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Enantioselective Preparation of §-Alkyl-y-butyrolactones from
Functionalized Ketene Dithioacetals
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An efficient and general enantioselective synthesis of §-alkyl-y-butyrolactones has been developed.
The key step of this procedure is an oxazolidinone-directed alkylation of a lithiated ketene dithioacetal
that proceeds with excellent regiochemical control and high diastereofacial selectivity. Reductive
removal of the chiral auxiliary followed by acid-induced cyclization of the resultant hydroxy ketene
dithioacetal gives the enantiomerically pure 8-alkyl-y-butyrolactone.

Introduction

Stereochemically defined v-butyrolactones have played
a key role in the synthesis of many types of natural
products, serving as building blocks for alkaloids,! mac-
rocyclic antibiotics,? lignan lactones,® pheromones,* an-
tileukemics,’ and flavor components.®” Accordingly, there
are a large number of methods for the enantioselective
preparation of substituted y-butyrolactones: from simple
natural products such as amino acids, tartaric acid, ascorbic
acids, carbohydrates, or ribonolactones;®° from chiral
sulfoxides, epoxides, or substituted acetylenic acids;!! and
by various enzymatic or synthetic reductions, oxidations,
and hydrolyses.1?

Additionally, the pharmacology of substituted y-buty-
rolactones!?is notable because they are potent antagonists

t Present address: Ligand Pharmaceuticals, Inc., 9393 Towne Centre
Dr., San Diego, CA 92121.

(1) For examples of alkaloid syntheses from y-butyrolactones, see: (a)
Ohfune, Y.; Hori, K.; Sakaitani, M. Tetrahedron Lett. 1986, 6079. (b)
Takano, S.; Kasahara, C.; Ogasawara, K. Chem. Lett. 1982, 631. (c)
Meinwald, J.; Huang, J. J. Am. Chem. Soc. 1981, 103, 861. (d) Takano,
S.; Yonaga, M.; Ogasawara, K. J. Chem. Soc., Chem. Commun. 1981,
1153. (e) Takano, S.; Tamura, N.; Ogasawara, K. J. Chem. Soc., Chem.
Commun. 1981, 1155, (f) Takano, S.; Chiba, K.; Yonaga, M.; Ogasawara,
K. J. Chem. Soc., Chem. Commun. 1980, 616. .

(2) For examples of macrocyclic antibiotic syntheses from y-butyro-
lactones, see: (a) Chamberlin, A. R.; Dezube, M.; Reich, S. H.; Sall, D.
J.J. Am. Chem. Soc. 1989, 111, 6247. (b) Stork, G.; Rychnovsky, S. D.
J. Am. Chem. Soc. 1987, 109, 1564. (c) Hanessian, S.; Murray, P. J.;
Sahoo, S. P. Tetrahedron Lett. 1985, 5623, 5627, 5631. (d) Stork, G.;
Paterson, L; Lee, F. K. C. J. Am. Chem. Soc. 1982, 104, 4686.

(3) For examples of lignan lactone syntheses from y-butyrolactone
intermediates, see: (a) Posner, G. H.; Kogan, T. P.; Haines, S. R.; Frye,
L. L. Tetrahedron Lett. 1984, 2627. (b) Koga, K.; Tomioka, K.; Ishiguro,
T.; Iitaka, Y. Tetrahedron 1984, 35, 1303. (c) Koga, K.; Tomioka, K.;
Ishiguro, T. Tetrahedron Lett. 1980, 2973. (d) Robin, J. P.; Gringore, O.;
Brown, E. Tetrahedron Lett. 1980, 2709. (e) Koga, K.; Tomioka, K.;
Mizuguchi, H., Tetrahedron Lett. 1978, 4687.

(4) For examples of pheromones synthesized with y-butyrolactones,
see: (a) Vigernon,d. P.; Méric, R.; Larchevéque, M.; Debal, A.; Lallemand,
d. Y.; Kunesch, G.; Zagatti, P.; Gallois, M. Tetrahedron 1984, 40, 3521.
(b) Vigernon, J. P.; Méric, R.; Larchevéque, M.; Debal, A.; Kunesch, G.;
Zagatti, P.; Gallois, M. Tetrahedron Lett. 1982, 5051. (c) Midland, M.
M.; Nguyen, N. H. J. Org. Chem. 1981, 46, 4107.

(5) For examples of antileukemics synthesized with v-butyrolactones,
see: (a) Mori, K. Tetrahedron 1983, 39, 3107. (b) Mori, K.; Yamane, K.
Tetrahedron 1982, 38, 2919. (c) Tomioka, K.; Mizuguchi, H.; Koga, K.
Chem. Pharm. Bull. Jpn. 1982, 30, 4304. (d) Shieh, H. M.; Prestwich,
G.D. Tetrahedron Lett. 1982, 4643. (e) Font, J.; Camps, P.; Ponsati, O.
Tetrahedron Lett. 1981, 1471, (f) Koga, K.; Tomioka, K.; Ishiguro, T.
J. Chem. Soc., Chem. Commun. 1979, 652.

(6) For examples of flavor components synthesized with y-butyrolac-
tones, see: (a) Cardellach,J.; Font, J.; Ortuiio, R. M. J. Heterocycl. Chem.
1984, 21,327. (b) Cardellach, J.; Estopa, C.; Font, J.; Moreno-Mafias, M.;
Ortufio, R. M.; Sanchez-Ferrando, F.; Valle, S.; Vilamajo, L. Tetrahedron
1982, 38,2377. (c) Ravid, U.; Silverstein, R. M.; Smith, L. R. Tetrahedron
1978, 34, 1449,

or agonists—depending upon the substitution pattern—of
the y-aminobutyric acid (GABA) receptor, the major
inhibitory neurotransmitter receptor in the mammalian
central nervous system. The antagonist activity of 8-sub-
stituted y-butyrolactones 1 hasled, in part, to the proposal

(7) For some additional examples using y-butyrolactones as interme-
diates in natural product syntheses, see: (a) Ezquerra, d.; He, W.; Paquette,
L.A. Tetrahedron Lett. 1990,6979. (b) Arai, Y.; Kawanami, S.; Koizumi,
T. Chem. Lett. 1990, 1585. (c) Paquette, L. A.; Rayner, C. M.; Doherty,
A M. J. Am. Chem. Soc. 1990, 112, 4078. (d) Ziegler, F. E.; Cain, W. T.
dJ. Org. Chem. 1989, 54, 3347. (e) Nagaoka, H.; Iwashima, M.,; Abe, H.;
Yamada, Y. Tetrahedron Lett. 1989, 5911. (f) Tomioka, K.; Tanaka, M.;
Koga, K. Chem. Pharm. Bull. 1989, 37,1201. (g) Katsumura, S.; Kimura,
A.; Isoe, S. Tetrahedron 1989, 45, 1337. (h) Ortuilo, R. M.; Merce, R.;
Font, J. Tetrahedron 1987, 43, 4497. (i) Ortuiio, R. M.; Alonso, D.;
Cardellach, J.; Font, J. Tetrahedron 1987, 43, 2191. (j) Ortuiio, R. M,;
Bigorra,J.; Font,J. Tetrahedron 1987, 43,2199; (k) Hanessian, S.; Murray,
P.J.Can.J.Chem. 1986, 64,2231, (1) Mann, J.; Thomas, A. Tetrahedron
Lett. 1986, 3533. (m) Tomioka, K.; Ishiguro, T.; Koga, K. Chem. Pharm.
Bull. 1985, 33,4333. (n) Nemoto, H.; Nagai, M.; Fukumoto, K.; Kametani,
T.J. Org. Chem. 1985, 50, 2764, (0) Tomioka, K.; Kawasaki, H.; Iitaka,
Y.; Koga, K. Tetrahedron Lett. 1985, 903. (p) Tomioka, K.; Kawasaki,
H.; Koga, K. Tetrahedron Lett. 1985, 3027. (q) Tabusa, F.; Yamada, T;
Suzuki, K.; Mukaiyama, T. Chem. Lett. 1984, 405, (r) Pirkle, W. H.;
Adams, P. E. J. Org. Chem. 1984, 44, 2169. (3) Wrobel, J. E.; Ganem, B.
J. Org. Chem. 1983, 48, 3761. (t) Tomioka, K.; Sato, F.; Koga, K.
Heterocycles 1982, 17, 311. (u) Takano, S.; Kasahara, C.; Ogasawara, K.
J. Chem. Soc., Chem. Commun. 1981, 637.

(8) For reviews on y-butyrolactone syntheses, see: (a) Kano, S,;
Shibuya, S.; Ebata, T. Heterocycles 1980, 14,661. (b) Boyd, G.V.In The
Chemistry of Acid Derivatives, Suppl. B, Part 1; Patai, S., Ed.; John
Wiley: New York, 1979; Chapter 8, p 491; (c) Wolfe, J. F.; Ogliaruso, M.
A.In The Chemistry of Acid Derivatives, Suppl. B, Part 2; Patai, S., Ed.
John Wiley, New York, 1979; Chapter 19, p 1063. For reviews on
unsaturated y-butyrolactone syntheses, see: (d) Grieco, P. A. Synthesis
1975, 65. (e) Rao, Y. S. Chem. Rev. 1976, 76, 625.

(9) For examples of syntheses of y-butyrolactones prepared from
natural starting materials, see; (a) Vekemans, J. A. J. M.; Franken, G.
A, M,; Chittenden, G. J. F.; Godefroi, E. F. Tetrahedron Lett. 1987, 2299,
(b) Wood, W. W.; Rashid, A. Tetrahedron Lett. 1987, 1933. (c) Mann,
J.; Partlett, N. K.; Thomas, A. J. Chem. Res. S 1987, 369. (d) Hafele, B.;
Jager, V. Liebigs Ann. Chem. 1987, 85. (e) Danilova, G. A.; Mel’nikova,
V. L; Pivnitsky, K. K. Tetrahedron Lett. 1986, 2489. (f) Drew, M. G.B.;
Mann, J.; Thomas, A. J. Chem. Soc. Perkin Trans. I 1986, 2279. (g)
Ortufio, R. M.; Alonso, D.; Font, J. Tetrahedron Lett. 1986, 1079. (h)
Cervinka, 0. and Hub, L. Collect. Czech. Chem.Commun. 1986, 33, 2927.
(i) Mann, J.; Thomas, A. J. Chem. Soc. Perkin Trans. I 1986, 2287. (j)
Vekemans, J. A. J. M,; Boerekamp, J.; Godefroi, E. F.; Chittenden, G. J.
F. Recl. Trav. Chim. Pays-Bas 1985, 104, 266. (j) Mann, J.; Thomas, A.
J. Chem. Soc., Chem. Commun. 1985, 737. (k) Evans, B. E.; Rittle, K.
E.; Homnick, C. F.; Springer, J. P.; Hirshfield, J.; Veber, D. F. J. Org.
Chem. 1985, 50, 4615. (1) Wightman, R. H.; Cooper, R. D.; Jigajinni, V.
B. Tetrahedron Lett. 1984, 5215, (m) Camps, P.; Cardellach, J.; Corbera,
dJ.; Font, J.; Ortuiio, R. M.; Ponsati, O. Tetrahedron 1983, 39, 395. (n)
Ireland, R. E.; Anderson, R. C.; Badoud, R.; Fitzsimmons, B. J.; McGarvey,
G. J.; Thaisrivongs, S.; Wilcox, C. S. J. Am. Chem. Soc. 1983, 105, 1988,
(0) Camps, P.; Cardellach, J.; Font, J.; Ortufio, R. M.; Ponsati, O.
Tetrahedron 1982, 38, 2395. (p) Takano, S.; Yonaga, M.; Ogasawara, K.
Synthesis 1981, 265. (q) Takano, S.; Goto, E.; Hirama, M.; Ogasawara,
K. Heterocycles 1981, 16,381, (r) Andrews, G.C.; Crawford, T. C.; Bacon,
B. E. J. Org. Chem. 1981, 46, 2976. (s) Kano, S.; Shibuya, S.; Ebata, T.
Heterocycles 1980, 14, 661. (t) Silverstein, R. M.; Ravid, U.; Smith, L.
R. Tetrahedron 1978, 34, 1449. (u) Silverstein, R. M.; Ravid, U.
Tetrahedron Lett. 1977, 423. (v) Taniguchi, M.; Koga, K.; Yamada, S.
Tetrahedron 1974, 30, 3547.
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that the pharmacophore of the convulsant drug picro-
toxinin (2, Figure 1)!4 is the relatively simple bridged
B-isopropenyl-y-butyrolactone substructure 3 that is im-
bedded in the tetracyclic natural product.!®

There are relatively few procedures for obtaining
enantioselectively pure 8-alkyl-y-butyrolactones, and the
neurological activity at the GABA receptor of the indi-
vidual enantiomers of such derivatives has not been
examined.!® The synthetic methods that have been

(10) (a) Ortuiio, R. M.; Ariza, J.; Font, J. Tetrahedron Lett. 1991,
1979. (b) Joullié, M. M.; Chen, S.-Y. J. Org. Chem. 1984, 44, 2168. (c)
Benezra, C.; Papageordiou, C. Tetrahedron Lett. 1984, 6041. (d) Joullié,
M. M,; Chen, S.-Y. Tetrahedron Lett. 1983, 5027.

(11) For examples of syntheses of y-butyrolactones from optically active
synthetic starting materials, see: (a) Najdi, S.; Reichlin, D.; Kurth, M.
J.d.Org. Chem. 1990, 55, 6241. (b) Pelter, A.; Ward, R. S.; Jones, D. M.;
Maddocks, P. Tetrahedron: Asymm. 1990, 1, 857. (c) Ito, T.; Okamoto,
S.; Sato, F. Tetrahedron Lett. 1990, 6399. (d) Nagao, Y.; Dai, W-M.;
Ochiai, M.; Shiro, M. J. Org. Chem. 1989, 54, 5211. (e) Black, T. H.; Hall,
J. A,; Shey, R. G. J. Org. Chem. 1988, 53, 2371. (f) Kunz, T. and Reissig,
H.-U.Angew. Chem.Int.Ed. Engl. 1988,27,268. (g)Black, T. H.; DuBay,
W.J.,IIL. Tetrahedron Lett. 1988, 1747. Black, T. H.;Fields,J. D. Synth.
Commun. 1988, 18,125, (h) Metternich, R.; Luedi, W. Tetrahedron Lett.
1988, 3923. (i) Salaun, J.; Karkour, B. Tetrahedron Lett. 1988, 1537. (j)
Schlessinger, R. H.; Iwanowicz, E. J.; Springer, J. P. Tetrahedron Lett.
1988, 1489. (k) Ortuiio, R. M.; Batllori, R.; Ballesteros, M.; Monsalvatje,
M.; Corbera, J.; Sinchez-Ferrando, F.; Font, J. Tetrahedron Lett. 1987,
3405. (1) Fang,J.-M.; Hong, B.-C.; Liao, L.-F. J. Org. Chem. 1987, 52, 855.
(m) Block, R.; Seck, M. Tetrahedron Lett. 1987, 5819. (n) Block, R.;
Gilbert, L. J. Org. Chem. 1987, 52, 4608. (0) Sakamoto, A.; Yamamoto,
Y.;Oda,d.J. Am. Chem. Soc. 1987, 109, 7188. (p) Hanessian, S.; Murray,
P. J. J. Org. Chem. 1987, 52, 1170. (q) Hanessian, S.; Hodges, P. J.;
Murray, P. J.; Sahoo, S. P. J. Chem. Soc., Chem. Commun. 1986, 754; ()
Albinati, A.; Bravo, P.; Ganazzoli, F.; Resnati, G.; Viani, F. J. Chem. Soc.,
Perkin Trans. I 1986, 1405. (s) Solladié, G.; Fréchou, C.; Demailly, G.;
Greck, C.J. Org. Chem. 1986, 51,1912. (1) Fuji, K.; Node, M.; Nagasawa,
H.;Naniwa, Y.; Terada, S.JJ. Am. Chem. Soc. 1986, 108, 3855. (u) Albinati,
A.; Bravo, P.; Ganazzoli, F.; Resnati, G.; Viani, F. J. Chem. Soc. Perkin
Trans. I 1986, 1405. (v) Zwanenburg, B.; Thijs, L.; Waanders, P. P.;
Stokkingreef, E. H. M. Revl. Trav. Chim. Pays-Bas 1988, 105, 332. (w)
Kleinman, E. F;; Kaye, R. L.; Fray, A. H. J. Org. Chem. 1986, 51, 4828.
(x) Suzuki, K.;Miyazawa, M.; Shimazaki, M.; Tsuchihashi, G. Tetrahedron
Lett. 1986, 6237. (y) Takano, S.; Kudo, J.; Takahashi, M.; Ogasawara,
K. Tetrahedron Lett. 1986, 2406. (z) Suzuki, T.; Kametani, T.; Sato, E.;
Kamada, S.; Tada, H.; Unno, K. J. Chem. Soc. Perkin Trans. I 1986, 387.
(aa) Clerici, A.; Porta, O.; Zago, P. Tetrahedron 1986, 42, 561. (bb)
Fukuzawa, S.; Nakanishi, A.; Fujinami, T'; Sakai, S. J. Chem. Soc., Chem.
Commun. 1986, 624. (cc) Beckwith, A. L.; Pigou, P. E. J. Chem. Soc.,
Chem. Commun. 1986, 85. (dd) Simpson, J. H.; Stille, J. K. J. Org. Chem.
1985,50,1759. (ee) Marino,dJ. P.;Ferndndezdela Pradilia, R. Tetrahedron
Lett. 1985, 5381. (ff) Frauenrath, H.; Philips, T. Liebigs Ann. Chem.
1985, 1951. (gg) Takano, S.; Morimoto, M.; Ogasawara, K. Synthesis
1984, 834. (hh) Giese, B.; Hasskerl, T.; Lunig, U. Chem. Ber. 1984, 117,
859. (ii) Hoppe, D.; Lichtenberg, F. Angew. Chem., Int. Ed. Engl. 1984,
40, 733. (jj) Costisella, B.; Gross, H.; Schick, H. Tetrahedron 1984, 40,
733. (kk) Bravo, P.; Carrera, P.; Resnati, G.; Ticozzi, C. J. Chem. Soc.
Chem. Commun. 1984, 19; () Tamaru, Y.; Mitzutani, M.; Furukawa, Y ;
Kawamura, S.; Yoshida, Z.; Yanagi, K.; Minobe, M. J. Am. Chem. Soc.
1984, 106, 1079. (mm) Fuganti, C.; Grasselli, P.; Pedrocchi-Fantoni, G.;
Servi, S.; Zivotti, C. Tetrahedron Lett. 1983, 3753. (nn) Hoppe, D;
Bronneke, A. Tetrahedron Lett. 1983, 1687. (o0o) Ziegler, F. E.; Thottathil,
J. K. Tetrahedron Lett. 1982, 3531. (pp) Tomioka, K.; Cho, Y-S, Sato,
F.; Koga, K. Chem. Lett. 1981, 1621. (qq) Vigneron, J. P.; Blanchard, J.
M. Tetrahedron Lett. 1980, 1739. (rr) Vigneron, J. P.; Bloy, V.
Tetrahedron Lett. 1980, 1735. (ss) Midland, M. M.; Tramontano, A.
Tetrahedron Lett. 1980, 21, 3549. (tt) Mukaiyama, T.; Suzuki, K. Chem.
Lett. 1980, 255,

