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ABSTRACT.-Four new polyhydroxysterols, (2&)-ergost-25-ene- Ip, 3p, 5a,bP-tetraol 
[ 121, (24S)-ergostane- 1 p ,3p, 5a,GP, 18,25-hexaol 25-monoacetate [ 141, (24Qergostane- 
3p, 5a,6PI 25(,26-pentaol 25-monoacetate 1161, and gorgostane- 1 p, 38,5a ,6p  ,25-pencaol 
f191, besides the known polyhydroxysterols 1, 3, 5,7, and 10, were isolated from the soft coral 
Sarcopbyton subvzride of Katchal Island of Andaman and Nicobar coasts. Structure elucidation of 
the new compounds was performed through spectral analysis of their peracetyl derivatives 13, 
15, 17, and 20; therefore the possibility of partial acetylation in natural sterols could not be 
ruled out. 

Extensive studies on sterols from marine invertebrates during the past two decades 
have resulted in the identification of a plethora of unusual side chains and highly oxyge- 
nated forms ( 1-5). A variety of polyhydroxysterols have been reported from the soft cor- 
als of the genus Sarcopbyton (6-1 1). As a part of our continuing study on the steroid 
metabolites of marine invertebrates of the Indian Ocean (12-15), the sterol composi- 
tion of the soft coral Sarcopbyton subvirid Tixer Durivault (Coelenterata) was examined. 
The soft coral was collected from the Katchal Island of Andaman and Nicobar Coasts 
during December 1986. To the best of our knowledge, this is the first report of chemi- 
cal examination on this soft coral. 

RESULTS AND DISCUSSION 

Si gel chromatography of the EtOAc-soluble part of the residue from an aqueous 
95% EtOH extract of S. subviride gave batyl alcohol (16), a monohydroxy sterol frac- 
tion, and a mixture of polyhydroxy sterols. 

The monohydroxy sterol fraction was acetylated using pyridine/Ac20 under normal 
conditions. Gas chromatographic analysis of the acetylated material showed the pres- 
ence of acetyl derivatives of cholesterol, 24~-methylcholestero1, and 24t-methyl-22- 
dehydrocholesterol (17). 

Rechromatography of the polyhydroxysterols fraction gave (24S)-ergostane- 
3p,  5 a ,  6p ,  2 5-tetra01 [ 11 (8,9,12,15) and (24S)-ergostane-3P, 5a,6P,  25-tetra01 25- 
monoacetate 131 (6,8,9,12, IS), in addition to non-homogeneous fractions containing 
several polyhydroxysterols. These fractions were combined and acetylated using 

'Preliminary results on part of the work were presented at the 17th IUPAC International Symposium 

'Currently at the Department of Chemistry and Chemical Engineering, Stevens Institute of Technol- 
on the Chemistry of Natural Products, 4-9 February 1990, New Delhi, India, Abstracts, p. 76. 

ogy, Hoboken, NJ 07030. 
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pyridinelAc,O. The chromatography of acetylated material gave eight compounds: 
(24S)-ergostane- 1 P, 3P,5a,bP,25-pentaol 1,3,6,25-tetraacetate 161 (8,9,12), (24s)- 
ergostane- IP, 3 P, 5a,bP,25-pentaol 1,3,6-triacetate C81 (8,9), (24S)-ergostane- 
1 P, 3p, 5a,6P, 25-pentaol 3,6,25-triacetate 191, (24S)-ergostane- 1 P, 3p, Sa,bP-tetraol 
3,6-diacetate C111, and acetyl derivatives of four new polyhydroxysterols, (24s)-ergot- 
25-ene- lP, 3p, 5a,bP-tetraol l13,6-triacetate 1131, (24Dergostane- lP,3P, 5a,6p, 18,25- 
hexaol 1,3,6,18,25-pentaacetate 1151, (24S)-ergostane-3P, 5a ,6P ,  25(,26-pentaol 
3,6,25,26-tetraacetate 1171 and gorgostane- I p, 3P, 5a,bP,25-pentaol 1,3,6-triacetate 
1201. 

Fa  & HO OR 

19 R=H 
20 R=Ac 

Compound 13 was obtained as a semisolid and analyzed for C 4H5407, {M + H}+ 
575, [a)D -23.6"(c= 0.9, CHC1,). Acomparisonofits 'H- and '3C-nmrdara(Tables 
1 and 2) with those of 6 reveals that the 2-acetoxypropyl unit of the side chain in 6 is re- 
placed by an isopropylidene moiety in 13 based on the following observations: (i) the 
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TABLE 1 . ' k -nmr  Data of Compounds 13. 15.17. and 20.' 

