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A mild and efficient microwave-assisted vinylation of 2(1H)-
pyridones has been developed using potassium vinyltri-
fluoroborate with palladium on carbon as the catalyst. Vari-
ous vinylating agents, Pd sources and solvents have been
screened.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

The vast number of bioactive natural products and drugs
based on the 2(1H)-pyridone ring system exemplifies the
importance of this class of compounds.! Functionalized
2(1H)-pyridones have been used as versatile intermediates
in the synthesis of a wide range of nitrogen-containing het-
erocycles, such as pyridine, piperidine, quinolizidine, and in-
dolizidine alkaloids.”!

Vinylated 2(1H)-pyridones are extremely interesting as
they can be easily converted into various key intermediates
for the synthesis of various natural productst® and pharma-
ceuticals via reduction (hydrogenation, hydroboration,
hydrosilylation etc.), oxidation (epoxidation, aziridination,
dihydroxylation, halogenation, etc.), hydroamination, hy-
dration, hydroformylation, cycloaddition etc.’! (Scheme 1).

Although several methods are described for the synthesis
of various functionalized 2(1H)-pyridones,[®! however many
of the established approaches are still severely limited in
their use by the lack of generality, the harsh reaction condi-
tions involved, or the multistep procedures required.

Transition-metal-catalyzed couplings with vinylmetallic
donors are extremely attractive methods for the introduc-
tion of a vinyl group into aromatic and heteroaromatic sys-
tems. Among possible vinylmetallics, tin (Stille coupling),
silicon (Hiyama coupling) and boron (Suzuki coupling) de-
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Scheme 1. Vinylated 2(1 H)-pyridones as versatile synthons for syn-
thesis of various bioactive derivatives.

rivatives are frequently used donors for such cross-cou-
plings because of their tolerance towards a broad range of
functional groups.”! The majority of investigations em-
ploying these transition-metal-catalyzed reactions have fo-
cused on aromatic and heteroaromatic systems.”¥! How-
ever, to the best of our knowledge, aromatic imidate systems
have never been applied in this regard. Therefore, we have
elaborated a novel and convenient method for the vinyl-
ation of 2(1H)-pyridones.

At the outset, the Pd-catalyzed Stille™ cross-coupling of
6-chloro-3-nitro-2(1 H)-pyridone (1) as aromatic imidate
system with vinyltributyltin (2)'” in the presence of
Pd(PPh;), was examined. When a mixture of 6-chloro-3-
nitro-2(1 H)-pyridone (1) with 1.1 equiv. of vinyltributyltin
in the presence of 5 mol-% of Pd(PPh;), in toluene was re-
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fluxed for 48 h, reaction took place and the desired vinyl-
ated product 3 was obtained in 23% yield along with 12%
of the butylated product 4 next to the starting material
(Scheme 2). However, when the same reaction was per-
formed in refluxing dioxane for 48 h, % product yield ratio
changed to 9:6. Other investigated catalytic systems
[Pd,(dba);/(tBu)sP, (n3-C3HsPdCl), and PdCl,(PPhs)] were
ineffective in both refluxing toluene or dioxane, whereas
Pd(OAc),/PPhj; in boiling toluene for 48 h yielded the vinyl-
ated product 3 in 12% yield along with 7% of the butylated

product 4, next to the wunreacted starting material
(Scheme 2).

NO, 2 8n(Bu)s NO, NO,

_ 0 2 — (0] _ O

=~ _NH . NH - NH

Pd (PPh)s, solvent P
cl conventional heating
1 3 4

Scheme 2. Vinylation of pyridone 1 under conventional heating.

The application of microwave irradiation is well known
for its beneficial effects on transition-metal-catalyzed reac-
tions.''1 This prompted us to investigate the vinylation un-
der microwave irradiation conditions. A series of experi-
ments were performed using dioxane or toluene as solvent
under various irradiation conditions (Scheme 2, Table 1).
This revealed that performing the reaction at a ceiling tem-
perature of 120 °C with a maximum power of 200 W was
most effective in terms of both yield and time. Full conver-
sion was accomplished in 30 min with exclusive formation
of the desired vinylated product 3 in 59% yields (Table 1,
entry 8) next to some unidentified compound. In all other
cases, with the exception of entry 4, the formation of butyl-
ated product 4 was observed (Table 1, entries 1-3 and 5-
7). Apparently, the high ceiling temperature of 120 °C and
maximum power of 200 W are required to suppress the side
reactions.