(12) (a) Achiwa, K.; Takahashi, H.; Chiba, M.; Morimoto, T. Tetra-
hedron Lett. 1987, 3675. (b) Utaka, M.; Watabu, H.; Takeda, A. J. Org.
Chem. 1987, 52, 4363. (c) Azerad, R.; Ouazzani-Chahdi, J.; Buisson, D.
Tetrahedron Lett. 1987, 1109. (d) Ohta, T.; Takaya, H.; Kitamura, M.;
Nagai, K.; Noyori, R. J. Org. Chem. 1987, 52, 3174. (e) Wong, C.-H,;
Matos,d. R.;J. Org. Chem.1986,51,2388. (f) Kozikowski, A. P.; Mugrage,
B. B; Li, C. S.; Felder, L. Tetrahedron Lett. 1986, 4817. (g) Fuji, K,;
Node, M.; Murata, M. Tetrahedron Lett. 1986, 5381. (h) Achiwa, K.;
Takahashi, H.; Hattori, M.; Chiba, M.; Morimoto, T. Tetrahedron Lett.
1986, 4477. (i) Fuji, K.; Node, M.; Murata, M. Tetrahedron Lett. 1986,
5381. (j) Fuji, K.; Node, M.; Terada, S.; Murata, M.; Nagasawa, H.; Taga,
T.;Machida, K.J. Am.Chem.Soc. 1985, 107,6404. (k) Lok, K.P.;Jakovac,
1. J.; Jones, B. J. Am. Chem. Soc. 1985, 107, 2621. (1) Bloch, R.; Guibe-
Jampel, E.; Girard, C. Tetrahedron Lett. 1985, 4087. (m) Jones, J. B.;
Sabbioni, G.; Shea, M. L. J. Chem. Soc., Chem. Commun. 1984, 236. (n)
Schneider, M.; Laumen, K. Tetrahedron Lett. 1984, 5875. (o) Jakovac,
1. J.; Goodbrand, H. B.; Lok, K. P.; Jones, J. B. J. Am. Chem. Soc. 1982,
104, 4659.
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Scheme I. Synthetic Outline for 8-Substituted
v-Butyrolactones
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reported, each of which relies on nuicleophilic addition to
stable electrophilic species, include addition to sulfoxide
derivatives developed by Posner'’ and by Hua,'® and
Michael addition to oxazepinediones reported by Mu-
kaiyama.!® For some time we have been interested in the
stereoselective synthesis of substituted y-butyrolactones
as intermediates for natural products synthesis,?»20 and
as part of that effort we have developed a new and general
enantioselective route to B-alkyl-substituted y-butyro-
lactones that is complementary to the existing methods.

The basis of this new procedure (Scheme I) is the
alkylation of an acyclic ketene dithioacetal anion (5, which
is also a y-extended enolate) containing all of the elements
of the incipient lactone ring in latent form. The choice
of a specific directing group was dictated by the tremen-
dous success of the oxazolidinone chemistry developed by
the Evans group, for which the stereochemical sense of

(13) In this paper, in accord with the historical name for a five-
membered lactone (y-butyrolactone), the positions of substituents on
the carbon centers of the lactone ring are designated as a-, 8-, and -
starting with the carbon adjacent to the carbonyl functionality. Note
that the designators a- and 8- do not imply stereochemistiry. Relative
stereochemical designations of trans and cis are used to relate substituents
on the ring. Absolute stereochemical designators (R)- and (S)- are also
used for specific stereogenic centers on the ring.

(14) (a) Covey, D. F.; Klunk, W. E.; Kalman, B. L.; Ferrendelli, J. A.
Mol. Pharmacol.1983,23,511. (b)Klunk, W.E.;Covey, D.F.;Ferrendelli,
J. A. Mol. Pharmacol. 1982, 22, 431, 438, 444. (c) Jarboe, C. H.; Porter,
L. A,; Buckler, R. T. J. Med. Chem. 1968, 11, 729.

(15) Total synthesis of picrotoxinin: Corey, E. J.; Pearce, H. L. J. Am.
Chem. Soc. 1979, 101, 5841.

(16) (a) Clifford, D. B.; Baker, K.; Yang, J.; Covey, D. F.; Zorumski,
C.F.Brain Res. 1989, 484,102. (b) Levine, J. A.; Ferrendelli, J. A.; Covey,
D. F. Biochem. Pharmacol. 1985, 25, 4187.

(17) (a) Posner, G. H.; Weitzberg, M.; Hamill, T. G.; Asirvatham, E.;
He, C-H, Clardy, J. Tetrahedron 1986,42,2919. (b) Posner, G. H.; Kogan,
T. P.; Haines, S. R.; Frye, L. L. Tetrahedron Lett. 1984, 2627.

(18) (a) Hua, D. H.; Venkataraman, S.; Coulter, M. J.; Sinia-Zingde,
G. J. Org. Chem. 1987,52,719. (b) Hua, D. H,; Venkataraman, S.; Sinia-
Zingde, G. J. Am. Chem. Soc. 1985, 107, 4088,

(19) (a) Mukaiyama, T.; Fujimoto, K.; Hirose, T.; Takeda, T. Chem.
Lett.1980,635. (b) Mukaiyama, T.; Fujimoto, K.; Takeda, T. Chem. Lett.
1979, 1207.

(20) (a) Chamberlin, A. R.; Dezube, M.; Dussault, P.; McMills, M. C.
J. Am. Chem. Soc. 1983, 105, 5819. (b) Chamberlin, A. R. and Dezube,
M. Tetrahedron Lett. 1982, 3055.



B-Alkyl-y-butyrolactones from Ketene Dithioacetals

Scheme II. Synthesis of N-Acyloxazolidinone
Ketene Dithioacetal
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induction can be confidently predicted.?! Conversely,the
regioselectivity expected for this alkylation was not
immediately obvious, since y-extended enolates undergo
a-alkylation but ketene dithioacetal-derived allylic anions
can give either a- or y-alkylation products, as discussed
in more detail below.2? If y-alkylation of 5 were to occur
(relative to the dithianyl group), reductive removal of the
chiral auxiliary in 6 to give the hydroxy ketene dithioacetal
7 and acid-induced cyclization via the sulfur-stabilized
cation? would give the 1,3-dithiane-protected lactone 8,
and subsequent hydrolysis of the dithioacetal would then
produce the enantiomerically pure 8-alkyl-y-butyrolactone
9.

Results and Discussion

The acyclic substrate 4 required for the alkylation was
obtained by olefination of an acylated chiral auxiliary and
a ketene dithioacetal equivalent (Scheme II). Thus, the
oxazolidinones (10a, XnH or 10b, XvH), derived from the
optically pure amino alcohols, (1S,2R)-norephedrine and
(S)-valinol, were deprotonated (n-BuLi/-78 °C) and then
N-acylated by treatment with bromoacetyl chloride to give
the a-bromo carboximide 11 in 75% yield.?* (Each of the
acylated oxazolidinones was successfully converted into
the alkylation precursor; therefore subsequent text and
schemes indicate this by the use of a generic abbreviaton
(Xc) for both oxazolidinone derivatives.) The requisite
Horner-Emmons precursor 12 was made via an Arbuzov
reaction of the a-bromo carboxzimide 11 with neat triethyl
phosphite at 50 °C to give the phosphonate ester 12 in
quantitative yield, which was deprotonated with NaH at
room temperature or alternatively, with n-butyllithium
at —78 °C. Horner-Emmons coupling of the resultant
phosphonate anion?® with 2-formyl-1,3-dithiane (13, con-
veniently prepared and stored as the solid aldol dimer,
which is cracked by vacuum distillation to give the liquid
monomer?*) yielded exclusively the deconjugated car-
boximide ketene dithioacetal 4, which was somewhat

(21) For a review, see (a) Evans, D. A. Aldrichim. Acta 1982, 15, 23.
(b) Evans, D. A. In Asymmetric Synthesis; Morrison, J. D., Ed.; Academic
Press: New York, 1984; Vol. 8, Chapter 1.

(22) For a review, see (a) Kolb, M. Synthesis 1990, 171. Also, (b)
Seebach, D.; Grébel, B.-Th.; Braun, M.; Geiss, K.-H.,; Beck, A. K. Angew.
Chem. Int. Ed. Engl. 1972, 11, 443. (c) Meyers, A. L; Strickland, R. C.
J. Org. Chem. 1972, 37, 2579.

(23) Corey, E. J.; Beames, D. J. J. Am. Chem. Soc. 19783, 95, 5829.

(24) (a) Evans, D. A.; Mathre, D. J.; Scott, W. L. J. Org. Chem. 1985,
50, 1830. (b) Evans, D. A,; Bartroli, J.; Shih, T. L. J. Am. Chem. Soc.
1981, 103, 2129. The following conventions are used to designate the
oxazolidinone auxiliaries: Xn represents the norephedrine-derived aux-
iliary, Xv represents the valinol-derived auxiliary, and Xc is a generic
designation for both auxiliaries.

(25) A related phosphonate has been reported previously: Broka, C.
A.; Ehrler, J. Tetrahedron Lett. 1991, 5907.
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sensitive to acid but could be readily purified by silica gel
chromatography in 85-90% yield.

The deconjugated isomer 4 is presumably formed under
these reaction conditions via base-catalyzed isomerization
of the initially formed Horner-Emmons product 14.
Consistent with this assumption, mixtures of the two
isomers 4 and 14 are produced under the less basic
conditions of a corresponding Wittig coupling reaction (a
phosphorane corresponding to 12 was the substrate for
the Wittig olefination). Furthermore, 14, which can be
separated from the Wittig product mixture, equilibrates
completely to 4 when treated with base.

(o} o
base
Xn)%/s _— Xn’k/\/s
S S
14 4a

As an interesting aside, when the usual basic workup of
the acylation reaction is avoided (as was done to prevent
possible base-induced hydrolysis of the resultant labile
a-bromo N-acylated oxazolidinone) none of the desired
acylated oxazolidinone product 11a is isolated. Instead,
an isomeric, enantiomerically pure oxazolidinone with a
very different !H NMR spectrum is produced in high yield.
Most significantly, the methyl doublet is shifted downfield
dramatically (1.59 ppm in the isomer vs 0.94 ppm in 11a).
These observations are consistent with an acid-catalyzed
epimerization of the pheny! substituent during this
nonbasic workup, as shown in Scheme III. This epimer-
ization is easily avoided, however, by employing low
temperature, mildly basic workup conditions (-78 °C,
aqueous NaHCOs3) under which the a-bromo N-acylated
carboximide is stable.

With the enantiomerically pure carboximide ketene
dithioacetal thus prepared, the alkylation of the lithiated
ketene dithioacetal 5 could be investigated. Deprotonation
of the carboximide ketene dithioacetal, 4a or 4b, with LDA
generated an allylic enolate/allylic ketene dithioacetal
anion, potentially capable of alkylating at either the a- or
v-carbon (position relative to the dithioacetal, Scheme I).
As mentioned above, the regioselectivity of this process
could not be predicted solely based on the reactivity
pattern of extended enolates (which alkylate at the enolate
a-position) or the alkylation of ketene dithioacetal allylic
anions, since 5 contains both of these functionalities.
Substituted ketene dithioacetal allylic anions have been
reported to alkylate with either a- or y-regioselectivity
depending on the structure of the substrate, the counterion,
the electrophile, and the ionic composition of the
solution.?-2® For example, the lithium anion of y-phenyl
ketene dithioacetal 15 gives exclusively a-alkylation prod-

(26) See ref 22 and (a) Hiinig, S.; Reichelt, H. Chem. Ber. 1986, 119,
1772. (b)Biellmann,J.F.;Ducep,J.-B. Org. React. 1982,27,1. (c) Murphy,
W. S.; Wattanasin, S. J. Chem. Soc., Perkin Trans. I 1980, 2678. (d)
Ahlbrecht, H. Chimia 1977, 31, 391.

(27) (a) Fallis, A. G.; Bo, L. Tetrahedron Lett. 1986, 5193. (b) Ziegler,
F. E,; Tam, C. C. J. Org. Chem. 1979, 44, 3428.

(28) (a) Dziadulewicz, E.; Hodgson, D.; Gallagher, T. J. Chem. Soc.
Perkin Trans. I 1988, 3367. (b) Dziadulewicz, E.; Gallagher, T. Tetra-
hedron Lett. 1985 26, 4547,

(29) Fang, J.-M.; Chen, M.-Y. Tetrahedron Lett. 1988, 5939.
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Scheme III. Acid-Catalyzed Epimerization of Norephedrine Oxazolidinone
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Scheme IV. Alkylation Patterns for Other Ketene
Dithioacetals
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Scheme V. Regioselective and Stereoselective
Alkylation
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ucts;* however, the y-cyano ketene dithioacetal 16 akylates
exclusively at the y-center (SchemeIV).2%¢ Asareasonable
extrapolation from this y-cyano ketene dithioacetal alkyl-
ation, we anticipated that the lithiated carboximide ketene
dithioacetal 5 would likely alkylate at the v-site, a
prediction that was borne out by experiment.

In practice, alkylation of the acyclic allylic ketene
dithioacetal anion 5 did occur exclusively at the y-position,
and with a high diastereofacial bias, under standard lithium
enolate alkylation conditions (LDA, THF,~78°C; Scheme
V). A variety of electrophiles reacted with the allylic
enolate in this regio- and stereoselective manner (Table
I). The proportion of the major diastereomeric product
was readily determined by inspection of the 'H NMR
spectrum of the crude reaction mixture; subsequently, the
major product was conveniently chromatographed or
recrystallized to >99% diastereomeric excess. For the
alkylations, typical reactive electrophiles (primary, allylic,
benzylic, Table I, entries i-v) work quite well to give
diastereomeric ratios (7:1 to 40:1) of products in accord
with literature precedent?!3! and purified diastereomers
in 60-80% yield. The alkylated carboximide ketene
dithioacetals 17-23, like the alkylation precursors, were
somewhat prone to hydrolysis and were sensitive to acidic
environments. Thus, the alkylated products were stored
as cold, dilute solutions in benzene and concentrated in
the presence of potassium carbonate to prevent the
hydrolysis of the ketene dithioacetal.??

(30) (a) Seebach, D.; Kolb, M. Justus Liebigs Ann. Chem. 1977, 811.
(b) Corey, E. J.; Kozikowski, A. P, Tetrahedron Lett. 1975, 925. (¢)
Seebach, D.; Kolb, M.; Grébel, B.-Th. Angew. Chem. Int. Ed. Engl. 1973,
12, 69.

(31) Evans, D. A.; Ennis, M. D.; Mathre, D. J. J. Am. Chem. Soc. 1982,
104, 17317.

(32) For adiscussion of the qualitative and mechanistic details of ketene
dithioacetal hydrolysis, see: (a) Okuyama, T.and Fueno, T.J. Org. Chem.
1987,52,1405. (b) Okuyama, T. Acc.Chem. Res.1986,19,870. (c) Kresge,
A.; Straub, T. S. J. Am. Chem. Soc. 1983, 105, 3957. (d) Okuyama, T.;
Kawao, S.; Fueno, T. J. Org. Chem. 1981, 46, 4372. (e) Okuyama, T.;
Fueno, T. J. Am. Chem. Soc. 1980, 102, 6590. (f) Kankaanpera, A.;
Aaltonen,R. Acta. Chem. Scand. 1972, 26,1698. (g) Gold, V.; Waterman,
D. C. A. J. Chem. Soc. Sec. B 1968, 839, 849,

Less reactive electrophiles were expected to present a
problem in view of the documented failure of even
B-branched primary halides to react satisfactorily with
oxazolidinone carboximide-derived enolates.33 We there-
fore tested trifluoromethanesulfonic esters (triflates; Table
I) as electrophilic alkylation reagents3* and found that
the lithiated ketene dithioacetal 5 is efficiently alkylated
with n-propyl triflate (entry vi), and even secondary
electrophiles such as isopropyl triflate (entries vii and viii)
and cyclohexyl triflate (entry ix) react satisfactorily. The
alkyl triflates are easily generated from the corresponding
alcohols by treatment with trifluoromethanesulfonic an-
hydride and pyridine, and after a simple decantation and
partial concentration of the carbon tetrachloride solution
are utilized in the alkylation reaction to give moderate
yields (37-76 %) of the alkyl ketene dithioacetal products
21-23. Employing triflates as electrophiles in enolate
alkylation reactions has received limited attention, but
for the alkylation of these relatively unreactive ketene
dithioacetal anions the triflate electrophiles were very
successful and especially advantageous for alkylation with
secondary electrophiles.? In fact, in the alkylations
reported here, since even primary iodides react somewhat
sluggishly, the corresponding triflates are preferred.

