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A general and efficient protocol for the Michael addition reactions of B-ketoesters in pure water has been
developed. The reactions are successfully catalyzed by newly designed DMAP-related organocatalysts
such as 4-(didecylamino)pyridine, and the desired Michael adducts are obtained in good to high yields
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Organic reactions in water have received considerable attention
from synthetic chemists, since they are environmentally clean,
non-toxic, and inexpensive.! In particular, over the past decade
remarkable progress has been achieved in the field of organocata-
lytic transformations? in aqueous media as a primary contribution
to ‘green chemistry’.>* However, there are still some limitations on
the availability of organocatalysts and the versatility of reactions
that might be effective ‘in pure water’.

In designing new water-tolerant organocatalysts, we were
interested in the unique base character of 4-(dimethylamino)pyri-
dine (DMAP, pK, 9.70 in H,0).> Since its discovery in the late
1960s,° DMAP and related compounds have been used in several
areas of organic synthesis, including carbon-carbon bond-forming
reactions.” As a consequence, recent works by Barbas,® Benaglia,’
Palomo,'® Luo,'" Carter,'? and Najera'? prompted us to develop
new types of DMAP-related organocatalysts. We thought that the
incorporation of a hydrophobic alkyl side chain on a DMAP core
would produce novel catalysts that might be valuable for Michael
addition reactions in water. We describe here the realization of this
expectation.

The Michael addition reaction is widely recognized as one of the
most important carbon-carbon bond-forming reactions in organic
synthesis.'* This type of reaction is generally carried out using
strong base metal reagents in organic solvents, such as THF,
DMF, or DMSO under dry conditions.
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To confirm the feasibility of our catalyst design concept, we pre-
pared a variety of DMAP-related molecules, starting from commer-
cially available aminopyridines that have different chain lengths
and regioisomeric components. We then performed catalytic stud-
ies of the Michael addition reaction of ethyl acetoacetate (1a) with
methyl acrylate (2a, 4 equiv) in water, in the absence of co-sol-
vents. The results are summarized in Table 1.

As expected, we found that the catalytic activities of 3a-i were
significantly influenced by the size and position of an alkylamine
scaffold. Thus, 4-(didecylamino)pyridine (3d) proved to be the
most effective of those screened: in the presence of 10 mol % of
3d, the desired double Michael adduct 5 was obtained in almost
quantitative yield after stirring for 2 h at rt (Table 1, entry 4).

Interestingly, catalysts 3a and 3b bearing shorter chain
lengths and 3c'®> with a single decyl group on 3a were all found
to be unfavorable for promoting the desired double Michael
addition (Table 1, entries 1-3). Unfortunately, the use of 3e!®
mostly gave recovered samples, probably because a N(CigHs7),
group was too large to build up effectively the catalytically ac-
tive site in this aqueous medium (Table 1, entry 5). The use of
regioisomeric catalysts 3f-i considerably retarded the reaction
progress, which indicates that they have a very weak base char-
acter in comparison to 3a and 3d (Table 1, entries 6-9).!7

There was a sharp contrast in the appearance of the reaction
mixture in the respective experiments (Fig. 1). Thus, while the
mixture containing 3d became an emulsion after the first 20-
30 min of stirring, other compounds led to a substantially clear
heterogeneous phase separation. We supposed that the attach-
ment of two tails of an n-decyl chain to a 4-aminopyridine head
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Table 1
Catalyst screening results®
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@ Reactions carried out at rt using 1a (1 mmol), 2a (4 mmol), and catalyst (10 mol %) in H,O (2 mL).

b Isolated yield.

should be ‘matched’ to form a sort of hydrophobic media in
water under such conditions, which allowed efficient catalysis
to take place.32P1819

To obtain further insight into the solvent effect of 3d-catalysis,
we performed experiments using methyl cyclopentan-1-one-2-
carboxylate (1b) as a Michael donor in various organic and water
solvents (Table 2). In THF, CH,Cl,, and acetonitrile, the reaction
proceeded very slowly and gave adduct 4b in yields of 59-90%
(Table 2, entries 1-3). The reaction in MeOH gave results that were
almost comparable to those in water,2° but the latter solvent was
still advantageous with respect to its environmental friendliness
and the reaction rate (Table 2, entries 4 and 5).%!

With these resultsin hand, we theninvestigated the general scope
of this method. Thus, various p-ketoesters 1 were treated with Mi-
chael acceptors 2 in the presence of a catalytic amount of 3d under
the standardized conditions. In all of the cases examined, the 3a-cat-
alyzed reactions are also shown for comparison (Table 3).

