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An efficient synthetic route for the preparation of louisianins C and D was developed starting with the
commercially available 4-cyanopyridine. Louisianins C and D were synthesized in seven steps and with
overall yields 22% and 20%, respectively, following a novel cyclization–decarboxylation sequence in-
volving 4-bromo-6,7-dihydrocyclopenta[c]pyridin-5-one as the key intermediate.

� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Louisianins A–D were isolated from the cultured broth of
Streptomyces sp. WK-4028.1 Louisianin A inhibits the growth of SC
115 cells (IC50¼0.6 mg/mL) whereas louisianins C and D potently
suppress tube formation by cultured vascular endothelial cells in
vitro (Fig. 1).1–3 To date, only limited reports have been published
on the syntheses of louisianins C and D. In 2003, Kelly reported the
synthesis of louisianin C via a symmetrical 3,5-diallyl-substituted
pyridine (6 steps and 11% overall yield).4 In 2006, Chang and co-
workers successfully synthesized louisianin D with a fused bicyclic
glutarimide as the key intermediate (10 steps and 18% overall
yield).5 Recently, Taylor and co-workers prepared both louisianins C
and D starting with an unusual 1,2,4-triazine (8 steps, 16% overall
yield for louisianin C; 9 steps, 13% overall yield for louisianin D).6

The low overall yields obtained with the above-mentioned
methods are quite unsatisfactory and leave considerable room for
further improvements.

In our previous paper, we reported an efficient total synthesis of
louisianin A via a cyclization–decarboxylation sequence to establish
a fused cyclopentenone moiety.7 The same strategy is applicable to
the preparations of louisianins C and D that share a common
skeleton with louisianin A. Herein, we disclose the syntheses of
louisianins C and D and confirm the usefulness of the cyclization–
x: þ886 4 23316699.
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decarboxylation sequence as a general route for the preparations of
all members of the louisianin family.
2. Results and discussion

The complete synthetic sequence is shown in Scheme 1. ortho-
Lithiation of cyanopyridine by treatment of 4-cyanopyridine (1)
with lithium 2,2,6,6-tetramethylpiperidide (LTMP, 2 equiv) at
�80 �C, followed by bromination led to 3-bromo-4-cyanopyridine
(2) with a 64% yield.8 The yield of 2 can be improved to 80% by
performing the reaction at�95 �C. This result is better than the one
previously reported by Rault. A second ortho-lithiation was ach-
ieved via the treatment of 2 with lithium diisopropylamide (LDA,
2 equiv) at �95 �C.9 The reasoning behind this sequence was based
on the increased acidity of H(5) of 2 resulting from the inductive
effect of the bromine atom. Thus, 3-bromo-4-cyano-5-iodopyridine
(3) was obtained in a 74% yield upon quenching of the resulting
reaction mixture with iodine. The structure of compound 3 was
confirmed via 1H NMR spectroscopy with the appearance of two
singlets at 8.98 ppm and 8.81 ppm, corresponding to H(2) and H(6),
respectively.
N R2

R3 A            O            OH          allyl
B        OH, H         OH          allyl
C            O              H           allyl
D            O              H           trans-1-propenyl

Figure 1. Structures of the members of the louisianin family.
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Scheme 1. Reagents and conditions: (a) LTMP, THF, �95 �C, then CBr4, 80%; (b) LDA, THF, �95 �C, then I2, 74%; (c) methyl acrylate, Pd(OAc)2, K2CO3, TBAB, CH3CN, 90 �C, 92%; (d) H2,
PtO2, MeOH, 64%; (e) t-BuOK, THF, 0 �C; (f) HCl(aq), CH3OH, reflux, 71% over two steps; (g) allyltri-n-butyltin, Pd(PPh3)4, DMF, 85 �C, 90%; (h) allyltri-n-butyltin, Pd(PPh3)4, DBU, DMF,
85 �C, 82%.
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The palladium-catalyzed coupling reaction of 3 with methyl
acrylate according to the standard Heck procedure yielded a 1:1
mixture of (E)-methyl 3-(50-bromo-40-cyanopyridin-30-yl)acrylate
(4) and the deiodinated product 2.4,7 However, the regioselective
product 4 could be obtained with a 92% yield using Pd(OAc)2 in
acetonitrile and in the presence of tetra-n-butylammonium
bromide (TBAB).10 The equal isotopic abundance of parent peaks
at mass units 266 and 268 confirmed the persistence of a bro-
mine atom. Subsequent hydrogenation with 10% Pd/C in meth-
anol did not lead to the desired product, but rather gave the
debrominated methyl 3-(40-cyanopyridin-30-yl)propanoate. The
presence of two aromatic protons with a small coupling con-
stant (ca. 5 Hz) indicated that they were located next to each
other.11,12 The target 3-(50-bromo-40-cyanopyridin-30-yl)propa-
noate (5) was successfully obtained in a 64% yield using PtO2

