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Heating one of the most abundant naturally occurring inorganic
chemicals (elemental sulfur) with one of the most readily available
homochiral molecules (limonene) gives a one-step synthesis of a chiral
sulfide which exhibits outstanding selectivities in sulfur ylide mediated
asymmetric epoxidations and aziridinations. In particular reactions of
benzyl and allylic sulfonium salts with both aromatic and aliphatic
aldehydes gave epoxides with perfect enantioselectivities and the ,,

highest diastereoselectivities reported to date. In addition reactions with A )

imines gave aziridines again with the highest enantioselectivities and V. K. Aggarwal
diastereoselectivities reported to date. The reactions are scaleable, and Uni\./er.sit of Bristol
the sulfide can be reisolated in high yield. The epoxidation has been y
used as the key step in a convergent and stereoselective synthesis of — =
each of the diastereoisomers of the cinchona alkaloids, quinine and ﬁ*}%?ﬁ?1t$¢# Eﬁ

quinidine. E15[0 2012.7.26




Limitation of Current Epoxidation By Sulfur Ylide
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Original report: JACS 1959, 81, 3430.
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Entry Aldehyde Sulfide 1 Catalytic with Sulfide 2 ¢ Stoichiometric with Sulfide 2 °
Method  Yield (%) d.r.® er’ | Yield (%) dr° e.r. Yield (%) dr.’ e.r.
1 Benzaldehyde A 77 >95:5  99:1 87 98:2 97:3 75 98:2 99:1
2 (E)-PhCH=C(Me)CHO A 84° >95:5 98:2
3 (E)-Cinnamaldehyde A 88° >95:5  99:1 70¢ >98:2  93.5:6.5
4 (E)-Crotonaldehyde A 86° >95:5 973 72 98:2 95:5
5 c-C¢H;;CHO B 62 93:7  99:1 58 88:12 95:5
6 n-C,;HoCHO B 56 91:9  99:1 46 75:25  94.5:55 58 60:40 95:5

“ trans:cis. ° Determined by chiral HPLC. ¢ Determined by '"H NMR with an internal standard; ¢ Obtained using sulfide 2 as a catalyst (5-20
mol%); see Aggarwal, V. K.; Alonso, E.; Bae, I.; Hynd, G.; Lydon, K. M.; Palmer, M. J.; Patel, M.; Porcelloni, M.; Richardson, J.; Stenson, R. A_;
Studley, J. R.; Vasse, J.-L.; Winn, C. L. J. Am. Chem. Soc. 2003, 125, 10926 and Aggarwal, V. K.; Aragoncillo, C.; Winn, C. L. Synthesis 2005,
1378 for details. © Obtained using the benzyl sulfonium salt derived from sulfide 2 with method A, see Aggarwal, V. K.; Bae, L; Lee, H.-Y .;
Richardson, J.; Williams, D. T. Angew. Chem. Int. Ed. 2003, 42, 3274.
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X R°CHO (Method B) R2 o
R! R’ R’ Sulfide 1 Sulfide 2 £ 2
Method Yield (%)* dr.® er. Yield (%)* dr.® er.
H® Ph Ph A 65 80:20 85:15¢
Me* Ph Ph A 97 >95:5 99:1¢ 96 96:4 95:5
Me* H Ph A 80 >95:5 99:1¢ 37 97:3 98.5:1.5
Me* Ph c-CeH 1y B 77 >95:5 98:2¢
Me* H c-CgHi, B 77 >95:5 97:3f

“ Determined by "H NMR with an internal standard. ° trans:cis. © X = BF,. “ Determined by chiral HPLC. * X = OTf.” Determined by chiral GC.

¢ Obtained using allylic sulfonium salt derived from sulfide 2 using method A, see Aggarwal, V. K.; Bae, I.; Lee, H.-Y.; Richardson, J.; Williams,
D. T. Angew. Chem. Int. Ed. 2003, 42, 3274.
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H% Ph% approach
R yield (%) trans/cis ers RCHO RCHO
1 Ph 72 85:15 99:1
2 p-MeC¢Hy 63 86:14 99:1
3 p-CIC¢H, 65 75:25 99:1
4 p-MeOCgH, 80 83:17 99:1
5 (E)-PhCH=CH 78 >99:1 98:2
6 (E)-TMSCH=CH 78 87:13 99:1
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Scheme 4. Total Synthesis of Quinine and Quinidine®
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“ Reagents and conditions: (a) BH3*THF, THF, r.t. 16 h, 69%; (b) TMS(CH,),OH, triphosgene, K,COs, THF, r.t. 1 h, followed by NaBH4, H,O, r.t. 4 h,
79%; (c) 2,6-di-tert-butylpyridine, T1,0, sulfide (—)-1, CH,Cl,, —45 °C to r.t. 16 h, 71% (8), and sulfide (+)-1, 62% (ent-8); (d) KOH, CH;CN/-BuOH
15:1, 0 °C, 24 h, 81%, 89:11 trans/cis, (11), 73%, 84:16 trans/cis (12); (e) CsF, DMF, MW, 180 °C, 15 min, then stir under Oy, r.t. 24 h, 73% quinine, 78%
quinidine.
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