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reagents. To overcome this problem, several attractive methods, . H20 NC;\CN s
for example, anchoring active sites onto polymg?sind doping
i ing i in|&c—e conversion
of reactive species into segel matenals", ha_ve been developed_. entry acid base of 1 %)" yield of 3 (%)?
However, at present, such solid reagents still suffer from deactiva- Err— o =99 03
tion by interaction between opposing anchored reagents and require > Ti*+-mont 30 trace
expensive dopants as active sites as well as tedious preparation 3 ) HT trace trace
methods 4 Ti*t-mont piperidine 10 trace
) 5d p-TsOHH,0 HT trace trace

As an alternative, our strategy for the design of heterogeneous - .

catalysts focuses on the utilization of layered clays, which can o 3151 é)l trglmgrlm)é%s(#f)"qorlm)’ 8%1“5%?;9}:25 dgl;) T(gcg-gﬁrrggg'gé ';'g
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g(_enerate strong acid or b_ase_5|tes_for catqutlc functlon‘amiye' mmol). 4 p-Toluenesulfonic acid (0.1 mmol).
Ti*"-exchanged montmorillonite (Ti-mont) is an excellent solid
Brgnsted acid catalyst as a result of*Tcations in the interlayer Table 2. Tandem Deprotection—Aldol Reaction Using the
aes . - Ti**-mont and HT in a Single Pot?

spacesae5In contrast, the surface tunable basicity of hydrotalcites jr -
(HTs) plays a crucial role in nanoscale designs of promising solid . 2, e T mont, HT R3)TR6
base catalyst§9:6 Since the large HT particles cannot enter the A R 5

narrow interlayer of the Ti-mont, these catalysts have the potential

to be combined, allowing both acid and base sites to act indepen- + — Rzaceml - - d°“°rR6 e slted

dently as catalytically active centers without mutual destruction even

in a same reactor. In this contribution, we present novel-acid ;h '\—A(e:sz— Me Sr? HH g,\'}‘ gNN 11 gg

base catalyses consisting of theé"'Fimont and HTs for unprec- 3P —CpH— 3-TMS-Ph H CN CN 1 82

edented one-pot reaction sequences. gc mg ,\"jl'g EL‘ : gN F?r?c?oM)e 1% gg
The Ti#-mont was prepared by treatment of Naont (Kunipia & Me Me PhGH, H CN COOMe 1 79

F, Kunimine Industry Co. Ltd.; Na, 2.69; Al, 11.8; Fe, 1.46; Mg, 7§ Me Me n-CsHyp H CN Ph 25 8l

1.97%) with an aqueous solution of TiGind was characterized ~ G ~ Gt~ CN CN 10 68

by XRD, XPS, elemental analysis, and Ti K-edge XAEShe a Acetal (1 mmol), donor (1 mmol), ¥f-mont (0.02 g; Ti: 0.013 mmol),

formation of a chainlike titanium species within the mont interlayers TJO(PCZ gktt%%’eoge %f‘;‘gggﬂc\lé l;ldiéf(’}i%alnso‘ﬁ’gs fug/ezd _asl/sﬂveﬁAt

was observed. A MgAl hydrotalcite (HT), MgAl ,(OH);6CO;s, was ' ' | ' '

obtained from TOMITA Pharmaceutical Co., Ltd. A hydrotalcite' one-pot reaction system did not need the addition of water (entry

supported palladium nanoparticle (Pd/HT) was prepared from reac-1) pecause the successi aldol reaction produced water to

tion of the HT with K.PdCl, by the impregnation method followed  efficiently accelerate the deprotectionbf Deacetalizations have

by reduction using molecular hydrogen. EDX and TEM analyses often been performed in aqueous organic solvents despite tedious

showed the formation of Pd nanoclusters on the HT surface. separating procedur@dhe present tandem catalytic reaction system
Deacetalization is an important acid-catalyzed reaction in organic can contribute considerably to the creation of simple and “green”

synthesis, forming carbonyl compounds that are often further reactedindustrial processes.

to the target products using base catalysts. One-pot synthesis of The scope of the one-pot deprotectiaaidol reaction of acetals

benzylidene malononitrile3] from malononitrile @) with benzal- with equimolar amounts of donors is shown in Tabl&®# The
dehyde dimethylacetall] was demonstrated using various aeid  reaction ofl with methyl cyanoacetate proceeded quantitatively to
base catalyst pairs (Table 1). Remarkably, reactiod efith 2 afford benzylidene methylcyanoacetate (entry 4), and ethylene ketal

directly proceeded in the presence of both th& -Fhont catalyst also gave the corresponding unsaturated nitrile in a high yield (entry
and the HT catalyst to affor@ in 93% vyield (entry 1Y. In the 8). 2-(3-(Trimethylsilyl)phenyl)-1,3-dioxolane reacted smoothly
absence of the HT catalyst, benzaldehyde became the only productvithout decomposition of the TMS group (entry 3), in contrast to
(entry 2), while no reaction occurred without theFmont (entry some acid catalysts which promote hydrolysis of the TMS during
3). From these result8,was considered to form via the*Timont- the deprotection proced3Base-promoted cross aldol reaction of
catalyzed deacetalization @f*? followed by the aldol reaction of ~ aldehydes havingx-protons of carbonyl groups often lead to

