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The tail-to-tail oligomerization of N,N-dimethylacrylamide catalyzed by N-heterocyclic
carbenes (NHCs) was investigated, giving the dimerization and trimerization products in
moderate combined yield. Reaction intermediates involved in the new oligomerization have
been observed by NMR and ESI-MS. We showed the first NHC-catalyzed cross coupling of
methyl methacrylate and N,N-dimethylacrylamide, and the reaction of benzaldehyde/benzoin
with N,N-dimethylacrylamide.

2015 Elsevier Ltd. All rights reserved.

The use of N-heterocyclic carbenes (NHCs) as organocatalysts®
is based on their ability to invert the inherent polarity of
functional groups. The Umpolung of aldehydes catalyzed by
NHCs gives the Breslow intermediate’ which can react with a
second aldehyde to- produce benzoin products,® and with a
Michael system to form the Stetter products (Scheme 1).*
Recently, the NHC-catalyzed Umpolung of Michael acceptors
involving deoxy-Breslow intermediates has been developed. The
first successful transformation was reported by Fu and co-
workers; in_the synthesis of cyclopentenones.” The groups of
Glorius® and Matsuoka’ have reported the tail-to-tail dimerization
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Scheme 1. Overview of NHC-catalyzed reactions of aldehydes
and Michael systems.

of several acrylate derivatives, e.g. methyl methacrylate (MMA,
Scheme 2). In addition, the Matsuoka group also reported the
NHC-catalyzed cyclotetramerization of acrylates.®
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Scheme 2. NHC-catalyzed tail-to-tail dimerization of acrylic
acid derivatives.

According to the literature, there is no report on the NHC-
catalyzed tail-to-tail oligomerization of N,N-dimethylacrylamide
(DMAA). There appears to be only one report on the catalytic
dimerization of DMAA, which is metal-based. Sakakibara et al.
reported the Ru catalyzed dimerization of DMAA, along with the
formation of a small amount of a non-characterized trimer.’

In recent years, our group has studied intermediates of the
NHC-catalyzed Umpolung of aldehydes.’® Herein we report the
tail-to-tail oligomerization of DMAA, the NHC-catalyzed cross
coupling of DMAA with MMA, and the attempted Stetter
reaction of benzaldehyde with DMAA.
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I. Screening of the oligomerization of acrylamide derivatives in
the presence of the triphenyl triazolylidene carbene A

First, we screened the reaction of acrylamides and the NHC A by
NMR experiments (Scheme 3). The reaction of acrylamide (1a)
and NHC A (2:1 molar ratio) in THF-dg was performed in an
NMR tube and monitored by NMR spectroscopy. For the N-
unsubstituted acrylamide 1la, the spirocyclic lactam 2a was
observed. For example, characteristic "H NMR signals of 2a are a
multiplet at §=2.84-2.78 ppm (1H, H2b), a multiplet at 6=2.41-
2.30 ppm (2H, H2a and H3b), and a multiplet at 3=1.96-1.91
ppm (1H, H3a). *C NMR signals are 173.5 (C4), 99.5 (C1),
29.85 (C2), and 29.4 (C3). Analogously, the N-monosubstituted
acrylamide 1b (1:1 molar ratio) furnished the spiro-lactam 2b.
[Selected 'H NMR: 2.89-2.84 (m, 1H, H2b), 2.68-2.63 (m, 1H,
H3b), 2.36-2.32 (m, 1H, H2a), 2.25-2.20 (m, 1H, H3a) and *C
NMR: 170.98 (1C, C4), 102.62 (1C, C1), 29.21 (1C, C3), and
27.12 (1C, C2)]. When DMAA was investigated in benzene-dg
(1:1 molar ratio), NMR monitoring revealed a mixture of the E/Z
isomers of the deoxy-Breslow intermediate 11 (Scheme 3), the
second addition intermediate 1V (Scheme 3), as well as the
unreacted carbene. The ESI-MS analysis showed the cor-
responding peaks at m/z=397.2, m/z=496.3, and m/z=298.1,
respectively. When two equivalent of DMAA were employed,
instead only a mixture of the E/Z isomers of the secondary
addition intermediate 1V was observed."
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Scheme 3. The screening reaction of acrylamides catalyzed by A

