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Passerini Multicomponent Reaction of Indane-1,2,3-Trione: an Efficient Route for the
One-Pot Synthesis of Sterically Congested 2,2-Disubstituted Indane-1,3-Dione Derivatives

Ali Reza Kazemizadeh and Ali Ramazani*

Chemistry Department, Zanjan University, P.O. Box 45195-313, Zanjan, Iran

A reacdo de Passerini de indano-1,2,3-triona, isocianetos e derivados do dcido benzdico ocorre
atemperatura ambiente, conduzindo a derivados estericamente congestionados de indano-1,3-diona
2,2-dissubstituidas em excelentes rendimentos. A reacdo € limpa, ocorre sob condi¢des brandas

e reacdes laterais ndo foram observadas.

The Passerini reaction of indane-1,2,3-trione, isocyanides and benzoic acid derivatives proceed
at room temperature and sterically congested 2,2-disubstituted indane-1,3-dione derivatives are
synthesized in excellent yields. The reaction proceeds smoothly and cleanly under mild conditions

and no side reactions are observed.
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Introduction

In recent years, multicomponent reactions (MCRs) have
become important tools in modern preparative synthetic
chemistry because these reactions increase the efficiency
by combining several operational steps without isolation
of intermediates or changes of the conditions.' This
principle, therefore, is highly efficient in terms of time
as well as resources.” Among the known multicomponent
reactions to date, the most valuable reactions are those
based on isocyanides. Isocyanide-based multicomponent
reactions (abbreviated to IMCRs by Ugi and Domling)
by virtue of their synthetic potential, their inherent atom
efficiency, convergent nature, ease of implementation,
and the generation of molecular diversity, have attracted
much attention because of the advantages that they offer
to the field of combinatorial chemistry.® IMCRs are
particularly interesting because they are more versatile
and diverse than the remaining MCRs. The great potential
of isocyanides for the development of multicomponent
reactions lies in the diversity of available bond forming
processes, their functional group tolerance, and the high
levels of chemo-, regio-, and stereoselectivity often
observed. The outstanding position of IMCRs can be
traced back to the exceptional reactivity of the functional
group of the isocyanide. No other functional group reacts
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with nucleophiles and electrophiles at the same atom,
leading to the so-called a-adduct. Today most IMCR
chemistry relates to the classical reactions of Passerini
and Ugi. Indeed, the large number of different scaffolds
now available mostly builds on these two IMCRs and their
combination with other types of reactions.’!® Passerini
reactions involve an oxo component, an isocyanide, and a
nucleophile.'-?! The Passerini reactions are beginning to
find utility in the drug discovery process, and total syntheses
of biologically relevant natural products. This reaction has
been widely used in synthetic and medicinal chemistry.!?
For example, it has often been involved as a key step in
the total synthesis of natural products due to the fact that
the a-acyloxycarboxamide group is a frequently recurring
motif in many pharmacologically interesting natural
products.?® The mechanism of the Passerini reaction has
been investigated by Baker and Stanonis.” In connection
with our recent interest to isocyanide chemistry,**’
report the Passerini multicomponent reaction between,
indane-1,2,3-trione, isocyanides and benzoic acid
derivatives in this article.

we

Results and Discussion

The indane-1,2,3-trione (1), isocyanides (2) and
benzoic acid derivatives (3) in dichloromethane react
together in a 1:1:1 ratio at room temperature to produce
a-acyloxycarboxamides (4a-j) (Scheme 1 and Table 1).
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The reaction proceeds smoothly and cleanly under mild
conditions and no side reactions are observed. The pure
products (4a-j) are stable at room temperature for several
months. The structures of the products were deduced from
their IR, '"H NMR, "*C NMR and elemental analyses. For
example the "H NMR spectrum of 4a exhibited distinct
signals arising from cyclohexyl (0, = 1.19-2.17 ppm),
NCH (3.77 ppm), NH (6.58 ppm) and aromatic CH (7.26-
8.07). The *C NMR spectrum of 4a showed 15 distinct
resonances arising from CH, of cyclohexyl (24.64, 25.34,
32.66 ppm), NCH (49.03 ppm), C-O (84.08 ppm), aromatic
carbons (124.08, 127.01, 128.83, 130.15, 134.51, 136.07
and 141.50 ppm), CO of ester (161.53 ppm), CO of amide
(163.84 ppm), CO of ketone (191.60 ppm). The IR spectrum
showed an NH absorption at 3331 cm™'. The mass spectrum
of 4a displayed a molecular ion peak at m/z: 391 value.

