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ABSTRACT

Michael-type addition of aziridinecarboxylates to 1,2-diaza-1,3-butadienes under solvent-free conditions (SFC) resulted in the formation of
o-aziridinohydrazone adducts. In toluene under reflux, a-aziridinohydrazones gave imidazoles in moderate to good yields. Such a reactivity
pattern is explained by 1,5-electrocyclization of azavinyl azomethine ylide generated through thermal ring opening of a-aziridinohydrazones.

In the charming panorama of ylides, azomethine ylides || R NN

represent a particular case of useful intermediates in organic
synthesis. Based on his pioneer studies, in 1963 Huisgen @, 1,3-dipolar

7 ) . ~ ' cycloaddition R
disclosed the existence of 1,3-dipoles and opened the route RN + | — N@ M
to 1,3-dipolar cycloadditionsBoth intra- and intermolecular ©
1,3-dipolar cycloadditions of simple azomethine ylides with
dipolarophiles lead to five-membered heterocycles containing R@N// 1,5-electrocyclization R
one nitrogen atom, namely pyrrolidine or pyrroline deriva- / - N\Q @

tives (Figure 1, eq 13.When a double bond or a 1,3-diene ©

system is conjugated with the azomethine ylide, five-

(pyrroline) or seven-membered (dihydroazepine) heterocycles R@NO 1,7-slectrocyclization R
can be obtained by 1,5- or 1,7-electrocyclization, respectively o 7 N_ |

(Figure 1, egs 2 and 3).
Figure 1. Typical reactivity patterns of azomethine ylides.
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Indeed, aziridines represent a versatile class of building
blocks for a wide range of synthetic applicatidngheir
chemistry is characterized by the relatively high ring strain,
which results in the easy cleavage of the carboitro-
gen bond by nucleophilédé.However, aziridines are also
known to react by thermal or photochemical electrocyclic

ring-opening at the carbon—carbon bond to give azometh-

necarboxylatea—cto 1,2-diaza-1,3-butadiendsa—e. In

particular, we expected that-aziridinohydrazone adducts

3a—k would undergo aziridine ring-opening and subsequent

intramolecular ring-closirfe to tetrahydropyrazines through

a formal [3+ 3] intramolecular cycloaddition.
1,4-Conjugate addition of aziridin€&a—cto the azo-ene

system of 1,2-diaza-1,3-butadieries—eunder solvent free

ine ylides and represent useful precursors of such highly conditions (SFC) at 65°C afforded the corresponding
reactive species. Hence, aziridines can be considered asi-aziridinohydrazone8a—k in excellent yields (Scheme 1,

masked 1,3-dipoles that can undergo either inter- or intra-
molecular [3+ 2] cycloadditions with a range of dipolaro-
philes to yield five-membered nitrogen-containing hetero-
cycles®7

Scheme 1. Synthesis ofx-Aziridinohydrazone8a—k and
Subsequent 1,5-Electrocyclization to Imidazoles-k

On the other hand, 1,2-diaza-1,3-butadienes have been

extensively investigated by several authors as building blocks

in organic synthesi%In fact, these compounds act as efficient

regioselective Michael acceptors and give rise to a large

variety of acyclic or heterocyclic products by means of

various subsequent intramolecular cyclizations where three

atoms (C—C=N) of the azo-ene system are frequently
involved.

As part of our ongoing interest in this chemistry, we
decided to investigate the Michael-type addition of aziridi-

(2) (a) Huisgen, R. I1,3-Dipolar Cycloaddition Chemistry; Padwa, A.,
Ed.; Wiley: New York, 1984; Vol. 1, pp £177. (b) Tufariello, J. J. In
1,3-Dipolar Cycloaddition Chemistry?adwa, A., Ed.; Wiley: Chichester,
UK, 1984; Vol. 2, pp 83-168. (c) Tsuge, O.; Kanemasa /&lv. Heterocycl.
Chem.1989,45, 231—349. (d) Lown, J. W. It,3-Dipolar Cycloaddition
Chemistry; Padwa, A., Ed.; Wiley: New York, 1984; Vol. 1, pp 6532.

(e) Gothelf, K. V.; Jgrgensen, K. AChem. Re»1998,98, 863—909. (f)
Harwood, L. M.; Vickers, R. J. InThe Chemistry of Heterocyclic
Compounds: Synthetic Applications of 1,3-Dipolar Cycloaddition Chemistry
toward Heterocycles and Natural ProductBadwa, A., Pearson, W. H.,
Eds.; Wiley and Sons: New York, 2002; Vol. 59, pp 16%62. (g) Najera,

C.; Sansano, J. MCurr. Org. Chem2003,7, 1105—1150. (h) Coldham,

I.; Hufton, R.Chem. Rev2005,105, 2765—2809.