These alkylations provide the cyclization precursors of
the target 5-alkyl-y-butyrolactones. The enantiomerically
pure a-alkylated N-acylozazolidinone ketene dithioacetal
acyclicintermediates 17-23 were transformed in two steps
to the 8-alkyl-y-butyrolactones (Scheme VI, Table I). First,
reductive removal of the oxazolidinone chiral auxiliary by
lithium aluminum hydride at 0 °C gave the primary
hydroxy ketene dithioacetals 24-28 in 85-95% yield.3!
Subsequently, treatment of this intermediate with aqueous
acid readily effected cyclization?223%d and concomitant
hydrolysis of the thioacetal, to give the enantiomerically
pure $-alkyl-y-butyrolactone in ~90% yield. Alterna-
tively, the bicyclic dithioacetal orthoester (29, 30) was
isolated (95%) by treatment of the hydroxy ketene
dithioacetal with anhydrous trifluoroacetic acid, which
affected cationic cyclization without hydrolysis of the
thioacetal. The dithioacetal-protected lactone was hy-
drolyzedin 91 % yield by treatment with mercuric chloride
togive the y-butyrolactone.? The enantiomeric purity of
each product was assessed by comparison of optical
rotations with published values and by 'TH NMR chemical
shift analysis in the presence of a chiral shift reagent.3®

(33) Evans, D. A;; Dow, R. L.; Shih, T\ L.; Takacs, J. M.; Zahler, R. J.
Am. Chem. Soc. 1990, 112, 5290, and refs therein.

(34) (a) Stang, P. J.; Hanack, M.; Subramanian, C. R. Synthesis 1982,
85. (b) Beard, C. D.; Baum, K.; Grakuakas, V. J. Org. Chem. 1973, 38,
3673. .

(36) For examples of triflates as alkylation reagents, see: (a) Petit, Y.;
Sanner, C.; Larchevéque, M. Tetrahedron Lett. 1990, 2149. (b) Phillion,
D. P.; Andrew, 8. S. Tetrahedron Lett. 1986, 1477. (c) Ikegami, S.;
Hayama, T'.; Katsuki, T.; Yamaguchi, M. Tetrahedron Lett. 1986, 3408,
(d) Masamune,S Ma,P Okumoto, H.; Elhngboe J.W.,; Ito, Y. J Org.
Chem. 1984, 49, 2837.
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Table 1. Stereoselective Alkylation of Lithiated Ketene Dithioacetal and 8-Alkyl-y-butyrolactones

alkylation product G-alkyl-y-butyrolactone
o [o]
n)g’\[s 0
ol R \J R
S,
&/g/m ratio of diastereomers
entry E* R (yield of major product) configuration % ee
i X=X, CH;l methyl 7:1 (174, 78) - -
ii X.=Xn /\,Bf allyl 22:1 (18a, 57) - -
iii X =Xp ©/\a, benzyl 24:1 (19a, 67) R 31a, >99
iv X=X, ©/\a, benzyl 25:1 (19b, 60) S 31b, >99
v X.=Xn {:©/\Bf piperonyl 40:1 (20a, 60) R 32a, 94
vi X.=Xn AT n-propyl 16:1 (21a, 64) 33a, >99
vii X.=Xn >_°" isopropyl 24:1 (22a, 58) S 34a, >99
viii Xe=X, >_°T, isopropyl 24:1 (22b, 76) R 34b, >99
ix X.=Xn O_o-n cyclohexyl 46:1 (23a, 37) - -

Scheme VI. Cyclization of Acyclic Substrate
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o
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CaCO;
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The butyrolactones are from 94 to >99% enantiomerically
pure by these criteria.

Some of the intermediates in this route are also useful
precursors of other derivatives. For example, the car-
boximide ketene dithioacetals (4, 17-23) can be converted
into 1,4-dicarbonyl derivatives (Scheme VII). For exam-
ple, the ketene dithioacetals undergo hydrolysis with
aqueous acid to give the carboximide thioesters 37 and 38,
differentially protected 1,4-diesters; in fact, as mentioned
earlier, this hydrolysis is often difficult to avoid. Addi-
tionally, the carboximide and/or the ketene dithioacetal
functionality could be selectively reduced depending on
the choice of reagents. As described above, treatment of
17-23 with a solution of LAH in THF at 0 °C gave, by
reduction of the oxazolidinone auxiliary, the hydroxy
ketene dithioacetal y-butyrolactone precursor. On the
other hand, exposure of 19 to LAH in refluxing THF gave
the fully reduced hydroxy dithiane 35,%7 a differentially

(36) (a) See ref 19; (b) Jones, J. B.; Jakovac, L. J. J. Org. Chem. 1979,
44, 2165.

(37) (a) Wong, M. Y. H.; Gray, G.R. J. Am. Chem. Soc. 1978, 100, 3548,
(b) Wong, M. Y. H,; Gray, G. R. Tetrahedron Lett. 1977, 1617.

Scheme VII. Ketene Dithioacetal Transformations
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protected 1,4-bisaldehyde equivalent. The ketene dithio-
acetal could also be selectively reduced by treatment first
with triethylsilane, followed by protonation with triflu-
oroacetic acid to give the carboximide dithioacetal 36,%
afour-carbon carboxylate/protected aldehyde component.
As an approach to disubstituted y-butyrolactones, the
carboximide ketene dithioacetal anion 5 could also be
condensed with aldehyde electrophiles. The boron enolate
was generated from 4, and this anion showed very high
v-regioselectivity in the condensation with aldehydes
(Scheme VIII). This regioselectivity is in accord with
results from Fang’s group which have reported that
unsymmetrical ketene dithioacetal anions react with
aldehydes and ketones to give y-adducts.®

(38) (a) Carey, F. A.; Neergaard, J. R. J. Org. Chem. 1971, 36, 2731.
(b) Carey, F. A.; Court, A. S. J. Org. Chem. 1972, 37, 1926. (c) Ceruti,
M.; Degani, L.; Fochi, R. Synthesis 1987, 79.

(39) (a) Fang,J.-M.; Chen, M.-Y; Yang, W.-J. Tetrahedron Lett. 1988,
5937. (b) Fang, J.-M.; Hong, B.-C,; Liao, L. F. J. Org. Chem. 1987, 52,
855. (c) Fang, J.-M.; Hong, B.-C. J. Org. Chem. 1987, 52, 3162. (d)
Kozikowski, A. P.; Chen, Y.-Y. J. Org. Chem. 1980, 45, 2236.
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Scheme VIII. Stereoselective Aldol Condensations
of Ketene Dithioacetal Anion
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Scheme IX. Bisfunctionalized Butyrolactones
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Boron enolates are the standard substrates for enan-
tioselective aldol condensations, and these can be prepared
by reaction of dialkylboryl triflate and excess Hunig’s base
with the enolizable carbonyl substrate.®” The necessary
boryl triflate reagents are usually generated by reaction
of a trialkylborane with trifluoromethane sulfonic an-
hydride.!%#24> The carboximide ketene dithioacetals,
substrates for the aldol condensations, were rather sensitive
to these typical conditions and tended to decompose on
extended exposure to the boryl triflate reagent. Thus, a
modified procedure for the generation of boron enolates,
detailed by Oppolzer’s group, was employed. The dieth-
ylboryl triflate was prepared in situ,*%2 and this allowed
aldol adduct formation to be maintained at 70-80% . The
initial aldol product 39 was not routinely isolated, but
rather under slightly acidic workup conditions (pH 4
phosphate buffer) underwent a facile, electrophilic cy-
clization to give the @8,y-bisfunctionalized dithioacetal
protected y-butyrolactone 40. 'H NMR showed a >10:1
diastereomeric ratio of the trans-substituted lactones, the
erythro products expected from the Evans’ oxazolidinone-
mediated aldol condensation.

The bis-substituted y-butyrolactone obtained by this
aldol sequence was selectively transformed to give a variety
of lactones (Scheme IX). For example, the oxazolidinone
auxiliary was hydrolyzed with lithium hydroperoxide! to
give the dithioacetal-protected lactone acid 42, or the
dithioacetal was readily hydrolyzed with aqueous acid to
give the acylated lactone 41.

The procedures detailed here result in an efficient and
general enantioselective synthesis of 8-alkyl-y-butyrolac-
tones. The alkylation sequence proceeds with excellent
regiochemical control and generally high diastereofacial
selectivity. Subsequent cyclization of the ketene dithio-
acetal functionality efficiently generates protected or

(40) (a) Oppolzer, W.; Blagg, J.; Rodriguez, 1.; Walther, E.J. Am. Chem.
Soc. 1990, 112, 2767. (b) Brown, H. C.; Dhar, R. K.; Bakshi, R. K.;
Pandiarajan, P. K.; Singaram, B. J. Am. Chem. Soc. 1989, 111, 3441, (¢)
Masamune, S.; Kaiho, T.; Garvey, D. 8. J. Am. Chem. Soc. 1982, 104,
5221, (d) Evans,D. A.;Nelson, J.V.; Vogel, E.; Taber, T.R.J. Am.Chem.
Soc. 1981, 103, 3099. (e) Masamune, S.; Choy, W.; Kerdesky, F. A. J.;
Imperiali, B.J. Am.Chem. Soc. 1981, 103,15686. (f) Inque, T.; Mukaiyama,
T. Bull.Chem. Soc.Jpn.1980,53,174. (g) Evans,D. A.; Vogel,E.; Nelson,
J. V. J. Am, Chem. Soc. 1979, 101, 6120.

(41) Evans, D. A,; Britton, T. C.; Ellman, J. A. Tetrahedron Lett. 1987,
6141.
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unprotected forms of various y-butyrolactone ring systems.
The v-butyrolactones thus synthesized will serve as
picrotoxinin analogues and will be assayed for convulsant
activity at the GABA receptor.*2

Several other useful transformations of some of the
vy-butyrolactone intermediates are also possible. For
instance, selective aldol condensation of the boron enolate
of the ketene dithioacetal gave disubstituted y-butyro-
lactones that could be converted into functionalized
y-butyrolactone acids. Finally, regioselective reduction
and hydrolysis of the alkylated carboximide ketene
dithioacetal produced four acyclic, differentially 1,4-
bisfunctionalized chiral synthetic building blocks: a
hydroxy ketene dithioacetal, a hydroxy thioacetal, a
carboximide thioester, and a carboximide thioacetal, that
could be valuable as intermediate substructures for
complex organic syntheses.

Experimental Section

General Experimental. Proton and carbon nuclear magnetic
resonance spectra (‘H NMR and *C NMR) were obtained on a
Bruker WM 250, a General Electric GE 300, a GN 500, or an
Omega 500 spectrometer using the solvent indicated. Proton
chemical shifts are reported in parts per million (ppm) relative
to chloroform (CDCls, 7.27 ppm) or other indicated solvent, Data
are reported as follows: chemical shift, multiplicity (s = singlet,
d = doublet, t = triplet, g = quartet, m = multiplet, br = broad),
coupling constant (Hz), and integration. Carbon chemical shifts
are reported in parts per million relative to chloroform (77.0
ppm) or other indicated solvent. Infrared spectra (IR) were
recorded on a Perkin-Elmer 283 spectrophotometer or a Nicolet
5-DXB FT/IR spectrophotometer. IR peaks are reported in cm-!
with the following relative intensities: s (strong, 67-100%), m
(medium, 34-66%), w (weak, 7-33%). Low-resolution mass
spectra (LRMS), electron impact (EI) and chemical ionization
(CI), were recorded on a Finnigan 4000 spectrometer. High-
resolution mass spectra (HRMS) and fast atom bombardment
mass spectra (FAB) were recorded on a Vacuum Generators
7070E-HF double sector spectrometer. Gas chromatography was
performed on a Hewlett-Packard 5830A capillary gas chromato-
graph equipped with a cross-linked 5% phenyl methyl silicon
capillary column (12 m) and an FID detector, using Helium carrier
gas (flow rate 25 mL/min). Melting points were taken on a
Laboratory Devices melting point apparatus and are reported
uncorrected. Combustion analyses were performed by Galbraith
Laboratories, Inc. (Knozxville, TN) or Desert Analytics (Tucson,
AZ). Optical rotations were measured with a Perkin-Elmer 241
MC polarimeter or a Jazso DIP-360 polarimeter at the indicated
wavelengths and were recorded after multiple chromatographies
or recrystallizations of the particular compound. Flash chro-
matography*® was performed using Alfa silica gel (58 um) or ICN
200~400 mesh silica gel. Radial chromatography was performed
on a Harrison Model 7923 Chromatotron with plates of 1, 2, or
4 mm thickness made with Merck silica 60 PFy5, containing
gypsum. Analytical thin-layer chromatography (TLC) was
performed using 0.25-mm Merck precoated silica gel plates (60
F-254). Visualization was accomplished with UV light, iodine,
and phosphomolybdicacid or anisaldehyde/sulfuric acid solution.
Boiling points for bulb-to-bulb distillations refer to air bath
temperatures and are uncorrected. Reaction solvents were
routinely distilled prior to use. Anhydrous tetrahydrofuran
(THF) and diethy] ether (Et,0) were distilled from sodium and
benzophenone; dichloromethane (CH:Cly), triethylamine (EtzN),
ethyl acetate (EtOAc), and diisopropylamine were distilled from
calcium hydride. Toluene was distilled from sodium, and
anhydrous methanol (MeOH) was obtained by distillation from

(42) Assays will be performed in conjunction with ongoing work at
Washington University (St. Louis, MO) conducted by Professor D. F.
Covey.

(43) (a) Still, W. C.; Kahn, M., Mitra, A. J. Org. Chem. 1978, 43, 2923,
(b) Rigby, W.; Hunt, B. J. Chem. Ind. (London) 1967, 1868.
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powdered 3-A molecular sieves. Alkyllithiums were titrated by
the method of Gilman and Haubein* or Ronald, Winkle, and
Lansinger.4 (S)-Valinol was prepared by the method of Smith
and Gawley.®® The oxazolidinone chiral auxiliaries, (4R,5S5)-4-
methyl-5-phenyl-2-oxazolidinone and (4S)-4-(1-methylethyl)-2-
oxazolidinone, were prepared as described by Evans et al.2¢
Starting materials were azeotropically dried prior to reaction as
required and all reactions were conducted in flame-dried glassware
under an anhydrous argon atmosphere with standard precautions
taken to exclude moisture.
(4R,58)-3-(1-Ox0-2-bromoethyl)-4-methyl-5-phenyl-2-0x-
azolidinone (11a). A three-necked, 2-L, round-bottomed flask
equipped with a thermocouple probe, an addition funnel, septa,
and stirring bar was charged with a solution of (4R,58)-4-methyl-
5-phenyl-2-oxazolidinone (30.0 g, 169 mmol) in THF (600 mL)
and was cooled with a dry ice/acetone bath. Butyllithium (75.0
mL of a 2.59 M solution in hexanes, 186 mmol) was added dropwise
so that the internal temperature was maintained below —60 °C.
The resultant dark orange solution was treated dropwise with a
solution of bromoacetyl chloride (26.6 g, 169 mmol, 13.9 mL) in
THF (300 mL), while maintaining the internal temperature below
—65 °C. The resultant pale orange solution was stirred for 1 h
at —78 °C and then quenched at -78 °C with saturated aqueous
NH,CI (30 mL) and saturated aqueous NaHCO; (60 mL) and
allowed to warm to ambient temperature. The organiclayer was
separated and the aqueous layer was extracted with Et20 (3 X
90 mL). The combined organic extracts were washed with H,O
and brine, dried (MgSQ,), and concentrated. Purification by
flash chromatography (2:1 = hexanes/Et;0) gave 37.0 g (73%)
of 11a as a colorless oil: [«a]%p +17.2°, [a]®577 +18.6°, []®se
+20.9°, [a]® 435 +39.5°, [a]?405 +51.5 (¢ = 1.46, CHCl3); 'H NMR
(500 MHz, CDCls) 6 7.43 (m, 3 H, aromatic H), 7.31 (m, 2 H,
aromatic H), 5.75 (d, J = 7.3 Hz, 1 H, CHPh), 4.80 (apparent
quintet, J = 6.9 Hz, 1 H, NCHMe), 4.55 (ABq, Jap = 12.7 Hz,
Avap = 19.2 Hz, 2 H, CH;Br), 0.94 (d, J = 6.9 Hz, 3 H, CHj); C
NMR (126 MHz, CDCl;) 6 165.7, 152.5, 132.7, 129.0, 128.8, 125.6,
79.5, 55.2, 28.3, 14.2; IR (neat) 3070 w, 3020 w, 2980 w, 1780 s,
1700 m, 13558, 1220 m, 1200 m, 1180 m, 1120 m, 770 m cm!; MS
(EI 70 eV) m/e (rel inten) 299 (M*, 8Br, 3), 297 (M*, Br, 2),
200 (3), 107 (100), 91 (16), 77 (29), 70 (93); MS (CI, isobutane)
m/e (rel inten) 300 (MH*, 8'Br, 100), 298 (MH*, "Br, 94), 256
(22), 254 (36), 220 (58), 178 (36), 107 (88); HRMS (EI, 70 V)
caled for CioH18'BrNOs: 298.9979. Found: 298.9968. Anal.
Caled for C1oH1.BrNQs: C, 49.49; H, 4.03; N, 4.70. Found: C,
49.51; H, 4.18; N, 4.80.
(4R,5R)-3-(1-0x0-2-bromoethyl)-4-methyl-5-phenyl-2-0x-
azolidinone (11¢). The trans-substituted oxazolidinone was
prepared in a manner similar to that described for 11a, except
that excess bromoacetyl chloride was added. The reaction was
quenched at -78 °C with only saturated NH,Cl (no NaHCO;
solution was added, thus rendering the aqueous layer to pH =
2-8). Following the complete workup, purification by flash
chromatography (2:1 = hexanes/Et,0) gave 1llec (79%) as a
colorless oil: [a]?6p +28.6°, [a)%57 +32.9°, [a]?8535 +53.1° (¢ =
0.94, CHCl3); 'H NMR (500 MHz, CDCly) 6 7.42 (m, 3 H, aromatic
H), 7.33 (m, 2 H, aromatic H), 5.13 (d, J = 3.0 Hz, 1 H, CHPh),
4.55 (collapsed ABq, 2 H, CHBr), 4.45 (apparent quintet, J =
3.0 Hz, 1 H, NCHMe), 1.59 (d, J = 6.0 Hz, 3 H, CH3); 3C NMR
(126 MHz, CDCly) 6 164.9, 152.7, 132.6, 129.5, 129.2, 125.3, 79.8,
67.9, 43.8, 14.4; IR (neat) 1783 8, 1710 s, 1495 w, 1455 w, 1415 w,
1370 s, 1337 s, 1210 m, 1200 s, 1170 m, 1160 m, 1125 w, 1047 m,
1000 w, 977 w, 760 m, 695 w cm-1; MS (EI, 70 eV) m/e (rel inten)
299 (M*, 81Br, 4), 297 (M*, "Br, 3), 200 (8), 174 (9), 146 (9), 132
(10), 117 (18), 107 (100), 91 (34), 77 (46), 70 (98); MS (C],
isobutane) m/e (rel inten) 300 (MH*, 81Br, 94), 298 (MH*, ™Br,
100), 254 (49), 220 (50), 178 (34), 107 (8), 85 (11); HRMS (CI,
isobutane) caled for C;2H;sBrNO;: 298.0078. Found: 298.0090.
(45)-3-(1-Ox0-2-bromoethyl)-4-(1-methylethyl)-2-0xa-
zolidinone (11b). A three-necked, 250-mL, round-bottomed
flask equipped with a thermocouple probe, an addition funnel,
and a mechanical stirrer device was charged with a solution of

(44) Gilman, H.; Haubein, R. H. J. Am. Chem. Soc. 1944, 66, 1515.

