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The ring-closing metathesis reaction has been successfully employed to form a range of dihydropyridone intermediates, which are in the
correct oxidation state to undergo a base-induced elimination to reveal the aromatic 2-pyridone. This mild and novel approach to six-membered
heteroaromatic compounds then provides access to a wide variety of substituted pyridines in excellent overall yield.

The ring-closing metathesis (RCM) reaction has been utilized RCM to form a 1,4-dihydroquinoline, with a subsequent
extensively throughout the literature to gain access to five- oxidation catalyzed by Pd/C to provide the corresponding
and six-membered ringshowever, the application of this  quinoline2 O'Brien et al. and Nan et al. have also employed
powerful reaction to the formation of aromatic heterocycles this RCM/oxidation strategy to construct the 2-pyridone core
has only recently been highlightéd. in the context of natural product synthesis and library
In the case of six-membered heteroaromatics, metathesis-construction, respectively.
based approaches are rare and have predominantly involved The aim of this work was to establish a new method of
oxidation of the RCM product to form the fully aromatic assembling pyridines based upon RCM as the keyCC
substrate. For example, Bennasar and co-workers havepond-forming reaction. The importance of this aromatic
established a synthesis of quinolines using an enamide-eneheterocycle in medicinal chemistry is evidénand our
t University of Oxford. goal was to design a route that would allow the introduc-

* GlaxoSmithKline Research & Development Limited. tion of a variety of functional groups at any position on the
(1) (&) Nicolaou, K. C.; Bulger, P. G.; Sarlah, Bngew. Chem.Int. ring
Ed. 2005 44, 4490. (b) Furstner, AAngew. ChemInt. Ed.200Q 39, 3012. ’ . o
(c) Armstrong, S. KJ. Chem. SocPerkin Trans. 11998, 371. The plan was to develop a rapid route to the pyridine

(2) (a) Donohoe, T. J.; Fishlock, L. P.; Lacy, A. R.; Procopiou, P. A. i -DVTi - thi i
Org. Lett.2007,9, 953. (b) De Matteis, V.; Dufay, O.; Waalboer, D. C. J.; nucleus via the 2 py”done corg; this motif could be

van Delft, F. L.; Tiebes, J.: Rutjes, F. P. J. Hur. J. Org. Chem2007, accessed by constructing a dihydropyridéhe which a
2667. (c) Donohoe, T. J.; Orr, A. J.; Bingham, Kingew. Chemint. Ed. suitable leaving group is placed on nitrogen (Figure 1). This
2006,45, 2664. (d) Yoshida, K.; Kawagoe, F.; Iwadate, N.; Takahashi, H.;
Imamoto, T.Chem. Asian J2006,1, 611. (e) Donohoe, T. J.; Orr, A. J;;
Gosby, K.; Bingham, MEur. J. Org. Chem2005, 1969. (f) Yoshida, K.; (3) () Bennasar, M. L.; Roca, T.; Monerris, M.; Garcia-Diaz, D.
Imamoto, T.J. Am. Chem. So005,127, 10470. (g) Bajracharya, G. B.; Tetrahedron Lett2005 46, 4035. (b) Arisawa, M.; Theeraladanon, C.;
Nakamura, |.; Yamamoto, YJ. Org. Chem2005,70, 892. (h) Dieltiens, Nishida, A.; Nakagawa, MTetrahedron Lett2001,42, 8029.

N.; Stevens, C. V.; Allaert, B.; Verpoort, FARKIVOC 2005, 92. (i) (4) (a) Stead, D.; O'Brien, P.; Sanderson, AQ#g. Lett.2005,7, 4459.
Declerck, V.; Ribiere, P.; Martinez, J.; Latamy,F.Org. Chem2004,69, (b) Chen, Y.; Zhang, H.; Nan. B. Comb. Chen2004,6, 684.

8372. (j) luliano, A.; Piccioli, P.; Fabbri, DOrg. Lett.2004,6, 3711. (k) (5) For recent pharmaceutical targets containing pyridines, see: (a)
Dieltiens, N.; Stevens, C. V.; De Vos, D.; Allaert, B.; Drozdzak, R.; Cosford, N. D. P.; Tehrani, L.; Roppe, J.; Schweiger, E.; Smith, N. D.;
Verpoort, F.Tetrahedron Lett2004,45, 8995. (I) van Otterlo, W. A. L.; Anderson, J.; Bristow, L.; Brodkin, J.; Jiang, X.; McDonald, |.; Rao, S.;
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Figure 1. Retrosynthetic analysis.

intermediate is at the correct oxidation state for a base-
induced elimination to reveal the desired aromatic compound
without the necessity for oxidatichThe C3—C4 bond of
the cyclic core of2 could be forged by employing a RCM
reaction of the,3-unsaturated amid&’ The requisite amide
precursor could be prepared from the corresponding amine
4, which would be generated using an allylation of the oxime
ether5.289 This pivotal transformation would have the dual

Scheme 1. Synthesis of a Disubstituted Pyridine via RCM
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role of assembling the required olefin moiety and providing
an amine with the required leaving group on nitrogen. Thus,
this strategy would present a rapid route to a range of
2-pyridones commencing with the oxime etterFinally,

we envisaged that the synthesis of pyridines could be
accomplished by activation of the 2-pyridone with a suitable
triflating agent.

