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ABSTRACT

We describe here a direct, efficient, one-step construction of

y,y-difunctionalized  y-butyrolactones from benzoins or benzaldehydes via a

tandem reaction promoted by 1,3-dimethyl imidazolin-2-ylidene, an N-heterocyclic carbene (NHC).

Since the isolation and characterization of the stable N-

heterocyclic carbene (NHC) species by Arduehigal991,
there has been considerable atterttiimen to exploring and

multicomponent reactions (MCRs) were reported by Nair
and Ma’ respectively.
Having been fascinated by the attractive characteristics of

developing NHC-mediated organic transformations such asNHCs, we decided to investigate the reaction of benzbén (

benzoin condensatiohStetter reactiod,and transesterifi-

cation® Recently, several successful cases of NHC-triggered
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Scheme 1. Reaction of Benzoin with Methyl Acrylate
Catalyzed by Imidazolin-2-ylidene
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dimethyl imidazolin-2-ylidene (20 mol %) generated in situ
by deprotonating 1,3-dimethylimidazolium iodide (DMII)
with an appropriate base. As the original objective, we
speculated that an equilibrium-driven, tandem retro-benzoin
condensation/Stetter reaction would take place to furnish 1,4-
ketoesterA. As a matter of fact, when potassiutert-

Table 1. Reaction of Various Benzoins with Methyl Acrylate
Catalyzed by Imidazolin-2-ylidefie

oH /+R /YOMe ) z :_R
X = © N =
1 2
entry R time (h) product yield® (%)

1 H 6 2a8a8b 76
2 p-Br 8 2b 65
3 0-Cl 8 2¢ 60
4 m-Cl 8 2d 72
5 p-Cl 8 2e 67
6 p-F 8 2fsb 70
7 m-Me 8 2g 62
8 p-Me 8 2h 60
9 p-MeO 44 28 32

a|solated yield.

results, we tend to believe that the role of DMII should not

butoxide was chosen as a base and the reaction was run ilkPe merely to provide a counterion. It is also noteworthy that

THF containing 4 A molecular sieves (MS) at room
temperature for 6 h, a formal [3 2] cyclization product,
y-benzoyly-phenyl«-butyrolactoné (2a), was formed in
76% yield. The 1,4-ketoestérwas not isolable at all. Simply
switching the base from potassiuert-butoxide to sodium
hydride caused the chemical yield to drop to 65% after the
mixture was allowed to react for 8 h. In contrast, with
triethylamine used as the base, no desirgbleityrolactone
product was generated after 10 h of stirring in THF or
dichloromethane as the solvent. The preserfcé & MS
seemed to exert a favorable effect on the NHC-mediated
formal [3 + 2] cyclization. With potassiurntert-butoxide as
the base, the-lactone was afforded in only 53% (10 h) in
the absence of 4 A MS. Furthermore, the presence of DMII
was found to be crucial for the formal [8 2] cyclization
since potassiurtert-butoxide or sodium hydride alone could
not drive the transformation to proceed, which indicated that
the NHC might be the catalytic species required for the
tandem reaction. This was further confirmed by the fact that

an excess of methyl acrylate (20 equiv) was introduced into
the system in order to ensure a reasonably clean transforma-
tion by inhibiting possible side reactions.

To examine the generality of the methodology, another
eight benzoin substrates were scrutinized (Table 1). The
following observations have been made. (i) The benzoins
with substituents of F, Cl, Br, or Me on the phenyl rings
gave they-butyrolactone products in similar and moderate
yields (60-72%, entries 28) that were slightly lower than
those given by the parent molecule benzoin itself (76%, entry
1). The substitution pattern on the phenyl rings apparently
affects the reaction to some extent. With the same substituent
of Cl on the phenyl rings, the chemical yields of the products
were discovered to be slightly different and seemed to follow
a trend ofo- < p- < m- (entries 3-5). A similar trend was
observed with methyl-substituted benzoins as well<{ m-,
entries 7 and 8). (ii) In the case of 4dimethoxybenzoin,
the transformation was rather sluggish, and the corresponding
y-butyrolactone was afforded in only 32% vyield after

no reaction occurred even after 12 h at room temperature inprolonged reaction time (44 h, entry 9). (iii) The reaction

the presence of DMII without addition of potassiuert-
butoxide or sodium hydride. On the basis of our experimental

(8) Ruthenium carbonyl-mediated cycloaddition was reported to lead to
the samey-butyrolactone. See: (a) Chatani, N.; Tobisu, M.; Asaumi, T.;
Fukumoto, Y.; Murai, SJ. Am. Chem. S0d.999,121, 7160. (b) Tobisu,

M.; Chatani, N.; Asaumi, T.; Amako, K.; le, Y.; Fukumoto, Y.; Murai, S.
J. Am. Chem. So2000,122, 12663.

