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Clavularins A and B were originally isolated by Endo 
et al. from the Okinawa soft coral Clavularin koellikeri 
and showed significant cytotoxity and anticarcinogenicity.1 
The absolute configuration of clavularin B was unequiv- 
ocally established by Kobayashi et ai.? whereas that of 
clavularin A was only estimated from the CD studies.' 
Recently, syntheses of (*I-clavularins A and B have been 
accomplished by Utrecht3 and Still et al.? respectively, 
although the former synthesis has been accompanied by 
the concomitant formation of 15% of the epimeric (i)- 
clavularin B. To our knowledge, there has been no report 
of stereoselective synthesis of optically active clavularins 
A and B, despite their simple structure. Here we describe 
the facile asymmetric synthesis of clavularin A with high 
enantio- (96% ee) and diastereoselectivity (94/6) by 
employing our recently reported methodology for the 
synthesis of optically active 3-substituted 2-exo-methyl- 
enecycl~heptanones~ and cis 2,3-disubstituted cyclohep- 
tanonese6 Thus, the present work confirms the presumed 
absolute structure of clavularin A.' 
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Our synthetic approach to clavularin A is summarized 
in Scheme I. Requisite optically active 3-methyl-2- 
methylenecycloheptanone (3) was prepared in 87% chem- 
ical yield and 96 % ee by addition-elimination reaction of 
2, available from 1 and (S)-2-(methoxymethyl)pyrrolidine, 
with Me2CuLi.6 Addition of allyltrimethyleilane to 3 a t  
-78 "C in the presence of 1 equiv of T i c 4  in CH2C1z7 
followed by protonation at  -90 OC with various proton 
sources afforded a cis and trans mixture of 4 in different 

t Faculty of General Education, Ehime University. 
t Faculty of Science, Ehime University. 
I Kyoto University. 
(1) (a) Endo, M.; Nakagawa, M.; Hamamoto, Y .; Nakaniehi, T. J. Chem. 

SOC. Chem. Commun. 1983,322 and 908. (b) Suntory Ltd., Jpn. Kokai 
Tokkyo Koho J P  5829,737 [8329,7371: Chem. Abstr. 1983,99, 702878. 

(2) (a) Kobayaehi, M.; Son, B. W.; Kido, M.; Kyogoku, Y.; Kitagawa, 
I. Chem. Pharm. Bull. 1983,31,2180; (b) 1984,32,1667. 

(3) Utrecht, R. J. Chem. Soc., Chem. Commun. 1984,989. 
(4) (a)Still,I.;Shi,Y. TetrahedronLett. 1987,2489. Forthebiomimetic 

synthesis from (+)-clavukerin A, em: (b) Kim, S. K.; Pak, C. S. J. Org. 
Chem. 1991,66,6829. 

(5) Tamura, R.; Watabe, K.; Ono, N.; Yamamoto, Y. J. Org. Chem. 
1992,57, 4895. 

(6) Tamura, R.; Watabe, K.; Kamimura, A.; Hori, K.; Yokomori, Y. J. 
Org. Chem. 1992,57,4903. 

(7) (a) Hosomi, A.; Sakurai, H. J.  Am. Chem. SOC. 1977,99,1673. (b) 
Sakurai, H.; Hasomi, A.; Hayashi, J. Organic Syntheses; Wdey: New 
York, 1990; Collect. Vol. VII, p 443. 

ratios almost quantitatively. As a consequence, the use 
of sterically hindered 2,4,6-collidine trifluoroacetate led 
to the highest cis selectivity (94/6) among proton sources 
such as H2O (84/16), aqueous N&C1(85/15), and AcOH 
(89/11). This result can be well correlated to kinetic 
protonation, where the least hindered approach of a 
sterically hindered proton donor to an enolate leads to the 
thermodynamically less stable stereoisomer.6*8 The cis 
disubstituted cycloheptanone 4 containing 6 9% of the trans 
isomer was successively treated with LiTMP and PhSeClO 
to provide the a-keto selenide 5. Usual oxidation of 5 
with H202 in the presence of pyridine in CHzClze gave the 
enone 6. Finally, the Wacker-type oxidationloof 6 resulted 
in the formation of clavularin A (7) with high cis selectivity 
(94/6) after PLC purification in overall 41 % yield from 3. 
The CD spectrum of the obtained 7 showed a negative 
Cotton effect near 224 nm and a positive one near 339 nm 
([Blzzd[Bl~~ = -1.79 in hexane), in good agreement with 
the reported pattern and value (-1.82) of clavularin A.1 

Thus, natural-type (+)-clavularin A with high enanti- 
omeric purity (96 % ee) and diastereoselectivity (94/6) has 
been found to be simply produced by making use of our 
recently reported methadology for the stereoselective 
synthesis of optically active cis 2,3-disubstituted cyclo- 
heptanones. 

Experimental Section 

lH NMR spectra were recorded in CDCl, solution containing 
TMS standard. Reactions were performed under an argon 
atmosphere, unless otherwise noted. All solventa were distilled 
before use. 

