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Recently, we elucidated the gross structure of aplyronine A 
(1) isolated as a minute constituent of the Japanese sea hare 
Aplysia kurodai.Ia Further, the absolute stereochemistry of 1 
has been fully determined.IM Although aplyronine A (1) exhibits 
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exceedingly potent antitumor activities,la the scarcity of 1 from 
natural sources has prevented further evaluation of this compound 
as a potential therapeutic agent thus far. This fact and the novel 
polyfunctional 24-membered lactone structure prompted us to 
initiate the investigation toward the synthesis of 1. Recently, the 
synthesis of the C21-C34 segmentZ of 1 has been r e p ~ r t e d . ~  We 
describe herein the total synthesis of 1. 

Scheme 1 outlines the synthesis of aplyronine A (l), which 
includes the following key operations: (1) the four contiguous 
asymmetric centers C7-CIO of the C5-Cl l  segment 2 were 
constructed by the Evans aldol reaction4 and the Sharpless 
epoxidation;5 (2) the C5-C20 segment 5 was synthesized by 
connecting the three segments 2,3, and 4 in order; and (3) a Julia 
olefination reaction6 between the C5-C20 segment 5 and the 
C21-C34 segment 6.3 

The synthesis of the C5-Cl1 segment 2 began with the Evans 
aldol reaction between imide 74 and (R)-3-(benzyloxy)-Z 
methylpr~panal~ (Scheme 2), which led to amide 8* by two steps. 
Conversion of 8 into allyl alcohol 9 was effected by a three-step 
sequence including the Horner-Emmons reaction. The Sharpless 
epoxidation5 of 9 followed by regioselective reduction with Red- 
A19 provided diol 10, which was transformed into 2 (53% overall 
yield from imide 7) by a five-step sequence. 

The alkylation reactionlo of 2 with iodide 311 and subsequent 
reductive removal of the sulfonyl group afforded benzyl ether 11, 
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a (a) BuzBOTf, EtsN, CH2CI2, 0 "C, then (R)-3-(benzyloxy)-2- 

methylpropanal, -78 - 0 "C. (b) MezAIN(Me)OMe, THF, toluene, 
-10-0 OC. (c) t-BuMezSiOTf (TBSOTf), 2,6-lutidine, CH2C12,O "C. 
(d) DIBAL, THF,  hexane, -78 "C. (e) (i-PrO)2P(O)CH2COOEt, 
t-BuOK, THF, -78 - 0 "C. (f) DIBAL, hexane, CH2C12, -78 "C. 
Ti(0Pr- i  )4, (+)-diethyl tartrate, t-BuOOH, molecular sieves 4 (i! 
CH~CIZ,  -23 "C. (h) Red-AI, DME, 0 "C. (i) Pivaloyl chloride (PivCl), 
pyridine, 0 "C. (j) H2, 10% Pd-C, EtOH. (k) ( P h s ) ~ ,  BMP, DMF. (1) 
Et3SiC1 (TESCI), imidazole, DMF. (m) m-CPBA, NaHCO3, CHzCIz. 

which was converted into methyl ketone 12 in four steps (Scheme 
3). The Julia coupling6 between 12 and the C15-C20 segment 
413 provided tram-olefin 13,15 which was transformed into the 
C5-C20 segment 5 (1 7% overall yield from 2) in four steps. 

The Julia coupling between the C5-C20 segment 5 and the 
C21-C34 segment 616 gave an olefin'* (Scheme 4), which was 
converted into seco-acid 1419 by a five-step sequence involving 
the Horner-Emmons reaction.20 The macrolactonization of 14 
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(a) 2,LDA,THF,-78OC,then3,HMPA.(b) %Na-Hg,NazHFQ, 

MeOH, 0 OC. (c) H2, 10% Pd-C, NaHCO3, EtOH. (d) Dess-Martin 
reagent,12 pyridine, CH2C12. (e) MezCuLi, ether, -78 O C .  (f) Des- 
Martin reagent,I2 pyridine, CH2C12. (g) 4, BuLi, THF, -78 OC. (h) 6% 
Na-Hg, Na2HP04, MeOH, 0 OC. (i) AcOH, HzO, THF. (j) DMSO, 
Ac20, AcOH, 23 -c 40 OC. (k) HCOOH, ether. (I) Dm-Martin reagent,12 
pyridine, CH2C12. 

