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Spiroindole derivatives occupy a significant area within a variety 
of biologically active compounds. Spiroindole moiety is met 
in the molecules of physiologically active alkaloids,1 antitumor 
agents,2,3 anti-inflammatory drugs,4 analgesics,5 and cardio tonics.6 
Herein, we describe an original approach to 2'-oxo-1',2'-dihydro-
spiro[cycloalkane-1,3'-indole]-2-carbonitriles from available 
2-cyano-2-(2-oxo-1,2-dihydro-3H-indol-3-ylidene)acetic acid. We 
anticipate that the compounds obtained can be transformed into 
spiro analogues of melatonin [3-(2-acetylaminoethyl)-5-methoxy-
1H-indole], an important neurohormone.7–12

Such spiro analogues of melatonin seem promising in view 
of conformational restriction13 and ‘umbrella effect’14 concepts, 
which can provide more knowledge on the structure–activity 
relationship within this group of compounds.

To access the required spiroindole derivatives, we chose cyclo-
addition to the exocyclic double bond of 2-oxoindolylacetonitriles 
as the most promising strategy (cf. ref. 15), since these compounds 
can be readily obtained from inexpensive isatins 1 (Scheme 1, 
for experimental details, see Online Supplementary Materials). 
The choice of isatins 1a,b relies on the requirements to the struc-
ture of melatoninergic ligands. The presence of methoxy group 
in the 5-position of indole moiety is necessary for the agonistic 
activity. However, some compounds based on unsub stituted 
indole are known to be efficient antagonist ligands for melatonin 
receptors.16 The resulting compounds 2 and 4 were subjected to 
cycloaddition reaction.

Conventional methods of cyclopropanation17–19 are mostly 
inapplicable to compounds with double bonds conjugated with 

electron-withdrawing groups. Herein, we tested the Corey–
Chaykovsky reaction20 and addition of diazonium compounds.21 
However, the Corey–Chaykovsky reaction turned unsuitable for 
our purpose. The addition of diazomethane22,23 appeared to be 
appropriate (20-fold excess of CH2N2 without catalyst), the 
intermediate pyrazolines having been immediately decomposed 
upon reflux in toluene (see Scheme 1).

The target cyclopropanes 3a,b were isolated as isomeric 
mixtures in ratios of 5:2 and 3:1, respectively (1H NMR spectro-
scopic data).

For the syntheses of the six-membered cyclic spiroindole 
scaffold, we used Diels–Alder [4 + 2]-cycloaddition (Scheme 2, 
Table 1).† We performed the [4 + 2]-cycloaddition to compounds 
4 both in the absence and in the presence of ZnI2. The adduct was 
obtained as a mixture of two diastereoisomers (NMR spectro-
scopic data), whose ratio was independent of the reaction con-
ditions. The yield of the target compound 5 was slightly higher in 
the presence of ZnI2 (see Table 1). The process was universal for 
substrates 4a–c and various dienes providing high yields in the 
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Scheme 1 Reagents and conditions: i, NCCH2COOH, Et3N, 1,4-dioxane, 
4 h; ii, HCl aq.; iii, pyridine, 100 °C; iv, AcOH; v, diazomethane, Et2O, 5 h; 
vi, toluene, 110 °C, 8 h.

† 3-Cyano-5'-methoxy-2'-oxo-1',2'-dihydrospiro{bicyclo[2.2.1]hept-
5-ene-2,3'-indole}-3-carboxylic acid 5b. Method A: the reaction of 4b 
(1 g, 4.1 mmol) and cyclopentadiene (1.7 ml, 0.02 mol) in ethanol (10 ml) 
gave light-brown product 5b, yield 0.35 g (45%). Method B: the reaction 
of 4b (3 g, 12.3 mol), ZnI2 (0.3 g), and cyclopentadiene (5 ml, 0.06 mol) 
in acetonitrile (10 ml) gave light-brown product 5b as an isomeric mixture 
(5:1 according to 1H NMR), yield 2.3 g (60%). 1H NMR (400.13 MHz, 
DMSO-d6, major isomer) d: 1.62 (d, 1H, J 9.9 Hz), 2.26 (d, 1H, J 9.6 Hz), 
2.78 (s, 1H), 3.48 (s, 1H), 3.73 (s, 3 H), 6.19 (dd, 1H, J 3.1 and 5.1 Hz), 
6.44 (dd, 1H, J 3.1 and 5.1 Hz), 6.81 (s, 1H), 6.89 (d, 1H, J 2.2 Hz), 7.1 
(d, 1H, J 2.0 Hz), 10.44 (s, 1H). 13C NMR (400.13 MHz, DMSO-d6, major 
isomer) d: 39.85, 40.06, 52.45, 54.83, 56.01, 60.22, 109.95, 110.04, 
113.65, 120.32, 131.14, 135.56, 135.77, 136.67, 154.79, 167.02, 175.55. 
IR (n/cm–1): 1470 [C(O)NH], 1490 [C(O)OH], 1640 (NH–C=O), 1740 
[C(O)OH], 2260 (CN). HRMS (ESI), m/z: 309.0879 (M – H, d 0.6 pm, 
calc. 309.0881), 333.0844 (M + Na, d 0.6 pm, calc. 333.0846).

Yields of the Diels–Alder adducts (%).Table 1 

Dienophile

Cyclopentadiene 5a–c 2,3-Dimethylbutadiene 8a–c

Without 
catalyst

ZnI2
Without 
catalyst

ZnI2

4a, R = H 83 —a 75 —a

4b, R = OMe 45 60 14 45
4c, R = NO2 61 67 —a 53

a No reaction.
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case of indole derivatives containing either electron-donating or 
electron-with drawing groups in the 5-position of indole moiety. 

