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Barbara M. Jagodzinska,? James S. Trimmer,* William Fenical,' and Carl Djerassi*$+ 

Department of Chemistry, Stanford University, Stanford, California 94305, and Institute of Marine Resources, 
Scripps Institution of Oceanography, La Jolla, California 92093 

Received November 7, 1984 

The isolation and identification of over a dozen C-18 functionalized polyhydroxylated sterols from the soft 
coral Sinularia dissecta are described. All three levels of oxidation (CH20H, CHO, and C02H) at C-18 were 
encountered in this rare class of sterols. 

In continuation of our interest in polyhydroxylated 
sterols from marine sources, we have examined the more 
polar fractions of soft coral (Sinularia dissecta) extracts. 
In the previous paper2 was described a group of eight 
la,3P,lla-trihydroxy sterols differing only in the nature 
of the side chain. Further studies of the same marine 
organism yielded a group of sterols with the same 
la,3~,lla-hydroxylation pattern as well as an acetylated 
group located at  C-18. To the best of our knowledge this 
is only the second reported isolation of 18-hydroxylated 
cholestane derivatives3 from marine source. In addition, 
we encountered the analogous 13-formyl and 13-carboxyl 
derivatives. To our knowledge, no such sterols have been 
described so far in marine organisms. All sterols were 
isolated and purified by the earlier described2 techniques 
except for the use of HPLC solvent systems containing a 
higher percentage of water. The spectral data ('H and 13C 
NMR and MS) indicated that except for a functionalized 
C-18 angular methyl group, the sterols possessed the earlier 
encountered la,3@,1 la-trihydroxy substitution pattern 
with the same side chains as described in the previous 
papere2 

Structure Elucidation of the C-18 Acetates. The 
major group isolated from the polar fractions of the soft 
coral Sinularia dissecta consisted of C-18 acetates 1-5, the 
most abundant one being the tetrol monoaceate 1 (Chart 
I). 

The mass spectra of all of the acetates (1-5) revealed 
an intense peak due to the loss of acetic acid from the 
molecular ion, as well as three successive losses of 18 mass 
units, indicative of the presence of one acetate and three 
hydroxyl groups. The C-18 acetate 1 was also characterized 
by a sharp singlet (CH3CO) at  6 2.070 in the 'H NMR 
spectrum (Table I) and 13C NMR signals at 6 171.19 and 
21.09 (Table 11), as well as by the presence of strong IR 
absorption bands at 1740 and 1235 cm-l. The location of 
the acetoxyl group at C-18 was evidenced by the presence 
of a singlet (2 H) at 6 3.964, a major mass peak at m/z 397 
corresponding to loss of M+ - (CH3C02CH2 + H20), and 
a signal due to the methylene carbon atom at 6 63.11, which 
we have confirmed by the APT technique (attached proton 
test). Furthermore, the lH NMR singlet corresponding 
to the C-18 methyl group (usually2 present at 6 0.68) was 
missing. Additional confirmation for the earlier estab- 
lished2 A5-la,3P,lla-triol pattern was the appearance in 
the 'H NMR spectrum of 1 of lP-,3a- and 110-carbinol 
proton signals (6 4.215, 3.980, and 4.036, respectively) and 
the presence in the 13C NMR spectrum of signals associ- 
ated with carbon-carbon double bond (6 138.75, C-5, and 
6 124.18, C-6). 

'Stanford University. * Scripps Institution of Oceanography. 

Acetylation of 1 with acetic anhydride in pyridine at 
room temperature led to the tetraacetate la, which ex- 
hibited four strong peaks in the mass spectrum at m/z 554, 
494,434, and 8 4  (consecutive losses of HOAc) and four 
acetoxyl singlets (3 H each) in the 'H NMR spectrum at 
6 2.012, 2.036, 2.070, and 2.134. 

1 R': A c  R' R'  R ' =  H 
R'O,, l a  R ' R ' R ' R ' : A c  

R'O @+ IC R' R' R' R': R 

1 b R ' R ' R ' : A c  R ' z H  
R p  

Alkaline hydrolysis of 1 afforded the tetrol IC. Its *H 
NMR spectrum revealed an upfield chemical shift of the 
C-18 proton signal4 to 6 3.572 (6 3.964 in 1) and the absence 
of an acetate methyl group resonance. The side chain of 
sterol 1 was shown to be of the 24-methyienecholesterol 
type by evaluation of the 'H and I3C NMR data (Tables 
I and 11). Consequently, the structure of the major com- 
ponent was established as 24-methylenecholest-5-ene- 
la,3P,lla,l8-tetrol i8-acetate (1). 