(3) Eberbach, W. IrScience of Synthesis: Houben-Weyl Methods of
Molecular Transformations; Padwa, A., Bellus, D., Eds.; Thieme Verlag:
Stuttgart, 2004; Vol. 27, pp 441498. For a specific review on conjugated
azomethine ylides, see: Pinho e Melo, T. M. V. Bur. J. Org. Chem.
2006, 2873—2888.

(4) (@) Tanner, DAngew. Chem., Int. Ed. Engl994, 33, 599—-619.
(b) Davis, F. A.; McCoull, W.Synthesi®000, 1347—1365. (c) Sweeney,
J. B. Chem. Soc. Re 2002 31, 247-258. (d) Dahanukar, V. H.;
Zavialov, I. A. Curr. Opin. Drug Discaery Dev».2002,5, 918—927. (e)
Aziridines and Epoxides in Organic Synthesis; Yudin, A. K., Ed.; Wiley-
VCH: Weinheim, Germany, 2006. (f) Hu, X. Hetrahedron2004, 60,
2701—-2743.

(5) (a) Deshong, P.; Kell, D. A;; Sidler, D. R. Org. Chem1985,50,
2309—-2315. (b) Henke, B. R.; Kouklis, A. J.; Heathcock, C.JHOrg.
Chem.1992,57, 7056—7066. (c) Garner, P.; Dogan,; @oungs, W. J.;
Kennedy, V. O.; Protasiewicz, J.; Zaniewsky, Retrahedron2001, 57,
71-85.

(6) (@) Maggini, M.; Scorrano, G.; Prato, M. Am. Chem. S0d.993,
115, 9798—-9799. (b) Ungureanu, 1.; Klotz, P.; Mann,Angew. Chem.,
Int. Ed. 2000,39, 4615—4617.

(7) For recent developments, see: (a) Pohlhaus, P. D.; Bowman, R. K.;
Johnson, J. SJ. Am. Chem. SoQ004,126, 2294—2295. (b) Yadav, V.
K.; Sriramurthy, V.J. Am. Chem. So2005,127, 16366—16367.

(8) (a) Figuereido, L. J. O.; Kascheres,JCOrg. Chem1997,62, 1164~
1167. (b) Caposcialli, N.; Dell'Erba, C.; Novi, M.; Petrillo, G.; Tavani, C.
Tetrahedron1998,54, 5315—5324. (c) Schantl, J. G.; Nader®. Synlett
1998, 786—788. (d) South, M. S. Heterocycl. Chem1999, 36, 301—
319. (e) Boeckman, R. K., Jr.; Ge, P.; Reed, JOH. Lett.2001, 3, 3651~
3653. (f) Avalos, M.; Babiano, R.; Cintas, P.; Clemente, F. R.; Gordillo,
R.; Jiménez, J. L.; Palacios, J. £.0rg. Chem2002,67, 2241—2251. (g)
Palacios, F.; Aparicio, D.; Lépez, Y.; de los Santos, J. Tétrahedron
2005,61, 2815-2830. (h) Yang, H.-T.; Wang, G.-W.; Xu, Y.; Huang, J.-
C. Tetrahedron Lett2006 47, 4129-4231. (i) Kim, M.; Gais, H.-JJ. Org.
Chem.2006,71, 4642—4650. (j) Attanasi, O. A.; Favi, G.; Filippone, P.;
Lillini, S.; Mantellini, F.; Spinelli, D.; Stenta, MAdv. Synth. Catal2006,
349, 907—-915.
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Table 1). Surprisingly, however, treatment of addBzs-k

in toluene under reflux resulted in the unexpected for-
mation of imidazolesta—k!®in good yields (Scheme 1,
Table 1).

The formation of the imidazole ring can be rationalized
as shown in Scheme 2. Thermolytic cleavage of the aziridine
C—C bond in adduct8a—k affords azomethine ylid@,
whose formation is favored by the stabilizing effect of the

(9) Applications of aziridinecarboxylates have been reviewed recently;
see: (a) Zhou, P.; Chen, B.-C.; Davis, F. A.Aairidines and Epoxides in
Organic Synthesis; Yudin, A. K., Ed.; Wiley-VCH: Weinheim, Germany,
2006; pp 73-116. (b) Cardillo, G.; Gentilucci, L.; Tolomelli, AAldrichim.
Acta2003,36, 39-50. (c) Lee, W. K.; Ha, H.-JAldrichim. Acta2003,36,
57—63.

