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Abstmct: Aragusteml A. a new marine steroid possessing potent antitumor ectivity. was isolated fmm 
the Okiiwan sponge of the genus Xestospongia and its structure was determined by spc~tms&pii analysis 
and chemical evidence. The compound smugly inhibited rhe cell proliferation of KB. HeLaS3. P388 and 
LoVo cells in vitro, and also showed potent in viw antitumor activity toward P388 in mice and L1210 
in mice. 

While conducting research on the biologically active substances of Okinawan marine invertebrates, the 

authors isolated a new steroid, aragusterol A,t possessing potent antitumor activity from the sponge of the 

genus, Xesrospongia. This compound strongly inhibited the cell proliferation of KB, HeLaS3, P388 and LoVo 

cells in v&o at IQ0 0.042, 0.16, 0.022 and 0.0079 fig/ml, respectively. It also showed potent in viva 

antitumor activity toward P388 in mice (T/C 17246, at 6.25 mg/kg) and L1210 in mice (T/C 220%. at 1.6 

mg/kg).z This paper describes the full structure of aragusterol A based on spectroscopic analysis and chemical 

evidence. 

The MeOH extract of wet specimens of the sponge,3 collected on the coral reef of Aragusuku Island 

(Okinawa, Japan), was partitioned between EtOAc and H20. Repeated chromatographic separation of the EtOAc 

soluble portion gave aragusterol A4 (1, C2gQO4,0.81% yield based on the EtOAc soluble portion). IR. tH 

and t3C NMR spectra4 demonstrated the presence of a ketone, two secondary hydroxyls, an epoxide, a 

cyclopropane and four methyls. Acetylation of I with Ac20 in pyridine gave only monoacetate 2 ([a]D 

+28.2”),5 showing one of the two secondary hydroxyl groups to be located at the hindered position. The 

structure of the steroidal nucleus of 1 was determined by the following chemical conversion. PCC oxidation of 

1 gave diketone 3 ([a]D +63.6”), chlorodiketone 6 ([a]D +32.0”) and chlorotriketone 7 ([CC]D +70.00) in 31%. 

16% and 11% yields, respectively. Reduction of 7 with zinc dust in AcOH quantitatively gave triketone 8 ([a]D 

+135.8”), which was shown to be identical with ti obtained by treating known diketone 97 with methanolic 

K2CO3 followed by PCC oxidation. The formation of 6 and 7 can be explained as due to opening of the 

epoxide ring of the initially formed 22-keto epoxide by attack of chloride anion at C21 followed by cleavage of 

the bond between CT20 and C22 of the resulting P-chloro-a-hydroxy ketone. This reaction also suggested the 

presence of the epoxide at C20 and C21, and a secondary hydroxyl group at C-22 on the side chain. The 

structure of the side chain was further elucidated by the following chemical conversion. LiAm reduction of 1 
gave tetraol 10 ([CC]D +7.3”) which was converted to acetonide 11 ([a]D +11.4“) by treatment with 

dimethoxypropane in the presence of PPTS in DMF and acetone. H5106 oxidation of 10 followed by NaBQ 
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1 RI = OH, R2 = R3 = H aragusteiol A 
2 R,=OH,R2=H,R3=Ac 
3 R,,R2 = 0, R3 = H 
4 R, = OH, R2 = H, R3 = (FQMTPA 
5 R, = OH, R2 = H, R3 = (SJ-MTPA 

HO 11 R,,R, = C(CH3)2 

6 R,=OH,R2=H,R3,R4=0,X=CI 
7 R,,R2 = R3,R., = 0, X = Cl 
6 R,,R2=R3,R4=0,X=H 
6 R,.R2=0,R3=OAc,R4=X=H 

ROM, 
25 

12 R=H 
13 R = COC3H4(pN03) 

reduction gave alcohol 12 as a side chain fragment which was converted to its p-nitrobenzoate 13 ([a]D - 

2wp clarifying the structure from C22 to C29 involving a methyl at C24 and a cyclopropyl at C25, C26 and 

CU. These chemical evidences coupled with analysis of correlations observed in the 2D NMR spectra 

(HOHAHA, 13C-1H COSY, COLOC and INADEQUATE) led unambiguously to the planar structi of 1. 

The stereochemistry of chiral centers on the nucleus of 1 except for Cl2 bearing a secondary hydtoxyl 

group was established based on the above-mentioned chemical correlation of triketone 8 with 9 derived from 

hecogenin9 (complete structure aheady established). The p configuration of the hydroxyl at Cl2 was detemtined 

from tH NMR coupling constants (J = 4.6, 11.0 Hz) of HI2 [6 3.39 (dd)] and NOE correlation between H12 

and H14. The configumtion at C22 bearing a secondary hydroxyl group was shown to be R by the modified 

Mosher’s methodto; (R)-(+)-MTPA ester 4 and (S)-(-)-MTPA ester 5 were prepared from 1 and A6 (A of 5 - A 

of 4) was calculated by comparing 1H NMR spectra. l1 The R configuration at C20 was indicated by NOE 
correlation between H21 [6 1.38 (3H, s)] and H22 [6 3.77 (lH, dd)] of acetonide 11. The relative 

stereochemistry of the cyclopropane moiety was derived from the NOE correlation between H25 and H29. 

