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Abstract: Gorgostane steroids are isolated from marine organisms and consist of 30 carbon atoms
with a characteristic cyclopropane moiety. From the pioneering results to the end of 2021, isolation,
biosynthesis, and structural elucidation using '>*C-NMR will be used. Overall, 75 compounds are
categorized into five major groups: gorgost-5-ene, 5,6-epoxygorgostane, 5,6-dihydroxygorgostane,
9,11-secogorgostane, and 23-demethylgorgostane, in addition to miscellaneous gorgostane. The
structural diversity, selectivity for marine organisms, and biological effects of gorgostane steroids
have generated considerable interest in the field of drug discovery research.
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1. Introduction

Marine natural products are an untapped reservoir for discovering biologically ac-
tive phytomolecules, with a significant array of bioactivities reported against many ali-
ments [1,2]. Antibiotic, antifungal, anti-viral, cytotoxic, and anti-tumor activities are among
the reported pharmacological effects of marine-derived molecules [3,4]. Marine organisms
have been considered an extraordinarily rich source of new sterols with a core ring system,
side chains, and unusual oxygenation patterns on their A-D rings [5-8]. The origin of these
marine invertebrates’ sterols is complicated because they may be formed from dietary ori-
gins or synthesized by a symbiont and later modified biochemically in the invertebrate [9].
Marine organisms have yielded many sterol metabolites with unusual side chains [10].

Gorgosterol was the first sterol reported to contain a cyclopropane ring on the side
chain, and since then, several additional sterols with this ring structure and sterols with
polyoxygenated functionalities have been isolated [10]. The reported gorgostane-type steroids
from marine organisms possess certain biological activities, including anti-inflammatory
activity reported in stoloniferone S isolated from soft coral Clavularia viridis [11], antibacte-
rial and antifungal activities in the in vitro bioassay reported in 11x-acetoxy-gorgostane-
3B,5x,6p3,12a-tetraol and 12x-acetoxy-gorgostane-33,5x,63,11x-tetraol isolated from soft
coral Sarcophyton species [12], and cytotoxic activity reported in klyflaccisteroids C-F iso-
lated from soft coral Klyxum flaccidum [13].

Gorgostane-type steroids have some structural variability in the number of carbon
atoms and the degree of oxygenation patterns. According to the number of carbon atoms
and structural features, gorgostane-type steroids can be classified into five groups. In this
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review, 75 gorgostane-type steroids with their 13C-NMR spectroscopic data are summarized.
Hopefully, this review will contribute to the elucidation of the structure and identification
of this class of compounds.

2. Distribution of Gorgosteroids among Marine Organisms

Several classes of sterols were isolated from different marine organisms [14]. However,
gorgostane is a widely occurring group of sterols in marine organisms and is isolated
mainly from the order Alcyonacea (soft coral). The parent compound, gorgosterol, was
isolated for the first time from the octocoral Plexaura flexuosa [15]. Seventy-five com-
pounds were isolated, seventy-three from soft corals and two compounds from the algal-
bearing gorgonian coral Pinnigorgia sp. (Table 1). The significant gorgostane steroids are
16 compounds isolated from the soft coral Isis hippuris, 11 compounds isolated from the
genus Sinularia, and 9 compounds from Klyxum flaccidum. The four reported epidioxygor-
gostane steroids, 5a,8x-epidioxy-23,24-didemethylgorgost-6-ene-33-ol, 5,8 x-epidioxy-
23-demethylgorgosta- 6,9(11)-dien-33-0l, 5x,8x-epidioxygorgost-6-en-33-ol, and 5a,8x-
epidioxygorgost-6,9(11)-dien-3$3-ol, were isolated only from the genus Sinularia. Nine
of the ten compounds, which belong to 5, 6-epoxy gorgostane, were isolated from Isis
hippuris. Also, the majority of demethylgorgostane compounds were separated from
Clavularia viridis.

Table 1. Name and natural source of isolated gorgostane steroids (1-75).

No. Name Natural Source References

I. Gorgost-5-ene:

1 Gorgosterol Alcyonium molle [16]
2 Crassumsterol Lobophytum crassum [17]
3 Gorgost-5-ene-3f3, 11a-diol Sarcophyton [18]
crassocaule
4 9-Hydroxygorgosterol Plexaurella grisea [5]
5 Klyflaccisteroid E Klyxum flaccidum [13]
6 Klyflaccisteroid G Klyxum flaccidum [19]
7 Klyflaccisteroid C Klyxum flaccidum [13]
8 Klyflaccisteroid D Klyxum flaccidum [13]
9 Gorgost-5-ene-1¢,33,11,18-tetrol Sinularia dissecta [20]
10 Klyflaccisteroid H Klyxum flaccidum [19]
11 Klyflaccisteroid I Klyxum flaccidum [19]
12 9,11¢,14-Trihydroxygorgosterol Plexaurella grisea [5]
123-Acetoxy-7o- e
13 hydroxygorgosterol Capnellala certiliensis [21]
14 18—Acetoxygorgf§tc;ii—ene—1oc,3[3,11oc— Sinularia dissecta [20]
Gorgost-5-ene-3f3,7x,11x,123-tetrol L .
15 12-acetate Isis hippuris [22]
123-Acetoxy-7c,19- e
16 dihydroxygorgosterol Capnellala certiliensis [21]
Gorgost-5-ene-33,7x,11x,123-tetrol .o .
17 -acetate Isis hippuris [23]
3pB-Acetoxy-1o,11x-
18 dihydroxygorgost-5-en-18-oic Sinularia dissecta [20]
acid
Gorgost-5-ene-3f3,7«,11x,123,15x-
19 pentol Isis hippuris [22]

12,15-diacetate
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Table 1. Cont.

No. Name Natural Source References
Gorgost-5-ene-3f3,7,11,123,15x-
20 pentol Isis hippuris [22]

11,15-diacetate
Gorgost-5-ene-1,33,7,11,123-

21 pentol Isis minorbrachyblasta [24]
12-acetate
. Lobophytum
22 Gorgosta-5,25-dien-33-ol lobophytum [25]
II. 5,6-Epoxygorgostane:
23 5,6[3-Epoxygorgosterol Sinularia leptoclados [26]
5B, 6p3-Epoxygorgostane-1c, o .
24 38,11012p-tetrol Isis hippuris [23]
5B,63-Epoxygorgostane-3(3,11,123 — .
25 —triol 12-acetate Isis hippuris [22]
26 Isihippurol B Isis hippuris [27]
5B,6B-Epoxygorgostane-
27 3B,7x,110,123-tetrol Isis hippuris [23]
11-acetate
5B,6B-Epoxygorgostane-
28 1ot,33,11,123-tetrol Isis hippuris [23]
11-acetate
5B,6-Epoxygorgostane-
29 3B,70,110,123 -tetrol Isis hippuris [22]
12-acetate
53,63-Epoxyorgostane-
30 1a,3p3,110,15x-tetrol Isis hippuris [22]
11,15-diacetate
5B,6B-Epoxygorgostane-3(3,7a,11a, . .
31 123, 15x-pentol 12,15-diacetate Isis hippuris [22]
5B,6B-Epoxygorgostane-3(3,7x,11«, L .
32 12f3,15a-pentol 11,15-diacetate Isis hippuris [22]
III. 5,6-Dihydroxygorgostane:
33 Xeniasterol C Xenia sp. [28]
34 Sarcoaldosterol A Sarcophyton sp. [29]
35 3B-Acetoxygorgostane-5o,68, Heteroxenia fuscescens [30]
11a-triol
36 Xeniasterol D Xenia sp. [28]
Gorgostane-33,5x,63,11x-tetrol Heteroxenia
37 . [31]
11-acetate ghardagensis
38 Gorgostane-3f3 50,68, 11a, Xenia umbellata [32]

