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Abstract: Four slereoisomers of alexine (l,7a-diepialexine (la), 1,7,7a-triepialexine (lb), 1-epi- 
alexine (30a), and 1,7-diepialexine (30b)), the polyhydroxylated pyrrolizidine alkaloid, were 
synthesized from (S)-pyroglutamie acid derivative (6). © 1998 Elsevier Science Ltd. All rights reserved. 

Alexines I are polyhydroxylated pyrrolizidine alkaloid with a carbon substituent at C-3 and five adjacent 

asymmetric carbons, and have been shown to possess interesting biological activities such as inhibitory activity 

toward glucosidase and antiviral activity. Alexine and its stereoisomers have been synthesized to evaluate the 

structural basis of biological activity from sugars as the starting materials. 2 In a continuation of our synthetic 

studies to utilize optically active pyroglutamic acid derivatives for natural product synthesis and asymmetric 

reaction, 3 we have already reported a stereocontrolled synthesis 4 of 1,7a-diepialexine l a  and 1,7,7a-triepi- 

alexine l b  via a none-carbohydrate based approach utilizing (S)-pyroglutamic acid derivative. The details 

of this work and further synthetic studies on alexine stereoisomers (30a and 30b)  are presented here. 

According to our retrosynthetic analysis as shown in Scheme 1, l a  could be obtained from 2, which 

might be synthesized by alkylation of the aldehyde 3 derived from a protected 3,4-dihydroxy-2,5-dihydroxy- 

methylpyrrolidine derivative 4. The polyhydroxylated pyrrolidine 4 could be in turn prepared from (S)- 

pyroglutamic acid. Since optically active 3,4-dihydroxy-2,5-dihydroxymethylpyrrolidines have interesting 

biological activities, the synthesis of (2R,3R,4S,5R)- and (2R,3R,4S,5S)-3,4-dihydroxy-2,5-dihydroxy- 

methylpyrrolidine derivatives (13b and 14b) from (S)-pyroglutamic acid has been first examined as shown in 

Scheme 2. An enone 7 was obtained by the reaction of (3R,4R,5R)-l-(tert-butoxycarbonyl)-3,4- 

isopropylidenedioxy-5-trityloxymethyl-2-pyrrolidinone 6, 3c prepared from the unsaturated lactam 5 by 

dihydroxylation with a catalytic amount of OsO 4 in the presence of N-methylmorpholine N-oxide followed 

by isopropylidenation, with vinylmagnesium bromide 5 in tetrahydrofuran (THF) at -40 - -50°C in 93% yield. 

Reduction of 7 with NaBH 4 in the presence of CeCI 3 in MeOH 6 gave an allylic alcohol 10 as a mixture of 

inseparable diastereomers in 91% yield. Ozonolysis of the allylic alcohol 10 followed by workup with 

NaBH 4 gave dials l l a  and 12a, which were separated by column chromatography ( l l a :  12a = 2.4:1). The 

both dials were converted to the corresponding tert-butyldimethylsilyl ethers l i b  and 12b by tert- 

butyldimethylsilyl chloride (1.2 equiv.) and imidazole in dimcthylformamide (DMF) in 48% and 19% yields 

from 10, respectively. Silyl ethers 11 b and 12b were converted to the mesylate by methanesulfonyl chloride 
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Reagents and conditions: (a) vinylmagnesium bromide, THF, -40 - -50"C; (b) aq LiOH, THF-MeOH, 
then CH2N2. ether; (c) NaBH 4, EIOH; (d) NaBH4, CcCI3 • 7H20, MeOH; (e) 03, CH2Ci2, -78"C, 
then NaBH4, EtOH; (f) tert-butyldimelhylsilyl chloride, imidazole, DMF, 0*C; (g) Swern oxidation, 
-20"C; (h) NaBH4, EtOH, -78°C; (i) MsCI, TEA, CH2C12, lhcn tert-BuOK, THF; (j) lelrabutyl- 
ammonium fluoride, THF; 0c) vinylmagnesium bromide, THF, -78"C 
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and triethylamine (TEA) in methylene chloride followed by cyclization with potassium tert-butoxide to yield 

the fully protected pyrrolidines 13a and 14a by intramolecular SN2 displacement in 75% and 78% yields, 

respectively. Removal of the tert-butyldimethylsilyl group in 13a and 14a with tetrabutylammonium 

fluoride in THF gave the alcohols 13b and 14b in 78% and 82% yields, respectively. The structure of 

