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Abstract

The convergent synthesis of candidate stereoisomers of the natural product arenolide was
accomplished using recently developed catalytic boron-based reactions. Comparison of the
spectral data for candidate structures with that reported for the authentic natural product revealed
the likely stereostructure of the natural compound.
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The natural product arenolide (Scheme 1a), together with three other diterpenes, were
isolated from a specimen of Dysidea sp. by Lu and Faulkner in 1998.1 While arenolide
demonstrated only modest cytotoxicity against HCT human colon carcinoma cells (ICgq: 21
mM) and A2780 human ovarian carcinoma cells (ICsg: 9.8 mM), it was noted that much of
the compound may have decomposed prior to the assay, leaving its true biological activity in
question. Of further interest, it was noted that macrolides had yet to be isolated from the
Dysidea species, suggesting that arenolide may have been secreted by another producing
organism and then absorbed by the sponge. In terms of structure, the macrocyclic core of
arenolide is reported to be a fourteen-membered ring bearing an attached hydroxylated
sidechain. While the relative configuration of the macrocycle was assigned by NOESY
analysis, the relative configuration at C19 and C21 was left unassigned. Moreover, the
absolute configuration of arenolide was not established. For these reasons, and to study the
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utility of recently-developed borylation methods under development in our laboratory, we
undertook the synthesis of candidate stereoisomers of arenolide with the goal of establishing
its overall stereostructure.

To streamline our efforts toward arenolide, we examined the spectral data reported for the
natural product. Importantly, Lu and Faulkner employed COSY, HMQC and HMBC to
completely assign the 1H and 13C NMR spectra and provided the observation that the 13C
resonances for C-19 and C-21 reside at 6 69.1 and 65.5 ppm. Employing a correlation first
established by Hoffmann? and recently employed by Bruckner3, the chemical shifts reported
for the C-19 and C-21 13C resonances are strongly supportive of a 1,3-antf relative
configuration (see Supporting Information (SlI) for details) and thus, compounds 1 and 2,
were targeted for synthesis.

Recently, a number of stereochemically-complex, densely functionalized natural products
have been prepared using chiral organoboron based synthesis methods.# Along these lines,
our group has developed convergent catalytic methods to efficiently construct chiral
organoboronic esters (Scheme 1b), and we envisioned these might facilitate the construction
of arenolide. Critical synthetic connections for arenolide assembly are illustrated in Scheme
1c. We considered that the macrolactone would be closed by intramolecular esterification,
and an advanced intermediate might be derived from alkene diboration/cross-coupling
sequences® involving an alkene at C9/C10 of 3 and alkenyl chloride 4; a second diboration/
cross-coupling sequence involving an alkene at C13/C14 and alkenyl chloride 5 would
complete the carbon skelton. Importantly, we anticipated ready access to substrate 3 through
asymmetric cross-coupling of a 1,1-geminal bis(boronic) ester to establish the carbinol at C5
in compound 3.6

Synthesis of fragment 3 commenced with readily available bis(boryl) methane’, which was
deprotonated by treatment with lithium tetramethylpiperidide (LiTMP) and then used in an
Sn2 alkylation of TBS-protected 4-bromo-1-butanol (Scheme 2).8 The product 1,1-
bis(boronate) 6 was then subjected to an enantioselective cross coupling with vinyl bromide
7 in the presence of 1 mol % L 1+PdCI,®P as catalyst to afford secondary boronate 8 in
modest yield (predominant byproduct is protodeboronation) and good enantioselectivity;
oxidation and TBS protection furnished 9. The monosubstituted alkene in 9 was an excellent
substrate for catalyst-controlled stereoselective diboration and, in the presence of Pt(dba)s/
(R,R)-L 29, this reaction furnished 1,2-bis(boronate) 10 in good yield and stereoselectivity.
The vicinal bis(boronate) 10 engaged in efficient Pd/RuPhos!0-catalyzed cross-coupling
with readily available alkenyl bromide 11 (see SI) and, after oxidation!! and TBS-
protection, delivered 12. Finally, a second Pt-catalyzed enantioselective diboration, this time
with (5,5)-L 2 as ligand, furnished cross-coupling substrate 13 in excellent yield and
stereocontrol.

