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Abstract. Interaction of N-ethyl isatin 3 with dimethyl acetylenedicarboxylate in the presence triphenylphosphine 
has led to good selectivity of methyl 1’-ethyl-4-methoxy-2’,5-dioxo-5H-spiro[furan-2,3’-indoline]-3-carboxylate 
4 formation. Similar yields of spirolactones 6,8 were obtained by addition of dimethyl acetylenedicarboxylate to 
5-bromo functionalized isatins 5,7. However, reaction of N-butyl isatin 9 resulted in formation of an inseparable 
mixture of compounds. Treatment of N-benzyl isatin 10 and dimethyl acetylenedicarboxylate with triphenylphosphine 
proceeded with reduced selectivity of the spirooxindole 11 formation.
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Introduction
The widespread distribution of butenolides in naturally occurring [1-3] and synthetic bioactive substances 

strongly motivate an interest for improving the methodology of the selective synthesis of butenolide functionalized 
spirooxindoles in high yield [4,5]. Such developments are of interest not only for the possible total synthesis of 
therapeutically useful spirooxindoles [6-15], but also for the preparation of synthetic analogs [16-30] in order to improve 
our knowledge in structure-activity relationships [12-14, 31, 32]. So-called butenolide functionalized spirooxindoles 1 
provide the most interesting subject for synthetic investigations in view of the large and ever increasing number of the 
members of this family which have furan-2(5H)-one 2 as a building block (Scheme 1).
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Scheme 1. Retro-synthesis of butenolide functionalized spirooxindoles.

Herein, we focused on developing of a cycloaddition method of dimethyl acetylenedicarboxylate to 5-bromo 
functionalized isatins for a selective construction of spiro-butenolide oxindoles 1 featuring several functionalized centres. 

Results and discussion
It has been reported [4] that mixture of equal amount of N-ethyl isatin 3, dimethyl acetylenedicarboxylate and 

triphenylphosphine is a satisfactory system for the high yield (up to 90%) construction of spirane 4 (Scheme 2). For 
this reason, our research was initiated toward the investigation of structure-reactivity relationships of N-alkyl isatins, 
acetylenedicarboxylate and triphenylphosphine to cope with such classical problem of heterocyclic chemistry. However, 
this approach for the synthesis of substance 4 provided а complex of products and main of them was isolated only with 
yield 60% by preparative TLC on silica gel. 

The 1H NMR spectrum of the white solid compound with m.p. 122-1240C, has two doublets and two triplets at 
δН 6.79-7.40 ppm. Moreover, product has signal of two methylene protons (δН 3.67-3.90 ppm) and one secondary methyl 
group at δН 1.26-1.30 ppm and singlet attributable to MeO group at δН 3.55 ppm, the chemical shift of the last refl ecting 
its attachment to a carbonyl atom. It was observed a chemical shift difference for protons position of =C-O-Me between 
reported [4] and our spectrum data at δН 3.38 ppm and δН 4.34 ppm, respectively. Moreover, m.p. of our sample also is 
different with published in [4]. 
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Scheme 2. Synthesis of butenolide functionalized spirooxindoles.

We confi rmed the structure of 4 by single-crystal X-ray analysis (see Figure 1). Monocrystals of composition 
C16H15NO6 belong to centrosymmetric space group P21/n, thus represent racemate. The indole moiety is orthogonal to the 
furan ring as indicated by the dihedral angle of 88.85(5)° between them. The methyl ester group is about coplanar with 
furan ring and the dihedral angle between these fragments equals 10.6(1)°. The methoxy fragment of ester and attached 
to C10 methoxy group are in a proximate positions. Torsion angle O6-C13-C12-C10 equals -12.8(3)°.The C10-C12 
bond distance equals 1.343(2)Å and unambiguously indicates the double character of this bond. The O2–C9 =1.353(2)Å 
and O2-C2=1.453(2) Å distances differ due to different hybridization of bonded carbon atoms. The compound exhibits 
structural similarities with an already reported related structure [33-36].

Figure 1. Single-crystal X-ray structure of 4.

