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Abstract Iodine has been used as a new catalyst for the synthesis of
spiro-dihydropyridine derivatives by the condensation of cyclic enami-
nones and 2-hydroxy-2,2′-bisindan-1,1′,3,3′-tetrone.
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The properties of molecular iodine, including its Lewis
acidity, lead to a range of applications in organic synthe-
sis.1–4 Nitrogen-containing heterocyclic compounds have
been of interest for the development of organic synthes-
isthrough decades.5–8 Among them, 1,4-dihydropyridines
(1,4-DHPs; Figure 1) are an important class of compounds
in the field of vasodilation and bronchodilation, being po-
tent calcium antagonists and calcium channel blockers.9–12

Figure 1  Selected examples of dihydropyridines

Spiro-heterocycles, due to their steric constraints, rep-
resent an important class of substances that often have in-
teresting biological properties.13–15 Among them, spiro-di-
hydropyridine derivatives serve as important building

blocks in a wide range of biologically active compounds.16

There are several synthetic methods available for the prepa-
ration of functionalized dihydropyridines.17

2-Hydroxy-2,2′-bisindan-1,1′,3,3′-tetrone can be readily
generated by acid or base catalyzed condensation of ninhy-
drin with 1,3-indanedione.18 Activation of 2-hydroxy-2,2′-
bisindan-1,1′,3,3′-tetrone for electrophilic reactions has
been achieved under acidic conditions such as AcOH/H2SO4
for addition of phenols,19 AcOH for enol condensation,20 tri-
flic acid,21 acidic magnetic nanoparticle for synthesis of
pyrazoles,22 and silica-sulfuric acid for synthesis of dihy-
dropyridines.23 However, the use of acidic conditions can
cause rearrangements and can also require high tempera-
tures in some cases.

In the present work, in a continuation of our ongoing re-
search program in the field of synthesis of spiro-heterocy-
clic compounds, we report the reaction of 2-hydroxy-2,2′-
biindan-1,1′,3,3′-tetrone 1 and cyclic enaminones 2a–j in
the presence of molecular iodine under mild reaction con-
ditions to form spiro-dihdydropyridines 3a–j (Scheme 1).

Firstly, 1,3-indandione was reacted with ninhydrin in
the presence of triethylamine in EtOH at room temperature,
to afford 2-hydroxy-2,2′-bisindan-1,1′,3,3′-tetrone 1. The
reaction of compound 1 was tested initially with 6-amino-
uracil in dimethyl sulfoxide (DMSO) at 120 °C without cata-
lyst. However, these conditions did not afford the desired
product 3a (Table 1, entry 2). The use of an acidic catalyst
such as p-TSA or acetic acid gave 3a in moderate yields (en-
tries 3 and 4). Our group has previously used molecular io-
dine as a catalyst1,24 and when we examined the use of io-
dine in DMSO at 120 °C the reaction proceeded in excellent
yield (entry 5). To study the effect of temperature, an addi-
tional experiment was performed at 100 °C, resulting in
91% yield of 3a after 4 hours (entry 8). However, when the
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reaction was performed at lower temperatures, the yield
decreased dramatically (entries 9 and 10). When solvents
such as N,N-dimethylformamide (DMF) and toluene were
examined, again a decrease in the yield of the reaction was
observed (entries 11 and 12). Therefore, 20 mol% I2 in
DMSO at 100 °C was established as the optimal conditions
for the current methodology.

To investigate the scope of this reaction, a range of cyclic
enaminones was used; the results are summarized in Table
2. All derivatives 3a–j were obtained in high yields, al-
though in the case of compounds 3i and 3j the yield of the
reaction decreased slightly, presumably because the nitro-
gen of the 6-aminocoumarin is further substituted and
therefore more sterically hindered.

All novel compounds 3a–f were fully characterized by
elemental analysis, IR, 1H NMR, 13C NMR spectroscopic
analysis and HRMS. For example, the HRMS spectrum of 3a
displayed m/z [M+H]+ at 398.0775 and the IR spectrum
showed absorption bands at 3249, 1710, 1690, and 1666
cm–1 assigned to NH stretching and five-membered ketone,
amide, and α,β-unsaturated ketone carbonyl groups, re-
spectively. The 1H-decoupled 13C NMR spectrum of 3a
showed 18 distinct resonances, with a signal at 56 ppm be-
ing attributed to the spiro- carbon.

Finally, to investigate the scalability of our reaction, the
reaction was conducted on a gram scale under the opti-
mized reaction conditions and no significant changes in ei-
ther reaction time or yield were observed (Scheme 2).

Scheme 1  Synthesis spiro-dihydropyridines
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Table 1  Optimization of Reaction Conditions for the Preparation of 3aa

Entry Solvent Catalyst Catalyst (%) Temp. (°C) Time (h) Yield (%)b

1 DMSO none – 100 24 –

2 DMSO none – 120 24 –

3 DMSO p-TSA 100 120 12 42

4 DMSO HOAc 100 120 12 37

5 DMSO I2 100 120 12 94

6 DMSO I2 20 120 12 92

7 DMSO I2 10 120 12 65

8 DMSO I2 20 100 4 91

9 DMSO I2 20 80 4 44

10 DMSO I2 20 50 4 23

11 DMF I2 20 100 4 67

12 toluene I2 20 100 4 35
a Reagents and conditions: 1 (1 mmol), 2a (1 mmol), solvent (4 mL), in a capped vial.
b Isolated yield.
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Table 2  Synthesis of 3a–ja

Entry Cyclic Enaminones Product Yield (%)b

1 2a 3a 91

2 2b 3b 88

3 2c 3c 85

5 2d 3d 92

5 2e 3e 86

6 2f 3f 80
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Table 2 (continued)

Scheme 2 

Although we have not established the mechanism of the
reaction experimentally, a plausible mechanism is pro-
posed in Scheme 3. The reaction between molecular iodine
and hydroxy compound 1 could produce two intermediates,
Path A gives intermediate 4, which is reported to be formed
under acidic conditions,19,21 and Path B leads to intermedi-
ate 5. Michael addition of enaminone 2a to either the dou-
ble bond of 4 or the carbocationic center of 5 gives interme-
diate 7, which undergoes intramolecular cyclocondensation
to produce the desired product.

In conclusion, we have developed an efficient methodol-
ogy for the synthesis of spiro-dihydropyridines in high
yield from 2-hydroxy-2,2′-biindan-1,1′,3,3′-tetrone as start-
ing material.25,26 Activation of 2-hydroxy-2,2′-bisindan-
1,1′,3,3′-tetrone with molecular iodine as a mild catalyst
under acid-free reaction conditions and a simple work-up
procedure are features of this method.

7 2g 3g 73

8 2h 3h 83

9 2i 3i 61

10 2j 3j 57

a Reagents and conditions: 1 (1 mmol), 2a–j (1 mmol), DMSO (4 mL), I2 (20 mol%) in a capped vial.
b Isolated yield.
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Scheme 3  Proposed mechanism of formation of spiro-dihydropyrans 3
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