(45) Winkle, M. R.; Lansinger, J. M.; Ronald, R. C. J. Chem. Soc.,
Chem. Commun. 1980, 87.

(46) Smith, G. A.; Gawley, R. E. Org. Synth. 1984, 63, 136.
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(4S)-4-(1-methylethyl)-2-oxazolidinone (5.37 g, 41.6 mmol) in
THF (107 mL) and was cooled to =78 °C. The internal
temperature was maintained below —60 °C as butyllithium (19.2
mL of a 2.39 M solution in hexanes, 45.8 mmol) was added
dropwise with vigorous stirring. The resultant white mixture
was treated dropwise with a solution of bromoacety! chloride
(7.20 g, 45.8 mmol, 3.80 mL) in THF (54 mL), while maintaining
the internal temperature below —65 °C. A clear yellow solution
resulted, which was stirred at —78 °C for 40 min. The reaction
was quenched at -78 °C with saturated aqueous NH,Cl (11 mL)
and saturated aqueous NaHCO;3; (12 mL) and allowed to warm
to ambient temperature. The organic layer was separated and
the aqueous layer was extracted with Et,0 (3 X 25 mL). The
combined organic extracts were washed with H,O and brine, dried
(MgSQy), and concentrated. Purification by flash chromatog-
raphy (2:1 = hexanes/Et;0) gave 7.76 g (75 %) of 11b as a colorless
oil, which solidified on standing. Recrystallization from Et.Q/
hexanes gave a white, crystalline solid: mp 50.5-51.0 °C; [«])®p
+85.4°, [a]”577 +90.3°, [a]”m +104.3°, [a]”435 +181.1°, [a]”m
+222.4° (¢ = 2.30, EtOH); '"H NMR (500 MHz, CDCl;) é 4.61 (d,
J =12.2 Hz, 1 H, COCH,HBr), 4.46 (m, 1 H, NCH), 4.44 (d, J
=12.2 Hz, 1 H, COCH_H},Br), 4.35 (apparent t,/ = 9.1 Hz, 1 H,
OCHHy), 4.28 (dd, J = 9.1, 3.1 Hz,1 H, OCH.Hy), 2.42 (m, 1 H,
CH(Me)s), 0.95 (d, J = 7.0 Hz, 3 H, CHj), 0.92 (d, J = 7.0 Hz,
3 H, CHj); 3C NMR (126 MHz, CDCl,) § 166.0, 153.4, 63.8, 58.86,
28.1, 28.0, 17.8, 14.6; IR (neat) 2964 m, 2871 w, 1780 s, 1702 s,
1484 w, 13898, 1367 8, 1326 8, 1204 5, 1020 5, 971 m cm™*; MS (EI,
70 eV) m/e (rel inten) 251 (M*, 8Br, 0.7), 249 (M*, "*Br, 0.7), 208
(6), 206 (8), 128 (8), 126 (7), 123 (11), 121 (12), 86 (100), 68 (21),
55 (12); MS (CI, isobutane) m/e (rel inten) 252 (MH*, Br, 100),
250 (MH*, ™Br, 96), 206 (21), 172 (23), 130 (23). Anal. Caled.
for CsH;sNOsBr: C, 38.40; H, 4.84; N, 5.60. Found: C, 38.69; H,
4.89; N, 5.45.

Diethyl 2-[(4R,58)-4-Methyl-2-0x0-5-phenyl-3-0xazoli-
dinyl]-2-oxoethanephosphonate (12a). A 100-mL round-
bottomed flask equipped with an air-cooled reflux condenser
and a stir bar was charged with (4R,55)-3-(1-0x0-2-bromoethyl)-
4-methyl-5-phenyl-2-oxazolidinone (19.1 g, 64.2 mmol) and
purified, neat triethyl phosphite (11.7 g, 70.6 mmol, 12.1 mL).
The solution was stirred at 50 °C for 8 h under a rapid flow of
argon and then cooled to ambient temperature and concentrated
under reduced pressure (~1 mmHg). The resultant oil was dried
by azeotropic distillation with toluene to give 22.8 g (100%) of
the phosphonate ester (12a) as a pale yellow oil: :H NMR (300
MHz, CDCl;) é 7.42 (m, 3 H, aromatic H), 7.29 (m, 2 H, aromatic
H), 5.67 (d, J = 7.3 Hz, 1 H, CHPh), 4.78 (apparent quintet, J
= 6.7 Hz, 1 H, NCHMe), 4.18 (m, 4 H, 2 X CH,CHj,), 3.88 (dd,
J =22,14.1 Hz, 1 H, CH H,P), 3.69 (dd, J = 22, 14.1 Hz, 1 H,
CH,H,P), 1.33 (t,J = 7.1 Hz, 6 H, 2 X CH.CHj), 0.90 (d, J = 6.7
Hz, 3 H, CH3); 3C NMR (75 MHz, CDCly) é 164.7, 164.6, 152.9,
132.9,128.6, 125.5, 78.8, 62.7 (m), 55.0, 35.3, 33.5, 16.3, 16.2, 14.3;
IR (neat) 3469 (broad) m, 2985 m, 2934 w, 1782 s, 1699 s, 1400
m, 1355 s, 1256 s, 1173 8, 1028 5, 972 s cm-1; MS (EI 70 eV) m/e
(rel inten) 355 (M*, 2), 222 (11), 196 (4), 179 (72), 151 (41), 133
(38), 123 (63), 116 (31), 107 (100), 91 (43), 81 (49), 70 (57), 65 (32);
MS (CI, isobutane) m/e (rel inten) 356 (MH*, 32), 178 (100), 139
(34); HRMS (EI, 70 eV) caled for CigHyo:NOgP: 355.1184.
Found: 355.1161.

Diethyl 2-[ (48)-4-(1-Methylethyl)-2-0xo0-3-0xazolidinyl]-
2-oxoethanephosphonate (12b). As described for 12a, (4S)-
3-(1-0x0-2-bromoethyl)-4- (1-methylethyl)-2-oxazolidinone (1.0 g,
4.0 mmol) was heated at 50 °C with triethyl phosphite (730 mg,
4.4 mmol, 0.75 mL) for 30 min. The crude product was purified
by radial chromatography (gradient eluent system 2:1 to 1:1 =
hexanes/ethyl acetate) to give 1.2 g (94%) of the phosphonate
ester (12b) as a pale yellow oil: 'H NMR (500 MHz, CDCl;) &
4.47 (m, 1 H, NCH), 4.28 (app t, J = 8.7 Hz, 1 H, OCH,H,),
4.23-4.15 (m, 5 H, OCH H}, and 2 X CH;CHj3), 8.85 (dd, J = 22.8,
14.0 Hz,1 H, CH.H4P), 3.72 (dd, J = 22.3, 14 Hz, 1 H, CH.H4P),
2.39 (m, 1 H, CH(Me)2), 1.83 (t, J = 7.0 Hz, 6 H, 2 X CH;CH3),
0.92 d, J = 6.9 Hz, 3 H, CHy), 0.90 (d, J = 6.9 Hz, 3 H, CHj);
13C NMR (126 MHz, CDCly) 5 164.9, 153.9, 63.3, 62.7 (m), 58.8,
34.8, 33.7, 28.4, 17.9, 16.3, 16.2, 14.6; IR (neat) 3474 w, 2968 s,
17798, 1698 s, 1486 m, 1391 s, 1367 s, 1322 5, 1260 s, 1208 5, 1166
s, 1051 s, 1023 8, 974 8, 835 m, 776 m cm-}; MS (EI, 70 eV) m/e
(rel inten) 308 (M + 1)*, 2), 307 (M*, 1), 179 (100), 151 (47), 123
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(71), 109 (49), 81 (52), 69 (26), 55 (22); MS (CI, isobutane) m/e
(rel inten) 308 (MH*, 100), 179 (5), 130 (27). HRMS (CI,
isobutane) caled for C1:HasNOgP: 308.1263. Found: 308.1278.
2-Formyl-1,3-dithiane (13) and Aldol Dimer. Thissynthesis
of the dimer is adapted from the preparation of 2-formyl-1,3-
dithiane described by Meyers and Strickland.??* A solution of
1,3-dithiane (50.0 g, 416 mmol) in THF (870 mL) was cooled in
a —40 °C bath and treated dropwise with butyllithium (144 mL
of a 3.18 M solution in hexanes, 458 mmol) with stirring. The
resulting yellow solution was stirred at —30 °C for 1 h and then
was transferred via cannula to a flask containing a precooled
(~30 °C) solution of dimethylformamide (128 mL, 1.64 mol). The
mixture was allowed to warm to 0 °C and was stirred for 8 h and
then was poured into ice water (800 mL). The mixture was
extracted with pentane (3 X 500 mL) and the aqueous layer was
adjusted to pH 2 with aqueous 3 N HCl. The acidic aqueous
mixture was stirred vigorously at ambient temperature for 3 h,
then extracted with Et;0 (5 X 300 mL). The combined organic
solutions were washed with H2O (700 mL) and brine (700 mL),
dried MgS0,), and concentrated in vacuo. The aldol dimer 53.5
g (87%) was isolated as a white solid: mp 106-109 °C; TH NMR
(300 MHz, CDCly) §9.39 (s, 1 H, CHO), 4.35 (dd, J = 6.7, 4.4 Hz,
1 H, CHOH), 4.17 (d, J = 6.7 Hz, 1 H, S;CH), 3.19(d, J = 4.4
Hz, 1 H, OH), 3.11-2.67 (m, 8 H, dithiane H), 2.07-1.91 (m, 4 H,
dithiane H); 13C NMR (126 MHz, CDCls) 6 185.7, 76.5, 62.7, 44.8,
26.7, 26.6, 26.2, 26.1, 24.4, 24.0; IR (neat) 3443 m, 2901 m, 2826
w, 1695 s, 1424 s, 1275 m, 1068 s cm-1; MS (EI, 70 V) m/e (rel
inten) 148 (M* monomer, 16), 119 (100), 91 (12), 85 (13), 75 (19),
59 (13); MS (CI, isobutane) m/e (rel inten) 149 (MH* monomer,
100), 133 (3). The solid dimer can be stored at room temperature
and, as needed, heated under vacuum (120 °C, 1.0 mm Hg) and
distilled (95-97% recovery) to give the monomer, 2-formyl-1,3-
dithiane as a colorless liquid whose 'H NMR and IR spectra
agree with the published data:*>* 'H NMR (500 MHz, CDCly) &
9.5, J = 0.9 Hz, 1 H, CHO), 4.1 (apparent s, 1 H, S;CHCHO),
3.0 (ddd, J = 14.2, 12.2, 2.6 Hz, 2 H, 2 X SCH,Hy), 2.6 (ddd, J
=14.2, 4.1, 3.3 Hz, 2 H, 2 X SCH Hy), 2.1 (m, 1 H, CH.H,), 2.0
(m, 1 H, CH.Hy); 1*C NMR (126 MHz, CDCls) § 188.2, 47.6, 25.4,
24.9; IR (neat) 2903 s, 2826 m, 2704 w, 1715 s, 1424 s, 1277 m,
1244 m, 1182 w, 1014 m, 907 m cm; MS (EI, 70 eV) m/e (rel
inten) 148 (M*, 11), 119 (100), 108 (11), 91 (14), 85 (12), 74 (33),
59 (20); MS (CI, isobutane) m/e (rel inten) 149 (MH*, 100), 133
(1), 119 (20), 87 (9); HRMS (CI, isobutane) caled for CsHsOS,:
148.0016. Found: 147.9995.
(4R,58)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)propyl]-4-meth-
yl-5-phenyl-2-oxazolidinone (4a). A 3-necked 250-mL round-
bottomed flask equipped with an addition funnel, septa, and
stirring bar was charged with a 60% dispersion of NaH in mineral
oil (1.50 g, 37.6 mmol). The NaH was rinsed free of mineral oil
with dry hexanes (3 X 10 mL). The flask was successively
evacuated and filled with dried Ar (3%). THF (17mL) wasadded,
and the NaH suspension was cooled with an ice/water bath as
a solution of diethyl 2-[(4R,5S)-4-methyl-2-oxo-5-phenyl-3-
oxazolidinyl)-2-oxoethanephosphonate (12a), 12.2 g, 34.4 mmol)
in THF (17 mL) was added dropwise. The yellow solution was
allowed to warm to ambient temperature and was stirred for 30
min. A solution of 2-formyl-1,3-dithiane (5.10 g, 34.4 mmol) in
THF (34 mL) was added dropwise and the reaction solution was
stirred for 30 min at ambient temperature. The reaction was
diluted with H;0 (70 mL). The organic layer was separated and
the aqueous layer was extracted with Et;0 (3 X 70 mL). The
combined organic extracts were washed with brine, dried
(MgS0,), and concentrated. Purification by flash chromatog-
raphy (2:1 = hexanes/Et,0) gave the olefination adduct 4a 9.92
g (83%) as a pale yellow oil. Crystallization from Et;O/hexanes
gave a white solid: mp 80.0-81.5°C; [«]}¥p +19.9°%, [«])¥577 +15.9°,
[a)?546 +18.3°, [a]?7435 +33.2°, [a]?405 +42.1° (¢ = 1.02, CHCl,);
1H NMR (300 MHz, CDCls) 4 7.38 (m, 3 H, aromatic H), 7.31 (m,
2 H, aromatic H), 6.15 (apparent t, Jax = Jpx = 6.9 Hz, 1 H,
CH,HgCHx=C),5.68(d,J =7.3Hz,1 H,OCHPh),4.76 (apparent
quintet, J = 6.9 Hz, 1 H, NCHMe), 3.96 (dd, Jas = 18.9 Hz, Jax
= 6.9 Hz, 1 H, CH,HgCHx=—C), 3.88 (dd, Jas = 18.9 Hz, Jpx =
6.9 Hz, 1 H, CH,HsCHx=C), 2.88 (m, 4 H, dithiane H), 2.16 (m,
2 H, dithiane H), 0.88 (d, J = 6.9 Hz, 3 H, CH3); 3C NMR (75
MHz,CDCly) 6 169.8,152.9,133.2,131.2, 128.7,125.6, 122.9, 105.0,
79.0, 54.8, 36.1, 29.9, 29.3, 24.7, 14.5; IR (neat) 2910 w, 1780 s,
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1700 m, 1365 &, 1197 m cm-1; MS (EI, 70 eV) m/e (rel inten) 349
(M, 11), 172 (69), 145 (568), 116 (44), 98 (16), 91 (21), 87 (22), 77
(24), 71 (100); MS (CI, isobutane) m/e (rel inten) 350 (MH*,
100), 178 (14), 145 (4), 107 (2). Anal. Caled for C17H1sNOsS,:
C, 58.45; H, 5.44; N, 4.01. Found: C, 58.29; H, 5.38; N, 4.01.

(48)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)propyl}-4-(1-meth-
ylethyl)-2-0xazolidinone (4b). A 25-mL round-bottomed flask
was charged with a solution of diethyl 2-[(45)-4-(1-methylethyl)-
2-0x0-3-0xazolidinyl)}-2-oxoethanephosphonate (307 mg, 1.00
mmol) in THF (1.5 mL) and cooled in a =78 °C dry ice/acetone
bath. Butyllithium (0.42 mL of a 2.59 M solution in hexanes,
1.10 mmol) was added dropwise with a syringe and the resulting
clear, pale yellow solution was stirred at -78 °C for 1 h, A ~78
°C solution of 2-formyl-1,3-dithiane (148 mg, 1.00 mmol) in THF
(1 mL) was added dropwise via cannula and the reaction solution
was warmed to 0 °C and stirred for 30 min. The solution was
concentrated; the residue was dissolved in Et;0 (5 mL) and
washed once with H;O and brine, dried (MgSO,), and concen-
trated. Purification by radial chromatography (2:1 = hexanes/
Et,0) gave 267 mg (89 %) of the olefination adduct 4b as a colorless
oil: {a]®p+77.6°, [a] %577 +80.5°, [] P54 +92.2°, [} % (55 +162°,
[a]2®,05 +198° (¢ = 2.16, CHCl); 'H NMR (500 MHz, CDCl;) &
6.14 (app t, Jax = Jpx = 7.0 Hz, 1 H, CH HgCHx==C), 4.43 (app
dt, J = 3.3, 8.7 Hz, 1 H, NCH), 4.29 (app t, J = 8.7 Hz, 1 H,
0OCH,Hy), 4.22 (dd, J = 3.3, 8.7 Hz, 1 H, OCH,H4), 3.93 (dd, Jas
= 18.8 Hz, Jax = 7.0 Hz, 1 H, CH\HpCHx==C), 8.88 (dd, Jas =
18.8Hz,Jux = 7.0Hz,1H, CH HgCHx=C), 2.89 (m, 4 H, dithiane
H), 2.38 (m, 1 H, CHMe,), 2.18 (m, 2 H, dithiane H), 0.92 (d, J
= 7.0 Hz, 3 H, CH3), 0.88 (d, J = 7.0 Hz, 3 H, CHy); 3C NMR
(126 MHz, CDCls) 4 170.1, 153.9, 131.3, 122.9, 63.4, 58.5, 36.1,
29.9, 29.4, 28.3, 24.7, 11.9, 14.6; IR (neat) 2961 m, 1777 s, 1698
s, 1387 s, 1371 s, 1300 m, 1206 s cm™!; MS (EI, 70 eV) m/e (rel
inten) 301 (M™, 3), 172 (89), 145 (41), 116 (28), 98 (12), 87 (14),
71 (100), 55 (6); MS (CI, isobutane) m/e (rel inten) 302 (MH*,
100), 130 (18); HRMS (EI, 70eV) calcd for C13H1sNO3S,: 301.0806.
Found: 301.0785. Anal. Caled for C,3sHigNOsSy: C, 51.83; H,
6.31; N. 4.65. Found: C, 50.91; H, 6.32; N, 5.03.