Thus the major component in reaction of N-ethyl isatin 3, dimethyl acetylenedicarboxylate and 
triphenylphosphine could be formulated as 4.

5-Bromoisatines has been reported to be a suitable derivatives of indolinedione-2,3 in synthesis of a variety of 
its N-substituted oxindoles [7, 8, 13, 16, 31, 32]. 

In our case, N-ethyl 5-bromoisatin 5 reacted with an equivalent of dimethyl acetylenedicarboxylate and 
triphenylphosphine, the crude products were obtained in 86% yield (calculated as pure 6) and 11% of initial 5 was 
reclaimed. The crude material was separated into fractions by column chromatography. The main product formed was 
characterized as methyl 5’-bromo-1’-ethyl-4-methoxy-2’,5-dioxo-5H-spiro[furan-2,3’-indoline]-3-carboxylate 6. The 
overall yield of the crystalline material 6 with m.p.  176-1790C was 56%. It is note that numeration of atoms in Scheme 2 
is given direct in structure, that is why spectra of compounds synthesized and doesn't obey the IUPAC rules. It should be 
noted, also the present of two doublets attributable to δН 6.79-6.81 ppm (7CH), δН 7.24-7.25 ppm (6CH), two multiplet 
at δН 3.66-3.71, δН 3.84-3.89 ppm (CH2), triplet at δН 1.26-1.30 ppm (CH2Me) and two singlets at δН 3.61 ppm (CO2Me) 
and δН 4.37 ppm (OMe).
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Condensation of 5-bromoisatine 7 with dimethyl acetylenedicarboxylate in presence of  the equal amount of 
triphenylphosphine in dichloromethane at room temperature for 5 hours afforded the complex of products (TLC data) 
and  methyl 5’-bromo-4-methoxy-2’,5-dioxo-1’-propyl-5H-spiro[furan-2,3’-indoline]-3-carboxylate 8 was isolated in 
50% yield (from compound 7) by column chromatography on silica gel. This compound gave a 1H NMR spectrum  δН 
0.97-1.00 ppm (CH2Me), δН 1.68-1.74 (CH2Me), δН 3.63-3.68, 3.72-3.75 (N-CH2), δН 3.62 ppm (CO2Me), δН 4.36 ppm 
(COMe), δН 6.78-6.80 ppm (7CH), δН 7.23-7.24 ppm (6CH), δН 7.48-7.51 ppm (4-CH), which was in agreement with 
the structure 8. 

There has been no study of the stereochemistry of the atom C(2) of the spiro compound 8 by X-ray crystallography. 
The structure of 8 was also unambiguously confi rmed by single crystal X-ray analysis. Monoclinic crystals of 8 have 
composition C17H16BrNO6 and crystallize in centrosymmetric space group P21/n. View of molecule is shown on Figure 2.
The fi ve-membered furan ring forms dihedral angle of 86.6(1)° with planar indole moiety and coplanar with methyl 
ester making a dihedral angle of 2.8(3)°. In contrast to structure of 4 the methoxy fragment of ester and attached to C10 
methoxy group are in distant positions. Torsion angle O6-C13-C12-C10 equals -175.5(3)°. The O2–C9 =1.362(4)Å, 
O2-C2=1.449(4)Å, and C10-C12=1.335(5) Å bond distances are well agree with those found in the structure of 4. The 
other geometrical parameters of 8 and 4 are in well agreement too.

Figure 2. Single-crystal X-ray structure of 8.

Taking into account the previous experimental data (formation of the compounds 4,6,8) we introduced one more 
CH2 group in substrate (compound 9) for obtaining the similar spirocyclic oxindole-butenolide derivative. But the reaction 
in the same conditions gave a complex of products without target butenolide, even standing at room temperature for a week.

Based on these results it is concluded that reaction of isatin 9 with reagents occurs slowly and is not selective. 
The opposite situation is observed in the case of spirolactone formation 11 from isatin 10 during one hour, which was 
indeed a major product (67% yield). 

