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Abstract: A concise. noncarbohvdrate-based approach to (-)-Swainsonine (1) has been achieved by
utilizing the kinetic resolution of the a-furfurvl amide 4 and the Sharpless ADH reaction as key steps.

Polyhydroxylated indolizidine alkaloids, typified by Swainsonine (1),' Castanospermine (2).2
Lentiginosine (3)° and their derivatives are of considerable importance due to their potent activities as
inhibitors of glycosidase and glycoprotein processing’. These compounds have also exhibited interesting
activities in anticancer, antiviral, antiretroviral and immunoregulatory.® Consequently, much attention has been
devoted to the synthesis of Swainsonine (1) over the past decade.”" Most of the previous methodologies

1.5 Others used R-glutamic acid', D-tartaric acid,"” D-malic acid,'

utilized carbohydrates as starting material
and D-iso ascorbic acid'’ as the chiral precursors. However, to the best of our knowledge, only one approach
to the target compound 1 was reported'®, starting from a racemic allylic alcohol derivative instead of the above

mentioned chiral pool.
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Notwithstanding this plethora of methods, interest in the synthesis of Swainsonine and its analogues
remains undiminished. Development of general methods which could have flexibility for the construction of
these compounds and analogues continues to be important to probe structure-activity relationship. We have
previously developed an efficient method for the kinetic resolution of a-furfuryl amide by using the modified
Sharpless asymmetric epoxidation reagent.' This reaction afforded two versatile chiral building blocks, both
of them are very suitable to be used for elaboration of the skeleton of many types of alkaloids * As part of a

program designed to develop a new general strategy for the enantioselective synthesis of biologically active
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alkaloids and explore the use of the reaction in alkaloid synthesis, we undertook a synthesis of (-)-Swainsonine

(1), utilizing the a-furfurylamide 4 as the starting material.
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Scheme: Reagents and conditioins: a. Ti(O'Pr),. D-(-)-DIPT, TBHP. SiO.. CaH.. CH:Cl-. 25 °C. 2 days; b. HC(OEt),.
BF1.Et-0. 4A Ms, Et-0. r.1.. ¢. NaBH,. McOH. -40- -30 °C: d. BnBr, NaH. BuyN'T" (Cat.).THF: e. NaBH,. HCO:H. 0°C: f.
0Os0, {Cat.). NMMO. DHQN-CLB. tracc CH;SO.NH.. acetone-H-O. ultrasonication. g. p-TsOH. 'BuOH. reflux: h.
Na/naphthalene. DME. -60 °C: i. PhsP. CCly. Et3N. DMF: j. CH3C(OCH;).CHs. p-TsOH, CH-Cl..

The synthesis of (-)-Swainsonine (1) is depicted in Scheme. Kinetic resolution of a-furfuryl amide 4 under
the reported procedure’ yielded the (2S,6S)-dihydropyridinone 5 in 42% yield.”' Preliminary attempts to
reach 9 in two steps by directly exposure 5 to a solution of sodium borohydride in formic acid®® followed by
benzylation of the resulting alcohol was unsuccessful. The reduction of 5 gave a complex mixture. Therefore,
we circumvented this problem by first treatment of & with triethyl orthoformate in Et,O in the presence of a
catalytic amount of BF:.Et;O to give 6 in 92% vyield. Next, reduction of 6 with sodium borohydride in
methanol at -40 °C to -30 °C afforded solely the alcohol 7 in 88% yield, with the desired sense of
stereochemistry.” Subsequent benzylation of the alcohol 7, followed by reduction with sodium borohydride in
formic acid at 0 °C furnished 9 in 80% yield
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Having the pivotal intermediate 9 in hand, we next tried to convert 9 into the desired diol 10a. Thus, the
Sharpless asymmetric dihydroxylation reagent(DHQN-CLB as chiral ligand)** was tried out on 9, however, no
reaction occurred. Fortunately, we eventually found that performance of the reaction in an ultrasonic cleaner,
proceeded smoothty to form a separable mixture of the desired diol 10a*' and its epimer 10b in a ratio of 10:]
respectively in 80% combined yield. The stereochemical assignments for these products were based on the
Sharpless’ empirical rule and the major isomer 10a was judged to have the desired 7S.8R configuration.
Further confirmation of this assignment was provided by transformation of 10a to a known compound, vide
infra. In contrast, the use of DHQD-CLB instead of DHQN-CLB as ligand resulted in an opposite and
somewhat lower diastereoselectivity (10a:10b 1:4). The inherent diastereoselectivity of the olefin 9 was 2.5:1
in favor of 10a as observed from dihydroxylation with OsO,-NMMO. Removal of the MOM group in 10a by
treatment with p-TsOH gave the triol 11 in 90% yield. Deprotection of 11 by sodium naphthalide and without
purification direct treatment of the crude product with Ph;P, CCls, Et;N in DMF underwent cyclization to
afford the 8-benzyloxy Swainsonine (12) *' in 50% overall yield from 11. Attempts to obtain Swainsonine by
debenzylation of 11 was not successful, mainly due to the unfeasibility of isolation. To fulfill a formal synthesis
of the target molecule, the diol 12 was converted into the known acetonide 13'“*' by treatment with
dimethoxypropane in the presence of a catalytic amount of p-TsOH in 94% yield, which would deliver 1 by
sequential hydrogenolysis and acidic hydrolysis, according to the results of C Kibayashi '

In summary, we have developed an efficient method for preparing polyhydroxylated indolizidine alkaloids
by employing the kinetic resolution of a-furfuryl amide. The synthesis of the other structure related
polyhydroxvlated indolizidine alkaloid. castanospermine (2) is currently under investigation.

