ACS
Combinatonal

I pubs.acs.org/acscombsci

Synthesis of Polysubstituted 2-Piperidinones via a Michael Addition/
Nitro-Mannich/Lactamization Cascade

Hui Liu, Zhengquan Zhou, Qian Sun, Yun Li, Yan Li, Jinliang Liu, Peiyun Yan, Dandan Wang,
and Cunde Wang*

School of Chemistry and Chemical Engineering, Yangzhou University, 180 Siwangting Street, Yangzhou 225002, P. R. China

© Supporting Information

ABSTRACT: An efficient and practical method has been o o R \ Nf’2 ~CH0 o o
developed for the diversity-oriented synthesis of polysubsti-  reo NH  mpR2 1(1 8} R oR? R%%H

tuted 2-piperidinones via four-component reaction between R - 14}—R'17, NN
substituted nitrostyrenes, aromatic aldehydes, ammonium R@ O R G e @ NO, ©
acetate, and dialkyl malonates for the generation of a wide 4a-zii 3{1 2) Sag

range of structurally interesting and pharmacologically

significant compounds. It is worth mentioning that in the course of this reaction, the formation of products was highly
stereoselective. Two differently stereochemical classes of polysubstituted 2-piperidinones depended on the substitutent position
of aromatic aldehyde.
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B INTRODUCTION adducts could yield a variety of useful synthetic intermediates,
we envisioned the Michael addition of activated methylenes to
nitroolefins, the nitro-Mannich reaction and an intramolecular
lactamization in a single operation. As a part of our continuous
interest directed toward the development of new method-
ologies using nitrostyrenes as essential building blocks for the

The piperidine ring is a key structural unit for numerous natural
products, synthetic pharmaceuticals, and a wide variety of
biologically active compounds." The novel polysubstituted
piperidine derivatives have been a rich source of candidates
with potential pharmaceutical applications that have encour-

aged the design and synthesis of new analogs with increased synthesis of polysubstituted piperidines, we report the results of
pharmacological activity. Thus, to meet the need of modern our recent efforts devoted to efficient one-pot, multicomponent
drug discovery, the synthetic methodology of polysubstituted reactions from substituted nitrostyrenes 1 (Figure 1), aromatic
piperidines is developed continually to address the many aldehydes 2 (Figure 2), dialkyl malonates 3 (Figure 3), and
challenges associated with the design of new pharmaceutical ammonium acetate for the direct formation of substituted
agents. Although, there are several methods for the preparation piperidine ring.

of the polysubstituted piperidine derivatives,” most current

procedures either require advanced starting materials or involve
multistep. The development of efficient methods for the
synthesis of polysubstituted piperidine derivatives still requires OCHy
attention. HCO

Over the past decades, multicomponent reactions as an ocH3
efficient synthetic strategy have drawn considerable attention, 8
because complex products are formed in a one-pot reaction and
diversity can be simply attained by relatively simple starting
materials.” To the best of our knowledge, there are only a few
multicomponent reactions for the construction of structurally B RESULTS AND DISCUSSION
and stereochemically diverse polysubstituted piperidine de-
rivatives.* Obviously, the development of simple and environ-
mentally multicomponent reactions for efficient preparation of
polysubstituted piperidines is therefore a significant challenge.

Recently, the atom and step economic synthesis of these
heterocyclic compounds by condensation reactions employing
nitroalkenes as a useful building block for the formation of
carbon—carbon bond have drawn attention.® It is known that

Figure 1. Diversity of substituted nitrostyrenes 1{1—8}.

Our initial test reaction was run without any catalyst or
promoter in methanol at room temperature for 48 h, but no
reaction occurred (Table 1, entry 1). It is known that weak
bases can promote the Michael-type reaction, but K,COj; only
afforded a trace amount. The use of a stronger base was
required. In fact, two equivalents of NaOH in methanol appears

Michael addition of activated methylenes to nitroolefins is an Received: February 19, 2012
efficient synthetic tool for the construction of nitrogen- Revised:  May 7, 2012
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Figure 2. Diversity of aromatic aldehydes 2{1—14}.
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Figure 3. Diversity of dialkyl malonates 3{1—2}.

