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An efficient synthesis of the core of prenostodione (3) is described herein featuring the base condensation
of BOC-protected indole diesters 21 and 24 with p-methoxybenzaldehyde (22) and 4-[(t-butyldimethyl-
silyl)oxy]benzaldehyde (26). Attempts at selective saponification of the resultant diesters yielded isopre-
nostodione (3a) bearing the ester functionality at the C-3 position of the indole ring.

© 2013 Elsevier Ltd. All rights reserved.

Recently, a number of blue-green algae (cyanobacteria) have
been found to possess various bioactive components,' some of
which exhibit antibacterial,? antimicrobial,® and cytotoxic effects.*
Additional interest in some of these pigments stems from their
reported protective role against high solar radiation,” and their
potential use as active ingredients in sunblock and sunscreen lo-
tions. We have been interested in three such indole alkaloids
namely scytonemin (1),° nostodione A (2),” and prenostodione
(3) (Fig. 1).2

Of these three alkaloids, prenostodione (3) is of particular
interest mainly in view of its presumed role in the biosynthesis
of nostodione A (2) and scytonemin (1). The UV-absorbing natural
product prenostodione (3) was isolated by Ploutno et al. in 2001 as
the minor pigment from Nostoc sp. and determined to be the E
isomer of the indole-3-carboxylic acid derivative.® The combina-
tion of acid and ester functionalities led us to first consider the
introduction of the 3-carboxylic acid group in the final stages of
the synthesis.® As such, we envisioned the installation of the
p-hydroxyphenyl moiety using either a Wittig reaction,’® or a
suitable modification, such as the Shapiro, Schlosser, or Horner—
Emmons-Wadsworth reactions (Scheme 1).!!

Keto ester 6 was therefore generated from indole (7) in two
steps utilizing standard C-2 lithiation chemistry.'? Unfortunately,
attempts to couple 6 with phosphorus ylide 9a resulted in poor
yields of the desired alkene (10a), as a 1:1 mixture of isomers
(14% overall yield). Furthermore, reaction of 6 with p-methoxyben-
zyl ylide 9b and with commercially available diethyl 4-methoxy-
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Scheme 1. Initial retrosynthetic approach.

benzyl phosphonate (9c) failed to yield the desired alkenes
(Scheme 2). The poor stereoselectivity and the low yields of the
reaction caused us to abandon this route.
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6 9a: Ry = Ph;'Br, R, = TBS 10
9b: Ry = Ph3"Br, R, = Me
9c: Ry = (0)OEty, R, = Me

Scheme 2. Unsuccessful Wittig reaction. Reagents and conditions: (i)
((CH3)3C0,C),0, DMAP, THF (98%); (ii) t-BuLi, THF, (CO,Me), (71%); (iii) n-BuLi,
9a, THF (14%).

0] O
CO,H
OEt i (0] ii
> - QO e - ()
N” “CHg N Ph N I
CH3 CHs CHs
Ph” “CHg
1" 12 13

Scheme 3. Synthesis of 2-vinylindole 13. Reagents and conditions: (i) LDA, THF,
—78 °C, CH3COPh (60%); (ii) NaH, THF (80%).

We were then drawn to a procedure by Mouaddib et al. which
features a base-catalyzed condensation en route to tetra-
hydrobenzo[4,5]cyclohept[b]indol-12-one derivatives, necessary
for the development of new effective chemotherapeutic agents.!?
In that work, initially elaborated by Macor et al.,!* the vinyl group
was installed by LDA-catalyzed condensation of acetophenone and
2-methylindole 11 followed by treatment with sodium hydride
(Scheme 3).

Therefore, we surmised that this precedent might be useful in a
biomimetic approach to prenostodione (3) and proposed that
coupling of diester 14 with a benzaldehyde derivative could pro-
duce the desired alkene (15). Furthermore, this approach would
eliminate the need for the installation of the C-3 acid and would
only necessitate selective hydrolysis of the ester already installed
at that position.!> Indeed Bahadur et al. and others'® utilized this
chemistry with indoles and in all cases generated the desired
monoesters with the acid at C-3 on the indole core. Our initial tar-
get was therefore the N-BOC derivatives of diesters 14 (R, = CO,._
Bu‘) (Scheme 4).

