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Privileged medicinal scaffolds based on the structures of 2-amino-3,5-dicyano-6-sulfanylpyridines and the corresponding 1,4-dihydropyridines
have been prepared via a single-step, three-component reaction of structurally diverse aldehydes with various thiols and malononitrile. Mechanistic
studies revealed that 1,4-dyhidropyridines undergo oxidation by the intermediate Knoevenagel adducts rather than by air oxygen. Although
the latter process undermines the yields of pyridines, it results in the formation of substituted enaminonitriles, promising antiinflammatory
agents.

The rapid assembly of molecular diversity is an important ligands for a number of functionally and structurally discrete
goal of synthetic organic chemistry and one of the key biological receptors and consequently serving as a platform
paradigms of modern drug discovery. One approach to for developing pharmaceutical agents for diverse applica-
address this challenge involves the development of multi- tions? An example of a “privileged scaffold” is a substituted
component reactions (MCRs), in which three or more pyridine frameworkA—C (Figure 1). Numerous patents have
reactants are combined together in a single reaction flask torevealed significant and diverse medicinal utility of various
generate a product incorporating most of the atoms containedcompounds with this structural motifThus, compounds with
in the starting materials. In addition to the intrinsic atom the general structuréd inhibit MAPK-activated PK-2, a
economy and selectivity underlying such reactions, simpler target for TNFr-mediated diseasésand modulate androgen
procedures and equipment, time and energy savings, as wellteceptor functiod® In addition, they serve as potassium
as environmental friendliness have all led to a sizable effort channel openers with applications in treating urinary
to design and implement MCRs in both academia and incontinence® inhibit IKK2 with a potential for treating
industry?
The usefulness of MCRs is even greater if they provide (1) For recentreviews, see: (a) Ramon, D. J.; Miguelgew. Chem.,
access to “privileged medicinal scaffolds.” The latter are 'Zn(;bg’d'lig(ﬁﬁgéé?s_dgf ‘};;(ﬂ)eﬁ’;fugﬁ;n\g; ’2;13,?1_@;?;,? %%2?;;;}

defined as molecular frameworks capable of providing Screening001,4, 1-34. (d) Weber, L.; lligen, K.; Aimstetter, MSynlett
1999, 366—374.
T Dedicated to Prof. Yuri I. Smushkevich on the occasion of his 70th (2) (2) The term “privileged scaffolds or structures” was originally

birthday. introduced by Merck researchers in their work on benzodiazepines: Evans,
* Timiryazev Agriculture Academy. B. E. et al.J. Med. Chem1988,31, 2235—2246. (b) For a recent review,
§ Intelbioscan, Ltd. see: Patchett, A. A.; Nargund, R.Ran. Rep. Med. Cherg00Q 35, 289—
"'New Mexico Institute of Mining and Technology. 298.
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Figure 1. Substituted pyridines as “privileged structures.”

HBV infection ¥ and exhibit anti-bacterial, antibiofilm and
anti-infective propertie®

Other noteworthy recent findings include the identification
of pyridinesA, as potential medicinal leads in developing
therapeutic agents for the treatment of Creutzfelidtcob
diseast as well as librariesA,® and A® as selective

modulators of human adenosine receptors implicated in

efficient and general preparation method of pyridies
immediately impeded our efforts, we addressed it as our first
goal. Because the feasibility of the assembly prodéss
(Figure 2) had been previously establisf&déwe theorized
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Parkinson’s disease, hypoxia/ischemia, asthma, kidney dis-Figure 2. Relevant transformations in the proposed one-step

ease, epilepsy, and cancer.
Due to the vast medicinal utility of pyridine derivatives

synthesis of pyridines.

A, various methods to prepare these compounds have been

reportec? Analysis of this literature reveals that all published

approaches involve multistep sequences, and their usefulnest®

is limited by the lack of generality. For example, the
syntheses of the above-mentiorggdandA. libraries require
four steps for each member-{42% overall yields) starting
from the requisite aromatic aldehyd&s.