Experimental

Starting materials and solvents were obtained from
Merck (Germany) and Fluka (Switzerland) and were used
without further purification. Melting points were measured
on an Electrothermal 9100 apparatus and are uncorrected. IR
spectra were measured on a Shimadzu IR-460 spectrometer.
'H and “C NMR spectra were measured (CDCI, solution)

Table 1. Synthesis of o-acyloxycarboxamides (4a-j) (see Scheme 1)

Entry Products R X Y Yield / (%)
1 4a cyclohexyl H H 97
2 4b cyclohexyl H Me 95
3 4c cyclohexyl Me H 96
4 4d cyclohexyl H Br 96
5 4e cyclohexyl Br H 95
6 4f -Bu H H 97
7 4g t-Bu H Me 96
8 4h t-Bu Me H 97
8 4i t-Bu H Br 95
10 4j -Bu Br H 95
O

J. Braz. Chem. Soc.

with a BRUKER DRX-250 AVANCE spectrometer at 250.0
and 62.5 MHz, respectively. Mass spectra were recorded on
a FINNIGAN-MAT 8430 mass spectrometer operating at
an ionization potential of 20 eV. Elemental analyses were
performed using a Heraeus CHN-O-Rapid analyzer. The
results agreed favorably with the calculated values.

General procedure

To a magnetically stirred solution of indane-1,2,3-trione
(1) (0.2 mmol) and benzoic acid derivatives (3) (0.2 mmol)
in dry CH,CI, (5 mL) was added dropwise a solution of
isocyanides (2) (0.2 mmol) in CH,Cl, (2 mL) at room
temperature over 10 min. The mixture was stirred for 1
to 2 hours at room temperature. The solvent was removed
under reduced pressure and pure products (4a-j) were
obtained. The characterization data of the compounds are
given below.

2-[(Cyclohexylamino)carbonyl]-1,3-dioxo-2,3-dihydro-
1H-indene-2-yl benzoate (4a)

Yield 97%; white powder, mp 167.9-170.0 °C; IR (KBr)
v Jem': 3331 (NH), 2931, 2854, 1731, 1654, 1531, 1277,
'HNMR (250 MHz, CDCL,) 6 1.19-2.17 (m, 10 H, 5 CH,
of cyclohexyl), 3.77 (m, 1 H, N-CH), 6.58 (d, J 7.0 Hz,
1 H, NH), 7.26-8.07 (m, 9 H, arom CH). 3C NMR (62.5
MHz, CDCl,) 6 24.64, 25.34, 32.66 (CH, of cyclohexyl),
49.03 (NCH), 84.08 (C-0), 124.08, 127.01, 128.83, 130.15,
134.51, 136.07 and 141.50 (aromatic carbons), 161.53 (CO
of ester), 163.84 (CO of amide), 191.60 (CO of ketone;
MS (EIL 20 eV): m/z (%) = 391 (2) (M*), 269 (1), 161 (3),
133 (2), 105 (100), 77 (22), 55 (10). Found: C, 70.65; H,
5.36; N, 3.51. Calc. for C23H21N05: C, 70.58; H, 5.41; N,
3.58%.

2-[(Cyclohexylamino)carbonyl]-1,3-dioxo-2,3-dihydro-
1H-indene-2-yl 4-methylbenzoate (4b)

Yield 95%; white powder, mp 220.8-222.0 °C (dec);
IR (KBr) v /cm™: 3338 (NH), 2938, 2854, 1731, 1646,
1523, 1277; '"H NMR (250 MHz, CDCl,) 6 1.23-1.98 (m,

Y
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00
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Scheme 1. Passerini multicomponent reaction of indane-1,2,3-trione (see Table 1).
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10 H, 5 CH, of cyclohexyl), 2.44 (s, 3H, CH3), 3.75 (m,
1 H, N-CH), 6.56 (d, J 8.0 Hz, 1 H, NH), 7.27- 8.08 (m,
8 H, arom CH). "C NMR (62.5 MHz, CDCL,) ¢ 21.89
(CH,), 24.64, 25.35, 32.66 (CH, of cyclohexyl), 48.98
(NCH), 83.92 (C-0), 124.07, 124.15, 129.54, 130.21,
136.03, 141.50 and 145.63 (aromatic carbons), 161.61 (CO
of ester), 163.88 (CO of amide), 191.75 (CO of ketone).
Found: C, 71.04; H, 5.76; N, 3.38. Calc. for C24H23NOS: C,
71.10; H, 5.72; N, 3.45%.