Carbon 

c - 1  . . . . . . . . .  
c-2 . . . . . . . . .  
c-3  . . . . . . . . .  
c-4 . . . . . . . . .  
c-5 . . . . . . . . .  
C-6 . . . . . . . . .  
c-7 . . . . . . . . .  
c - 8  . . . . . . . . .  
c - 9  . . . . . . . . .  
c-10 . . . . . . . . .  
c-11 . . . . . . . . .  
c-12 . . . . . . . . .  
C-13 . . . . . . . . .  
C-14 . . . . . . . . .  

C-16 . . . . . . . . .  
C-17 . . . . . . . . .  
c-18 . . . . . . . . .  
C-19 . . . . . . . . .  
c-20 . . . . . . . . .  
c-21  . . . . . . . . .  
c-22 . . . . . . . . .  
C-23 . . . . . . . . .  
c-24 . . . . . . . . .  
C-25 . . . . . . . . .  
C-26 . . . . . . . . .  
C-27 . . . . . . . . .  
c-28 . . . . . . . . .  
C-29 . . . . . . . . .  
C-30 . . . . . . . . .  

C-15 . . . . . . . . .  

OAc . . . . . . . . .  

13 

75.2 
33.0 
67.6 
36.4 
75.2 
76.5 
31.3 
31.0 
44.7 
43.1 
22.9 
40.1 
41.9 
55.4 
24.4 
27.9 
56.1 
11.9 
10.2 
35.7 
18.6 
33.6 
41.5 
43.1 

150.1 
109.3 
31.2 
20.1 

21.2 
21.4 
21.8 

170.0 
170.2 
170.4 

Compound 

15 

75.1 
32.9 
67.4 
36.5 
75.4 
76.2 
31.4 
31.2 
44.8 
43.1 
22.8 
41.8 
43.1 
54.9 
24.1 
27.5 
56.2 
62.9 
10.4 
35.3 
19.1 
34.6 
27.2 
44.6 
85.9 
22.9 
23.3 
14.5 

21.2 
21.5 
21.8 
22.5 

170.0 
170.1 
170.4 
170.5 
171.6 

17 

31.8 
26.6 
70.7 
36.7 
74.7 
76.2 
31.4 
30.7 
45.0 
38.5 
21.0 
39.8 
42.7 
55.7 
24.1 
28.1 
55.8 
12.2 
16.3 
36.1 
18.9 
34.6 
27.6 
39.8 
85.4 
65.7 
18.2 
14.0 

20.8 
21.4 
22.2 

170.2 
170.3 
170.7 

2Ob 

75.2 
33.0 
67.6 
36.4 
75.3 
76.5 
31.3 
31.1 
44.8 
43.2 
23.0 
40.2 
42.4 
55.4 
24.7 
27.9 
57.9 
12.0 
10.3 
34.9 
15.5 
32.6 
24.5 
53.7 
74.6 
29.6 
28.6 
12.7 
21.0 
21.2 
21.3 
21.5 
21.8 

170.1 
170.5 

Themical shifts in 6 (ppm) . CDCI. solutions with T M S  as an internal standard . 

bAssignments are supporced by DEPT experiments . 
Spxtra of 15.17. 20. and 13 were recorded at 125.759 MHz or 50.168 MHt . 

'H-nmr spectrum of 6 contained a six-proton singlet at 6 1.36 and an acetate signal at 6 
1.94 (3H. s). whereas in 13 these signals are replaced by an olefinic methyl at 6 1.63 
(3H. s) and a two-proton singlet at 6 4.65 (brs); (ii) the 13C-nmr spectrum of 6 exhib- 
ited signals at 6 85.9 (C.25). 23.0 (C.26). and 23.3 (C.27). and in 13 these signals are 
replaced by signals at 6 150.1 (C.25). 109.3 (C.26). and 31.2 (C-27); (iii) the sec- 
ondary methyl (C-28) is deshielded in 13 by the influence of the double bond at C-25 
and C-26 as expected . Thus. the structure of this peracetate could be derived as (24s)- 
ergost-25-ene- lp.3P.Ta.6 P.tetraol 1.3. 6.triacetate 1131. and that of the original 
sterol is assigned tentatively as 12 . 
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TABLE 2. 'H-nmr Data of Compounds 13, 15, 17, and 20.' 

