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Two unprecedented multicomponent reactions of N-heterocyclic carbenes involving activated acetylenes and aldehydes are described.

Ever since Breslow’s original demonstration of the remark- species, we envisioned the possibility of initiating MCRs by
able catalytic properties of N-heterocyclic carbenes (NHCs), NHCs, and our effort in this area led to the first application
the bold but unsuccessful attempt to synthesize an NHC by of these species in MCRs (Scheme'2).

Wanzlick? and the more recent isolation of stable NHCs by
Arduenga? these species have attracted considerable attentio

from organic chemists. Their role as excellent ligands for Scheme 1
transition metatsand their ability to efficiently catalyze a R
number of organic reactions, most notably benzoin conden- [ N\>@C]®
sation! transesterificatiof, aldol reaction, and Michael N\R 1
Stetter reactiofy has contributed significantly to the enor-
. . . . NaH, THF, Ar, rt,
mous interest in NHCs. There is also a growing awareness cHO 12 h. 65%
of their potential application as reagetitsorganic reactions ¢0Me
as illustrated by their participation in 1,3-dipolar cycload- @\ | —— =
ditions’ and [4+ 1] cycloaddition reaction¥ Cl co,Me [r\'@ P cl
In the context of our interest in multicomponent reactions . 12(24“. 3th oheny) '\fa 4 NF? CoMe
MCRs)! triggered by nucleophilic carbenes and related =~ =% menyRneny = :
( J* trigg y P NaH, THF, Ar, i, <_N 07N -CO,Me
30 min, 80% R H
T This paper is dedicated with best wishes to Professor Dr. Henning Hopf 6

on the occasion of his 65th birthday.
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ity of imidazolin-2-ylidene and imidazol-2-ylidene toward acti- a 13C resonance signal ab 165.1 supporting the IR

vated acetylenes and aldehydes. The resulting novel multi-absorption at 1723 cm.

component reactions are the subject of this communication. A variety of aromatic aldehydes were found to be suitable
Our studies commenced with exposure teft-butyl- candidates for aminofuran synthesis, and methyl phenylpro-

substituted imidazolin-2-ylidene, generated by the deproto- piolate was found to be a suitable acetylenic component. The

nation of corresponding imidazolinium S4I® using NaH
in dry toluene, with methyl phenylpropiolate and 4-triflu-
oromethyl benzaldehyde at 9C. The reaction afforded the
aminofuran derivativelOain good yield (Scheme 2.
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The structure of the productOa was established by
spectroscopic and X-ray analysis (Figure')The car-

Figure 1. Single-crystal X-ray structure of compouid@a.

bomethoxy protons resonated as a singled & 63 while

the methylene protons displayed two separate sets of triplets,

centered ad 3.12 (J= 6.5 Hz) andd 2.37 (J= 6.5 Hz), in
the '"H NMR spectrum. The ester carbonyl group displayed
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2298

results are summarized in Table 1.

Table 1.
R Ph E Ph
[N\g-DC]®+ | | + /=0 Toluene, NaH I—g\ /\/NHR
N R’ 90°C,24h,Ar R o N
\ R
R E E =-CO,Me
9 8 7b-h 10b-h R=-Bu
entry aldehyde product yield (%)
1 R’ = 3,4-dichlorophenyl, 7b 10b 53
2 R'= 4-chlorophenyl, 7c 10c 55
3 R’ = 4-bromophenyl, 7d 10d 65
4 R’ = phenyl, 7e 10e 47
5 R’ = 4-methylphenyl, 7f 10f 40
6 R' = 4-fluorophenyl, 7g 10g 54
7 R' = 2-thienyl, 7h 10h 55

Encouraged by the results obtained witbrt-butyl-
substituted imidazolin-2-ylidene, we turned our attention to
1,3-ditert-butylimidazol-2-ylidene. To our surprise, the car-
bene formed in situ failed to react with methyl phenylpropio-
late and aldehydes. However, the reaction of the carbene with
dimethyl acetylenedicarboxylate (DMAD) and 4-fluoroben-
zaldehyde proceeded smoothly to deliver an acyclic four-
component adduct3ain 52% yield (Scheme 3.
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The structure of the product3a was established by
spectroscopic analysis. Four methoxycarbonyl groups reso-
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A variety of aldehydes were found to be suitable partners
in the reaction, and the results are summarized in Table 2.