Recently, we have initiated a drug discovery program with
a focus on privileged structures. Since the lack of an

(3) (@) Anderson, D. R.; Stehle, N. W.; Kolodziej, S. A.; Reinhard, E. J.
PCT Int. Appl. WO 2004055015 A1 20040701, 2004. (b) Nirschl, A. A,;
Hamann, L. G. US Pat. Appl. Publ. US 2005182105 Al 20050818, 2005.
(c) Harada, H.; Watanuki, S.; Takuwa, T.; Kawaguchi, K.; Okazaki, T.;
Hirano, Y.; Saitoh, C. PCT Int. Appl. WO 2002006237 A1 20020124, 2002.
(d) Chen, H.; Zhang, W.; Tam, R.; Raney, A. K. PCT Int. Appl. WO
2005058315 Al 20050630, 2005. (e) Levy, S. B.; Alekshun, M. N;
Podlogar, B. L.; Ohemeng, K.; Verma, A. K.; Warchol, T.; Bhatia, B.;
Bowser, T.; Grier, M. US Pat. Appl. Publ. US 2005124678 A1 20050609,
2005.

(4) Perrier, V.; Wallace, A. C.; Kaneko, K.; Safar, J.; Prusiner, S. B.;
Cohen, F. EProc. Natl. Acad. Sci. U.S.£000,97, 6073—6078.

(5) Beukers, M. W.; Chang, L. C. W.; von Frijtag Drabbe Kiinzel, J. K.;
Mulder-Krieger, T.; Spanjersberg, R. F.; Brussee, J.; ljzerman, A.Red.
Chem.2004,47, 3707—3709,

(6) Chang, L. C. W.; von Frijtag Drabbe Kinzel, J. K.; Mulder-Krieger,
T.; Spanjersberg, R. F.; Roerink, S. F.; van den Hout, G.; Beukers, M. W.;
Brussee, J.; lizerman, A. B. Med. Chem2005,48, 2045—2053.

(7) Fredholm, B. B.; ljzerman, A. P.; Jacobson, K. A.; Klotz, K.-N.;
Linden, J.Pharmacol. Re»2001,53, 527—-552.

(8) (a) Kambe, S.; Saito, KSynthesis981, 531—-533. (b) Matrosova,
S. V.; Zav'yalova, V. K.; Litvinov, V. P.; Sharanin, Y. Azv. Akad. Nauk
SSSR, Ser. Khinl991, 1643—1646. (c) Elnagdi, M. H.; Elghandour, A.
H. H.; Ibrahim, M. K. A.; Hafiz, I. S. A.Z. Naturforsch1992,47b, 572—
578. (d) Dyachenko, V. D.; Krivokolysko, S. G.; Nesterov, V. N.; Litvinov,
V. P.Chem. Heterocycl. Comf997,33, 1430—1437. (e) Dyachenko, V.
D.; Litvinov, V. P. Chem. Heterocycl. Compd 998, 34, 188—194. (f)
Dyachenko, V. D.; Litvinov, V. PRuss. J. Org. Chen1998,34, 557—
563. (g) Quintela J. M.; Peinador, C.; Veiga, M. C.; Botana, L. M.; Alfonso,
A.; Riguera, R.Eur. J. Med. Chem1998,33, 887—897. (h) Attia, A. M.

E.; Ismail, A. EI-H A. A. Tetrahedror2003,59, 1749—1752. See also refs
5 and 6.

900

that this transformation could be brought about under
vorable reaction conditions by combining an aldehyde,
malononitrile, and a thiol in a ratio of 1:2%.

The process would be irreversible because of the high
thermodynamic stability associated with dihydropyridiGes
stemming from the push—pull interactions involving the
H:,N—C=C—CN and RS—C=C—CN system¥ Further-
more, we envisioned that performing the reaction in an
aerobic environment would promote oxidative aromatization
to provide pyridined\. Indeed, after the experimentation with
different solvents, bases and reaction temperatures we found
that simply refluxing a solution of the three reactants
containing E4N in ethanol for 2.5-3 h followed by cooling
to room-temperature results in precipitation of pyridides
This three-component process works well for any tested
combination of aliphatic, aromatic or heteroaromatic alde-
hydes and thiols with the exception of the reaction involving
4-ELN-PhCHO. Conceivably, the highly stable intermediate
Knoevenagel addu@s serves as a thermodynamic sink and
impedes the reaction progression to dihydropyridieThe
problem was solved by using a stronger base, such as
DABCO. The use of DABCO improved the reaction yields
in certain other cases as well. The final, optimized yields of
the recrystallized products are given in Table 1.

Although the yields of 4048% are common, the fact that
in no cases do they exceed 50% was initially puzzling.
Analysis of the crude product mixtures revealed no presence
of dihydropyridinesG. We suspected that due to the low

(9) For a review of classical, such as the Hantzsch reaction, and recently
developed multicomponent routes to functionalized pyridines and dihydro-
pyridines, see: Litvinov, V. PUsp. Khim.2003,72, 75-92.

