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A novel three-component annulation reaction involving N-alkylimidazoles, dimethyl acetylenedicarboxylate, and in situ generated aryl methyl
ketenes leading to the synthesis of 6-vinyl-1,3  a-diazapentalene derivatives is reported.

Since their first preparation in 190%he cyclization reactions  zole® This reaction was proposed to proceed via a formal
of ketenes have attracted enormous attention from organic[2+2] cycloaddition of zwitterions from DMAD antl-meth-
chemists not only for the interest of theoretic research but ylimidazole with the G=C bond of ketenes (Scheme 1, eq
also for the practical applicatichAlthough the adducts of ~ 1).” Herein, we report a unique three-component reaction
ketenes with pyridine or quinoline were observed almost 100
years agd,which were subsequently proved to result from
the cycloaddition of transient ketene zwitterions with another Scheme 1. Reactions of the Zwitterion Derived from DMAD
ketenet the annulation strategy via the attacking of zwitter- ~ andN-Methylimidazole with Arylketene and Aryl Methyl
ions to ketenes, which could be a multicomponent reaction, Ketene
has received little attention until now.

The reaction of nucleophiles with activated acetylenes for
C—C bond formation is of great significance in organic R=H Ar (2and(E) (M
synthesi$. We have recently described a two-component MeO2G  come g
reaction of dimethyl acetylenedicarboxylate (DMAD) with <,\?> \\\é 0
in situ generated arylketenes catalyzedNpynethylimida- 4/ A + Ar\/(C

(1) Staudinger, HChem. Ber1905,38, 1735. ,Nv,e R

(2) For reviews, see: (a) Tidwell, T. TEur. J. Org. Chem.2006 From
563. (b) Tidwell, T. T.Ketenes; John Wiley & Sons: New York, 1995. (c) R
Hyatt, J.; Raynolds, R. WOrg. React.1994,45, 159. (d) Snider, B. E.
Chem. Rev1988,88, 793. Ar”cocl

(3) Staudinger, H.; Klever, H. W.; Kober, Riebigs Ann. Cheml910,
1, 374. Three-Component

(4) (a) Wollenberg, OChem. Ber.1934,67, 1675. (b) Berson, J. A;; Annulation
Jones, W. M.J. Am. Chem. S0d.956,78, 1625.

CO,Me

H COyMe

Y

Catalytic Process

10.1021/0l061126p CCC: $33.50 ~ © 2006 American Chemical Society
Published on Web 06/08/2006



involving N-alkylimidazoles, DMAD, and in situ generated
aryl methyl ketenes leading to 6-vinyl-ha3liazapentalene
derivatives as the products (Scheme 1, e§ 2).

We started our investigations by the reaction f
methylimidazole (1a), DMAD, ang-tolyl methyl ketene,
in situ generated from-methyl p-methylphenylacetyl chlo-
ride (2a) in the presence @fPrNEt, in CHCIl, under a
nitrogen atmosphere (Table 1). Surprisingly, an annulation

Table 1. Effect of Reaction Conditions on the
Three-Component Annulation Reaction for the Synthesi3adf
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Figure 1. X-ray structure of compoundga.

entry base solvent temp (°C) time® yield (%)°

1 i-ProNEt  CHpCly  —20 ~ 20 3 58 carbon dioxide, isocyanates, and imines) resulted in six-
2 iPrNEt  CHCl, -20~40 3 56 membered rings exclusively

i zg‘;’gg: gg;CIz :Zg N (2)0 ; zg An initial survey of solvents demonstrated that £t is

5 iProNEt CHsCN —20 ~ 20 5 18 the solvent of _ch0|ce (Table 1, entries 1 and 2). It was shown
6 i-Pr,NEt  toluene  —20 ~ 20 10 0 that the reaction temperature has a dramatic effect on the
7 i-Pro2NEt  DMSO 20 10 0 yield of 3a, and the best yield was obtained when the reac-
8 EtsN CHCl;  —20 ~20 5 16 tion was carried out by dropping a mixture of acetyl chloride
9  DBU CHCl;  —-20~20 10 0 2a and DMAD to the solution ofN-methylimidazole and
aReaction conditions:la (1 mmol), DMAD (1 mmol),2a (1 mmol), i-Pr2NEt in CH,Cl, at —20 °C and raising it to room

and b_ase (1_.5 mmo_l)’.Reaction time for consuming all of the starting temperature for an additional 3 h. In contrast, the reaction
materials. Yields of isolated product. . .

was quite sluggish at lower temperature, and only trace
product3a (entry 3) was found if the reaction temperature
was kept below 0°C. Moreover, among the bases we
examinedj-Pr,NEt was proved to be the optimum base, and
the yield of product decreased significantly when another

reaction occurred with the 1,3#iazapentalene derivatida
as the product. The structural elucidation3afrested upon

NMR analysis and was unambiguously confirmed by single- i
crystal X-ray diffraction (Figure 1). base such as NEbr DBU was used (entries 8 and 9).