While the Fischer indole reaction!” of phenylhydrazine with
diethyl acetone-1,3-dicarboxylate (16) in concentrated sulfuric
acid gave the diethyl ester indole 14a (R, = Et, and R, = H) in only
6% yield,'® treatment of N-benzyl phenylhydrazine hydrochloride
(17) with 16 in refluxing ethanol gave the desired indole 18, in
one step, as a white solid in 54% yield.'® Likewise, heating 17 with
dimethyl acetone-1,3-dicarboxylate (19) in methanol generated
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Scheme 4. New retrosynthetic analysis.
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Scheme 5. Synthesis of indole diesters 14. Reagents and conditions: (i) Compound
17, EtOH, 6 (18: 54%); (ii) Compound 17, MeOH, A (20: 57%); (iii) AlCl5, PhH, rt,3.5 h
(14a: 40%); (iv) AlCls, PhH, A, 0.5 h (14b: 85%).

indole 20 as a white fluffy solid in 57% yield. Removal of the benzyl
group seemed promising based on a number of reports describing
debenzylation from indole nitrogens.?® Gratifyingly, treatment of
indole 18 with anhydrous aluminum chloride (AICl3) in anhydrous
benzene at room temperature resulted in indole 14a (R, = Et, and
R, = H), albeit in only 40% yield after 3 h at room temperature.?!?2
We fared better with dimethyl indole 20, which was converted
smoothly into the parent indole 14b (R; = Me, and R; = H), in 85%
yield, with AICl; at reflux after 30 min (Scheme 5).2

Reprotection of the indole nitrogen of 14a, using di-tert-butyl
dicarbonate and DMAP generated t-butoxy carbamate 21 in 85%
yield.?* The Macor-precedented condensation reaction was
performed with LDA and the resulting anion was treated with
commercially available p-methoxybenzaldehyde (22). Pleasingly,
we obtained the coupled alkene (23), after stirring with sodium hy-
dride in refluxing THF, in 54% yield. The '"H NMR spectrum of 23
indicated a predominance of one isomer and only trace (<5%)
amounts of the other (Scheme 6). From NOE experiments, we con-
cluded that alkene 23 possesses the Z geometry (opposite to the
natural product) based on the observation that irradiation of the
indole NH singlet (6 = 8.84) showed a positive NOE enhancement
of the vinyl singlet (6 = 7.88) in addition to the C-7 multiplet.

With sufficient 23 in hand, we preliminarily investigated the
selective hydrolysis of the ethyl ester functionalities of this indole
alkene. Using 1 N KOH in methanol, we were pleasantly surprised
when after 1h at reflux we observed the cleavage of one ethyl
group in 93% yield.'®2> However, we have been unable to deter-
mine conclusively which ester was removed.

The results of this hydrolysis attempt and the perceived diffi-
culty associated with the transesterification of the remaining ethyl
ester to the methyl ester found in the natural product prompted us
to utilize dimethyl ester 24 for the coupling. Thus, 14b was
protected as the N-BOC derivative (24) in quantitative yield, and
then condensed with p-methoxybenzaldehyde (22) under identical
conditions to those used with diethyl ester 21 to give the coupled
alkene 25, in an overall yield of 69% (Scheme 7). Alkene 25
contained one major isomer (16% minor isomer) determined to
be the Z-isomer based on NOE experiments.?®