Comparison of the relevant spectroscopic data of sterols 
2,3, and 4 indicated that they differ only in the nature of 
their side chains. On the basis of accumulated data2v5 they 
were identified as cholest-5-ehe-la,3@,lla,l8-tetrol 18- 
acetate (2), 24(~)methylcholest-5-ene-la,3@,lla,l8-tetrol 
18-acetate (3), and 24(R)-methylcholesta-5,22-diene- 
la,3@,lla,l8-tetrol 18-acetate (4). 

The remaining sterol (5) did not show a C-6 vinyl proton 
signal in its 'H NMR spectrum. On the basis of that 
observation and agreement between expected (A6 0.24g2) 
and measured (A6 0.241) upfield shifts of the C-19 methyl 
signal, as well as other characteristic differences in its 
spectral properties (Table I and 11), we conclude that this 
compound is 24-methylene-5a-cholestane-la,3~,lla,l8- 
tetrol 18-acetate (5). 

Structure Elucidation of 13-Carboxylic Acids. The 
second group of five sterols (6-10) was first characterized 
by its major component, sterol 6. Its high-resolution mass 
spectrum did not show an M+ peak; however, the low- 
resolution spectrum did display a weak one (M+ 460) as 
well as peaks at  m/z 397 (M' - COzH - H20), 379 (M+ - 
C02H - 2H20), and 361 (M' - C02H - 3H20). The 

(1) For preceding paper, see: Proudfoot, J. R.; Li, X.; Djerassi, C. J.  
Org. Chem. 1985,50, 2026. 

(2) Jagodzinska, B. M.; Trimmer, J. S.; Fenical, W.; Djerassi, C. J. Og. 
Chem. 1985,50, 1435. 

(3) Cimino, G.; De Rosa, S.; De Stefano, S.; Sodano, G. Tetrahedron 
Lett. 1980, 3303. 

(4) (a) Ross, R. A.; Scheuer, P. J. Tetrahedron Lett. 1979, 4701. (b) 
Kondo, E.; Tori, K. J. Am. Chem. SOC. 1964,86, 736. 

(5) (a) Eggersdorfer, M. L.; Kokke, W. C. M. C.; Crandell, W.; Ho- 
chlowski, J. E.; Djerassi, c. J. Org. Chem. 1982, 47, 5304. (b) Koizumi, 
N.; Fujimoto, Y.; Takeshita, T.; Ikekawa, N. Chem. Pharm. E d .  1979, 
27. 38. 
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Chart I Table 11. I3C NMR Assignments of Selected Compoundsa 
sterol carbon 

number 1 3 6 7 la 6b 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
CH3' 
c=o 
CH3' 
c=o 
CHSC 
c=o 
CHSC 
c=o 

74.44 74.48 
38.22 38.27 
66.10 66.17 
42.03 42.08 

138.15 138.81 
124.18 124.23 
32.57 32.63 
31.87 31.93 
48.22 48.29 
42.77 42.82 
67.45 67.54 
46.16 46.22 
45.90 45.91 
56.12 56.14 
24.10 24.15 
28.12 28.13 
55.07 55.12 
63.11 63.19 
19.29 19.34 
35.53 36.08 
18.93 19.18 
34.42 33.68 
30.60 30.19 

156.39 39.06 
33.71 31.486a3b 
21.81 17.59 
21.97 20.52 

106.15 15.42 
21.09 21.16 

171.19 171.25 

74.45 
38.18 
66.31 
42.08 

138.95 
123.96 
32.77 
32.22 
48.35 
42.83 
68.02 
47.25 
55.80 
56.00* 
24.82 
29.46 
56.65* 