Proton 

H - 1 8 .  . . . . .  

H - 1 9 . .  . . . .  
H - 2 1 .  . . . . .  
H - 2 2 .  . . . . .  
H - 2 6 .  . . . . .  

H - 2 7 .  . . . . .  
H - 2 8 .  . . . . .  
H - 2 9 .  . . . . .  
H - 3 0 .  . . . . .  

H - l a  . . . . .  
H-3a . . . . .  
H-6a . . . . .  
- 0 A c .  . . . . .  

"Chemical sh 

13 

0.67 (s) 

1.24 (s) 
0.99(d, 6.8) 

4.65 (bs) 

1.63 (s) 
0.89(d, 6.4) 

- 

- 
- 

5.15-5.30(m) 

4.70(bs) 
2.00,2.09(s) 

Compound 

15 

3.92(d, 11.5) 
4.15(d, 11.5) 
1.236) 
1.01 (d, 6.1) 

1.39 (s) 
- 

1.39 (s) 
0.86 (d, 6.8) 

- 
- 

5.1C-5.25 (m) 

4.69 (bs) 
1.97,2.00 
2.01,2.09,2.11 (s) 

17 

0.67 (5) 

1.15 (s) 
0.91 (d, 6.7) 

4.38(d, 11.7) 
4.46(d, 11.7) 
1.37(s) 
0.9O(d, 7.0) 

- 

- 
- 

5.16(m) 
4.68 (bs) 
2.00,2.02, 
2.07,2.08(s) 

20 

0.65 (s) 

1.22(s) 
1.01(s) 
0.15 (m) 
1.27(s) 

1.27 (s) 
1.05 (d, 7.0) 
0.99(s) 

-0.05 (rn) 
0.58(dd, 9.4, 3.9) 

5.10-5.25(rn) 

4.70 (bs) 
2.00,2.08(s) 

s in 6 (ppm). CDC1, solutions with TMS as an internal standard. Coupling constants 
1, in parentheses, are expressed in Hz. Specma of 15, 17, 20, and 13 were recorded at 560.135 MHz or 
199.495 MHz. 

Compound 15 was obtained as a semisolid and analyzed for C38H60011, 
[M - Ac)+ 649, [ a ) ~  - 18.0' ( c =  0.8, CHCI,). A comparison of its 'H- and ',C-nrnr 
data (Tables 1 and 2) with those of 6 suggests that 15 contains an additional acetoxyl 
group. The position of this additional group was fixed at C-18 based on two findings. . 
The first was the absence of the characteristic shielded methyl (C- 18) signal around 6 
0.70 and instead the presence of two AB doublets at 6 3.92 (1H,J=  11.5) and 4.16 
( l H , J  = 11.5) in the 'H-nmr spectrum of 15. Second, in the ',C-nmr spectrum, 15 
exhibited a signal at 6 62.9, and the usual C-18 methyl carbon signal at about 6 12.0 
was absent. The structure of this peracetate could thus be deduced as (24s -ergostane- 
lp73P,5cx,6p, 18,25-hexaol 1,3,6,18,25-pentaacetate 1151, and that of the original 
sterol is tentatively assigned as 14. 

Steroid 17 was obtained as a low melting solid and analyzed for C36H5809, 
[M - Ac)+ 59 1, [a)D + 23.92' (c = 0.5, CHCI,). A careful study of its 'H-nmr spec- 
trum in comparison with that of 4 reveals that 17 contains the same oxygenation pat- 
tern but has an additional acetoxyl group. The nature of the additional acetoxyl was 
found to be primary based on the presence of two doublets at 6 4.38 (1HJ = 1 1.7) and 
4.46 (1H,J = 11.7) in the 'H-nmr spectrum of 17. The placement of this acetoxyl on 
C-26 was favored by the presence of only one tertiary methyl at 6 1.37 (C-27). The al- 
ternate positions (C-18, C-19) possible for this acetoxyl were ruled out, as the 'H-nmr 
spectrum of 17 showed signals for the C- 18 and C- 19 methyls at 6 0.67 and 1.15, re- 
spectively. As expected, the ',C-nmr spectrum of 17 contained five oxygenated car- 
bons at 6 65.7 (C-26), 70.7 (C-3), 74.7 (C-5), 76.2 (C-6), and 85.4 (C-25). Based on 
the above, the structure of this acetyl derivative was deduced as (24S)-ergostane- 
3p,  Sa ,  6p ,  255,26-pentaol 3,6,25,26-tetraacetate [lT),  and the corresponding natu- 
ral sterol is assigned tentative structure, 16. 

