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ABSTRACT

In a search for new multicomponent strategies leading to valuable small heterocycles, a new highly diastereoselective four-component reaction
(4CR) was found in which a phosphonate, nitriles, aldehydes, and isocyanoacetates combine to afford functionalized 3-isocyano-3,4-dihydro-
2-pyridones. In this strategy, initially a 1-azadiene is generated, which is trapped in the same pot by an isocyanoacetate as the fourth component.
Multicomponent reactions (MCRs) that lead to heterocycles containing isocyano substituents are unprecedented and offer many possibilities
for further differentiation.

Multicomponent reactions (MCRs) receive significant atten- access to triazinanedion&s® 2-aminothiazines9® and
tion in synthetic method developmébecause they are well-  dihydropyrimidine-2-thioned40#

suited for the easy construction of diversified arrays of, e.g., To further explore the potential of this procedure, we
valuable heterocyclic scaffoldsMethods that employ a  examined the four-component reaction (4CR) among diethyl
common reactive intermediate in a modular synthetic se- methylphosphonat#, benzonitrilel1, p-methoxybenzalde-
quence are particularly appreciated because these allow the

quick generation of scaffold diversity. We contributed to this _
area recently Wlt.h a npvel MCR that gomblnes In situ Scheme 1. 1-Azadienest in Modular Synthetic Sequences
generated 1-azadiendsvith electron-poor isocyanatésto
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afford functionalized 3,4-dihydropyrimidine-2-on@¢Scheme R o o JOJ\ "
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Table 1. One-Pot Reaction amorlg 11, 14, and Various Aldehydés
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a|solated yields? Only the 3,4-cis-diastereomer was detected intH&IMR of the crude produc€ A 1:1 mixture of diastereomers was isolatédPCP
= p-chlorophenyl; PNR= p-nitrophenyl.

hyde12, and methyl 2-isocyano-2-phenylacettd€Scheme isocyanides become easily available. For example, DHP-2-
2). The product, 3,4-dihydropyridin-2-one (3,4-DHP-2-one) ones such a&5 have great potential in the construction of
Freidinger-types-turn mimics (6)8 They contain a rigid
framework with a double bond suitable for further function-

Scheme 2. Synthesis of 3,4-DHP-2-on5 alization. The isocyano group is an excellent synthetic handle
for additional MCRs, and the free amido nitrogen is a
QMe PMP versatile anchor for derivatization. 3,4-DHP-2-ones are
Eto—ﬁ . .\ nBuli f conformationally similar to dihydropyridines and as such
B0 THF, 78 deg S have great potential as calcium channel modulatdrs.
CN ~ tort, 5h Ph™ “NH

Furthermore, they have been used extensively in the synthesis
1 11 12 13 of complex natural products.
Numerous routes to 3,4-DHP-2-ones are known. Many

j’\h involve an aza-annulation of enamines and carboxylic acid
PMP
MeO,C° NC Ph 0
14 ] NC "y )K/@,,/N/pepﬁde (4) Glasnov, T. N.; Vugts, D. J.; Koningstein, M. M.; Desai, B.; Fabian,
THE 180 P NS0 peptide Ty \é\i.SM. F.; Orru, R. V. A.; Kappe, C. OQSAR Comb. Sc2006,25, 509—
H .
(5) (a) Bon, R. S.; Hong, C.; Bouma, M. J.; Schmitz, R. F.; De Kanter,
15, 64% o 16 o F.J. J.; Lutz, M.; Spek, A. L.; Orru, R. V. AOrg. Lett.2003,5, 3759—
Freidinger-type B-turn mimic 3762. (b) Bon, R. S.; Van Vliet, B.; Sprenkels, N. E.; Schmitz, R. F.; De

Kanter, F. J. J.; Stevens, C. V.; Swart, M.; Bickelhaupt, F. M.; Groen, M.
B.; Orru, R. V. A.J. Org. Chem2005,70, 3542—3553.