instead of 10% Pd/C as the catalyst.13 In the 1H NMR spectrum,
the two aromatic protons resonate as singlets at 8.77 ppm and
8.63 ppm.

The key step of the synthesis was a cyclization–decarboxylation
sequence that we had previously developed for the preparation of
louisianin A. Thus, compound 5 was treated with potassium tert-
butoxide at 0 �C to first generate an enolate that could then attack
the cyano group to form a fused five-membered ring. Subsequent
hydrolysis under acidic conditions induced a decarboxylation and
gave 4-bromo-6,7-dihydrocyclopenta[c]pyridin-5-one (6) in a sat-
isfactory yield (71%).7 The infrared spectrum showed a strong ab-
sorption at 1724 cm�1 corresponding to the carbonyl group. The
final Stille coupling with allyltri-n-butyltin in DMF and in the
presence of Pd(PPh3)4 led to louisianin C in an excellent yield
(90%).7,14 The obtained spectral data are in agreement with those
reported in the literature.2,4,6

As indicated in the literature,3,6 louisianin C can be trans-
formed into louisianin D by thermodynamic isomerization. Thus,
the same procedure as the one described for the synthesis of
louisianin C was followed for the synthesis of louisianin D but
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) was added to the re-
action mixture in order to induce the isomerization. Louisianin D
was finally obtained in a remarkable yield of 82%. The large
coupling constant (16.2 Hz) for the trans-located olefinic protons
is consistent with the predicted structure. The spectroscopic data
of the prepared louisianin D are identical to those previously
reported.2,5,6
3. Conclusion

In summary, we report on a concise and expedient route for the
total syntheses of louisianins C and D in overall yields of 22% and
20%, respectively. These yields are higher than the ones obtained
with other published methods. The synthetic sequence is based on
a previously developed cyclization–decarboxylation procedure to
obtain the fused double ring structure in a common key in-
termediate. In this work we have thus developed a general and
efficient route for the preparation of all members of the louisianin
family.

4. Experimental

4.1. General

Starting materials were obtained from commercial suppliers
and used without further purification unless otherwise stated. All
reactions were performed in a flame-dried apparatus under an
atmosphere of nitrogen at room temperature unless otherwise
stated. THF was distilled from sodium/benzophenone under ni-
trogen. Flash chromatography was carried out using Merck silica
gel 60, 70–230 mesh ASTM. Melting points are uncorrected. In-
frared spectra were recorded on a Bruker FTIR Equinox 55. NMR
spectra were recorded on a Varian Mercury 400 or on a Varian
INOVA 600. The chemical shifts are reported as d values in parts
per million and relative to TMS (d¼0), which was used as an
internal standard in CDCl3 for the 1H NMR spectra. The center
peak of CDCl3 (d¼77.0 ppm) was used as an internal standard in
the 13C NMR spectra. EI-mass spectra were collected using a Fin-
nigan MAT 95XL Mass Spectrometer. Elemental analyses were
collected using an Elementar vario III CHN-OS-RAPID Elemental
Analyzer.

