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Introduction 

The biological interest of 2-isoxazoline derivatives and ring-based compounds γ-lactone encouraged us to synthesize new 

heterocyclic systems with a spiran junction between these two nuclei [1-14]. This synthetic approach was developed in twos 

tips. The first step consists in preparing the α-benzylidenyl-γ-butyrolactone building blocks and the phenylnitroloxide, while 

in the second step, we carried out the condensation of the two precursors in the presence of triethylamine (Et3N) using the 

microwave oven technique in a dry environment (SiO2), for 12 minutes and under a power of 300W" [15-16]. These spiro 

adducts are obtained by cycloaddition of the 1,3-dipole formed in situ from phenylnitroloxide on the double bond of the α-

arylidene-γ-butyrolactone synthon (dipolarophil). The structures of these new compounds were identified using 1H NMR, 

13C and IR spectroscopic analyzes. In addition, a structural analysis by X-ray diffraction confirms the proposed structure.  

 

Abstract 

The new bicyclic systems with a spiran junction between the two nuclei, 2-isoxazoline and γ-lactone, are obtained by condensation 

of α-benzylidenyl-γ-butyrolactone and phenylnitroloxide using the microwave oven technique in a dry environment (SiO2). The 

structures of these new products are identified using 1H, 13C NMR and IR spectroscopic analyzes as well as by a 

radiocrystallographic study by X-ray diffraction on the single crystal of product 3a. 
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Experimental Part 

Generalities 

The source of the microwave is a multimode oven. The emitted waves are not focused and the incident power varies from 

100 W to 900 W. Melting points were determined using the Kofler bench. The infrared spectra were recorded using the 

BRUKER DTGS KBr spectrometer. The 1H and 13C NMR spectra were recorded by the BRUKER AVANCE I apparatus 

with a frequency of 300 MHz for 1H NMR and 75 MHZ for 13C NMR. Crystallographic data is obtained by the Rigaku 

Oxford-Diffraction Gemini EOS diffractometer. 

 

General procedure of the preparation of spiro 2-isoxazoline-γ-lactone 

In a 250 ml Erlenmeyer flask, mix 3 g (17.24 mml) of α-benzylidenyl-γ-butyrolactone, 2.67 g (17.24 mml) of 

phenylnitroloxide and 4.86 ml (34.9 mml) of tris ethylamine (Et3N) dissolved in 5 ml of ethanol and 5 g of natural support. 

The mixture is activated under microwave irradiation at a power of 300 W for 12 minutes. The organic material is recovered 

with diethylether, the natural support is removed by filtration and the solvent is evaporated under reduced pressure. The 

product is purified by chromatography column in silica gel with the eluent (hexane/ethylacetate 80%/20%). 

Product identification 3a 

White product, m.p=116°C, Yield=85%. 

RMN 
1
H (300 MHz, DMSO), δ (ppm): 3.39 (s, H, 

4’
CH); 2.05 (m, 2H, 

4
CH2); 4.31 (m, 2H, 

5
CH2); 7.30-7.66 (m, 10H, 

CHunsaturated). 

RMN 
13

C (75 MHz, DMSO), δ (ppm):18.51(C
4
); 55.42 (

4’
C); 65.94 (

5
C); 88.26 (

3.5’
C); 127.28-127.57-128.26-128.49- 

128.90-129.18-129.97-130.56-134.51 (Cunsaturated); 159.85 (
3’

C); 174.05 (C=O). 

IR (KBr), (ʋ in cm
-1

): ʋ(C=C)=1651; ʋ(C=O)=1732.16; ʋ(CH sp3)=2990.4; ʋ(CH sp2)=(3018.57-3098.38). 

 Product identification 3b 

White product, m.p=98°C, Yield=80%. 

RMN 1H (300 MHz, DMSO), δ (ppm): 2.52 (s, H, 
4’

CH); 3.23 (m, 2H, 
4
CH2); 4.42 (m, 2H, 

5
CH2); 7.30-7.54 (m, 9H, 

CHunsaturated). 

RMN 
13

C (75 MHz, DMSO), δ (ppm): 26.04 (
4
C); 55.02 (

4’
C); 65.49 (

5
C); 88.26 (

3.5’
C); 127.28-127.77-128.26-128.49-

129.98-129.18-130.54-134.50 (Cunsaturated); 159.84 (
3’

C); 174.05 (C=O). 

IR (KBr), (ʋ in cm
-1

): ʋ(C=O)=1736.98; ʋ(C=C)=1650.02; ʋ(CH sp3)=2995.32; ʋ(CH sp2) =(3048.44-3085.47). 

Product identification 3c 

White product, m.p=128°C, Yield=80%. 