20(S)-pentol 3-acetate
39 Gorgostane-3f3,5x,63,9c,11x-pentol Eunicea laciniata [10]
11a-Acetoxygorgostane-

40 3B,50,6,12a-tetraol Sarcophyton sp. [12]
41 123(?5 g;?é%?}ing’?e?:;i?e Sarcophyton sp. [12]
Gorgostane-3f3,50,6(3,11c,123-
42 pentol Isis hippuris [22]
12-acetate
Gorgostane-1,303,5x,6(3,11x,123-
43 hexol Isis hippuris [22]

12-acetate
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Table 1. Cont.

No. Name Natural Source References
IV. 9,11-Secogorgostane:
33,11-Dihydroxy-9,11-secogorgost- Parerythropodium
44 [33]
5-en-9-one fuloum
33,11,24-Trihydroxy-9,11- .
45 secogorgost-5-en-9-one Pseudopterogorgia sp. [34]
46 Ameristerol A Pseudop ferogorgia [35]
americana
5B,63-Epoxy-3f3,11-dihydroxy-9,11- Cespitularia
47 [36]
secogorgostan-9-one hypotentaculata
48 5a,6-Epoxy-3f3,11-dihydroxy-9,11- Pseudopterogorgia [37]
secogorgostan-9-one americana
5«,6x-Epoxy-3f3,73,11-trihydroxy-
49 9,11-secogorgostan-9-one Lobophytum sp. 1
5«,6x-Epoxy-13,33,11-trihydroxy- Pseudopterogorgia
50 ) [37]
9,11-secogorgostan-9-one americana
51 Klyflaccisteroid F Klyxum flaccidum [13]
52 Klyflaccisteroid K Klyxum flaccidum [38]
53 Leptosterol C Sinularia leptoclados [39]
V. 23-Demethylgorgostane:
54 Stoloniferone M Clavularia viridis [40]
5x,6x-Epoxy-23-demethylgorgost-8-
55 ene-3(3, Pinnigorgia sp. [41]
7a-diol
5«,6x-Epoxy-23-demethylgorgost-
56 8(14)-ene-33, Pinnigorgia sp. [41]
7a-diol
5a,8x-Epidioxy-23-
57 demethylgorgost-6-ene-33-yl Sinularia maxima [42]
acetate
5«,8x-Epidioxy-23,24- . . .
58 didemethylgorgost-6-ene-33-ol Sinularia maxima [42]
5«,8-Epidioxy-23-
59 demethylgorgosta- Sinularia gaweli [43]
6,9(11)-dien-33-ol
60 Stoloniferone Q Clavularia viridis [40]
61 Stoloniferone D Clavularia viridis [44,45]
62 Stoloniferone J Clavularia viridis [40]
63 Stoloniferone S Clavularia viridis [11]
64 Yonarasterol C Clavularia viridis [44]
65 Yonarasterol I Clavularia viridis [46]
66 Yonarasterol F Clavularia viridis [44]
VI. Miscellaneous gorgostane:
67 5«,8x-Epidioxygorgost-6-en-33-ol Sinularia flexibilis [47]
5a,8x-Epidioxygorgosta-6,9(11)- . . .
68 dien-3p-ol Sinularia flexibilis [47]
69 3a,5B-Dihydroxygorgostan-6-one Sinularia sp. [48]
10,3B,56,11x- -y )
70 Tetrahydroxygorgostan-6-one Isis hippuris [49]
71 Dissesterol Sinularia dissecta [50]
72 Ameristerenol A Pseudopt?rogorgza [35]
americana
73 Ameristerenol B Pseudopt?rogorgza [35]
americana
74 Klyflaccisteroid L Klyxum flaccidum [38]
75 Gorgost-4-en-3-one Sinularia dissecta [51]
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3. Biosynthesis of Gorgostane Steroids

Sterols with side chains containing the 22,23-cyclopropane group have been encoun-
tered only in soft corals that live symbiotically with zooxanthellae. Several experiments
were performed to explain the biosynthetic pathways of gorgosterols [52] using the cell-
free extracts of the dinoflagellates Peridinium foliaceum, Crypthecodinium cohnii, and the
cultured zooxanthella symbiont of Cassiopea xamachana. They found that a decrease in S-
adenosylmethionine concentration concomitantly with an increase in dimethylpropiothetin
biosynthesis is linked with the attenuation of the production of gorgosterol in aposym-
biotic zooxanthellae [53]. In another study, the pseudoplexaurids Pseudoplexaura porosa,
P. flagellosa, and P. wagenaari and Pseudopterogorgia americana soft corals were used as a
source of zooxanthellae to detect the conversion of labelled farnesyl pyrophosphate to
squalene. They concluded that zooxanthellae obtained from P. porosa contributed to the
part of the pathway from mevalonate to gorgosterol (Figure 1) that encloses the formation
of squalene [54].

Figure 1. Gorgosterol (A) and 23-demethylgorgosterol (B).

4. Gorgostane Steroids

Gorgostane is a steroid with a basic molecular formula of C3g Hs, (Figure 2). Most are
pentacyclic, with the exception of secogorgosterols, which are tetracyclic steroids. Both
gorgosterol and secogorgosterol have a side chain containing a characteristic cyclopropane
moiety. The cyclopropane moiety of the gorgostane steroid (C-22, C-23, and C-30) showed
characteristic signals in '3C NMR at 32.1, 25.8, and 21.3 ppm, respectively. According to the
number of rings, the presence and position of unsaturation, and the number of substituents,
gorgostane can be classified into different groups.
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Gorgost-5-ene

Basic structure of gorgostane steroids

OH
OH

5,6-Epoxygorgostane 5,6-Dihydroxygorgostane

9,11-Secogorgostan-11-ol 23-Demethylgorgostane

Figure 2. The basic skeleton of gorgostane steroids and their types.