Synthesis of Clavularin A. Toasolution of (-)-(S)-3-methyl- 
2-methylenecycloheptanone (3) (0.152 g, 1.1 mmol) in CH2Cl2 (3 
mL) was added dropwise Tic4 in CH2Cl2 (1 M solution, 1.1 "01) 
and then allyltrimethylsilane (0.160 g, 1.4 mmol) in CHzClz (3 
mL) at -78 OC, and the resultant deep red-purple solution was 
stirred for 1 h at -78 O C .  After the solution was cooled to -90 
"C, a mixture of 2,4,6-collidine (0.412 g, 3.4 "01) and CFs- 
COOH (0.388 g, 3.4 mmol) in THF (3 mL) was added dropwise 
to the reaction mixture. After the mixture was stirred for 30 min 
at -90 "C, 2 N HCl(30 mL) was added. The aqueous mixture 
was allowed to warm to 25 "C during 1 h and extracted with 
CHzC12 (3 x 30 mL). The combined organic phase was washed 
with saturated NaHCOs solution (2 X 30 mL) and brine (30 mL), 
dried over MgSOd, and concentrated in vacuo, giving 0.200 g (ca. 
100 % ) of the crude 4 in a high state of purity (>95 % ), as judged 
by capillary GC. The cis/trans ratio was also determined to be 
94/6 by capillary GC. 

4: 'H NMR (60 MHz) 6 5.75 (m, 1H) and 5.15-4.72 (m, 2H) 
for CH=CH2, 0.82 (d, J = 6.4 Hz, 3H) for Me. 

A THF solution of LiTMP, prepared from 2,2,6,6-tetra- 
methylpiperidine (0.170 g, 1.2 "01) and n-BuLi (1.2 "01) in 
THF (7 mL), was added dropwise to a solution of 4 (ca. 1.1 mmol) 
in THF (5 mL) at -78 "C, and the resultant yellow solution was 
stirred for 40 min at -78 O C .  PhSeCl(O.229 g, 1.2 mmol) in THF 
(3 mL) was added at -78 O C .  The reaction mixture was 
successively stirred for 30 min at -78 "C, allowed to warm to 0 
O C  during 1 h, and stirred for an additional 1 h at 0 "C. HC1 
(0.5 N, 30 mL) was added, and the aqueous mixture was extracted 
with ether (3 X 30 mL). The combined organic phase was washed 
with saturated NaHCOs solution (2 X 30 mL) and water (30 mL), 
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dried over MgS04, and concentrated in vacuo, affording 0.380 g 
of 6 containing some impurities. Without purification, to the 
crude 6 (0.380 g) diesolved in CHgCla (5 mL) containing pyridine 
(0.158 g, 2.0 mmol) was added dropwise 35% H202 (0.24 mL, 2.7 
mmol) at 0 O C .  After being stirred for 1 h at 25 "C, the reaction 
mixture was diluted with CHgCla (30 mL), washed with 5% 
NaHCOa (2 X 30 mL), 2 N HCl(30 mL) and brine (30 A), dried 
over MgS04, and concentrated in vacuo to give 0.132 g of the 
crude 6. 

6: 1H NMR (270 MHz) 6 6.80 (ddd, J = 3.7,7.0,11.3 Hz, lH), 
6.08 (dd, J = 2.4, 11.3 Hz, lH), 5.82 (m, lH), 5.03 (d, J = 16.9 
Hz,lH),4.98 (d , J=  9.4Hz,lH),2.80 (ddd,J= 2.5,6.2,8.3 Hz, 
lH), 2.47 (m, 2H), 2.12 (m, 2H), 2.03 (m, 2H), 1.78 (m, 2H), 1.46 
(m, lH), 0.88 (d, J = 6.6 Hz, 3H). 

A stream of oxygen gas was bubbled through a mixture of 
PdCla (0.027 g, 0.16 mmol) and CuCl (0.148 g, 1.5 "01) in a 
mixed solvent of DMF (70 mL) and HgO (10 mL) for 1 h with 

7, cidtrans > 94f6 
[a10 +59.2" (c 0.37, CHCIJ) 

Notes 

vigorous stirring. A solution of 6 (0.132 g) in a mixed solvent of 
DMF (17.5 mL) and Ha0 (2.5 mL) was added, and the reaction 
mixture was stirred for 24 h at 25 OC under 02 bubbling. HCl 
(2N, 100 mL) was added, and the aqueous mixture was extracted 
with ether (3 X 30mL). The combined organic phase was washed 
with saturated NaHCOs solution (2 X 30 mL) and brine (30 mL), 
dried over MgS04,  and concentrated in vacuo. PLC purification 
of the crude product gave 0.087 g (41 % ) of 7. The cis/trana ratio 
was determined to be 94/6 by capillary GC. All spectral data of 
7 showed good agreement with those of clavularin A.' 

7 [ a l ~  +59.2' (C 0.37, CHCb); 'H NMR (270 MHz) 6 6.76 
(ddd, J = 3.9,7.3,11.6 Hz, lH), 6.02 (dd, J = 2.6,11.6 Hz, lH), 
2.81 (ddd, J - 4.3, 5.5,9.8 Hz, lH), 2.50 (ddd, J = 5.4,9.0,17.1 
Hz, lH), 2.43 (m, 2H), 2.29 (ddd, J = 6.3,8.6,17.1 Hz, lH), 2.10 
(e, 3H), 2.20-2.05 (m, 3H), 1.61 (m, lH), 1.26 (m, lH), 0.83 (d, 
J = 6.4 Hz, 3H); 'BC NMR (67.8 Hz) 6 208.8,203.7, 148.6,133.9, 
54.1, 41.9, 35.7, 33.9, 29.9, 27.8, 22.3, 16.0. 


