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Abstract

A solid phase synthesis of trisubstituted aromatic indolizines utilizing a formal [3+2] dipolar cycloaddition of a
resin-bound pyridinium salt with chalcones followed by oxidation has been achieved. The utility of this procedure
for the synthesis of combinatorial libraries is also demonstrated. © 1999 Elsevier Science Ltd. All rights reserved.

While searching for interesting molecular frameworks to use for the synthesis of combinatorial
libraries on solid support our attention was drawn to the formal [3+2)] cycloaddition of pyridinium
ylides with electron deficient alkenes. This chemistry has ample precedent in solution and is particularly
attractive due to the high yields and mild conditions typically involved.! The work of Tsuge and co-
workers using maleimides as dipolarophiles and that of Katritzky with chalcones seemed particularly
relevant.23 The indolizine nucleus created by this reaction is not just a scaffold for other functionality
but has well recognized biological activity. For example, indolizines have antiarthythmic and anti-
inflammatory activity.*>

Initially isonicotinic acid was coupled to deprotected Rink amide resin and then quaternized by
treatment with 2-bromoacetophenone in DMF. The resin bound pyridinium salt was simply washed with
DMF and dichloromethane and then treated with (2,4-dichlorophenyl)but-1-en-3-one in the presence
of triethylamine in DMF for 1 h at 60°C to give resin bound tetrahydroindolizine 2a (Scheme 1).
Higher temperatures or longer reaction times were found to give Diels-Alder adducts between 2a and
the excess &,B-unsaturated ketone. When the resin was treated with 95:5 TFA:H,0 a major product
(HPLC retention time 26.0 min, 80% pure) with m/e 456 (as required) was obtained.® There was also a
small peak at 26.6 min (11%), presumed to be a diastereomer. However, TH NMR of the crude product
of this reaction showed that the major product was not a tetrahydroindolizine but rather an open-chain
pyridinium salt 3a.” Ring opening undoubtedly occurs upon acidic cleavage of 2a from the resin since
Katritzky and co-workers have observed ring opening of closely related tetrahydroindolizines under even
brief exposure to acetic acid.3?

* Tel: (650) 624-1125; fax: (650) 624-110; e-mail: dagoff@rigel.com
¥ Current address: Rigel Inc., 240 E. Grand, South San Francisco, CA 94080, USA.

0040-4039/99/8 - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(99)01879-1



8742

Scheme 1. Conditions: (a) PyBrop., DIEA, isonicotinic acid, 1,2-dichloroethane, rt, 0.n.; (b) BrCH,COR;, DMF, 45°C, 1 h; (c)
R;CHCHCOR;3, EiN, DMF, 60°C, 1 h; (d) R,CHCHCOR;3, TPCD, Et;N, DMF, 80°C, 2 h; (e) 95:5 TFA:H,0, 20 min

In order to preserve the bicyclic ring structure an oxidative strategy was adopted. Hu and co-workers
have recently developed the bimetallic complex TPCD [Co(pyridine)4 (HCrO4),] as a reagent for the one-
pot synthesis of aromatic indolizines from phenacylpyridinium bromide and alkenes.®® When the dipolar
cycloaddition with (2,4-dichlorophenyl)but-1-en-3-one was repeated in the presence of TPCD at 80°C
clean reaction occurred to give the aromatic indolizine 4a. The aromatic indolizine is much less polar
than the open chain pyridinium salt 3a (HPLC retention time of 33 min).5 The !H NMR of 4a shows a
complete loss of the two aliphatic resonances present in 3a. The pyridine ring protons now come as a
doublet at 9.41 ppm (H-5, J=7.3 Hz) coupled to H-6 (dd, 7.62 ppm, J=7.3, 1.6 Hz) while H-8 comes as a
broadened singlet at 8.94 ppm. The ms parent ion for the indolizine is 5 daltons less than the pyridinium
salt, which is consistent with the assigned structure, taking into account that M* is observed for 3a while
MH* is observed for 4a.