4.1. Gorgost-5-ene

Gorgost-5-ene is characterized by the presence of unsaturation between C-5 and C-6
(Figure 3 and Tables 2—4). In IBC-NIMR, the two olefinic carbons, C-5 and C-6, showed
characteristic signals at 140.8 and 121.7 ppm, respectively. The previous values are affected
by the degree of substitution of the A and B rings. The substitution of the core steroid
ring system was mainly hydroxyl, carbonyl, and acetoxy groups. This substitution led
to an upfield or downfield '>*C-NMR chemical shift of the substituted carbon and those
nearby [6]. Additional double bonds were located at C-9, C-11 and C-25, and C-26, as
in compounds klyflaccisteroid E (5) and gorgosta-5,25-dien-33-ol (22), with characteristic
I3C-NMR signals at 149.0 (C-11), 121.1 (C-9) and 156.9 (C-25), and 106.0 (C-26) [13,25].
The parent compound of this steroid is gorgost-5-ene, and the substitution usually occurs
at C-1, C-7, C-11, C-12, and C-18. Isolation of gorgost-5-ene with a hydroxyl group at
C-7 leads to a high downfield shift in the '*C-NMR of C-7, as in crassumsterol (2) and
klyflaccisteroid E (5), to 65.3 and 74.9 ppm, respectively [13,17]. The difference in the
chemical shift was due to the a-orientation of the hydroxyl group in crassumsterol and
B-orientation in klyflaccisteroid [13,17]. Gorgost-5-ene steroids were isolated with a ketonic
carbonyl group only at position 11, as in klyflaccisteroid C (7), and at position 7 and 11, as in
klyflaccisteroid D (8), with a characteristic 13C-NMR signal at 214.1 (C-11) and 211.6 (C-11)
in klyflaccisteroid D [13]. Another common substitution is the acetate group, located at C-3,
C-11, C-12, C-15, and C-18 with a characteristic signal at 170.0 to 173.4 ppm [22,23] and
3B-Acetoxy-1c,11-dihydroxygorgost-5-en-18-oic acid (18) with a characteristic carboxylic
group at position 18 with a signal at 176.9 ppm. The existence of a carboxylic group at
position 18 leads to a downfield shift in C-13 by 3 ppm in comparison with gorgost-5-en-
3B-ol (1) [16,20].
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Figure 3. Cont.
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Figure 3. (a) Structures of isolated gorgost-5-ene steroids (1-15); (b) Structures of isolated gorgost-5-
ene steroids (16-22).

Table 2. 3C-NMR data of isolated gorgost-5-ene steroids (1-8).

Carbon No. 12 2b 3¢ gd 5b 6¢ 7e 8e
1 37.3 37.0 31.1 29.6 34.6 39.0 35.9 35.4
2 31.7 31.3 315" 32.7 31.6 32.0 31.8 31.3
3 71.8 71.3 71.0 70.6 71.4 71.6 71.3 71.3
4 423 42.0 433 439 414 422 424 426
5 140.8 146.2 139.2 139.9 140.5 1434 145.1 1644
6 121.7 123.8 121.6 1214 125.9 125.6 121.0 124
7 31.9 65.3 27.0 27.8 74.9 72.9 64.7 1982
8 32.0 37.6 3458 35.2 44.6 40.2 40.5 46.2
9 50.2 423 495h 73.7 149.0 54.5 53.5 55.4
10 36.5 37.4 43.0 432 38.4 38.0 36.2 37.4
11 21.2 20.7 69.3 27.3 121.1 69.2 2141 2116
12 39.9 39.2 46.9 36.1 71.8 51.4 58.6 58.6
13 428 416 428 426 46.1 44.0 46.0 46.5
14 56.6 49.3 494 50.1 453 55.2 46.5 48.0
15 245 24.5 24.1 24.6 27.5 26.7 23.6 24.7
16 28.2 28.3 28.3 28.8 28.8 28.8 28.4 28.3
17 57.9 57.7 57.6h 58.1 48.1 57.0 57.9 58.0
18 11.9 11.6 12.1 11.4 11.2 12.9 14.1 13.9
19 19.4 18.2 22.1 23.0 27.1 18.7 26.7 25.8

20 35.3 35.4 3528 35.7 35.4 35.1 35.2 35.3
21 21.1 21.1 21.1 21.6 20.9 212 20.8 20.8
22 32.1 32.2 27.8 32,5 31.8 31.8 31.8 31.8
23 25.8 25.8 25.8 26.0 25.8 25.9 25.9 25.9

24 50.8 50.8 50.8 h 50.9 50.7 50.8 50.7 50.7
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Table 2. Cont.

Carbon No. 12 2b 3¢ qd 5b 6¢ 7e 8e
25 32.1 32.0 320f 32.3 32.0 32.0 32.0 319
26 21.5 21.5 214 21.7 21.5 215 215 215
27 222 222 21.9 224 222 222 22.1 221
28 15.4 15.4 15.4 15.7 15.5 15.4 15.5 15.5
29 14.3 14.3 14.31 14.47 14.3 14.3 14.3 14.3
30 21.3 21.3 2121 2151 214 21.3 21.3 21.3

(*: 75 MHz in CDCl5; b. 125 MHz in CDCl3; : 22.5 MHz in CDCl3; 4: 100 MHz in C5D5N; ©: 100 MHz in
CDCls, and f8M1J: These assignments are different in the original report and reassigned in this report by careful
comparison).

Table 3. 3C-NMR data of isolated gorgost-5-ene steroids (9-16).

Carbon No. 92 10b 11°¢ 124 13¢ 142 152 16 ¢
1 745 38.9 30.8 30.9 36.9 74.5 38.3 335
2 38.3 31.7 31.6 32.6 31.2 38.3 31.5 31.5
3 66.4 71.6 70.5 70.9 71.2 66.4 71.0 71.1
4 429 422 127 445 418 422 419 419
5 138.8 143.4 138.9 139.8 146 138.7 145.7 1413
6 124.4 125.6 126.7 121.2 123.9 124.4 123.1 1286
7 32.8 72.7 69.1 23.5 64.9 32.6 65.1 64.7
8 32.1 39.9 42.8 36.5 36.5 32.0 36.5 37.9
9 48.2 48.1 77.5 77.7 415 48.3 48.8 41.6
10 422 37.4 43.0 442 37.5 429 38.8 422
11 68.1 70.4 68.7 69.3 27.0 67.8 724 27.5
12 46.3 77.5 46.4 40.8 80.8 16.6 84.6 80.8
13 47.9 472 432 48.6 46.1 46.4 46.9 46.4
14 55.0 46.0 489 82.6 57.4 55.1 483 57.4
15 245 26.0 26.3 27.8 23.6 245 23.7 23.4
16 28.4 28.1 28.4 32.7 27.9 28.4 28.4 27.9
17 57.9 48.9 57.2 52.5 483 57.9 58.2 494
18 61.5 12.0 11.7 16.9 9.0 63.2 95 9.2
19 19.3 18.4 20.8 224 18.1 19.3 17.6 63.1

20 35.7 34.8 35.7 35.4 33.6 35.5 33.5 33.6
21 21.9 20.5 20.7 21.6 222 214 224 22.2
22 31.9 31.8 31.9 32.2 30.6 31.9 30.9 30.6
23 25.9 25.9 25.5 26.0 25.3 25.9 25.7 25.3
24 50.7 50.7 50.7 50.9 50.6 50.7 50.5 50.7
25 32.0 32.0 31.8 32.6 32.2 31.8 32.1 32.2
26 21.5 21.5 20.8 21.7 215 215 215 21.5
27 222 222 215 224 222 22.2 222 22.2
28 15.3 15.4 14.8 15.7 15.4 15.3 15.1 15.4

29 14.4 14.3 13.6 145f 13.88 14.3 139 13.8h

30 21.3 21.3 20.7 2141 2158 21.3 213 215h
Acl — — — — 170.7 171.0 1733 1708
— — — — 21.8 21.1 21.9 21.8

(?: 125 MHz in CDCl3; P: 100MHz in CDCls; ©: 100MHz in Acetone-dg; 9: 100 MHz in CsDsN; ©: 75.5 MHz in
CDCl;, and “8M: These assignments are different in the original report and reassigned in this report by careful
comparison).
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Table 4. 3C-NMR data of isolated gorgost-5-ene steroids (17-22).