General Procedure for the Preparation of Alkyl Tri-
flates.* A solution of trifluoromethanesulfonic anhydride (8.4
mmol, 1.4 mL) in carbon tetrachloride (3 mL) was added under
argon to a 25-mL round-bottomed flask which contained a 0 °C
solution of the alcohol (7.0 mmol) and pyridine (8.4 mmol, 660
mg, 700 uL) in carbon tetrachloride (7mL). Anorange precipitate
formed and the mixture was stirred at 0 °C for 1 h. The clear
supernatant was transferred via cannula to a dry round-bottomed
flask; the solution was concentrated with a stream of argon, the
residue taken up in dry THF, and this solution was used directly
for the alkylation reactions. The presence of alkyl triflate was
detected with 'H NMR by the downfield shift of proton(s)
adjacent to the triflate oxygen. Propyl trifluoromethane
sulfonate: 'H NMR (300 MHz, CC1,/CDCl,) § 4.52 (m, 2 H,
CH:0Tf), 1.88 (m, 2 H), 1.06 (m, 3 H). 2-Propyl
trifluoromethanesulfonate: *H NMR (500 MHz, CCL/CDCly)
8 5.16 (septet, J = 6.3 Hz, 1 H, CHOTY), 1.50 (d, J = 6.3 Hz, 6
H, CH(CHj3).. Cyclohexyl trifluoromethanesulfonate: 'H
NMR (300 MHz, CCL,/CDCl) 4 5.66 (s, 1 H, CHOTY), 2.00 (m,
3 H), 1.64 (m, 2 H), 1.63 (m, 2 H), 1.62 (m, 3 H).

General Procedure for the Alkylation of Carboximide
Ketene Dithioacetals. A 2-necked round-bottomed flask
equipped with septa, a temperature thermocouple, and a stirring
bar was charged with the acylated oxazolidinone (4a or 4b, 21.2
mmol) and THF (20 mL) and the solution was cooled with a ~78
°C dry ice/acetone bath. A -78 °C solution of freshly prepared
lithium diisopropyl amide (23.3 mmol) in THF (22 mL) was added
dropwise via cannula. The orange solution was warmed to 0 °C
over 2.5 h. At -30 °C, a 1 M solution (THF) of the electrophile
(organic halide or alkyl triflate, 1.5-3.0 equiv, 31.8-63.6 mmol)
was added dropwise to the enolate solution via cannula. The
yellow solution was warmed to 0 °C over 1 h and stirred for 1-2.5
h. The reaction was quenched at 0 °C with pH 7 phosphate
buffer solution. The organiclayer was separated and the aqueous
layer was extracted with Et:0 (3 X 90 mL). The combined organic
extracts were washed with H;O and brine, dried (MgS0,), and
concentrated. Purification by flash or radial chromatography
(5:1 = hexanes/Et;0) gave the alkylated carboximide ketene
dithioacetal (17-23) as a colorless oil. Some oils crystallized and
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were further purified by recrystallization from dichloromethane/
Et;0/hexanes (1:1:1).
(4R,55)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)-2-methylpropyl]-
4-methyl-5-phenyl-2-oxazolidinone (17a). Alkylation of the
lithium enolate of 4a with methyl iodide gave 17a. Purification
with radial chromatography gave a colorless 0il (78%): 'H NMR
(500 MHz, CDCly) 5 7.40 (m, 3 H, aromatic H), 7.33 (m, 2 H,
aromatic H), 6.12 (d, J = 9.0 Hz, 1 H, HC=C), 5.68 (d, J = 7.0
Hz, 1 H, CHPh), 4.92 (dq, J = 9.0, 6.9 Hz, 1 H, COCHC==), 4.75
(apparent quintet, J = 7.0 Hz, 1 H, NCHMe), 2.90 (m, 4 H,
dithiane H), 2.17 (m, 2 H, dithiane H), 1.32 (d, J = 6.9 Hz, 3 H,
COCHCH5), 0.89 (d, J = 7.0 Hz, 3 H, NCHCHj); IR (neat) 2975
w, 2930 m, 1782 s, 1698 s, 1455 m, 1356 s, 12308, 1197 8, 1121 m,
960 m cm!; MS (EI, 70 eV) m/e (rel inten) 363 (M*, 4), 186 (76),
159 (100), 130 (38), 85 (98); MS (CI, isobutane) m/e (relative
intensity) 364 (MH*, 100), 178 (9), 107 (4); HRMS (EI, 70 eV)
caled for C1aHz1N03SzZ 363.0963. Found: 363.0970.
(4R,5S5)-3-[1-Oxo-3-(1,3-dithian-2-ylidene)-2-(2-propenyl)-
propyl]-4-methyl-5-phenyl-2-oxazolidinone (18a). Alkylation
of the lithium enolate of 4a with allyl bromide gave 18a.
Purification with radial chromatography gave a colorless oil
(57%): *H NMR (300 MHz, CDCls) 4 7.40 (m, 3 H, aromatic H),
7.32 (m, 2 H, aromatic H), 6.06 (d, J = 9.2 Hz, 1 H, HC=C), 5.83
(m, 1 H, allyl olefinic H), 5.66 (d, J = 7.0 Hz, 1 H, CHPh), 5.08
(m, 3 H, COCHC= and allyl olefinic H), 4.76 (apparent quintet,
J = 7.0 Hz, 1 H, NCHMe), 2.90 (m, 4 H, dithiane H), 2.55 (m,
1 H, CH,H,CH=CHy), 2.40 (m, 1 H, CH,H;,CH=CHj3), 2.16 (m,
2 H, dithiane H), 0.87 (d, J = 7.0 Hz, 3 H, NCHCHj3); 3C NMR
(75 MHz, CDCl;) 6 173.0, 152.5, 149.6, 134.2, 133.3, 130.9, 128.9,
128.7,125.6, 117.7, 78.8, 55.1, 43.3, 37.6, 30.0, 29.5, 24.7, 14.6; IR
(neat) 2912w, 1781 s, 1697 s, 1456 m, 1364 s, 1344 5, 1220 m, 1195
s, 1121 m, 1032 m, 989 m, 914 m, 766 m, 730 w, 701 m cm; MS
(EL 70 eV) m/e (rel inten) 389 (M*, 2), 348 (9), 304 (6), 212 (83),
185 (58), 172 (186), 143 (25), 137 (32), 119 (100), 91 (41), 77 (52),
67 (39); MS (CI, isobutane) m/e (rel inten) 390 (MH*, 100), 178
(42), 107 (18). HRMS (EI, 70 eV) caled for CgyoHsNOsSs:
389.1119. Found: 389.1122.
(4R,58)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)-2-benzylpropyl})-
4-methyl-5-phenyl-2-oxazolidinone (19a). Alkylation of the
lithium enolate of 4a with benzyl bromide gave 19a. Purification
with flash chromatography and further by recrystallization gave
awhitesolid (67%): mp 120-121 °C; [«]?5-25.0°, [«]*57,-28.4°,
[] 27546 —30.9°, []¥4g5 —64.0°, [0]?"405 —84.2° (¢ = 0.85, CHCla);
1H NMR (500 MHz, CDCls) 6 7.39 (m, 3 H, aromatic H), 7.29 (m,
7 H, aromatic H), 6.10 (d, J = 9.4 Hz, 1 H, HC=C), 5.63 d,J
= 7.0 Hz, 1 H, CHPh), 5.37 (m, 1 H, COCHC==), 4.72 (apparent
quintet, J = 7.0 Hz, 1 H, NCHMe), 3.17 (dd, J = 13.1, 6.8 Hz,
1 H, CH,H,Ph), 2.82 (m 4 H, dithiane H), 2.59 (collapsed ddd
(7 lines), J = 13.1, 6.8, 2.4 Hz, 1 H, CH.HPh), 2.08 (m, 2 H,
dithiane H), 0.73 (d, J = 7.0 Hz, 3 H, NCHCHj3); 13C NMR (126
MHz, CDCly) $173.0,152.3,137.7,133.2,130.3,131.5,129.7,129.1,
128.7, 128.6, 128.1, 126.4, 125.6, 78.7, 54.9, 45.5, 39.2, 30.0, 29.5,
24.7,14.3; IR (neat) 2923 m, 1781 s, 1695 s, 1496 m, 1455 m, 1367
8, 1342 8, 1226 s, 1197 s, 1122 m, 766 m, 732 m, 700 s cm~}; MS
(EL 70 eV) m/e (rel inten) 439 (M, 2), 348 (29), 304 (8), 262 (15),
235 (12), 187 (19), 172 (20), 143 (31), 128 (51), 115 (51), 107 (35),
91 (100), 73 (56), 65 (35); MS (CI, isobutane) m/e (rel inten) 440
(MH*, 100), 384 (3), 178 (27), 133 (13), 107 (13). Anal. Calcd
for CoHsNOsSs: C,65.60; H, 5.69; N, 3.19. Found: C,65.61; H,
5.73; N, 3.19.
(4R,5S5)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)-2-[3,4- (methyl-
enedioxy)benzyl]propyl)-4-methyl-5-phenyl-2-oxazolidi-
none (208).47 Alkylation of the lithium enolate of 4da with
piperonyl bromide gave 20a. Purification with flash chroma-
tography gave a colorless oil (60%): "H NMR (250 MHz, CDCly)
5 7.34 (m, 5 H, aromatic H), 6.80 (s, 1 H, piperonyl H), 6.71 (s,
1 H, piperonyl H), 6.70 (s, 1 H, piperonyl H), 6.05 (d, J = 9.3 Hz,
1 H, HC=C), 5.90 (dd, J = 5.1, 1.5 Hz, 2 H, OCH;0) 5.63 (d, J
=17.0Hz, 1H, CHPh),5.28 (m, 1 H, COCHC=),4.72 (app quintet,
J=7.0Hz,1H,NCHMe), 3.50 (dd, J = 13.2,6.7 Hz, 1 H, CH H}~
Ar), 2.84 (m, 4 H, dithiane H), 2.70 (dd, J = 13.2, 6.7 Hz, 1 H,
CH,HuAr), 2.10 (m, 2 H, dithiane H), 0.78 (d, J = 7.0 Hz, 3 H,
NCHCH:); B3C NMR (63 MHz, CDCl3) 6173.2,152.5,147.5,146.3,

(47) Procedures for the preparation of all piperonyl derivatives:
Nguyen, H. D. Ph.D. Thesis, University of California, Irvine, 1989.
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133.5,132.0, 131.8, 128.9, 128.8, 128.7, 125.9, 122.9, 110.3, 108.1,
100.9, 79.0, 55.2, 45.9, 39.1, 30.2, 29.6, 24.9, 14.6; IR (neat) 2820
m, 1790 s, 1700 s, 1610 m, 1370 s, 1250 m, 1200 s, 1124 m, 1027
m, 701 m em!; MS (EI, 70 eV) m/e (rel inten) 483 (M*, 8), 348
(87), 304 (27), 172 (32), 135 (100); HRMS (EI, 70 eV) caled for
CosHosNOsSs: 483.1173. Found: 483.1145.
(4R,5S)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)-2-propylpropyl]-
4-methyl-5-phenyl-2-oxazolidinone (21a). Alkylation of the
lithium enolate of 4a with propyl trifluoromethanesulfonate gave
21a. Purification with radial chromatography gave a colorless
0il (64%): 'H NMR (500 MHz, CDCly) é 7.41 (m, 3 H, aromatic
H), 7.31 (m, 2 H, aromatic H), 6.05 (d, J = 9.4 Hz, 1 H, HC=C),
5.66 (d, J = 7.0 Hz, 1 H, CHPh), 4.97 (m, 1 H, COCHC=), 4.75
(apparent quintet, J = 7.0 Hz, 1 H, NCHMe), 2.88 (m, 4 H,
dithiane H), 2.18 (m, 2 H, dithiane H), 1.78 (m, 1 H, propyl H),
1.54 (m, 1 H, propyl H), 1.39 (m, 2 H, propyl H), 0.93 (t,J = 7.3
Hz, 3 H, propyl CHy), 0.88 (d, J = 7.0 Hz, 3 H, NCHCH3); 15C
NMR (126 MHz, CDCl3) 6 173.8, 152.4, 133.3, 130.3, 130.0, 128.7,
128.6, 125.6, 78.8, 55.0, 43.6, 35.5, 30.0, 29.5, 24.8, 20.1, 14.5, 14.0;
IR (neat) 2958 m, 2932 m, 2871 m, 1782 s, 1695 s, 1456 m, 1361
8, 1348 5, 1280 m, 1224 5, 1195 5, 1120 m, 1031 m, 766 m, 701 m
cm™; MS (EI, 70 eV) m/e (rel inten) 391 (M*, 6), 214 (100), 187
(67,171 (10), 158 (21), 143 (25), 71 (44); MS (CI, isobutane) m/e
(rel inten) 392 (MH*, 100), 178 (86), 133 (34), 107 (27), 83 (21),
71 (17); HRMS (EI, 70 eV) caled for CooHosNO3Sy: 391.1276.
Found: 391.1287.
(4R,58)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)-2-(2-propyl)-
propyl)-4-methyl-5-phenyl-2-oxazolidinone (22a). Alkylation
of the lithium enolate of 4a with 2-propyl trifluoromethane-
sulfonate gave 22a. Purification with radial chromatography
and further by recrystallization gave a white, crystalline solid
(58%): mp 176~177 °C; [a]®p —20.0°, [a]®sr —16.5°, [a]Pse
-22.4°, [a]?35-54.9°, [a]P45—T73.1° (c = 1.00, CHCl;); 'H NMR
(500 MHz, CDCly) é 7.40 (m, 3 H, aromatic H), 7.31 (m, 2 H,
aromatic H), 6.05 (d, J = 9.9 Hz, 1 H, HC=C), 5.66 (d, J = 7.0
Hz, 1 H, CHPh), 4.92 (dd, J = 9.9, 7.4 Hz, 1 H, COCHC=), 4.77
(app quintet, J = 7.0 Hz, 1 H, NCHMe), 2.89 (m, 4 H, dithiane
H), 2.16 (m, 3 H, dithiane H and CH(Me);), 1.01 (d, J = 6.6 Hz,
3 H, CH(CH3s)s), 0.96 (d, J = 7.0 Hz, NCHCHjy), 0.90 (d, J = 6.6
Hz, 3 H, CH(CH,)y); 1*C NMR (126 MHz, CDCl;) § 173.4, 152.5,
133.3, 131.2, 128.7, 128.6, 125.6, 78.7, 55.0, 49.4, 32.6, 30.0, 29.4,
24.7,20.4,19.0, 14.5; IR (neat) 2958 s, 2932 8, 2871 m, 1784 8, 1697
8, 1457 m, 1363 s, 1348 5, 1281 m, 1224 s, 1195 s, 1125 m, 1031
m, 767 m, 700 m cm-!; MS (EI, 70 eV) m/e (rel inten) 391 (M*,
5), 348 (3), 304 (3), 214 (100), 187 (72), 158 (16), 143 (20), 107 (22);
MS (CI, isobutane) m/e (rel inten) 392 (MH*, 100), 178 (6); HRMS
(CI, isobutane) caled for CooHNO;Ss: 392.1354. Found:
392.1342. Anal. Calcd for CooHasNOsSa: C, 61.36; H, 6.44; N,
3.58. Found: C, 61.40; H, 6.46; N, 3.30.
(4R,55)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)-2-(2-cyclohex-
yl)propyl]-4-methyl-5-phenyl-2-oxazolidinone (23a). Alkyl-
ation of the lithium enolate of 4a with cyclohexyl trifluo-
romethanesulfonate gave 23a. Purification with radial chro-
matography gave a colorless oil (37%): 'H NMR (500 MHz,
CDCly) é 7.40 (m, 3 H, aromatic H), 7.30 (m, 2 H, aromatic H),
6.05(d,J =9.7Hz,1 H, HC=C), 5.66 (d,J = 7.0 Hz, 1 H, CHPh),
492 (dd, J = 9.7, 7.4 Hz, 1 H, COCHC==), 4.77 (app quintet, JJ
= 7.0 Hz, 1 H, NCHMe), 2.85 (m, 4 H, dithiane H), 2.16 (m, 2
H, dithiane H), 1.81-1.43 (m, 6 H, cyclohexyl H), 1.20 (m, 5 H,
cyclohexyl H), 0.90 (d, J = 7.0 Hz, 3 H, NCHCH,); IR (neat) 2926
8, 2851 s, 1783 s, 1698 s, 1450 m, 1364 s, 1339 s, 1225 8, 1195 s,
1119 s, 1032 m, 766 m, 734 m, 701 m cm™!; MS (EI, 70 eV) m/e
(rel inten) 431 (M*, 24), 348 (6), 254 (90), 227 (34), 198 (12), 172
(58), 145 ('76), 118 (36), 107 (35), 97 (36), 91 (71), 87 (35), 78 (10),
71 (94), 55 (100); MS (CI, isobutane) m/e (rel inten) 432 (MH*,
100), 227 (8), 178 (95), 138 (44), 107 (54); HRMS (E1, 70eV) caled
for CogHosNO3S2: 431.1589. Found: 431.1554.
(4S)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)-2-benzylpropyl]-
4-(1-methylethyl)-2-0xazolidinone (19b). Alkylation of the
lithium enolate of 4b with benzyl bromide gave 19b. Purification
with radial chromatography gave a colorless 0il (60%): [a]1%p
+47.8°, [a]®Bs7r +50.3°, [a]?ss +58.6°, [a]B35 +110°, [a]® s
+141° (¢ = 1.38, CHCl3); 'H NMR (500 MHz, CDCly) & 7.28 (m,
5 H, aromatic H), 6.04 (d, J = 9.3 Hz, 1 H, HC=C), 5.40 (dt, J
= 9.3, 7.6 Hz, 1 H, COCHC=), 4.38 (ddd, J = 8.9, 3.8, 2.8 Hz,
1H, NCH), 4.22 (apparent t,J = 8.9 Hz, 1 H, OCH,Hyp), 4.14 (dd,
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J =89, 2.8 Hz,1 H, OCH.Hy), 3.17 (dd, J = 13.1,7.2 Hz, 1 H,
CH_H4Ph), 2.78 (m, 4 H, dithiane H), 2.59 (collapsed ddd (seven
lines), J = 13.1, 7.2, 5.7 Hz, 1 H, CH.H4¢Ph), 2.18 (m, 1 H,
CH(Me)s), 2.07 (m, 2 H, dithiane H), 0.84 (d, J = 6.9 Hz, 3 H,
CHj),0.60 (d,J = 6.9 Hz, 3 H, CH3); 3C NMR (126 MHz, CDCly)
6 173.1, 153.5, 137.8, 131.4, 129.6, 129.1, 128.1, 126.4, 63.0, 58.5,
45.4, 39.5, 30.0, 29.4, 28.4, 24.6, 17.9, 14.3; IR (neat) 2962 m, 2920
m, 2874 w, 1778 8, 1694 s, 1486 m, 1454 m, 1421 m, 1373 s, 1300
s, 1258 m, 1202 s, 1098 m, 1057 m, 1023 m, 912 m, 749 m, 699 s
cm-t; MS (EL 70 eV) m/e (rel inten) 391 (M*, 1), 300 (100), 262
(21), 235 (15), 187 (7), 143 (15), 119 (10), 91 (7), 73 (7); HRMS
(EI, 70 eV) calcd for CooH2sNO3S,: 391.1276. Found: 391.1275.