Table 1. Screening of microwave conditions.

Entry Solvent ~ Temp/Power Timel®! % Yield[
[°C/W] [min] 3/4
1 dioxane 100/100 90 33:17
2 dioxane 100/200 60 37:11
3 dioxane 120/100 45 40:7
4 dioxane 120/200 20 37:0
5 toluene 100/100 90 41:13
6 toluene 100/200 60 46:9
7 toluene 120/100 60 53:9
8 toluene 120/200 30 59:0

[a] Reactions were performed on a 0.1 mmol scale of 6-chloro-3-
nitro-2(1 H)-pyridone (1) using tributylvinyltin (2) (1.1 equiv.) and
Pd(PPhs), (5 mol-%). [b] Time taken for full conversion. [c] Isolated
yields are given.

Although these results were acceptable, there were still
improvements that could be made to render the process
more efficient. Recently different research groups have de-
scribed various vinyl sources based on silicon and boron.!”]
Therefore, we investigated vinylsilicon reagents, which offer
4590
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certain advantages compared to other vinylmetallic for pal-
ladium-catalyzed cross-coupling reactions. In particular, or-
ganosilicon reagents are nontoxic!!?l and the silicon con-
taining byproducts are readily removed by simple workup
procedures. Recently, Denmark and co-workers have inves-
tigated palladium-catalyzed vinylations with commercially
available organosilicon reagents in the presence of inexpen-
sive silanolate activators.'31 For our purpose, we selected
commercially available divinyltetramethyldisiloxane
(DVDS, 5) and 1,3,5,7-tetravinyl-1,3,5,7-tetramethylcyclo-
tetrasiloxane (D,Y, 6) as potential vinyl donors.l'3l When the
reactions were carried out for 4 d at room temperature in
DMF or for 2d under reflux in toluene or dioxane with
1.2 equiv. of DVDS (5) as vinyl donor in the presence of
5 mol-% of Pd(dba), as catalyst, Smol-% of PPh; as ligand
and 2 equiv. of KOSiMej as activator, no product formation
was observed. However, when the reactions were performed
under microwave irradiation at a ceiling temperature of
120 °C and 200 W maximum power in various solvents, a
different extent of product formation was observed
(Table 2). In order to achieve full conversion different cata-
lysts were screened applying DMF, dioxane or toluene un-
der microwave irradiation (120 °C, 200 W). However, none
of the screened conditions led to full conversion (Table 2,
Entries 1-6). Even when duplicating the aforementioned
conditions with D,V (6), full conversion was never achieved
(Table 2, entries 7-12).

Table 2. Screening of vinylsilicon compounds as vinylating agents
applying microwave irradiation.[-b]

NO; vinyl donor NO2 o
= 5o0r6 =z
X -NH Pd source NN
al solvent, MW =
1 3
Entries Vinyl donor Pd sourcel! Solvent  Timel¥!  Conv.F
min] (%)
1 DVDS (5§) Pd(dba),/PPh; DMF 120 0
2 Pd(dba),/PPh; dioxane 60 50
3 Pd(dba),/PPh; toluene 90 20
4 Pd(PPh;), DMF 120 0
5 Pd(PPh;), dioxane 60 50
6 Pd(PPh;), toluene 90 30
7 D4Y(6) Pd(dba),/PPh; DMF 120 0
8 Pd(dba),/PPh; dioxane 45 70
9 Pd(dba),/PPh; toluene 60 60
10 Pd(PPhs), DMF 120 0
11 Pd(PPhs), dioxane 30 70
12 Pd(PPh;), toluene 45 70