178.20 
19.48 
36.60 
18.48 
34.71 
30.97 

156.32 
33.92 
21.83 
21.92 

106.30 

74.4 
38.2 
66.3 
42.0 

138.7 
123.7 
32.5 
32.2 
48.3 
42.6 
68.0 
47.4 
55.7 
55.9* 
24.7 
29.5 
56.5* 

178.3 
19.3 
36.6 
18.5 
33.1 
30.3 
39.0 
31.25a*b 
17.4 
20.3 
15.2 

76.87 76.76 
38.54 38.57 
69.29 69.25 
41.58 43.24 

136.51 136.71 
125.30 125.54 
32.06 31.90 
32.12 32.95 
45.52 45.68 
41.48 42.00 
71.05 71.56 
31.82 31.76 
46.08 55.77 
55.08 55.71 
24.07 24.98 
28.17 29.69 
56.09 56.70 
61.82 179.06 
19.36 19.35 
35.99 36.96 
19.01 18.81 
34.98 34.99 
31.13 31.25 

156.39 156.40 
34.42 34.39 
21.64 21.80 
22.20 22.21 

106.69 106.72 
22.30 22.30 

170.67 170.33 
20.98 20.98 

170.10 169.85 
20.91 20.90 

169.59 169.75 
20.89 

169.41 

a Assignment of chemical shifts for close-lying peaks are marked 
with an asterisk and may be reversed. Chemical shifts in ppm. 
* CsD6 was used as a solvent. 

presence of a carboxyl group was confirmed by the I3C 
NMR signal a t  6 178.20 (COOH). Both lH and 13C NMR 
spectra of compound 6 lacked signals due to the (2-18 
angular methyl group. 

Treatment of 6 with ethereal diazomethane yielded the 
methyl ester 6a, which possessed a sharp lH NMR singlet 
(3 H) at 6 3.656. Acetylation of acid 6 afforded the tri- 
acetate 6b, which was characterized by its 'H NMR 

Acetoxy methyl group. 

t .L..j+./ 6b R',R'.R':Ac, R ' = H  
R O  

spectral data: the presence of three singlets (3 H each) 
at 6 2.010,2.043, and 2.070 and the characteristic downfield 
shifts of three carbinol proton signals (A6 0.726 to 4.874, 
A6 0.856 to 6 4.830, and A6 1.128 to 6 5.380) respectively 
for the lp-, 3a- and llp-protons. Similar downfield shifts 
of the carbinol proton signals (A6 0.731,0.846, and 1.164, 
respectively) were noticed in our previous studies2 for the 
la,S@,lla-triol system and its triacetate. The side chain 
structure of sterol 6 was deduced, from the *H and 13C 
NMR data (Tables I and 11), as that of the 24- 
methylenecholestane type, thus confirming the final 
structure of compound 6 as 24-methylene-la,3p,lla-tri- 
hydroxycholest-5-en-18-oic acid. 

The remaining members of the 13-carboxylic acid group 
(7-9, but not lo), were identical in their nuclear structure, 
as evidenced by their spectral data (Table I), and differed 

HO 

11.111 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

A 

IlWl.", 

A 

A 

A 

A 

B 

A 

A 

A 

A 

B 

A 

A 

A 

B 

I 

cn,-oAc 

C H2- OAc 

Cut- 0 IC 

C H r O A c  

C H I -  OAc 

coon 

coon 

coon 

coon 

coon 

cno 

c no 

cno 

cno 

only in the nature of their side chains. They were iden- 
tified as 24(~)methyl-la,3~,lla-trihydroxycholest-5-ene- 
l&oic acid (7), l a , l  la-dihydroxygorgosterol-13-carboxylic 
acid (81, and la,lla-dihydroxy-23-demethylgorgosterol- 
13-carboxylic acid (9) on the basis of previously published 
data for similar side chain containing structures.2*6 

(6) (a) Bohlin, L.; Sjbtrand, U.; Sodano, G.; Djerassi, C. J.  Org. Chem. 
1982, 47, 5309 (b) Walkup, R. D.; Anderson, G. D.; Djerassi, C. Tetra- 
hedron Lett. 1979, 767. (c) Schmitz, F. J.; Puttabhiraman, T. J. Am. 
Chem. SOC. 1970, 92, 6073. 
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The 'H NMR spectrum of acid 10 did not  show t h e  
presence of a C-6 vinyl proton. Otherwise, the NMR data 
were similar to those of the 18-acetate 5 (for chemical shifts 
of lfl,3a,llfl-carbinol protons, see Table I) and thus led 
to its  tentative identification as 24-methylene-la,3fl,lla- 
trihydroxy-5a-cholestan- 18-oic acid. 