If the structure of product is 11, CH2 group of the derived oxindole-butenolide with m.p. 188-1900C should 
give rise to an two doublets in the 1H NMR spectrum while in low fi eld shown two protons. In fact the product shows a 
clear doublet (δН 3.75 ppm) with a spin-spin coupling (JAB = 16 Hz) of the magnitude predicted for a methylene group 
between the phenyl and amide fragments.

Second, the values of the chemical shifts of the phenylic (δН 7.28-7.32, 7.35-7.36 ppm) and aromatic (δН 7.00-
7.01, 7.56-7.59, 7.89-7.90 ppm) protons are closely with those expected for spirane 11. Third, the evidence of such 
structural features like C-Br bonding (νmax 600 cm-1), conjugated cyclic keto-ester (νmax 1732.4 cm-1), amide (νmax 1652 
cm-1), conjugated ether (νmax 1229.5 cm-1), methylene group (νmax 1484.4 cm-1) in the IR spectrum led us to consider 
structure 11. 

The synthesis of the polyfunctionalized spirolactones from the C4, C6, C7 as well as N-substituted isatines 
is in progress and the results will be presented later along with a detailed discussion of the pathways to the various 
products. However, a provisional scheme which satisfactorily explains the production of discussed spirocyclic oxindole-
butenolides is outlined (Scheme 3).

The construction of spirocyclic oxindole-butenolides involves a formation vinyltriphenylphosphonium salt 
[4, 38, 39] and concomitant addition to activated carbonyl atom of starting isatins. 
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Scheme 3. The formation of spirocyclic oxindole-butenolides.

Conclusions
In conclusion, we contend that the above-described synthesis of 5-bromo substituted oxindoles linkages in 

spirocyclic butenolides exhibit relatively dependence of the structure-reactivity relationships of N-substituted isatines, 
dimethyl acetylenedicarboxylate. In the future it is planned to use chiral phosphine to provide the corresponding optically 
active spirolactones. 

Experimental methods
All used solvents were of reagent quality, and all commercial reagents were used without additional purifi cation. 
Removal of all solvents was carried out under reduced pressure. Analytical TLC plates were Silufol® UV-254 (Silpearl 
on aluminium foil, Czecho-Slovakia). IR spectra were recorded on a Spectrum 100 FT-IR spectrophotometer (Perkin 
–Elmer) using the universal ATR sampling accessory. 1H and 13C NMR spectra have been recorded for CDCl3 2-% 
solution on a “Bruker -Avance III” (400.13 and 100.61 MHz).
Isatines 3, 5, 7, 9, 10 were prepared using the methods [13, 40]. 
General procedure for the synthesis of methyl 2’,5-dioxo-5H-spiro[furan-2,3’-indoline]-3-carboxylate 4, 6, 8, 
11. To a solution of triphenylphosphine (0.262 g, 0.001 mol) in 5 mL CH2Cl2 was added N-substituted isatin (0.001 
mol). The mixture was cooled to 100C, and then dimethyl acetylenedicarboxylate (0.142 g, 0.001 mol) was added. The 
reaction mixture was stirred for about 1-5 hours while maintaining the temperature to 250C. The solvent was removed in 
vacuum, oil like mass obtained was separated into fractions by preparative TLC on silica gel.
Methyl 1’-ethyl-4-methoxy-2’,5-dioxo-5H-spiro[furan-2,3’-indoline]-3-carboxylate 4. 
Yield 60%, red-brown solid, m.p. 122-1240C. IR ν, cm-1: 1213.1 (=C-O-), 1435.1 (CO2Me), 1467.1 (CH2), 1697.3 
(N-C=O), 1726.6 (conjugated cyclic keto-carboxylic ester), 2878.4 (Me-CH2). 