Table 1. Optimization of Promoters, Solvents, and
Temperature in the Synthesis of 4a{1,1,1}*

o
MeOMOMe

NH,OAc

H._O

+
H
eO

Selected conditions

)

4a{1,1,1}

entry additive (mol %)  solvent T (°C) time (h) %’;/oe;%
1 0 MeOH rt 48 0
2 K,CO; (50%) MeOH rt—85 45 min/40 h trace
3 NaOH (50%) MeOH  rt—85 45 min/40 h 10
4 NaOH (50%) MeOH  0-85 45 min/40 h 15
S NaOH (100%) MeOH 0—-85 45 min/40 h 21
6  NaOH (150%)  MeOH  0-85 45 min/40 h 2
7 NaOH (200%)  MeOH  0-85 45 min/40 h 67
8 NaOH (250%) MeOH 0-85 45 min/40 h 67
9 NaOH (200%) MeOH 0-—-85 45 min/48 h 67
10  piperidine MeOH 0-85 45 min/40 h 15
(200%)
11 NaOMe (200%) MeOH  0-85 45 min/40 h 62
12 NaOH (200%) EtOH 0-85 45 min/40 h 63
13 NaOH (200%) THEF 0—-85 45 min/40 h trace
14  NaOH (200%) CH,CN  0-85 45min/40h trace

“Reaction condition: 1-nitro-2-(p-methoxyphenyl)ethene/dimethyl
malonate/ p-chlorobenzaldehyde/ammonia acetate =1/1/1/1.5 (mol).
bisolated yields.

to be optimal (Table 1, entry 7) when the reactants were
initially mixed at 0 °C for 45 min before heating at reflux for 40
h. Our studies have revealed that 1-nitro-2-(p-methoxyphenyl)-
ethene{1} readily affords polymer at higher temperatures in the
presence of strong base. To prevent polymerization of the
starting nitrostyrene, we needed to begin the reaction at 0 °C
for a short period and then heat the reaction to reflux in
methanol. The desired product from the reaction contains two
acidic centers thus requiring a second equivalent of strong base
to maximize the yield. The use of NaOMe is similarly effective
as NaOH (Table 1, entry 11). Nonprotic solvents and tertiary
amine bases are ineffective for this transformation (Table 1,
entries 10, 13, and 14).
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To determine the scope of the designed protocol, a number
of commercially available aldehydes 2{1—14} and substituted
nitrostyrenes 1{1—8} generated from aromatic aldehydes and
nitromethane were condensed with dialkyl malonates 3{1—2},
and ammonium acetate under optimized reaction condition,
and the results are summarized in Table 2. As shown in Table
2, both electron-deficient and electron-rich aromatic aldehydes
were applicable to the reaction, affording the products in
moderate to good yields.

The structures of all compounds were elucidated with the aid
of 'H and "*C NMR. A couple of enantiomers were obtained in
each case, and the other diastereomer could not be detected in
the reaction products. Surprised by the significant difference
between these results, the desired products have been divided
into two groups, depending on the substitution pattern of
aromatic aldehydes. The first group comprises meta- or para-
substituted aromatic ring of aromatic aldehydes, 4-pyrdinyl and
3-thiophenyl (4a{1,1,1}—4zii{8,1,1}, Table 2), the second
includes ortho-substituted aromatic ring of aromatic aldehydes
and 2-naphthenyl (5a{2,10,1}—5g{5,10,1}, Table 2).

While meta- or para- substituted aromatic groups, 3-
thiophenyl and 4-pyrdinyl located at C(4) and C(6),
compounds 4a{1,1,1}—4zii{8,1,1} possessed the same pattern
of splitting appears in the '"H NMR spectra of all trans isomers
with small deviations,” even when some signals are overlapped.
The structure of 4a{l,1,1} was shown in Figure 4. X-ray
crystallographic analysis determined that product 4a{1,1,1}
possesses trans-oriented four continuous substituents at C(3),
C(4), C(5), and C(6). On the basis of spectroscopic evidence
the structure of compound 4a{1,1,1}—4zii{8,1,1} was identified
as methyl (&)-trans- 4,6-bis(aryl)-S-nitro-2-oxopiperidine-3-
carboxylate.8 The 3,4-trans-4,5-trans-5,6-trans configuration
seemed to be thermodynamically favorable because all
substituents on the piperidine core could exist as equatorial.

However, when ortho-substituted aromatic aldehydes and 2-
naphthene carbaldehyde were used in the title reaction to yield
products 5a{2,10,1}—5g{5,10,1}, very interesting results were
obtained. As shown in Figure S, the relative configuration of the
product was determined by X-ray analysis of 5f{7,12,1}. On the
basis of spectroscopic evidence the structure of compound
5a{2,10,1}—5g{5,10,1} were identified as alkyl (+)-trans(C3/
C4)-cis(C4/C5/C6)-4,6-diaryl-S-nitro-2-oxopiperidine-3-car-
boxylate.