Structure Elucidation of 13-Formyl Compounds. 
T h e  remaining four sterols 11-14 all exhibited 'H NMR 
singlets (1 H) at 6 9.75, characteristic of an aldehyde proton 
(CHO). All other NMR data were similar t o  those of t h e  
respective 13-carboxylic acids, including signals due to the 
carbinol protons and the C-19 methyl group (see Table I). 
It follows that sterols 11-13 have structures analogous t o  
those of acids 6-8 (including side chains), except for t h e  
nature  of t h e  C-13 substi tuent.  Aldehyde 14 was shown 
t o  be the analogue of acid 9 (lack of A5-unsaturation). As 
shown in the  Experimental Section, in both t h e  high- and 
low-resolution mass spectra there are peaks corresponding 
to the  loss of the  formyl group, usually in conjunction with 
losses of water (M+ - CHO - HzO, M+ - CHO - 2H20, M+ 
- CHO - 3 H 2 0 )  and /o r  fragments of t h e  side chain. 

T h e  isolation of three groups of (3-18 
functionalized sterols (18-acetates, 13-carboxylic acids, and 
13-aldehydes) from t h e  same marine organism is, so far, 
unprecedented. The re  are a few scattered reports7 of in- 
tramolecular hemiketal  esters derived from t h e  13- 
carboxylic group in the pregnane series; 13-formyP as well 
as C-18-hydroxyl der iva t ive~*J~~ are known in the pregnane 
and androstane series, but only one has  been reported in 
marine  organism^.^ 

It is premature to speculate upon the biological role of 
these highly oxygenated sterols in this soft coral unti l  
something is learned about  their  biogenesis and further 
fate. As indicated earlier2, t h e  fact  that similar nuclei 
possessing diverse side chains are encountered suggests the 
existence of enzyme systems-either in the coral or in some 
symbiont-that introduce the la- and lla-hydroxyl groups 
into a dietary precursor and that may also functionalize 
the  C-18 angular methyl group. Eventual isolation of the  
enzyme systems may provide a possible practical route t o  
otherwise rare steroids-notably those with oxygenated 
C-11 a n d  (3-18 positions. 

Experimental Section 
General Methods. Reverse-phase HPLC was performed by 

using Waters equipment (M6000 A pump, U6K injector, R401 
refractometer), Whatman Partisil M9 10/50 ODs-2 column (9 
mm i.d. X 50 cm), and Altex Ultrasphere ODS (10 mm i.d. X 30 
cm) column. The eluent was 10-30% aqueous acetonitrile. Mass 
spectra were recorded at  70 eV on MAT-711-Data Center (low 
resolution), Varian MAT-711 (high-resolution, double-focusing 
spectrometer equipped with a PDP-11/45 computer for data 
acquisition and reduction), or Kratos MS-50s (double-focusing) 
mass spectrometers using a direct inlet system. The 300-MHz 
'H and some of the I3C NMR spectra were recorded on a Nicolet 
NMC 300-MHz wide-bore spectrometer. The remaining I3C NMR 
spectra were run on a Varian XL 400 spectrometer. The chemical 
shifts were given in ppm with CDC1, as internal standard, and 
the coupling constants are reported in hertz. IR spectra were run 

Summary. 
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on a Nicolet MX-1 FT-IR instrument. Silica gel 60 (E. Merck, 
70-230 mesh) was used for column chromatography. 

Collection and Extraction of Sinularia dissecta. Sinularia 
dissecta Tixier-Durivault (1.6 kg wet) was collected at -12 m depth 
in Sept, 1979, in Palau, Western Caroline Islands. The sample 
was stored frozen, next freeze-dried, pulverized, and extracted 
3x with CDCl,. Removal of solvent under reduced pressure left 
a dark, viscous residue (22 g), which by TLC analysis (silica gel, 
Et20) was found to contain relatively polar metabolites (the 
polyhydroxysterols; R, 0.1-0.2) as major constituents. 

Chromatography. The extract (20 g) was initially chroma- 
tographed over TLC-grade (Merck) silica gel with isooctane/ 
EtOAc mixtures by using rapid-elution methods. Twelve fractions 
were obtained with the major polar compounds dispersed between 
fractions 8-12 (eluted with 80-100% EtOAc). Fractions 9-12 were 
combined to yield 2 g of a complex mixture. 