[a] Reactions were performed on a 0.1 mmol scale of 6-chloro-3-
nitro-2-(1 H)pyridone (1) under microwave irradiation at a ceiling
temperature of 100 °C, and a maximum power of 200 W using 5
or 6 as vinyl donor (1.5 equiv.), KOSiMej; as activator (2 equiv.),
Pd(dba), or Pd(PPh;), as Pd source (5 mol-%) in solvent (3 mL).
[b] When the same reactions were performed under conventional
conditions, no product formation was observed even after 4 d at
room temp. or 2d of reflux. [c] In case of Pd(dba), as catalyst,
PPh; (5 mol-%) was used as additional ligand. [d] Reactions were
run until no further conversion was observed by GC. [¢] Conver-
sions were determined by GC.
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Unfortunately, organosilicon vinyl donors were ineffec-
tive for the investigated pyridone system, so we diverted our
investigations to organoborane as vinyl donor, and in par-
ticular potassium vinyltrifluoroborate (7), which appears to
be more nucleophilicl'¥! than other organoboron comounds.
Moreover, potassium vinyltrifluoroborate (7) has been
proven to be a particularly useful boron reagent that is air-
and moisture-stable, atom economical, resistant to protode-
boronation, thereby allowing stoichiometric quantities of
reagent to be used in cross-coupling protocols.'>! Addition-
ally, it is commercially available and numerous methods
have been developed for its synthesis which are environmen-
tally sound and byproducts are of low toxicity compared to
other organometallic reagents, particularly organo-
stannanes.'” Recently, different groups have successfully
demonstrated the use of microwave irradiation for this kind
of cross-couplings applying potassium organotrifluorobor-
ate.'! Therefore we decided to explore the palladium-cata-
lyzed reaction of 2(1H)-pyridones using potassium vinyltri-
fluoroborate (7) under microwave irradiation.

Initially a brief screening of various catalyst systems was
performed. Adopting the described procedure, we evaluated
the cross-coupling with PdCl,/PPh;, Pd(OAc),/PPh;,
Pd(PPh;),['"T and Pd/C.""8 The reaction proceeded well and
full conversion was achieved in all cases using 2 mol-% of
Pd source, 3 equiv. of Cs,CO; as base and THF/H,O (9:1)
as solvent under microwave irradiation at 100 °C and a
maximum power of 200 W (Table 3). Although all evalu-
ated Pd sources gave satisfactory results (Table 3, Entries 1—
4), we preferred to proceed with the heterogeneous catalytic
system (Pd/C) as this is supposed to prevent leaching of Pd
and is relatively inexpensive.l'” Several solvent systems were
investigated [THF/H,O (9:1), NMP/H,O (9:1), NMP, H,0]
(Table 3, Entries 4-7) using 2 mol-% of Pd/C and 3 equiv.
Cs,COj5 as base. All of them were found to be equally effec-
tive and furnished the desired vinylated compound in 67—
71% yield within 30-50 min.

Water offers practical advantages as it is inexpensive,
readily available, and non-flammable and it renders the pro-
cess a “greener” aspect.’”) Also different bases [Cs,COs,
Na,COs3, K,CO3, KOAc] were screened using 2 mol-% of
Pd/C as catalyst in water as solvent (Table 3, entries 7-10).
Although no significant differences in yield were observed,
the reaction proceeded slower when using Na,CO; or
K,CO;, hence KOAc was the preferred base as it is less
expensive than Cs,COs.

Having optimized the protocol, we investigated the vinyl-
ation of various 2(1 H)-pyridone halides. When 4- or 5-iodo-
2(1 H)-pyridone was subjected to vinylation, the reaction
proceeded smoothly yielding the desired vinylated products
in excellent yields of 84 % and 91% in mere 10 min (Table 4,
Entries 1 and 2). However, when bromo pyridones were re-
acted under the aforementioned conditions, full conversion
could not be achieved. Switching to NMP/H,O (8:2) as sol-
vent mixture under the optimized conditions, furnished the
desired vinylated products in excellent yields of 78-91%
within 20 min (Table 4, Entries 3-4). Attempts to use
chloro-2(1 H)-pyridones for this cross-coupling, other than
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Table 3. Screening of catalyst system and solvent using potassium
vinyltrifluoroborate (7) as potential vinylating agent under micro-
wave irradiation.[]