When the reaction of ethyl 2-methylacetoacetate (1c) with 2a
was performed in the presence of 10 mol % of 3d, the desired ad-
duct 4¢ was obtained in 88% yield after stirring for 7.5 h, while
the use of 3a resulted in an incomplete reaction even after 23 h,
and gave 4c in only 15% yield (Table 3, entries 1 and 2). Very sim-
ilar behavior was observed for other Michael donors such as ethyl
2-benzylacetoacetate (1d), ethyl 3-oxopentanoate (1e), and ethyl
benzoylacetate (1f) and acceptors such as acrylonitrile (2b) (Table
3, entries 3-12). The decreased reactivity of reactants 1d-f with
their increase in hydrophobicity might be accounted for by the dif-
ficulty to cause effective substrate interactions in water.38°

In the case of five-membered cyclic pB-ketoester 1b, 2b reacted
quite smoothly under the catalysis of either 3a or 3d, but better re-
sults were obtained with the latter (Table 3, entries 13 and 14). To
our surprise, when 2-cyclohexen-1-one (2c) was used as a Michael
acceptor, in the presence of 3a the reaction proceeded very rapidly
to afford 4j in a quantitative yield, whereas 3d showed essentially
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Figure 1. Appearance of a Michael addition reaction (Table 1): (A) no catalyst, blank; (B) catalyst 3a; (C) catalyst 3b; (D) catalyst 3d, note homogeneous appearance; (E)

catalyst 3e; (F) catalyst 3c.

Table 2
Solvent effect®

O o o
10 mol% 3d
CO,Me
solvent, rt COzMe
2a
1b (2 equiv) b
Entry Solvent Time (h) Yield® (%)
1 THF 52 59
2 CH,Cl, 30 72
3 CH5CN 23 90
4 MeOH 2 99
5 H,0 1.5 99
@ Reactions carried out using 1b (1 mmol), 2a (2 mmol), and catalyst 3d (10 mol %) in solvent (2 mL).
b Isolated yield.
Table 3
Michael addition reaction in water®
O O o R?
10 mol% 3a or 3d
2 % EWG
MORI + R\%\EWG - )Kﬁ(%ql
i H,0, 1t M, | €02
1 2 (2 equiv) 4
Entry Donor Acceptor Catalyst Time (h) Product Yield® (%)
O O
1 2a 3a 23 © o 15
>,Me
2 )H)I\oa 3d 7.5 )% 4 88
1c CO,Et ©
O O o
3 2a 3a 72 Trace
OEt COZME
4 3d 20 4d 78
ph” 1d Ph CO,Et
(0]
SC \)C)I\/I?\ 2 3 > \)SQCOZME Od
OEt
6 1 3d 10 EtO,C CO,Me 55

4e

(continued on next page)
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Table 3 (continued)

Entry Donor Acceptor Catalyst Time (h) Product Yield® (%)
(@]
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2 Unless otherwise noted, reactions carried out at rt using 1 (1 mmol), 2 (2 mmol), and catalyst 3a or 3d (10 mol %) in H,O (2 mL).
b Isolated yield.
¢ 4 Equiv of 2 was used.
4 13% of the mono-adduct.
€ 39% of the mono-adduct.
' 22% of the double-adduct.
& 23% of the mono-adduct.
" Dr=1:1.
1 E/Zz=1.6:1.
i E/z=13:1.
k100 mol % of the catalyst was used.
VE/Z=1.1:1.
m E/7=13:1.

no catalytic activity even after a prolonged reaction time (Table 3,
entries 15 and 16). While we cannot explain this phenomenon at
present, we concluded that a cyclic enone system like 2¢ must have
facile mobility to construct a hydrogen-bond aggregation with 3a
rather than with 3d in such aqueous media. Methyl propiolate
(2d) reacted with 1b spontaneously in either case (Table 3, entries
17 and 18).

Finally, B-ketoester 1g was also subjected to the above catalytic
conversions. In every case we confirmed that catalyst 3d gave better
results than 3a with respect to productivity (Table 3, entries 19-22).

In summary, we have developed a new convenient method for
the Michael addition reaction of B-ketoesters by using a novel

peacock-shaped organocatalyst 3d in water as the only solvent.??

We believe that the present method offers several advantages in
terms of simplicity, readily available reagents, and very mild con-
ditions, and contributes to the development of ‘green chemistry’.
Further studies to extend the scope of this new method are now
in progress in our laboratory.
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