It may be noted that a closely related polyhydroxysterol 18, which contains hy- 
droxyl at C-25 instead of acetoxyl as found in 16, was isolated from Sarcopbytonglaurum 
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(8). The configuration at C-24 in the new sterols 12, 14, and 16 is considered to be the 
same (24s) as that of the known congeneric polyhydroxysterols 1, 3, and 6, based on 
comparison of spectral data. 

Steroid 20 was also obtained as a low melting solid and analyzed for C36H5808, 
{MI+ 6 18, [ a ] ~  - 3 1.3" (c= 0.4,  CHCI,). Its 'H-nmr spectrum showed shielded pro- 
tonsat6-0.05(1H,m),0.15(1H,m),and0.58(1H,dd,J~9.4,3.9),whichare 
not present in the 'H-nmr spectra of other polyhydroxysterols isolated from this or- 
ganism. These signals are characteristic of the cyclopropane ring found in the gorgos- 
tane skeleton (15,18,19). The l3C-nrnr spectrum of 20 showed five oxygenated carbons 
at 6 67.6,74.6, 75.2, 75.3, and 76.5. Its 'H-nmrspectrum exhibited three acetoxyls 
(6 2.00, 6H,  s and 2.08, 3H, s). A comparison of ',C-nmr data of 20 with those of 6 
suggests that 20 also contains acetoxyls at lP,3P,bP and a hydroxyl at 5a. The re- 
maining tertiary hydroxyl was placed at C-25 in view of the oxygenated methyls ob- 
served in the region 6 1.20-1.30 and the oxygenation at C-25 in congeneric polyhy- 
droxysterols. Thus, the structure of this peracetate may be described as gorgostane- 
lf3,3P,5a,bP,25-pentaol 1,3,6-triacetate {20],  and that of the original sterol is as- 
signed tentatively as 19. 

It is interesting to note that a gorgost-5-en-3P-01 isolated from Sarcophyton species 
was found to exhibit cytotoxic activity (20). 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDURES.--MP'S were determined on a Mel-Temp apparatus and 
are uncorrected. The ir spectra were recorded on a Perkin-Elmer 84 1 spectrometer. 'H-nmr spectra were 
recorded on a Bruker 500 MHz or 250 MHz or Boilmaker NMR network 200 MHz NMR spectrometer in 
CDC1, using TMS as internal standard, operating at 500.135 MHz or 250.133 MHz or 199.495 MHz, re- 
spectively. I3C-nmr and DEFT spectra were recorded on BNker 500 MHz or Boilmaker NMR network 
200 MHz NMR spectrometer operating at 125.759 MHz or 50.168 MHz, respectively. Cims spectra were 
recorded on a Biospect Mass spectrometer, optical rotations were measured on a Perkin-Elmer 141 
Polarimeter, and glc analysis was performed on a Shimadzu GC-4CM instrument with flame ionization de- 
tector. Microanalyses were determined on a Carlo Erba EA 1108 elemental analyser. 

COLLECTION. EXTRACTION, AND ISOLATlON.-specimenS of the soft coral s. subwzride (voucher 
No. MF/CBR-23) were collected during December 1986 at Katchal Island (E, 93'13'; N ,  84 offAndaman 
and Nicobar coasts. Voucher specimens are on deposit at the chemistry department, Andhra University, 
India and the Northern Territory Museum of Arts and Sciences, Darwin, Australia. Freshly collected speci- 
mens (wet wt ca. 20 kg) were soaked in 95% EtOH, and the concentrate from the alcoholic extract was par- 
titioned with EtOAc. The EtOAc-soluble part was concentrated in vacuo, and the gummy residue (ca. 85 
g) was chromatographed over Si gel (ACME, 100-200 mesh). Fractions eluted with hexane afforded batyl 
alcohol (200 mg). Elution with mixtures of hexane/C6H6 gave a monohydroxysteroid fraction, and C6Hd 
EtOAc yielded polyhydroxysterol fractions. 

The monohydroxysterol fraction was acetylated using pyridine/Ac,O under normal conditions. The 
glc analysis (30 m X 0.3  mm i.d. capillary column, column temperature 255", injection temperature 280' 
of the acetylated fraction (150 mg) showed the presence of cholesteryl acetate (4.8%), 24~-methylcholes- 
ceryl acetate (30.9%) and 24~-methyl-22-dehydrocholesteryl acetate (5.1%). 