Separation of the  Polyhydroxylated Sterol Mixture. The 
polar fractions of the polyhydroxy sterols (homogeneous by TLC) 
were dissolved in acetonitrile and subjected to preparative re- 
verse-phase HPLC on an ODs-2 column with acetonitrile/water 
(851.5) as the mobile phase. Further purification of the poly- 
hydroxy sterols 1-14 was achieved by repeated HPLC with Altex 
ODS column with 10% aqueous acetonitrile (sterols 1-5 and 
11-14) and 25% aqueous acetonitrile (sterols 6-10) as the mobile 
phases. 

24-Methylenecholest-5-ene-la,3@,1 la,l8-tetrol 18-acetate 
(1): IR 3365, 1740, 1235,1040 cm-'; for 300-MHz 'H NMR, see 
Table I; for I3C NMR, see Table 11; high-resolution EI-MS, m/z  
(assignment, relative intensity) 470.3394 (M' - H20, C30H4604, 
22), 452.3282 (C30H4403, 27), 410.3214 (C28H4202, 19), 397.3084 
(C27H4102, 20), 392.3050 (CZ8H40O, 141, 379.2971 (C27H390, 8), 
374.2945 (C28H38, 5), 361.2903 (C27H37, 161, 283.1715 (CigH2302, 
7), 267.1753 (C1gHDO127), 227.1445 (C16Hig0,6), 209.1321 (C16H17, 
20), 201.1265 (C14H170, 9). 

Cholest-5-ene-la,3@,lla,l8-tetrol 18-acetate (2): for 300- 
MHz 'H NMR, see Table I; low-resolution MS, m/z (relative 
intensity) 476 (M', l), 458 (69), 440 (42), 422 (61, 388 (101, 386 
(44), 370 (4), 365 (ll), 324 (59), 157 (50), 91 (70), 69 (71), 55 (80), 
43 (100). 
24[-Methylcholest-5-ene-1~,3@,1 la,l8-tetrol 18-acetate (3): 

for 300-MHz 'H NMR, see Table I; for 13C NMR see Table 11; 
high-resolution EI-MS, m / z  (assignment, relative intensity) 
472.3555 (M' - H20, C&I4O4, 7 ) ,  454.3425 (CaHa03, 81,412.3360 
(C28H4402, 5 ) ,  399.3287 (C27H4302, 7), 394.3229 (C28H420, 11), 
381.3156 (C27H410, 3), 376.3127 (C28H40, 5), 363.3038 (C27&g, 5), 
201.1281 (C14H170, 4), 157.1015 (C12H13, 13). 
24(R)-Methylcholesta-5,22-diene-1a,3~,11a,18-tetro1 18- 

acetate (4): for 300-MHz 'H NMR, see Table I; low-resolution 
MS, m / z  (relative intensity) 488 (M', l), 470 (17), 452 (7), 398 
(lo), 386 (3), 336 (7), 157 (19), 91 (421, 69 (711, 55 (79), 43 (100). 

24-Met hylene-5a-cholestane- la,3@,11 a, 18-tetrol 18-acetate 
(5): for 300-MHz 'H NMR, see Table I; high-resolution EI-MS, 
m/z (assignment, relative intensity) 472.3544 (M' - H20, C&Ia04, 
3), 454.3462 (C30H4603, 12), 436.3332 (C30H4402, 2), 430.3446 
(C28H4603, l), 417.3373 (C27H4503, 6), 412.3361 (C28H4402, 13), 

29), 376.3132 (C28H40, 3), 370.2672 (C28H34, 4), 363.3068 (C27H39, 
7), 209.1323 (c16H17, lo), 159.1173 (C12H15, 251, 140.0829 (CBH1202, 
15), 109.0652 (C7Hg0, 16). 

