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Abstractz Alkylation of cyanohydrin 1,3-acetonides with unsaturated substitution at 
the 2-position is described. The stereochemistry of the products obtained from this 
reaction was opposite to that anticipated. 

The ubiquitous nature of polyacetates and polypropionates in natural products has prompted a number of 
groups to expend considerable efforts toward the stereoselective synthesis of 13-diu1s.l Recently, 
Rychnovsky and coworkers have demonstrated the utility of cyanohydrin 1,3-acetonides in the controlled 
construction of alternating polyol chains .2 In an elegant study, they were able to demonstrate that alkyl 
substituents at the 2-position did not affect the course of the reaction. and the stereochemical triads 2 and 4 as 
well as the quaternary 6 were generated with equal proficiency (Scheme I).% In every case examined, the less 
sterically demanding nitrile group assumed an axial orientation, and reductive decyanation led to the 
formation of the desired 13-dial systems.2 
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In our efforts toward the total synthesis of the hypocholesterolemic natural product zaragozic 
acid Akcpurlestatin 1, we required a convenient source of a syn 1,3-diol that contained a methylene substituent 
at the 2-position.3~4~5 We therefore sought to extend the methodology of Rychnovsky in order to evaluate the 
feasibility of incorporating this modification. Toward this end, the requisite cyanohydrin was prepared from 
cis-2-buten- 1 .&ii01 (7, Scheme II). Silylation of 7 w$lr r-butyldiphenylsilyl chloride followed by ozonolytic 
cleavage of the oletin gave aldehyde 9. 6 Baylis-Hillman addition of methyl acrylate to 9 afforded allylic 
alcohol 10,7,* which was then silylated with EtzNSiMeg. Transformation of 11 to the corresponding aldehyde 
was best accomplished by the two step process of DIBAL reduction followed by TEMPO oxidation.9 Finally, 
the cyanohydrin was then formed from 13 via the Rychnovsky protocol.2 
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The cyanohydrin 14 was deprotonated with LDA. then alkylated with BOM chloride provided a 3:l 
mixture of two diastereomers (Scheme III). 4 We were surprised to obtain a mixture at this point, since all 
previous akylations had given exclusively the axial nitrile. Zlu Other electrophiles were added to the anion of 
14, and the greatest diastereoselectivity was observed with benzyl bromide (9:l). In order to ascertain the 
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stereochemical outcome of these reactions, we separated the mixtures and undertook a spectroscopic 
evaluation of the dioxolanes. While analysis of the 1% acetonide chemical shifts of the separated isomers of 
15 and 16 did not readily lend themselves to elucidation of the structure,tt examination of the nOe spectra 
revealed that the major isomers in fact possessed the nitrile in the unexpected equatorial position. 
Specifically, irradiation of the methine proton of 160 resulted in a 2.1% enhancement of the benzylic protons 
(as well as a 4.0% enhancement in the methyl protons) while irradiation of the benzylic protons generated a 
3.3% enhancement in the methine proton. The minor isomer did not display either of these nOe 
characteristics. This enhancement could only be rationalized if the benzyl group was cis to the methine 
proton, which is opposite to that predicted from all previous results. Similarly, the major isomer 15a showed 

enhancement between the methine proton and the proximal side chain protons. while the minor isomer did not 
give any enhancement between these protons. 

In an effort to simplify the study of this surprising reversal of selectivity, we examined the same reaction 
on the methyl derivative 21 (Scheme IV)_ Exposure of the known 1712 to similar conditions to those above 

resulted in the formation of cyanohydrin 1.3~acetonide 21. Alkylation of the anion of 21 with benzyl bromide 
and BOM chloride proceeded to generate exclusively 22 and 23 respectively. The stereochemical outcome of 
these reactions was confirmed via nOe enhancement experiments. 
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In conclusion, we have observed a surprising reversal in the selectivity of the Rychnovsky cyanohydrin 
allcylation when an unsaturated substituent is present at the 2-position. Efforts are underway to maximize the 
selectivity of this reaction and to utilize these results in our synthetic pursuit of the zaragozic 
acids/squalestatins. 

Acknowledgments. We would like to thank Professor Scott Rychnovsky for several helpful 
suggestions during the performance of this work and Dr. Graham Ball for his help in obtaining two 
dimensional NMR data. The financial assistance of the National Heart Foundation, a program of the 
American Health Assistance Foundation (M1987) is gratefully acknowledged. 

REFERENCES AND NOTES 

1. For an extensive review on the synthesis of polyacetates and polypropionates, see: Comprehensive 

Organic Synthesis, Heathcock, C. H.; Trost, B. M., Eds.; Pergamon Press, Oxford, 1991. Vol. 2. 



7604 

2. a) Rychnovsky, S. D.; Griesgraber. G. J. Org. Chem. 1992.57, 1559. b) Rychnovsky. S. D.; Zeller. S.; 
Skalitzky, D. J.; Griesgmber, G. J. Org. Chem 19!J@.55.5550. 