Acknowledgement: We thank the National Natural Science Foundation of China and the State Laboratory of
Bioorganic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences for support of

this work.

References and notes:

1. a. Guengerich, F.P.; Dimari, S.J.; Broquist, H.P., J Am Chem. Soc. 1973, 95, 2055; b. Colgate SM ;
Dorling, P.R.; Huxtable, C.R., Aust. J. Chem. 1979, 32, 2257; ¢. Molyneux, RJ.; James, L.F.. Science
1982, 2/6, 190; d. Davis, D.; Schwaru, P.; Hernandez, T.; Mitchell, M.; Warnock, B.; Elbein, A.D., Plani.
Physiol. 1984, 76, 972 e. Yasuda, N.; Tsutsumi, H.; Takaya, T., Chem. Lett. 1984, 1201.

2. a. Hohenschutz, L.D.; Bell, E A, Jewess, PJ. Leworthy, D.P.; Pryce, RJ; Armnold, E.; Clardy, J.,

Phytochemistry, 1981, 20, 811; b. Nash, RJ; Fellows, L.E; Dring, J.V.; Striton, C.H.; Carter, D,

Hegarty, M.P.; Bell, E A, Phytochemistry 1988, 27, 1403.

a. Pastuszak, I.; Molyneux, R.J; James, L.F.; Elbein, A.D.; Biochemistry 1990, 29, 1886; b. Molyneux,

RJ.. J. Nat. Prod 1990, 53, 609; c. Yoda, H.; Kitayama, H.; Katagiri, T., Takabe, K., Tetrahedron:

Asymmetry 1993, 4, 1455,

4. For recent reviews, see a. Elbein, A.D.; Molyneux, RJ.. In Alkaloids: Chemical and Biological
Perspectives; Pelletier, SW., Ed; Wiley: New York, 1987, 5, pp 1-54; b. Elbein, A.D.; (rit. Rev.
Biochem. 1984, 16, 21. c. Fellows, L., Chem. Brit. 1987, 23, 842, d. Vogel, P., In Studies in Natural
Products Chemistry, Atta-ur-Rahman, Ed.; Elsevier: Amsterdam, 1993, /2, p 275.

5. a. Humphries, M.J.; Matsumoto, K ; White, S L.; Olden, K., Cancer Res. 1986, 46, 5215, b. Humphries,
M.J.; Olden, K., Pharmacol. and Ther. 1989, 44, 85; ¢. Kino, T.; Inamura, N_; Nakahara, K.; Kiyoto, S.;
Goto, T.; Terano, H.; Kohsaka, M.: Aoki, H.; Imanaka, H., ./. Antibiot. 1985, 38, 936, d. Dennis, JW.;
Cancer Res. 1986, 46, S131.

o2



1294

o

10

11
12.
13.
14,

15

20.

21

22.
23.

24.

a. Ali, M.H.; Hough, L.; Richardson, A.C., ., Chem. Soc. Chem. Commun. 1984, 447. b. ldem,
Carbohydr. Res. 1985, 136, 225

Suami, T.; Tadano, K.I.; limura, Y., Chem. Lett. 1984, 513.

Yasuda, N.; Tsutsumi, H.; Takaya, T., Chem. Letr. 1984, 1201,

a. Fleet, GW.J.; Gough, M J.; Smith, P.W., Tetrahedron Lewr. 1984, 25, 1853; b. Bashyal, B.P; Fleet,
G.W.1.; Gough, M.J.; Smith, PW., Terrahedron 1987, 43, 3083

Setoi, H.; Takeno, H.; Hashimoto, M., ./ Org. Chem. 1985, 50, 3948.

Bennett, R B., 1II; Choi, J R.; Montgomery, W.; Cha, JK., J. Am. Chem. Soc. 1989, 111, 2580.

Pearson, W.H.; Lin, K.C., Tetrahedron Lett. 1990, 31, 7571.

Miller, S.A_; Chamberlin, AR, ./ Am. Chem. Soc. 1990, 172, 8100

a. Ikota, N.; Hanaki, A., Chem. Pharm. Bull. 1987, 35, 2140; b. Ikota, N.; Hanaki, A., Chem. Pharm.
Bull 1990, 38, 2712.

. Dener, I.M.; Hart, D.J.; Ramesh, S., J. Org. Chem. 1988, 53, 6022.
16.
17.
18.
19.

Naruse, M.; Aoyagi, S ; Kibayashi, C., ./ Org. Chem. 1994, 59, 1358.

Heitz, M P ;: Overman, L.E., .J. Org. Chem. 1989, 54, 2591.