2-[(Cyclohexylamino)carbonyl]-1,3-dioxo-2,3-dihydro-
1H-indene-2-yl3-methylbenzoate (4c)

Yield 96%; white powder, mp 175.0-177.1 °C; IR (KBr)
v . Jem™:3307 (NH), 2931, 2854, 1731, 1654, 1538, 1285;
'H NMR (250 MHz, CDCl,) 6 1.25-1.98 (m, 10 H, 5 CH,
of cyclohexyl), 2.40 (s, 3H, CH,), 3.77 (m, 1 H, N-CH),
6.58 (d,J7.5Hz, 1 H,NH), 7.26- 8.08 (m, 8 H, arom CH) .
BCNMR (62.5 MHz, CDCl,) 6 21.33 (CH,), 24.60, 25.35,
32.61 (CH, of cyclohexyl), 48.95 (NCH), 84.01 (C-O),
124.07, 126.87, 127.26, 128.71, 130.77, 135.32, 136.06,
138.71, 141.50 (aromatic carbons), 161.56 (CO of ester),
164.00 (CO of amide), 191.67 (CO of ketone). Found: C,
71.13; H, 5.77; N, 3.36. Calc. for C, H,,NO,: C, 71.10; H,
5.72; N, 3.45%.

2-[(Cyclohexylamino)carbonyl]-1,3-dioxo-2,3-dihydro-
1H-indene-2-yl 4-bromobenzoate (4d)

Yield 96%; white powder, mp 211.1-212.7 °C (dec);
IR (KBr) v _ /cm: 3331 (NH), 2938, 2854, 1731, 1646,
1592, 1277; '"H NMR (250 MHz, CDCl,) 6 1.18-1.97 (m,
10 H, 5 CH, of cyclohexyl), 3.76 (m, 1 H, N-CH), 6.50
(d, J 8.0 Hz, 1 H, NH), 7.26-8.08 (m, 8 H, arom CH). *C
NMR (62.5 MHz, CDCl,) 0 24.66, 25.31, 32.66 (CH, of
cyclohexyl), 49.09 (NCH), 84.24 (C-0O), 124.13, 125.88,
129.95, 131.53,132.27, 136.20, 141.43, (aromatic carbons),
161.29(CO of ester), 163.24 (CO of amide), 191.39 (CO of
ketone). Found: C, 58.80; H, 4.32; Br, 16.95; N, 2.95. Calc.
for C23H20BrNOS: C, 58.74; H, 4.29; Br, 16.99; N, 2.98%.
2-[(Cyclohexylamino)carbonyl]-1,3-dioxo-2,3-dihydro-
1H-indene-2-yl 3-bromobenzoate (4e)

Yield 95%; white powder, mp 188.6-190.0 °C (dec);
IR (KBr) v _ /em: 3385 (NH), 2931, 2854, 1731, 1669,
1531, 1262; '"H NMR (250 MHz, CDCl,) 6 1.25-1.97 (m,
10 H, 5 CH2 of cyclohexyl), 3.77 (m, 1 H, N-CH), 6.51
(d,J 7.0 Hz, 1 H, NH), 7.26-8.12 (m, 9 H, arom CH). *C
NMR (62.5 MHz, CDCl,) 6 24.59, 25.32, 32.59 (CH, of
cyclohexyl), 49.06 (NCH), 84.31 (C-0O), 122.83, 124.15,
128.66, 128.90, 130.40, 133.16, 136.21, 137.44, 141.44
(aromatic carbons), 161.22(CO of ester), 162.58 (CO of
amide), 191.26 (CO of ketone). Found: C, 58.72; H, 4.33;
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Br, 17.05; N, 2.94. Calc. for C,;H, BrNO,: C, 58.74; H,
4.29; Br, 16.99; N, 2.98%.

2-[(tert-Butylamino)carbonyl]-1,3-dioxo-2,3-dihydro- 1 H-
indene-2-yl benzoate (4f)

Yield 97%; white powder, mp 186.0-187.3 °C (dec);
IR (KBr) v_ /cm: 3408 (NH), 2969, 1723, 1685, 1531,
1292; '"H NMR (250 MHz, CDCl,) 6 1.42 (s, 9 H, t-Bu);
6.55 (s, 1 H,NH); 7.26-8.06 (m, 9 H, arom CH). *C NMR
(62.5 MHz, CDCl,) 6 28.56 (CMe,); 52.67 (N-C); 84.09
(C-0); 124.06, 127.00, 128.84, 130.11, 134.52, 136.05 and
141.66 (aromatic carbons); 161.63 (CO of ester); 163.73
(CO of amide); 191.84 (CO of ketone). Found: C, 68.96;
H, 5.26; N, 3.89. Calc. for C, H,(NO,: C, 69.03; H, 5.24;
N, 3.83%.

