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Abstract

As a part of an SAR study aimed at testing the antitumor activity of some C15 acetogenins
related to mycalin A, we report here the synthesis of the C-1 debromo-derivative of lauren-
ciallene, a substance recently isolated from the red alga Laurencia obtusa. This new substance
has been obtained by the selective, reductive debromination of the terminal bromoallene
moiety of laurenciallene with Zn/AcOH. Its structure has been fully characterized by
spectral methods, including 2D-NMR spectra.
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1. Introduction
The search for new biologically active compounds is an important goal in medicinal

chemistry. The marine environment has historically furnished a great number of structurally
diverse substances, some of which have subsequently become lead compounds for drug
development [1].

Mycalin A (1, Figure 1) is a polybrominated C15 acetogenin (ACG) isolated some
years ago by our group from the encrusting sponge Mycale rotalis [2]. This substance was
later isolated from the algae Laurencia paniculata [3], collected at Çeşmealt (Turkey), and
Laurencia obtusa [4], collected in the Ionian Greek Sea. We have recently shown that mycalin
A possesses strong antiproliferative activity towards the human melanoma (A375), the
human cervical adenocarcinoma (HeLa) [5], and the human metastatic melanoma (WM266)
cells [6]. Mycalin A was also shown to induce cell death through an apoptotic mechanism
on the A375 cell line [5]. In addition, further studies carried out by our group on HeLa cell
lysates allowed us to identify mortalin, a protein playing an anti-apoptotic role in cancer,
as the main target of mycalin A [7].

As a part of a structure–activity relationship (SAR) study aimed at selecting deriva-
tives of mycalin A possessing enhanced selectivity towards tumor cells, various analogs
and degraded derivatives of this substance [5] were prepared. Among the synthesized
compounds, a structurally simplified lactone derivative of mycalin A lactone 3 (Figure 2),
lacking the C1–C3 side chain of mycalin A, was shown to be the most active substance,
exhibiting a strong cytotoxicity towards both A375 and HeLa cells, but not towards human
dermal fibroblasts (HDFs), used as healthy control cells. This finding, and the acquisition
of evidence indicating that the THF-containing portion of mycalin A was essential for
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the antiproliferative activity [5], prompted us to synthesize a number of five-membered
bromolactones (Figure 2), structurally related to the C1–C5 portion of mycalin A lactone.
Particularly, starting from commercially available D-xylonolactone and D-ribonolactone [6],
various simplified bromolactones (Figure 2) retaining the antiproliferative activity and
selectivity of mycalin A lactone were easily obtained.

Figure 1. Comparison of the structure of mycalin A and laurenciallene, a substance structurally
related to mycalin A.
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Figure 2. Preparation of mycalin A lactone (3). Synthetic bromolactones, mimicking the C1–C5
portion of mycalin A lactone, are shown on the right.

2. Results and Discussion
All the above evidence prompted us to extend our studies to substances related to

mycalin A with the aim of studying their antiproliferative properties. Laurenciallene 2
(Figure 1) [8] († Appendix A) is a C15 ACG, recently isolated from the red alga Laurencia
obtusa, structurally related to mycalin A. Although both mycalin A and laurenciallene
possess the same linear C15 carbon skeleton characterized by a THF/THP-based structure,
laurenciallene lacks the bromine atom on the methylene (C-8) bridging the two rings,
possesses a terminal bromoallene side-chain in place of a bromo-enine terminus, and a
bromine at C-6 in place of the hydroxyl group present in mycalin A. In addition, although
it includes substituents at the same positions as mycalin A, the THP ring of laurenciallene
is characterized by an opposite configuration at three (C-9, C-12, and C-13) out of its four
asymmetric carbons, and by a C-10 OH group in place of the bromine atom present in
mycalin A.

All these structural differences made lurenciallene a good candidate for a structure–
activity relationship study, presumably providing access to a new set of mycalin A-like
substances, once suitably derivatized. Therefore, as a first step, laurenciallene was isolated
from Laurencia obtusa in a sufficient amount to conduct the preparation of a set of its
derivatives for SAR studies and biological assays. In this paper, we report the synthesis of
one of such derivatives, namely C-1 debromo-laurenciallene 4 (Scheme 1).
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Scheme 1. The capton is: Synthesis of C-1 debromo-laurenciallene 4.

It is well known that zinc dust in glacial acetic acid can induce the reductive cleavage
of carbon-halogen bonds [9–11]. Therefore, treatment of laurenciallene with Zn/AcOH
was seen as a way to access debrominated laurenciallene derivatives. Interestingly, when
compound 2 was reacted with Zn/AcOH, the sole debromination at C-1 occurred, cleanly
giving compound 4 in 90% yield (based on reacted starting material, Scheme 1). No
debromination occurred at the other two carbons (C-6 and C-12) carrying bromine atoms,
as evaluated by NMR evidence. The selective reactivity observed in this process is an
interesting result that is certainly worth further investigation.