It is known that a nitro group is an electron-withdrawing
substituent, in the presence of strong bases, a proton on the o
carbon adjacent to the NO, substituent (Figure 6, A and B) is
abstract to a resonance-stabilized N-oxide oxime (Figure 6, C).
Reprotonation can occur on the a carbon (Figure 6, C)
returning to the nitro form (Figure 6, A and B). In this way,
base catalyzes an equilibrium between isomeric nitro and N-
oxide oxime form of a nitropiperidinone. Thus, under a long
reaction time, while meta- or para- substituted aromatic groups,
3-thiophenyl and 4-pyrdinyl located at C(4) and C(6), a proton
attacks a carbon (Figure 6, D) from the cis face of the 4,6-diaryl
groups giving a thermodynamic stabilized product (Figure 6,
A). While ortho-substituted aromatic group located at C(4)
and C(6), a proton attacks & carbon with difficulties (Figure 6,
D) from the cis face of the 4,6- diaryl groups with a big steric
hindrance, so a proton attacks a carbon selectively without a
steric hindrance (Figure 6, D) from the trans face of the 4,6-
diaryl groups giving a cis (NO,/diaryl) product (Figure 6, C).

The reaction mechanism shown in Scheme 1 is proposed.
First, the Michael addition of malonate to the substituted
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Table 2. Preparation of the Alkyl 5-Nitr0-2-0xo-4,6-diarylpiperidine-3—carboxylates“

entry
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34

min, 85 °C, 40 h, solvent: MeOH for 4a—u, 4y—zii, and Sa—g; EtOH for 4v—x. bIsolated yields.

Fa X

4a-zii

p-O.N

p-F

p-CH,0

p-F

0-CH;0
p-O,N
“Reaction condition: substituted nitrostyrene/aromatic aldehyde/dialkyl malonate/ ammonia acetate =1/1/1/1 (mol), 200 mol % NaOH, 0 °C, 4S5

mpR

N No2

2(1- 14}—»

1{1 8}

M

3{1-2}

R?
p-Cl

p-F

p-Cl

p-Br
34-OCH,CH,O
3-thiophenyl
p-CH,0

p-Cl

p-CH,0

p-Cl

p-Pr

p-CEy

p-Cl
3,4-(CH;0),
3-PhO-4-F

p-Br
3,4-OCH,CH,0
3-thiophenyl
34-OCH,CH,0
p-Br
3-thiophenyl
p-Br

p-Cl

p-Br

4-pyridinyl
p-CH;0

p-Cl

0-Cl
2-naphthenyl
2-naphthenyl
o-Cl

0-Cl

0-CH;0

0-Cl

+ NH4;OAc

R3
cH,
CH,
cH,
CH,
cH,
CH,
CH,
CH,
CH,
CH,
CH,
cH,
CH,
CH,
CH,
CH,
cH,
CH,
CH,
CH,
CH,
C,H;
C,H;
C,H;
CH,
CH,
cH,
CH,
cH,
CH,
cH,
CH,
CH,
CH,

/

NOZ /
5a-g

product
4af{1,1,1}
4b{2,2,1}
4c{2,1,1}
4d{2,3,1}
4e{24,1}
4£{2,5,1}
4¢{3,6,1}
4h{3,1,1}
4i{4,6,1}
4j{s,1,1}
4k{2,7,1}
41{3,8,1}
4m{6,1,1}
4n{1,13,1}
40{1,9,1}
4p{1,3,1}
4q{14,1}
41'{ 15,1 }
4s{3,4,1}
4t{3,3,1}
4u{3,5,1}
4v{2,3,2}
4w{2,1,2}
4x{3,3,2}
4y{1,14,1}
42i{5,6,1}
47ii{8,1,1}
5a{2,10,1}
sb{2,11,1}
5c{3,11,1}
sd{1,10,1}
5e{3,10,1}
5£{7,12,1}
5g{5,10,1}

yield (%)
67
72
76
74
63
67
60
66
73
48
62
57
50
54
53
63
56
62
66
64
58
72
74
63
49
54
63
68
58
55
60
60
57
54

nitrostyrene formed 2-(1-aryl-2-nitroethyl)malonate, which is
followed by nitro-Mannich nucleophilic addition in intermedi-
ate arylimine to form 2-(3-amino-2-nitro-1,3-diaryl propyl)-
malonate. Finally, intramolecular lactamization in 2-(3-amino-

Figure 4. Molecular structure of 2-piperidinone 4a{1,1,1}.
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Figure S. Molecular structure of 2-piperidinone $f{7,12,1}.
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Figure 6. Proposed mechanistic pathways to rationalize the stereochemistry.