4.2. 3-Bromo-4-cyanopyridine (2)

A 1.6 M n-butyllithium solution (25 mL, 40 mmol) was added at
�35 �C to a solution of 2,2,6,6-tetramethylpiperidine (6.9 mL,
40 mmol) in dry THF (150 mL). The LTMP solution was stirred at
�35 �C for 15 min and then cooled to �95 �C. After 30 min of stir-
ring at �95 �C, a solution of 4-cyanopyridine (2.08 g, 20 mmol) in
THF (10 mL) was slowly added over a period of 20 min. A solution of
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CBr4 (8.00 g, 24 mmol) in THF (10 mL) was then added at �95 �C in
one portion, and the resulting mixture was stirred for 10 s. The
reaction mixture was quenched by addition of a saturated ammo-
nium chloride solution (20 mL) and extracted with ethyl acetate
(3�50 mL). The extracts were combined, dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo to afford
a brownish solid (4.23 g). The crude product was purified by flash
column chromatography and eluted with hexane/EtOAc (10:1) to
obtain 2 (2.93 g, 80%) as a white solid. Mp 97–98 �C; IR (KBr) 3077,
3013, 2238, 1573, 1470, 1403, 1280, 1218 cm�1; 1H NMR (400 MHz,
CDCl3) d 8.94 (s, 1H), 8.72 (d, J¼4.8 Hz, 1H), 7.56 (d, J¼4.8 Hz, 1H);
13C NMR (100 MHz, CDCl3) d 152.7, 148.5, 126.8, 123.2, 122.1, 114.8;
MS (EI): m/z 182 (Mþ); HRMS (EI) m/z calcd for C6H3N2Br 181.9480,
found 181.9485. Anal. Calcd for C6H3N2Br: C, 39.37; H, 1.64; N, 15.31.
Found: C, 39.06; H, 1.36; N, 15.28.
4.3. 3-Bromo-4-cyano-5-iodopyridine (3)

A 1.6 M n-butyllithium solution (2.5 mL, 4 mmol) was added at
�40 �C to a solution of diisopropylamine (0.56 mL, 4 mmol) in dry
THF (50 mL). The LDA solution was stirred at �40 �C for 15 min and
cooled to �95 �C. After 30 min of stirring at �95 �C, a solution of
compound 2 (0.37 g, 2 mmol) in THF (3 mL) was slowly added over
a period of 20 min. Subsequently, a solution of iodine (0.51 g,
2 mmol) in THF (3 mL) was added at �95 �C in one portion and the
resulting mixture was stirred for 10 s. The reaction mixture was
then quenched by addition of a saturated ammonium chloride so-
lution (5 mL) at�95 �C and extracted with ethyl acetate (3�20 mL).
The extracts were combined, washed with saturated sodium sulfite
and brine, dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo to afford a yellowish solid (0.63 g). The crude
product was purified by flash column chromatography and eluted
with hexane/EtOAc (30:1) to afford 3 (0.46 g, 74%) as a white solid.
Mp 156–157 �C; IR (KBr) 2971, 2862, 2232, 1541, 1389, 1223,
1179 cm�1; 1H NMR (400 MHz, CDCl3) d 8.98 (s, 1H), 8.81 (s, 1H); 13C
NMR (100 MHz, CDCl3) d 155.7, 150.8, 130.1, 122.9, 116.0, 97.0; MS
(EI): m/z 308 (Mþ); HRMS (EI) m/z calcd for C6H2N2BrI 307.8446,
found 307.8444. Anal. Calcd for C6H2N2BrI: C, 23.32; H, 6.48; N,
9.07. Found: C, 23.71; H, 6.57; N, 9.37.
4.4. (E)-Methyl 3-(50-bromo-40-cyanopyridin-30-yl)acrylate (4)

