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Several bengamides. novel amino acid derivatives, have recently heen isolated from a Choristid sponge 

collected in Fiji k&u&.l Bengamides thus obtained have been shown to possess significant antihelminthic 

activity as well as cytotoxicity. (2R,3R,4S,5R,6E)-3,4,5-Trihydroxy-2-methaxy-8-methylnon-6-enoyl side 

chain (C-10 side chain) was elucidated as a common structural feature of bengamide family. Therefore, 

stereoselective construction of the C-10 side chain_~nvolving four contiguous steteogenic centers would be the 

most crucial point to develop a general procedure for the total synthesis of bengamide family. Several groups 

have already accomplished total syntheses of hengamide E.2 B,zb and As, and the C-10 side chain.4 starting 

from natural resources like cyclitol?af glucose,2hF.4 tartaric acidm and glyceral&hyde.a We describe in this 

letter a highly stexeoselective construction of the C-10 side chain as well as a total synthesis of bengamide E 

(l), a representative of bengamide family having the simplest cyclic lysine component, from the cobalt- 

complexed propynal2 via dual highly selective aldol reactions.5 

OH OH 0 
ti 

2 C-10 side chain 
Bengamide E (1) 

As our point of departure, we took the cobalt-complexed 4-methylpent-2-ynal2 as a starting material 

since the cobalt-complexed propynsls have recently been shown to be excellent substrates for highly syn- 

t This paper is dedicated to Professor Yasumitsu Tamtra on the occasion of his 70th birthday. 
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Bengamidc E (1) 14 

(a) BFj=OEtz. CH2Cl2. -7SoC, (b) CAN. MeOH, OT, 83 % from 2 &WI : canti = 95 : 5): (c) (S)-1-phcnylethyl 

isocyanate. N$J-dimkthyl&anolami~, benzene. rcflux; (dj CO$O)CL Et20; (e) mtim by column 

~hnnnatopphY; (f) CAN, MeOH. 0°C; (g) HSiC13, benzene, r.t.. 30 96 from W-6; fi) TBSQ, imidazh. DMP, 

r.t.. 89 96, (i) DIBAL. CHzCI2, -78% (i) SnC1.i. CH2CI2. -78T then 7.68 % from 6 (9 : 10 = 92 : 8); Q HCI. 

THF, H20, r.t: Q AgOCOCF3. THE 50°C. 74 % from 9; (m) Et3N, dioxane. r.t. 91 +; (9 Na pH3, THF, 

-78°C. 62 %A 
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stkctive aldol reaction with o-silyl ketene O$-acetals. 5 Thusthecobaltcompkx~easilypqatedfium4- 

methylpent-2-yn-l-o16 by two steps C(i) Pee oxidation, (ii) cobalt unnpkxation with coz(co)81. was allowed 
. 

al rcpct with o-ailyl kemne OS-acetal3 (E : 2 = 27 : 73). derived fmrn s-#rr-buqI1 benzyw in 

the pmmc8 of boron thfkmdc ctbmtc (BFyOEtd in dry methykne chlorkk at -7VC. The lrtsuhing aldol 

condensation products with cobalt moiety WQC subsequently decompkxed with ccrimn0 anun&um nitrate 

(CAN) in methanol at PC to a&d syn-isomer (i)-4 in a highly diastueosekctive fashion (83 46. syn : wd = 

95 : 5). Optical resoludon of (i)4 was easily achkved as follows. s-(-)-l-Phenykthylaminoccpbonyl group 

was introduced on the &hmxy group of (i)4 to give an inseparable diastuuomixmm. which was converted 

into a mixture of the conesponding cobalt-compkxed compounds by Cc&COh treatment. Chromatographic 

separation, consecutive demomktion and removal of cerbamate moiety’ pmvided (-)4 ([or]? -87. I0 (c 1 .O, 

CHCl3)) and (+)4 ([oL]; +85.6O (c 1.0. CHCl3)) in 60 96 overall yield [(-)-4 : (+)4 = 50 : SO] from (*)- 

4.8 It should be mentioned that cobalt complexation of the carbamates 5 enabled us to isolate each enantiomer 

by chromatography withwt any trouble. 

With chii syn-aldol product (-)4 with two tcquisite stereogenic centers in hand, we turned our effort to 

elaboration of (-)-4 to the C-10 side chain. B-Hydroxy group of (-$4 was protected with tert- 

butyldimethyls&l’~hl&ide to fur&h 6 (89 %). Reduction of 6 with diisobutylaluminum hydride afforded the 

aldehyde 7. which was immediately exposed to the aldol reaction under the chelation-controlled condition with 

stannyl enoi&e? prep& in situ from 0-silyl ketene OS-acetal8 (E : Z = 25 : 75) and stannyl(IV) chloride, to 

yield the aldol product ? along with its 2-epimer 10: (9 : 10 = 92 : S)lo in 68 96 overall yield from 6. This 

stexeo&kctive aldol reaction furnished all carbon framework required for the synthesis of the C-10 side chain 

of bengamides with correct smhemistry. 

The next #ase of our sy&hesis of bengamide E faced some modifications of 9 and a coupling with the 

cyclic lysine derivative. Prior to a coupling with cyclic lysine derivative 12, the aldol product 9 was 

transformed into the corresponding S-lactone 11 in 74 5% yield by hydrolysis with hydrochloric acid and 

lactone formation with silver(I) trifluoroacetate. l1 The coupling reaction of 11 with (S)-a-amino-E- 

caprolactam 1212 easily proceede-d in the presence of triethylamine in dioxane without pmtection of the C-3 

hydroxy group to give the condensation product 13 in 91 96 yi&i. The Birch reduction (Na / NH3) of 13 

effected simultaneous removal of benzyl group on the C-4 hydmxy group of the side chain and reduction of the 

triple bondto tiuns&uble bond to provide bengaxnide E (1) ([a]g +24O (c 0.1. MeOH), lit.% [a]: +2S0 (c 

0.29. M&H)). The hcyne derivative 14, a presumable intermediate in a conversion of 13 to 1, could also be 

isolated as a by-product. After transformation of the minor product 14 into the &shed 1 under the same Birch 

conditl~, to)_bengamide E was finally obtained 4n ri 62 % combined yield fmm 13. Synthetic (+)-bengamide 

E was unambiguously proved to be identical with authentic specimen by comparison with 1H and 13C NMR 

spectra 
Thus, we have completed a highly stereocontrolled synthesis of bengamide E (1). starting from the 

cobalt-complexed 4-methylpent-2-ynal derivative 2. The newly developed procedure described hem would 

open up an alternative way for the prqmation of bcngamide family. 

Acknowledgment. We are indebted to Professor Seiichiro 0gawa and Dr. Noritaka Chida, Keio 

University, fm generous supply of the copies of 1H and 1* NMR spectra of bngamide E 
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