1H NMR δ, ppm, J/Hz: 1.26-1.30 t (Me-
CH2, 3H, J=16 Hz), 3.67-3.76 m (1H, CH2), 3.82-3.90 m (1H, CH2), 3.55 s (3H, CO2Me), 4.34 s (3H, =C-OMe), 6.79-
6.81 d (1H, 7CH, J=8 Hz), 6.89-6.91 d (1H, 4CH, J=8 Hz), 7.01-7.05 t (1H, 5CH, J=16 Hz), 7.36-7.40 t (1H, 6CH, 
J=16 Hz). 13C NMR, δ, ppm: 12.32 (Me-CH2), 35.46 (CH2), 55.25 (C14), 60.44 (C11), 81.73 (C2), 109.17 (C7), 119.19 
(C12), 123.20 (C6), 124.47 (C5), 128.20 (C3), 131.70 (C4), 143.97 (C8), 149.49 (C13), 160.55 (C10), 165.67 (C9), 
169.56 (C1). Found, %: C 60.55; H 4.59; N 4.32. C16H15NO6. Calculated, %: C 60.57; H 4.77; N 4.41.
Methyl 5’-bromo-1’-ethyl-4-methoxy-2’,5-dioxo-5H-spiro[furan-2,3’-indoline]-3-carboxylate 6. 
Yield 56%, yellow-brown solid, m.p. 176-1790C. IR ν, cm-1: 600 (CBr), 1228.4 (=C-O-), 1435.9 (CO2Me), 1484.5 (CH2), 
1663.1 (N-C=O), 1720.8 (conjugated cyclic keto-carboxylic ester), 2873.0 (Me-CH2). 

1H NMR δ, ppm, J/Hz: 1.26-1.30 
t (Me-CH2, 3H, J=16 Hz), 3.66-3.71 m (1H, CH2), 3.84-3.89 m (1H, CH2), 3.61 s (3H, CO2Me), 4.37 s (3H, =C-OMe), 
6.79-6.81 d (1H, 7CH, J=8 Hz), 7.24-7.25 d (1H, 6CH, J=4 Hz), 7.49-7.52 dd (1H, 4CH, J=4 Hz, J=4 Hz). 13C NMR, 
δ, ppm: 12.13 (Me-CH2), 35.63 (CH2), 52.40 (C14), 60.49 (C11), 81.08 (C2), 110.60 (C7), 115.62 (C12), 118.69 (C5), 
125.33 (C3), 127.67 (C6), 134.49 (C4), 143.12 (C8), 149.59 (C13), 160.36 (C10), 165.21 (C9), 169.16 (C1). Found, %: 
C 48.52; H 3.77; N 3.61. C16H14BrNO6. Calculated, %: C 48.50; H 3.56; N 3.54.
Methyl 5’-bromo-4-methoxy-2’,5-dioxo-1’-propyl-5H-spiro[furan-2,3’-indoline]-3-carboxylate 8.
Yield 50%, red solid, m.p. 90-1000C. IR ν, cm-1: 595 (CBr), 1231.9 (=C-O-), 1435.4 (CO2Me), 1485.2 (CH2), 1659.5 
(N-C=O), 1719.8 (conjugated cyclic keto-carboxylic ester), 2878.0 (Me-CH2). 

1H NMR δ, ppm, J/Hz: 0.97-1.00 t (Me-
CH2, 3H, J=12 Hz),1.68-1.74 m (2H, Me-CH2), 3.63-3.68 m (1H, N-CH2), 3.72-3.75 m (1H, N-CH2), 3.62 s (3H, 
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CO2Me), 4.36 s (3H, =C-OMe), 6.78-6.80 d (1H, 7CH, J=8 Hz), 7.23-7.24 d (1H, 6CH, J=4 Hz), 7.48-7.51 dd (1H, 
4CH, J=1.9 Hz, J=4 Hz). 13C NMR, δ, ppm: 11.18 (Me-CH2), 20.54 (Me-CH2), 42.62 (N-CH2), 52.32 (C14), 60.40 
(C11), 81.07 (C2), 110.88 (C7), 111.95 (C12), 115.52 (C5), 125.25 (C3), 127.52 (C6), 134.41 (C4), 143.57 (C8), 149.50 
(C13), 160.46 (C10), 165.13 (C9), 169.16 (C1). Found, %: C 49.58; H 4.11; N 3.61. C17H16BrNO6. Calculated, %: C 
49.77; H 3.93; N 3.41.
Methyl 1’-benzyl-5’-bromo-4-methoxy-2’,5-dioxo-5H-spiro[furan-2,3’-indoline]-3-carboxylate 11. 
Yield 67%, yellow solid, m.p. 188-1900C. IR ν, cm-1: 585 (CBr), 1229.5 (=C-O-), 1430.2 (CO2Me), 1484.4 (CH2), 
1652.3 (N-C=O), 1732.4 (conjugated cyclic keto-carboxylic ester), 2902.1 (Me-CH2). 

