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A novel one-pot procedure for the three-component coupling reaction of isocyanates, aldehydes, and dienophiles (IAD reaction) has been
developed. Condensation of isocyanates and aldehydes and subsequent Diels —Alder reactions with electron-deficient dienophiles furnishes
endo-selective amino-substituted cyclohexenes in good yield.

The development of multicomponent (MCR)nd domino |

reactiond is an important topic in organic chemistry. Scheme 1. Schematic Representation of the AAD, ANAD,

Compared to the classical step-by-step formation of indi- ALAD Reaction Protocols
vidual bonds for a given target molecule, MCRs or domino 0 o o e
reactions take advantage of the simultaneous formation of RN, @ R OTR! XR! g
several bonds in only one operational step. In the past decade # G
research in academia and industry has increasingly empha w1
sized the use of MCRs for a broad range of prodécts. e

On the basis of our interest in carbonylation reactions, we
developed novel catalysts for three- and four-component { 0 o
coupling reactions, such as the hydroaminomethylation of ., e Ry o o Rl o
olefins' and the amidocarbonylation of aldehyde®n the |§'~ L | W “ & wllw
basis of the latter work,we discovered novel coupling = o o RN TR
reactions ofaldehydes,amides, anddienophiles (AAD itk o -l on e
reaction) for the straightforward synthesis of a large variety / \
of carbo- and heterocyclic amidé#\s shown in Scheme 1, - — ‘
the underlying mechanism takes advantage of an initial . "l\ R‘_f LH X R7H-L,“N
condensation reaction of amides and aldehydes to give R"T";k”. = }N_\fﬁ b 8
amido-substituted 1,3-butadienes as key intermediates, whick ¥ T\, .y ol "

are subsequently converted with electron-deficient dieno-
philes to the corresponding MCR products. Earlier on, several
groups have demonstrated the versatility of isolated amido- Preparation of highly substituted anilinEsbicyclo[2.2.2]-
functionalized 1,3-butadienes for Dielélder chemistry? oct-2-enes; enantiomerically pure cyclohexendfs,and
Prominent examples include the preparation of pumiliotdxin, Cyclohexenylamine¥; phthalic acids,’ luminoles;® phenan-
gephyrotoxint® dendrobiné! and tabersonin®. — -

Furthermore, we have demonstrated the synthetic useful-Bie(rfgﬁé'?ﬂﬂ"ﬂginféi ‘é{{"g;ﬁ,rggnfvg_?Qgﬁm'iti?&,i‘ffﬁ%ﬁ?’ 3321060%,55)
ness ofin situ produced 1-amido-1,3-butadienes in the 3321.
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thridonest® as well as lactam derivatives. More recently, this ||| |GGG
type of three-component coupling reaction of aldehydes and e 1. IsocyanateAldehydeDienophile (IAD) Model
dienophiles could be extended from amides to anhydrides Reaction

(ANAD reaction), and ortho esters (ALAD reactioff).
Covering this broad range of substrates, the generality of ©\NH

the method has already been demonstrated in the synthesi 0 8 7
of more than 200 carbo- and heterocyclic compounds. Here, N=C=0 * /\)J\H A . N—
we wish to report the extension of our previous protocols to o 4 O
multicomponent coupling reactions of isocyanates;-

P piing reac . yanates aldehyde T t yield
unsaturated aldehydes, and dienophiles for the straightfor- entry solvent (equiv) ¢C) ) %)
ward synthesis of 1-amino-2-cyclohexene derivatives. Al-

1 toluene 1.5 110 16 11
(2) (a) Tietze, L. FChem. Re»1996,96, 115. (b) Posner, G. KChem. 2 NMP 1.5 110 16 48
Rev.1986,86, 831. (c) Armstrong, R. W.; Combs, A. P.; Tempest, P. A,; 3 MeCN 1.5 110 16 55
Brown, S. D.; Keating, S. AAcc. Chem. Redl996,29, 9, 123. Recent 4 1.4-dioxane 1.5 110 16 67
examples of transition-metal-catalyzed domino reactions from our group: o ’
(d) Khedkar, V.; Tillack, A.; Michalik, M.; Beller, M.Tetrahedron Lett. 5 1,4-dioxane L5 80 16 39
2004,45, 3123. (e) Moballigh, A.; Jackstell, R.; Beller, Metrahedron 6 1,4-dioxane 3 110 16 68
Lett. 2004,45, 869. 7 1,4-dioxane 1.5 110 8 54
(3) For selected recent examples see: (a) Vugts, D. J.; Jansen, H.; 8 1.4-dioxane 1.5 110 2 71