was accomplished by the Yamaguchi method2’ to yield the 24- 
membered lactone 15 (42%)and a 26-membered lactone (28%).22 
After silylation of the hydroxyl group of 15, the methyl acetal 
moiety was hydrolyzed to afford a hemiacetal, which was reduced 
to give diol 16. Diol 16 was converted into aldehyde 17 by a 
four-step sequence. The terminal N-methyl-N-vinylformamide 
structure was constructed by reaction of 17 with N-methylfor- 
mamide to afford enamide 18. Removal of the protecting group 
at  C29 in 18 was accomplished by DDQ,23 and the resulting 
hydroxyl group was acylated with N,N-dimethylalanine (SR = 
3:2” ) under Keck conditions25 to give a diastereomeric mixture 
of dimethylalanine esters (SR = 4:1).26 Further, hydrolysis of 
the (methy1thio)methyl (MTM) group a t  C7 with AgN0327 and 
acylation of the hydroxyl groupwith N,N,O-trimethylserine (SR 
= 5:22*) gave a diastereomeric mixture of trimethylserine esters 
(SR = 4:3),26 the two silyl groups of which were removed to 
provide aplyronine A (1). Synthetic aplyronine A (1) was found 
to correspond uniquely to natural 1 by comparison of the 
spectroscopic (UV, IR, lH NMR, MS, at)) and chromatographic 
properties and cytotoxicity.29 
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aptyronine A (1) 
a (a) 6, BuLi, THF, -78 OC, then 5. (b) AqO, DMAP, pyridine. (c) 

5% Na-Hg, Na2HP04, MeOH, 0 OC. (d) DIBAL, hexane, CHzC12, -78 
OC. (e) Dess-Martin reagent,12 pyridine, CH2CI2. (f) (EtO)zP(O)CH2- 
CH-CHCOOEt, LDA, THF, -40 - OOC. (9) HF-pyridine, pyridine, 
THF. (h) LiOH, MeOH, H20. (i) C&Cl&OCI, DMAP, Et3N, CHCl3. 
(j) t-BuMcBiC1 (TBSCI), imidazole, DMF,60 OC. (k) HCI, H20, DME. 
(1) NaBH(OMe)3, MeOH. (m) TrCI, pyridine, 50 OC. (n) AczO, DMAP, 
pyridine. (0) HCOOH, ether. (p) Dess-Martin reagcnt,12 pyridine, 
CH2C12. (q) MeNHCHO, PPTS, hydroquinone, benzene, reflux. (r) DDQ, 
phosphate buffer (pH a), I-BuOH, CH2C12. (s) NJV-Dimethylalanine 
(S:R = 3:2), DCC, DMAP, CSA, CH2C12. (t) AgNO,, 2,6-lutidine, 
H20, THF. (u) NJV,O.trimethylserine (S:R = 5:2), DCC, DMAP, CSA, 
CH2C12, 35 OC. (v) HF-pyridine, pyridine. 
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Supplementary Material Available: Spectral data of interme- 
diates and synthetic 1; 1H NMR spectra of the pentaacetate’b 
obtained from both natural and synthetic 1; *H and I3C NMR 
spectra and HPLC traces of natural and synthetic 1 (29 pages). 
This material is contained in many libraries on microfiche, 
immediately follows this article in the microfilm version of the 
journal, and can be ordered from the ACS; see any current 
masthead page for ordering information. 

(29) The very small differences in the signal intensity of the 1H and 13C 
NMR spectra which were observed between natural and synthetic aplyronine 
A (1) aredueto thedifferentdiastereomericratiosoftwoaminoacids. Synthetic 
1 was subjected to the same sequence of degradations that was previously 
employed with natural 1 for removal of the two amino acid@ to give the 
pentaacetate ( [a]Zl~ -14O (c 0.06, CHCI,)), corresponding to the carbon 
backbone of 1. The pentaacetate thus obtained was identical with that from 
natural 1 ([a]24~ -15O (c 0.16, CHCl5))lb in all respects. 


