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A New Multicomponent Coupling of Aldehydes, Scheme 1.Proposed Mechanism for the Formation1gf and
Amides, and Dienophiles: Atom-Efficient One-Pot Recently Reported Palladium-Catalyzed Amidocarbonylation
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With regard to green chemistry, atom-efficient transformations o
of easily available starting materials into complex organic building o 2 e [ 0 o }
MH R

blocks become increasingly importédnHere, multicomponent
coupling reactions which directly yield the desired products via

domino or tandem reaction sequences offer significant advantages 1 .

over stepwise procedurésDomino reactions based on Diels RN

Alder chemistry are important examples for such sustainable B i
methodologies.However, the intricate access to functionalized ﬁ'\)NiAN i e z'QNHY\NJOLRZ
1,3-dienes often is the major drawback to a practical use of these R CH

reactions. 4

On the basis of transition metal-catalyzed carbonylations, we
were recently able to develop multicomponent coupling reactions 1,3-butadienes in efficient preparations of highly functionalized
for the synthesis of varioubl-acyl o-amino acid$ and hydan- cyclohexene and cyclohexadiene derivatives.
toins® To apply the former on an industrial pilot-plant scale, we On the basis of our initial observation, preliminary studies
investigated the palladium-catalyzed amidocarbonylatiof focused on the condensation reaction of propionaldehyde and
propionaldehyde with acetamide and observed the formation of acetamide toward. Interestingly, product formation showed a
1-N-acetylamino-2-methyl-1,3-pentadierie {ith R = R? = Me) significant solvent dependence. In toluene, chloroform, and
as a byproduct<{5%) when significantly decreasing the catalyst ethanol, the reaction merely afforded the corresponding aminal
concentration ([Pdk 0.1 mol %). Obviously,l does not form 3. Employment ofN-methylpyrrolidinone (NMP) or DMF proved
via a palladium-catalyzed reaction path but upon simple conden- pivotal for the desired procedure and gdvia substantial yield
sation of two molecules of propionaldehyde with acetamide (20—30%). Addition of catalytic amounts gi-toluenesulfonic

(Scheme 1). acid as well as stoichiometric amounts of acetic anhydride
Several groups have elegantly demonstrated the syntheticconsiderably accelerated the reaction. The optimized set of con-
versatility of numerous organic systems involving Diefdder ditions, with the molar ratio aldehyde/amide surprisingly being

chemistry with 1-acylamino-1,3-diene$){ and many of them  1/1, gavel (R'= R?>= Me) in 50% yield* at 80°C. Aldehydes
have been exploited for the synthesis of amino functionalized and amides with bulkier substituents (e.g}=RPhCH, i-Pr; R
natural product& However, access tt? often relies upon several = Ph) required higher temperatures and longer reaction times to
reaction steps, crucially lowering its synthetic value. To the best convert the predominantly formed 1,3-bis(acylamino)but-1-ene
of our knowledge, no precedented use of in situ synthesized derivatives 4) into target molecules.
1-acylamino-1,3-butadiene derivativeld {n cycloaddition reac- Since formation ofl proceeds via several equilibrium steps
tions has been communicated. Here, we report an optimized set(Scheme 1), we envisaged its use in domino reaction sequences
of conditiong® for the direct condensation of simple aldehydes Wwith an irreversible last step, which would be advantageous by
and amides and in situ employment of the resulting 1-acylamino- shifting the equilibria well to the right. Therefore, sub-

- 0T YR sequent DielsAlder reactions were studied with electron-
T ot B M Sienea 991254 LTL ()Tt B M. ITarsion  deficient alkenes and alkynes. Indeed, in situ trapping with
Weinheim, 1998; p 1. various dienophiles afforded the corresponding cyclohexene

(2) (a) Tietze, L. FChem. Re. 1996 96, 115. (b) BienayrheH.; Hulme, derivatives (Scheme'd in excellent yields £€92%). The inherent
C.; Oddon, G.; Schmitt, RChem. Eur. J200Q 6, 3321.

(3) WinKier. J. D.Chem. Re. 1996 96, 167. selective .telpmer.|zat|qn of two aldehydes with one gmlgie
(4) (a) Beller, M.; Eckert, MAngew. Chem., Int. E200Q 39, 1010. (b) molecule in high yields is especially remarkable when considering
Beller, M.; Moradi, W.; Eckert, M.; Neumann, H.etrahedron Lett1999 the numerous side reactions which likely proceed under these

40, 4523. (c) Beller, M.; Eckert, M.; Moradi, WSynlett1999 108. (d) Beller,

M. Eckert, M.: Geissler, H.. Napierski, B.. Rebenstock, H.-P.; Holla, E. W. conditions (further aldol condensations, oligomerizations).

Chem. Eur. J1998 4, 935. (e) Beller, M.; Eckert, M.; Holla, E. . Org. Ubiquitous available acetamide, 1,1-dimethyl urea, and ben-
Chem.199§ 63, 5658. ] zamide were employed as acylamine equivalents and reacted in
|nt.(5|’—:)d?§g%g W Eckert, M.; Moradi, W. A.; Neumann, Hngew. Chem., 3 one-pot procedure with several linear and branched aliphatic
(6) Not all possible isomers and double bond isomers are depicted. aldehydes and the dienophiles. In no case were hetero-Diels
(7) (a) Bochu, C.; Couture, A.; Grandclaudon JPOrg. Chem1988 53, Alder adducts isolated. Tablé2lsummarizes the synthesis of a
(MRS S o e SR, seres of perta-substtute cyclohexenes,prepared i a one -t
M.: Janda, K. D.J. Am. Chem. Sod.995 117 7041. procedure by cycloadding maleimide to in situ prepared
(8) (a) Overman, L. E.; Jessup, P Tétrahedron Lett1977, 18, 1253. (b) amidodienedl.
g?\’/?e?tm(féf)"’v%ér%; '—Sesg'ﬁsl_? \I/DV,J Hgfg"g?]tgﬁqﬂfgg’f-s%hgz“é S0d.983 105 Reactions with maleimide selectively led to taedoadducts,
©) (@) Oppolier; W.; Frstl, W. Helv. Chim. Actal975 58, 587. (b) verifying that only thes-cis-1E,3E-dienamide isomer cyclized in