Carbon No. 172 18P 192 202 212 22¢
1 37.5 70.0 38.2 37.2 74.1 37.3
2 31.6 35.1 31.3 31.5 37.7 31.7
3 70.9 70.2 71.0 70.6 64.5 71.9
4 424 38.7 422 423 417 423
5 146.1 139.0 146.0 145.8 142.9 140.8
6 124 124.6 120.0 122.7 126.7 121.7
7 64.8 32,5 64.4 64.5 65.7 31.9
8 37.0 32.9 36.6 36.7 33.2 32.0
9 455 48.6 482 449 40.8 50.2
10 39.0 43.4 39.0 38.9 436 35.8
11 76.8 68.0 72.8 76.7 72.9 24.3
12 82.8 484 84.3 82.4 86.2 39.8
13 47.5 56.3 46.8 47.9 46.7 428
14 46.7 56.1 51.1 50.5 47.8 56.7
15 23.6 25.5 76.6 76.9 23.5 24.6
16 27.9 30.2 37.0 37.3 27.9 28.2
17 57.8 58.0 55.1 55.6 57.5 58.0
18 9.1 176.9 10.9 10.1 9.8 11.9
19 18.0 19.3 17.7 18.0 17.6 19.4

20 33.5 36.5 32.5 32.7 36.9 36.6
21 223 21.1 221 227 21.7 21.1
22 30.3 31.9 29.7 29.8 30.3 31.7
23 25.3 25.7 25.2 25.3 25.3 25.8
24 50.5 50.6 50.5 50.4 50.5 50.2
25 32.1 32.0 32.0 32.1 32.1 156.9
26 21.4 21.4 214 21.5 222 106.0
27 222 221 224 222 225 22.0
28 15.3 15.5 15.3 15.1 13.8 15.4
29 13.7 14.0 13.8 13.7 15.3 14.3
30 21.7 21.2 21.1 21.3 21.4 222
Acl 172.8 170.0 170.1 170.0 173.4 —
21.9 21.1 21.6 21.2 21.2 —
Ac2 — — 1725 173.1 — —
— — 21.6 21.8 — —

(*: 125 MHz in CDCls; P: 125 MHz in C5DsN; and : 150 MHz in CDCl3).

4.2. 5,6-Epoxygorgostane

5,6-Epoxygorgostane is characterized by the presence of an epoxide of 3 orientation
at C-5 and C-6 (Figure 4 and Table 5). In IBC-NMR, the two carbons of the epoxide, C-5
and C-6, showed characteristic signals at 62.9 and 63.7 ppm, respectively. The degree of
substitution of the A and B rings greatly affects the previous chemical shifts of C-5 and C-6.
The substitutions, mainly hydroxyl or acetoxy groups, usually occur at C-1, C-3, C-7, C-11,
C-12, and C-15. 53,63-Epoxygorgosterol (23) [26] is the parent compound of this group,
which has only one hydroxyl group at C-3. 53,63-Epoxygorgostane-1c,3(3,11c,12[3-tetrol
(24) [23] has a trihydroxy substitution at C-1, C-11, and C-12 with chemical shifts 73.8, 73.8,
and 83.6 ppm, respectively. 503,63-Epoxygorgostane-33,11x,123-triol 12-acetate (25) [22]
has a hydroxyl group at C-11, in addition to an acetoxy group at C-12, and the chemical
shifts of C-11 and C-12 is 73.2 and 85.1 ppm, respectively. Isihippurol B (26) [27] is the
same as compound (24) except for the presence of an acetoxy group at C-12. The chemical
shift is more downfield from 83.6 to 86.2 ppm. 583,63-Epoxygorgostane-3f3,7«,11c,123-
tetrol 11-acetate (27) [23] has a dihydroxy substitution at C-7 and C-12, in addition to
an acetoxy group at C-11, with a chemical shift of 67.2, 82.6, and 77.5 ppm, respectively.
53,63-Epoxygorgostane-1c,33,11c,123-tetrol 11-acetate (28) [23] is the same as the previous
compound except for the presence of a hydroxyl group at C-1 instead of C-7 with a chemical
shift of 74.0 ppm. Moreover, the downfield chemical shift of C-2 is from 30.9 to 37.9 ppm,
and the upfield chemical shift of C-3 is from 68.9 to 63.7 ppm. 53,63-Epoxygorgostane-
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3B,7x,11x,123-tetrol 12-acetate (29) [22] has a dihydroxy substitution at C-7 and C-11, in
addition to an acetoxy group at C-12, with a chemical shift of 67.4, 73.0, and 84.9 ppm,
respectively. 583,63-Epoxyorgostane-1«,33,11x,15x-tetrol 11,15-diacetate (30) [22] has a
hydroxyl group at C-1 and di-acetoxy substitution at C-11 and C-15, with a chemical shift of
74.2,72.4, and 75.2 ppm, respectively. 503,63-Epoxygorgostane-33,7x,11x, 123, 15x-pentol
12,15-diacetate (31) and 53,63-epoxygorgostane-3f3,7x,11, 123,15x-pentol 11,15-diacetate
(32) [22] have similar structures except for the substitution at C-11 and C-12. The first
compound has hydroxyl and acetoxy groups at C-11 and C-12, with a chemical shift of 73.5
and 84.0 ppm, respectively. But the latter compound has acetoxy and hydroxyl groups at
C-11 and C-12, with a chemical shift of 77.3 and 82.3 ppm, respectively.

32

Figure 4. Structures of isolated 5,6-epoxygorgostane steroids (23-32).
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Table 5. 3C-NMR data of isolated 5,6-epoxygorgostane steroids (23-32).