(9) General Procedure.A mixture of 1,3-dimethylimidazolium iodide
(0.22 mmol) and potassiutert-butoxide (0.2 mmol) in THF (4 mL) was
stirred at room temperature undes fér 45 min [Note: The reaction time
(45 min) for carbene generation was consistent with those reported in the

literature. The carbene species are reportedly quite stable, and some of them

are actually isolable. See: (i) Ref 5a. (ii) Arduengo, A. J., lll; Dias, H. V.
R.; Harlow, R. L.; Kline, M.J. Am. Chem. Sod992, 114, 5530. (iii)
Burstein, C.; Glorius, FAngew. Chem., Int. E®2004,43, 6205]. Then, 4

A MS (500 mg), benzoin (1 mmol), and methyl acrylate (1.8 mL, 20 mmol)
were added, and the resulting mixture was stirred for the indicated time.

seems to be very sensitive to the identity of the Michael
acceptors. Replacement of methyl acrylate with methyl
methacrylate (3), crotonate (4), or cinnaméaigresulted in
no formation of the correspondingbutyrolactones (Figure
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Figure 1.

The reaction mixture was passed through a short pad of Celite, and the . : : :
solvent was evaporated under reduced pressure to afford a residue that was At this stage, the precise reaction mechanism for the

purified by flash column chromatography on silica gel to give the product. current efficient transformation remains puzzling to us. As
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Scheme 2 Table 2. Reaction of Various Aromatic Aldehydes with
OM Methyl Acrylate Catalyzed by Imidazolin-2-ylideHe
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1a HO / 2 entry R time (h) product yield? (%)
1 H 6 2a82.8b 72
7 2 p-Br 8 2b 54
3 0-Cl 8 2¢ 45
4 m-Cl 8 2d 65
. . . . 5 -Cl 8 2 60
outlined in Scheme 2, the-butyrolactone formation might 6 ﬁ_F 3 22% 59
result either from tandem transesterification/intramolecular 7 m-Me 8 2g 56
Michael addition (path a, via intermedigdgor from tandem 8 p-Me 8 2h 53

Michael addition/lactonization realized by intramolecular 9 p-MeO 44 2i8b 27
transesterification (path b, via intermedidfe The isolation

of 6 and/or7 would be highly useful for us to gain certain
detailed mechanistic insights into the current methodology.

However, this attempt has not proved to be successful SO0verall synthetic efficiency was further enhanced. The

far Qesplte our aCt'V? endeavors. _ lowered yields might be accounted for in part by the fact
Since NHC species are known to catalyze benzoin ynar 6189 of unreacted benzaldehydes could be recovered
condensatiod,we next turned our attention to probing the 54 4—20% of benzoins could be isolated as well.
feasibility of directly converting benzaldehydes intebu- In summary, we have described a one-step assembly of
tyrolactones in the presence of 1,3-dimethyl imidazolin-2- ., ,,_qifunctionalizedy-butyrolactones from benzoins or ben-
ylidene and methyl acrylate. To our delight, benzaldehyde 75 4ehydes via a tandem reaction promoted by 1,3-dimethyl
and its derivatives could indeed give rise)tg-difunction- imiqazolin-2-ylidene that showcased the unique utility of
alized y-butyrolactones presumably via initial benzoin \_peterocyclic carbene species. Our direct, efficient, NHC-
formation followed by the above-mentioned tandem reaction. aqiated protocol should find applications in organic
Although the chemical yields (4572%, except a 27% yield synthesis.
obtained for 4-methoxybenzaldehyde as the starting material)
were found to be somewhat lower than those of the Acknowledgment. We thank NSFC (No. 20372073),
STCSM (“Venus” Program, No. 02QB14058), Ministry of
(10) General Procedure A mixture of 1,3-dimethyl-imidazolium iodide ~ HUMan Resources of PRC, and Bureau of Tobacco of PRC
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reaction mixture was stirred for the indicated time. The reaction mixture acterization of compoundﬁa evg'h' This material is avail-
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corresponding transformations from benzoins (Table 2), the
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