Overman, L. E.; Clizbe, L. AJ. Am. Chem. Sod 976 98, 2352, 8295. (c) Diels—Alder fashion. However, we cannot exclude the existence
Overman, L. E.; Taylor, G. F.; Petty, C. B.; Jessup, B. Org. Chem1978

43, 2164. (11) (a) Exclusive formation of alkans-1 (R = R? = Me). (b) GC yield.
(10) Aldehyde, amide, dienophile, 4@ (each 15 mmol)p-TSA-H,0 (1.5 (12) (a) Products are racemic mixtures of one diastereomer. Only one
mol %), NMP (10 mL);>20 h, >80 °C. enantiomer is depicted. (b) Given yields are not optimized.
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Scheme 2.Diels-Alder Trapping of Intermediate
1-Acylamino-1,3-butadienes ()

Table 2. Multicomponent Coupling with Other Dienophifés
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bond. Although up to four stereogenic centers are created, only
one diastereomer was isolatéd—H and'H—3C NMR spectra

as well as'H—H coupling patterns unambiguously established
the constitutions and conformationsn@g of all Diels—Alder
adducts. In addition, we were able to confirm the structurof

by X-ray analysis# Owing to theendoaddition of the dienophile

to the 1E,3E-amidodiene, all substituents on the cyclohexene ring
of 20 aresynwhich results in a crown-like structure.
Initial efforts have been undertaken with regard to diastereo-

of equilibrating isomeric dienamides under the reaction conditions
(Scheme 1j? DFT calculation&* on the model reaction df (R'= selective multicomponent coupling reactions. Employment of
R?= Me) with maleimide align with the experimental observa- chiral a,8-unsaturated\-acyl oxazolidinone$ as dienophiles
tions. The boatlikeendotransition state is about 8 kcal/mol more  yielded the corresponding cyclohexene derivative with stereose-
stable than the correspondirexo transition state, kinetically lectivities (de) of>90%?27
favoring theendopathway by 18 Furthermore, thendoadduct The described methodology constitutes the most simple and
is thermodynamically stabilized with respect to #isomer. direct high-yield approach to a variety of amino functionalized
Conversions were usually accomplished after 20 h. Sterically cyclohexene and cyclohexadiene derivatives. To the best of our
more demanding 3-methylbutyraldehyde and, surprisingly, knowledge, this reaction sequence is the first example of a
acetaldehyde required longer reaction times for complete conver-multicomponent coupling of aldehydes, amides, and olefins (or
sion @, 5). On the other hand, reactivéN-dimethyl urea allowed  alkynes). The ubiquitous, off-shelf starting materials readily react
for an efficient coupling at lower reaction temperaturg3 (4). even in the presence of air or water.
Next, we extended the procedure to other dienophiles (TaBle 2
Dialkyl acetylenedicarboxylates afforded the corresponding  Acknowledgment. We thank Dr. Haijun Jiao (Universit&rlangen)
1-acylamino cyclohexa-2,4-diene derivatives in good yields( for providing computations and the state of Mecklenburg-Vorpommern
19). Formation of these dienes proceeds via concomitant double@nd the Degussa-HRIAG for financial support.
bond shift to give a conjugated diene moiety. Reaction with
acrylonitrile, as an “asymmetric” dienophile, selectively gave the
“ortho” cyano-substituted produ20. Analogous employment of
maleic anhydride as dienophile afforded rearranged prodicts
and 22. These bicyclic structures are generated by subsequent
intramolecular amidatidf of one carboxylic moiety. This pro-
cedure allows for a facile and direct synthesis of this class of  g,550rting Information Available: Details on experimentations
bicyclic compounds for the first time. analyses, computations, crystal data (PDF). Crystallographic files in CIF
The presented new multicomponent reaction features theformat. This material is available free of charge via the Internet at
formation of three carboncarbon bonds and one carbemitrogen http://pubs.acs.org.
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Note Added after ASAP.There were errors in the references
cited in the version posted ASAP August 2, 2001. Reference 12
is cited after Scheme 1 and not ref 15. Reference 14 is cited after
DFT in footnote 13 and not ref 15. The corrected version was
posted August 7, 2001.

(13) (a) DFT calculations on all possible isomers b{R! = R? = Me)
point to an almost exclusive>@5%, referenced to thermodynamic equilibra-
tion) presence of the atransisomer. (b) For bulkier substituents (R Me),
the alltransisomer might likely be less favored. Consistently, synthesds of
with R* = Et, iPr gave two double bond isomers.

(14) For more details see Supporting Information.

(15) Kvita, V.; Sauter, H.; Rihs, Gdelv. Chim. Actal983 66, 2769.

(16) According to: Evans, D. A.; Chapman, K. T.; Bisahal. Am. Chem.
Soc.1988 110 1238.

(17) Reaction of 49-5-(2-propenoyl)-4-(phenylmethyl)-2-oxazolidinone
with benzamide and octanal, and subsequent silica gel chromatography gave
only one diastereomer in 28% yield (d¢e90%, by‘H NMR).