NO, ZBF4K NO, 5
> (0] 7 =
. NH
- NH Pd source, base
Cl solvent =
1 MW, 200 W, 100 °C 3
Entries  Pd source Solvent Base Timel® % Yield!
[min]
1 PdCl,/PPh; THF/H,0 (9:1) Cs,COs 50 68
2 Pd(OAc),/PPh; THF/H,O (9:1) Cs,CO5 30 69
3 Pd(PPh;), THF/H,0 (9:1) Cs,COs 30 70
4 Pd/C THF/H,0 (9:1) Cs,COs 40 67
5 Pd/C NMP/H,O (9:1) Cs,COs 40 69
6 Pd/C NMP Cs,CO4 30 71
7 Pd/C H,O Cs,CO4 30 69
8 Pd/C H,O Na,CO; 50 70
9 Pd/C H,O K>CO; 50 68
10 Pd/IC H,O KOAc 30 70

[a] Reactions were performed on a 0.1 mmol scale of 6-chloro-3-
nitro-2-(1 H)-pyridone (1) using potassium vinyltrifluoroborate (7)
(1.1 equiv.), Pd source (2 mol-%) and 3 equiv. of base at a ceiling
temperature of 100 °C and a maximum power of 200 W. [b] Time
taken for full conversion. [c] Isolated yields.

model compound 1, were unsuccessful. The reactivity of 1
could probably be ascribed to the activating nitro group in
position 3 of the pyridone system.

Table 4. Evaluation of scope of the vinylation using different 2(1H)-
pyridones. &l

Z O BEK
0]
°r —— O
S NH
NN N H S
Nad 2 mol-% Pd/C, ( v
solvent, MW |
8-12 13-16
Entry X Time  Solvent Product % Yield™
[mjn][b]
1. 5-1 10 H,O 13 91
2. 4-1 10 H,O 14 84
3. 5-Br 20 NMP/H,O (82) 13 781l
4. 3-Br 20  NMP/H,O (8:2) 15 g1l

[a] Reactions were performed on a 0.1 mmol scale of 2(/ H)-pyr-
idone using potassium vinyltrifluoroborate (7) (1.1 equiv.), Pd/C
(2 mol-%) and 3 equiv. of KOAc under microwave irradiation at a
ceiling temperature of 100 °C and a maximum power of 200 W. [b]
Time taken for full conversion as indicated by GC. [c] Isolated
yields. [d] When H,O was used as solvent no full conversion was
achieved.

In summary, we have developed a novel and hetero-
geneous, palladium-catalyzed vinylation of 2(1 H)-pyridones
using potassium vinyltrifluoroborate as vinyl donor. This
protocol is applicable to various iodo and bromo 2(1H)-
pyridones. Reactions can be performed in various solvents
like H,O, NMP, THF, or in mixtures of THF/H,O, NMP/
H,O. This procedure is an interesting complement of the
existing Suzuki cross-coupling reaction. It provides a meth-
odology for the synthesis of various compounds derived
4591
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from the 2(1 H)-pyridone ring system. Attempts to use chlo-
ropyridone for this cross-coupling are currently under way
and will be reported in due course.

Acknowledgments

Support was provided by the Research Fund of the University of
Leuven (IDO06/006) and the Belgian Fund for Scientific Re-
search — Flanders (FWO).

[1]1 a) A.D. Elbein, R.J. Molyneux, in: Alkaloids: Chemical and
Biological Perspectives (Ed.: S. W. Pelletier), Wiley, New York,
1981, vol. 5, p. 1; b) Q. Li, L. A. Mitscher, L. L. Shen, Med.
Res. Rev. 2000, 20, 231-293; ¢) M. Nagarajan, X. S. Xiao, S.
Antony, G. Kohlhagen, Y. Pommier, M. Cushman, J Med.
Chem. 2003, 46, 5712-5724.