. . . . . (6) Freidinger, R. M.; Veber, D. F.; Perlow, D. S.; Brooke, J. R;;
15, was isolated as a single diastereomer in good yield. In saperstein, RSciencel980,210, 656—658.

contrast to other MCRs employimg-acidic isonitriles145 (7) Ochoa, E.; Suarez, M.; Verdecia, Y.; Pita, B.; Martin, N.; Quinteiro,

. . . . . M.; Seoane, C.; Soto, J. L.; Duque, J.; PomesT&rahedron1998,54,
the isocyano group is not incorporated in the ring but stays 12409—12420.
intact. To the best of our knowledge, no MCRs have been . (8)2I§8gri49fe§.7oHé; 53u7a1rgz, M.; Pérez, R.; Petit, A.; LoupyJ étrahedron
. . ett. ,44, — .
reported that lead to heterocycles containing isocyano (9) stille, J. R.: Barta, N. SStudies in Natural Products Chemistry

substituents. In this way, synthetically very useful complex Elsevier Science: Amsterdam, 1996; Vol. 18, pp 3889.
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derivatives or nitrile$~1° Also, reactions between 1-aza- || EGTGTGTNTNGNGEGEGEEEEEEEE

dienes and oxazolonésketenes? or a-metallated acetate
derivative$® are reported. However, the possibilities for
differentiation displayed byl5 are unprecedented and
therefore we decided to investigate the scope of this novel
MCR.

The one-pot combination of various aldehydes with1,
and 14 is depicted in Table 1. The choice of aldehyde is
crucial. Aromatic and heteroaromatic aldehydes give the

expected DHP-2-ones in reasonable to excellent yield (entries

1, 2, and 4 and Scheme 2). Strongly electron-deficient
p-nitrobenzaldehyd®@1 represents an exception and leads
to a complex mixture of products (entry 3). Application of
the aliphatic aldehyde?5 results in aldol condensation
products (entry 5), but blocking the-position of the
aldehyde did not give better resul®&7( entry 6). However,

o,B-unsaturated aldehydes are suitable inputs as was dem-

onstrated usin@9 and (1R)-(—)-myrtenaBl (entries 7 and
8). In all cases, only the 3,4-cis-isomers were formed. Use
of the optically pure31 did not show any chiral induction,
so 32 was isolated as a 1:1 mixture of diastereomers.

The X-ray crystal structure &0 unambiguously confirms
the cis relationship between the isocyano group at C-3 and
the phenyl group at C-4 (Figure 1). In addition, the

Figure 1. Displacement ellipsoid plot of the centrosymmetric,
hydrogen-bonded dimer @0, drawn at the 50% probability level.
The intermolecular H---O distance is 2.009(19) A.

stereochemical relationships in all reported 3,4-DHP-2-ones
were confirmed by clear nuclear Overhauser correlations

(NOESY measurements) between the ortho protons of the

phenyl group at C-3 and the proton at C-4. Both the crystal
structure of20 and the Spartan-optimized structures of the

(10) (a) Wagman, A. S.; Wang, L.; Nuss, J. 31.0rg. Chem2000,65,
9103-9113. (b) Wang, S.; Sun, J.; Yu, G.; Hu, X; Liu, J. O.; HuQO¥xg.
Biomol. Chem.2004, 2, 1573—1574. (c) Karpov, A. S.; Rominger, F.;
Muller, T. J. J.0rg. Biomol. Chem2005,3, 4382—4391. (d) Paulvannan,
K.; Chen, T.J. Org. Chem2000,65, 6160—6166.

(11) Sain, B.; Sandhu, J. 3. Heterocycl. Cheml 986,23, 1007—1010
and references cited therein.
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Table 2. Variation of the Nitrile and Isocyanoacetate
Components

Entry Nitrile Isocyanoacetate Product Yield (dn)®!
N j’\h
I CN MeO,C” "NC 57941
33 14
i I
21 Me0,C”~ “NC 76%\]
CN
35 14
© PCP
31 Me02C~ NC 60%
CN
37
11
Ph
PCP PCP
| c
A€l Me02C~ 'NC 60%!!
CN PN o
37 H
11 29
PMP
NC 0
g © Me02C” NG i 32%
5
CN Ph7 N
40 N9 (e3snt

11

2In all reactions, phosphonagwas used. PMP= p-methoxyphenyl;
PCP= p-chlorophenyl Isolated yields¢ p-Methoxybenzaldehyd&2 was
used.? Only the 3,4-cis-diastereomer was detected intHeNMR of the
crude producté Benzaldehyd@9was used! Relative stereochemistry based
on 3J between H-3 and H-4 (12.4 Hz forans-41and 6.7 Hz forcis-41).

DHP-2-ones (B3LYP, 6-31G*) show the close proximity of
these protons in the 3,4-cis diastereomers (1.7—2.5 A)
compared to the 3,4-trans diastereomers (3.1—4.3 A).