As ketenes typically add substrates across one of their AS, disclosed in .Table 2, the reaction was fognd to be
cumulated double bonds, the<C or C=0 bond, to yield a applicable to a variety ofi-methyl arylacetyl chlorides (2)

cyclic compound,it is noteworthy thap-tolyl methyl ketene resulﬂgg n 6-V|nyI-(:jL,Sg-I?;azapentalﬁne ierlvat|mm
acted as a one-carbon component in the annulation reactior”? Moderate to good yields, even when the aromatic group

to form a five-membered ring. Moreover, precedent for of the acetyl chloride was bulky (entries-6, 11, and 12),

trapping 1,4-zwitterions by unsaturated compounds (such aselectron-rich (entries 1, 2, and 7), or electron_-poor (_entries
4—6 and 8—10). However, the acetyl chlorides with an
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Table 2. Annulation Reaction ofN-Alkylmethylimidazole (1),
DMAD, and Acetyl Chloride2 for the Synthesis of
Compound3?

y COMe gy FPNEL £OMe
[ N, . L CHaCly, _ 7~N"\,—~CO,Me
N ‘ ‘ Ar” "COCI -20°C~rt N ==
R i
COo,Me R A
1 2 3a-n
1a:R=Me
1b: R =Et
1c:R=n-Bu
entry R Ar time (h)®  yield of 3 (%)°
1 Me 4-MeCgHy 3 3a, 58
2 Me 4-MeOCgH4 3 3b, 60
3 Me Ph 3 3¢, 55
4 Me 4-C1C¢H4 3 3d, 50
5 Me 3-ClCsH4 3 3e, 52
6 Me 2-C1CsH4 3 3f, 47
7 Me 1-naphthyl 5 3g, 53
8 Me 2,4-dichlorophenyl 5 3h, 51
9 Me 2-BrCeHy 5 3i, 46
10 Me 4-BrCgH4 5 3j, 43
11 CoHs  2-CICgHy 5 3k, 38
12 CoHs  2,4-dichlorophenyl 12 31, 42
13 n-Bu 4-MeCgHy4 10 3m, 49
14 Me 4-NO2CgHy 10 3n, <5

aReaction conditions: A mixture df (1 mmol) and DMAD (1 mmol)
was added dropwise to the solutionlofl mmol) and-Pr,NEt (1.5 mmol)
in CH.Cl, at —20 °C, then to room temperaturgéReaction time for
consuming all of the starting materiafsYield of isolated product.

Further investigation on the structureMimethylimidazole
was conducted by using 1,4- and 1,5-dimethylimidazte (
andle) instead oflain this reaction to afford corresponding
products3o and 3p in 57% and 61% yields, respectively
(Scheme 2).

Scheme 2. Annulation Reaction of Compoundsi and 1le
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Moreover, aryl ethyl ketenedf was also found to be

Scheme 3. Annulation Reaction oé-Ethyl Phenylacetyl
Chloride andla, DMAD
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is outlined in Scheme 4. Thus, the addition of tNe
alkylimidazole to DMAD affords the zwitterio®, and the

Scheme 4. Proposed Mechanism for the Formation of
6-Vinyl-1,3a-diazapentalene Derivativ8s
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latter can further attack the in situ generated aryl methyl
ketene leading to zwitterionic speciéand8. Presumably,
for steric reasons, the following cyclization of zwitteri@n
is forbidden. Instead, an intramolecular proton transfer from
the a-methyl group to the oxygen anion &fproceeds to
form intermediate9 via an umpolung carbonyl anidh
nucleophilic attack on the imidazolium ring. Finally, the
elimination of water from9 yields the 6-vinyl-1,3a-diaza-
pentalene derivativ8.

In conclusion, a novel, three-component cyclization in-
volving N-alkylimidazole, DMAD, and in situ generated aryl

applicable to this reaction. For example, phenyl ethyl ketene, methyl ketenes leading to the preparation of 6-vinyl-1,3a-
generated in situ from the corresponding acetyl chloride, diazapentalene derivatives has been reported. It is ascertained

reacted smoothly wittN-methylimidazolela and DMAD
to afford the unstable produ®&q, which could be fur-
ther reduced to compoun8l in an overall yield of 51%
(Scheme 3).

that the whole tandem reaction sequence pivots on the
addition of a 1,4-zwitterion to ketenes, and tieéd of aryl
methyl ketenes plays a decisive role in the cyclization step.
Further studies will focus on the development of related

The mechanism of this novel annulation reaction has not transformations to exploit the unique structure and reactivity
been unequivocally established, but one reasonable possibilityof ketene chemistry.
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