Attempted decarboxylation of compound 5b was accom-
panied by the retro-Diels–Alder fragmentation. To preserve the 
polycyclic skeleton, we performed the hydrogenation of its double 
bond by using diimide.‡ The decarboxylation of thus obtained 

compound 6b gave product 7b in high yield. The (RS,RS)-con-
figuration of the spiro-center and nitrile group was confirmed 
by a signal of the HCCN  proton at 2.82 ppm with J 4 Hz observed 
in the NMR spectrum. The syn position of the nonbornane bridge 
relative to the benzene ring in compound 7b was determined by 
the NOE experiment (Figure S1, Online Supplementary Materials).

In the final step, hydrogenation of compound 7b in AcOH/
Ac2O system in the presence of Adams catalyst24 proceeded 
simultaneously with the acylation of the amino group (see 
Scheme 2). Product 9b was identified by mass spectrometry. 

To summarize, the developed strategy is versatile and can be 
used to synthesize various spirocyclic analogues of melatonin 
starting from simple reactants.

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi:10.1016/j.mencom.2014.09.003.
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‡ 3-Cyano-5'-methoxy-2'-oxo-1',2'-dihydrospiro{bicyclo[2.2.1]heptane-
2,3'-indole}-3-carboxylic acid 6b. A suspension of 5b (1 g, 0.003 mol) in 
methanol (20 ml) was placed in a three-neck flask, and a 85% hydrazine 
hydrate solution (9.6 ml) was added. The mixture was cooled to 0–5 °C, 
and a 35% hydrogen peroxide solution (34 ml) was added within 4 h at a 
temperature below 30 °C. The mixture was kept overnight and then hydro-
chloric acid (15 ml) was added dropwise. The light-yellow precipitate that 
formed was washed with water (40 ml) and diethyl ether (15 ml) and dried. 
Yield 0.71 g (71%), mp 235–236 °C. 1H NMR (400.13 MHz, DMSO-d6) 
d: 1.21 (m, 1H), 1.62 (m, 1H), 1.69 (d, 1H, J 10.3 Hz), 2.07 (m, 1H), 2.18 
(m, 1H), 2.25 (m, 1H), 2.32 (m, 1H), 2.83 (d, 1H, J 10.8 Hz), 3.72 (s, 3 H), 
6.78 (d, 1H, J 8.3 Hz), 6.85 (dd, 1H, J 1.5 and 8.3 Hz), 7.1 (s, 1H), 10.50 
(s, 1H). 13C NMR (400.13 MHz, DMSO-d6) d: 22.41, 24.19, 39.90, 46.19, 
49.98, 55.92, 57.58, 58.78, 109.98, 113.21, 113.31, 119.96, 133.07, 135.29, 
154.90, 167.01, 176.01. IR (n/cm–1): 1490 [NHC(O)], 1500 [C(O)OH], 
1640 [NHC(O)], 1740 [C(O)OH], 2250 (CN), 2440–2500 (OH) 3370 
(NH). MS, m/z: 312 (M+), 268 (M+ – CO2). Found (%): C, 64.39; H, 5.16; 
N, 8.86. Calc. for C17H16N2O4·1/4H2O (%): C, 64.45; H, 5.25; N, 8.84.
 5'-Methoxy-2'-oxo-1',2'-dihydrospiro{bicyclo[2.2.1]heptane-2,3'-indole}-
3-carbonitrile 7b. A mixture of 6b (0.71 g, 2.3 mmol) and 2-ethoxyethanol 
(20 ml) was refluxed for 2.5 h and then concentrated. The product was 
recrystallized from a mixture of PriOH and water (1:1); the yield 0.61 g 
(84%); mp 195–196 °C. 1H NMR (400.13 MHz, DMSO-d6) d: 1.21 (m, 
1H), 1.61 (m, 1H), 1.70 (d, 1H, J 11.3 Hz), 2.07 (m, 1H), 2.17 (s, 1H), 
2.33 (m, 1H), 2.32 (d, 1H, J 10.6 Hz), 2.50 (s, 1H), 2.82 (d, 1H, J 4.0 Hz), 
3.72 (s, 3 H), 6.77 (d, 1H, J 8.3 Hz), 6.84 (dd, 1H, J 2.2 and 8.6 Hz), 7.09 
(s, 1H), 10.50 (s, 1H). 13C NMR (400.13 MHz, DMSO-d6) d: 22.45, 24.20, 
40.53, 40.94, 46.24, 49.99, 57.55, 58.94, 109.97, 113.20, 113.22, 120.07, 
133.12, 154.90, 166.97, 176.01. IR (n/cm–1): 1700 [C(O)NH], 2270 (CN), 
3370 [C(O)NH]. MS, m/z: 268 (M+), 253 (M+ – Me). Found (%): C, 71.40, 
H, 5.98; N, 10.50. Calc. for C16H16N2O2 (%): C, 71.62; H, 6.01; N, 10.44.
 For experimental details, see Online Supplementary Materials.
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Scheme 2 Reagents and conditions: i, NCCH2COOH, Et3N, 1,4-dioxane, 
4 h, then HCl aq.; ii, cyclopentadiene, EtOH, 78 °C; iii, N2H4·H2O, H2O2, 
0–5 °C, methanol; iv, EtO(CH2)2OH, reflux, 2.5 h; v, 2,3-dimethylbutadiene, 
EtOH, reflux; vi, H2 (1 atm), PtO2, AcOH, Ac2O, 25 °C, 4 h.
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