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Abstract

Diacronema sp. was cultured and its sterols were separated by column chromatography on silica
gel. The new sterol 24-ethyl-4a-methyl-cholestane-3,20-diol (1) was characterised by NMR and MS
spectrometry, as well as (22F)-24-ethyl-4a-methyl-5a-cholest-22-en-33-ol (2) and B-sitosterol, the
major components of the sterol fractions. Neither the biosynthetic origin of the new dihydroxysterol
nor its role in the biochemistry of Diacronema is known.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Marine algae are important sources of a wide variety of chemical products [1-5] used
in food and in pharmaceutical industries [6] as well as useful biomarkers for identifying
the origin of organic matter in seawater and marine sediments [7,8]. Proteins, amino
acids, vitamins, polysaccharides and other carbohydrates extracted from algae have been
used as food supplement. Microalgae also produce lipids such as linoleic and +y-linoleic
acids, which are precursors of medicinal compounds with hypotensive properties.
Antibacterial and antifungal activities of compounds isolated from algae have also been
described [9]. Microalgae sterols have been used as starting materials for the synthesis of
hormone steroids [10].

The sterols found in microalgae display a fascinating diversity of sterolic patterns as
might be expected from the great number of microalgal classes, genera and species
combined with the long evolutionary history of most classes, but their metabolism and
roles are still poorly understood [11,12]. The presence of methyl groups at positions C-4,
C-14 or C-23, of methyl, ethyl or propyl groups at position C-24, and of an additional
hydroxyl group, is common in the structure of marine sterols.

Double bonds may be found at C-5, C-7, C-8, C-22, C-24 or C-25(27). Modified side-
chains occur infrequently as in 27-nor- and 27-nor-24-methyl sterols [13]. Some sterols are
widespread, but others appear to be restricted to just a few algal classes.

Microalgae of the class Haptophyceae are common in the marine environment and
important nutritional feedstocks in aquaculture [14]. Their sterols have been subjected
to many analyses because of their value as biomarkers of the origin of organic matter
in sediments [7]. Some groups within the Haptophyta contain compounds whose
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Fig. 1. Structure of the major compounds 1-3 isolated from Diacronema sp., of ethylpavlovol (1a) and of the
acetyl derivative 2a.



A.P. Rauter et al. / Fitoterapia 76 (2005) 433—438 435

structures are sufficiently distinctive that they can be used as biomarkers in support of
taxonomic classification [15]. One of these groups consists of the order Pavlovales,
which contains a wide range of 4-desmethylsterols as well as uncommon So(H)-
stanols, 4a-methylsterols and pavlovols [7]. These dihydroxysterols have been reported
in microalgae of both the genus Pavlova and Diacronema [16]. Their identification in
Diacronema vlkianum shows that they are not unique to the genus Pavlova. However,
they are probably restricted to species from the order Pavlovales. The modes of
biosynthesis and functions of pavlovols remain unknown. Thus, the recognition of
novel compounds may be used as a tool to aid in the classification of a particular
species. Several 4a-methylsterols have been identified in microalgae from Paviova spp.
confirming that they are not unique to dinoflagellates. The major 4a-methylsterol found
is (22E)-24-ethyl-4a-methyl-5a-cholest-22-en-33-ol (2), which has a conventional C-24
alkylated side-chain rather than a 23,24-dimethyl structure [8,12,16]. We now report the
isolation and structural elucidation of a new dihydroxysterol, 24-ethyl-4a-methyl-
cholestane-3,20-diol (1), together with (22E)-24-ethyl-4a-methyl-Sa-cholest-22-en-33-
ol (2) and p-sitosterol (3) as major components of the dichloromethane/methanol (1:1)
extract of Diacronema sp. (Fig. 1).

2. Experimental
2.1. General

Melting points were determined with a digital melting point apparatus (Electrothermal)
and are uncorrected. "H NMR (300 MHz) and '*C NMR (22.5 MHz) spectra were run in a
Bruker CXP 300 and Bruker WP-200 SY spectrometers, respectively, in CDCl; using
tetramethylsilane as internal standard. IR spectra (cm ') were obtained on an Hitachi 270-
50 spectrophotometer in KBr pellets. Mass spectra EIMS were recorded at 70 eV and 200
°C on an updated AEI MS9 spectrometer.

Column chromatography was carried out using silica gel 60G (0.040-0.063 mm, E.
Merck). Analytical and preparative TLC were conducted on Merck 60 GF,s4 silica gel
plates (absorbent thickness: 0.25 and 0.75 mm, respectively). The standard compound
R-sitosterol was supplied by Extrasynthese, France.