Rechromatography of the polyhydroxysterol fractions yielded 1 and 3, in addition to non-homogene- 
ous fractions, which were combined and acetylated with pyridine/Ac,O under normal conditions. 

ACETYLATION OF POLYHYDROXYSTEROLs.-The combined non-homogeneous fractions ( 1.0 g) of 
polyhydroxysterols were acetylated with pyridine (4 ml) and Ac20 (4 ml) at room temperature for 24 h. 
Usual workup followed by repeated chromatography over Si gel yielded 6 (  150 mg), 8 (20  mg), 9 (50  mg), 
11 (10 mg), 13 (100 mg), 15 (50 mg), 17 (40 rng), and 20 (60 mg). 

(24S)-Ergostane-3p, >a, bP,ZS-tetraol Il).-Mp 25 5-258". Anal. found C 74.6, H 1 1.0%; 
C2,H,,,O4requiresC74.7, H 11.1%. [ a l ~ - 1 2 . 6 ~ ( r = 0 . 6 1 ,  MeOH)[lit. ( 8 ) [ ~ ~ ] D - 1 2 . 5 ~ ,  MeOH];ir 
(KBr) v max 3440, 1450, 1370 cm-'; 'H nmr (DMSO-d,) 6 0.62 (3H, s, H-18), 0.80 (3H, d ,J= 6.8, 

( IH,  bs, H-ba), 3.80(1H, m, H-3a), 3.62(1H,s, 5a-OH), 3.97(1H, s, 25-OH),4.16(1H,d,]= 5.7, 
3P-OH), 4.38 ( l H ,  d,]=4.2,  6p-OH); I3C nmr (DMSO-$) 8 31.1 (C-l), 32.0 (C-2), 65.7 (C-3), 

H-28), 0.89 (3H, d,] = 6.5,  H-2 l), 0.99 (3H, 5, H- l9), 1.01 (3H, S, H-26), 1.02 (3H, S, H-27), 3.30 
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40.9 (C-4), 74.3 (C-5), 74.1 (C-6), 34.5 (C-7), 30.0 (C-8), 44.5 (C-9), 37.8 (C-lo), 20.7 (C-1 l), 39.8 
(C-12), 42.2(C-13), 55.6(C-14), 23.9(C-15), 27.5 (C-16), 55.8(C-17), 11.9(C-18), 16.3(C-19). 35.9 
(C-20), 18.9(C-21), 34.6(C-22), 27.8(C-23), 44.6(C-24), 71.3 (C-25), 26.0(C-26), 27.1(C-27), 14.8 
(C-28). Assignments of '3C-nrnr data are supported by DEPT experiments. 

Acetylation of 1 (20 rng) with pyridinelAc,O under normal conditions gave (24Qergostane- 
3P,5a,bB,25-tetraol 3,6-diacetate (21 (20 mg), colorless needles, mp 220'. Anal. found C 71.7, H 
10.8%; C32H5406 requires C 71.9, H 10.1%. 'H nmr (CDCI,) 6 0.68 (3H, s, H-18), 0.89 (3H, d ,  

-OAc), 2.07(3H,s,  -OAc),4.68(1H, bs,H-&), 5.13(1H,m,H-3a);  '3Cnmr(CM31,)631.8(C-l), 
]=6.8,  H-28), 0.93(3H,d,J=6.6,H-21),  l . l 5 (6H,  S ,  H-26, -27), 1.17(3H,s,H-19),2.02(3H,s, 

26.7 (C-2), 70.6(C-3), 36.9 (C-4), 75.0(C-5), 76.2 (C-6), 31.4(C-7), 30.8 (C-S), 45.2(C-9), 38.5 (C- 
lo), 21.1(C-11), 39.9(C-12),42.8(C-13), 55.8(C-14),24.1(C-15), 28. I(C-16), 56.0(C-17), 12.2(C- 
18), 16.4(C-19), 36.4(C-20), 19.0(C-21), 34.9(C-22), 28.2 (C-23), 45.2(C-24), 73.6(C-25), 26.2(C- 
26), 27.3 (C-27), 24.8 (C-28), 21.4 (2 X -OAc), 170.1 and 170.6 (2 X -0Ac). Assignmentsof I3C-nmr 
data are supported by DEPT experiments. 