A solution of compound 3 (3.09 g, 10 mmol), methyl acrylate
(2.7 mL, 30 mmol, 3 equiv), potassium carbonate (1.04 g,
7.5 mmol, 1.5 equiv), palladium(II) acetate (0.23 g, 10 mol %), and
tetra-n-butylammonium bromide (3.22 g, 10 mmol, 1 equiv) in
dry acetonitrile (100 mL) was flushed with nitrogen for 5 min.
The reaction mixture was stirred at 90 �C for 29 h and monitored
by thin-layer chromatography (TLC). The reaction mixture was
then cooled to room temperature, filtered, and concentrated in
vacuo to yield a dark brown solid. The crude solid was dissolved
in water (30 mL) and extracted with ethyl acetate (3�50 mL). The
organic phases were combined, dried over anhydrous magnesium
sulfate, filtered, and concentrated in vacuo to afford a brownish
solid (5.92 g).The crude product was purified by flash column
chromatography and eluted with hexane/EtOAc (3:1) to give 4
(2.46 g, 92%) as a white solid. Mp 144–145 �C; IR (KBr) 2955,
2238, 1712, 1642, 1447, 1326, 1210 cm�1; 1H NMR (400 MHz,
CDCl3) d 8.91 (s, 1H), 8.88 (s, 1H), 7.86 (d, J¼16 Hz, 1H), 7.75 (d,
J¼16 Hz, 1H), 3.87 (s, 3H); 13C NMR (150 MHz, CDCl3) d 165.3,
152.4, 146.6, 135.9, 133.4, 125.7, 123.1, 122.2, 113.5, 52.4; MS (EI):
m/z 266 (Mþ); HRMS (EI) m/z calcd for C10H7N2O2Br 265.9691,
found 265.9698. Anal. Calcd for C10H7N2O2Br: C, 44.96; H, 2.62;
N, 10.49. Found: C, 45.00; H, 2.46; N, 10.21.
4.5. Methyl 3-(50-bromo-40-cyanopyridin-30-yl)propanoate (5)

A solution of compound 4 (0.54 g, 2 mmol) and PtO2 (23 mg,
5 mol %) in dry methanol (20 mL) was flushed three times with
hydrogen gas and stirred under hydrogen atmosphere for 54 h.
The solution was filtered and concentrated in vacuo to obtain
a viscous liquid (0.56 g). The crude product was purified by flash
column chromatography and eluted with hexane/EtOAc (3:1) to
afford 5 (0.35 g, 64%) as a colorless solid. Mp 54–55 �C; IR (KBr)
3003, 2958, 2242, 1722, 1443, 1410, 1374 cm�1; 1H NMR
(400 MHz, CDCl3) d 8.77 (s, 1H), 8.63 (s, 1H), 3.69 (s, 3H), 3.20 (d,
J¼7.4 Hz, 2H), 2.78 (d, J¼7.4 Hz, 2H); 13C NMR (100 MHz, CDCl3)
d 171.5, 150.2, 149.1, 139.8, 123.2, 122.1, 113.8, 51.8, 33.5, 27.0; MS
(EI): m/z 268 (Mþ); HRMS (EI) m/z calcd for C10H9N2O2Br
267.9847, found 267.9846 Anal. Calcd for C10H9N2O2Br: C, 44.62;
H, 3.35; N, 10.41. Found: C, 45.00; H, 3.46; N, 10.35.

4.6. 4-Bromo-6,7-dihydrocyclopenta[c]pyridin-5-one (6)

Potassium tert-butoxide (0.34 g, 3.1 mmol, 2.4 equiv) was added
at 0 �C and in one portion to a solution of compound 5 (0.35 g,
1.3 mmol) in dry THF (20 mL). The reaction mixture was stirred at
0 �C for 30 s, quenched by addition of acetic acid (1 mL) and water
(5 mL), and extracted with ethyl acetate (3�20 mL). The combined
organic phases were dried over anhydrous magnesium sulfate, fil-
tered, and concentrated in vacuo to afford a greenish solid (0.34 g).
The crude product was dissolved in methanol (40 mL) and concen-
trated hydrochloric acid (20 mL) was added at 0 �C. The acidic so-
lution was heated to reflux for 16 h. Methanol was removed in vacuo
and the dark brown residue was dissolved in ethyl acetate (50 mL).
The mixture was basified with saturated sodium carbonate (20 mL)
and extracted with ethyl acetate (3�30 mL). The combined extracts
were dried over anhydrous magnesium sulfate, filtered, and con-
centrated in vacuo. The brown crude product (0.38 g) was purified
by flash chromatography and eluted with hexane/EtOAc (2:1) to give
6 (0.196 g, 71%) as a yellowish solid. Mp 87–88 �C; IR (KBr) 2933,
1724, 1579, 1550, 1407, 1267, 1141 cm�1; 1H NMR (400 MHz, CDCl3)
d 8.80 (s, 1H), 8.73 (s, 1H), 3.20–3.17 (m, 2H), 2.82–2.79 (m, 2H); 13C
NMR (150 MHz, CDCl3) d 203.4, 151.0, 150.2, 148.2, 140.2, 115.6, 36.7,
22.9; MS (EI): m/z 211 (Mþ); HRMS (EI) m/z calcd for C8H6NOBr
210.9633, found 210.9640. Anal. Calcd for C8H6NOBr: C, 45.30; H,
2.83; N, 6.61. Found: C, 45.70; H, 3.02; N, 6.47.