Table 2.
E
R v
hi@ © i THF, NaH Ef\rR
N\ClI =le} , Na
[N> Cl T A Ry NROPE
\ —/  E
R E E =-CO,Me
12 3 11b-i 13b-i R=-Bu
entry aldehyde product yield (%)
1 R' = 3,4-dichlorophenyl, 11b 13b 56
2 R'= 3-chlorophenyl, 11¢ 13c 52
3 R’ = 4-bromophenyl, 11d 13d 51
4 R’ = 4-trifluoro methylphenyl, 11e 13e 65
5 R' = 4-nitrophenyl, 11f 13f 45
6 R = l-naphthyl, 11g 13g 51
7 R' = 4-methylphenyl, 11h 13h 20
Figure 2. Single-crystal X-ray structure of compoun@a. 8  R'=2-thienyl, 11i 13i 30

nated ato 3.78, 3.77, 3.52, and 3.42 in thi NMR It is especially noteworthy that both olefinic bonds created

spectrum. The ester carbonyl groups displa§&dresonance in the reaction are formed with complete stereoselectivity.
signals atd 169.3, 165.5, 163.9, and 163.1 supporting the The two reactions described here may be rationalized by
IR absorption at 1742 cm. The olefinic proton was considering the stereoelectronic features of the carbene and
discernible a® 4.96. The final proof for the structure and the dipolar intermediates generated during the course of the
stereochemistry was obtained from single-crystal X-ray reactions (Scheme 4). The imidazolin-2-ylidene adds first

analysis (Figure 2).

(11) (a) Nair, V.; Rajesh, C.; Vinod, A. U.; Bindu, S.; Sreekanth, A. R.; Scheme 4
Balagopal, L.Acc. Chem. Re2003, 36, 899. (b) Nair, V.; Bindu, S.;
Sreekumar, V.; Balagopal, ISynthesi2003, 1446. R Ph R
(12) Nair, V.; Bindu, S.; Sreekumar, V.; Rath, N.®rg. Lett.2003,5, @ [N . [ /\@
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(13) Arduengo, A. J., lll; Krafczyk, R.; Schmutzler, Retrahedror.999 Pa‘ha N pathb
55, 14523.

(14) Representative experimental procedure and spectral data: NaH (20 )\ 14 )\
mg, 0.84 mmol) was added to a suspension of the carbene pre@yi2i o7, O R
mg, 0.56 mmol) in dry toluene under argon atmosphere. This was followed )
by the addition of methyl phenylpropiolate (68 mg, 0.42 mmol) and the N%
aldehydera (50 mg, 0.28 mmol), and the resulting solution was stirred for T ph R@ E
24 h at 90 °C. The reaction mixture was then passed through a short pad tN>—§/E [

e

Inl

of Celite. After removal of the solvent, the residue was subjected to R
chromatography on a neutral alumina column using 80:20 hexazikyl

acetate solvent mixture to affortDa (84 mg, 58%) as a white crystalline R=-1Bu
solid. Mp: 105-106 °C. IR (KBr) vmax 2969, 1723, 1619, 1506, 1326, E =-CO,Me E
1164, 1130, 1104, 1023, 864, 697 ch'H NMR ¢: 7.89 (d,J = 9.0 Hz, ‘ NaH I
2H), 7.66 (d,J = 9.0 Hz, 2H) 7.39-7.25 (m, 6H), 3.63 (s, 3H), 3.12 {, E