Carbon No. 232 24 b 252 26 ¢ 272 282 292 302 312 322

1 37.2 73.8 38.7 74.5 37.7 74.0 386 742 380 37.6
2 31.1 37.6 31.1 40.0 30.9 37.9 312 379 309 308
3 69.5 63.4 69.3 64.3 68.9 63.7 69.0 638 69.1 6838
4 42.3 421 42.6 44.6 422 42.2 422 422 420 420
5 62.9 63.3 63.1 65.1 63.7 62.2 643 619 637 634
6
7
8

63.7 64.5 63.0 64.6 64.0 63.6 644 632 635 634
32.6 32.2 31.6 32.8 67.2 31.8 674 312 669 669
29.9 28.0 28.0 29.0 32.8 27.7 33.1 271 325 321

9 51.4 45.6 56.9 47.3 45.0 445 484 449 479 4409
10 349 40.8 35.9 423 35.1 40.7 354 406 353 352
11 22.1 73.8 73.2 729 77.5 774 73.0 724 735 773
12 39.9 83.6 85.1 86.2 82.6 82.9 849 455 840 823
13 42.8 47.3 47.0 48.2 47.7 48.0 469 434 468 480
14 56.1 53.4 53.7 54.5 46.9 52.7 486 583 520 513
15 244 23.8 23.6 248 229 23.6 23.1 752 762 765
16 28.2 28.1 27.7 28.5 27.7 27.7 283 384 371 374
17 58.0 58.3 57.6 58.1 58.0 58.0 582 553 554 559
18 11.8 9.1 10.0 10.9 9.1 9.0 9.7 134 111 102
19 17.0 15.8 15.6 16.7 16.3 16.0 16.0 160 157 163
20 35.2 33.5 33.2 34.1 33.3 33.3 332 346 320 326
21 21.1 22.5 22.3 22.5 224 224 226 203 223 223
22 32.1 30.6 30.3 31.1 30.2 30.2 307 31.8 298 299
23 25.8 254 25.3 259 253 252 257 258 253 253
24 50.8 50.7 50.6 514 50.5 50.5 506 506 50.5 505
25 32.0 32.0 321 33.0 32.1 32.1 322 317 325 325
26 21.3 21.5 214 22.6 21.4 214 215 213 212 219
27 22.2 22.3 222 23.0 219 222 223 221 222 223
28 154 15.3 15.4 16.5 15.3 15.3 15.2 152 152 150
29 14.3 13.8 13.8 13.84 13.7 13.7 13.9 143 139 138
30 21.5 21.7 21.3 219 21.7 21.6 214 212 212 215

Acl — — 1732 171.8 1727 1723 1737 1695 169.8 169.8
— — 21.7 219 222 21.9 220 214 216 214
Ac2 — — — — — — — 170.6 1729 1729

— — — — — — — 21.8 216 219

(2: 125 MHz in CDCl3; P: 125 MHz in CDCl3:CD;0D, 5:1; ©: 125 MHz in C5D5N; and 9: These assignments are
different in the original report and reassigned in this report by careful comparison).

4.3. 5,6-Dihydroxygorgostane

5,6-Dihydroxygorgostane is characterized by the presence of two hydroxyl groups at C-
5 with an « orientation and C-6 with a 3 orientation (Figure 5 and Table 6). In I3C-NMR, C-5
and C-6 of xeniasterol C (33) showed characteristic signals at 75.9 and 76.3 ppm, respectively.
The chemical shifts of C-5 and C-6 of 5, 6-dihydroxy gorgostane consequently changed
according to the oxygenation pattern on A and B rings. The substitutions, mainly hydroxyl
or acetoxy groups, usually occur at C-1, C-3, C-7, C-9, C-12, and C-20. Xeniasterol C (33) [28]
is the parent compound of this group, which has only one additional hydroxyl group at C-3.
Sarcoaldosterol A (34) [29] is the same as the previous compound except for an additional
hydroxyl group at C-11, whose chemical shift is 68.5 ppm. Furthermore, the neighboring
carbons, C-9 and C-12, are more downfield shifted at 53.1 and 53.0 ppm, respectively.
3B3-Acetoxygorgostane-5&,63, 11x-triol (35) [30] has an acetoxy group at C-3. The chemical
shift of C-3 is downfield to 73.0 ppm due to the presence of an acetate group. Xeniasterol
D (36) [28] has an acetoxy group at C-7 with a chemical shift of 76.2 ppm. Gorgostane-
3B,50,6[3,11c-tetrol 11-acetate (37) [31] has an acetoxy group at C-11 with a chemical shift
of 71.6 ppm. Gorgostane-3f3,5x,63, 11c;, 20(S)-pentol 3-acetate (38) [32] is the same as
compound (35), except the presence of a hydroxyl group at C-20 with an « orientation has
more downfield shift (76.3 ppm). Gorgostane-3(3,5x,6(3,9x,11x-pentol (39) [10] is the same
as compound (34), except the presence of a hydroxyl group at C-9 with an o orientation has
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more downfield shift (80.8 ppm); moreover, the neighboring carbons, C-8 and C-10, shift
downfield at 33.2 and 43.5 ppm, respectively. 11x-Acetoxygorgostane-3f3,5x,6(3,12x-tetrol
(40) [12] has an acetoxy group of « orientation at C-11 with a chemical shift of 73.4 ppm, in
addition to an «-hydroxy group at C-12 with a chemical shift of 75.0 ppm. Compounds 12«-
acetoxygorgostane-3f3,5x,6(3,11x-tetrol (41) [12] and gorgostane-3$3,5x,63,11x,123-pentol
12-acetate (42) [22] have the same structure, except the configuration of an acetoxy group at
C-12 has an « orientation at the first compound with a chemical shift of 80.5 ppm, but the
latter has a 3 orientation with a more downfield chemical shift (85.8 ppm). The orientation
of the acetate group at C-12 also affects the chemical shift value of C-18 methyl carbon, i.e.,
12.7 ppm (41) and 9.9 ppm (42). Gorgostane-1c,33,5¢,6[3,11x,123-hexol 12-acetate (43) [22]
has the same structure as the previous compound except for the addition of a hydroxyl
group at C-1 with a chemical shift of 74.6 ppm, the downfield chemical shift of C-2 from
30.5 to 36.5 ppm, and the upfield chemical shift of C-3 from 66.8 to 63.0 ppm.

Figure 5. Structures of isolated 5,6-dihydroxygorgostane steroids (33-43).
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Table 6. 3C-NMR data of isolated 5,6-dihydroxygorgostane steroids (33-43).

Carbon No. 332 34b  35¢ 362 374 38¢ 39f 404 414 428 438

1 325 35.6 351 322 34.2 26.9 30.4 33.7 33.9 33.7 74.6
2 33.3 35.4 282 334 35.1 34.0 31.4 31.3 31.2 30.5 36.5
3 67.4 67.4 73.0 671 68.9 70.8 67.9 67.1 67.5 66.8 63.0
4 42.8 43.5 385 425 40.1 37.5 41.8 41.3 41.3 40.2 40.3
5 759 76.8 772 76.6 76.5 76.8 78.8 76.6 76.7 76.2 777
6
7
8
9

76.3 76.5 76.5 775 76.0 76.2 76.8 76.0 76.0 75.1 73.9
35.7 35.8 352 762 34.6 34.5 29.7 34.4 34.0 33.6 34.1
31.1 30.1 303  36.0 32.0 29.0 33.2 294 28.9 28.6 28.8
46.0 53.1 528 453 51.9 52.7 80.8 42.7 46.3 50.5 45.8