(10) A representative procedure is the preparation of 3-methoxycarbo-
nylmethyl-5-methyl-2-phenyl-3H-4-imidazolecarboxylic acid methyl ester
(48). A mixture of 1,2-diaza-1,3-butadierta (204 mg, 1.1 mmol) and
aziridine2a (177 mg, 1.0 mmol) was stirred under solvent-free conditions
at 65°C. After disappearance of aziridirga (3.5 h, monitored by TLC),
the crude mixture was purified by column chromatography on silica gel
using cyclohexane—ethyl acetate (30:70 v/v) as the eluant to afford adduct
3a as a mixture of inseparable isomers in (97%); white sdiid;NMR
(CDClz, 400 MHz) 6 1.90 and 1.99 (s, 3H), 2.73 and 3.30 (s, 1H), 2.98
and 3.61 (dJ = 2.4 Hz, 1H), 3.66-3.82 (m, 9H), 4.44 and 4.74 (s, 1H),
7.23—7.35 (m, 5H), 7.70 and 7.74 (s, 1H5C NMR (CDCk, 100 MHz)6
12.0, 42.6 and 45.3, 46.5 and 47.8, 52.4, 52.6, 53.0, 68.3 and 68.5, 126.1,
126.6 and 127.8, 128.4 and 128.5, 137.3, 147.8 and 148.4, 154.1, 169.2
and 169.6; IR (Nujoly 3295, 1750, 1727, 1717 cri MS (El) m/z363
(M*, 6), 289 (80), 257 (25), 176 (48), 116 (100). Anal. Calcd for
Ci17H21N30s: C, 56.19; H, 5.83; N, 11.56. Found: C, 56.03; H, 5.89; N,
11.41. A solution ofx-aziridinohydrazon&a (182 mg, 0.5 mmol) in toluene
(25 mL) was heated at reflux until disappearance of the starting material
(6.5 h, monitored by TLC). After evaporation under reduced pressure,
purification by silica gel chromatography (cyclohexarethyl acetate 55:

45 v/v) yielded imidazoleta as a white solid (60%): mp 8589 °C; H

NMR (CDCl;, 400 MHz) 6 2.56 (s, 3H), 3.82 (s, 3H), 3.87 (s, 3H), 4.92
(s, 2H), 7.44—7.55 (m, 5H%3C NMR (CDCk, 100 MHz) 6 15.7, 48.4,
51.4,52.6, 119.6, 128.9, 129.1, 129.3, 130.0, 147.7, 151.5, 161.9, 168.9;
IR (Nujol) v = 1743, 1692 cm?; MS (El) m/z288 (M", 100), 256 (30),

229 (62), 198 (21), 169 (16). Anal. Calcd forgE16N204: C, 62.49; H,
5.59; N, 9.72. Found: C, 62.35; H, 5.68; N, 9.57.

(11) The structure of compounds—k was confirmed by mono-(,
13C) and bidimensional (COSY, HMQC, HMBC) NMR analysis and by
mass spectroscopy (see the Supporting Information).
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Table 1. Synthesis ofx-Aziridinohydrazones8a—k and Imidazolegta—k

1,2-diaza-1,3-butadiene 1 aziridine 2 o-aziridinohydrazone 3 imidazole 4
entry 1 R R! R? 2 R3 R* 3 time (h)  yield®c (%) 4 time (h)  yield®* (%)
1 la Me Me OMe 2a¢ Ph H 3a 3.5 97 4a 6.5 60
2 la Me Me OMe 2b H COz:Me 3b 7 92 4b 21 56
3 1b Et Me OEt 2a¢ Ph H 3c 8 85 4c 19 82
4 1b Et Me OEt 2b H COz:Me  3d 5 76 4d 12.5 42
5 1b Et Me OEt 2¢ H Ph 3e 2.5 96 4e 19 57
6 lc t-Bu Me NEts 2a¢ Ph H 3f 5 81 4f 12 57
7 lc t-Bu Me NEte 2b H CO:Me 3g 4 75 4g 12 61
8 lc t-Bu Me NEte 2¢ H Ph 3h 3 78 4h 10 58
9 1d Me Et OMe 2ad Ph H 3i 3 97 4i 17 52
10 le Et Et OMe 2b H COs:Me  3j 3 71 4j 11 41
11 le Et Et OMe 2c H Ph 3k 2.5 94 4k 11 53

aThe reaction was conducted under solvent-free conditions (SFC) using 1.1 mmol of 1,2-diaza-1,3-butadienes and 1.0 mmol of aziriti@sadlh 65
temperature)? The reaction was carried out in refluxing toluene on a 0.5 mmol sé#elated yield after silica gel chromatograpBylrans isomer.