(24S)-Ergortane-3 PI 5 a ,  6p ,  25 -tetraoI 25 -monoacetate 131. -Crystalline solid, mp 2 3 5-238'. Anal. 
found C 73.4, H 10.7%; C30H,,05 requires C 73.2, H 10.6%. [ a ] ~  - 17.4"(r= 1.7, MeOH) (lit. (8) 
[ a ] ~  - 17.4". MeOH];ir(KBr)vmax3440,3380, 1730, 1254~m-';'Hnmr(DMSO-~~)00.63(3H, s, 
H-IS), 0.83(3H,d,]=6.8,H-28), 0.90(3H,d,]=6.6, H-21), 1.03(3H,s,H-19),  1.33(6H,s,H- 
26, -27), 1.92 (3H, s, -OAc), 3.32 ( l H ,  bs, H-6a), 3.65 ( lH ,  s, 5a-OH), 3.80 ( lH ,  m, 3cx-H), 4.20 
( l H ,  d,]=6.0, 3P-OH),4.40(1H, d,]=4.0,6P-OH); '3Cnmr(DMSO-d6)631.0(C-l), 32.0(C-2), 

1 l),  39.8 (C- 12), 42.2 (C- 13), 55.4 (C- 14), 23.9 (C- 15), 27.1 (C- 16), 55.8 (C- 17), 12.0 (C- 18), 16.3 (C- 

27), 14.3 (C-28), 22.2 (-OAc), 169.6 (-OAc). Assignments of '3C-nmr data are supported by DEFT ex- 
periments. Cirns d z  (%) (M - Ac]+ 449 (34), 43 1 (23), 413 (85), 394 (100). 

Acetylation of 3 (30 mg) with pyridine/Ac,O under normal conditions gave (24S)-ergoscane- 
3p,5a,6P,25-tetraol3,6,25-triacetate (41 (30 mg). Anal. found C 70.7, H 9.8%; C,,H,,O, requires C 
70.8, H 9.7%. 'H nmr (CDCI,) 6 0.68 (3H, s, H-lS), 0.86 (3H, d,]= 6.8, H-28), 0.92 (3H, d ,  
]=6.6, H-21), 1.15(3H, s, H-19), 1.39(6H,s,  H-26, -27), 1.97, 2.02,2.07(3Heach,s, ~ X - O A C ) ,  
4.70(1H, bs, H - h ) ,  5.14(1H,m, H-3a); L3Cnmr(CDCI,)631.8(C-1), 26.6(C-2), 70.6(C-3), 36.8 

65.6(C-3), 40.8(C-4), 74.2(C-5), 73.9(C-6), 34.4(C-7), 30.0(C-8), 44.6(C-9), 37.7 (C-lo), 20.7(C- 

19), 35.7 (C-20), 18.9(C-21), 34.3(C-22), 27.7(C-23), 41.3(C-24), 85.0(C-25), 22.7(C-26), 23.2(C- 

(C-4), 75.0(C-5), 76.2(C-6), 31.3 (C-7), 30.7(C-8), 45.1 (C-9), 38.5(C-10), 21.0(C-11), 39.8(C-12), 
42.7 (C-13), 55.7(C-14), 24.1(C-15), 28.1(C-16), 55.9(C-17), 12.2(C-18), 16.4(C-19), 36.2(C-20), 
19.0 (C-21), 34.6(C-22), 27.7 (C-23). 42.0(C-24), 85.9(C-25), 23.0(C-26), 23.3(C-27), 14.5 (C-28), 
21.4, 21.5, 22.6 (3 X -OAc), 170.2, 170.5, 170.7 (3 X -0Ac). Assignments of 13C-nmr dataare sup- 
ported by DEPT experiments. 

(24S)-Ergostane-l$, 3 p, Sa,  68,25-pentaoI 1 ,3,6,25 -tetraacetate (61. --Colorless crystals, mp 1 70- 
173" (lit. (8) oil]. Anal. found C 68.2, H 9.1%; C,,H5,09 requires C 68.1, H 9.2%. [a]D -37.87" 
(c= 1.5, CHCI,)(lit. (8){a]~ -35.lo(MeOH)]; ir(KBr)vrnax3450, 1750, 1375, 1250crn-I; 'Hnmr 

H-19), 1.36 (6H, s, H-26, -27), 1.94. 1.98, 2.06 (each s, 4 X -OAc), 4.69 ( IH,  bs, H-&), 5.1G5.20 
(2H, m, H - l a ,  -3a); '3Cnmr(CM31,)675.2(C-1), 33.0(C-2),67.5(C-3), 36.5(C-4),75.5(C-5),76.5 