Scheme 1. Possible Mechanism for the Formation of
Products 4a{1,1,1}—4zii{8,1,1} and 5a{2,10,1}—5g{5,10,1}

o o O O el xCHO
1
o B X NO, MEO)J\)J\OMQ MeO OMe =
R —_— NO.
L NaOH i ?  NHiOA
Michael addition - Mannich-type

2-nitro-1,3-diarylpropyl)malonate gave the cyclic amide with
elimination of alcohol.

B CONCLUSION

In summary, we have described a versatile and efficient
synthetic method in which a multicomponent reaction is used
under mild reaction conditions to produce a broad range of
functionalized alkyl (z)-trans-4,6-diaryl-S-nitro-2-oxopiperi-
dine-3-carboxylates and alkyl (+)-trans(C3/C4)-cis(C4/CS/
C6)-4,6-diaryl-S-nitro-2-oxopiperidine-3-carboxylates and in
moderate to good yields, which are useful as versatile synthetic
intermediates and potentially as biologically active compounds.
Their stereochemical classes of polysusbtituted 2-piperidinones
depended on the substitutent position of starting material
aromatic aldehydes. Particularly valuable features of this
method included operational simplicity, mild conditions, and
commercially available materials. We expect that the resulting
biologically intriguing structures will have broad applications in
our related biomedical program.

B EXPERIMENTAL PROCEDURES

General. All melting points were determined in a Yanaco
melting point apparatus and are uncorrected. IR spectra were
recorded in a Nicolet FT-IR SDX spectrometer. The 'H NMR
(600 MHz) and "*C NMR (150 MHz) spectra were recorded
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in a Bruker AV-600 spectrometer with TMS as internal
reference in CDCly; or DMSO-dg solutions. The ] values are
given in hertz. Only discrete or characteristic signals for the 'H
NMR are reported. The MS spectra were obtained on a ZAB-
HS mass spectrometer with 70 eV. X-ray crystallographic
analysis was performed with a Smart-1000 CCD diffractometer.
The elemental analyses were performed in a Perkin-Elmer
240C instrument. Flash chromatography was performed on
silica gel (230—400 mesh) eluting with ethyl acetate—hexanes
mixture. All reactions were monitored by thin layer
chromatography (TLC). All reagents and solvents were
purchased from commercial sources and purified commonly
before used.

General Procedure for Preparation of Alkyl 5-Nitro-2-oxo-
4,6-diarylpiperidine-3-carboxylates. The appropriate dialkyl
malonate (2 mmol), appropriate 2-aryl-1-nitroethene (2
mmol),and sodium hydroxide (160 mg, 4 mmol) were
dissolved in 15 mL of methanol or ethanol at 0 °C, and the
resultant mixture was stirred at 0 °C (ice—water bath) for 45
min, then the resultant mixture was stirred sequentially from 0
°C to room temperature. To the resultant solution appropriate
aromatic aldehyde (2 mmol) and ammonium acetate (230 mg,
3 mmol) were added at room temperature. The reaction
mixture was stirred under reflux for 40 h, and the completion of
reaction was confirmed by TLC (EtOAc/methanol 10:1).
Subsequently, the precipitated product was filtered off and the
solid washed with methanol and diethyl ether two times to give
a product 4a{1,1,1}—4zii{8,1,1} or Sa{2,10,1}—5g{5,10,1}. The
filtrate was purified by flash chromatography (silica gel, EtOAc/
CH,Cl,, 10/1) to give other product 4a{1,1,1}—4zii{8,1,1} or
5a{2,10,1}—5g{5,10,1}. The merged crude product was
purified ulteriorly by crystallization from hot ethanol-ethyl
acetate or ethyl acetate-dichloromethane to yield pure
4a{1,1,1}—4zii{8,1,1} or Sa{2,10,1}—5g{5,10,1}. The air-dried
product showed a single spot on TLC and was pure enough for
all analytical purposes.