(485)-3-[1-Ox0-3-(1,3-dithian-2-ylidene)-2-(2-propyl)propyl}-
4-(1-methylethyl)-2-oxazolidinone (22b). Alkylation of the
lithium enolate of 4b with 2-propyl trifluoromethanesulfonate
gave 22b. Purification with radial chromatography and further
by recrystallization gave colorless, translucent crystals (76%):
mp 84-85 °C; 'H NMR (500 MHz, CDCly) § 6.07 (d, J = 9.9 Hz,
1H,HC=C),4.95 (dd,J=9.9,6.7 Hz,1 H, COCHC=), 4.46 (app
dt, J = 8.8, 3.0 Hz, 1 H, NCH), 4.28 (app t, J = 8.8 Hz, 1 H,
OCH, H,), 4.22 (dd, J = 8.8, 3.0 Hz, 1 H, OCH,H}), 2.90 (m, 4 H,
dithiane H), 2.38 (m, 1 H, CH(Me)y), 2.18 (m, 3 H, dithiane H
and CH(Me)2), 1.03 (d, J = 7.0 Hz, 3 H, CH3), 0.96 (d, J = 7.0
Hz, 3 H, CHj), 0.95 (d, J = 7.0 Hz, 3 H, CH3), 091 (d, J = 7.0
Hz, 3 H, CH;); 3C NMR (126 MHz, CDCl;) 6 173.5, 153.5, 131.2,
128.4, 63.0, 58.6, 49.3, 32.7, 30.1, 29.5, 28.5, 24.8, 20.6, 18.7, 18.0,
14.6; IR (neat) 2962 s, 2931 m, 2873 m, 1779 s, 1693 s, 1464 m,
1372 s, 1300 m, 1203 s, 1093 m, 1058 m, 1021 m cm-!; MS (EI,
70 eV) m/e (rel inten) 343 (M*, 7), 300 (16), 214 (99), 187 (100),
172 (21), 158 (26), 143 (51), 107 (54), 97 (46), 87 (24), 79 (567), 69
(77), 55 (41); MS (CI, isobutane) m/e (rel inten) 344 (MH*, 100),
130 (14); HRMS (EI, 70 eV) caled for C,gH2sNO3S,: 343.1276.
Found: 343.1272.

General Procedure for the Reductive Removal of the
Oxazolidinone Chiral Auxiliary. A solution of lithium
aluminum hydride (1M, 1.2 mmol) in THF was added to asolution
of the carboximide ketene dithioacetal (17-23, 1.0 mmol) in THF
(7mL) at0°C and was stirred for 30 min. At0°C, the suspension
was treated with solid NaSO,10H;0 (170 mg) and allowed to
warm to ambient temperature over 30 min. The white mixture
was filtered through a pad of Celite, the solid was washed with
THF (5 X 2 mL), and the combined filtrates were concentrated.
Flash or radial chromatography (5:1 = hexanes/Et;0) of the
residue gave the hydroxy ketene dithioacetal (24-28) as a colorless
oil.

(2R)-2-(2-Propenyl)-3-(1,3-dithian-2-ylidene)propanol
(24a). Reduction of 18 with lithium aluminum hydride in THF
gave 24a. Purification with radial chromatography gave a
colorless oil (90%): 'H NMR (500 MHz, CDCls) 6 5.78 (m, 2 H,
HC=CS; and allyic H), 5.07 (m, 1 H, allylic H), 5.03 (m, 1 H,
allylic H), 3.60 (dd, 1 H, J = 10.5, 4.6 Hz, CH,H,OH), 8.49 (dd,
1H,J = 10.5, 7.3 Hz, CH,H;,OH), 2.97 (m, 1 H, CHC=C(), 1.89
(m, 4 H, dithiane H), 2.17 (m, 4 H, dithiane H and CH,C=C);
13C NMR (126 MHz, CDCl;) é 135.8, 133.6, 129.3, 118.5, 65.5,
42.1, 35.7, 30.2, 29.8, 25.0; IR (neat) 3385 (broad) s, 2914 s, 1641
m, 1583 w, 1422 m, 1277 m, 1027 s, 912 s cm™}; MS (EL, 70 eV)
m/e (rel inten) 216 (M*, 12), 185 (28), 175 (100), 119 (20), 107
(36), 101 (62), 73 (50), 67 (41), 53 (12); MS (CI, isobutane) m/e
(rel inten) 217 (MH*, 100), 199 (12); HRMS (EI, 70 eV) calcd for
C10H1608:: 216.0642. Found: 216.0656.

(2R)-2-Benzyl-3-(1,3-dithian-2-ylidene)propanol (25a). Re-
duction of 19a with lithium aluminum hydride in THF gave 25a.
Purification with radial chromatography gave a colorless oil
88%): [al®p -26.7°, [a]lPsr ~56.5°, [a)Pss —61.8°, [a]Py;s
~107.4°, [a]%405 —130.6° (¢ = 0.46, CHCl,); 'H NMR (300 MHz,
CDCly) 6 7.20 (m, 5 H, aromatic H), 5.83 (d, J = 9.6 Hz, 1 H,
HC=C), 3.59 (dd, 1 H, J = 10.4, 5.3 Hz, CH . H,OH), 3.49 (dd,
1H, J = 10.4, 6.5 Hz, CH.H,OH), 3.19 (m, 1 H, CHC=C), 2.81
(m, 4 H, dithiane H), 2.65 (m, 2 H, CH;Ph), 2.09 (m, 2 H, dithiane
H); ®*C NMR (126 MHz, CDCl;) 6139.4,134.1,129.4,129.2,128.2,
126.0, 65.1, 44.0, 37.5, 30.3, 29.6, 25.0; IR (neat) 3387 (broad) s,
2913 s, 1602 w, 1582 w, 1494 m, 1453 m, 1421 m, 1276 m, 1062
m, 1031 8,911 m, 7458, 700 s cm-1; MS (EI, 70 eV) m/e (rel inten)
266 (M*, 4), 235 (5), 175 (100), 128 (20), 115 (13), 107 (27), 101
(39), 91 (56), 73 (38); MS (CI, isobutane) m/e (rel inten) 267
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(MH*,100), 249 (14), 193 (13),175 (16), 161 (26), 107 (22); HRMS
(EI, 70 eV) caled for C14H 1508 266.0799. Found: 266.0790.

(2R)-2-[3,4-(Methylenedioxy)benzyl]-3-(1,3-dithian-2-
ylidene)propanol (26a).” Reduction of 20a with lithium
aluminum hydride in THF gave 26a. Purification with flash
chromatography gave a colorless 0il (88%): 'H NMR (250 MHz,
CDCls) 6 6.70 (m, 3 H, aromatic H), 5.93 (s, 2 H, OCH:0), 5.80
(d, J = 8.8 Hz, 1 H, HC=C(), 3.50 (m, 2 H, CH,OH), 3.15 (m, 1
H, CHC=C(), 2.70 (m, 6 H, dithiane H and CH,Ar), 2.15 (m, 2
H, dithiane H); IR (neat) 3600 (broad) m, 2920 s, 2880 m, 1490
m, 1250 m, 700 s cm™!; MS (EI, 70 eV) m/e (rel inten) 310 (M*,
34), 236 (44), 175 (78), 135 (100); HRMS (EI, 70 eV) calcd for
C15H1303S2: 310.0697. Found: 310.0710.

(2R)-2-Propyl-3-(1,3-dithian-2-ylidene)propanol (27a). Re-
duction of 21a with lithium aluminum hydride in THF gave 27a.
Purification with radial chromatography gave a colorless oil
95%): [a)®'p—-22.5°, [a]*577~85.7°, [0} ¥7546—82.7°, []?" (35-56.6°,
[2]%495 —61.5° (¢ = 0.36, CHCly); 'H NMR (300 MHz, CDCls) &
5.73 (d,J = 9.8 Hz, 1 H, HC=C), 3.57 (dd, 1 H, J = 10.5, 5.4 Hz,
CH,H,0H), 3.44 (dd, 1 H, J = 10.5, 7.6 Hz, CH . H,OH), 2.87 (m,
5 H, dithiane H and CHC=C), 2.15 (m, 2 H, dithiane H), 1.48~
1.25 (m, 4 H, CH,CH,), 0.90 (t, J = 6.9 Hz, 3 H, CH3); 1*C NMR
(75 MHz, CDCly) 6 135.1, 128.9, 66.2, 42.4, 33.4, 30.3, 29.7, 25.0,
20.3, 14.2; IR (neat) 3372 (broad) s, 2953 s, 2927 s, 2868 s, 1464
m, 1421 m, 1378 w, 1276 m, 1239 w, 1054 m, 1036 m, 1010 m, 912
m cm-!; MS (EI, 70 eV) m/e (rel inten) 218 (M*, 20), 187 (89),
175 (7), 145 (72), 113 (13), 107 (19), 97 (21), 85 (17), 79 (18), 71
(100), 55 (39); MS (CI, isobutane) m/e (rel inten) 219 (MH*,
100), 201 (10); HRMS (EI, 70 eV) calcd for C10H150Ss: 218.0799.
Found: 218.0794.

(2R)-2-(2-Propyl)-3-(1,3-dithian-2-ylidene)propanol (28a).
Reduction of 22a with lithium aluminum hydride in THF gave
28a. Purification with radial chromatography gave a colorless
oil (85%): [a)*p -16.4°, [a]®57 —20.3°, [«]?Ps46 —19.8°, (0] P35
-30.1°, [a]® 45 —26.5° (¢ = 0.45, CHCl;); HRMS (CI, isobutane)
caled for C;0H;508:: 219.0877. Found: 219.0863. Spectral data
for 28a is identical to that for 28b.

(25)-2-Benzyl-3-(1,3-dithian-2-ylidene)propanol {25b). Re-
duction of 19b with lithium aluminum hydride in THF gave 25b.
Purification with radial chromatography gave a colorless oil
(78%): [a]¥p +43.4°, [} s +42.4°, [a)®5e +50.2°, [a)®ess
+94.0°, [a]%" 45 +120 (¢ = 1.00, CHClL3); HRMS (EI, 70 eV) caled
for C;.H150S2: 266.0799. Found: 266.0798. Spectral data for
25b is identical to that for 25a.

(28)-2-(2-Propyl)-3-(1,3-dithian-2-ylidene) propanol (28b).
Reduction of 22b with lithium aluminum hydride in THF gave
28b. Purification with radial chromatography gave a colorless
0il (58%): []®p +16.6°, [a)®%577 +11.2°, [a]?%54s +10.4°, [a]®4a5
+19.9°, [a]®405 +29.5° (¢ = 0.64, CHCl); 'H NMR (500 MHz,
CDCls) 6 5.81 (d, J = 10.2 Hz, 1 H, HC=C), 3.68 (dd, J = 10.4,
5.0 Hz, 1 H, CH,H,OH), 3.47 (dd, J = 10.4, 8.2 Hz, 1 H, CH,H,-
OH), 2.89 (m, 4 H, dithiane H), 2.71 (m, 1 H, CHC=C(), 2.17 (m,
2 H, dithiane H), 1.73 (m, 1 H, CH(Me)), 0.92 (d, J = 6.8 Hz,
3 H, CHy), 0.88 (d, J = 6.8 Hz, 3 H, CH3); 1*C NMR (126 MHz,
CDCly) 6 133.3, 129.6, 64.3, 48.6, 30.4, 29.7, 29.1, 25.0, 20.7, 19.3;
IR (neat) 3385 (broad) m, 2955 s, 2912-s, 2872 m, 1463 m, 1422
m, 1385 w, 1366 w, 1275 m, 1241 w, 1056 m, 1036 m, 1010 w, 913
m cm'; MS (EI, 70 eV) m/e (rel inten) 218 (M*, 18), 187 (91),
175 (65), 113 (27), 107 (82), 101 (67), 97 (24), 81 (52), 73 (100),
69 (38), 53 (23); MS (CI, isobutane) m/e (rel inten) 219 (MH*,
100), 201 (9); HRMS (EI, 70 V) caled for C10H130S2: 218.0799.
Found: 218.0810.

General Procedure for the Cyclization of the Acyclic
Hydroxy Ketene Dithioacetals: Dithiane-Protected Lac-
tones., 2,2-[3-[3,4-(Methylenedioxy)benzyl]-1-oxa-1,4-bu-
tanediyl]-1,3-dithiane (30).4 A 10-mL, round-bottomed flask
was charged with a solution of 2-piperonyl hydroxy ketene
dithioacetal (264,79 mg, 0.3 mmol) in dichloromethane (2.0 mL),
and trifluoroacetic acid (20 uL, 0.3 mmol) was added via a
microsyringe. The resulting yellow solution was stirred for 30
min at ambient temperature and concentrated to give a yellow
oil. Purification by radial or flash chromatography (petroleum
ether: ether = 1:1) gave 73 mg of 30 (390%) as a colorless oil: 'H
NMR (250 MHz, CDCls) é 6.70 (m, 3 H, aromatic H), 5.95 (s, 2
H, OCH;0), 4.05 (m, 1 H, CH,H,,0), 3.75 (m, 1 H, CH . H,,0), 3.40
(m, 2 H, dithiane H), 2.70 (m, 5 H, 2 X dithiane H, S;CCH,,
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and CHCH,Ar), 2.40-1.80 (m, 4 H, 2 X dithiane H and CH,Ar);
IR (neat) 2915 s, 2855 m, 1497 m, 1455 s, 1447 m, 1420 m, 1273
m, 1240 w em™!; MS (EI, 70 eV) m/e (vel inten) 310 (M*, 38), 236
(60), 175 (27), 135 (100); HRMS (EI, 70 eV) calcd for C15H 10382
310.0697. Found: 310.0699.

2,2-(3-Benzyl-1-0xa-1,4-butanediyl)-1,3-dithiane (29). As
described above, 2-(hydroxy-1-benzylethyl)ketene dithioacetal
(25a) was treated with trifluoroacetic acid in dichloromethane
togive 29. Purification by radial chromatography gave a colorless
oil (71%): [a]®p +6.6°, [a]®sm +0.8°, [a]®se +2.3°, [a]P s
+6.6°, [a]?405 +12.7° (¢ = 0.73, CHCly); 'H NMR (250 MHz,
CDCly) 6 7.24 (m, 5 H, aromatic H), 4.04 (dd, J = 9.8,6.8 Hz, 1
H, CH.H,0), 3.76 (dd, J = 9.8, 4.7 Hz, 1 H, CH,H,0), 3.41 (td,
J = 13.2, 2.4 Hz, 1 H, dithiane H), 3.34 (td, J = 13.2, 23 Hz, 1
H, dithiane H), 2.76 (m, 5 H, 2 X dithiane H, S;CCH,,and CHCH,-
Ph), 2.33 (dd, J = 13.7, 7.8 Hz, 1 H, CH.H4Ph), 2.16 (m, 1 H,
CH,H Ph), 1.93 (m, 2 H, dithiane H); *C NMR (126 MHz, CDCls)
5 139.7, 128.4, 128.3, 126.0, 90.7, 72.7, 47.4, 40.0, 39.2, 28.3, 27.9,
24.4; IR (neat) 3024 m, 2915 s, 2855 m, 1496 m, 1453 s, 1441 m,
1423 m, 1275 m, 1243 w cm-1; MS (EI, 70 eV) m/e (rel inten) 266
(M+, 2), 192 (7), 175 (31), 131 (19), 116 (48), 101 (18), 91 (100),
65 (28); MS (CI, isobutane) m/e (rel inten) 267 (MH*, 100), 193
(15), 177 (35), 107 (10); HRMS (EI, 70 eV) caled for C14H1508:
266.0799. Found: 266.0792.