(CDC1,)80,64(3H,~, H-18),0.83(3H,d,]=6.8, H-28),0.88(3H,d,]=6.5, H-21), 1.21(3H,s, 

(C-6), 31.4(C-7), 31.1 (C-8), 44.8(C-9), 43.2(C-10), 22.9(C-11), 40.1 (C-12), 41.9(C-13), 55.4(C- 
14), 24.4 (C-15), 27.8 (C-16), 56.0(C-17), 12.0 (C-18), 10.3 (C-19), 36.2 (C-20), 18.8 (C-2 l) ,  34.6 (C- 
22), 27.9 (C-23), 41.9 (C-24), 85.9 (C-25), 23.0 (C-26). 23.3 (C-27), 14.5 (C-28), 21.2, 2 1.4, 2 1.8, 
22.5 (4 X -OAc), 170.0, 170.4, 170.5, 171.1(4 X -0Ac). As~ignmentsof~~C-nmrdataaresupportedby 
DEPT experiments. Cims m/z (%) (M + H - HOAcl+ 575 ( l ) ,  557 (2), 5 15 (15), 497 (S), 455 (34), 437 
( 2 3 ,  395 (62), 377 (loo), 311 (9), 271 (2% 253 (23). 

(Z$S)-Ergostane- 1 6,3P, > a ,  6@,25 -pentad 1,3,6-triacetate 181 .-Anal. found C 68.8, H 9.5 9i ; 
C34H5608requiresC68.9, H9.5%.  [a)D +4.7'(c=0.4, CHCI,); ir(CHC13)vmax3455, 1745, 1370, 
1250cm-'; 'Hnmr(CDC13)60.67(3H, s, H-18), 0.88(3H, d,]=6.9, H-28), 0.92(3H,d,]=6.5), 
1.14 (3H, s, H-26), 1.17 (3H, s, H-27), 1.24 (3H, s, H- 19), 2.0 1, 2.09 (each s, 3 X -OAc), 4.67 ( l H ,  
bs, H-&), 5.18(2H, m, H - l a ,  -3a); '3Cnrnr(CDC13)675.2(C-1), 33.0(C-2), 67.5(C-3), 36.6(C-4), 
75.5 (C-5), 76.6 (C-6), 3 1.4 (C-7), 3 1.1 (C-8), 44.9 (C-9). 43.2 (C-lo), 23.0 (C-1 l), 40.2 (C- 12), 42.0 
(C-13), 55.5(C-14), 24.5(C-15), 27.9(C-16), 56.2(C-17), 12.0(C-18), 10.3(C-19), 36.6(C-20), 18.8 
(C-21), 34.8 (C-22), 28.1 (C-23), 45.1 (C-24), 73.7 (C-25), 25.9 (C-26), 27.4 (C-27), 14.9 (C-28), 
21.2, 21.4, 21.8 (3 X -OAc), 170.0, 170.4 (3 X -0Ac). 

(24S)-Ergostane-I f3,3 @, Sa ,  GP, 25-pentaol 3 ,  G,25-trzacetate [9].-Colorless needles, mp 198-200". 
Anal. found C 68.7, H 9.4%; C,,H,,O, requires C 68.9, H 9.5%. [ a l ~  - 18.25" (c= 0.8, CHCI,); ir 
(CHCI,) Y max 3600, 3500, 1727, 1370, 1265 cm-I; 'H nmr (CDCI,) 6 0.68 (3H, s, H-18), 0.86 (3H, 
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d,J=6.8,H-28),0.91(3H,d,J=6.5,H-21), 1 .14(3H,s ,H- l9) ,  1.39(6H,~,H-26,-27),1.97, 
2.03,2.09(3Heach, s, 3 X-OAc), 4.10(1H, m, H-la) ,  4.68(1H, bs, H - h ) ,  5.14(1H, m, H-3a); I3C 
nmr(CDCI3)S72.7(C-1), 36.7 (C-2), 67.9(C-3), 37.3(C-4), 75.8(C-5), 76.6(C-6), 31.4(C-7), 31.2 
(C-8), 45.6 (C-9), 44.1 (C-IO), 24.4 (C-11), 40.2 (C-12), 42.1 (C-13), 55.7 (C-14), 24.0 (C-15), 27.8 
(C-16), 56.1 (C-17), 12.1 (C-18), 9.0 (C-19), 36.3 (C-20), 18.9(C-21), 34.7 (C-22), 27.9(C-23), 42.0 
(C-24), 85.9 (C-25), 22.9 (C-26), 23.3 (C-27), 14.5 (C-28), 2 1 .3 ,2  1.4,22.5 (3 X -OAc), 170.1, 170.5, 
170.7 (3 X -0Ac). 