Schmitz, R. H.; de Kanter, F. J. J.; Orru, R. V. £&hem. Commun. .
2003, 2594. (b) Frey, R.; Galbraith, S. G.; Guelfi, S.; Lamberth, C.; Zeller, 9 1,4-dioxane L5 110 40 65
M. Synlett 2003 1536. (c) Hulme, C.; Gore, VCurr. Med. Chem.
2003 10, 51. (d) Dyker, G.; Breitenstein, K.; Henkel, Getrahedron:
Asymmetry2002 13, 1929. (e) Gamez-Montano, R.; Gonzalez-Zamora,
E.; Potier, P.; Zhu, J. PTetrahedron2002 58, 6351. (f) Zimmer, R.;
Ziemer, A.; Gruner, M.; Brudgam, |.; Hartl, H.; Reissig, H. Bynthesis
2001, 1649. . . . . .

(4) (a) Seayad, A. M.; Ahmed, A.; Klein, H.; Jackstell, R.; Gross, T.; though isocyanides have been extensively used in various
gellgr,lll\ﬂ.sﬂegcfoozc i97, 16576(.2gggAf11r2nSedi£;1 ?eayad,A. M.; Jackstel,  MCRs, especially the Ugi reactidf,to the best of our

.; Beller, M.J. Am. Chem. So ,125, .

(5) () Enzmann, A.; Eckert, M.; Ponikwar, W.; Polborn, K.; Schneider- kn0W|edge' there are Only a few reported examples of

bauer, S.; Beller, M.; Beck, VEur. J. Inorg. Chem2004 1330. (b) Gordes, multicomponent or domino reactions applying isocyan#tes.
D.; Neumann, H.; Jacobi von Wangelin, A.; Fischer, C.; Drauz, K, i ; 0
Krimmer, H.-P.; Beller, MAAdv. Synth. Catal2003,345, 510. (c) Beller, On the basis .Of Olflr standard reaction protocol (2 mol %
M.; Eckert, M.Angew. Chem., Int. E2000,39, 1010. p-toluenesulfonic acid monohydrate, toluene, 16 h, 4@p

(6) Gordes, D.; Jacobi von Wangelin, A; Klaus, S.; Neumann, H.; for the ANAD reaction, we initially examined the conversion

triibing, D.; H ., Jiao, H.; B W.; Bell _Biomol. .
ggg,;_”;dm'z gﬁg?f'5'3'3°' » Baumann, W.; Beller,®g. Biomo of phenyl isocyanate, crotonaldehyde, axemethylmale-

(7) (2) Neumann, H.; Jacobi von Wangelin, A.; Gérdes, D.; Spannenberg, imide as a model reaction. To our surprise, we did not

A.; Beller, M.J. Am. Chem. So2001, 123 8398. (b) Jacobi von Wangelin, i

A.; Neumann, H.; Gérdes, D.; Spannenberg, A.; BellerQvy. Lett.2001, observe any e_xpected carbamate after work up; instead, the

3, 2895. thermodynamically more stable compound 3a,4,7,7a-tetrahy-
(8) (a) Janey, J. M.; lwama, T.; Kozmin, S. A; Rawal, V. H.0rg. dro-2-methyl-4-(phenylamino)kisoindole-1,3-diond was

Chem.2000, 65, 9059. (b) Smith, M. BOrg. Prep. Proc. Int.1990, 22, . . 0 . .

315. (c) Overman, L. E.; Freerks, R. L.; Petty, C. B.; Clizbe, L. A.; Ono, obtained in 11% yield (Table 1, entry 1). As shown in

R. K.; Taylor, G. F.; Jessup, P.J. Am. Chem. S0d981,103, 2816. (d) Scheme 2, the formation df can be explained either by

For antibody catalysis, see: Tremblay, M. R.; Dickerson, T. J.; Janda, K. : - "

D. Ady. Syn{h. Catal2001 343, 677, decarboxylation of the carbamoyl-derived cycloaddition
(9) (a) Oppolzer, W.; Fréstl, W.; Weber, H.-Fely. Chim. Actal975, adductB or by the decomposition of intermediate In the

58, 593. (b) Oppolzer, W.; Flaskamp, Hely. Chim. Actal977,60, 204.