General Procedure for the Hydrolysis of Dithiane-
Protected Lactones. (R)-8-[3,4-(Methylenedioxy)benzyl]-
v-butyrolactone (32a).4” A solution of 30 (73 mg, 240 umol) in
80% aqueous acetonitrile (5.0 mL) in a 25-mL round-bottomed
flask was treated with mercuric chloride (130 mg, 470 umol) and
calcium carbonate (94 mg, 940 pmol) at ambient temperature.
The resulting cloudy solution was stirred for 1 h and then filtered
through a pad of Celite; the pad was rinsed with acetonitrile (3
% 2mL). The combined filtrates were concentrated, the residue
was taken up in chloroform (2 mL), and this solution was treated
with NazS:9H,0 (0.5 mmol, 120 mg) and then allowed to stir at
ambient temperature for 1 h, during which time a black precipitate
formed. The mixture was dried (NazS0Oy), filtered, and concen-
trated. Flash chromatography (ether:petroleum ether = 1.5:1)
of the residue gave 62 mg of 32a (60%) as an oil: [a]®p +4.4°
(c = 1.08, CHCly) [lit.*® of (S) enantiomer [a]p —4.8° (¢ = 1.14,
CHCly)1; *H NMR (250 MHz, CDCl) § 6.7 (m, 3 H, aromatic H),
5.93 (s, 2 H, OCH;0), 4.35 (dd, J = 9.0, 7.2 Hz, 1 H, CH,H,,0),
4.05 (dd, J = 9.0, 6.8 Hz, 1 H, CH H},0), 2.80 (m, 1 H, CHCH,Ar),
2.70 (m, 2 H, CH,C=0), 2.56 (dd, J = 17.3, 7.0 Hz, 1 H, CH.H4-
Ar), 2.24 (dd, J = 17.3, 7.2 Hz, 1 H, CH.H,Ar); *C NMR (63
MHz, CDCls) $176.8,148.2,146.6,132.1,121.8,109.0,108.6,101.2,
72.6, 38.8, 37.4, 34.3; IR (neat) 2900 m, 1780 s cm-; MS (EI, 70
eV) m/e (rel inten) 220 (M*, 24), 135 (100); HRMS (E]I, 70 eV)
caled for C1oHi204: 220.0735. Found: 220.0728.

(R)-8-Benzyl-y-butyrolactone (3la). In a fashion similar
to that described above, 2,2-(3-benzyl-1-oxa-1,4-butanediyl)-1,3-
dithiane (29) was hydrolyzed with mercuric chloride/calcium
carbonate in aqueous acetonitrile to give 31a (91%). Bulb-to-
bulb distillation gave a colorless oil: bp 100~120 °C (1.5 mmHg);
[a]®p +6.6°, [Py +3.3°, [a]Ps4s +6.8°, [a) P45 +8.9°, [a] P05
+12.6° (¢ = 0.92, EtOH); 'H NMR (500 MHz, CDCly) 4 7.36 (m,
2H, aromatic H), 7.29 (m, 1 H, aromatic H), 7.19 (m, 2 H, aromatic
H), 4.37 (dd, J = 9.0, 7.0 Hz, 1 H, CH,H,,0), 4.07 (dd, J = 9.0,
6.2 Hz, 1 H, CH H0), 2.90 (m, 1 H, CHCH;Ph), 2.82 (m, 2 H,
CH.C=0), 2.64 (dd, J = 17.4, 8.0 Hz, 1 H, CH.H4Ph), 2.33 (dd,
J =17.4, 7.0 Hz, 1 H, CH.HsPh); 13*C NMR (75 MHz, CDCl) &
176.8, 138.2, 128.8, 128.6, 126.8, 72.6, 38.9, 37.2, 34.2; IR (neat)
3026 w, 2921 m, 2851 w, 1774 s, 1496 m, 1454 m, 1418 m, 1378
w,11708, 10168, 745 m, 701 s cm™'; MS (EI, 70 eV) m/e (rel inten)
176 (M, 27), 117 (10), 91 (100), 65 (14); MS (CI, isobutane) m/e
(rel inten) 177 (MH*, 100); HRMS (EIL, 70 eV) caled for
CuHz02: 176.0837. Found: 176.0839.

General Procedure for the Cyclization and Concomitant
Hydrolysis of Acyclic Hydroxy Ketene Dithioacetals To
Give v-Butyrolactones. A 10-mL, round-bottomed flask was
charged with the hydroxy ketene dithioacetal (0.2 mmol) and
dichloromethane (1 mL). At ambient temperature, the solution

(48) (a) Reference 17b; (b) Tomioka, K.; Mizuguchi, H.; Koga, K. Chem.
Pharm. Bull. Jpn. 1982, 30, 4304. (¢) Kuhn, M.; von Wartburg, A. Helv.
Chim. Acta 1967, 50, 1546.
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was treated with toluenesulfonic acid (10 mg) and stirred for 1
h. The solution was diluted with water (1 mL) and the layers
were separated. The aqueous layer was extracted with Etz0 (3
X 1 mL). The combined organic extracts were washed with H,O
and brine, dried (MgSO,), and concentrated. Purification by
radial chromatography (5:1 = hexanes/Et,0) gave the volatile
lactone as a colorless oil. The lactone could be further purified
by bulb-to-bulb distillation (60-120 °C, 1.5 mmHg).

(R)-8-Benzyl-y-Butyrolactone (31a). Cyclization of (2R)-
2-Benzyl-3-(1,3-dithian-2-ylidene)propanol (25a) with toluene-
sulfonic acid in dichloromethane gave 3la. Bulb-to-bulb dis-
tillation gave a colorless oil (85%): [«]%®p +5.6°, [a]® +1.5°,
[a) %5 +6.0°, [a)Pyss +8.5°, [a]Pws +12.7° (¢ = 1.00, EtOH);
HRMS (EI, 70 eV) caled for CiH1202: 176.0837. Found:
176.0835. Spectral data for the lactone obtained from this
procedure is identical to that described for 31a obtained from
hydrolysis of the dithiane-protected lactone.

(R)-8-Propyl-y-butyrolactone (33a). Cyclization of (2R)-
2-Propyl-3-(1,3-dithian-2-ylidene)propanol (27a) with toluene-
sulfonic acid in dichloromethane gave 33a. Bulb-to-bulb dis-
tillation gave a colorless 0il (90%): [a]®p+7.4° (¢ =0.31,CHCly)
[lit.1% [«]%8p +6.7° (c = 3.9, EtOH)]; 'H NMR (300 MHz, CDCly)
54.42 (dd, J = 8.7, 8.0 Hz, 1 H, CH ,H,,0), 3.94 (dd, J = 8.7, 7.6
Hz, 1 H, CH.H,,0), 2.61 (m, 2 H, CH;,C=0), 2.18 (m, 1 H, CH-
propyl), 1.54 (m, 2 H, propyl H), 1.39 (m, 2 H, propyl H), 0.93
(t,J = 7.3 Hz, 3 H, CH;); IR (neat) 2923 8, 1780 s, 1467 m, 1420
m, 1379 m, 1171 s, 1016 s cm™!; MS (EL, 70 eV) m/e (rel inten)
129 (MH*, 6), 128 (M, 2), 97 (7), 70 (89), 69 (34), 56 (100), 55
(99); MS (CI, isobutane) m/e (rel inten) 129 (MH*, 100); HRMS
(CI, isobutane) caled for C;H;302: 129.0915. Found: 129.0917.

(S)-8-(2-Propyl)-v-butyrolactone (34a). Cyclization of
(2R)-2-(2-propyl)-3-(1,3-dithian-2-ylidene)propanol (28a) with
toluenesulfonic acid in dichloromethane gave 34a. Bulb-to-bulb
distillation gave a colorless 0il (48 % ): [«]®p—21.6°, [«]®s-19.3°,
[a] %5 —26.3°, [2]®435 —45.9°, [a]® 45 —53.8° (¢ = 0.69, CHCl,)
[lit.1924® [x]24p ~13° (neat)]; HRMS (CI, isobutane) caled for
C;H1305: 129.0915. Found: 129.0910. Spectral data for this
lactone is identical to 34b.

(S)-8-Benzyl-v-Butyrolactone (31b). Cyclization of (25)-
2-Benzyl-3-(1,3-dithian-2-ylidene)propanol (25b) with toluene-
sulfonic acid in dichloromethane gave 31b (76% after chroma-
tography). Bulb-to-bulb distillation gave a colorless oil: [«]%®p
—6.9°, [@] %57 —7.7°, [a]®p4s —8.5°, [a]P4s5—-12.4°, [a] P45 —-11.2°
(¢ =1.00, CHCl;); HRMS (EI, 70eV) caled for C1;H;20,: 176.0837.
Found: 176.0843. Spectral data for the lactone obtained from
this procedure is identical to that described for 31a obtained
from hydrolysis of the dithiolane-protected lactone.

(R)-6-(2-Propyl)-y-butyrolactone (34b). Cyclization of
(28)-2-(2-Propyl)-3-(1,3-dithian-2-ylidene)propanol (28b) with
toluenesulfonic acid in dichloromethane gave 34b. Bulb-to-bulb
distillation gave a colorless 0il (95%): [a]®p+15.0°, [a]®sm +7.6°,
[a)%ge +18.3°, [a]®y35 +25.3°, [a]®405 +36.5° (¢ = 0.92, CHCly)
[lit.}?249 of (S) enantiomer [a]?p -13° (neat)]; 'H NMR (500
MHz, CDCl3) §4.42 (dd, J =9.0,7.7 Hz, 1 H, CH,H,0), 3.97 (app
t, J = 8.7 Hz, 1 H, CH,H0), 2.58 (dd, J = 16.9, 8.0 Hz, 1 H,
CHH4C=0), 2.30 (m, 1 H, CHCH(Me)y), 2.23 (dd, J = 16.9, 9.6
Hz, 1 H, CH.HsC=0), 1.64 (m, 1 H, CH(Me)2), 0.96 (d, J = 6.7
Hz,3H,CH,),0.92 (d,J = 6.7 Hz, 3 H, CHj); 1*C NMR (126 MHz,
CDClsy) 6177.3,72.2, 42.7, 32.9, 31.7, 20.6, 19.9; IR (neat) 2964 m,
2923 w, 2872 w, 1774 s, 1467 w, 1384 w, 1292 w, 1174 m, 1010 m
cm; MS (EI, 70 eV) m/e (rel inten) 129 (MH*, 2), 128 (M*, 2),
113 (1), 69 (68), 58 (37), 55 (100); MS (CI, isobutane) m/e (zel
inten) 129 (MH*, 100); HRMS (EI, 70 eV) caled for C7H;20,:
128.0837. Found: 128.0841.

(25)-(2-Benzyl-3-hydroxypropyl)-1,3-dithiane (35). The
benzyl carboximide ketene dithioacetal 19b (89.7 mg, 0.23 mmol)
in THF (1.7 mL) was treated with a solution of LAH (1.1 M, 0.12
mL) in THF and heated at reflux for 1 h. The mixture was
cooled to ambient temperature, solid NazSO10H:0 (50.7 mg)
and MgSO, were added, and the mixture was stirred at ambient
temperature for 3 h. The white mixture was filtered through a
pad of Celite, the solid was washed with THF (5 X 1 mL), and
the combined filtrates were concentrated. Radial chromatog-

(49) Kendall, M.; Wells, R. J. Aust. J. Chem. 1974, 27, 2293.
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raphy (5:1 = hexanes/Et;0) of the residue gave the hydroxy
dithiane 57.7mg (93% ) 35 as a colorless oil: []%®p+15.9°, [a]®s
+14.4°, [0) %546 +16.1°, [] 2455 +29.6°, []28405 +37.1° (c = 1.40,
CHCly); tH NMR (500 MHz, CDCl3) 6 7.28 (m, 2 H, aromatic H),
7.21 (m, 3 H, aromatic H), 4.10 (t, J = 7.4 Hz, 1 H, CHS,), 3.59
(dd,J =10.9, 4.7 Hz,1 H, CH,H;,OH), 3.52 (dd, J = 10.9, 5.0 Hz,
1 H, CH,H,OH), 2.82 (m, 4 H, dithiane H), 2.66 (m, 2 H, CH,-
Ph), 2.20 (m, 1 H, CH.H4CHS;), 2.10 (m, 1 H, CH . HsCHS,), 1.86
(m, 2 H, dithiane H), 1.78 (m, 1 H, CH); 1*C NMR (126 MHz,
CDCly) 6 139.8, 129.1, 128.3, 126.1, 64.3, 45.4, 39.3, 37.5, 36.8,
30.8, 30.2, 25.9; IR (neat) 3616—-3160 (broad) m, 3068 w, 3018 w,
2929 s, 2899 s, 1602 w, 1494 m, 1453 m, 1422 m, 1276 m, 1243 m,
1182 w, 1030 s, 951 w, 907 m, 741 s, 701 s cm™}; MS (EI, 70 eV)
m/e (rel inten) 268 (M*, 20), 161 (100), 143 (50), 134 (20), 91 (26);
MS (CI, isobutane) m/e (rel inten) 269 (MH*, 1), 268 (1), 251 (1),
161 (100); HRMS (EI, 70 eV) calcd for C;¢Hz008S,: 268.0955.
Found: 268.1051.
2-[(28)-2-Benzyl-3-0x0-3-[(4’'S)-4’-(1-methylethyl)-2’-0xo-
3-oxazolidinyl]propyl]-1,3-dithiane (36). The benzyl car-
boximide ketene dithioacetal 19b (60.7 mg, 0.16 mmol) in CH,Cl;
(2 mL) was cooled to-78 °C, treated with triethylsilane (100 uL)
and then with trifluoroacetic acid (100 uL), and allowed to warm
to ambient temperature over 2 h. The solution was washed with
saturated aqueous NaHCO; (2 mL), water (2 mL), and brine (2
mL), then dried (MgSO,), and concentrated under reduced
pressure. The residue was purified with flash chromatography
(7:1 = hexanes/ether) to give the carboximide dithiane (64.7 mg,
87%) 36 as a colorless oil: [a]2"p +40.1°, [a]? 517 +34.3°, [a]?ses
+38.7°, [a]?" 435 +60.4°, [a]¥ 05 +69.4° (¢ = 1.01, CHCly); (HNMR
(500 MHz, CDCl3) 6 7.22 (m, 5 H, aromatic H), 4.43 (m, 2 H,
CHC=0 and NCH), 4.23 (t,J = 8.8 Hz, 1 H, OCH,Hy), 4.14 (dd,
J =88,2.7Hz, 1H, OCHHy), 391 (t,J = 7.4 Hz, 1 H, HCS>),
3.08 (dd, J = 13.1, 6.6 Hz, H, CH . H4Ph), 2.74 (m, 4 H, dithiane
H), 2.67 (dd, J = 13.1, 8.4 Hz, 1 H, CH.H4Ph), 2.37 (dt,J = 13.9,
8.6 Hz, CH . HCHS,), 2.17 (m, 1 H, CHMe,), 2.00 (m, 1 H, CH H¢
CHS), 1.85 (m, 2 H, dithiane H), 0.84 (d, J = 7.1 Hz, 3 H, CHy),
0.62 (d, J = 7.1 Hz, 3 H, CHy); 1*C NMR (126 MHz, CDCl;) &
175.0,153.7,138.0,129.3,129.2, 128.4, 126.6, 63.1, 58.5, 44.9, 42.5,
39.6, 36.0, 29.3, 28.4, 25.6, 17.9, 14.4; IR (neat) 2961 m, 2926 m,
1777 s, 1696 s, 1490 w, 1458 w, 1421 w, 1387 s, 1300 m, 1277 w,
1237 m, 1205 m, 1141 w, 1102 w, 1054 w, 1019 w, 989 w, 948 w,
908 w, 774 w, 748 w, 701 m cm-!; MS (EI, 70 eV) m/e (rel inten)
393 (M*, 7), 261 (51), 193 (7), 150 (35), 145 (24), 130 (100), 119
(94), 104 (28), 91 (73), 85 (29), 69 (24), 59 (9), 55 (15); HRMS (CI,
isobutane) caled for CooHzsNOsS,: 394.1510. Found: 394.1517.
5,8-Dioxo-4-thia-8-[ (4R,58)-4-methyl-2-0x0-5-phenyl-2-0x-
azolidinyl]Joctanethiol (37). A 10-mL, round-bottomed flask
was charged with the carboximide ketene dithioacetal 4a (69.8
mg, 0.20 mmol) and dichloromethane (1 mL). At ambient
temperature, the solution was treated with toluenesulfonic acid
(10.0 mg) and stirred for 1 h. The solution was diluted with
water (1 mL) and the layers were separated. The aqueous layer
was extracted with Et;O (3 X 1 mL). The combined organic
extracts were washed with H;O and brine, dried (MgSO,), and
concentrated. Purification by radial chromatography (5:1 =
hexanes/Et20) gave the thioester 37 (51.4 mg, 70%) as a yellow
oil: 'HNMR (500 MHz, CDCl;) 6 7.39 (m, 5 H, aromatic H), 5.70
(d, J = 7.3 Hz, 1 H, OCHPh), 4.76 (app quintet, J = 7.0 Hz, 1
H, NCHMe), 3.33 (m, 3 H), 3.00 (m, 2 H), 2.85 (m, 3 H), 2.45 (t,
J=174Hz 1H,SH),1.90 (m,2H),1.88 (d,J = 7.0Hz,3 H, CHy);
IR (neat) 2918 w, 1781 5, 1696 s, 1458 w, 1380 m, 1347 s, 1260 m,
1218 m, 1199 m, 1121 m, 1031 w, 992 m, 767 m, 732 w, 700 m cm-';
MS (EI, 70 eV) 349 (M* - H:0, 2), 260 (2), 172 (89), 145 (37), 116
(26), 71 (100); MS (CI, isobutane) 368 (MH*, 4), 350 (23), 178
(100), 107 (55); HRMS (CI, isobutane) caled for C17HzeNO,S;:
368.0990. Found: 368.0981.
5,8-Dioxo-4-thia-8-[(49)-4-(1-methylethyl)-2-oxazolidinyl]-
octanethiol (38). A 10-mL, round-bottomed flask was charged
with the carboximide ketene dithioacetal 4b (60.2 mg, 0.20 mmol)
and dichloromethane (1 mL). At ambient temperature, the
solution was treated with toluenesulfonic acid (10.0 mg) and
stirred for 1 h. The solution was diluted with water (1 mL) and
the layers were separated. The aqueous layer was extracted with
Et;0 (3 X 1 mL). The combined organic extracts were washed
withH;Oandbrine,dried (MgS0,),and concentrated. Purification
by radial chromatography (5:1 = hexanes/Et,0) gave the thioester
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38 (52.9 mg, 83%) as a yellow oil: 'H NMR (500 MHz, CDCly)
64.42 (m, 1 H, NCH), 4.29 (dd, J = 16.2, 8.6 Hz, 1 H, OCH H}),
4.21 (m, 1 H, OCH,Hy), 3.31 (m, 3 H), 2.99 (m, 1 H), 2.93 (m, 1
H), 2.68 (m, 1 H), 2.81 (t, J = 7.2 Hz, 1 H, SH), 2.38 (m, 2 H),
2.04 (m, 1 H), 1.87 (m, 2 H), 0.91 (apparent t, J = 6.7 Hz, 3 H,
CHy), 0.88 (apparent dd, J = 6.9, 2.1 Hz, 3 H, CHj); 13C NMR
(126 MHz, CDCls) 6 197.6,171.3, 154.0, 63.5, 58.4, 37.7, 33.6, 30.9,
28.3,27.5,27.2,17.9, 14.6; IR (neat) 9262 m, 2927 w, 2875 w, 1780
8, 1696 s, 1484 w, 1466 w, 1388 s, 1301 m, 1260 m, 1208 s, 1142
w, 1104 m, 1056 m, 1019 m, 997 m, 973 m, 773 w, 756 w, 728 w,
692 w cm™!; MS (EI, 70 eV) m/e (rel inten) 301 (M* — H,0, 6),
212 (41), 172 (95), 145 (48), 126 (22), 116 (29), 100 (100), 86 (23),
71 (92), 55 (80); MS (CI, isobutane) m/e (rel inten) 320 (MH*,
4), 302 (9), 212 (39), 130 (100), 107 (11); HRMS (CI, isobutane)
caled for CigHNO,S,: 320.0990. Found: 320.0989.
4-Bromobutanal. Ethyl 4-bromobutanocate (5.45 g, 28.0
mmol) was dissolved in CH,Cl, (50 mL) and cooled to -78 °C.
Neat DIBAL (5.70 mL, 32.0 mmol) was added dropwise viasyringe
while the temperature of the reaction solution was maintained
below —65 °C. After 30 min, the reaction mixture was poured
into an ice-cold solution of 10% aqueous HCI and the mixture
was stirred for 1 h. The organic layer was separated, and the
aqueous layer was extracted with CH,Cl; (2 X 50 mL). The
combined organicsolution was washed with water, dried (MgSO,),
and concentrated under reduced pressure. Bulb-to-bulb distil-
lation of the residue gave the bromo aldehyde (4.02 g, 96%) as
a colorless liquid: bp 44-50 °C (1.5 mmHg). Analytical data
agrees with that reported in the literature:5 'H NMR (300 MHz,
CDCly) 6 9.80 (s, 1 H, CHO), 3.45 (t, J = 6.4 Hz, 2 H, CH,Br),
2.67 (t,J = 6.6 Hz, 2 H, CH,CHO), 2.17 (apparent quintet, J =
6.6 Hz, 2 H, CHy); IR (neat) 2963 m, 2831 m, 2724 w, 1725 8, 1439
m, 1390 m, 1364 m, 1277 w, 1246 m, 1123 m, 1041 m cm-!; GCMS