Initial investigations began with the series in which a
methyl ester was incorporated at C-6'(Rve reasoned that
this group would significantly acidify thex-proton and
hopefully aid the base-induced aromatizatio2.of herefore,
amine 7 was generated by employing a zinc-mediated
allylation of the oxime ethe® using allyl bromide (Scheme

yielded the corresponding amide which was then trans-
formed into the dihydropyridon&0 using Hoveyda-Grubbs
second generation catalydtin excellent yield (98%). An
extensive screen of bases revealed that DBU in THF provided
the best result for the elimination, with the desired aromatic
produced in 94% vyield. This protocol provided access to
2-pyridonell in four steps from the oxime ethé&; and in

an impressive 79% overall yield. The RCM and elimination
could also be carried out in one pot with the DBU being
added to the metathesis mixture following ring closure. This
provided the pyridond.1in a yield of 81% from amide,
and in three steps from oxime eth@&rHowever, we found

(6) For an example of the elimination of BnOH to form enamides, see:
Herscheid, J. D. M.; Scholten, H. P. H.; Tijhuis, M. W.; Ottenheijm, H. C.
J. Recl. Trav. Chim. Pays-Bak981,100, 73.

(7) For examples of metathesis Nfalkoxyacrylamides, see: (a) Choi,
T.; Chatterjee, A. K.; Grubbs, R. Angew. ChemlInt. Ed.2001 40, 1277.

(b) Martin, S. F.; Follows, B. C.; Hergenrother, P. J.; Franklin, CJL.
Org. Chem.2000, 65, 4509.
(8) Ritson, D. J.; Cox, R. J.; Berge,Qrg. Biomol. Chem2004,2, 1921.
(9) Hanessian, S.; Yang, R. Yetrahedron Lett1996,37, 5273.

the two-step procedure was preferable as the overall yield
was superior and the pyridone product was isolated with
greater purity0
The 2-pyridone products can be readily converted into the
corresponding pyridines; this transformation was performed
on substratd 1 by employing the pyridine-derived triflating
reagentl2 developed by Comins et &l.These substrates
are set for further substitution by utilizing a wealth of
reported procedurés.

Our attention turned next to elaboration of the C-3)(R

substituent; this was accomplished by coupling with 2-sub-
A stituted acryloyl chloride and acrylic acid derivatives (Scheme
1) Treatment of this substrate with acryloyl chloride 5y wethacryloyl chioride was successfully employed in the

Scheme 2. Synthesis of Trisubstituted Pyridines
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previously developed sequence to provide the heteroaromatic Finally, substitution at C-4 (B was investigated using

compoundl6afrom amine?. A trifluoromethyl group was
also introduced using 2-trifluoromethyl acrylic acid to
generate amid&4b. It was essential that the RCM of amide
14b was carried out at concentrations below 0.002 M, as
increasing the concentration led to a significant amount of
homodimerization of the starting materidlWith cyclic
amidel5bin hand, the novel trifluoromethyl aromati&b
was formed in good yield. Both pyridones were converted

allyl bromide 22 in the previously established protocol
(Scheme 4). The RCM of ami@ returned starting material,

Scheme 4. Attempted Synthesis of a 4-Substituted Pyridone
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mediated allylation of oximé (Scheme 3). Amine&8 were (iit) 9 (10 mol %)
PhMe, reflux
. . . . 25 -OBn
Scheme 3. Synthesis of Trisubstituted Pyridones ] N
4 OMe
R Ph
6(i) RAA~Br-OBn (i) OjiN,OBn °
Zn, THF MOMe MOMe
NH,Cl (aqg) R2 o ) ) .
f X RZ O presumably because the 1,1-disubstituted alkertiwas
12; szMe (94%) R 19 (ac) too hindered for initiation of the catalyst. The development
RSP (70%) (i) 9 (10 mol %) of more active metathe_sis catalysts should significantly
CH,Cl,/PhMe enhance the scope of this methodolétyy.
40/95 °C Our next task was the elaboration of thé gRoup which
. . o had thus far been confined to a methyl ester. Unfortunately,
R [ NH @yoeu, THF R | Nl the elimination of benzyl alcohol from the phenyl-substituted
. -OMe OMe derivative 27a was unsuccessful (Scheme 5, Table 2).
R2 RZ O
#1 (a0 neo

formed as the desired regioisomer in accordance with earlier
studies by Hanessian et®al.

