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ABSTRACT

A mechanistically unique three-component synthesis provides a variety of functionalized pyridine derivatives in fair to excellent yields. The
scope of this reaction was studied with respect to the alkoxyallene, the nitrile, and the carboxylic acid. Due to the 4-hydroxy group, these
pyridine derivatives are suitable precursors for subsequent palladium-catalyzed reactions. Suzuki couplings of the corresponding pyridyl

nonaflates lead to a variety of pyridine and bipyridine derivatives.

We serendipitously discovered a new synthesis of trifluo-
romethyl-substituted pyridine derivatives which were

formed by addition of lithiated methoxyallene to nitriles
followed by treatment with trifluoroacetic acid. Four simple
examples bearing GFand methoxy groups have been

transformations, the generality of the pyridine synthesis was
of much interest.

In this paper, we disclose that the new three-component
reaction leading to highly substituted pyridine derivatiiges
not restricted to methoxyallene and trifluoroacetic aeisl

reported (Scheme 1), but scope and limitations of this unique precursors. Most importantly, a variety of carboxylic acids
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reaction are not known so fa?.Since the two differentiated
oxygen functionalities of compounds suchlegre ideal tools
for selective palladium-catalyzed coupling reactfomsother
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or other alkoxyallene derivatives can be employed. Further-
more, the use of dinitriles establishes an extremely simple
route to highly conjugated dipyridyl systems.

The intriguing mechanism of the reaction cascade leading
to heterocycled is illustrated in Scheme 2. Addition of the
lithiated allene (generated by treatment of methoxyallene
with n-butyllithium) to the nitrile furnishes the expected
allenyl imine2,* which on treatment with trifluoroacetic acid
gives iminium ion3. The central allene carbon reacts as
electrophile with trifluoroacetate to provide dieAgand an
acyl transfer gives amidg. Acid-catalyzed aldol-type con-
densation of the methyl ketone moiety to the amide carbonyl
group finally delivers the pyridine ring. In most cases,
mixtures of5 and 1 were isolated, which were completely
converted into 3-methoxy-4-hydroxypyridindsby subse-
guent treatment with trimethylsilyl triflate and triethylamine.

(3) For a few first examples, see ref 1.
(4) This intermediate could be isolated and characterized fer RBu
(see ref 1).
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Three examples depicted in Scheme 5 demonstrate that

For the exploration of the scope of this three-component
reaction, we first studied benzyloxyallesa, [2-(trimeth- Scheme 5
ylsilyl)ethoxy]allene6b, and (3-methoxybenzyloxy)alleite

1y == E40, -40
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fairly complex dipyridyl derivatives can be constructed from

lonitrile, treatment with trifluoroacetic acid, and finally the corresponding aryl dinitriles in an astonishing simple
condensation led to the expected pyridindés 7b, and7c manner. Although the yields of bisnonaflatiza—c are only
in moderate to good yieldsThese results demonstrate that in the range of 20%, it has to be considered that the formation
other alkoxy groups can easily be installed at C-3 of the Of @ single pyridine ring requires generation of four new
pyridine derivatives, which will allow milder dealkylation —bPonds. Together with the nonaflation step not less than ten
of this group. new bonds are generated during synthesis of each of these
We also prepared new methoxy-substituted compoundsdipyridine derivatives in a protocol involving only one
8a—c, 9d, and9e as illustrated in Scheme 4. Whereas the Ppurification step!
use of acetonitrile and 5-hexenenitrile afforded the desired A crucial step during the formation dfaccording to the
pyridine derivatives8a and 8b only in moderate vyields, mechanism suggested (Scheme 2) involves the intramolecular
2-cyanothiophene as electrophile gave the 2-thienyl-substi-aldol type condensation of trifluoroacetamifi¢o generate
tuted pyridinol8c in good yield? With nonanonitrile and
cyanocyclopropane as components, we did not purify the

(7) Unfortunately, cyanopyridines were not suitable substrates for the
addition of lithiated alkoxyallenes. So far, only complex mixtures of
compounds were isolated.

(5) Whereas methoxyallene was generally used in large excess (3 equiv) (8) The unpolar pyridyl nonaflates are much easier to separate from
only 1 equiv of allene$§a—c was employed. This may explain the moderate  byproducts. Furthermore, they are excellent precursors for the anticipated

yields. palladium-catalyzed coupling reactions. For examples of the reactions of
(6) The lower yield may be due to side reactions of the 2-alkyl side alkenyl nonaflates, see: Hogermeier, J.; Reissig, HsChem. Eur. J2007,
chain during the relatively harsh conditions of the condensation step. 13, 2410—2420 and references cited in this publication.
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the pyridine ring. We were therefore very curious to learn
whether less electrophilic amides derived from other car-