10 392 411 410 385 400 399 435 396 396 398 419
11 218 685 690 220 716 686 705 734 707 726 712
12 408 530 530 406 525 519 473 750 805 858 865
13 436 440 444 444 447 436 442 467 460 470 469
14 5650 559 564 552 550 548 490 453 474 531 528
15 249 250 254 268 259 244 295 239 238 237 237
16 287 288 296 292 288 282 250 275 276 275 272
17 5850 580 594 575 580 578 591 492 501 574 57.0
18 125 134 135 124 131 130 128 118 127 99 99
19 172 178 174 178 168 169 200 167 167 163 156
20 356 356 365 355 353 763 364 351 346 338 327
21 24 24 216 24 23 211 215 201 206 220 218
2 322 323 334 322 320 319 329 319 319 302 297
23 260 259 268 260 261 258 267 259 259 251 248
24 509 509 522 509 518 507 522 508 508 500 504
25 325 323 333 326 322 320 333 320 320 319 319
2 2150 214 20 M0 217 w2 219 215 215 215 214
27 156 217 221 156 215 215 226 222 213 220 220
28 26 157 160 216 157 155 159 154 155 151 151
29 1447 144 147 190 144 125 147 143 143 136 134
30 215 214 22 216 213 213% 21 213 213 210 208

Acl — 1728 1706 1715 1708 — 1700 1704 1728 1728

214 218 28 214 — 21 22 215 218

(?: 22.5 MHz in C5D5N; P: 100 MHz in C5DsN; ©: 150 MHz in CD;0D; d: 100 MHz in CDCls; ¢:213 MHz in CDCls;
f: 100 MHz in CD30D; 8: 125 MHz in CDCl;:CD50D,5:1; and MJ%: These assignments are different in the original
report and reassigned in this report by careful comparison).

4.4. 9,11-Secogorgostane

9,11-Secogorgostane is characterized by the opening of ring C at C-9 and C-11. It is
characterized by the presence of a ketone carbonyl carbon at C-9 and a primary alcohol
group at C-11 (Figure 6 and Table 7). In '*C-NMR, C-9 and C-11 of 3§3,11-dihydroxy-9,11-
secogorgost-5-en-9-one (44) showed characteristic signals at 217.4 and 60.0 ppm, respectively.
The chemical shifts of C-9 and C-11 of 9,11-secogorgostane consequently changed according
to substitutions. Compounds 3f3,11-dihydroxy-9,11-secogorgost-5-en-9-one (44), 3(3,11,24-
trihydroxy-9,11-secogorgost-5-en-9-one (45), and ameristerol A (46) [33-35] have the same
structure and substitutions with a double bond between C-5 and C-6 except for the second
compound containing a hydroxyl group at C-24 with a chemical shift of 74.5 ppm and
the latter compound containing an additional double bond between C-24 and C-28 with
a characteristic chemical shift of 161.4 and 105.3 ppm, respectively. Compounds 33, 11-
dihydroxy-53, 63-epoxy-9,11-secogorgostan-9-one (47), and 5x,6x-epoxy-33,11-dihydroxy-
9,11-secogorgostan-9-one (48) [36,37] are similar, except the first compound has a 53, 6f3-
epoxy group at C-5 and C-6, and the others a 5x, 6x-epoxy group with a chemical shift
of 65.4, 58.2 ppm and 60.9, 60.0 ppm, respectively. 33,73,11-trihydroxy-5o,6x -epoxy-9,11-
secogorgostan-9-one (49) and 5«,6x-epoxy-1§3,3(3,11-trihydroxy-9,11-secogorgostan-9-one
(50) [9,37] have the 583, 6p3-epoxy groups but with different substitutions in C-7 and C-1
with chemical shifts of 67.0 and 69.9 ppm, respectively, which affect the chemical shift of
the neighboring carbons. Klyflaccisteroid F (51) [13] is a 9,11-secogorgost-5-ene skeleton
containing a carboxyl group at C-11 with a chemical shift of 174.4 ppm. On the other hand,
Klyflaccisteroid K (52) [38] is a 5x,8x-epidioxy-9, 11-secogorgostane containing a double
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bond between C-6 and C-7 with a chemical shift of 141.2 and 130.2 ppm, respectively. More-
ovet, the chemical shift of C-3 is more upfield (65.9 ppm) than other 9, 11-secogorgostanes
due to the presence of a 5¢,8x-epidioxy group in this compound. Leptosterol C (53) [39] is a
9, 11-secogorgost-5-ene structure with a 23-demethyl side chain containing 29 carbons. More-
over, the chemical shift of C-24 is more upfield (44.8 ppm) than other 9, 11-secogorgostanes
due to the absence of C-23 on the side chain cyclopropane moiety.

OH

HO

44 45 46

53

Figure 6. Structures of isolated 9,11-secogorgostane steroids (44-53).
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Table 7. 3C-NMR data of isolated 9,11-secogorgostane steroids (44-53).

Carbon No. 442 45b 46 ¢ 474 48 49 f 50 © 51°¢ 52¢ 53¢

1 31.0 31.1 31.0 28.6 29.9 31.2 69.9 31.0 283 311
2 30.7 30.5 30.8 30.5 34.8 29.9 35.0 30.6 293 308
3 72.0 71.0 71.5 68.0 69.5 69.2 69.4 71.3 65.9 71.4
4 40.6 40.4 40.6 38.6 39.9 40.0 40.3 40.5 353 406
5 140 140.4 140.1 65.4 60.9 62.7 61.0 140.3 83.8 1404
6 122 121.2 121.5 58.2 60.0 65.2 60.4 121.1 1412 1215
7
8
9

322 325 32.8 26.2 32.0 67.0 31.8 32.8 1302 33.0
432 43.0 43.5 38.8 41.6 49.3 41.5 441 86.6  43.5

217.4 217.7 217.6 214.8 214 213 214.1 218.5 2059 217.6
10 36.0 48.3 48.3 46.6 46.7 454 46.4 48.4 447 484
11 60.0 58.8 59.1 58.8 59.0 59.1 59.1 174.4 594 594
12 40.4 40.3 40.5 41.3 39.6 40.7 39.4 43.5 437 402
13 45.0 45.6 45.4 459 45.5 45.8 45.6 45.6 459 456
14 41.7 41.6 41.6 45.3 40.2 43.0 40.4 429 457 416
15 244 241 24.3 22.6 26.0 23.0 25.8 249 249 244
16 27.5 27.8 26.8 28.2 27.9 28.1 27.7 27.1 293 267
17 50.3 50.2 50.7 50.7 50.0 50.3 50.2 51.1 53.1 50.2
18 17.0 17.3 17.3 18.1 17.0 17.8 17.2 16.8 20.3 17.2
19 2298 229 229 19.7 17.4 18.1 17.5 22.9 21.7 229
20 34.5 34.6 33.8 34.7 349 35.2 35.0 34.7 335 384
21 20.6 20.4 20.5 21.0 20.8 20.5 20.6 21.0 21.3 18.8
22 31.8 26.0 31.4 32.1 31.9 31.9 32.0 31.6 319 239h
23 25.8 28.6 26.5 259 259 259 25.8 259 259 244N
24 50.6 74.5 161.4 50.8 50.5 50.7 50.7 50.6 50.6 448
25 32.0 34.7 29.4 32.0 314 31.2 31.5 32.0 320 328
26 2148 17.2 24.2 223 223 22.0 22.2 21.4 21.4 18.5
27 15.3 17.0 24.2 21.4 21.5 21.5 21.4 22.2 222 207
28 21.6 239 105.3 15.2 15.2 15.3 15.3 153 15.1 15.7
29 14.28 16.9 20.4 14.4 14.2 14.3 14.3 14.2 14.2 10.5
30 21.2 16.1 17.8 214 21.2 21.3 21.3 21.3 214 —

(?: 90 MHz in CDCl3; °: 125 MHz in CDCl3+3 drops of CD;0D; : 100 MHz in CDCl3; ¢: 75 MHz in CDCls;
€:125 MHz in CDCl3; f: 150 MHz in CDCly, and 8": These assignments are different in the original report and
reassigned in this report by careful comparison).