Scheme 5. Elaboration of R
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The methyl-substituted amiis8awas readily transformed R'
into amide19awith acryloyl chloride, and generated the 5,6- 2 27
substituted aromati20ain excellent yield (Table 1). With (i) DBU, THF
50 °C
oTf
Table 1. Yields for the Sequence Depicted in Scheme 3 | <N (iii) 12, KHMDS NH
yield (%) Z R THF, -78°C Z R
entry R? R (i) (iif) (iv) » 3
a Me H 90 97 93
b Ph H 97 59 92 Therefore, the electron-deficient pyridyl substraih was
¢ Ph Me 74 71 93

the more sterically bulky phenyl derivativéSb,c, the RCM
required heating to 98C in toluene to reach completion;
however, the overall yields remained good for the formation
of both the 5,6-di- and 3,5,6-trisubstituted aromagib,c.

(10) The 2-pyridone recovered from the one-pot procedure was a dark
colored solid, presumably the color was caused by contamination with
ruthenium. However, the stepwise route provided the 2-pyridone product
as a colorless solid.

(11) Comins, D. L.; Dehghani, ATetrahedron Lett1992,33, 6299.
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synthesized using the previously described methodology;

(12) (a) Takaaki, O.; Minoru, ISynlett1994,8, 589. (b) Ciattini, P. G.;
Morera, E.; Ortar, GTetrahedron Lett1992,33, 4815. (c) Meyers, A. |;
Robichaud, A. J.; McKennon, M. Jetrahedron Lett1992,33, 1181. (d)
Aoki, S.; Fujimura, T.; Nakamura, E.; Kuwajima, J. Am. Chem. Soc
1988,110, 3296. (e) Echavarren, A. M.; Stille, J. &. Am. Chem. Soc
1987 109 5478. (f) Cacchi, S.; Ciattini, P. G.; Morera, E.; Ortar, G.
Tetrahedron Lett1986,27, 3931.

(13) For an example of the formation of trifluoromethyl-substituted
heterocycles using RCM, see: (a) De Matteis, V.; van Delft, F. L.; Jakobi,
H.; Lindell, S.; Tiebes, J.; Rutjes, F. P. J.JI.Org. Chem2006,71, 7527.
See also: (b) De Matteis, V.; van Delft, F. L.; Tiebes, J.; Rutjes, F. P. J. T.
Eur. J. Org. Chem2006, 1166. (c) Toueg, J.; Prunet,S)nlett2006,17,
2807.
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s product. For example, the dihydropyridone substiftean

Table 2. Yields for the Sequence Depicted in Scheme 5 be su.bjec.ted toan aIt_ernative aromatization proce_dure where
bromine is added prior to DBU (Scheme 7). This one-pot

yield (%)
entry R! (1) (i) (iii)
a phenyl 87 0 Scheme 7. Further Substitution of Pyrldones
b 2-pyridyl 74 80 86
¢ 6-methyl-2-pyridyl 92 63 88 Bra DBU_
d 2-quinolinyl 98 71 62 CH20[2 4%
e 2-quinoxalinyl 95 95 70 COMe

pleasingly, this provided 53% of the corresponding pyridone
when treated with DBU in THF at ambient temperature.
Increasing the temperature to %0 resulted in an improved tﬁ;ﬁﬁ

yield of 80%. Following this success, the 6-methyl-2- 70%
pyridyl-, 2-quinolinyl-, and 2-quinoxalinyl-substituted pyri-
dones28¢ 28d, and28ewere also synthesized in good yield.
The same approach was also successfully applied to thesequence results in the formation of a 3-bromopyridone,
synthesis of dipyridon83 by employing a double RCM and  which is trapped out in situ with the leaving group to give
aromatization strategy. The bis-methoxyacrylan8@evas the benzyloxy-substituted aroma#6in good yield (Scheme
formed using the previously described protocol, and the RCM 5). Alternatively, the substituted 2-pyridones can be further
and elimination proceeded in good yield to produce the functionalized. As an illustration, the 3- and 5-positions can
pyridine-2,6-dipyridone33 (Scheme 63}° be brominated usindjl-bromosuccinimide; this proceeds in
good yield for the methyl derivativeOato give the 3-bromo
pyridone36. The 2- and 3-positions &6 can then be utilized
to form an extensive number of tetrasubstituted pyridines.
In conclusion, we have reported an efficient and flexible

Scheme 6. Formation of Dipyridones
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Our developed protocol for the synthesis of 2-pyridones
can be utilized to incorporate substituents which may be
difficult to assemble using alternative procedures. A further
advantage of de novo syntheses of aromatic compounds is Acknowledgment. We would like to thank the EPSRC
that the intermediates are not aromatic, and therefore exhibitand GlaxoSmithKline for funding this project.
reactivity that may be different from that of the desired final

Figure 2. Components of the 2-pyridone core.
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