(c) Overman, L. E.; Jessup, P.Tetrahedron Lett1977,14, 1253.

1983,105, 5373.

aReaction conditions: phenyl isocyanate (2 mmol), crotonaldehydé (3
mmol), N-methylmaleimide (3 mmolp-TSA (2 mol %), solvent (8 mL).

(11) (a) Martin, S. F.; Li, W.J. Org. Chem1989,54, 268. (b) Martin, Scheme 2. Formation of 3a,4,7,7a-Tetrahydro-2-methyl-4-
S. F.; Li, W.J. Org. Chem1991,56, 642. (phenylamino)-2H-isoindole-1,3-diorte

(12) (a) Kozmin, S. A.; Rawal, V. HJ. Am. Chem. Sod998, 120, "
13523. (b) Kozmin, S. A.; lwama, T.; Huang, Y.; Rawal, V. H. Am. ¢
Chem. So0c2002,124, 4628. @x(@i"f

(13) Neumann, H.; Jacobi von Wangelin, A.; Klaus, S.; Stribing, D.; L " g o

Gordes, D.; Beller, MAngew. Chem., Int. E®003,42, 4503.
(14) stribing, D.; Jacobi von Wangelin, A.; Neumann, H.; Gordes, D.;
Hubner, S.; Klaus, S.; Spannenberg, A.; Beller, Bur. J. Org. Chem.

2005, 107.

(15) Stribing, D.; Kirschner, A.; Neumann, H.; Klaus, S.; Bornscheuer, [ }
U. T.; Beller, M. Chem.—Eur. J2005,11, 4210. ceco - it 9

(16) Stribing, D.; Neumann, H.; Klaus, S.; Jacobi von Wangelin, A,; QN oy Q\Nkfm

Gordes, D.; Beller, M.; Braiuca, P.; Ebert, C.; Gardossi, L.; Kragl, U.

Tetrahedron2004,60, 683. )
(17) Neumann, H.; Jacobi von Wangelin, A.; Gérdes, D.; Klaus, S.; Jiao, g

H.; Spannenberg, A.; Beller, M.; Kriiger, T.; Wendler, C.; Thurow, K., Stoll,

-CO,

N. Chem.—Eur. J2003,9, 2273. [ ) } [ CL }
(18) Neumann, H.; Klaus, S.; Klawonn, M.; Striibing, D.; Hibner, S.; NS | S
Gordes, D.; Jacobi von Wangelin, A.; Beller, M. Naturforsch. Teil B b ¢
2004,59, 431.
(19) Jacobi von Wangelin, A.; Neumann, H.; Gordes, D.; Hiubner, S.;

Wendler, C.; Klaus, S.; Strubing, D.; Spannenberg, A.; Jiao, H.; El Firdoussi,
L.; Thurow, K.; Stoll, N.; Beller, M.Synthesi005, 2029.
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Table 2. Synthesis of Various IAD Produéts
entry isocyanate aldehyde dienophile TAD product yield [%]
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aReaction conditions: isocyanate (5 mmal)s-unsaturated aldehyde (7.5 mmol), dienophile (7.5 mnpl)SA (2 mol %), 1,4-dioxane (20 mL), 110
°C, 24 h.P Reaction mixture was stirred for 48 hMaleic acid anhydride (5 mmol}. Acrylonitrile (40 mmol).

latter case, an acid-catalyzed nucleophilic attack of the in inverse Diels—Alder reactions remained unsuccessful.
carbamate nitrogen to the O-carbamoyl-substituted carboninterestingly, there is no 6-phenylamino-substituted isoindole-
atom would directly cause the formation & via an 1,3-dioneE observed. Hence, the decarboxylation does not
intramolecular decarboxylation. Experiments to prove the take place in the form of a pericyclic rearrangement.
existence oD by trapping it with electron-rich dienophiles  Changing the solvent th-methyl-2-pyrrolidinone, acetoni-
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trile, and 1,4-dioxane led to significantly improved yields reported AAD reaction protocol using benzamidNote-