(EI, 70 eV; 50 m DB5 column: temperature 1 = 35 °C, time 1

= 3 min, rate = 25 °C/min, temperature 2 = 250 °C, time 2 =
5 min, retention time = 9,61 min) m/e (rel inten) 152 (M*, 81Br,
2), 150 (M*, ™Br, 2), 124(3), 122 (4), 95 (15), 93 (16), 81 (14), 79
(13), 71 (100), 43 (22), 42 (31), 41 (71), 39 (59).
2,2-[(28,3R)-3-[[(4R,58)-4-Methyl-2-0x0-5-phenyl-3-0xazo-
lidinyl]carbonyl]-2-(3-bromopropyl)-1-0xa-1,4-butanediyl]-
1,3-dithiane (40a). Diethylboryl triflate was generated in situ
by the addition of trifluoromethanesulfonic acid (0.18 mL, 2.00
mmol) to a 1 M solution of commercial triethylborane (2.00 mL,
2.00 mmol in hexanes) at ambient temperature. The mixture
was stirred under a rapid flow of argon at 40 °C for 30 min and
a pale orange solution resulted. At -5 °C, a solution of
the carboximide ketene dithioacetal 4a (350 mg, 1.00 mmol) in
CH:Cl; (4 mL) was added to the boron triflate solution, and
subsequently, a solution of Hunig’s base (271 mg, 2.10 mmol) in
CH:Cl, (2.1 mL) wasadded. The dark orange solution wasstirred
at -5 °C for 30 min and then cooled to -78 °C and maintained
at this temperature as a solution of bromobutanal (755 mg, 5.00
mmol) in CH;Cl; (5 mL) was added dropwise. The resulting pale
orange solution was stirred at —78 °C for 1 h and quenched with
phosphate buffer (pH 7, 20 mL). The layers were separated, the
aqueous layer was extracted three times with ether (20 mL), and
the organic solution was washed with aqueous saturated NH,Cl,
dried (MgSO,), and concentrated under reduced pressure. The
residue was purified by radial chromatography (5:1 to 2:1 =
hexanes/ethyl acetate) to give the cyclized aldol adduct 40a (367
mg, 78%) as a colorless oil: [a]%8p—50.4°, [a] %577 —54.8°, [a] %8s
~62.1°, [a} B35 ~108.5°, [a]%405 -122.6° (¢ = 3.13, CHCly); 'H
NMR (500 MHz, CDCls) & 7.42 (m, 3 H, aromatic H), 7.30 (m,
2H, aromatic H), 5.69 (d,J = 7.3 Hz,1 H, OCHPh), 4.78 (apparent
quintet, J = 6.7 Hz, 1 H, NCHMe), 4.62 (m, 1 H, OCH lactone),
4.05 (apparent q, J = 8.4 Hz, 1 H, 0=CCH), 3.48 (m, 2 H, CH,-
Br), 3.42 (td, J = 12.2, 2.6 Hz, 1 H, SCH), 3.34 (td, J = 14.4, 2.6
Hz, 1 H, SCH), 2.86 (dd, J = 13.7,9.8 Hz, 1 H, CH,H,CS;), 2.78
(broadened dt, J = 13.6 Hz, 1 H, SCH), 2.71 (broadened dt, J
=14.2 Hz,1H,SCH), 2.31(dd, J = 13.7,8.2 Hz, 1 H, CH H},CS;),
2.13 (m, 2 H, dithiane and bromoalkyl chain), 1.99 (m, 2 H,
dithiane and bromoalkyl chain), 1.86 (m, 2 H, bromoalkyl chain);
13C NMR (126 MHz, CDCly) 6 171.2, 152.5, 132.9, 128.9, 128.7,
125.6, 90.1, 81.0, 79.1, 55.0, 47.9, 46.1, 33.5, 32.3, 29.6, 28.6, 28.5,

(50) Stork, G.; Kobayashi, Y.; Suzuki, T.; Zhao, K.; J. Am. Chem. Soc.
1990, 112, 1661.
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24.5,14.4; IR (neat) 2934 w, 1782 s, 1697 s, 1456 w, 1345 s, 1276
w, 1219 m, 1197 m, 1150-w, 1122 m, 1067 m, 1040 w, 977 m, 765
w, 735 w, 701 m cm!; MS (EI, 70 eV) m/e (rel inten) 501 (M*,
81Br, 2), 499 (M*, "Br, 2), 349 (11), 286 (81), 244 (24), 215 (12),
172 (81), 160 (47), 145 (22), 134 (49), 118 (100), 107 (75), 91 (39),
87 (34), 81 (76), 71 (64), 61 (18), 55 (63); MS (CI, isobutane) m/e
(rel inten) 502 (MH*, 81Br, 100), 500 (MH*, "Br, 87), 420 (18),
350 (23), 133 (82), 107 (49); HRMS (EI, 70 eV) caled for
C12H26NOS:Br: 499.0470. Found: 499.0470.
2.2-[(2R,3S5)-3-[[(4S)-4-(Methylethyl)-2-0x0-3-0xazolidinyl]-
carbonyl]-2-(3-bromopropyl)-1-oxa-1,4-butanediyl]-1,3-
dithiane (40b). As described for 40a, the boron enolate of the
carboximide ketene dithioacetal 4b (100 mg starting material,
0.33 mmol in 1.25 mL of CH;Cl;) was condensed with bromo-
butanal (257 mg, 1.70 mmol in 2 mL of CH,Cly) to give the cyclic
aldol adduct 40b (115 mg, 77% ) as a colorless oil: *H NMR (500
MHz, CDCl;) § 4.64 (collapsed ddd (6 lines), J = 7.8, 5.2 Hz, 1
H, OCH), 4.46 (overlapping dt, J = 8.6, 3.4 Hz, 1 H,' NCH), 4.30
(apparent t,/ = 9.1 Hz, 1 H, OCH Hy), 4.25 (dd, J = 9.1, 3.4 Hz,
1 H, OCH,Hy), 3.98 (overlapping dt, J = 10.2, 8.2 Hz, 1 H,
0=CCH), 3.46 (m, 2 H, CH;Br), 3.40 (overlapping ddd, J = 13.8,
12.4, 2.8 Hz, 1 H, SCH), 3.32 (overlapping ddd, J = 14.1, 12.6,
2.6 Hz, 1 H, SCH), 2.87 (dd, J = 13.7,10.2 Hz, 1 H, CH _H;-CS;),
2.77 (m, 1 H, SCH), 2.10 (m, 1 H, SCH), 2.35 (m, 1 H, HCMey),
2.26 (dd, J = 138.7,7.9 Hz, 1 H, CH.H4CS,), 2.12 (m, 2 H, dithiane
and bromoalkyl chain), 1.97 (m, 2H, dithiane and bromoalkyl
chain), 1.82 (m, 2H, bromoalkyl chain); ¥*C NMR (126 MHz,
CDCly) § 171.4, 153.4, 90.0, 80.5, 63.5, 58.4, 48.0, 46.3, 33.4, 324,
29.6, 28.6, 28.5, 28.3, 24.5, 17.9, 14.7; IR (neat) 2962 m, 1777 s,
1694 s, 1386 s, 1372 s, 1300 s, 1204 s, 1095 m, 1056 m, 1019 m,
974 w, 912 w, 736 w, 714 w cm™1; MS (EI, 70 eV) m/e (rel inten)
453 (M*, 8Br, 37), 451 (M*, ™Br, 33), 319 (54), 317 (52), 238
(100), 188 (40), 130 (99), 106 (59), 81 (63); HRMS (ClI, isobutane)
caled for Ci7H2NOS:Br: 452.0564. Found: 452.0561.
2,2-[(2S,38)-3-[[(4S5)-4-(Methylethyl)-2-0x0-3-0xazolidinyl]-
carbonyl]-2-phenyl-1-oxa-1,4-butanediyl]-1,3-dithiane (40c).
Asdescribed for 40a, the boron enolate of the carboximide ketene
dithioacetal 4b (100 mg starting material, 0.33 mmol in 1.25 mL
of CH:Cl;) was condensed with benzaldehyde (1.70 mmo! in 2
mL of CH;Cl,) to give the cyclic aldol adduct 40¢ (105 mg, 78%)
as a colorless oil: 'H NMR (500 MHz, CDCls) 6 7.48 (m, 2 H,
phenyl H), 7.85 (m, 3 H, phenyl H), 5.67 (d, J = 9.3 Hz, 1 H,
OCHPh), 4.39 (m, 1 H, NCH), 4.24 (m, 1 H, O=C-CH), 4.17 (m,
2 H, OCHs), 3.48 (broadened dt, J = 11 Hz, Av = 36.8 Hz, 2 H,
SCH>),3.10(dd,J = 13.5,9.8 Hz, 1 H, CH H,,CS5), 2.81 (collapsed
dt,J = 13.9 Hz, 1 H, SCH), 2.73 (collapsed dt,J = 13.9 Hz,1 H,
SCH),2.37 (m,2H, CH.H,CS:and CHMe), 2.14 (m, 1 H, dithiane
H), 2.03 (m, 1 H, dithiane H); IR (neat) 2926 m, 2922 m, 1778
8, 1698 s, 1386 s, 1301 m, 1276 m, 1252 m, 1205 s, 1075 m, 1032
m, 977 m, 907 m, 731 m, 709 m cm!; MS (EI, 70 eV) m/e (rel
inten) 407 (M, 21), 301 (18), 273 (27), 259 (42), 172 (100), 144
(80), 131 (67), 106 (77); MS (CI, isobutane) m/e (rel inten) 408
(MH+, 10), 131 (54), 130 (100), 107 (52). HRMS (Cl, isobutane)
caled for CogHasNOS2: 407.1225. Found: 407.1215.
(8S,vR)-v-(3-Bromopropyl)-8-[[(4S5)-4-(methylethyl)-2-
0x0-3-0xazolidinyl]carbonyl]-y-butyrolactone (41b). The
cyclic aldol adduct 40b (50.0 mg, 0.10 mmol) in dichloromethane
(1 mL) was treated with toluenesulfonic acid (10 mg) and stirred
for 1 h. The solution was diluted with water (1 mL) and the
layers were separated. The aqueous layer was extracted with
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Et;0 (3 X 1 mL). The combined organic extracts were washed
with H;O and brine, dried (MgSO,), and concentrated. Puri-
fication by radial chromatography (5:1 = hexanes/Et,0) gave
the acylated lactone (31.5mg, 87%): 'H NMR (500 MHz, CDCls)
6 4.81 (collapsed ddd (seven lines), J = 9.2, 5.8, 3.4 Hz, 1 H,
OCH), 4.47 (m, 1 H, NCH), 4.35 (apparent t, J = 9.0 Hz, 1 H,
OCH,Hy), 4.27 (dd, J = 9.0, 2.9 Hz, 1 H, OCHHy), 4.18 (dt, J
= 8.2, 6.8 Hz, 1 H, O=CCH), 3.44 (m, 2 H, CH;Br), 3.06 (dd, J
=17.6,94 Hz, 1 H, CH.H,C=0), 2.69 (dd, J = 17.6, 74 Hz, 1
H, CH.H:C=0), 2.36 (m, 1 H, CHMe3), 2.10 (m, 1 H, bromoalkyl
chain), 1.95 (m, 2 H, bromoalkyl chain), 1.81 (m, 1 H, bromoalkyl
chain), 0.93 (d, J = 7.0 Hz, 3 H, CH3),0.87 (d,J = 7.0 Hz,3 H,
CH3); 3C NMR (126 MHz, CDCly) 4 173.8, 170.5, 153.6, 80.3,
63.8, 58.6, 45.0, 33.5, 32.8, 32.5, 28.6, 28.1, 17.8, 14.6; IR (neat)
2964 m, 2876 w, 1778 s, 1698 s, 1388 3, 1302 m, 1274 m, 1206 s,
1108 m, 1062 m, 1028 m, 978 w, 778 w, 710 w cm™!; MS (EI, 70
eV) m/e (rel inten) 240 (6), 235 (4), 233 (4), 184 (62), 149 (20),
130 (100), 111 (27), 97 (15), 86 (66), 70 (65); MS (CI, isobutane)
m/e (rel inten) 364 (MH*, ®Br, 19), 362 (MH*, ®Br, 20), 282 (7),
155 (12), 130 (100); HRMS (CI, isobutane) calcd for C;(H2:NOs-
Br: 362.0603. Found: 362.0587.

2,2-[(2R,38)-3-Carboxy-2-(3-bromopropyl)-1-oxa-1,4-bu-
tanediyl]-1,3-dithiane (42b). The cyclic aldol adduct 40b (50.0
mg, 0.10 mmol) was treated with a solution of LiOOH (1.5 mL
of a stock solution prepared from 30% H:0; (1.1 mL, 10 mmol)
in THF (10 mL) and H;0 (5 mL) and LiOH (120 mg, 5.0 mmol))
and stirred at ambient temperature overnight. The mixture was
washed with aqueous HCl buffer (pH 4, 5 mL) and extracted
three times with ether (5 mL). The organic solution was dried
(MgSO0,) and concentrated under reduced pressure. The residue
was purified by radial chromatography (1:1 = hexanes/ether,
then 1:1:0.1 = hexanes/ether/MeOH) to give the dithiane lactone
acid 42b (26.3 mg, 77%) as a colorless film: 'H NMR (500 MHz,
CDCly) 6 4.34 (td, J = 8.6, 3.4 Hz, 1 H, OCH), 349 (m, 2 H,
CH:Br), 3.41 (overlapping ddd, J = 13.7, 2.6 Hz, 2 H, SCH), 3.32
(overlapping ddd, J = 12.7, 2.6 Hz, 1 H, SCH), 3.00 (dd, J = 9.7,
8.5 Hz, 1 H, 0=CCH), 2.78 (broadened dt, J = 13.9, 3.1 Hz, 1
H, SCH), 2.72 (broadened dt, J = 13.9, 3.1 Hz, 1 H, SCH), 2.59
(dd,J = 13.9,3.1 Hz, 1 H, CH,H,CSy), 2.52 (dd, J = 13.9, 9.8 Hz,
1 H, CH H,CS5), 2.15 (m, 2 H, dithiane and bromoalkyl chain),
2.01 (m, 3 H, dithiane and bromoalkyl chain), 1.89 (m, 1 H,
bromoalkyl chain); 13C NMR (126 MHz, CDCls) 6 177.2, 90.2,
81.2, 48.3, 44.6, 33.3, 32.9, 29.5, 28.4, 24.5; IR (neat) 3631-2533
(broad) m, 2913 s, 2851 m, 1708 s, 1424 m, 1276 m, 1251 m, 1215
w, 1026 m, 976 m, 907 m, 873 w, 809 w cm-1; MS (CI, isobutane)
m/e (rel inten) 343 (MH*, 81Br, 100), 341 (MH*, "Br, 92), 313
(34), 261 (59), 243 (37), 207 (20), 190 (35), 163 (30), 106 (72).
HRMS (CI, isobutane) caled for C; H;3s03S;Br: 340.9881.
Found: 340.9883.
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