2.2. Microalgal cultures

The microalga Diacronema sp. belongs to the division Chrysophytae, class
Haptophyceae, order Pavlovales, family Pavlovaceae and genera Diacronema. It was
isolated from the Portuguese coast by Sampayo in 1980 and belongs to the AQ/INIAP
collection of living microalgae provided from a single clone since then. For the present
study Diacronema sp. was grown as clonal batch cultures in 2 I, 6 1 and 60 1 of
mineral salts “Miquel’s Medium” [17] enriched sea water and cultivated until the
exponential growth phase. Growth was maintained at 20-22 °C under cool white
fluorescent light 24 h/day. The microalgae obtained were then collected by
centrifugation at 4000 rev./min for 25 min (40 g).
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2.3. Extraction and isolation

The biomass obtained (40 g) was extracted with MeOH-dichloromethane (1:1) and
concentrated to give a residue (4 g), which was CC under low pressure with EtOAc—
toluene mixtures from 1:15 to 1:1. Preparative TLC was eluted with chloroform—Et,O 9:1
to give 24-ethyl-4a-methyl-cholestane-3,20-diol (1) (16 mg; 0.4%), (22F)-24-ethyl-4a-
methyl-5a-cholest-22-en-3R-ol (2) (105 mg, 2.6%) and P-sitosterol (3) (117 mg, 2.9%),
whose physical and spectroscopic data were compared to the standard compound and
literature [18].

24-Ethyl-4o-methyl-cholestane-3,20-diol (1), mp 221-222 °C; IR bands (KBr) cm™ '
3416 cm™'; 'H NMR: & 3.18 (1 H, m, H-3a), 1.16 (3H, s, H-21), 0.94 (3H, s, H-19),
0.84-0.77 (6H, m, H-29, H-30), 0.71 and 0.69 (each 3H, d, H-26, H-27, J 4.8 Hz, 5.4 Hz),
0.57 (3H, s, H-18); EIMS m/z (rel. int.): 446 [M]"(2), 445 [M-H]'(8), 431 [M-Me]"(30),
430 [M-Me-H]"(21), 416 [M-2Me]"(54), 398 [M-2Me-H,0]"(24), 386 [M-4Me]"(24),
372 [M-3Me-Et]"(49), 356 [M-H,0-Et-CHMe,]"(65), 300 [M-H,0-Me-CgH,,]"(10), 262
[M-CoH,,0-H,0-C,H,]"(28), 202 [M-C,oH,,;0-H-CsH,,0]"(25), 95 [C;H ;] (100).

(22E)-24-Ethyl-4a-methyl-50-cholest-22-en-3 -0l (2), mp 187 °C, 187-188 °C [19]; IR
bands (KBr): 3445, 1630 cm™'; "H NMR: 6 5.17 (1 H, dd, H-22, J502, 8.2 Hz, J55.3 15.2
Hz), 5.03 (1H, dd, H-23, J53 24 8.0 Hz and J5, 3 15.2 Hz), 3.04 (1 H, m, H-3a), 1.05 (3 H,
d, H-21, J59 1 6.0 Hz), 0.99-0.75 (12 H, m, H-26, H-27, H-29, H-30), 0.82 (3H, s, H-19),
0.66 (3H, s, H-18); EIMS m/z (rel. int.): 428 [M]'(4), 367 [M-Me-H,0]"(2), 316 [M-
CsHi6](7), 287 [M-CoH, (side chain)-2H]"(4), 229 (4), 161 (7), 105 (14), 55 (100).

(22E)-24-Ethyl-4a-methyl-50-cholest-22-en-3 -yl acetate (2a). Syrup; IR bands (KBr)
em ' 1732 em™'; "H NMR: 6 5.16 (1 H, dd, H-22, J95, 8.2 Hz, Jx53 15.2 Hz), 5.03
(1H, dd, H-23, J»354 8.0 Hz), 437 (1 H, m, H-3), 2.05 3 H, s, MeCO), 1.05 3 H, d, H-
21, Jp021 6.0 Hz), 0.99 (3H, s, H-19), 0.89-0.77 (12 H, m, H-26, H-27, H-29, H-30), 0.65
(3H, s, H-18); EIMS m/z (rel. int.) 470 [M]"(28), 455 [M-Me]"(2), 428 [M+H-Ac]'(1),
410 [M-AcOH]"(3), 395 [M-Me-AcOH]"(4), 369 [M+2H-C;H;,-AcOH]"(40), 358 [M-
C8H16]+(49): 343 [M-MC-C8H|6]+(12), 329 [M-C]0H19 (Side Chain)—ZH]+(40), 271 [M-
CioH o (side chain)-AcOH]"(37), 175 (16), 121 (36), 55 (100).