[2] a) B. K. Singh, C. Cavalluzzo, M. De Maeyer, Z. Debyser, V. S.
Parmar, E. Van der Eycken, Synthesis 2009, 2725-2728; b) D.
Xiang, K. Wang, Y. Liang, G. Zhou, D. Dong, Org. Lett. 2008,
10, 345-348 and references therein; ¢) G. Jones, in Comprehen-
sive Heterocyclic Chemistry (Eds.: A. R. Katritzky, C. W. Rees,
E. F. V. Scriven), Pergamon Press, Oxford, 1996, vol. 5, p. 167;
d) E. E V. Scriven, in Comprehensive Heterocyclic Chemistry
(Eds.: A. R. Katritzky, C. W. Rees), Pergamon Press, Oxford,
1984, vol. 2.

[3] a) H. Shojaei, Z. L. Bohmer, P. V. Zezschwitz, J Org. Chem.
2007, 72, 5091-5097; b) Y. Cheng, B. Schneider, U. Riese, B.
Schubert, Z. Li, M. Hamburger, J Nat. Prod. 2006, 69, 436—
438; ¢) Y. Cheng, B. Schneider, U. Riese, B. Schubert, Z. Li,
M. Hamburger, J Nat. Prod. 2004, 67, 1854-1858; d) C. H.
Lin, M. R. Tsai, Y. S. N. Wang, C. Chang, J. Org. Chem. 2003,
68, 5688-5691; e) K. Schmidt, U. Riese, Z. Li, M. Hamburger,
J. Nat. Prod. 2003, 66, 378-383; f) M.-L. Bennasar, E. Zulaica,
C. Juan, Y. Alonso, J. Bosch, J Org Chem. 2002, 67, 7465—
7474; g) L. Carles, K. Narkunan, S. Penlou, L. Rousset, D.
Bouchu, M. A. Ciufolini, J. Org. Chem. 2002, 67, 4304-4308;
h) J. Bonjoch, D. Sole, Chem. Rev. 2000, 100, 3455-3482.

[4] a) M. Shimizu, 1. Hachiya, 1. Mizota, Chem. Commun. 2009,
874-889; b) G. M. Schroeder, Y. An, Z. W. Cai, X. T. Chen, C.
Clark, L. A. M. Cornelius, J. Dai, J. G. Brown, A. Gupta, B.
Henley, J. T. Hunt, R. Jeyaseelan, A. Kamath, K. Kim, J. L.
Louis, J. Lombardo, V. Manne, S. Oppenheimer, J. S. Sack,
R.J. Schmidt, G. Shen, K. Stefanski, J. S. Tokarski, G. L.
Trainor, B. S. Wautlet, D. Wei, D. K. Williams, Y. Zhang, J.
Fargnoli, R. M. Borzilleri, J. Med. Chem. 2009, 52, 1251-1254;
¢) E. Hu, A. Tasker, R. D. White, R. K. Kunz, J. Human, N.
Chen, R. Biirli, R. Hungate, P. Novak, A. Itano, X. Zhang, V.
Yu, Y. Nguyen, Y. Tudor, M. Plant, S. Flynn, Y. Xu, K. L.
Meagher, D. A. Whittington, G. Y. Ng, J Med. Chem. 2008,
51, 3065-3068; d) J. A. Spicer, G. W. Rewcastle, M. D. Kauf-
man, S. L. Black, M. S. Plummer, W. A. Denny, J. Quin III,
A. B. Shahripour, S. D. Barrett, C. E. Whitehead, J. B. J. Mil-
bank, J. F. Ohren, R. C. Gowan, C. Omer, H. S. Camp, N. Es-
maeil, K. Moore, J. S. Sebolt-Leopold, S. Pryzbranowski, R. L.

4592

WWW.eurjoc.org

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Merriman, D. F. Ortwine, J. S. Warmus, C. M. Flamme, A. G.
Pavlovsky, H. Tecle, J. Med. Chem. 2007, 50, 5090-5102; ¢)
A. M. Leconte, S. Matsuda, G. T. Hwang, F. E. Romesberg,
Angew. Chem. Int. Ed. 2006, 45, 4326-4329; f) L. A. Mitscher,
Chem. Rev. 2005, 105, 559-592; g) S. Hirano, S. Toyota, F.
Toda, Chem. Commun. 2005, 643-644; h) Q. Li, L. A. Mitscher,
L. L. Shen, Med. Res. Rev. 2000, 20, 231-293.