Spectral data of 4 were in full agreement with the structure shown. The 1H-NMR
spectrum of 4 (see Figure S2 in the Supplementary Materials) showed the absence of
the signals at 6.11 and 5.11 ppm (H-1 and H-3, respectively, both dd), relevant to the
bromoallene side-chain of 2 [8] (Figure S1 in the Supplementary Materials shows the
proton spectrum of laurenciallene for comparison purposes), while it included signals
for a terminal allene function centered at 5.44 ppm (1H, ddd, J = 6.7, 6.7, 6.7, H-3) and
4.85 ppm (2H, AB system further coupled, JAB = 11.1, H2-1) [12]. The rest of the signals
belonging to the proton spectrum of 4 showed chemical shifts and shapes almost identical
to those exhibited by the corresponding signals in laurenciallene [8], clear evidence of the
absence of modifications in the remaining part of laurenciallene. As expected, among these
signals, only the one pertinent to H-4 (apparent broad ddd at 4.51 ppm), adjacent to the
newly created allene function, was more significantly shifted if compared with the signal
pertaining to the same proton in laurenciallene 2 (4.64 ppm, dddd) [see also 1H-NMR
data reported in [8]]. 13C-NMR data of 4 (see Figure S3 in the Supplementary Materials)
were also in perfect accord with the presence in 4 of a terminal allene moiety, showing
characteristic signals at 208.32 ppm (C-2), 92.65 ppm (C-3), and 77.10 ppm (C-1) [13]. The
1H-1H COSY spectrum of 4 (see Figure S4 in the Supplementary Materials) allowed tracing
the sequential connectivity of all the protons of the molecule. As expected, the HSQC
spectrum of 4 (see Figure S5 in the Supplementary Materials) showed correlation peaks
between the proton signals at 5.44 ppm (H-3) and 4.85 ppm (H2-1) and the carbon signals
at 92.65 ppm (C-3) and 77.10 ppm (C-1), respectively, relevant to the allene function. All
the other 1H-13C correlation peaks included in the HSQC spectrum of 4 paralleled those
observed in laurenciallene [8]; the HSQC maps for 2 and 4 were strictly similar to each
other as well [see the HSQC spectrum reported in [8]]. Further evidence for the absence
of a bromine atom in 4, when compared with 2, was provided by the ESI-MS spectrum
of the former, which showed the molecular ion pattern (1:2:1 triplet at m/z 431/433/435
[M + Na]+) expected for a substance containing only two bromine atoms. In addition, the
IR spectrum of 4 contained a broad hydroxyl band at nmax = 3417 cm−1 and a low-intensity
stretching band at nmax = 1958 cm−1 for the terminal allene moiety.
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3. Materials and Methods
3.1. General Information

All reagents were purchased in the highest commercial quality (Aldrich, St. Louis,
MO, USA) and used without further purification. Reactions were monitored by thin-layer
chromatography carried out on precoated silica gel plates (Merck 60, F254, 0.25 mm thick,
Rahway, NJ, USA). Nuclear magnetic resonance (NMR) experiments were acquired on
a Bruker Avance Neo 600 MHz spectrometer (Bruker-Biospin, Billerica, MA, USA) in
CDCl3. The NMR spectra were processed using the MestReNova (version 14.3.0, Mestrelab
Research, Santiago de Compostela, Spain) suite. Proton chemical shifts were referenced
to the residual CHCl3 signal (δ = 7.26 ppm). Abbreviations for signal couplings are as
follows: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, and b = broad.
Coupling constants are given in Hertz. The IR spectrum was recorded neat with a Jasco
FT-IR 4700 spectrophotometer (JASCO, GmbH, Pfungstandt, Germany) and is reported
in cm−1. 13C-NMR chemical shifts were referenced to the solvent (δ = 77.0 ppm). The
ESI-MS spectrum was recorded on a Thermo Scientific LTQ XL (Walthman, MA, USA) mass
spectrometer in positive mode (MeOH as solvent).