399.3282 (C27H4302,32), 394.3241 (CaH420, lo), 381.3158 (C27H4'0, 

24-Methylene-la,3@,1 la-trihydroxycholest-5-en-18-oic acid 
(6): IR 3365,1735 cm-'; for 300-MHz 'H NMR, see Table I; for 
13C NMR, see Table 11; high-resolution EI-MS, m/z (assignment, 
relative intensity) 442.3083 (M+ - H20, C28H4204, loo), 424.2999 
(C28H&, 56), 406.2863 (C28H3802, 301, 379.2980 (C27H390, 221, 
361.2897 (CmH37, 56), 358.2152 (C22HNO4, 551,340.2045 (C22HaO3, 
491, 322.1954 (C22H2602, 291, 271.1686 (C18H23O2, 22). 

24[-Methyl-la,3@,1 la-trihydroxycholest-5-en-18-oic acid 
(7): for 300-MHz 'H NMR, see Table I; for 13C NMR, see Table 
11; high-resolution EI-MS, m / z  (assignment, relative intensity) 
444.3243 (M' - HzO, Cz8H4,04, 84), 426.3118 (C28H4203, loo), 
408.3033 (CaH&, 30), 372.3009 (C25H4002,56), 326.2964 (C24H38, 
351, 253.1605 (Cl8H210, 171, 157.1015 (C12H13, 25). 

la,lla-Dihydroxygorgosterol-13-carboxylic acid (8): for 
300 MHz 'H NMR, see Table I; high-resolution EI-MS, m/z  
(assignment, relative intensity) 470.3398 (M' - H20, C30H4604, 
12), 452.3283 (C30H4403, 22), 434.3169 (C30H4202, 12), 406.3216 

(7) Janot, M. M.; Khuong-Huu, Q.; Monneret, C.; Kaborg, I.; Hil- 
desheim, J.; Gero, S. D.; Goutarel, R. Tetrahedron 1970, 26, 1695. 

(8) (a) Blair, I. A.; Frith, R. G.; Phillipou, G.; Seaborn, C. J. A u t .  J .  
Chem. 1979,32,2327. (b) Milliet, P.; Lusinchi, X. Tetrahedron 1974,30, 
2833. (c) Fraser, R.; Lantos, C. P. J. Steroid Biochem. 1978, 9, 273. 

(9) (a) Le Men, J.; Buffard, G.; Desconclois, J.; Jehanno, A,; Provost, 
J.; Tiberghien, R.; Forgacs, P.; Roquet, F.; Godard, F.; Aurousseau, M. 
Eur. J. Med. Chem.-Chim. Ther. 1982,17,43. (b) Denny, W. A.; Fred- 
ericks, P. M.; Ghilezan, I.; Jones, E. R. H.; Meakins, G. D.; Miners, J. 0. 
J.  Chem. Research (S) 1980, 20; (c) Choay, P.; Monneret, C. J. Chem. 
Res., Fynop. 1979,298; (d) Kirk, D. N.; Rajagopalan, M. S. J .  Chem. SOC. 
Perkin Trans. I 1976, 1064. 
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(C2gH420, 61, 391.2659 (C27H3502, 5 ) ,  363.2345 (C25H3102, IO), 
335.2391 (C24H310, 7), 243.1388 (C16H1902, 12), 157.1016 (C12H13, 
35), 91.0550 (C7H7, 72), 83.0870 (CsH11, 100). 

la,l1a-Dihydroxy-23-demethylgorgosterol- 13-carboxylic 
acid (9): for 300-MHz 'H NMR, see Table I; high-resolution 
EI-MS, m/z  (assignment, relative intensity) 456.3251 (M' - H20, 

413.2673 (CmH3704, 12), 375.3058 (CUH39,9), 358.2163 (C22HmO4, 
121, 189.0907 (C12H1302, 4), 121.0656 (CgH,O, 13), 83.0866 (CeHll, 
44). 

24-Methylene-la,3@,1 la-trihydroxy-5a-cholestan-18-oic 
acid (10): for 300-MHz 'H NMR, see Table I; low-resolution MS, 
m / z  (relative intensity) 444 (M' - H20,  2), 426 (3), 408 (3 ,399  
(12), 381 (7), 360 (251, 342 (12), 324 (20). 

24-Methylene-la,3j3,1 la-trihydroxycholest-5-en-18-al (1 1): 
IR 3365, 1738 cm-'; for 300-MHz 'H NMR, see Table I; low- 
resolution MS, m/z  (relative intensity) 444 (M', 3), 426 (15), 415 
(2), 408 (9), 397 (13), 390 (3), 379 ( 5 ) ,  342 (3), 324 ( 5 ) ,  306 (2), 155 
(19), 69 (701, 55 (95), 41 (100). 