[5S] R.H. Grubbs, Handbook of Metathesis,
Weinheim, 2003.

[6] M. Shimizu, I. Hachiya, I. Mizota, Chem. Commun. 2009, 8§74—
889, and references cited therein.

[7] a) S. E. Denmark, C. R. Butler, Chem. Commun. 2009, 20-33
and references cited therein; b) E. Alacid, C. Najera, J Org
Chem. 2009, 74, 2321-2327.

[8] a)S. D. Dreher, S.-E. Lim, D. L. Sandrock, G. A. Molander, J.
Org. Chem. 2009, 74, 3626-3631; b) A. Gordillo, E. de Jesus,
C. L. Mardomingo, J Am. Chem. Soc. 2009, 131, 4584-4585;
¢) G. A. Molander, L. J. Gérard, J Org. Chem. 2009, 74, 1297—
1303; d) G. A. Molander, B. Kennedy, L. E. Canturk, J Org
Chem. 2009, 74, 973-980; e) H. F. Sore, C. M. Boehner, S. J. F.
MacDonald, D. Norton, D. J. Fox, D. R. Spring, Org. Biomol.
Chem. 2009, 7, 1068-1071.

[91 W. 1. Scott, J. K. Stille, /. Am. Chem. Soc. 1986, 108, 3033—
3040.

[10]S. T. Cragg, in: Party’s Toxicology (Eds.: E. Bingham, B.
Cohrssen, C. H. Powell), Wiley, Hoboken, 2001, DOI: 10.1002/
0471435139.tox.093.

[11]a) C. O. Kappe, D. Dallinger, Mol. Diversity 2009, 13, 71-193;
b) P. Appukkuttan, E. Van der Eycken, Eur. J Org. Chem.
2008, 1133-1155; c¢) D. Dallinger, C. O. Kappe, Chem. Rev.
2007, 107, 2563-2591; d) P. Appukkuttan, M. Hussain, R.
Gupta, V. S. Parmar, E. Van der Eycken, Synlett 2006, 1491—
1496.

[12]S. T. Cragg, in: Patty’s Toxicology (Eds.: E. Bingham, B.
Cohrssen, C. H. Powell), Wiley, Hoboken, 2001; DOI: 10.1002/
0471435139.t0x.093.

[13]S. E. Denmark, C.R. Butler, J Am. Chem. Soc. 2008, 130,
3690-3704.

[14] a) R. A. Batey, A. N. Thadani, D. V. Smil, J. A. Lough, Synthe-
sis 2000, 990-998; b) R. A. Batey, A. N. Thadani, D. V. Smil,
Org Lett. 1999, 1, 1683-1686; c) R. A. Batey, A. N. Thadani,
D. V. Smil, Tetrahedron Lett. 1999, 40, 4289-4292.

[15]S. Darses, J. P. Genet, Chem. Rev. 2008, 108, 288325, and ref-
erences cited in.

[16]a) R. K. Arvela, N. E. Leadbeater, T. L. Mack, C. M. Kormos,
Tetrahedron Lett. 2006, 47, 217-220; b) R. L. Harker, R. D.
Crouch, Synthesis 2007, 25-27.

[17] G. A. Molander, A. R. Brown, J. Org Chem. 2006, 71, 9681—
9686.

[18]a) L. Joucla, G. Cusati, C. Pinel, L. Djakovitch, Appl. Catal.
A 2009, 360, 145-153; b) L. Joucla, G. Cusati, C. Pinel, L.
Djakovitch, Tetrahedron Lett. 2008, 49, 4738-4741.

[19]a) T. N. Glasnov, S. Findenig, O. C. Kappe, Chem. Eur. J. 2009,
15, 1001-1010; b) F.-X. Felpin, T. Ayad, S. Mitra, Eur. J. Org.
Chem. 2006, 2679-2690; ¢) M. Seki, Synthesis 2006, 2975-2992.

[20] N. E. Leadbeater, Chem. Commun. 2005, 2881-2902.

Received: June 18, 2009
Published Online: August 12, 2009

Wiley-VCH,

Eur. J. Org. Chem. 2009, 4589-4592



