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Abstract:- A total synthesis of the natumlly occurring indolizidine (-)-Slafmmine 4 has been 
achieved, starting hrn the tie-3-hydmxypmline derivative 1, in which a key step is a Julia 
olefination reaction using the dianion derived fmm the /3aminosulfone 5. 

The diverse biological activities displayed by many naturally occurring hydroxylated 
piperidine, pyrrolizidine and indolizidine alkaloids has stimulated considerable interest in 
the development of synthetic approaches to these and related structures.l We have recently 
reported a straightforward asymmetric preparation of the cis-8hydroxyproline derivative l2 
by bakers’ yeast reduction of the corresponding B-keto-ester; the availability of this compound 
suggested that it could be a valuable starting material for the preparation of a variety of 
members of these classes of natural products. This idea has recently been exemplified in 
syntheses of Cast.anospermine,3 (18,&S)-I-Hydroxyindolizidine4 as well as by our synthesis of 
the Geissman-Waiss lactone,2 a useful precursor to a number of pyrrolizidine alkaloids. 
Herein, we outline a total synthesis of the indolizidine (-Mh&amine 4 from the proline 1. 

(-)-Slafi-amine 4 is a metabolite of the fungus Rhizoctonia leguminicola which can infest 
leguminous cattle feeds and which, after oxidation to an active derivative, stimulates 
muscarinic acetylcholine receptor sites causing excessive salivation in the animals and may 
therefore have some potential in the treatment of conditions arising through cholinergenic 
dysfunctions.5 The first syntheses of (-)-4 featured the use of a reductive double cyclisation of 
an azido epoxy tosylate5 while an alternative utilised azide cycloaddition chemistry to 
construct the indolizidine ring system.6 Very recently, other approaches have employed a 
novel thermal cyclisation of an oxazolidinone derived from proline 1,7 sequential 
iodolactamisation and radical cyclisation of derivatives of resolved (S)-3-hydroxy-4- 
pentenamide8 and Michael additions of a-sulfinyl ketimines to a-amidoacrylates.g 
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The basis of our present synthesis is outlined in Scheme 1. Conversion of the 3- 
hydroxyproline 1 into a protected halomethyl derivative or aldehyde 2 (x = I or 0 respectively) 
should then allow the direct incorporation of the remainder of the target molecule by reaction 
with a suitable nucleophilic species 2. A number of options appeared to be available for the 
latter, most of which have been used as synthons for 9-lithio-alanine.10 For our purposes, the 
sulfone 5 appeared to offer the most potential. Although this is a new intermediate, a closely 
related species with a tetrahydropyranyl (ThP) function in place of the silicon group and with 
the amino group protected as the BOC derivative was the inspiration for the preparation of 
this material.ll Sulfone 5 was prepared efficiently from N-Z-(L)-serine methyl ester 6 
following sequential mesylation [MsCl, py, DMAP (cat.), CH&l,, -20°C, 12h, 78%], 
displacement by thiophenolate [NaSPh, DIKE’, 20°C, 18h, 88%1 and reduction lNaBH4 (10 eq., 
added portionwise during the first hour), MeOH, 20°C, 2h, 98%1 to the alcohol 7. Protection of 
the hydroxyl function [TBDMSCl, EtsN, DMAP (cat.), CHxClx, 20°C, 12h, 92961 and oxidation 
[mCPBA, CH,Cl,, O”C, 2h, 83%1 then completed the sequence.ll Simple trial reactons 
established that the required dianion 8 could be generated in essentially quantitative 
using 2.1 equivalents of BuLi in THF at -78°C for 0.5h. 

f 

SPh Li 
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yield 

The prolinol9a was obtained from the N-BOC derivative of cis-3-hydroxyproline methyl 
ester [cf. 1; 78% eel by sequential O-protection HvIOMCl, iPr,NEt, CHgCl,, 2O”C, 16h, 96%] 
and reduction 14 eq. Dibal-H, toluene, -78-20°C, 5h, -75%1. Although this material could be 
converted into the rather sensitive iodide 9b, all attempts to couple this with dianion 8 failed to 
give more than small yields of the desired product. The prolinol9a was therefore oxidised to 
the corresponding aldehyde 10 [TPAP, 12 MNO, 4A sieves, CH,Cl,, MeCN (9:1), 20°C, 16h, 
92%l.13 (Scheme 2) We were pleased to iind that a Julia condensation14 between aldehyde 10 
and the dianion 8 [-78OC, 3hl led to the key intemediate 11 in 6065% isolated yield, as a 3:l 
mixture of diastereoisomers; the structure of the predominant isomer was tentatively 
assigned as shown, based on spectroscopic and mechanistic considerations. Subsequent 
elimination [6% Na-Hg, Na2HP04, MeOH, -2O’C, 8h, -100%115 then gave the alkenes 12 as a 
51 E/Z mixture. 