13b and 14b and optical purity of 14b were confirmed by the conversion of 13b and 14b into 

the hydrochlorides of the corresponding meso- and (2R,3R,4S, 5R)-2,5-dihydroxymethyl-3,4- 

dihydroxypyrrolidines by acidic treatment.3e, 4 The diols 13b and 14b were also prepared from the allylic 

alcohol 10. Mesylation of 10 followed by cyclization with potassium tert-butoxide in THF gave the pyrrolidine 

15 as an inseparable diastereomeric mixture in 68% yield, 7 from which the diols 13b and 14b were isolated 

by treatment with ozone followed by NaBH4 reduction in EtOH in 60% and 25% yields, respectively. Since 

(2R,3R,4S,SR)-5-hydroxymethylpyrrolidine 14b was the desired compound for the synthesis of 1,Ta- 

diepialexine, selective conversion of l i b  into 12b was examined by employing oxidation-reduction 

procedure. Thus, oxidation of l i b  by the method of Swern 8 followed by reduction with NaBH 4 in EtOH at 

-78°C gave 12b with very high diastercoselectivity (12b: l lb=18: l )  in 73% yield, which was already 

converted into the pyrrolidine 14b. 

On the other hand, (2R,3R,4S,5S)-5-hydroxymethylpyrrolidine 13b was the intermediate for the 

preparation of 1-epialexines (30). Although 10b was obtained predominantly by the redaction of enone 7, the 

selective formation of 10b was examined by vinylation of the aldehyde derived from an alcohol 9. The lactam 

ring opening of 6 (aqueous lithium hydroxide in THF-MeOH) followed by esterification with diazomethane and 

subsequent reduction of the resulting methyl ester 8 with sodium borohydride gave the alcohol 9 in 79% yield 

from 6. Swern oxidation of 9 followed by treatment with vinylmagnesium bromide in THF at -78°C gave the 

allylic alcohol 10b in 71% yield, which was converted into the pyrrolidine 13b via the 5-vinylpyrrolidine 15b 

in 72 % yield. 

The construction of pyrrolizidine skeleton was shown in Scheme 3. The carbon unit required for the 

pyrrolizidine ring was introduced using a diastereoselective allylation of the aldehyde 9 derived from the alcohols 

13b and 14b. Swern oxidation of the alcohol 14b followed by treatment with either allylmagnesium 

chloride in THF or allyllithium in ether-THF at -78°C afforded 16 predominantly (allylmagnesium 

chloride: 16/19=2.5/1, yield 84%; allyllithium: 16/19=5.4/1, yield 81%; the ratio was determined by HPLC 

analysis (Waters, radial pak cartridge silica (10 ~t), AcOEt:hexane=l:4 as eluants)). 10 The reaction of the 

aldehyde derived from 14b with allyltrimethylsilane in the presence of TiCI4 in methylene chloride at -780C 

for 5 min afforded 16 selectively. However, the yield was very low due to the instability of the aldehyde 

toward strong acidic conditions. On the other hand, the aldehyde derived from 13b was very unstable and only 

the trace of aldehyde was obtained after aqueous workup for Swern oxidation. Therefore, allylmagnesium 

chloride in THF was directly added to crude Swern oxidation mixture of 13b in THF at -78°C 11 to afford 

allylic alcohols 23 and 26 in 52% and 25% yields after column chromatography, respectively. The 

stereochemistry of newly formed asymmetric carbon for the major isomer 23 was established to be S by x- 

ray crystallography of 23 after the conversion into its methoxymethyl ether 24 as shown in Figure 1.12 

The hydroxy group in 16 was protected as the mcthoxymethyl ether (chloromethyl methyl ether, N,N-diethyl- 

aniline, methylene chloride), and selective transformation of N-tert-butoxycarbonyl group in 17 into N- 

benzyl group by treatment with tert-butyldimethylsilyl trifluoromethanesulfonate 13 in the presence of 

2,6-1utidine followed by successive treatments with tetrabutylammonium fluoride in THF and benzyl 
























