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THE CHEMISTRY OF VICINAL TRICARBONYLS. 

A SYNTHESIS OF (f)-SLAFRAMINE AND (k)-6-EPI-SLAFRAMINE. 

Harry H. Wasserman* and Chi B. Vu 

Yale University, Department of Chemistry, New Haven, CT 06520-8 107 USA 

Summary: A synthesis of (*I-slaframine and (f)-6-q+slaf&e is described. The approach 

makes use of the intramolecular alkylation of au N-substituted 3-hydroxypyrrole-2-carboxylate 

ester. 

In earlier work, we have shown that the vinyl vicinal tricarbonyl reagent of type 11 can be used in 

reactions with primary amines to form N-substituted 3-hydroxypyrroIe-2-carbocarboxylates.z We have also observed 

that these compounds, as tautomen of p-keto esters, can undergo intramolecular alkylation as illustrated in 2 to 

give fused ring systems 3, n=O.l (Scheme 1) found in the pyrmlizidine, indolizidine. aud I&&I pyrrolidine 

alkaloids.3 We now report a successful application of this methodology to the synthesis of the indoiizidine 

alkaloid (f)-slaframine (4), as well as the isomeric (f)d-epi-&&amine (18). 
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Sk&amine has been isolated from the fungus Rhizoctonia kguminicola, which usually infects nuninaai 

forages.4 It has been reported that when cattle, sheep, and horses ingest such infected forages, and thus 

slafmmine, they develop a symptom in which they salivate profusely, sometimes with lethal effects.5 Current 

interest in this alkaloid is reflected in the numerous syntheses which have been recently reported, illustrating 

varying &gcees.of stereosekctiviiy and efficiency .6J Our synthesis relies on the use of the hydroxypyrrole 7 to 

construct the desired ring system having oxygen functionalities at the Cl and Q positions (Scheme 2). 
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Reagents: (a) CH&l2/Etz 

P 

, silica gel, rt (71%); (b) PP&/CBr4, THF, rt (91%); (c) NaH, THF, rt (93% 

combined yield); [d) BF3.E 20, Super-Hydride@‘, THF, -78 “C!, (8 to 10,91%), (9 to 11,90%); (e) Hz, 55 psi, 

rt. 10% P&C, EtOAc (75%) (0 L-Selectride@, THF, -78 “C (70%); (g) AczO, Et3N, DMAP. CHzcfz, rt (87%); 

(h) aqueous HFKH3CN, rt @X%%Qy 

Reaction of the prir?/aty amine S* with the vinyl tricarbonyl lb in CH$l2/Et@ gave the desired 3- 

hydroxypyrroie-2-carboxylkte 6 (71%). 9 The primary hydroxyl group in 6 was selectively converted to the 

bromide 7 using PPb3 and Br4 (91%). Upon bunt with excess NaH, pymle 7 advent ~~~~~ 

alkylation to give a 1: 1 mixt 

g 

of diasteremnen; 8 and 9 (93% combined yield). The mixture was sepmed and 

each component was redu d using Super-Hydride~~F3.Et2~ to give 10 (91% from 8) and ll(9096 from 

9). 10 When either 10 or 11 was treated with Hz, in the presence of 10% Pd!C,ll decarboxylation occurred to 

give a single product 12 ( 4 5%). Apparently, cleavage of the benzyl group, followed by decarboaylation, 

generated an end fmm corn~~d 12 was formed as the most stable product.12 This ketone eouid then be 

reduced selectiveiy with L- to give 13 as the only isomer [70%).aJ3 After acetyktion of the hydroxyl 

group ~Ac$M&N, DMAP) 87%). the silyl group was removed with aqueous HWCH3CN to give 14 (85%). 
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One possibility for forming &&amine from 14 would involve conversion of the hydroxyl group to the 

mesylate (IS), and then, axide displacement. Reduction of the azide would then give the desired axial amino 

substitueot. In our hands, however, the azide displacement at the C6 position took place with retention of 

configuration, most probably through an aziridinium intermediate (16) to yield 17 (75%)14 (Scheme 3). 

Hydrogenation of 17 (Pd/C) then yielded (&)-6-epi-slaframine 18 (93%) having spectroscopic properties (‘H 

NMR, IR, HRMS) completely identical with those previously repotted for this epimer.” 