2 with benzaldehyde at the base sites of the®®iWhen either the undesirable side reactions. Using our combined catalyst system,
Ti*"-mont or the HT was replaced by a homogeneous reagent, suchthe reaction of hexanal dimethylacetal with phenylacetonitrile gave
asp-toluenesulfonic acid or piperidine, both the deacetalization and 2-phenyl-2-octenenitrile in 92% GC yield, in which the formation
aldol reactions scarcely occurred (entries 4,Frthermore, this of a self-aldol product was depressed because of the low concentra-
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Table 3. Tandem Michael Reaction—Protection Using the HT and
Ti4+-mont in a Single Pot?

0
ﬁ ZCHO R7NO2  Meooc”cooMe é/cooa

R=H 5a 5¢

n=2 ac R=Me 5b 5d
Qi\/\l/ NO, qoOMe COOEt
/O)\c OMe
R=H Ga 6f \)
R =Me &b
conditions of Isolated
entry acceptor donor Michael reaction product yield (%)
1 4a 5a 40°C,2h 6a 89
2 4a 5b 40°C,3h 6b 89
3 4b 5a 50°C,3h 6C 86
4 4c 5a 50°C,3h 6d 70
5p.e 4c 5c 100°C, 10 h 6e 82
60d 4d 5d 40°C,3h 6f 64

aAcceptor (1 mmol), donor (2 mL), Fi-mont (0.15 g), HT (0.1 g).
After the completion of Michael reaction, ethane-1,2-diol (1.5 mmol) and
toluene (10 mL) were added followed by acetalization under B&iark
conditions for 1 h? Donor (1.2 mmol) was used.Toluene (2 mL) was
used as solvent for Michael reactidghDonor (1 mmol) and ethane-1,2-
diol (1.1 mmol) were used.
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tion of the aldehyde during this one-pot reaction (entry 7). On the
contrary, the use afi-hexanal itself in place of hexanal dimethyl-
acetal resulted in the desired product in 71% GC yield together
with 2-butyl-2-octenal. The solid mixture consisting of theFi
mont and HT catalysts was easily recovered by simple filtration
and then could be reused at least five times with retention of high
catalytic activity and selectivit}? Clearly, mutual neutralization

of the acid and base catalysts can h@mled using this system in

a single reactor.

The present catalyst system is also applicable to tandem Michael
reactiort and acetalizatio? as summarized in Table 3. These
reactions gave excellent yields of nitrodioxolanes (entrieg)1
which are highly useful precursors for several nitro-group transfer
reactions* For example, nitromethane underwent the Michael
reaction with methyl vinyl ketone, followed by acetalization with
ethane-1,2-diol to afford an 89% yield of 2-methyl-2-(3-nitropro-
pyl)-1,3-dioxolane (entry 1), whereas the conventional two-step
method gave less than 70% yiéld.Also, the tandem reaction of
dimethyl malonate with 2-cyclohexene-1-one readily proceeded
(entry 5), and in the case of A-ketoester, chemoselective
acetalization toward an aldehyde function occurred to give a
protected Michael adduct (entry 6).

The potential benefits of using these clay catalysts together are
highlighted by the development of novel one-pot synthetic processes
(Scheme 1). Epoxynitrile, an intermediate for the synthesis of var-
ious heterocyclic compoundd,was successfully obtained using
methanol, cyanoacetic acidl, and hydrogen peroxide in four se-
guential acid and base reactions, namely, esterificatidf @ace-
talization (ii), aldol reaction (ii), and epoxidation (iit}jn a single
reactor. We also succeeded in a one-pot synthesis of glutaronitrile
using the T¥"-mont and Pd/HT catalysts. After reduction of the
unsaturated nitrile under 1 atm of,Kiv), Michael reaction with

O ()ML

88 % overall yield

Pd/HT

VAR

42

acrylonitrile occurred at the base sites of the Pd/HT to afford

2-carbomethoxy-2-benzyl glutaronitrile in an excellent overall yield

(v).16 To the best of our knowledge, these are the first demonstra-
tions of one-pot synthesis consisting of more than four catalytic
acid and base reactions.

In conclusion, isolated catalytically active centers could be
created based on clay materials for realization of a variety of-acid
base tandem reactions. This protocol has several advantages: (I)
the ease of preparing the solid catalysts, (Il) high catalytic activities,
(111 wide applicability to several acid or base reactions, (IV) simple
workup procedure, and (V) reusability. Our concept can be applied
to other various one-pot incompatible systems and make a contribu-
tion toward the creation of environmentally inspired chemical
processes through the promotion of multiple reactions in a single
reactor.

Supporting Information Available: Details of experimental
procedures and acknowledgment (PDF). This material is available free
of charge via the Internet at http:/pubs.acs.org.
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