In order to test this chemistry pyridinium salts 3a-g and the corresponding indolizines 4a—g were
prepared (Scheme 1 and Table 1).!° The crude 4a-g were passed over a short Grade V neutral alumina
column to remove residual metal salts. The assigned structures were confirmed by 'H NMR, and low
and high resolution mass spectrometry. It was clear that a wide variety of functionality such as nitrile,
ketone, amide, halogen, or ether as well as heterocyclic rings could be tolerated in this synthesis and that
a reasonably complex molecular scaffold could be constructed rapidly in good purity.

Since the goal of this chemistry is combinatorial library synthesis we decided to construct a small
library. Reasoning that the reactivity of the bromomethylketone part would be almost independent
of the attached aryl moiety, an equimolar mixture of nine o-bromoketones was reacted with the
resin bound isonicotinamide. The resulting mixture of pyridinium salts was then reacted with 1-[3-
(trifluoromethyl)phenyl]but-1-en-3-one in DMF with triethylamine and TPCD at 80°C for 2 h, followed
by cleavage with 95:5 TFA:H,O and passage through alumina to give indolizines 5a~i. The structures
and HPLC trace of the library are shown in Fig. 1. Assignments were subsequently made by HPLC—mass
spectrometry. All of the expected indolizines are present and the purity appears good.

In conclusion, the formal [3+2] cycloaddition reaction of resin bound pyridinum ylides with chalcones
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Table 1
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Figure 1. Preparation of an indolizine combinatorial mixture
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followed by oxidation is a viable route to combinatorial libraries of indolizines. The mildness of the
reaction conditions allows a wide variety of substituents on the carbonyl components, hence allowing for
further modification of the indolizines while still attached to the resin.

Acknowledgements

We would like to thank Dr. Erin Bradley for assistance with NMR experiments, and Dr. Surinder Kaur
and Mr. Dazhi Tang for mass spectra.

References

1. For a review of pyridinium ylide chemistry, see: Sliwa, W. Heterocycles 1986, 24, 181-219. For alternative preparations
of indolizines, see: Uchida, T.; Matsumoto, K. Synthesis 1976, 209-236; Molina, P.; Fresneda, P. M.; Lajara, M. C. J.
Heterocyclic Chem. 1985, 22, 113-119.

2. (a) Tsuge, O.; Kanemasa, S.; Takenaka, S. Heterocycles 1983, 20, 1907-1912. (b) Tsuge, O.; Kanemasa, S.; Takenaka,
S. J. Org. Chem. 1986, 51, 1853-1855. (c) Tsuge, O.; Kanemasa, S.; Takenaka, S.; Kuraoka, S. Chemistry Letr. 1984,
465-468.

3. (a) Katritzky, A. R.; Grzeskowiak, N. E.; Alvarez-Builla, J. J. Chem. Soc., Perkin Trans. 1 1981, 1180-1185. (b) Katritzky,
A.R,; Grzeskowiak, N. E.; Alvarez-Builla, J.; Tarraga-Tomas, A. J. Praktische Chem. 1983, 177-187.

4. Gubin, J.; Lucchetti, J.; Mahaux, J.; Nisato, D.; Rosseels, G.; Clinet, M.; Polster, P.; Chatelain, P. J. Med. Chem. 1992, 35,
981-988.

5. (a) Nugent, R. A.; Murphy, M. J. Org. Chem. 1987, 52, 2206-2208. (b) Rosseels, G.; Inion, H.; Matteazzi, J. R.; Peiren,
M.; Prost, M.; Deschamps, M.; Tornay, C.; Colot, M.; Charlier, R. Eur: J. Med. Chem. Chim. Ther. 1975, 10, 579-584.

6. HPLC utilized a Vydac analytical C-18 RP column with a gradient of 0-80% acetonitrile with water containing 0.1%
trifluoroacetic acid over 40 min. Detection was at 214 nm, flow rate=1.0 mL/min.