24&Methyl-la,3@,1 la-trihydroxycholest-5-en-l8-al( 12): for 
300-MHz 'H NMR, see Table I; low-resolution MS, m/z (relative 
intensity) 446 (M', 11,428 (12), 410 (7), 400 (13), 399 (6), 392 (4), 
381 (6), 363 (5) ,  255 (6), 157 (14), 91 (38), 69 (29), 55 (52), 43 (100). 

la,l la-Dihydroxygorgosterol-13-carbaldehyde (13): for 
300-MHz 'H NMR, see Table I; high-resolution EI-MS, m/z  
(assignment, relative intensity) 472.3553 (M', C3&804, l), 
454.3428 (CNHG03, 7), 436.3313 (C&@02, 7), 418.3216 (C30H420, 
4), 393.2978 (C24H4104, 3), 383.2576 (C25H3503, 6), 364.3140 (CnHa, 

C2gH404, II), 438.3152 (C29H4203, 5 ) ,  420.3027 (C2&4002, 71, 

3), 361.2382 (C22H~304, 6), 342.2199 (C22H3003, 6), 324.2103 
(C22H2802, 41, 319.2077 (C23H270, 7), 306.1973 (C22H260, 5 ) ,  
295.2056 (C21HnO,4), 271.1696 (C1&~02,19), 254.1641 (CigH220, 
ll), 157.1010 (C12H13,30), 109.0653 (C7Hg0, 12), 83.0857 (CeHll, 
66). 

24-Methylene-la,3&1 la-trihydroxy-5a-cholestan-l8-al(l4): 
for 300-MHz 'H NMR, see Table I; low-resolution MS, m / z  
(relative intensity) 446 (M+, 2), 428 (3), 410 (3), 392 (71, 362 (2), 
326 (3), 55 (79), 41 (100). 
24-Methylenecholest-5-ene-la,3j3,1 la,l&tetrol Tetraacetate 

(la). The triol 1 (10 mg) was acetylated in pyridine (0.2 mL) by 
treatment with acetic anhydride (0.1 mL) a t  room temperature 
overnight. The pale yellow oil (13 mg), obtained after standard 
workup, was separated by reverse-phase HPLC using 10% 
HzO/acetonitrile to give first a colorless oil (4 mg), which was 
identified as the triacetylated derivative lb: 'H NMR b 1.020 
(d, J = 6.75 Hz, 3 H, 21-CH3), 1.024 (d, J = 6.80 Hz, 3 H, 27-CH3), 
1.025 (d, J = 6.80 Hz, 3 H, 26-CH3), 1.116 (s, 3 H, 19-CH3), 2.024, 
2.041, and 2.132 (3 s, 9 H, OAc), 2.71 (dd, 1 H), 3.760 (br s, 1 H, 
IP-H), 3.830 and 4.208 (AB q, J = 11.90 Hz, 2 H, 18-CH20Ac),7~"~d 
4.646 and 4.721 (2 s, 2 H, 28-CH2), 5.000 (m, 1 H, 3a-H), 5.155 
(m, 1 H, IlD-H), 5.630 (m, 1 H, 6-H); high-resolution EI-MS, m/z  
(assignment, relative intensity) 512.3521 (M+ - AcOH, C82H4805, 
9), 452.3277 (C30H4403, 57), 434.3203 (C30H4202, 15), 392.3058 
(CZgHMO, 45), 379.3015 (C27H360, 17), 374.2981 (C28H38, 17), 
361.2888 (C27H37, 221, 308.2153 (C22H280, 5), 159.0820 (C11H110, 
5 ) ,  155.0862 (C12Hll, 32). The next compound (9 mg) was iden- 
tified as the tetraacetate la: 'H NMR 6 1.018 (d, J = 6.60 Hz, 
3 H, 27-CH3), 1.019 (d, J = 6.60 Hz, 3 H, 26-CH3), 1.022 (d, J = 

and 2.134 (4 s, 12 H, OAc), 2.63 (dd, 1 H), 3.822 and 4.210 (AB 
q, J = 11.90 Hz, 2 H, 18-CH20A~),7,9C,d 4.643 and 4.719 (2 s, 2 H, 
28-CH2), 4.829 (m, 1 H, 3a-H), 4.981 (br s, 1 H, lO-H), 5.103 (m, 
1 H, l lP-H),  5.626 (m, 1 H, 6-H); for 13C NMR, see Table 11; 
high-resolution EI-MS, m / z  (assignment, relative intensity) 

6.30 Hz, 3 H, 21-CH3), 1.141 (s, 3 H, Ig-CH,), 2.012, 2.036, 2.070, 

Jagodzinska et al. 

