels, A. F.; Demonceau, A.; Carlier, E.; Hubert A. J.; M~quez-Silva, R. -L.; S~nehez-Delgado, R. A. J. 
Chem. Soc., Chem. Commun. 1988, 783. 

8. (a) Schwab, P.; Grubbs, R. H.; Ziller, J. W. J. Am. Chem. Soc. 1996, 118, 100. (b) Schwab, P.; France M. 
B.; Ziller, J. W.; Grubbs, R. H. Angew. Chem. Int. Ed. Engl. 1995, 34, 2039. 

9. Ratios determined by I H NMR or by HPLC analysis of the corresponding BOC-derivatives. 

10. Hauske, J. R.; Dorff, P. Tetrahedron Lett. 1995, 36, 1589. 

11. Coste, J.; Dufour, M. -N.; Pantaloni, A.; Castro, B. Tetrahedron Lett. 1990, 31,669. 

12. Relative stereochemistry at the benzylic position was tentatively assigned based on MM3 calculations 

that predicted 16a to be 2.7 kcal/mol lower in energy compared to its epimer. 

13. Ukhov, S. V.; Konshin, M. E. Khim. Geterosikl. Soedin. 1992, 28, 92. 
14. For an example of augmented diastereoselectivity on the solid-phase see: Hunt, J. A.; Roush, W. R. £ 

Am. Chem. Soc. 1996, 118, 9998. 
15. Calculated yields were based on resin loading and recovery of crude product cleaved directly from the 

resin. The purity of the material (> 85%) was based on HPLC analysis. 

-(Received in USA 15 May 1997; revised 4 June 1997; accepted 5 June 1997) 