RMN 1H (300 MHz, DMSO), δ (ppm): 2.52 (s, H, 
4’

CH); 3.20 (m, 2H, 4CH2); 4.42 (m, 2H, 5CH2); 7.03-7.60 (m, 9H, 

CHunsaturated). 

RMN 13C (75 MHz, DMSO), δ (ppm): 26.80 (
4
C); 56.02 (

4’
C); 65.29 (

5
C); 88.26 (

3.5’
C); 114.42-121.93-127.11-131.41- 

131.80-132.19-134.54 (Cunsaturated); 160.39 (
3’

C); 172.16 (C=O). 

IR (KBr), (ʋ in cm
-1

): ʋ(C=C)=1649.82; ʋ(C=O)=1737.07; ʋ(CH sp3)=2928.57; ʋ(CH sp2)=(3048.42-3088.39). 

Product identification 3’a 

White product, m.p=110°C, Yield=8%. RMN 1H (300 MHz, DMSO), δ (ppm): 2.05 (m, 2H, 
4
CH2); 4.42 (m, 2H, 

5
CH2); 5.29 

(s, H, 
4’

CH); 7.03-7.66 (m, 10H, CHunsaturated). 
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RMN 13C (75 MHz, DMSO), δ (ppm): 29.04 (
4
C); 65.94 (

4’
C); 65.29 (

5
C); 55.02 (

3,5’
C); 127.2-127.77-128.26-128.49- 

128.89-129.18-130.54-134.50 (Cunsaturated); 159.84 (
3’

C); 174.05 (C=O). 

IR (KBr), (ʋ in cm
-1

): ʋ(C=C)=1651; ʋ(C=O)=1732.16; ʋ(CH sp
3
) =2990.4; ʋ(CH sp

2
)=(3018.57-3098.38) SCHEME 1. 

 

 

 

SCHEME. 1. Synthesis route of the compounds 3a-c and 3’a-c. 

 

Results and Discussion 

The dipolar-1,3 cycloaddition in volves four electrons from the dipole and two electrons from the dipolarophile. During the 

reaction, the dipole and dipolarophile approach in two substantially parallel planes to lead, after hybridization of the system 

and formation of two new σ bonds, to a pentagonal heterocycle. The essential consequence of this concerted condensation is 

the cis steriospecificity of the cycloaddition reactions and that the dipole has the possibility of adding on both sides of the 

double bond of the dipolarophil. This cycloaddition of the 1,3-dipole formed in situ from the phenylnitroloxide can have two 

directions of addition on the benzylidene unit, one for which the quaternary carbon of the spiran junction is linked to the 

oxygen 3a-c, the other which places in α of the quaternary carbon a hybridized carbon sp
2
3'a-c. The products of the 3a-3c 

series are obtained with good yields ranging from 80% to 85% while those of the 3'a-c series vary between 8% to 12%. 

Besides these adducts, we have also isolated secondary products which maybe the dimmers originating from the 1,3-dipole 

formed in situ according to the literature but with low returns that do not exceed 2%. Optimizing yields and contributing to 

environmental protection by reducing the use of organic solvents and the formation of residues (side reactions) remains the 

essential dependency of the operating protocol employed [17]. These considerations sled us to deploy the microwave oven 

technique in a dry environment (SiO2).  

The structures of the new heterocycles are identified using spectral analyzes. According to the H NMR spectra of the 3a-c 

products, one notices the conservation of the skeleton of the γ-lactone nucleus of the starting precursor of which these two 

methine groups 4CH2 and 5CH2 appear respectively at (2.053 ppm  and 4.318 ppm), (3.23 ppm and 4.42 ppm) and (3.30 ppm 

and 4.41 ppm). Thus, these spectroscopic analyzes show the transformation of the benzylidene unit which has undergone the 

cycloaddition of the 1,3-dipole and the creation of two asymmetric carbons (C
4'
, C

3.5'
) which already gives optical activity to 

the new compounds and the C4
' 
carbon proton resonate at 2.50 ppm, 2.52 ppm and 2.52 ppm respectively in the strong field 

zone. The presence of these two C4
' 
and C

3,5′ 
is confirmed by the 

13
C NMR spectrum, of which the chemical shift of the spiran 

3a-c

+

NOH
Cl
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junction carbon C
3,5′ 

is respectively of the order of 88.263 ppm, 88.26 ppm and 88.26 ppm which is strongly reined. By its 

bond to an oxygen atom and to a carbonyl while the peak of the C4
′ 
carbon appears at 55.428 ppm, 56.02 ppm and 56.03 ppm 

respectively [18]. While for the other 3'a-c diastereisomers and according to the analysis of the H NMR spectral of compound 

3'a, we find that the proton of C
4'
appears in the form of a peak at 5.29 ppm because of its binding to oxygen which makes it 

more de-shielded and the 
13

C NMR spectrum shows that the two quaternary carbons C
4′
 and C

3.5′ 
appear at 65.31 ppm and 

55.02 ppm respectively. These analyses are in accordance with the proposed structures. In order to confirm the proposed 

structures, we have recourse to a radiocrystallographic study by X-ray diffraction on the single crystal of product 3a (FIG. 1) 

[18].  