(24S)-Ergos&m-l$,3$,5a,6$-tetraul 3,6-dketate 1 1 1 1 . 4 i l .  Anal. found C 72.0, H 10.2%; 
C32H5406requiresC71.9, H 10.1%. 'H nmr(CDCl3)80.68(3H, s, H-18), 0.77 (3H, d,]=6.7), 0.78 

s,2X-OAc),4.09(1H,dd,J=11.3,4.9,H-la),4.66(1H,bs,H-6a),5.12(1H,m,H-3a);'3Cnmr 

45.6(C-9),44.1(C-10), 24.5(C-ll), 40.2(C-12), 42.1(C-13), 55.7(C-14), 24.1(C-15), 28.0(C-16), 

(3H, d,]=6.8)0.85(3H,d,]=7.5),0.90(3H,d,J=7.6), 1.14(3H,s,H-19),  2.02, 2 . 0 9 ( 3 H ~ h ,  

(CDCI,) S 72.7 (C- 1). 36.7 (C-2), 67.8 (C-3), 37.3 (C-4), 75.9 (C-5), 76.6 (C-6). 3 1.5 (C-7), 3 1.2 (C-8), 

56.2 (C-17), 12.1 (C-18), 9 .1  (C-19), 36.3 (C-20), 18.8 (C-21), 33.7 (C-22), 29.7 (C-23), 39.1 (C-24), 
30.6 (C-25), 17.6 (C-26), 20.5 (C-27), 15.5 (C-28), 2 1.3, 2 1.4 (2 X -OAc), 170.1, 170.6 (2 X -0Ac). 

(24S)-Ergost-25-me-I ~,3$,Sa,6$-tetraoll,3,6-triaetate [13].-Semisolid. Anal. found C 70.1, H 
9.3%; CHH540, requires C 71.1, H 9.4%. [a]D -23.6"(c=0.9, CHC1,); ir (KBr) u max 3450, 1735, 
1370, 1235, 1025 cm-'; 'H nmr see Table 2; 13C nmr see Table 1; cims m/z (%) [M + HI+ 575 ( l ) ,  557 
(2), 515 (20 ,497  (12), 455 (40 ,437  (23), 395 (60), 377 (loo), 271 (32), 253 (32). 151 (36). 

(24S)-Ergostanc- I $ ,3  $, 5 a, 6 $,18,25 -hexaol I ,3,6,18,25-pentaacetate 11 5).-Semisolid. Anal. 
foundC 65.8, H 8.8%; C38H60011 requiresC65.9, H 8.7%. [a]D - 18.0°(c=0.8, CHCI,); ir(CHC1,) 
umax3462,2932, 1730, 1371, 1248, 1035 cm-'; 'HnmrseeTable2;'3CnmrseeTable l;cimsm/z(%) 
EM - Ac]+ 649 (24), 614 (17), 572 (64), 554 (2 l),  5 12 (loo), 494 (36), 452 (59), 434 (&), 392 (36), 374 
(36). 

(24S)-Ergostane-3 $,5a, 6$,255,26-pentaoI 3,6,25,26-tetraaretate [17).-Low melting solid. Anal. 
found C 68.0, H 9.3%; C36HS809 requires C 68.1, H9.2%. EalD +23.9"(c=O. 5 ,  CHCI,); ir(CHC1,) Y 
max 3598, 2935, 1730, 1370, 1262, 1034 cm-'; 'H n m r  see Table 2; I3C n m r  see Table 1; cims m/z 
{M - Ac]+ 59 1. 

Gwgoshnc-lg,3$,5a,6g,25-~tau~ I ,3,6-triacetate [20}.-Low melting solid. Anal. found C 70.0, 
H9.356; C36H5808 requiresC69.9, H9.456. [ a ) ~ - 3 1 . 3 2 " ( ~ = 0 . 4 ,  CHCI,); it(CHCI,)umax3597, 
2932, 1730, 1371, 1186, 1036 cm-'; 'H n m r  see Table 2; "C nmr see Table 1; cims m/z [MI+ 618. 
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