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Summary: The first total synthesis of (+)-spat01 (1) with natural configuration is 
described. The important step utilizes the carbon-carbon bond formation with simultaneous 
epoxide formation by the reaction of optically pure sulfonium ylide (4) and optically pure 
epoxy aldehyde (5). 

Spat01 (1) is a member of the novel spatane diterpenes isolated from brown marine algae 

of the family Dictyotaceae. 
ls3) 

Spat01 is also known to be endowed with remarkable 

biological properties including a potent inhibition of cell replication. 1) X-ray 

crystallographic analysis of its derivative revealed the unique structure of 1, which is 

characterized by the presence of linear vinylic diepoxide sidechain attached to the cis, 

anti, cis-tricycloC5.3.0.02'61decane skeleton. 
ls4) 

Quite recently Salomon5) and we6%ve 

reported independent synthesis of racemic 5) and optically pure6) stoechospermol (2), a 

representative of the spatane diterpenes of the lower oxidation level. We describe herein 

the first total synthesis of (+)-spat01 in an optically pure form with natural 

configuration. The synthesis provides the direct evidence for the C-17 stereochemistry to 

be S-configuration in natural (+)-spat01 (1). 1) 

Our general idea for the synthesis of 1 is the coupling of two optically pure units, 

sulfonium ylide (4) derived from 3 6, and epoxy aldehyde (5),7) with a simultaneous epoxide 
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formation. Since the synthetic methods for the linear vinylic diepoxide systems are quite 

few 8yg) we started our investigations with a model study. Three sulfonium salts 

(6a1b,c)lO) were prepared from Z-cyclohexylprop-Z-en-l-01. 11) Treatment of 6a (R=Me) with 

LOA or BuLi in OME followed by the addition of racemic 5 however, resulted in the formation 

of 10 (R=Me, R'=H) as a major product, which is considered to be arisen from the 

deprotonation at the MeS group of 6a and following [2,31 sigmatropic rearrangement. 12) 

Attempted reaction by the use of diphenyl sulfonium salt (6b: R=Ph) was also unsatisfactory 

to give rise to a mixture of diepoxides in low yield as shown in the Table I. Fortunately, 

it was found that, when the diethyl sulfonium salt (6~: R=Et) was treated with methyllithium 

in the presence of 1 eq. of HMPA in DME and then with 5, the desired vinylic diepoxide (7) 

was obtained as a major isomer in 25% yield, accompanied by the formation of three epoxide 

isomers (8, 913) ) and the rearranged product (10: R=Et, R'=Me). The structure of 7 was 

assigned by the following experiments. The syn, syn-alcohol (11: JHa,Hb =8 Hz),14) prepared 

by the reaction of the corresponding ally1 stannane with 5 according to the chemistry of 

Yamamoto, Maruyama, and Keck, 15) was treated with Me30BF4 in CH2C12 and then with 

methyllithium in DME-HMPA to afford the cis-diepoxide (8: JHa Hb=4 Hz) 16) having the 

undesired relative configuration. Coupling constant between the protons of the newly 

created epdxide of 7 is 4 Hz and this indicates that 7 has the desired relative 

configuration identical with that of 1. 

Application of the method to our goal provided (+)-spat01 as described below. The 

allylic alcohol (3: [al;' -60" (CHC13))6) was converted to the crystalline sulfonium salt 

(12: cu1;4 +84.2" (CHC13), mp 123-126°C) in 79% overall yield in four steps (i. MsCl, NEt3- 

CH2C12; ii. NaSEt-DMF; iii. 10% H2S04-acetone; iv. Et30BF4-CH2C12). Treatment of 12 with 

methyllithium in the presence of 1 eq. of HMPA in DME at -70°C for 60 min and then with 

optically active 5 7) at -7O'C for 60 min and then at room temperature for 60 min afforded, 

after careful separation by HPLC (silica gel, acetone_hexane/l:6), (+)-spat01 (1) and two 

isomers (13, 1417)) in a ratio of 24:12:64 in 13% yield and the rearranged product (15) in 

35% yield.18"') Optical rotation, melting point, tic behavior, and spectroscopic data of 

the synthetic spat01 (I) ([a1E3 +45.5" (CHC13), mp 100-lO1°C, mixed mp 100-102°C) were 

completely identical with those of the natural spat01 ([al, +45.6' (CHC13), mp IOO-102°C). 

Since the optically pure epoxy aldehyde (5) with definite configuration was incorporated in 

1, the C-17 stereochemistry in natural spat01 was firmly established.') 

Evaluation of the cytotoxic activity of spat01 and its isomers, and further efforts for 

the improvement of the coupling step are the subjects of the current studies. 
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Table I 

R Base 7% 8% ga% 10% 

6a Me LDA 0 0 0 

n-BuLi 4 0 5 

3 b 

6b Ph LDA 
n-BuLi 

6c Et n-BuLi 
MeLi 20 5 19 7c 
MeLi+HMPA(leq) 25 4 22 II' 

a) A mixture of two trans-diastereomers. The ratio 
was around 5:l. b) R'=H. c) R'=Me. 
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