4.5. 23-Demethylgorgostane

23-Demethylgorgostane is characterized by the presence of only 29 carbon atoms and
the lack of a methyl group that arises from the cyclopropane moiety at C-23 (Figure 7 and
Tables 8 and 9). In 3C-NMR, the chemical shift values for the cyclopropane moiety (C-22,
C-23, and C-29) in 23-demethylgorgostane (25.2, 24.1, and 10.5 ppm) are different from those
of gorgostane (C-22, C-23, and C-30) with a 24-methyl group (32.0, 26.1, and 21.3 ppm). This
group could be 5, 6-epoxy, 5, 6-dihydroxy, or 5, 8-epidioxy gorgostane groups with different
substitutions, mainly hydroxyl, carbonyl, and acetoxy or other groups such as chloride.
These substitutions usually occur at C-1, C-2, C-3, C-4, C-7, and C-11. Stoloniferone M
(54) [40] is a 23-demethylgorgostane containing a carbonyl group at C-1 and a hydroxyl
group at C-3 with a 5, 6-3-epoxy gorgostane skeleton. The presence of a carbonyl group
at C-1 leads to a high downfield I3C-NMR chemical shift in C-2 and C-10. Further, 5,
6-B-epoxy has an upfield chemical shift of up to 1 ppm more than 5, 6-x-epoxy gorgostane.
Compounds 5«,6x-epoxy-23-demethylgorgost-8-ene-33, 7«x-diol (55) and 5x,6x-epoxy-23-
demethylgorgost-8(14)-ene-33, 7a-diol (56) [41] have the same substitutions except for
the carbons of the double bond between C-8, C-9 and C-8, and C-14, respectively. The
carbons of double bonds also downfield chemical shifts on neighboring carbons. 5c,80-
Epidioxygorgostane contains a double bond at C-6 and C-7 or may have an additional
double bond at C-9 and C-11, such as 5«, 8x-epidioxy- 23-demethylgorgosta-6,9(11)-dien-
33-ol (59) [43]. In addition, compound 5«,8x-epidioxy-23,24-didemethylgorgost-6-ene-33-
ol (58) [42] has 28 carbon atoms due to 23, 24-didemethylgorgostane. Stoloniferone Q, D,
J, S,yonarasterol C, I and F (60-66) [11,40,44—46] contain a carbonyl group at C-1 with a
double bond between C-2 and C-3 except for stoloniferone S, which has a double bond
between C-3 and C-4. Furthermore, stoloniferone Q has an additional bond between C-4
and C-5. The chemical shift of a carbonyl group at C-1 is variable due to the substitutions
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of neighboring carbons. C-1 at stoloniferone Q and S is a downfield shift to 212.5 and 212.0,
while other compounds upfield shift from 208.7 to 204.4. Moreover, C-5 and C-6 (5, 6-epoxy
group) in stoloniferone D are chemically shifted more upfield than 5, 6-dihydroxy groups
or other substitutions in C-5 and C-6.

Figure 7. Structures of isolated 23-demethylgorgostane steroids (54-66).
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Table 8. 3C-NMR data of isolated 23-demethylgorgostane steroids (54-60).

Carbon No. 542 55° 56 57°¢ 58 <4 59b 602
1 215.2 30.2 32.2 39.4 39.4 32.6 2125
2 47.1 30.9 31.1 30.0 30.1 30.6 126.9
3 64.2 68.6 68.7 69.5 66.4 66.3 140.8
4 40.9 39.2 39.6 51.1 51.1 36.1 119.0
5 61.3 65.6 67.8 79.4 79.5 82.7 157.7
6 61.0 62.6 61.3 130.9 130.8 130.8 73.7
7 31.6 67.1 65.1 135.0 135.4 135.4 40.4
8 28.5 126.9 125.1 81.7 82.1 78.4 29.5
9 49.8 134.6 38.7 343 34.7 142.5 58.2
10 51.7 38.0 35.8 36.9 37.0 37.9 55.4
11 67.6 23.7 19.0 20.8 20.9 119.8 66.9
12 49.2 35.7 36.6 39.5 39.5 41.2 49.5
13 43.2 42.5 43.3 44.9 449 441 43.2
14 55.2 49.3 152.6 51.3 514 47.8 54.6
15 244 23.9 25.3 28.7 28.5 21.2 24.9
16 29.8 29.1 27.3 23.4 23.4 28.4 28.6
17 57.4 55.1 58.2 57.3 57.3 57.4 57.5
18 12.6 10.9 17.7 12.5 125 12.6 12.9
19 13.6 22.8 16.5 18.0 18.5 25.5 19.6

20 40.0 40.5 39.2 39.9 39.9 39.7 40.1
21 19.1 19.2 19.2 19.0 19.1 19.0 19.2
22 24.1°¢ 24.0 24.0 24.1°¢ 24.1°¢ 24.2 24.1°¢
23 25.2¢ 25.2 25.1 25.1¢ 25.1¢ 25.1 252¢
24 45.0 45.0 443 45.0 45.0 44.9 45.0
25 32.9 32.8 32.3 33.2 32.8 32.8 32.9
26 18.6 20.7 20.7 18.5 18.1 18.5 18.6
27 20.7 18.6 18.3 20.6 20.6 20.7 20.8
28 15.8 15.8 15.7 16.1 10.5 15.8 15.9
29 10.5 10.4 10.6 10.5 — 10.5 10.5
30 — — — — — — —
Acl — — — 170.0 — — —
— — — 21.2 — — —

(3: 75 MHz in CDCl3; b: 100 MHz in CDCl3; ©: 22.5 MHz in CDCl3; 9: These NMR data do not seem to support the
proposed structure [55]; and ©: These assignments are different in the original report and reassigned in this report
by careful comparison).

Table 9. 3C-NMR data of isolated 23-demethylgorgostane steroids (61-66).