Methyl 6-(4-Chlorophenyl)-4-(4-methoxyphenyl)-5-nitro-
2-oxopiperidine-3-carboxylate (4a{1,1,1}): White solid; mp
222-223 °C (MeOH/CH,CL); 'H NMR (CDCl,, 600 MHz)
8 (ppm) 7.31 (d, J = 8.4 Hz, 2H), 7.20 (d, ] = 8.4 Hz, 2H), 7.06

dx.doi.org/10.1021/c0300022f | ACS Comb. Sci. 2012, 14, 366—371
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(d, ] = 8.4 Hz, 2H), 6.77 (d, ] = 8.4 Hz, 2H), 6.08 (s, 1H), 5.05
(d, ] = 9.6 Hz, 1H), 4.82 (dd, ] = 9.6 and 10.8 Hz, 1H), 4.10
(dd, J = 10.8 and 12.0 Hz, 1H), 3.75 (d, J = 12.0 Hz, 1H), 3.70
(s, 3H), 3.60 (s, 3H); *C NMR (CDCl,, 150 MHz) § (ppm)
167.97, 166.00, 159.90, 136.14, 134.00, 129.82(2C),
128.54(2C), 128.27(2C), 126.06, 114.76(2C), 91.86, 59.77,
55.22, 54.36, 52.98, 46.08; IR (KBr, cm™) 3178, 3068, 2948,
1727, 1683, 1555, 1517, 1347, 1256, 1186, 1014, 827; MS(EI)
(m/z) 418.09 [(M — 1)*] (68%); Anal. Calcd for
CyH;,CIN,O4 (%) C 57.35, H 4.57, N 6.69; found C 57.48,
H 4.40, N 6.78.

Methyl 6-(2-Chlorophenyl)-4-(4-methoxyphenyl)-5-nitro-
2-oxopiperidine-3-carboxylate (5d{1,10,1}): White solid; mp
257-258 °C (MeOH/CH,CL); 'H NMR (DMSO-d,, 600
MHz) § (ppm) 8.68 (s, 1H), 7.47 (d, ] = 7.2 Hz, 1H), 7.36—
7.40 (m, 2H), 7.32 (d, J = 7.2 Hz, 1H), 7.21 (d, ] = 7.8 Hz,
2H), 6.92 (d, J = 7.8 Hz, 2H), 5.77 (d, ] = 42 Hz, 1H), 5.35
(dd, J = 42 and 4.2 Hz, 1H), 4.56 (dd, ] = 11.4 and 4.2 Hz,
1H), 4.30 (d, J = 13.2 Hz, 1H), 3.72 (s, 3H), 3.55 (s, 3H); *C
NMR (DMSO-dg, 150 MHz) & (ppm) 169.43, 166.56, 159.06,
133.11, 131.48, 130.34, 129.47, 128.36, 128.15, 127.59, 127.40,
114.45, 87.30, 55.00, 53.89, 52.29, 48.20, 41.30; IR (KBr,
cm™'): 3192, 3074, 2951, 1750, 1683, 1552, 1514, 1379, 1255,
1030, 837; MS(EI) (m/z) 417.07 [(M — 1)*] (100%); Anal.
Calcd for C,oH;4CIN,O; (%) C 57.35, H 4.57, N 6.69; Found
C 57.44, H 4.62, N 6.52.

B ASSOCIATED CONTENT
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Additional experimental details, general information, and 'H
and "*C NMR spectra for all products. This material is available
free of charge via the Internet at http://pubs.acs.org.

B AUTHOR INFORMATION

Corresponding Author
*Tel: +86-514-8797-5568. Fax: +86-514-8797-5244. E-mail:
wangcd@yzu.edu.cn.

Funding Sources

Financial support of this research by the National Natural
Science Foundation of China (NNSFC 21173181) is gratefully
acknowledged by authors. A Project Funded by the Priority
Academic Program Development of Jiangsu Higher Education
Institutions.

Notes
The authors declare no competing financial interest.

B REFERENCES

(1) (a) Pinder, A. R. Pyrrole, pyrrolidine, piperidine, pyridine, and
azepine alkaloids. Nat. Prod. Rep. 1992, 9, 17—23. (b) Felpin, F. X;
Lebreton, J. History, chemistry and biology of alkaloids from Lobelia
inflata. Tetrahedron 2004, 60, 10127—10153. (c) Killstrm, S.; Leino,
R. Synthesis of pharmaceutically active compounds containing a
disubstituted piperidine framework. Bioorg. Med. Chem. 2008, 16,
601—635. (d) Elbein, D. A,; Molyneux, R. Alkaloids: Chemical and
Biological Perspectives; Palletier, S. W., Ed.; Wiley: New York, NY,
1987; Vol. 57. (e) O’Hagan, D. Catalytic imino Diels—Alder reaction
by triflic imide and its application to one-pot synthesis from three
components. Nat. Prod. Rep. 2000, 17, 435—446. (f) Rubiralta,
M.;Giralt, E;Diez, A. Piperidine. Structure, Preparation, Reactivity, and
Synthetic Application of Piperidine and its Derivatives; Elsevier:
Amsterdam, 1991, pp 346—352. (g) Choi, I. S;; Song, K.-S.; Hong,
J; Lee, C. O, Jung, J. H; Naseer, A. A new alkaloid from two
coccinellid beetles Harmonia axyridis and Aiolocaria hexaspilota. Bull.