1H NMR δ, ppm, J/Hz: 3.49 s 
(3H, CO2Me), 4.30 s (3H, =C-OMe), 4.87-4.91 d (1H, CH2, J=16 Hz), 5.01-5.05 d (1H, CH2, J=16 Hz), 7.00-7.01 d 
(1H, 7CH, J=4 Hz), 7.56-7.59 dd (1H, 6CH, J=4 Hz, J=4 Hz), 7.89-7.90 d (1H, 4CH, J=4 Hz, J=4 Hz). 13C NMR, δ, 
ppm: 44.09 (CH2), 52.86 (C14), 60.97 (C11), 81.09 (C2), 115.65 (C7), 112.73 (C12), 117.47 (C5), 129.25 (C3), 127.76, 
128.27, 128.70 (benzylic), 135.60 (C6), 134.84 (C4), 143.49 (C8), 150.43 (C13), 160.74 (C10), 165.61 (C9), 170.16 
(C1). Found, %: C 55.21; H 3.71; N 2.87. C21H16BrNO6. Calculated, %: C 55.04; H 3.52; N 3.06.

Crystal structure determination 
The X-ray data for 4 and 8 were collected at room temperature on an Oxford Diffraction Xcalibur-E 

diffractometer equipped with CCD area detector and a graphite monochromator utilizing MoKα radiation. The fi nal 
unit cell dimensions were obtained and refi ned on an entire data set. The structures were solved by direct methods using 
SHELX-97 program package [41] and refi ned with full-matrix least squares method with anisotropic thermal parameters 
for the non-hydrogen atoms.

In both structures the C(sp2)-bound H atoms and methylene groups H atoms were placed in calculated positions 
and were treated using AFIX 43 and AFIX 23 instructions, respectively, and a model approximation with Uiso(H) = 
1.2Ueq(C), the H atoms of methyl groups were found and refi ned using AFIX 137 instruction and Uiso(H) = 1.5Ueq(C). 
The fi gures were produced using MERCURY [38].

The X-ray data and the details of the refi nement for 4 and 8 are summarized in Table 1.
Crystallographic data for new structures reported herein were deposited with the Cambridge Crystallographic Data 
Centre and allocated the deposition numbers CCDC 1053146 and CCDC 1053147. These data can be obtained free of 
charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

Table 1
Crystal and structure refi nement data for structure of 4 and 8.

4 8
Empirical formula C16H15NO6 C17H16NO6Br
Formula weight 317.29 410.22
Temperature (K) 293(2) 293(2) K
Crystal system Monoclinic Monoclinic
Space group P21/n P21/n

Z 4 4
Unit cell dimensions

a (Å) 11.4801(4) 9.5655(7)
b (Å) 8.4072(3) 18.1782(7)
c (Å) 15.5386(6) 11.0198(6)
α (deg) 90 90
β (deg) 96.723(3) 114.592(8)
γ (deg) 90 90
V (Å3) 1489.41(9) 1742.4(2)

Dc(g/cm-3) 1.415 1.564
μ(mm-1) 0.110 2.392
F(000) 664 832

Refl ections collected 4988/2607 6088/ 3067
Independent refl ections 1852 2207

Data/restraints/parameters 2607 / 0 / 211 3067 / 0 / 229
Goodness-of-fi t on F2 1.000 1.000

R1, wR2[I>2σ(I)] 0.0347, 0.0826 0.0462, 0.1133
R1, wR2(all data) 0.0535, 0.0865 0.0727, 0.1252

Largest difference in peak and hole (e Å-3) 0.141 and -0.153 0.870 and -0.515
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