With fragment 13 in hand, the synthesis of the side-chain was then pursued (Scheme 3).
Readily available (S)-propylene oxide was treated with vinyl magnesium bromide and the
product protected as a silyl ether giving 15.12 While Pt-catalyzed asymmetric diboration is
more efficient and slightly more selective than our first-generation carbohydrate-catalyzed
diboration!® employing TBS-DHG as catalyst, the later process is less expensive to operate
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on larger scale and was selected for preparation of 16. Following carbohydrate-catalyzed
diboration, Pd/RuPhos-catalyzed cross-coupling and oxidation furnished 16 in modest yield,
but high stereoselectivity. Subsequent protection to give 17, followed by sequential 9-BBN
hydroboration and B-alkyl Suzuki coupling# with 1,1-dichloroethylene, proceeded in
outstanding yield to furnish cross-coupling partner 18.

Suzuki-Miyaura cross-coupling of 13 and 18 with Pd/RuPhos furnished 19 in moderate yield
(60%, Scheme 4). Selective desilylation of compound 19 delivered primary alcohol 20,
which was then subjected to Dess—Martin periodinane!® oxidation, followed by Pinnick
oxidation1® to furnish carboxylic acid 21. Importantly, the remaining boronic ester in
compound 21 did not appear to be perturbed during this oxidation sequence and, having
served its role as a masked hydroxyl group over several steps of synthesis, was then
oxidized; the obtained alcohol was subjected to Yamaguchi lactonizationl’ to afford a
fourteen-membered lactone 22. Finally, after global deprotection, compound 1 was isolated.

Using a similar synthesis strategy, sterecisomer 2 was also prepared (see Sl for details).
Spectral data for both stereoisomers was collected and compared. While comparison of 1H
NMR was not helpful for establishing stereoisomer identity, examination of 13C of NMR
spectra was informative. Comparing 13C NMR spectra revealed significant differences
between stereoisomer 2 and the natural product (root mean square (rms) deviation = 0.10
ppm) whereas 13C NMR spectra for stereoisomer 1 showed much closer alignment with
spectral data reported for arenolide (rms difference = 0.04 ppm). Of note, two resonances for
isomer 2 (C16 and C19) exhibited ca. 0.3 ppm difference from the reported values for
arenolide (Scheme 5). Similarly, the exocyclic methide (C25) for compound 2 exhibited a
0.14 ppm difference from the natural product. In terms of absolute configuration, the optical
rotation measured for compound 1 is [a]p +6.00° (¢ 0.067, CHCI3), while the value reported
for arenolide is [a]p +13.0° (¢ 0.64, CHCI3). Collectively, the evidence suggests that the
structure of arenolide is that depicted for compound 1.

In summary, we have completed the total synthesis of stereoisomers of the natural product
arenolide employing boron-based asymmetric transformations in place of more common
carbonyl-based C-C bond constructions. Comparison of physical data suggests that
compound 1 is most likely the structure of naturally occurring arenolide.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Structure of Arenolide Candidates and a Plan for Constructing them Using Boron-Based

Reactions.
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Scheme 2.
Synthesis of Cross-Coupling Partner 13.
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Scheme 3.
Preparation of Cross-Coupling Alkenyl Chloride 18.

Org Lett. Author manuscript; available in PMC 2019 April 06.

Page 7



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Liuetal.

Cl \"/\/Y\/Me
TBSO OTBS 5% Pd(OAC),

18 5% RuPhos
KOH, THF/H,0
70°C
TBSO, OR (60%)

1, @:l(p
|

(OAc)
NaHCO4

2. NaClO,, NaH,PO, TBSO
FEUOH, CHGCN 19 (R = TBS)— THE 0°C

TBSO OTBS

14 h

20(R=H
( ) (50%)

TBSO, |

1. NaBO,

cl cl
DMAP, Et,;N

(64%)

OR OR

OR !122(R=TBS) HF-pyr
1(R=H) THF, rt
(82%)

Scheme 4.
Completion of Structure 1 by Suzuki-Miyaura Fragment Coupling.
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Scheme 5.

Comparison of 13C NMR for Structures 1 and 2 with Naturally Occurring Arenolide

Suggests 1 is the Natural Product.
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