Scheme 3 
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We found it convenient to complete the synthesis of slafmrnine from 14 by oxidation (Scheme 4) to the 

known ketone 19 (Swem oxidation, 82%). ‘6 This ketone. prepared earlier by a different route, had been 

converted in Low yield (14%) to the oxime 20 by Gensler@ who then mduced 20 to 4 using H2 and PtO2. We 

found that oxime formation took place in substantially better yields (5040%) when a freshly prepared sample of 

19 was treated with NH@H.HCUpyridine in refluxing ethanol. Compound 20 could then be reduced by 

hydrogenation in EtOlUaq I-ICI using Pt@ as the catalyst. In this reduction, hydrogen delivery took place from 

the less hindered side to afford the dihydrochloride salt of (*)-&&amine (4) as the exclusive isomer (99%). Our 

synthetic sample of slaframine was identical in all respects with au authentic sample kindly provided by Professor 

Thomas M. Hanis. 

Scheme 4 
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Reagents: (a) ClCOCOCl, DMSO, CH2C12, -78 “C; Et3N (82%); (b) NH2OHHC1, pyridine, &OH, reflex 

(56%); (c) Hz, PtOz, IZtOH, HCI {a@, 40 psi, rt (99%). 

Acknowledgments: This work was supported by NIH grants GM 07874 and GM 31350. We thank Professor 

Thomas M. Harris for providing an authentic sample of slaframine and other pertinent spectroscopic data. 

References and Notes: 

1 Wasserman, H. H.; Fukuyama, I,; Murugesan, N.; van Duzer, J.; Lombardo. L.; Rotello, V.; McCaahy, K. 
J. Am. Chem. Sot. L989.1l1, 371. 



9732 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

14 

15 

16 

Wasserman, H. H.; Cc-ok, I. D.; Fukuyama, J. M.; Rotello, V. M. Tetrahedron 

Wasserman, E-I. H.; C$pk, J. D.; Vu, C. B. Te~rahedrm Le#. 1990,31,4945. 
Letr. 1989,3#* 1721. 

(a) Rainey, 23. P,; Sm#ley, E. Et.; Grump. M_ H.; Strong, F. M. Nature (London) 1965,205, 203. (b) 

Aust, S. D.; Broquist, b. P. Nature [London) 1965,205, 204. (c) Aust, S. D.; Brcquist, H. P.; Rinehart, 

K. L., Jr. J. Am. Che& SW. 1966.88, 2879. (d) Whitlock, B. J.; Rainey, D. P.; Riggs, N.V.; Strong, 

F. M. Te&zebrun Leti. 1966, 3819. (e) Cardiner, R. A.; Rinehart. K. L., Jr.; Snyder, J. J.; Broquist, H. 

P. J. Am. Chem. Sot. 968,919, 5639. 

Broquist, H. P.; Snyde f , I. J. Microbial Toxins; Ajl, S. J.; Kadis, S., Montie, T. C., Eds.; Academic: New 

York, 1971; Vol. 7, p 3/17. 

(a) Cartwright, D.: Ga.diner. R. A.; Rinehart, K.L.. Jr. J. Am Cbem Sot. 1970,92, 7615. (b) Gensler, 
W. J.; Hu, M. W. J. O~rg. Chem. 1973,38, 3843. (c) Gobao, R. A.; Brcmmer, M. L.; Weimeb, S. M. 1. 

Am. Chem SOC. 1982 104, 7065. (d) Schneider, M. J.; Harris, T. M. 3. Org. CJWFI. 1984, 49, 3681. 
(e) Dartmann, M.; Flitrich, W.; Krebs, B.; Pandl, K.; Westfechtel, A. Liebigs Ann. Chem. 1988,695. If) 
Shono, T.; Matsumura Y.; Katoh, S.; Takeuchi, K.; Sasaki, K.; Kamada, T.; Shlmizu, R. J. Am. C/tern 

Sot. 1990,112, 2368. (g) Pearson, W. H.; Bergmeier. S. C. J. Org. C&m. 1991,56, 1976. 

For recent syntheses of (-)-slaframine see: (a) Choi, J.-R.; Han, S.; Cha, J. K. Tetrakdron Left. 1991,32, 
6469. (b) Pearson, .H.; Bergrneier, S.C.; Williams, J.P. J. Org. C~m.a. 1992,57, 3977. (c) Sibi, 

Li, B.; Renhowe, P.A. J. Org. Chem. 1992,57,4329. (d) Knapp, S.; Gibson, 
, 57, 4802, (e) Hua, D.H.; Par, J.G.; Katsuhiia, T.; Bharathi, S.N. J. Org. 

Knight, D.W.; Sibley, A. W. Tetrahedron Lett. 193.34, 6607. 

amine 5 was prepared from the commetially available DL-4-amino-3-hydroxy- 
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was then reduced using either Super-Hydride@(90%) or LiBH4 (86%) and 

vcd by hydrogenation over 5% Pd/C to give 5 (99%). 
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