3.2. Extraction of the Alga and Isolation of Laurenciallene 2

The alga L. obtusa was collected in the Stagnone di Marsala lagoon (Sicily) during the
autumn of 2020. A voucher specimen is on file in our laboratories in the Dipartimento of
Scienze Chimiche, University of Naples Federico II, Naples, Italy. The collected alga was
immediately frozen and transported to Naples. The freshly thawed alga was extracted two
times with CHCl3-MeOH (1:1). The combined extracts were evaporated under reduced pres-
sure, leaving an aqueous suspension, which was extracted with CHCl3. The dried (Na2SO4)
extract was concentrated in vacuo to give an oily residue (11.05 g), which was fractionated
on an open Si gel column (500 g, 5 cm diameter) using increasing amounts of EtOAc in
petroleum ether as eluent. One of the fractions eluted with petroleum ether–EtOAc 8:2
(2.57 g), containing laurenciallene, was then separated on silica gel, slowly eluting with
petroleum ether–EtOAc (9:1) to give a fraction (248 mg) further enriched in laurenciallene.
Final separation of this fraction was carried out by HPLC on a Phenomenex Luna silica
column (250 × 10 mm, 5m), using n-hexane/EtOAc (8:2), to give pure laurenciallene 2
(76.1 mg).

3.3. Synthesis of C-1 Debromo-Laurenciallene 4

Zn dust (4.2 mg, excess) was added to a solution of laurenciallene 2 (2.4 mg,
0.0049 mmol) in acetic acid (1 mL) at 0 ◦C under stirring. After 4h at 0 ◦C and then
4h at r.t., the mixture was filtered, and the filtrate was taken to dry to give 1.9 mg of oil.
Separation of this material by HPLC on a Phenomenex Luna silica column (250 × 4.6 mm,
5m, eluent: n-hexane–EtOAc, 8:2) gave 0.9 mg (90%, based on reacted 2) of compound 4
and 0.8 mg of unreacted laurenciallene 2. NMR data of laurenciallene 2 were identical to
those reported [8].

4: White solid; IR nmax = 3417, 1958 cm−1; 1H NMR (600 MHz, CDCl3) δ 5.44 (1H,
ddd, J = 6.7, 6.7, 6.7, H-3), 4.87 (1H, A part of an AB system further coupled, J = 11.1,
6.6, 1.5, HA-1), 4.83 (1H, B part of an AB system further coupled, J = 11.1, 6.5, 1.5, HB-1),
4.51 (1H, bddd, J = 6.8, 6.8, 6.8, H-4), 4.44 (1H, m, H-6), 4.02 (1H, ddd, J = 12.4, 10.9, 4.6,
H-12), 3.83 (1H, ddd, J = 9.6, 3.6, 2.3, H-7), 3.74 (1H, bs, partly overlapped to H-9, H-10),
3.72 (1H, dd, partly overlapped to H-10, J = 9.9, 4.7, H-9), 3.83 (1H, ddd, J = 9.6, 9.6, 2.3,
H-13), 2.91 (1H, ddd, J = 15.1, 8.8, 6.6, Ha-5), 2.59 (1H, ddd, J = 13.5, 4.6, 3.6, Heq-11),
2.41 (1H, ddd, J = 14.9, 5.1, 2.1, Hb-5), 2.12 (1H, ddd, 13.1, 13.1, 3.0, Hax-11), 2.04 (1H, m,
partly overlapped to other signals, Ha-14), 1.99 (1H, ddd, J = 14.7, 9.6, 2.2, Ha-8), 1.86 (1H,
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ddd, J = 14.7, 9.6, 4.2, Hb-8), 1.52 (1H, m, Hb-14), 0.97 (3H, dd, J = 7.4, 7.4 H3-15); 13C
NMR (150 MHz, CDCl3) δ 208.32, 92.65, 83.44, 78.60, 77.10, 76.18, 69.74, 53.58, 48.08, 43.10,
43.04, 36.25, 29.69, 26.35, 9.56; ESI-MS m/z 431/433/435 (1:2:1) [M + Na]+ 367/369 (1:1)
[M + K-HBr]+.

4. Conclusions
In conclusion, the new C-1 debrominated laurenciallene derivative 4 has been syn-

thesized. Further studies to test its antiproliferative activity towards the same tumor cells
tested with mycalin A and its derivatives, namely human melanoma (A375), human cer-
vical adenocarcinoma (HeLa), and human metastatic melanoma (WM266) cells, as well
as the preparation of other derivatives of laurenciallene, are currently in progress in our
laboratories. The results of these studies will be reported in due time.

Supplementary Materials: The following supporting information are available online. Figure S1:
1H-NMR spectrum of laurenciallene 2. Figure S2: 1H-NMR spectrum of 4. Figure S3: 13C-NMR
spectrum of 4. Figure S4: 1H-1H COSY spectrum of 4. Figure S5: HSQC spectrum of 4. Figure S6: IR
spectrum of 4. Figure S7: ESI-MS spectrum of 4.
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Appendix A
† Since in the original manuscripts (see [8]) no common name was given to this

compound, we here propose the common name of laurenciallene for compound 2.
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