Adams, C.E.; Walker, F.J.; Sharpless, K.B., J. Org. Chem. 1985, 50, 420.

a. Zhou, W.S.; Lu, ZH.; Wang, ZM., Tetrahedron Letr. 1991, 32, 1467, b. Zhou, W.S.; Lu, Z.H.; Wang,
ZM., Tetrahedron 1993, 49,2641,

a. Lu, ZH.; Zhou, W.S., .J Chem. Soc. Perkin Trans 1. 1993, 593 b. Lu, Z.H.; Zhou, W.S., Tetrahedron
1993, 49, 4659;

The data of some typical intermediate are listed below: 5. colorless oil; [a]n’= -9.0° (¢ 1.0, MeOH); 'H-
NMR (400 MHz, CDCly): 7.71-7.28 (each o, J=J'=7 Hz, each 2H), 6.91 (dd, J=4.54 Hz, J'=5.77 Hz,
1H), 588 (d. .J= 5.77Hz, 1H), 5.68 (d, J=4.57 Hz, 1H), 5.16 (d, /= 8.54 Hz, 1H), 4.69 (d, /=198 Hz,
2H), 4.44 (dd, J=6.26Hz, .J'=7 50Hz, 1H), 4.23 (m, 1H), 3.97, 3.69 (each m, each 1H), 3.42 (s, 3H), 2.40
(s, 3H); FAB-MS(m/z): 368 (M +1, 5%), 350 (M +1-H;O, 100%); Anal. Calcd. for C;sHzNO,S: C
55.57,H 5.76, N 3.81; Found: C 55.32, H5.92, N 3.98; 10a. crystals; m.p. 140-142 °C; [a]p™ = -70.5° (c
1.0, MeOH); 'H-NMR (400 MHz, CDCl:): 7 58, 7.16 (each d, J=/'=8.14 Hz, each 2H), 7.39-7.28 (m,
5H), 4.69 (s, 2H), 4.51 (d, J=2.15 Hz, 2H), 431 (m, 1H), 4.02 (m, 1H), 4.28 (m, tH), 3.93 (m, 1H), 3.85,
3.58 (each m, 2H), 3.81 (m. 1H), 3.40 (s, 3H), 3.33 (m, 1H), 2.39 (s, 3H), 2.04, 1.69 (each m, each 1H),
1.51, 1.05 (each m, each IH); FAB-MS m.z: 480 (M'+1, 5%), 448 (M'+1-CH:OH, 88%), 344 (100%);
Anal. Caled. for C3H::NO,S: C 60.11, H 694, N 2.92; Found: C 60.27, H 7.16, N 2.88.; 12 colorless
oil; [} = -79.4° (¢ 1.0, MeOH); '"H NMR (400 MHz, CD:0D): 7.35-7.28 (m, SH), 4.69 (s, 2H), 4.32,
4.02 (each m, each 1H), 4.29 (m, 1H), 3.94 (m. 1H), 3.85, 3.59 (each m, each 1H), 3.81 (m., 1H), 3.08 (m,
1H), 2.05, 1.69 (each m, each 1H), 1.51, 1.05 (each m, each 1H); FAB-MS nr.z: 264 (M +1, 10%), 246
(M'+1-H,0, 8%), 91 (100%); Anal. Calcd. for C;sHyNOx: C 68.40, H 8.04, N 5.34; Found: C 68.00, H
8.37, N 5.09, 13. colorless oil: [a]y” -64.2° (¢ 0.5, CHCLy) {Lit '® colorless oil; [a]»> -58.9° (¢ 0.27,
CHCls)}; 'H-NMR (400 MHz, CDCL): 7.37-7.21 (m, SH), 4.68 (dd, J=3.2, J'=7.2 Hz, 1H), 4.61 (s, 2H),
439 (m, 1H), 3.51 (m, 1H), 3.12 (m, 1H), 2.44 (dd. /=3.2 Hz, J'=72 Hz, 1H), 2.32 (¢, /=8.3,./'=10.2
Hz, 1H), 2.08 (dbr. J=14.6 Hz, 1H), 1.94 (m, 1H), 1.68 (m, 2H), 1.53 (s, 4H), 1.35 (s, 3H), 1.25 (m, [H),
FABMS mz: 304 (M'+1, 3%), 289 (M +1-CH,, 7%), 214 (100%); Anal. Calcd. for CisHasNOs: C 71.26,
H 831, N4.62;Found: C 70.88, H 8.52, N4.77.

Shishido, Y.; Kibayashi, C., .J. Org. Chem. 1992, 57, 2876,

No nOe between the H-2 and H-3 protons was found in the H-H NOESY spectrum of 7. The value of ./2,3
is 11.5 Hz, which indicates the frans configuration of the two protons at position 2 and 3.

a. Wang, L.; Sharpless, K.B., .J. Am. Chem. Soc. 1992, 114, 7568; b. Jecobsen, E.N.; Marko, I.; Mungal,

W.S.; Schroder, G.; Sharpless, K.B., J. Am. Chem. Soc. 1988, 110, 1968.

(Received in China 27 October 1994; accepted 23 November 1994)



