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Summary: The total synthesis of doliculide (1)) a potent 
cytotoxic cyclodepsipeptide from the Japanese sea hare, 
has been achieved. 

We have recently isolated doliculide (1) from the 
Japanese sea hare Dolabella auricularia, have elucidated 
the gross structure of 1 on the basis of spectral analysis, 
and have deduced the stereostructure of 1 by NOE 
experiments and chemical means.l We report herein the 
efficient synthesis of doliculide (11, and the present result 
confirms the stereostructure of 1 unambiguously. 

doliculide (1) 

Preparation of the dihydroxy acid moiety of 1 began 
with (S)-4-methyl-l,3-pentanediol (2): which was con- 
verted into aldehyde 3 in four steps (Scheme 1). Reaction 
of aldehyde 3 with imide 133 under Evans conditions gave 
aldol 4, which was transformed into aldehyde 6 by a 
three-step sequence. The Evans aldol reaction between 
6 and 13,3 followed by removal of the chiral auxiliary and 
reaction with diazomethane, afforded methyl ester 6, 
deoxygenation of which was effected by reduction4 of the 

corresponding thionoimidazolide 7 to give methyl ester 
8, having a 1,3-syn-dimethylalkane structure. Methyl 
ester 8 was transformed into aldehyde 9 by two steps. 
The same sequence of reactions described above was 
applied to 9 to furnish methyl ester 10, which possesses 
the 1,3,5-syn,syn-trimethylalkane structure. The pro- 
tecting methoxymethyl group in 10 was removed, and the 
resulting hydroxyl group at C-7 was inverted by a 
Mitsunobu reaction5 to afford p-nitrobenzoate 11, along 
with olefin 14. Hydrolysis of 11 gave a hydroxy acid, 
which was converted into silyl ether 12. 

Seco acid 17, prepared from 12 and dipeptide 16, was 
subjected to macrolactonization by Yamaguchi6 or Keck' 
conditions, resulting in the complete epimerization of the 
tyrosine moiety to give cyclic compound 18 (Scheme 2). 
Thus, we investigated an alternative route, using mac- 
rolactamization for the synthesis of 1 (Scheme 3). 

Coupling between 12 and glycine tert-butyl ester 
hydrochloride was effected with diethyl phosphorocy- 
anidates (DEPC) to provide amide 19, which was con- 
verted into alcohol 20 (Scheme 3). 
3-Iodo-N-methyl-~-tyrosine methyl ester was 

converted into N-Boc-3-iodo-N-methyl-O-TBS-~-tyrosine 
(22) by four steps (Scheme 3). Esterification of 20 with 
22 gave fully protected seco acid 23, treatment of which 
with trifluoroacetic acid provided amino acid 24 (Scheme 
3). Macrolactamization of 24 was effected with bis(2-oxo- 
3-oxazolidinyl)phosphinic chloridelo (BOP-C1) to afford 
lactam 26 (74% from 23) and trifluoroacetate 26 (10% 
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a Key: (a) TrCl, EtaN, D W ,  CHzClz, 20 "C, 13 h; (b) BnBr, NaH, DMF, rt, 2.5 h; (c) concd HC1, MeOH, THF, 30 "C, 4 h; (d) DMSO, 
(COCl)z, EtaN, CHzClz, -78 "C, 20 min - 0 "C, 15 min; (e) 13, BuzBOTf, E t a ,  CHzClZ, -78 "C, 30 min - 0 "C, 1 h; (n Me(MeO)NH*HCI, 
M e a ,  THF, -19 -. -6 "C, 2 h; (g) MeOCHZCI, i-PrzNEt, 0 "C - rt, 2 h; (h) DIBAL, THF, -78 "C, 10 min; (i) 13, BuzBOTf, EbN, CHzClz, 
-78 "C, 30 min - 0 "C, 1 h; (j) LiOH, HzOz, THF, HzO, 0 "C, 1.5 h; (k) CHzNz, ether, CHCI3, rt, 5 min; (1) ImZCS, THF, reflux, 10 h; (m) 
BuaSnH, toluene, reflux, 13 min; (n) LiAlK, THF, 0 "C, 10 min; (0) DMSO, (COC1)2, EtsN, CH2C12, -78 "C, 10 min - 0 "C, 10 m k ,  (9) 
concd HCl, MeOH, 50 "C, 2 h; (r) Ph3P, p-N02CeH&OOH, (EtOOCNh, ether, rt, 17.5 h; (5) NaOH, MeOH, HzO, 45 "C, 2 h; (t) TBSOTf, 
EtaN, CHzClz, 0 "C, 15 min; (u) KzCO3, MeOH, THF, HzO, 40 "C, 1 h. 
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lide has been confirmed to be 1. The overall yield of the 
synthesis, based on the longest linear sequence, is 11%. 
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Scheme 2 

from 231, and the latter was transformed into the former 
on treatment with aqueous ammonia in methanol. Fi- 
nally, the silyl group of 26 was removed to give doliculide 
(1). Synthetic doliculide (1) was found to be identical 
with natural 1 in all respects, including spectroscopic 
(mp, W, IR, lH and 13C NMR, MS, aD) and chromato- 
graphic properties and cytotoxicity. 

In conclusion, an efficient total synthesis of doliculide 
(1) has been achieved and the stereostructure of dolicu- 
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(1 Key: (a) glycine tert-butyl ester hydrochloride, DEPC, EtsN, DMF, 0 "C, 30 min; (b) H2, 20% Pd(OH)dC, dioxane, 40 "C, 1.5 h; (c) 
BoczO, EtsN, CH2C12,5 "C, 14 h; (d) LiOH, THF, H20, rt, 1 h; (e) TBSCl, imidazole, DMF, 50 W, 1 h; (f) K2C03, H20, MeOH, THF, rt, 30 
min, (g) DCC, DMAP, CH2C12, -20 "C, 2 h; (h) CF&OOH, CH2C12, rt, 3 h (i) BOP-C1, Et3N, CH2C12,O "C - 25 "C, 19 h; 6) B m ,  THF, 
0 "C, 5 min; (k) concd NH3, MeOH, rt, 1 h. 