Attempts at cleavage of the methyl ester and methyl ether in 25
were unsuccessful?’® but a change in the protecting group of the
phenolic coupling unit, however, from the methyl ether to the
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Scheme 6. Coupling of diethylindole 21 with 22. Reagents and conditions: (i)
((CH3)3C0,C),0, DMAP, THF, rt (85%); (ii) LDA, THF, p-OMeCgH4CHO (22), —78 °C;
NaH, THF, A, 1 h (54%).
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Scheme 7. Coupling of dimethylindole 24 with 22. Reagents and conditions: (i)
((CH3)3C05C),0, DMAP, THF, rt (100%); (ii) LDA, THF, p-OMeCgH4CHO (22), —78 °C;
NaH, THF, A, 1 h (69%).
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Scheme 8. Coupling of dimethylindole 24 with 26. Reagents and conditions: (i)
LDA, THF, 26, —78 °C; CaH,, THF, A, 1 h (46%); (ii) TBAF, THF, rt, 3 h (98%).

t-butyldimethylsilyl ether gave us more favorable results. When 4-
[(t-butyldimethylsilyl)oxy]benzaldehyde (26)>° was condensed
with indole 24 we obtained the desired OTBS-alkene (27) in 46%
yield, as a single isomer. The orientation of alkene 27 was deter-
mined once again using NOE experiments but surprisingly unlike
alkenes 23 and 25, the E geometry was observed.?%3! With alkene
27 in hand, deprotection with tetra-n-butyl ammonium fluoride
(TBAF) in THF?? afforded alkene 28 in almost quantitative yield
(Scheme 8).

We were elated to find that refluxing 28 with stoichiometric
amounts of KOH in methanol for 4 hours resulted in the selective
hydrolysis of one of the methyl esters in 25% yield after column
chromatography. Comparison of the UV, 'H and 3C NMR data of
this compound and naturally occurring 3, indicated a close correla-
tion. In our revisit of this experiment, silyl ether 27 was subjected
to a solution of excess potassium hydroxide in methanol and
generated a yellow oil with identical spectral data to the one
formed from the hydrolysis of 28, indicating the lost of the silyl
ether and one of the methyl esters. Extensive 2D NMR experiments
of this monoester confirmed the E geometry of the alkene, however
the expected ROESY correlation between the vinylic H-9 proton
(6=7.77) and the methoxy (1-OMe) protons (J =3.69) was not
observed.® Instead we observed an unmistakeable correlation
between the methoxy (1-OMe) protons (J = 3.69) and the indole
aromatic (H-7) proton (6 =8.03) (Scheme 9) indicating that the
isomer of the natural product, isoprenostodione (3a), had been
synthesized.

28:R'=H
27:R'= OTBS

Scheme 9. Synthesis of isoprenostodione (3a). Reagents and conditions: (i) KOH,
MeOH, A, 4 h (25% from 28; 23% from 27).

In summary, we have synthesized a number of C-2 vinyl in-
doles,>®* some of which possess the desired E stereochemistry
found in prenostodione (3). Efforts are ongoing in our laboratory
to regioselectively hydrolyze dimethyl esters 27 and 28 to provide
the natural product.
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348.1. HRMS Calcd for C,6H3:NOsSi (M*) 465.1972. Found 465.1978.
Compound 28: mp 215-216 °C; '"H NMR (CDCl3)  9.02 (s, 1H), 8.18-8.21 (d, 1H,
J=7.7Hz), 7.78 (s, 1H), 7.19-7.30 (m, 3H), 6.70-6.72 (d, 2H, J = 8.8 Hz), 6.49-
6.52 (d, 2H, J=8.8 Hz), 3.79 (s, 3H), 3.66 (s, 3H); '3C NMR (CDCl5) 6 168.5,
166.5,159.2, 144.3,139.5, 136.0, 133.1, 127.4, 125.8, 124.0, 122.7, 122.3, 120.5,
116.6, 112.3, 107.2, 53.1, 51.9; IR v(film) 3315, 3054, 1697, 1603, 1541, 1511,
1457 cm™'; UV Jmax (95% EtOH) 214, 290, 322 nm. MS m/z 351.1 (M*), 318.1
(100%), 291.1, 260.1, 233.1, 142.1. HRMS Calcd for CyoH;7NOs (M*) 351.1107.
Found 351.1105.
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