Also, the use of different nitriles was explored. Aromatic,
heteroaromatic, and aliphatic nitriles give good results.
However, primary aliphatic nitriles should be avoided as they
are known to be less efficient in the generation of the
azadiene 3314

Finally, the isocyanoacetate component was varied. Iso-
cyanoacetat87 proved an appropriate input that efficiently
affords 3,4-DHP-2-one88 and 39, both as a single dia-
stereomer (Table 2, entries 3 and 4). The lesacidic
isocyanoacetaté0 also reacts in this 4CR and gives, under

(12) (a) Brady, W. T.; Shieh, C. Hl. Org. Chem.1983, 48, 2499—
2502. (b) Elliot, M. C.; Monk, A. E.; Kruiswijk, E.; Hibbs, D. E.; Jenkins,
R. L.; Jones, D. VSynlett1999 1379-1382. (c) Sakamoto, M.; Miyazawa,
K.; Kuwabara, K.; Tomimatsu, YHeterocyclesl 979,12, 231—237.

(13) (a) Cainelli, G.; Panunzio, M.; Giacomini, D.; Di Simone, B.;
Camerini, RSynthesi4€994,8, 805-808. (b) Hata, S.; lwasawa, T.; Iguchi,
M.; Yamada, K.; Tomioka, KSynthesi®004 9, 1471-1475. (c) Komatsu,
M.; Yamamoto, S.; Ohshiro, Y.; Agawa, Tetrahedron Lett1981,22,
3769-3772. (d) Krishnan, K.; Singh, A.; Singh, B.; Kumar, Synth.
Commun.1984,14, 219—-226.

(14) Lee, K.; Oh, D. L.Synthesis1991,3, 213—-214.
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the standard reaction conditions, the expected 3,4-DHP-2-

one4lin only 19% vyield (trans/cis= 67:33) together with Scheme 4. Possible Mechanism of the Cycloaddition
43(18%). The initially formed41 probably undergoes a fast R? R?
reaction with azadien&3 which is still present in the reaction J R? W J R?
mixture (Scheme 3). Hydrolysis of the resulting imia2 ot e CoMe — \\)’/CN\)\_CO Me
R SNH ? +H* RITCONH g
4 44 4 45
Scheme 3. Formation of Byproduct3 R2 R2
PMP PMP _ oup PMP _ ouip R® ) N
NC 13 NC " H,0 NC o 1 h NC -MeO | NC
| | | R "N ° R" "N 0O
Ph” N0 P N0 pp P N0 by H ~OMe H
H H H
46 47

41 42 43

highly diastereoselective, and versatile MCR for 3,4-DHP-

during workup/purification affords ketor&8. Formation of oY X
2-ones. Currently, further variation of thé Broup is under

43 was completely prevented using a reverse addition > X
strategy, andt1 could be obtained in 32% vyield (Table 2, investigation. Furthermqre, the upprecedeptgd 3—|sogyano-
entry 5). This shows that isocyanoacetates lacking additiona|3,4'DHP'Z-0neS are belng used in Passerini and Ugi reac-
electron-withdrawingr-substituents are sufficiently reactive  10nS, leading to new six- or seven-component reactions. The
in our MCR, which further broadens the scope. To further products will be developed toward potenttaturn mimics.

improve the reactivity and increase the yields of this type of

3,4-DHP-2-ones, Ag(l) catalysis can be considered. Acknowledgment. We thank Dr. Marek Smoluch (Vrije
The isolation of product#3 suggests that the formation of ~ Universiteit Amsterdam) for conducting (HR)MS measure-
47 proceeds via Michael-type attack of the anidb to 4 ments. This work was financially supported by the Dutch

and subsequent lactamization of the intermedi&téScheme science foundation (NWO-VICI and NWO-JC).
4). Spartan semiempircal PM3 calculations (RR? = R®

= Ph) indicate that in the reaction betweds and 4 Supporting Information Available: Experimental pro-
formation ofcis-46is favored. cedures and characterizations including a cif file. This

In conclusion, a program set up to generate scaffold material is available free of charge via the Internet at
diversity using modular synthetic sequences led to a novel, http://pubs.acs.org.

(15) Grigg, R.; Lansdell, M. I.; Thornton-Pett, M.etrahedron1999,
55, 2025—2044. 0L062204B
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