Scheme 7
boxylic acids would also be suitable substrates of the reaction
cascade leading to pyridinols. A successful extension would o B(OH) y NN )
. . - g e
dramatically increase the scope of our novel pyridine od(ORn PP ’
synthesis. 10a - 10¢ K( COC)ZDM;
Gratifyingly, most of the carboxylic acids examined turned S
out to be excellent components for the pyridine synthesis,
thus allowing installation of a variety of substituents in Ar: 13a (74%)
position 6 of the pyridine ring. In Scheme 6 we assembled
Q 13b (67%)
. Scheme 6 13¢ (82%)
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typical examples demonstrating that pentafluorobenzoic acid, Not only Suzuki couplings but also Sonogashira, Stille, and

benzoic acid, 2-pyridinecarboxylic acid, and also simple Heck reactions are easily possible employing our 4-pyridyl
aliphatic carboxylic acids such as acetic acid furnish the ang 3-pyridyl nonaflate.

expected pyridine derivativekl or 12. In most cases, the
enamide intermediates with structures analogods(&cheme

2) were isolated as primary products after step 3 of our
sequence, thus clearly emphasizing the expected lower
tendency to undergo the intramolecular aldol condensation. erX|bIe and fairly efficient method makes available a large

However, these enamides smoothly undergo the expecte&’ar'ety of new functionalized pyridine derivatives which

cyclizations to pyridinolsl1la—c by treatment with trimeth- Shoflljld t_)e ofdmterbes'F for these zpphcaﬂdﬁ&lot onl_3|/ CE”
ylsilyl triflate and triethylamine. We also include two P€' uorinated substituents such as aF GFs easily be

examples where the unpurified pyridinols were directly introduc.edl,4 but most importantlly,-many other substituents
converted into the nonaflatd?2a and 12b in good overall can be incorporated to the pyridine core at C-2 and C-6.
yield. Of particular importance is the short synthesis of

specifically functionalized 2,2-bipyridyl derivatives such as :
(12) Kleemann, A.; Engel, J.; Kutscher, Bharmaceutical Substances;

1lcand1Z2a. Thieme: Stuttgart, 2000. Lehn, J.-Bupramolecular ChemistryConcepts
Selected examples demonstrate the potential of pyridyl and Perspectives; VCH: Weinheim, 1995. Miiller, T. J. J.; Bunz, U. H. F.,

Eds. Functional Organic Materials Wiley-VCH: Welnhelm 2007. Par-

non_aﬂa_tes n pglla_dlum Catalyz_ed reactions. Suzuki Coupllmgstlcularly useful are terpyridine derivatives: Schubert, U. S.; Hofmeier, G.
of dipyridy! derivativesl0a—c with 4-methoxyphenylboronic  R.; Newkome G. RModern Terpyridine Chemistryiley-VCH: Wein-

i i d3a—ci i heim, 2006.
acid prowded the gxpected prOdu .. cin goo.d yle|(:1$. (13) For reviews on pyridine syntheses, see: McKillop, A; Boulton, A.
In compoundl 3¢ six (hetero)aromatic rings are in conjuga- J. in Comprehensive Heterocyclic Chemistry; Katritzky, A. R., Rees, C.
tion, which makes Compounds of tydis to interesting W., Eds.; Pergamon Press: Oxford, 1984; Vol. 2, p 67. Newkome, G. R.,
extendedz-systems. They exhibit some similarity to pyri-
midine-phenylene oligomers which are known as blue-light-

The pyridine ring constitutes a privileged structural motif
in compounds of importance for medicinal chemistry,
supramolecular chemistry, and material scieli&@ur highly

(11) Dash, J.; Lechel, T.; Reissig, H.-U. Unpublished results.

Chemistry II; McKillop, A., Ed. Pergamon Press: Oxford, 1996; Vol. 5, p
167. Spitzner, DScience of Synthesis; Thieme: Stuttgart, 2004; Vol. 15,
be coupled with boronic acids affording 4-aryl-substituted eses eriva _
- - . Rund ild diti G.; Di Guiseppe, S.; Marinelli, F.; Rossi, .Org. Chem2003 68, 6959~
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York, 1984; Vol. 15, Part 5. Jones, G. omprehensive Heterocyclic
emlttmg. cpmpoun_dé‘? . pp 11—284. Henry, G. DTetrahedron2004,60, 6043—6061. Bagley, M

In a similar fashion, pyridyl nonaflatelstaand14b could C.; Glover, C.; Merritt, E. ASynlett2007, 2459-2482. For selected recent

syntheses of pyridine derivatives, see: Abbiati, G.; Arcadi, A.; Bianchi,
conversion into nonaflates, and a second palladium-catalyzedAntipin, M. Y.; Zatonskii, G. V.Russ. Chem. Bul2005,54, 1680—1685.
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(10) Wong, K.-T.; Hung, T. S.; Lin, Y.; Wu, C.-C.; Lee, G.-H.; Peng,
S.-M.; Chou, C. H.; Su, Y. OOrg. Lett.2002,4, 513—516.
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publications.
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The oxygen functions at C-3 and C-4 allow palladium-
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