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ABSTRACT
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N-Heterocyclic carbene as an efficient organic catalyst was employed to catalyze an intramolecular nucleophilic substitution reaction. When
R? was a phenyl group, the cyclization process underwent isomerization, leading to generation of benzofuranone.

Efficient and selective organocatalytic transformations have upon the addition of a nucleophilic catalyst. Although the
been intensely investigated and have attracted a great deatlevelopment of these carbonyl anion addition reactions has
of attention in the past decadeEhey are becoming powerful  received significant attentiotf, nucleophilic substitution
tools in the construction of complex molecular skeletons. reactions catalyzed by NHC have received considerably less.
N-Heterocyclic carbenes (NHCs) generated in situ from There have been only a few reports on the application of
thiazolium salts and triazolium salts in the presence of a weakNHCs to these types of organocatalytic transformatfons.

base have been known for a long tiféstablished catalytic
reactions include the benz8iand Stetter reactiofin which

carbonyl units of aldehydes are converted into nucleophiles
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and benzofuranones. In this process, a carbonyl anionthe activity of catalysts was also examined. The thiazolium
catalyzed by NHC was utilized to attach to a suitable leaving salt 1 was found to be superior to the thiazolium s2k
group. Benzopyrones and benzofuranones were obtainedvhereas the Herrmann imidazolium salf proved to be
when the reaction occurred intramolecularly (Scheme 1). inactive in the intramolecular nucleophilic substitution reac-
tion (entry 7). Subsequent optimization indicated that DBU
was the optimum base, and the reaction was accelerated by
increased amount of DBU. It was found that the reaction
proceeded better in the presence of 25 mol % catélgsid
70 mol % DBU at 160°C.1*

With the optimal experimental conditions, the scope of
the nucleophilic substitution reaction catalyzed by NHC was

2o
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1% explored using a series of aromatic aldehydes (Table 2).
R
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Scheme 1. Intramolecular Nucleophilic Substitution Reaction
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According to the traditional approach of analogous nucleo- R
philic substitution reaction, the carbonyl anions could be  entry? aldehyde time product  yield (%)
formed from corresponding aldehydes by thioacetalization.
However, the conventional methods are mostly noncatalytic CHO
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4 5
CHO
entry® solvent base catalyst temp time (h) yield (%) 6 CEO o 12h no reaction 0
0s
1 THF DBU 1 reflux 24 50 13
2 THF NEt3 1 reflux 24 46 CHO
3 CHCl, DBU 1  reflux 24 <5 /@[ 5 roreacion o
4 CH;O0H DBU 1 reflux 24 <5 T HyCO o “Tos 120
5 benzene DBU 1 reflux 12 58 14
6 xylene  DBU 1 reflux 4h 72
7 xylene  DBU 3 reflux 12 0
8  xylene DBU 2 reflux 12 56 a All reactions were performed on a 0.5 mmol scale at 0.02 Mhen
9%  THF DBU 1 140 °C 4 62 the leaving group was chlorine or bromine, prodbietas obtained in low
10> CHyCl, DBU 1 140 °C 4 <5 yield.

a All reactions were performed on a 0.5 mmol scale at 0.02 Whe
experiment was conducted in a sealed tube. . .
Reaction of aldehydesand9 provided benzopyronesand

10 in moderate yield. In the case of aldehydé&, the

screened. THF and benzene gave the product in moderatdransformation was rather sluggish, and the corresponding
yield (entries 1, 2, and 5), and the use of 4 or CH;OH
as solvents provided little or none of the desired product (b)(a_(a) ﬁttlzug YS Toli/_ot\e}, TI Ima?a, };Ehfmbc%mrguaooa %1314.T

. P iyashita, A.; Suzuki, Y.; Iwamoto, K. L.; Oishi, E.; Higashino, T.
(entries 3 and 4). An initial survey of solvents demonstrated Heterocyclesl998 49, 405. (c) Miyashita, A.; Suzuki, ¥.; lwamoto, K. L.

that xylene was the solvent of choice (entry 6). Furthermore, Chem. Pharm. Bull199§ 46, 390.
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Scheme 2. Survey of Another Aldehyde Substrate
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obtained, perhaps as a result of the steric congestion that
the carbonyl anion encountered when approaching the
sulfonate unit. In this process, any trace of the corresponding
acyloin dimmers was not observed.

To investigate the impact of structural variations on the
aromatic aldehyde substrate for this process, subdttatas
prepared and underwent the reaction (Scheme 2).

A significant exception was noted; when aldehyldavas
subjected to these reaction conditions, benzofuraiéres
the main product was isolated in 82% yield. None of the
prospective flavanong7 was observed. The result suggested

benzopyrone was afforded in only 48% yield after prolonged that the process underwent an isomerization that delivered
reaction time. Presumably, it was ascribed to the electronic the product benzofuranone.

effects.p-OMe depressed the electrophilicity of aldehyde,

To examine the generality of the methodology, another

and this made the additon of the catalyst to the carbonyl five analogous aldehyde substrates were scrutinized (Table

disadvantageous. When thé gtoup was methyl or phenyl

3). Aldehydesdl8, 20, 22, and24reacted in a similar fashion

(entries 6 and 7), the corresponding products were notto give satisfactory yields of the product benzofurandifs
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a All reactions were performed on a 0.5 mmol scale at 0.02 M.
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21, 23, and 25, and none of the flavanones was detected.

Nevertheless, aldehyds still gave product in poor yielé?
Several experiments producing benzofuranones supported

the postulated catalytic cycle outlined in Scheme 3. First,

Scheme 3. Postulated Catalytic Cycle for Benzofuranone
Formation
CHO
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the ion pairll may be formed under these reaction conditions,
and the carbon cation rearranged to give the more stable

(8) Organic chemists found recourse in the conversion of aldehyde into
umpolung reagents such as dithianes and protected cyanohydrin derivatives,
which may be converted into the derived carbanionic species with a strong
base in traditional way.

(9) Stetter, HAngew. Chem., Int. EA.976 15, 639.
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intermediatelll . Then, the carbene catalyst added to investigations into the precise mechanism of this reaction
aromatic aldehyddll to form intermediateVl, which as well as the use of chiral carbenes as organocatalysts in
underwent deprotonation to the thiazole-enamifie. Fi- other asymmetric reaction are currently underway in our
nally, the umpolung aldehyde attached to the electrophilic laboratory.
center, leading to benzofuranone formihg followed by
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