370

Korean Chem. Soc. 2002, 23, 497—499. (h) Fisyuk, A. S.; Bundel, Y. G.
S, 6-Dihydropyridin-2 (1H)-ones and S, 6-dihydropyridine-2 (1H)-
thiones. Chem. Heterocycl. Compd. 1999, 35, 125—145. (i) Mateeva, N.
N.; Winfield, L. L.; Redda, K. K. The chemistry and pharmacology of
tetrahydropyridines. Curr. Med. Chem. 2005, 12, S51-571.

(2) () Bailey, P. D.; Millwood, P. A.; Smith, P. D. Asymmetric routes
to substituted piperidines. Chem. Commun. 1998, 633—635.
(b) Jorgensen, K. A. Catalytic enantioselective hetero-Diels—Alder
reactions of an azo compound. Angew. Chem., Int. Ed. 2000, 39, 3558—
3561. (c) Buonora, P.; Olsen, J.-C.; Oh, T. Recent developments in
imino Diels—Alder reactions. Tetrahedron 2001, 57, 6099—6103.
(d) Harrity, J. P. A;; Provoost, O. [3 + 3] Cycloadditions and related
strategies in alkaloid natural product synthesis. Org. Biomol.Chem.
2005, 3, 1349—1358. (e) Hsung, R. P.; Kurdyumov, A. V.; Sydorenko,
N. A Formal [3 + 3] cycloaddition approach to natural-product
synthesis. Eur. J. Org. Chem. 2005, 23—44. (f) Hayashi, Y.; Gotoh, H.;
Masui, R.; Ishikawa, H. Diphenylprolinol silyl ether as a catalyst in an
enantioselective, catalytic, formal aza [3 + 3] cycloaddition reaction for
the formation of enantioenriched piperidines. Angew. Chem., Int. Ed.
2008, 47, 4012—4019. (g) Tanaka, R;; Rubio, A.; Harn, N. K.; Gernert,
D.; Grese, T. A; Eishima, J; Hara, M; Yoda, N.; Ohashi, R;
Kuwabara, T.; Soga, S.; Akinaga, S.; Nara, S.; Kanda, Y. Design and
synthesis of piperidine farnesyltransferase inhibitors with reduced
glucuronidation potential. Bioorg. Med. Chem. 2007, 15, 1363—1382.
(h) Grieco, P. A; Bahsas, A. Role reversal in the cyclocondensation of
cyclopentadiene with heterodienophiles derived from aryl amines and
aldehydes: Synthesis of novel tetrahydroquinolines. Tetrahedron Lett.
1998, 29, 5855—58S8.

(3) (a) Ruijter, E.; Scheffelaar, R; Orru, R. V. Multicomponent
reaction design in the quest for molecular complexity and diversity.
Angew. Chem., Int. Ed. 2011, 50, 6234—6246. (b) Tejedor, D.; Garcia-
Tellado, F. Chemo-differentiating ABB’ multicomponent reactions.
Privileged building blocks. Chem. Soc. Rev. 2007, 36, 484—491.
(c) Zhy, J., Bienayme, H., Eds.; Multicomponent Reactions; Wiley-VCH:
Weinheim, Germany, 2005. (d) Domling, A. Recent developments in
isocyanide based multicomponent reactions in applied chemistry.
Chem. Rev. 2006, 106, 17—35. (e) Brauer, S.; Almstetter, M.; Antuch,
W.; Behnke, D.; Taube, R.; Furer, P.; Hess, S. Evolutionary chemistry
approach toward finding novel inhibitors of the type 2 diabetes target
glucose-6-phosphate translocase. J. Comb. Chem. 2005, 7, 218—221.
(f) Sunderhaus, J. D.; Dockendorff, C.; Martin, S. F. Synthesis of
diverse heterocyclic scaffolds via tandem additions to imine derivatives
and ring-forming reactions. Tetrahedron 2009, 65, 6454—6469.
(g) Wang, K; Nguyen, K.; Huang, Y. J.; Domling, A. Cyanoacetamide
multicomponent reaction (I): Parallel synthesis of cyanoacetamides. J.
Comb. Chem. 2009, 11, 920—927. (h) Toure, B. B.; Hall, D. G. Natural
product synthesis using multicomponent reaction strategies. Chem.
Rev. 2009, 109, 4439—4486. (i) Candeias, N. R.; Montalbano, F.; Cal,
P. M,; Gois, P. M. P. Boronic acids and esters in the Petasis—Borono
Mannich multicomponent reaction. Chem. Rev. 2010, 110, 6169—
6193. (j) Nandalury, P. R.; Bodwell, G. J. Multicomponent synthesis of
6H-dibenzo[b,d]pyran-6-ones and a total synthesis of cannabinol. Org.
Lett. 2012, 14, 310—313. (k) Jiang, B.; Rajale, T.; Wever, W.; Tu, S.;
Li, G. Multicomponent reactions for the synthesis of heterocycles.
Chem. Asian ]. 2010, S, 2318—233S. (1) Schreiber, S. L. Target-
oriented and diversity-oriented organic synthesis in drug discovery.
Science 2000, 287, 1964—1969. (m) Sunderhaus, J. D.; Martin, S. F.
Applications of multicomponent reactions to the synthesis of diverse
heterocyclic scaffolds. Chem.—Eur. J. 2009, 15, 1300—1308. (n) Tietze,
L. F; Kinzel, T.; Brazel, C. C. The domino multicomponent allylation
reaction for the stereoselective synthesis of homoallylic alcohols. Acc.
Chem. Res. 2009, 42, 367—378.