adjacent electron-withdrawing methoxycarbonyl grouggs).
The latter would also assist tautomeric equilibration of ylide
A to azavinyl azomethine ylidB, which is also stabilized

dition product. In this case, by contrast, aziridine-derived
azomethine ylides participate only with two ring atoms
(C—N) in the 1,5-electrocyclization, while the 1,2-diaza-1,3-

by the adjacent carbonyl group. Subsequently, 1,5-electro-butadiene partner provides the remaining three heteroring

cyclic ring closure of conjugated ylid8 results in the
formation of 2,3-dihydroimidazol€. In turn, aromatization

atoms (C—C—N) to the final imidazole.
To the best of our knowledge, such a reactivity of

with concomitant loss of a carbamate residue by cleavageaziridine-derived azomethine ylides is unprecedented and

of the N—N bond affords imidazole$a—k (Scheme 2).
Thermolytic C-C bond cleavage of aziridines to azome-
thine ylides has been utilized for the preparation of five-
membered nitrogen-containing rings by either inter- or
intramolecular [3+ 2] cycloadditions of 1,3-dipoles with
dipolarophile€~7 In such reactions, all three atoms of the
parent aziridine ring are incorporated in the final cycload-

Scheme 2. Postulated Mechanism for the Formation of
Imidazoles4a—k via 1,5-Electrocyclization of Azavinyl
Azomethine YlideB
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represents the first example of 1,5-electrocyclization of
azavinyl azomethine ylides where direct® bond forma-
tion occurs, instead of the observed C bond formation in
1,5-electrocyclizations of vinyl azomethine ylideshis
particular behavior permits a new and original access to
substituted imidazoles.

Indeed, imidazole rings occur in a large number of natural
product$?® and pharmacologically active molecufésThey
also behave as ligands in metalloenzythesid nonnatural
metal complexe¥ FurthermorepL-1-(1-arylalkyl)imidazole-
5-carboxylic acid esters were shown to possess strong
hypnotic propertied’ Despite the variety of synthetic ap-

(12) (a) Padwa, A. IComprehensive Organic Synthesis; Trost, B. M.,
Fleming, I., Eds.; Pergamon: Oxford, 1991; Vol. 4, pp 1069—1109. (b)
Coldham, I.; Collis, A. J.; Mould, R. J.; Robinson, D. Synthesis 995,
1147-1150. (c) Dell, C. PJ. Chem. Soc., Perkin Trans.1B98, 3873—
3905.

(13) (a) Jin, Z.Nat. Prod. Rep2006, 23, 464—496. (b) De Luca, L.
Curr. Med. Chem2006,13, 1-23. (c) Jin, Z.Nat. Prod. Rep2005, 22,
196—229. (d) Jin, ZNat. Prod. Rep2003,20, 584—605. (e) Jin, Z.; Li,
Z.; Huang, RNat. Prod. Rep2002,19, 454—476. (f) Grimmett, M. R. In
Comprehensive Heterocyclic Chemistry IlI; Katritzky, A. R., Rees, C. W.,
Scriven, E. F. V., Eds.; Pergamon Press: Oxford, 1996; Vol. 3, pp 77
220.

(14) (a) Carini, D. J.; Duncia, J. V.; Johnson, A. L.; Chiu, A. T.; Price,
W. A.; Wong, P. C.; Timmermans, P. B. M. W. Med. Chem1990, 33,
1330—1336. (b) Lee, J. C.; Laydon, J. T.; McDonnell, P. C.; Gallagher, T.
F.; Kumar, S.; Green, D.; McNulty, D.; Blumenthal, M. J.; Keys, J. R.;
Landvatter, S. W.; Strickler, J. E.; McLaughlin, M. M.; Siemens, |. R,;
Fisher, S. M.; Livi, G. P.; White, J. R.; Adams, J. L.; Young, P Nature
1994,372, 739—746. (c) Atwell, G. J.; Fan, J.-Y.; Tan, K.; Denny, W. A.
J. Med. Chem1998,41, 4744—A4754.

(15) (a) Vallee, B. L.; Auld, D. SBiochemistry1990,29, 5647—5659.
(b) Holm, R. H.; Kennepohl, P.; Solomon, EGhem. Re. 1996 96, 2239
2314.

(16) (a) Cotton, F. A.; Wilkinson, G.; Murillo, C. A.; Bochmann, M.
Adwanced Inorganic Chemistryiley: New York, 1999. (b) Liu, J.; Zhao,
Y.; Zhou, Y.; Li, L.; Zhang, T. Y.; Zhang, HOrg. Biomol. Chem2003,1,
3227-3231. (c) Omotowa, B. A.; Shreeve, J. Birganometallics2004,

23, 783—791.
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J. Org. Chem1966,31, 806—808. R.; Lansdell, M. I.; Thornton-Pett, Ml etrahedron1999,55, 2025—2044.

(18) For reviews on the chemistry of imidazoles, see: (a) Grimmett, M. (b) Mandair, G. S.; Light, M.; Russell, A.; Hursthouse, M.; Bradley, M.
R. In Advances in Heterocyclic Chemistry; Katritzky, A. R., Boulton, A.  Tetrahedron Lett2002 43, 4267-4269. (c) Zhong, Y.-L.; Lee, J.; Reamer,
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