3. Results and discussion

The structure proposed for compound 1 is based on its sterol pattern being a
dihydroxy-4a-methylsterol with a saturated nucleus. These unusual structural features
are known in sterols composition of microalgae [20]. An example of such type of
compounds is ethylpavlovol, a constitutional isomer of compound 1, previously isolated
from Paviova spp., which are constituents of the phytoplankton used in bivalves diet.
Assignment of structure 1 was accomplished by means of NMR spectroscopy and mass
spectrometry. Comparison of the '*C NMR spectrum of 1 with that of ethylpavlovol (1a)
[21] (Table 1) shows that significant changes in the chemical shifts of the resonances of
C-4 and C-20 were detected, confirming the absence of the hydroxyl group at C-4. '*C
NMR signals of C-21, C-22 and C-23 also demonstrate that this moiety does not have
the same structure exhibited by the side chain of ethylpavlovol. The chemical shift
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Table 1

3C NMR chemical shifts (0 in ppm) of compounds 1, 1a, 2, 2a, 3 in CDCl3

Carbon 1 1a 2 2a 3

1 37.2 36.6 36.8 36.5 37.2
2 32.1 27.2 28.8 28.2 31.7
3 76.1 75.7 76.6 78.9 71.8
4 38.6 74.2 39.2 40.1 423
5 52.5 52.9 50.9 51.0 140.7
6 27.8 20.6 31.0 319 121.8
7 30.2 325 322 32.1 319
8 35.8 349 34.8 349 31.8
9 55.2 55.6 54.5 54.4 51.2
10 335 36.2 35.6 36.0 36.5
11 20.2 20.6 21.1 21.1 21.1
12 39.5 40.0 40.0 40.0 39.8
13 42.1 42.5 424 424 42.4
14 56.2 56.6 56.6 56.6 56.8
15 22.6 242 242 242 24.3
16 26.7 28.3 29.0 29.0 28.2
17 55.7 56.1 56.0 56.0 559
18 11.9 12.1 12.2 12.2 11.9
19 11.6 14.0 13.3 132 19.4
20 73.7 36.3 40.5 40.5 36.1
21 24.9 18.8 21.1 21.2 18.8
22 39.5 339 138.3 138.4 339
23 333 26.4 129.2 129.2 26.4
24 45.6 46.1 51.2 51.2 45.8
25 31.0 28.9 31.8 31.7 19.1
26 20.1 19.6 20.9 21.1 19.8
27 17.2 19.0 19.0 19.0 19.2
28 23.7 23.0 25.4 254 23.0
29 13.1 12.3 25.4 25.4 12.1
30 15.0 25.4 15.2 15.2

CH;CO- 21.1

changes observed for the C-2, C-6 and C-30 signals of compound 1, when compared to
those of ethylpavlovol 1a, are also in agreement with the proposed structure for 1.
Similar differences are also observed when comparing the calculated '*C NMR spectra
for both isomers. "H NMR spectrum confirms the presence of OH-3 due to the signal of
H-3 at ¢ 3.18 as a multiplet, being identified the resonances of Me-26 and Me-27 at ¢
0.69 and 6 0.72 as doublets, and those of Me-18, Me-19 and Me-21 as singlets at ¢
0.57, 0.97 and 1.16, respectively.

The fragmentation detected by EIMS is in agreement with the structure proposed for
this new dihydroxysterol. The molecular ion appeared at m/z 446 corresponding to
molecular formula C3gH4s0,. The fragments at m/z 431(30) [M-Me]", 416(54) [M-2Me]",
398(24) [M-2Me-H,0]", 386(24) [M-4Me]", 372(49) [M-3Me-Et]'and 356(65) [M-Et-
H,0-CHMe,] as well as those at m/z 262(28) [M-C;oH,,0 (side chain)-H,0-C,H, (ring
D)]"and m/z 202(25) [M-C,oH,,0-H-CsH 40 (ring A)]" confirm the proposed structure for
this 24-ethyl-4a-methyl-cholestane-3,20-diol.
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The mass spectrum of compound 2 exhibited fragments at m/z 428 corresponding to the
molecular ion, at m/z 367 [M-C3H,-H,0]", 316 [M-CgH;e]", 289 [M-C,oH;o(side
chain)]", and 161 [M-C,¢H;o-C5Hs-CsH;,0]", indicating the structure of a C, sterol with
a C;o monounsaturated chain. The fragmentation pattern observed is in agreement with
that reported [19] as well as its '"H NMR spectrum [22].
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