2-[(tert-Butylamino)carbonyl]-1,3-dioxo-2,3-dihydro-1H-
indene-2-yl 4-methylbenzoate (4g)

Yield 96%; white powder, mp 50.5-152.0 °C (dec); IR
(KBr)v,_ /ecm:3346 (NH),2977,1731,1677, 1523, 1292;
'HNMR (250 MHz, CDCL,) 6 1.41 (s, 9 H, t-Bu); 2.44 (s,
3H, CH,); 6.53 (s, 1 H,NH); 7.26-8.08 (m, 8 H, arom CH).
BCNMR (62.5 MHz, CDCL,) 6 21.84 (CH,); 28.56 (CMe,);
52.60 (N-C); 83.94 (C-0); 124.01, 124.20, 129.54, 130.15,
135.95, 141.68 and 145.59 (aromatic carbons); 161.73 (CO
of ester); 163.75 (CO of amide); 191.94 (CO of ketone).
Found: C, 69.70; H, 5.55; N, 3.72. Calc. for CZZHZINOS: C,
69.65; H, 5.58; N, 3.69%.

2-[(tert-Butylamino)carbonyl]-1,3-dioxo-2,3-dihydro- 1 H-
indene-2-yl 3-methylbenzoate (4h)

Yield 97%; white powder, mp 169.3-170.7 °C (dec); IR
(KBr)v__ /em: 3431 (NH), 2969, 1731, 1685, 1523, 1292;
'HNMR (250 MHz, CDCL,) 6 1.42 (s, 9 H, t-Bu); 2.41 (s,
3H, CH,); 6.55 (s, 1 H, NH); 7.26-8.08 (m, 8 H, arom CH).
BCNMR (62.5 MHz, CDCL,) 6 21.30 (CH,); 28.55 (CMe,);
52.62 (N-C); 84.01 (C-0); 124.02, 126.90, 127.20, 128.70,
130.73, 135.28, 135.99, 138.70 and 141.68 (aromatic
carbons); 161.67 (CO of ester); 163.86 (CO of amide);
191.87 (CO of ketone). Found: C, 69.71; H, 5.60; N, 3.65.
Calc. for C,,H, NO.: C, 69.65; H, 5.58; N, 3.69%.
2-[(tert-Butylamino)carbonyl]-1,3-dioxo-2,3-dihydro- 1 H-
indene-2-yl 4-bromobenzoate (4i)

Yield 95%; white powder, mp 213.0-214.7 °C (dec); IR
(KBr)v_ /em': 3431 (NH), 2977,1731, 1685, 1592, 1523,
1277, '"H NMR (250 MHz, CDCl,) 6 1.41 (s, 9 H, t-Bu);
6.45 (s, 1 H,NH); 7.26-8.08 (m, 8 H, arom CH). *C NMR
(62.5 MHz, CDCl,) 6 28.55 (CMe,); 52.73 (N-C); 84.25
(C-0); 124.08, 125.92,129.93, 131.46, 132.28, 136.12 and
141.60 (aromatic carbons); 161.40 (CO of ester); 163.11
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(CO of amide); 191.58 (CO of ketone). Found: C, 56.73; H,
4.10; Br, 17.96; N, 3.09. Calc. for CZIHISBrNOS: C,56.77;
H, 4.08; Br, 17.99; N, 3.15%.

2-[(tert-Butylamino)carbonyl]-1,3-dioxo-2,3-dihydro-1H-
indene-2-yl 3-bromobenzoate (4j)

Yield 95%; white powder, mp 184.8-185.8 °C (dec);
IR (KBr) v /cm: 3423 (NH), 2969, 1731, 1677, 1531,
1262; 'H NMR (250 MHz, CDCl,) 6 1.42 (s, 9 H, t-Bu);
6.46 (s, 1 H,NH); 7.26-8.12 (m, 8 H, arom CH). *C NMR
(62.5 MHz, CDCl,) 6 28.54 (CMe,); 52.77 (N-C); 84.31
(C-0); 122.84, 124.10, 128.59, 128.93, 130.39, 133.15,
136.15, 137.42 and 141.62 (aromatic carbons); 161.32 (CO
of ester); 162.44 (CO of amide); 191.46 (CO of ketone).
Found: C, 56.83; H, 4.10; Br, 18.02; N, 3.10. Calc. for
C, H,BrNO.: C, 56.77; H, 4.08; Br, 17.99; N, 3.15%.

Conclusions

We believe that the reported method offers a mild,
simple, efficient and one-pot synthetic method for the
preparation of sterically congested 2,2-disubstituted indane-
1,3-dione derivatives from Passerini multicomponent
reaction of indane-1,2,3-trione. The reaction proceeds
smoothly and cleanly under mild conditions and no side
reactions were observed. The products were obtained in
excellent yields. Their ease of work-up, high yields and
mild reaction conditions make it a useful addition to modern
synthetic methodologies. Other aspects of this process are
under investigation.
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