Carbon No. 612 62b 63°¢ 64°¢ 65 ¢ 66 ¢
1 207.9 208.7 212 207.7 205.3 204.4
2 128.7 1289 78.5 129.1 128.6 131.8
3 147.3 1421 126.4 141.0 140.1 138.7
4 34.0 36.3 141.7 36.4 31.7 54.1
5 62.3 77.9 83.9 76.9 78.2 65.1
6 63.7 74.7 66.9 75.3 66.1 73.3
7 30.5 32.9 34.9 29.3 38.8 37.3
8 28.7 28.4 27.7 29.2 33.9 28.7
9 50.6 47.2 50.0 47.1 54.3 57.2

10 50.1 54.3 492 53.7 54.5 49.6
11 67.1 68.4 67.0 68.5 66.8 66.4
12 50.8 51.2 48.4 51.1 48.8 48.8
13 43.4 43.6 43.0 435 435 43.4
14 55.4 55.6 54.0 55.6 54.4 54.3
15 24.3 24.0 24.6 24.1 28.3 24.4
16 28.7 28.5 28.4 28.6 24.1 28.4
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Table 9. Cont.
Carbon No. 612 62b 63°¢ 64°¢ 65¢ 66 ¢
17 57.5 57.5 57.4 57.3 57.2 57.3
18 12.9 13.1 13.0 135 12.8 12.7
19 14.9 15.1 20.1 14.6 9.3 135
20 40.0 39.8 40.1 40.1 39.9 40.0
21 19.0 19.1 19.2 19.0 19.1 19.1
22 24.0 2404 2404 2394 2414 2414
23 25.1 25.24d 25.24d 2514 2514 25.24d
24 45.0 45.0 449 449 449 449
25 32.9 33.0 32.8 32.8 32.8 32.8
26 18.6 18.6 185 18.6 185 185
27 20.7 20.7 20.7 20.7 20.7 20.7
28 15.9 15.9 15.8 15.8 15.8 15.8
29 10.5 10.5 10.5 10.4 10.5 10.5
30 — — — — — —
Acl — — — 21.3 — —

— — — 169.9 — —

(?: 22.5 MHz in CDCls; °: 75 MHz in CDCl3; ©: 125 MHz in CDCl;, and 9: These assignments are different in the
original report and reassigned in this report by careful comparison).

4.6. Miscellaneous Gorgostane

Miscellaneous Gorgostane has an undefined chemical structure (Figure 8 and Table 10).
Compounds 5x,8x-epidioxygorgost-6-en-33-ol (67) and 5x,8x-epidioxygorgosta-6,9(11)-
dien-33-ol (68) [47] have the same chemical structure except the later compound has an
additional double bond between C-9 and C-11, which, due to a downfield chemical shift
on neighboring carbons, cause both compounds to have a 5«,8x-epidioxy group and
double bond between C-6 and C-7. Compounds 3«,53-dihydroxygorgostan-6-one (69)
and 1«,3p,53,11«-tetrahydroxygorgostan-6-one (70) [48,49] are related to each other and
have a 53-hydroxy and carbonyl group at C-6, but the latter compound has «-dihydroxy
substituted in C-1 and C-11. Furthermore, the orientation of the hydroxyl group at C-3 of
the first compound is «, but the latter is 3. These substitutions affect the chemical shift
of both C-3 and C-6: 66.1, 212.3 ppm in the first compound and 68.0, 210.5 ppm in the
latter. Compounds dissesterol (71) and gorgost-4-en-3-one (75) [50,51] have a double bond
between C-4 and C-5, but compound (71) has 3¢, 63-dihydroxy substitution at C-3 and C-6,
in contrast to the latter compound, which has a carbonyl group at C-3. Ameristerenol A
and B (72, 73) [35] are 9,11-secosterols and possess a seven-membered cyclic enol-ether in
ring C with two double bonds in ring B between C-5, C-6 and C-8, and C-9, but compound
(73) has an additional acetoxy group at C-3. Furthermore, the chemical shift of C-3 is
more downfield to 71.9 and 74.0 ppm, respectively, similar to the gorgost-5-ene group.
Compound klyflaccisteroid L (74) [38] has an unusual 11-norsteroid skeleton and is the first
example of an 11-oxasteroid isolated from natural sources; it is a trihydroxy with substituted
3B, 7«, and 9« at C-3, C-7, and C-9, respectively. The chemical shift of hemiketal carbon
C-9 is more downfield to 98.2 ppm.
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Figure 8. Structures of isolated miscellaneous gorgostane steroids (67-75).
Table 10. '*C-NMR data of isolated miscellaneous gorgostane steroids (67-75).

Carbon No. 672 682 692 702 71° 72°¢ 73¢  74¢ 752
1 34.7 34.7 33.6 70.4 36.5 34.0 33.9 270 361
2 30.1 30.1 27.5 374 28.5 31.2 27.3 309 344
3 66.5 65.4 66.1 68.0 67.3 71.9 74.0 70.7  200.0
4 37.0 36.1 37.2 37.3 128.1 41.0 37.0 414 1242
5 82.2 82.7 84.2 84.0 147.1 138.2 137.1 1404 1721
6 130.8 130.8 212.3 210.5 73.6 118.6 119.6 1251 324
7 135.4 135.4 41.5 411 38.9 30.3 30.3 712 332
8 79.5 78.5 35.8 36.0 30.1 115.0 1150 438 360
9 51.1 142.5 44.9 50.2 54.1 156.6 1564 982 542
10 37.0 37.0 40.0 50.6 36.7 39.3 394 43.0 389
11 29.8 119.8 21.5 66.3 20.8 68.0 68.0 — 21.4
12 39.5 41.4 39.0 49.0 39.7 46.4 46.4 73.8 401
13 45.2 44.2 421 43.3 42.8 42.8 42.9 437 432
14 51.5 51.6 54.0 55.4 55.8 50.4 50.7 46.1  58.2
15 23.5 23.4 23.8 24.5 24.2 24.4 24.7 261 248
16 28.3 28.3 27.5 28.0 28.0 27.9 27.9 283 286
17 58.2 57.8 56.8 57.8 57.8 58.4 58.5 542  56.1
18 12.6 12.7 12.2 12.7 11.8 12.2 12.2 102 124
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Table 10. Cont.

Carbon No. 672 682 692 702 71b 72°¢ 73 ¢ 74 ¢ 754
19 18.2 25.5 19.9 14.6 21.1 21.5 215 209 17.7
20 34.7 349 34.9 35.2 35.1 35.4 35.4 347 35.6
21 21.5 21.1 21.2 21.0 21.1 21.7 21.7 21.0 215
22 31.9 31.8 31.0 31.9 31.8 32.0 32.3 31.7 324
23 26.0 259 25.0 259 25.6 25.9 26.2 259 262
24 50.7 50.7 50.0 50.7 50.6 50.7 50.8 50.7 518
25 32.0 32.0 31.2 32.0 32.0 321 322 320 324
26 21.5 21.5 22.2 21.5 21.2 21.5 21.5 21.5 219
27 222 22.2 21.4 221 21.8 22.2 222 22.1 22.5
28 15.4 15.5 154 15.5 15.2 15.3 15.4 155 15.8
29 14.3 14.3 14.0d 14.3 14.0 14.2 14.2 14.3 14.7
30 21.3 21.3 2054 21.3 20.9 214 214 213 217

Acl — — — — — — 170.2 — —
— — — — — — 214 — —

(% 125 MHz in CDCly; °: 125 MHz in CDCl3+CD30D; ©: 100 MHz in CDCl;; and 9: These assignments are
different in the original report and reassigned in this report by careful comparison).

5. Conclusions

This review provides an exploration of the structural diversity of gorgostane-type
steroids isolated from marine sources and '3 C-NMR spectroscopic data, which are con-
sidered an added value to the structural identification of gorgostane derivatives. Further
investigation of this class of biological activity explaining its mechanisms of action in treat-
ing different diseases is required. These studies will assist in the discovery and development
of new drugs from natural sources.
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