of 1 (48, 55, and 67%, respectively) (Table 1, entriest®. worthy, the synthesized isoindole-1,3-diong&s 9) are useful
This beneficial effect might be explained by the capability precursors for heteroanalogous derivatives of marine anti-
of polar, aprotic solvents to enable aldehyde condensationbacterial metabolites, such as corollospoffi€o study the
with phenyl isocyanate at a higher reaction rate. Due to the influence of other dienophiles, we employed acrylonitrile and
superior properties of dioxane, we studied variations of the maleic acid anhydride as substrates. The corresponding
reaction conditions in this solvent. Selected results are shownproducts10 and 11 were isolated in 76 and 51% vyield,

in Table 1. Decreasing of the temperature to°80gave a respectively (Table 2, entries 11 and 12). In the cast0of
lowered yield (39%, Table 1, entry 5). Increasing the con- we observed the exclusive formation of the bicyclic adduct,
centration of crotonaldehyde led to a slightly higher yield caused by a subsequent intramolecular amidation.

of 1 (68%, Table 1, entry 6). Similarly, at longer reaction  For all products, one- and two-dimensional NMR experi-
times (24 h), an improved yield (71%) was obtained. ments established the stereochemical structure. In all cases,

Noteworthy, the direct use of aniline as a more atom we observe the selectivendo addition of the dienophile
economic substrate resulted only in traces of the model during the Diels—Alder step.

substratel (<3% yield). . _ In summary, we have synthesized new 1-amino-2-cyclo-
Next, we were interested in applying the novel protocol heyene derivatives in good yield, taking advantage of the
for other starting materials. Therefore, a variety cof3- multicomponent coupling reaction of isocyanates, aldehydes,
unsaturated aldehydes were reacted with phenyl isocyanate,nq dienophiles (IAD reaction). Although up to four stereo-
andN-methylmaleimide. As a result, differently substituted  genjc centers are created, only one diastereomer is formed
phenylaminocyclohexenes were obtained in good yields gg|ectively. The described methodology constitutes the most
ranging from 64 to 75% (Table 2, entries-2). The use of  gimple and direct high-yield approach to this class of
2-methoxyphenylisocyanate resulted in 72% vyield for 4-(2- compounds.
methoxyphenylamino)-3a,4,7,7a-tetrahydro-2-methyi-2
isoindole-1,3-dione8 (Table 2, entry 9). Unfortunately, Acknowledgment. The authors thank S. Giertz, S.
n-butyl isocyanate did not react in the desired manner (Table g,,cholz. C. Mewes. Dr. C. Fischer. and Dr. W. Baumann
2, entry 8)% Application of benzoyl isocyanate as starting (5| |fOK) for excellent assistance. General financial support

material afforded the corresponding amido-substituted cy- o the State of Mecklenburg-Vorpommern, BMBF, and
clohexene in low yield of 12% (Table 2, entry 10). However, rc|is gratefully acknowledged. ’ '

this latter compound is readily accessible by our previously

(20) Ugi, 1. Pure Appl. Chem2001,73, 187 Supporting Information Available: Experimental pro-
(21) For some other applications of i’socyanates in multicomponent or cedures and full spectroscopic data for all new compounds.

domino reactions, see: (a) Takahashi, T.; Tsai, F. Y.; KotoraJNam. This material is available free of charge via the Internet at
Chem. S0c2000,122, 4994. (b) Takahashi, T.; Tsai, F. Y.; Li, Y.; Wang, htto://oub
H.; Kondo, Y.; Yamanaka, M.; Nakajima, K.; Kotora, M. Am. Chem. p://pubs.acs.org.

S0c.2002,124, 5059. (c) Shibata, I.; Kato, H.; Kanazawa, N.; Yasuda, M.;

Baba, A.J. Am. Chem. So2004,126, 466. (d) Bhuyan, P. J.; Borah, H.

N.; Sandhu, J. STetrahedron Lett2002,43, 895. OL051343A
(22) To investigate the influence of alkyl-substituted isocyanates, we

employed also cyclohexyl isocyanate. Unfortunately, there was no desired

product formed. Most likely, the differences in reactivity of alkyl and aryl (23) (a) Liberra, K.; Jansen, R.; Lindequist, Rharmazie2005 53, 578.

isocyanates are due to the higher electrophilic character of the latter ones.(b) Ohzeki, T.; Mori, K.Biosci. Biotechnol. Biochen2001,65, 172.
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