7. The major diastereomer 3a was separated by semi-preparative C-18 RP HPLC. Diagnostic in the 'H NMR are the two
doublets at 8.45 and 9.36 ppm (J=6.0 Hz) for the symmetrical 4-carboxamidopyridinium ring. The protons in the aliphatic
chain are readily assigned. H-2 is deshielded by the pyridinium ring and appears as a doublet at 6.80 ppm (J=10.5 Hz),
H-3 appears as a complex multiplet at 4.7 ppm, while the H-4 methylene protons occur as two dd, 3.34 ppm (J=10.1,
18.1 Hz) and 2.65 ppm (J=18, <1 Hz). These assignments were confirmed by a DQ COSY experiment (2:1 CD;CN:D;0).
Interestingly, when the NMR sample was concentrated to dryness in vacuo at approx. 60°C and then redissolved in DMSO-
ds the percentage of minor diastereomer in the mixture has increased from <5% to 28% [major diastereomer: 4.60 (m,
H-3), 3.28 (dd, J=17.4, 10.4, H-4b), 2.64 (dd, J=17.8, 3.7, H-4a), 1.88 (s, COCH3); minor diastereomer: 4.70 (m, H-3),
3.08 (AB g, 4-CH,), 1.76 (s, COCH3)]. These assignments were confirmed by a DQ COSY experiment on the mixture
of diastereomers. H-2 of both diastereomers overlap at 6.95 ppm. These results indicate that 3a readily epimerizes upon
heating. 3b—g were purified by HPLC. In all of the purified samples variable amounts of a minor diastereomer could be
seen in the '"H NMR. This could be due to incomplete HPLC separation or re-equilibration. '"H NMR of several of the
crude mixtures gave the following ratio of diastereomers: 3a (20:1), 3e (4:1), 3f (5:1) and 3g (1:1).

8. (a) Wei, X.; Hu, Y.; Li, T.; Hu, H. J. Chem. Soc., Perkin Trans. 1 1993, 2487-2489. (b) Hu, Y.; Hu, H. Synth. Comm. 1992,
22, 1491-1496. (c) Wei, X.; Hu, Y.; Li, T.; Hu, H. Synth. Comm. 1992, 22, 2103-2109.

9. After this work had been completed, Wei and co-workers reported the first direct synthesis of 1-acylindolizines using
o, B-unsaturated ketones. See: Zhang, X.; Cao, W.; Wei, X.; Hu, H. Synth. Comm. 1997, 27, 1395-1403.

10. Typical experimental procedure: Rink amide resin (4.1 g) was deprotected by treatment with 20% piperidine in DMF
(50 mL) (1x5 min, 1x20 min). The resin was washed well with DMF and dichloromethane and then mixed overnight
(wrist shaker) at room temperature with a solution of PyBrop® (3.3 g), diisopropylethylamine (4.2 mL) and isonicotinic
acid (0.90 g) in 1,2-dichloroethane (25 mL). The resin was again washed, then dried in vacuo. A 50 mg aliquot was
cleaved with 95:5 TFA:H,0 and the yield of crude lyophilized isonicotinamide was determined. This gave a loading of
0.27 mmol/g of resin. The resin (120 mg) was treated with a solution of 2-bromo-4’ -cyanoacetophenone (1.5 mmol) in
DMF (3 mL) for 1 h at 45°C. The resin was washed with DMF and dichloromethane and air dried, then divided into two
equal portions. The first portion was treated with a solution of 3-(5-bromo-2-methoxyphenyl)-1-cyclopropyl-2-propen-1-
one (1.5 mmol) and triethylamine (0.21 mL., 1.5 mmol) in DMF (3 mL) at 60°C for 1 h. The resin was washed with DME



8745

and dichloromethane and then treated with 95:5 TFA:H,O (20 min) at room temperature. The resin was washed with acetic
acid, diluted with water and lyophilized. The crude product was re-lyophilized from acetonitrile/H,O to give 3d as a solid
(15.1 mg). HPLC (gradient 0-80% acetonitrile in water with 0.1% TFA over 40 min) rt=26.4 min. The remainder of the
resin was treated as above except that 50 mg of TPCD was included and the reaction was run for 2 h at 80°C. After the
initial lyophilization the crude product was dissolved in acetonitrile and passed down a short column of Grade V neutral
alumina. After concentration in vacuo, the material was lyophilized to give a light green solid 4d (8.8 mg). HPLC rt=33.0
min.