= 6.5 Hz, 2H), 2.37 (tJ = 6.5 Hz, 2H), 1.21 (s, 9H), 0.89 (s, OHFC R Ph _ O)?
X

N

\

NMR o: 165.1, 152.6, 148.6, 140.3, 133.3, 132.1, 130.0, 129.0, 127.8, N E R(;%
127.3,127.0,125.2,120.2, 115.6, 109.3, 108.2, 56.9, 51.6, 50.3, 48.6, 41.4, [ [ M
28.5, 28.3, 27.3. HRMS (El): calcd fors6HssFsN203 516.2599, found >
516.2600. CCDC file no. 266011. 20N
structurel0a'’ for this compound. One of the reviewers cast doubt on our

structure assignment and suggested that we should get X-ray data on this

compound. On the basis of the single-crystal X-ray data, we have now Ph f\(
revised the structure t®0a, which is an isomeric relationship i@a’. The M ~_NHR

mechanistic postulation has also been modified. It may be mentioned that R’ N

the spectroscopic data cannot distinguish the two structures. The insightful 10a-h R
suggestion of the reviewer prompting us to obtain single-crystal X-ray data,
which led to the correct structure assignment, is gratefully acknowledged.

MeO,C R/ “NHR

(15) On the basis of spectroscopic data, we had originally suggested the \

13a-i

to activated acetylene to form a dipdl®. The latter then

o 7\ undergoes a dipolar cycloaddition/cyclization with aldehyde
o to form the intermediatd 7, which in turn opens to form
10a' CFs aminofuran derivative$0a—h. The dipolar intermediate8
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generated by the reaction dft and3 adds to the aldehyde In conclusion, we have uncovered two new multicompo-

to form an alkoxide intermediatid. This alkoxidel9 under- nent reactions; the first one constitutes a facile synthesis of
goes nucleophilic addition to DMAD to form the zwitterionic ~ substituted aminofuran derivatives and the second reaction
intermediate20. The latter then stabilizes through an internal is a three-reagent, pseudo-four-component process leading

proton abstraction furnishing the produdi3a—i. to novel diene derivatives. The tunable reactivity of the car-
bene observed here may be useful for the synthesis of de-
(16) Representative Experimental Procedure and Spectral DataNaH signer oligomers and heterocycles with interesting properties.

(28 mg, 1.2 mmol) was added to a suspension of the carbene preg@rsor - : e
(172 mg, 0.80 mmol) in dry THF under argon atmosphere. This was ACknOWIe_dgmem' We thank the Council _Of SCIQntIfIC?
followed by the addition of DMAD (114 mg, 0.80 mmol) and the aldehyde and Industrial Research (CSIR), New Delhi, for financial
11a (50 mg, 0.40 mmol), and the resulting solution was stirred for 12 h. assistance

The reaction mixture was then passed through a short pad of Celite. After ’

removal of the solvent, the residue was subjected to chromatography on a Supporting Information Available: Detailed synthetic

neutral alumina column using 30:70 hexanethyl acetate solvent mixture . .
to afford 13a (93 mg, 52%) as a red crystalline solid. Mp: 23235 °C. procedures and spectroscopic characterization of compounds

IR (KBr) vmai 2929, 1742, 1636, 1563, 1444, 1346, 1212, 1139, 1056, and single-crystal X-ray data of compoubh@and13a This

906, 643 cm. IH NMR ¢: 7.29—7.17 (m, 4H), 6.956.90 (m, 2H), 4.96 L7 : ;
(s, TH), 3.73 (s, 3H), 3.69 (s. 3H), 3.54 (s, 3H), 3.46 (s, 3H). 1.70 (s, 18H). Material is available free of charge via the Internet at
13C NMR ¢: 169.3,165.5, 163.9, 163.1, 162.6, 159.4, 149.4, 131.0, 130.9, http://pubs.acs.org.

128.3,128.2,128.1,117.3, 117.2, 115.3, 115.0, 99.5, 96.0, 63.2, 62.0, 52.3,

52.3, 52.0, 51.3, 48.9, 30.2. CCDC file no. 267780. 0OL0502782
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