Solvent effects on this reaction catalyzed by A are
summarized in Table 1. Best results in the tail-to-tail oligo-
merization of DMAA were obtained when toluene was used as
the solvent. The reaction was followed by GC and ESI-MS
analysis, which showed that the reaction was not completed after
24 h (90 °C). The DMAA oligomerization could be completed at
105 °C within 24 h to give the dimer 3 in 47% vyield with a 94:6
E/Z ratio and the trimer 4 in 11% isolated yield. When using
THF as the solvent, the reaction generated 3 and 4 (20 and 9%
yield) at 80 °C, and DMAA was recovered (12%). With other
solvents, including DCE, DMSO, acetonitrile, or under solvent
free conditions, no product formation was observed. We then
investigated the catalytic activities of various NHCs and NHC
precursors in the presence of DIPEA (di-iso-propylethylamine) at
105 °C in toluene. In contrast to carbene A, all other NHCs/
azolium salts B-1 did not induce product formation.

I1. Proposed mechanism

From the NMR and ESI-MS analyses, a reaction mechanism is
proposed (Scheme 4). The addition of carbene A to the Michael
acceptor DMAA generates the enolate I, followed by proton
transfer to give the deoxy-Breslow intermediate 11, which was
detected by NMR spectroscopy and ESI-MS analysis
(m/z=367.2). Addition of this intermediate 1l to a second mole-
cule of DMAA leads to tail-to-tail dimerization, forming the
intermediate 111, and a second proton transfer gives the

Table 1. Optimization of the tail-to-tail oligomerization of
DMAA.
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1 A toluene 105 46 11 94/6
2 A THF 80 20 9 93/7
3 A DCE 90 - -
4 A DMSO 105 ' - -
5 A CH4CN 90 ' - -
6 AP - 105 - - -
7 B toluene 105 - - -
8 C-1/DIPEA® toluene 105 - - -

Dipp = 2,6-di-iso-propylphenyl, “calculated from *H NMR spectrum, 1 mol %
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Scheme 4. Proposed mechanism for the tail-to-tail dimerization

and trimerization of DMAA, effected by NHC A.

intermediate 1V (detected by NMR and ESI-MS, m/z =496.3). A
formal 1,2-proton shift in 1V followed by elimination of NHC A
from intermediate V gives the dimer 3. Alternatively, inter-
mediate 1V can react with a third molecule of DMAA leading to
the intermediate VI. Proton transfer in VI generates the inter-
mediate V11 (detected by ESI-MS, m/z =595.3). The elimination
of carbene A from V11 produces the DMAA trimer 4.
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Scheme 5. Homo- and cross-coupling of DMAA and MMA, catalyzed by NHC A.
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Scheme 6. The reaction of benzaldehyde and DMAA catalyzed by NHC A.

I11. The NHC-catalyzed cross-coupling of DMAA and MMA

The NHC-catalyzed cross-coupling of DMAA and MMA (1:1)
was investigated under the conditions optimized for DMAA-
oligomerization (Scheme 5). It was found that the tail-to-tail
dimerization (3) and trimerization (4) products of DMAA were
obtained in 26 and 7 % yield, whereas the mixed cross coupling
products 5 and 6 were formed in 26 and 6 % yield. Additionally,
16 % of the MMA homodimer 7 were isolated (combined yield
81%).

IV. The reaction of DMAA with benzaldehyde catalyzed by NHC
A

The NHC-catalyzed reaction of DMAA with benzaldehyde (1:1)
was performed as shown in Scheme 6. In the presence of
1 mol % of carbene A and 1 mol % of benzoic acid as co-
catalyst, benzoin (8), the Michael addition product of benzoin to
DMAA (9), and the lactone (10) were formed.” The molecular
structure of the Michael product'9 was unambiguously proven by
X-ray crystallography (Figure 1).”* In the absence of the benzoic
acid co-catalyst, no product formation was observed. As a control
experiment, a mixture-of preformed benzoin and DMAA was
exposed to DBU. Again, the formation of the Michael addition
products 9 and 10 was detected by GC-MS. From this result, we
conclude that the NHC A promotes both benzoin formation from
benzaldehyde (as Umpolung catalyst), and subsequent Michael
addition of the latter to DMAA (as Bransted base).

In conclusion, our studies on the first organocatalytic tail-to-
tail oligomerization of DMAA gave the dimer 3 and the new
trimer 4. The reaction mechanism and the intermediates were
proposed based on NMR and ESI-MS analyses. Furthermore, we
report the first example of a NHC-catalyzed cross coupling of
DMAA and MMA, and the reaction of benzaldehyde/benzoin
with DMAA catalyzed by a NHC.

Figure 1. X-ray crystal structure of the alkylated benzoin 9.
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