(10) Erian, A. W.Chem. Re»1993,93, 1991—-2005.
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Table 1. One-Step Synthesis of Pyridinés Table 2. One-Step Synthesis of Dihydropyridin€s
R R
0 CN base NC NN 0 CN EtsN NC CN
JI_ +2( + RSH "EtOH, L U +2( + RsH TEon, [ ]
R” "H CN reflux ~ HN™ "N "SR’ R "H CN reflux.  HeN N SR’

A1 - Ar7 Gig - Gog
pyridine R R’ base  yield % dihydropyridine R R’ yield %
A, l\feH Ph DABCO 20 G, 2,6-C1-Ph Ph 0
A, L Ph Et,N 0 Gy, 2,6-Cl-Ph Mes %
A, 4-O;N-Ph Ph Et;N x Gy 2,6-Cl-Ph (B 77
A, Ph Ph Et;N % Gy 2-Cl-6-F-Ph Ph &
As 4-HO-Ph Ph Et;N 2 Gy 2-Cl-6-F-Ph Mes &

- =N,
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Y le
A, 3,4,5-MeO-Ph Ph DABCO 43 Ga, g Ph 68
A, 4-HO,C-Ph Ph Et;N 28
e
Ay s Ph DABCO 48 , e :
L techniques. These efforts led to the identification of enami-
A, <om Ph DABCO 2 nonitrile J4 as an equilibriun,Z-mixture (Figure 3), whose
A, 4-Cl-Ph o~ Et,N 21
A 4-CI-Ph (O Et,N 31
Ay 4-Cl-Ph Mes Et,N @ HN ON A
Ays 4-F-Ph PhCH, Et;N 37 —~ =R CN
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A,,  25MeO-Ph  PhCH, Et,N a“ base  H-N__ X4 R/_<— o 2 fj
A, 4-MeS-Ph {3 Et,N 3 RS o ON D H.N" N” SR
A
NH, NH . +
. . . L RS—{ RS R'SH CN
oxygen concentration in refluxing ethanol oxidation of o, s Hon
compoundsG is slow and these intermediates undergo a NC R NC | R H

competing transformation, undermining the final yields of
pyridines A. However, performing the reactions in the Figure 3. Proposed mechanistic pathway consistent with the
presence of known 1,4-dihydropyridine oxidizing agéhts experimental observations.

such as DD@? R'SSR™2 or bubbling oxygen through the
refluxing mixture$* does not have an effect on product
yields. A clue was gained from reactions that involve the
use of ortho,orthedisubstituted aromatic and hetero-aromatic

aldehydes, which give dihydropyridings exclusively in D, 17 by dihydropyridinesG,_ 1 results in the formation of

high yields (Table 2). o . .
We reasoned that such a divergence in the reaction pathsalkylated malononitrile$d;—17, whose further reaction with

was caused by the resistance of compouBegs », toward 3th'0| !eaﬁs to tg‘lg,'”e"e.rs'b'? flormatlor: of hlghlyl ther:mo—
oxidation, because this would generate sterically crowdedI yr:(an:ca yfst{:; fedr!ﬁrrgnomtﬂdgs]gn. m?ortar;t Y, tt (_e
bis-ortho,orthbdisubstituted biaryl systems. Importantly, the oo~ Ot Feactivity ot dinyaropyrdinessas-24 towarc: inter
apparent 2-fold increase of product yields pointed to the mediatesD in this pathway is .”_'Ce'Y explained by the
possibility that compounda;_ .- are formed not through the crowded nature of the C-4 position in these compounds.

oxidation of 1,4-dihydropyridine€,. 17 by oxygen, but rather Because of its relevance_ to the biologi<_:al NADH reduction
an intermediate whose reductive consumption cuts the processes, the mechanism of a reaction of Hantzsch 1,4-

reaction yields in half. In a search for this reduced species ?ﬁg{groﬁrngtmgse dV\gtnhd ?Oennzglt'g?nn%Tzlgnso.r?'tlrgitgai %?%ré
we isolated all components present in the crude product ugnly studi u Involv N9 p hydr

i +_a—H+
mixture after pyridineA; was removed by filtration and g:nj;ircgglgfe:j thpeO?:r?nteor rierzﬁgzgerg_vavoulg beHmore
elucidated their structures using various NMR and MS quence- y, I - L

sensitive to the steric accessibility of the C-4 position in

(11) For a recent review, see: Lavilla, R.Chem. Soc., Perkin Trans. ComPOU”dSG_- ) . o
12002, 1141-1156. Also consistent with this mechanistic pathway are the