However determination of the relative stereochemistry of the remaining chiral center at C24 was difficult ftom the 

analysis of NOE correlations. Relative and absolute stereochemistries at C24, C25 and C26 were thus 

determined by the synthesis of fragment 13 and its enantiomer 23.12 

Compound 13 was synthesized as shown in Scheme I. Stereoselective cyclopropanation of 14’3 ([c&r - 

23.6”) using asymmetric Simmons-Smith reaction (CH212. Et2Zn)t4 gave 15 ([U]D -50.9“) in 86% yield. 

Absolute configurations at C2515 and C26 in 15 were confirmed by converting 15 into dicarboxylic acid 

1916J7 ([U]D -233’; lit.16 [a]D -247’). Compound 15 was converted to allylic alcohol 16 ([a]D -57.5’) 

followed by Sharpless epoxidation to give epoxide 17 in 32% overall yield from 15. Treatment of 17 with 
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14 15 16 

17 OH 18 19 

R~gwtts: (a) 0,212, Et2i!n, hexane. -20%. (b) i) TsOH, MeOH-H20; ii) (Et0)2P(O)CH2CO2Me, K2CO3; iii) TBDMSCI, 
imidazole; iv) DIBAH, CH2Cl2, -78%; v) TBDPSCI, imkiazole; vi) AcOH-THF-H20 (2:l:l); vii) MPMBr, NaH; vii,) Bu4NF, 
THF. (c) tBuO2H, L-(+)-DIPT, Tl(OiPr)4, CH2Ct2, -20%. (d) i) Me& CH202,O”c; ii) TBDMSCI. Et3N. (e) ,) B&I, pyridine; ii) 
AcOH-THF-H20 (2:l:l); iii) PDC, DMF; iv) CH2N2; v) Sml2, HMPA, MeOH, THF; vi) DDQ, vii) CBr4. PbP. CH2Cl2; viii) 
LiBHEt3. THF: ix) PNO~C~H~COCI, pyridine. 

, 
: 8_ Ho+oH b_ ROAOHCRo& 

OR OH 

20 R = TBDMS 21 22 R = TBDPS 23 R = COC6H,(pNQ) 

f?eagentS: (a) i) LiAIH4. THF, 0°C; ii) AcOH-H20 (4:l). (b) i) Pb(OAc)q,KpCOg, CgHg; ii) Ph3P=CHC02Me, C6Hg; iii) 
TBDPSCI, imidazole; iv) DIBAH. CH2Ct2, -78%. (c) i) CH212, EtgZn, hexane, -20% to room temperature: 1,) CBr4, Ph3P, 
CH2C12; iii) LiiIH4, Et20, THF; iv) Bu4NF, THF; v) pNO2C6H4COCl, pyridine. 

MesAl and then protection of the primary hydroxyl group gave 18 ([o]D -12.4’) and its diasteteomer at C24 in 

56% and 27% overall yields, respectively. 19 Compound 18 was converted top-nitrobenzoate 13 ([cc]D -27.00) 

which was shown identical with 13 from the natural product. By this synthesis, the absolute configurations 

(25R and 26R) of the chiral centers on the cyclopropyl moiety were established, but the absolute configuration at 

C24 remained ambiguous.19 Synthesis starting from the compound possessing definite stereochemistry at this 

chiral center was thus required, and compound 23 was synthesized using lactone 20 as the starting material 

initially on hand. As shown in Scheme II, lactone 2020 prepared from D-mannitol was reduced with LiAlIQ 

followed by treatment with 80% AcOH to give trio1 21 ([aID -11.3’). which was converted to allylic alcohol 22 

([a]D +8.2’) in 61% overall yield from 20. Cyclopropanation of 22 with CH212 and Et2Zn gave two 

diasteteomers in about a 1: 1 ratio. Each compound was converted to the corresponding p-nitrobenzoate, 23 and 

its diastereomer having different configurations at C25 and C26 in 23% and 10% overall yields from 22. 

respectively. The physical properties of 23 were observed to be identical with those of 13 except for the sign of 

the optical rotation ([a]D +24.1’). From above synthetic evidences, the 24R configuration of 1 was established. 

Steroids with a 26-methyl-26,27-cycloergostane skeleton are very rare.22 
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