3. For leading references on the structure elucidation and bioactivity of the zaragozic acids/squalestatins, 
see: a) Baxter, A.; Fitzgerald, B. J.; Hutson, J. L.; McCarthy, A. D.; Mot&am, J. M.; Ross, B. C.; Sapra, 
M.; Snowden. M. A.; Watson, N. S.; Williams, R. J.; Wright, C. J. Biol. Chem 1992.267, 11705. b) 
Wilson, K. E.; Burk, R. M.; Biftu, T.; Ball, R. G.; Hoogsteen, K. .I. Org. Chem. 1992.57, 7151. c) 
Bergstrom, I. D.; Kurtz, M. M.; Rew, D. J.; Amend, A. M.; Bostedor. R. G.; Bansal, V. S.; Dufresne, C.; 
VanMiddlesworth. F. L.; Hensens. 0. D.; Liesch, J. M.; Zink, D. L.; Wilson, K. E.; Onishi, J.; Milligan. J. 

A.; Bills. G.; Kaplan, L.; Nallin-Gmstead, M.; Jenkins, R. G.; Huang, L.; Meinz, M. S.; Quinn, L,; Burg, 
R. W.; Kong, Y. L.; Mochales. S.; Mojena, M.; Martin, I.; Pelaez. F.; Diez, M. T.; Alberta, A. W. Proc. 
Nutl. ACUQ! Sci. USA 1993.90,80. d) Hasumi. K.; Tachiiawa, K.; Sakai, K.; Murakawa. S.; Yoshikawa, 
N.; Kumazawa, S.; Endo, A. J. &r&jot. 1993.46.689 and literature cited within. 

4. The zaragozic aciddsqualestatins have attracted considerable recent interest as potential targets for total 
synthesis. a) Abdei-Rahman, H.; Adams, J. P.; Boyes, A. L_; Kelly, M. J.; Lament, R. B.; Mansfield, D. 
J.; Procopiou, P. A.; Roberts, S. M.; Slee, D. H.; Watson, N. S. J. Chem Sot. Perkin Trans. Z 1994. 1259. 
b) McVinish, L. M.; Rizzacasa, M. A. Tetrahedron L&r. 199435,923. c) Aggarwal, V. K.; Wang, M. 
F.; Zaparucha, A. J. Chem Sot.. Chem. Comnwn. 1994, 87. d) Robichaud, A. J.; Berger, G. D.; Evans, 
D. A. Tetruhedron L.&t. 1993.34.8403. e) Abdel-Rahman. H.; Adams, J. P.; Boyes, A. L.; Kelly, M. J.; 
Mansfield, D. J.; Procopiou, P. A.; Roberts, S. M.; Sidebottom. P. J.; Sik, V.; Slee, D. H.; Watson, N. S. 
J. Chem Sot., Chem Commun. 1993, 1841. f) Abdel-Rahman. H.; Adams, J. P.; Boyes, A. L.; Kelly, M. 
J.; Mansfield, D. J.; Procopiou, P. A.; Roberts, S. M.; Slee, D. H.; Watson, N. S. J. Chem. Sot., Chem. 
commlul. 1993,1839. 

5. A preliminary account of our synthetic approach to the zaragozic acids/squalestatins was presented at the 
207th National Meeting of the American Chemical Society, San Diego, CA, March, 1994. Brzezinski, L. 
3.; Levy, D. D.; Leahy, J. W. Abstract # ORGN 368. 

6. Shiao, M. J.; Yang, C. Y.; Lee, S. H.; Wu, T. C. Synch. Commun. 19g% 18,359. 

7. For a review of tbe Baylis-Hillman reaction. see: Drewes, S. E.; Roos, G. H. P. Tetrahedron 1988.44, 

4653. 

8. All compounds were structurally identified by their FTIR, 1H and 13C NMR spectra. In addition, each 
new compound was pure as determined by elemental combustion analysis. 

9. Anelli, P. L.; Montanari, F.; Quici, S. Org. Synth., Coil. VoL VZZI 1993,367. 

10. Professor Scott Rychnovsky has informed us that in the numerous systems under investigation in his 
laboratories, including saturated 1.3-dioxanes and tetrahydropyrans. he has typically observed 
selectivities on the order of 2OO:l for alkylation products with the nitrile in the axial position and has 
never seen this inversion of selectivity (Rychnovsky, S. D. personal communication). 

11. A convenient method for the determination of syn and anti 13-diol acetonides has been developed by 
Rychnovsky. a) Rychnovsky, S. D.; Rogers, B.; Yang, G. J. Org. Chem. 1993,58,3511. b) Evans, D. 
A.; Rieger, D. L.; Gage, J. R. Tetrahedron Lerr. 1990.31, 7099. Rychnovsky. S. D.; Skalitzky, D. J. 
Tetrahedron Lett. 1990,31,945. However, the unsaturation at the 2-position apparently distorts the ring 
so that the products do not lie in distinct chair and twist-boat conformations. The relavent 13C data are as 
follows: 15a (6 25.8,27.6, 102.1), 15b @24.0,29.5, 100.4), 16a (6 26.4, 26.7, 101.8), 16b (824.0.29.4, 
100.0). 22 (S 26.5,26.8, 101.9). 23 (8 26.0.27.1, 101.9). While this clearly follows the trend predicted by 
Rychnovsky and Evans, the AS’s of the acetonide shifts were not pronounced enough to allow us to assign 
the structures of these products. 

12. Roush. W. R.; Brown, B. B. J. Org. Chem. 1993,58,2151. 

(Received in USA 18 July 1994; accepted 23 August 1994) 