K %Z)J\’,VaD'(')"’I‘I?r?é DUJ'I;{Gsig’/ﬁﬁfgs?é;ogcl’mf;'é"1'_':1';7*53””Edy' D.F.Brands,  fo)|owing observations. First, performing the reactions lead-

(13) Meyers, A. I.; Ritter, J. 1. Org. Chem1958,23, 1918—1922.
(14) See: Mashraqui, S. H.; Karnik, M. Aetrahedron Lett1998,39, (15) zZhu, X.-Q.; Zou, H.-L.; Yuan, P.-W.; Liu, Y.; Cao, L.; Cheng, J.-
4895—4898 and references therein. P.J. Chem. Soc., Perkin Trans.2b00, 1857—1861.

yield of 34% practically matches that 8f, (35%). Thus, in
a clarified mechanistic route for this transformation (Figure
3), the reduction of the intermediate Knoevenagel adducts
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ing to pyridinesA under inert atmosphere in thoroughly medicinal potential. TheE,Z-mixtures of compoundg
deoxygenated ethanol has no effect on reaction outcome.themselve¥ and their analogues (e.g., U0Z28 Figure 5)
Second, yields of pyridineA are unaffected if the starting

aldehydes, malononitrile, and thiols are used in a ratio of_

1:1.5:0.5. Finally, reacting substituted malononitritesvith

R'SH in ethanol in the presence of;Htaffords enamino- ArHetAnS  CN NH2 OGN NHp
nitriles J. ﬂ SWZHW/)“S
HoN Ar
J

While these transformations are fascinating due to the NH, CN NH;
richness of chemistry involved, it is important to point out uo126
that a great number of the intermediates in these synthetic_. L . . .
. e Figure 5. Enaminonitriles investigated as potential antiinflamma-
pathways have established themselves as “privileged Me-ory agents.
dicinal structures”. In addition to the diverse medicinal utility
of the pyridinesA, 1,4-dihydropyridines of the general

with potential applications as antiinflammatory agents with

a novel mechanism of action.

In summary, one-step, three-component reactions of
structurally diverse aldehydes with various thiols and mal-
ononitrile result in the formation of substituted pyridines,

R . . . - .
EWG EWG NO, 1,4-dihydropyridines and enaminonitriles, each representing
MeO,C CO,Me o - X

|| | a privileged medicinal scaffold. Armed with a clear mecha-

EDG™ 'N” "EDG Me” N “Me nistic understanding of this intriguing process we are
R < Ar HetAr Nif:dipine pursuing further studies to uncover the reaction conditions
K antihypertensive and necessary for selective, high yielding synthesis of each one

antianginal agent of these three products.

Figure 4. Substituted 1,4-dihydropyridines as “privileged struc-
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have become a mainstay in the treatment of cardiovascula
disorders due to their ability to inhibit €aentry into the
cells of cardiac and vascular muscle. While there are already
10 therapeutic agents (e.g., nifedipine) that are based on the Supporting Information Available:
scaffoldK, extensive investigations are ongoing not only to
uncover novel pharmaceuticals but also to use these privi-
leged structures as a tool to study calcium chanffels.

Last, the enaminonitrile$that are formed as side products
in yields identical to those of pyridine& have significant

Experimental pro-
cedures and characterization of compoufgds 7 andGig—4,
copies oftH and'3C NMR spectra folE,Z-mixtureJ,, and

the complete refs 2a and 18. This material is available free
of charge via the Internet at http://pubs.acs.org.

OL052994+

(16) For a review discussing 1,4-dihydropyridines as privileged structures,
see: Triggle, D. JCell. Mol. Neurobiol 2003,23, 293—303. For a review (17) Hobbs, F. W., Jr. PCT Int. Appl. WO 2000056706 A1 20000928,
of structure—activity relationship studies, see: Goldmann, S.; Stoltefuss, 2000.

J. Angew. Chem., Int. EA 991,30, 1559—1578. (18) Duncia, J. V. et aBioorg. Med. Chem. Letl.998,8, 2839—2844.
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