4.7. Louisianin C

A solution of compound 6 (0.11 g, 0.5 mmol), allyltri-n-butyltin
(0.17 mL, 0.55 mmol, 1.1 equiv), and tetrakis(triphenylphosphine)
palladium (0.06 g, 10 mol %) in DMF (1 mL) was degassed by bub-
bling nitrogen for 5 min. The reaction mixture was heated to 85 �C
for 1 h, cooled to room temperature, and filtered through a pad of
silica gel to remove residual palladium. The pad was washed with
ethyl acetate (3�10 mL) and the solution was concentrated in vacuo
to give a yellowish liquid (0.16 g). Flash column chromatography
with hexane/EtOAc (1:1) afforded louisianin C (78 mg, 90%) as
a colorless liquid. IR (neat, KBr) 2925, 1720, 1638, 1587, 1419, 1253,
1190 cm�1; 1H NMR (400 MHz, CDCl3) d 8.76 (s, 1H), 8.47 (s, 1H),
6.04–5.94 (m, 1H), 5.12–5.06 (m, 2H), 3.81 (d, J¼6.8 Hz, 2H), 3.18–
3.15 (m, 2H), 2.74–2.71 (m, 2H); 13C NMR (150 MHz, CDCl3) d 207.3,
149.1, 148.2, 147.8, 139.7, 135.4, 133.0, 116.8, 36.5, 32.7, 23.2; MS (EI):
m/z 173 (Mþ); HRMS (EI) m/z calcd for C11H11NO 173.0840, found
173.0848.

4.8. Louisianin D

A solution of compound 6 (0.11 g, 0.5 mmol), allyltri-n-butyltin
(0.17 mL, 0.55 mmol, 1.1 equiv), DBU (0.15 mL, 1 mmol, 2 equiv),
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and tetrakis(triphenylphosphine) palladium (0.06 g, 10 mol %) in
DMF (1 mL) was degassed by bubbling nitrogen for 5 min. The
mixture was heated to 85 �C for 1 h, cooled to room temperature,
and filtered through a pad of silica gel to remove residual palla-
dium. The pad was washed with ethyl acetate (3�10 mL) and the
solution was concentrated in vacuo to give a yellowish liquid
(0.14 g). Purification by flash column chromatography with hexane/
EtOAc (1:1) gave louisianin D (71 mg, 82%) as a white solid. Mp
165–166 �C; IR (KBr) 2932, 1714, 1641, 1576, 1456, 1293, 1196 cm�1;
1H NMR (400 MHz, CDCl3) d 8.78 (s, 1H), 8.67 (s, 1H), 7.41 (dd, J¼1.6,
16.2 Hz, 1H), 6.60–6.51 (m, 1H), 3.14 (t, J¼6.2 Hz, 2H), 2.73–2.70 (m,
2H), 1.98 (dd, J¼1.6, 6.6 Hz, 3H); 13C NMR (150 MHz, CDCl3) d 207.6,
147.6, 147.0, 145.0, 137.1, 132.4, 130.8, 123.7, 36.5, 23.0, 19.1; MS (EI):
m/z 173 (Mþ); HRMS (EI) m/z calcd for C11H11NO 173.0840, found
173.0836.
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