With all the required atoms in place, the stage was then set for completion of the 
synthesis. Selective reduction of the alkene function to give the corresponding saturated 



material 13a was achieved using diimide lTrisy1 hydraxide (10 eq., added portionwise during 
72h), EtgN, EtgO, 2O”C, 94%1. l6 The silicon protecting group was then removed selectively 
WAF, THF, 20°C, O.Sh, 92%1 and the resulting alcohol 13b converted into the mesylate l& 
CMsCl, py, CH,Cb, -20°C 18h, 7553. Removal of the IV-BOC group ITFA, CH&l2,2OoC, 0.Sh.l 
followed by evaporation to dryness and basification with 2M NaOH led to the desired 
indolixidine 14a (66961, which was partly deprotected by acidolysis 13 eq. HCl, MeOH, 60°C, 
0.25hl; acetylation of the resulting alcohol 14b 140, py, CH,Cl,, 20°C, 0.75hl then gave ZV-Z- 
Slaframine 14e in 88% yield over the last two steps. 

lo 11 18 

14 a)R=MObQb)R=H 1s a)R=tYlSD~b)R=H 
c)R=Ac c)R-lldr 

The synthesis was completed by hydrogenolysis of the N-Z function [H2, lO%Pd-C, 
MeOH-HOAc (9:1), 2O”C, lh, 95%1. After careful separation of the (lR,68,8aR)-diastereo- 
isomer (ea. lo%), arising from the lack of stereospecifkity in the initial yeast reduction step 
leading to hydroxy-ester 1 (vi& supm) by column chromatography CSiOg, CH2Clx-MeOH (91) 
and EtgN (5 drops per 10 mL of solvent)], the final product 4 showed spectroscopic [ir., lH and 
13C NME, MS] and chromatographic data identical to those previously reported6 as well as 
[al,, -31.4 (c, 0.30, CHCl,) (lit.5 [ccl, -33 (c, 1.6, CHCl,). The slightly low value for the optical 
rotation presumably reflects a small amount of the above diaetereoisomeric impurity 
remaining in the samp1e.l’ 

This relatively brief approach to (-)-Slaframine serves to emphasise the synthetic 
opportunities in this area arising from the availability of the yeast reduction product 1.3*4 
Further exploitation of this is under active investigation and the results will be reported in 
due course. 



6610 

We are gratefuI to the SERC for financial support. 

1. J. P. Michael, Nat. Pnni. Rpts., 1993, 10,51, and previous reports in this series. 
2. J. Cooper, P. T. Gallagher and D. W. Knight, J. Chem. Sot., Perkin Tmns. 1, 1993, 1313. 

3. R. Bhide, R. Mortezaei, A. Scihmati and C. J. Sih, Tetmhedmn Lett., 1990,31,4827. 
4. M. P. Sibi and J. W. Christensen, Tetrahedron Mt., 1990,31,5689. 
5. For a summary of these aspects of (-)-Slaframine, as well as a listing of previous 

syntheses of racemic material, see ref. 1 and W. H. Pearson, S. C. Bergmeier and J. P. 
Williams, J. Org. Chem., 1992,57,3977. 

6. J-R. Choi, S. Han and J. K. Cha, Tetrahedron I.&t., 1991,32,6469. 
7. M. P. Sibi, J. W. Christensen, B. Li and P. A. Renhowe, J. Org. Chem., 1992,57,4329. 

8. S. Knapp and F. S. Gibson, J. Org. Chem., 1992,67,4802. 
9. D. H. Hua, J-G. Park, T. Eatsuhira and S. N. Bharathi, J. Org. Chem., 1993,58,2144. 
10. R. M. Williams, “Synthesis of Optically Active a-Amino-acids”, Pergamon Press, 1989. 
11. C. Hashimoto, P. Potier and N. A. Sasaki, Tetmhedmn L&t., 1987,28,6069. 
12. W., P. Griffith, S. V. Ley, G. P. Whitcombe, and A. D. White, J. Chem. Sot., Chem. 

Commun., 1987, 1625; W. P. Griffith and S. V. Ley, Aldrichim. Acta., 1990,23, 13. 
13. In our hands, this two step procedure gave superior yields than did direct partial 

reduction of the protected hydroxyproline methyl ester 1 [cf. ref. 71 to the aIdehyde 10 
using DibaI-H. 

14. For a review, see N. S. Simpkins, “Sulphones in Organic Synthesis”, Tetrahedron 
Organic Chemistry Series, Vol. 10, Pergamon Press, 1993. 

15. A. Spaltenstein, P. A. Carpino, F. Miyake and P. B. Hopkins, J. Org. Chem., 1987, 62, 
3759. 

16. N. J. Cusack, C. B. Reese, A. C. Risius and B. Roozpeikar, Tetrahedron, 1976,82,2157. 
17. Full analytical and spectroscopic data, consistent with the structures given, have been 

obtained for all compounds reported herein. 

(Received in UK 23 July 1993; accepted 5 August 1993) 