(4) (a) Xu, F; Corley, E.,; Zacuto, M.; Conlon, D. A; Pipik, B;
Humphrey, G.; Murry, J.; Tschaen, D. Asymmetric synthesis of a
potent, aminopiperidine-fused imidazopyridine dipeptidyl peptidase IV
inhibitor. J. Org. Chem. 2010, 75, 1343—1353. (b) Katritzky, A. R;
Luo, Z.; Fang, Y.; Feng, D.; Ghi, L. Preparation of polysubstituted
piperidines via radical cyclization. J. Chem. Soc., Perkin Trans. 2 2000,
1375—1380. (c) Gonzlez-Zamora, E.; Fayol, A,; Bois-Choussy, M,;

dx.doi.org/10.1021/c0300022f | ACS Comb. Sci. 2012, 14, 366—371


http://pubs.acs.org
mailto:wangcd@yzu.edu.cn

ACS Combinatorial Science

Research Article

Chiaroni, A;; Zhu, J. Three component synthesis of oxa-bridged
tetracyclic tetrahydroquinolines. Chem. Commun. 2001, 1684—168S.
(d) Bossharth, E.; Desbordes, P.; Monteiro, N.; Balme, G. Palladium-
mediated three-component synthesis of furo[2,3-b]pyridones by one-
pot coupling of 3-iodopyridones, alkynes, and organic halides. Org.
Lett. 2003, S, 2441—2444. (e) Tour, B. B.; Hoveyda, H. R;; Tailor, J;
Ulaczyk-Lesanko, A.; Hall, D. G. A three-component reaction for
diversity-oriented synthesis of polysubstituted piperidines: Solution
and solid-phase optimization of the first tandem aza[4 + 2]/
allylboration. Chem.—Eur. J. 2003, 9, 466—474. (f) Fayol, A,; Zhu,
J. Synthesis of polysubstituted 4,5,6,7-tetrahydrofuro[2,3-c]pyridines
by a novel multicomponent reaction. Org. Lett. 2004, 6, 115—118.
(g) Xiao, D.; Wang, L,; Feng, X. A Practical synthetic pathway to
polysubstituted tetrahydropyridines via multicomponent reactions
catalyzed by BF;-OEt,. Synlett 2005, 1531—1534. (h) Godineau, E.;
Landais, Y. Multicomponent radical processes: Synthesis of substituted
piperidinones. J. Am. Chem. Soc. 2007, 129, 12662—12663. (i) Clarke,
P. A,; Zaytzev, A. V.; Whitwood, A. C.; Wilson, C. One-pot synthesis
of functionalized piperid-4-ones: A four-component condensation.
Org. Lett. 2008, 10, 2877—2880. (j) Jakubec, P.; Helliwell, M.; Dixon,
D. J. Synthesis of CH,-linked a(2,3)sialylgalactose analogue: On the
stereoselectivity of the key Ireland—Claisen rearrangement. Org. Lett.
2008, 10, 4267—4270. (k) Sarkar, N.; Banerjee, A;; Nelson, S. G. A
chiral rhodium carboxamidate catalyst for enantioselective C—H
amination. J. Am. Chem. Soc. 2008, 130, 9222—9223. (1) Takasu, K;
Shindoh, N.; Tokuyama, H.; Thara, M. Catalytic imino Diels—Alder
reaction by triflic imide and its application to one-pot synthesis from
three components. Tetrahedron 2006, 62, 11900—11907. (m) Zhu, W.;
Mena, M,; Jnoff; E; Sun, N.; Pasau, P.; Ghosez, L. Multicomponent
reactions for the synthesis of complex piperidine scaffolds. Angew.
Chem.,, Int. Ed. 2009, 48, 5880—5883. (n) Clarke, P. A; Zaytzev, A. V.;
Whitwood, A. C. Pot, atom and step economic (PASE) synthesis of
highly functionalized piperidines: A five-component condensation.
Tetrahedron Lett. 2007, 48, 5209—5212.