554.3586 (M+ - AcOH, C34H,&, l), 494.3403 (C32H4604, l), 
434.3201 (C90H4202,55), 421.3082 (C24H4102, 2), 374.2976 (CUHB, 
381,361.2908 (CnH37, loo), 290.2042 (C22HE, 8), 173.0974 (C12H130, 
4). 

Alkaline Hydrolysis of 1. A solution of 1 (3 mg) in EtOH 
(0.5 mL) was treated with 5% aqueous NaOH solution (0.3 mL), 
and the mixture was stirred at  room temperature for 24 h. Water 
(1 mL) was added, and the mixture was extracted twice with 
AcOEt ( 5  mL). Usual workup gave 2.5 mg of tetrol IC: 'H NMR 

H, 26-CH3), 1.088 (d, J = 6.36 Hz, 3 H, 21-CH3), 1.143 (s, 3 H, 

lit.48 6 3.64), 3.979 (m, 1 H, 3a-H), 4.164 (m, 1 H, llP-H), 4.233 
(t, J = 3.00 Hz, 1 H, lP-H), 4.657 and 4.724 (2 s, 2 H, 28-CH2), 
5.556 (m, 1 H, 6-H); low-resolution MS, m/z  (relative intensity) 

(7), 263 (25), 256 (19), 149 (60), 43 (100). 
Methyl 24-Methylene-La,3P,l la-trihydroxycholest-5-en- 

18-oate (6a). The carboxylic acid 6 (2 mg) was treated with 
ethereal diazomethane solution (1 mL) for 20 min, and the solvent 
was evaporated under reduced pressure leaving the crude ester 
6a (2.1 mg) sufficiently pure for analytical purposes: 'H NMR 
b 1.003 (d, J = 6.59 Hz, 3 H, 21-CH3), 1.011 (d, J = 6.81 Hz, 3 
H, 27-CH3), 1.012 (d, J = 6.80 Hz, 3 H, 26-CH3), 1.023 (s, 3 H, 
19-CH3), 2.90 (dd, 1 H), 3.974 (m, 1 H, 3a-H), 4.140 (br s, 1 H, 
lP-H), 4.195 (m, 1 H, llP-H), 4.642 and 4.718 (2 s, 2 H, 28-CHz), 
5.535 (m, 1 H, 6-H). 

24-Met hylene- 1 a,3@,1 la-trihydroxy cholest -5-311- 18-oic Acid 
Triacetate (6b). The triol 6 (4 mg) was acetylated in pyridine 
(0.2 mL) with acetic anhydride (0.1 mL) in the presence of 4- 
(dimethy1amino)pyridine for 12 h at room temperature. The 
reaction mixture was poured into water and extracted with ether. 
The ether extract was washed with water, diluted HCl, water, and 
saturated NaHC03, dried, and evaporated to afford the triacetate 
6b: 'H NMR 6 0.999 (d, J = 6.10 Hz, 3 H, 21-CH3), 1.008 (d, J 
= 6.84 Hz, 3 H, 27-CH3), 1.009 (d, J = 6.84 Hz, 3 H, 26-CH3), 1.099 
(s, 3 H, 19-CH3), 2.010, 2.043, and 2.070 (3 s, 9 H, OAc), 2.90 (dd, 
1 H), 4.631 and 4.711 (2 s, 2 H,  28-CH2), 4.830 (m, 1 H, 3a-H), 
4.874 (br s, 1 H, lB-H), 5.380 (m, 1 H, llP-H), 5.610 (m, 1 H, 6-H); 
low-resolution MS, m/z (relative intensity) 586 (M', l), 526 (a), 
481 (4), 466 (6), 421 (3), 406 (80), 361 (14), 263 (26). 
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