(5) (a) Alizadeh, A; Rezvanian, A; Bijanzadeh, H. R. Synthesis of
highly functionalized pyrrole derivatives via a four-component reaction
of two primary amines and diketene in the presence of nitrostyrene.
Synthesis 2008, 725—728. (b) van Berkom, L. W. A; Kuster, G. J. T.;
de Gelde, R; Scheeren, H. W. Synthesis and rearrangement of N-
organyloxy f-lactams derived from a (4 + 2)/(3 + 2) sequential
cycloaddition reaction involving enol ethers and nitro alkenes. Eur. J.
Org. Chem. 2004, 21, 4397—4404. (c) Tietze, L. F.; Dietz, S.; Boehnke,
N.; Duefert, M. A.; Objartel, L; Stalke, D. Three-component Domino
Knoevenagel/hetero-Diels—Alder reaction for the synthesis of the
amino sugars 2-acetoxyforosamine and 2-acetoxyossamine—Exper-
imental and theoretical results. Eur. J. Org. Chem. 2011, 32, 6574—
6580. (d) Xiong, G.; Wei, M; Zhou, Y.; Li, Y.; Zhang, F.; Gong, Y. A
multicomponent reaction between a-substituted acroleins, nitro-
alkanes and paraformaldehyde: efficient construction of nitro J-lactol.
Synthesis 2011, 3439—3446. (e) Das, B.; Shinde, D. B.; Kanth, B. S,;
Satyalakshmi, G. An efficient multicomponent synthesis of polysub-
stituted pyrrolidines and tetrahydropyrimidines starting directly from
nitro compounds in water. Synthesis 2010, 2823—2827. (f) Song, W.;
Lu, W.; Wang, J.; Lu, P.; Wang, Y. A Facile route to y-nitro imidates
via four-component reaction of alkynes with sulfonyl azides, alcohols,
and nitroolefins. J. Org. Chem. 2010, 75, 3481—3483.

(6) (a) Ono, N. The Nitro Group in Organic Synthesis; Wiley-VCH:
New York, 2001. (b) Tsogoeva, S. B. Recent advances in asymmetric
organocatalytic 1,4-conjugate additions. Eur. J. Org. Chem. 2007,
1701—-1716. (c) Almasi, D.; Alonso, D. A.; Jera, C. N. Organocatalytic
asymmetric conjugate additions. Tetrahedron: Asymmetry 2007, 18,
299-365. (d) Zhang, Z. H.; Dong, X. Q;; Chen, D.; Wang, C. J. Fine-
tunable organocatalysts bearing multiple hydrogen bonding donors for
construction of adjacent quaternary and tertiary stereocenters via a
Michael reaction. Chem.; Eur. J. 2008, 14, 8780—8783. (e) Yu, Z. P.;
Liu, X. H; Zhou, L.; Lin, L. L,; Feng, X. M. Bifunctional guanidine via
an amino amide skeleton for asymmetric Michael reactions of f-
ketoesters with nitroolefins: A concise synthesis of bicyclic f-amino
acids. Angew. Chem., Int. Ed. 2009, 48, 5195—5198. (f) Berner, O. M,;

371

Tedeschi, L.; Enders, D. Asymmetric michael additions to nitro-
alkenes. Eur. J. Org. Chem. 2002, 1877—1894. (g) Almas-i, D.; Alonso,
D. A,; Gomez-Bengoa, E.; Najera, C. Chiral 2-aminobenzimidazoles as
recoverable organocatalysts for the addition of 1,3-dicarbonyl
compounds to nitroalkenes. J. Org. Chem. 2009, 74, 6163—6168.

(7) Haasnoot, C. A. G,; DeLeeuw, F. A. A. M; Altona, A. The
relationship between proton-proton NMR coupling constants and
substituent electronegativities-I: An empirical generalization of the
karplus equation. Tetrahedron 1980, 36, 2783—2792.

(8) See Supporting Information.

dx.doi.org/10.1021/c0300022f | ACS Comb. Sci. 2012, 14, 366—371