 

FIG. 1. Structure of compound 3a. 

 

1
H NMR, 

13
C NMR and IR spectroscopic study of product 3a-c 

1H NMR spectra reveal: Signals of aromatic protons which appear as a clump between (7.30 ppm-7.66 ppm), (7.30 ppm-7.54 

ppm) and (7.03 ppm-7.60 ppm) respectively. Two massifs centered at (2.05 ppm and 4.31 ppm), (3.23 ppm and 4.42 ppm) 

and (3.20 ppm and 4.42 ppm) characterizing the protons of the C
4
 and C

5 
carbons. The C

4' 
carbon proton appears as a singlet 

at 3.39 ppm, 2.52 ppm and 2.52 ppm respectively. 

The 
13

C NMR spectra show the appearance of the peak corresponding to the carbonyl group (C=O) around 172.166 ppm, 

174.05 ppm and 174.05 ppm respectively. The peak corresponding to the spiran junction carbon C
3.5’

appears at around 88.26 

ppm, 88.26 ppm and 88.26 ppm. The peak of C
4’

carbon is observed at 55.42 ppm, 56.02 ppm and 56.02 ppm respectively in 

the region of the sp
3 

hybridized carbons. The peaks of the two carbons C
4
 and C

5
 are revealed respectively at (18.51 ppm, 

65.94 ppm), (26.04 ppm, 65.49 ppm) and (26.80 ppm, 65.29 ppm). The peaks of the other unsaturated carbons (hybridized 

sp
2
) of the phenyl appear between (127.28 ppm-159.85 ppm), (127.28 ppm, 159.84 ppm) and (114.40 ppm, 160.37 ppm) 

respectively. 

The IR spectra of the 3a-c products make it possible to identify in particular an intense absorption band characteristic of the 

carbonyl group which appears respectively at 1732.16 cm
-1

, 1736.98 cm
-1

 and 1737.07 cm
-1

. 

 

1
H NMR, 

13
C NMR and IR spectroscopic study of product 3’a 

1
H NMR spectra reveal: Signals of aromatic protons which appear as a clump between (7.30 ppm-7.66 ppm). Two massifs 

centered at 2.05 ppm and 4.31 ppm characterizing the protons of the C
4
 and C

5
 carbons. The carbon C4' proton appears as a 

singlet at 5.29 ppm. 

The 
13

C NMR spectra show the appearance of the peak corresponding to the carbonyl group (C=O) at around 174.05 ppm. 

The peak corresponding to the spiran junction carbon C
3.5’ 

appears at 55.02 ppm. The peak of C
4 

carbon is observed at 61.31 
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ppm. The peaks of the two carbons C
4
 and C

5
 are revealed at 29.04 ppm 65.94 ppm. The peaks of the other unsaturated 

carbons (hybridized sp
2
) of the phenyls appear between (127.28 ppm and 159.84 ppm). 

The IR spectrum confirms the presence of the carbonyl group in the structure whose band appears at 1737.07 cm
-1

. 

X-ray structural analyses 

A single crystal of compound 3a was mounted under inert perfluoropolyether on the tip of a glass fibre and cooled in the 

crystream of a Rigaku Oxford-Diffraction Gemini EOS diffractometer. The structure was solved by using the integrate space-

group and crystal structure determination SHELXT software and refined by least-squares procedures on F
2
 using SHELXL-

2014 [19,20].  All H atoms attached to carbon were introduced in calculation in idealised positions and treated as riding 

models. The crystal and refinement parameters are collected in (TABLE 1) and the full list of bond distances and angles 

provided in (TABLE 2).  The drawing of the molecules was realised with the help of ORTEP32 [21,22] and MERCURY 

[23]. Atomic coordinates and thermal anisotropic parameters are given in TABLES 3 and 4. The crystal and refinement 

parameters are collected in (TABLE 1). 

TABLE 1. Crystal data. 

Identification code  3a 

Empirical formula  C18 H15 N O3 

Formula weight  293.31 

Temperature, K  173 (2)  

Wavelength, Å  1.54184 

Crystal system  Orthorhombic 

Space group  P b c a 

a, Å  9.1273 (2) 

b, Å  10.1696 (2) 

c, Å 30.6331 (7)  

Volume, Å3 2843.40 (11)  

Z  8 

Density (calc), Mg/m
3
 1.37 

Abs. coefficient, mm
-1

 0.763 

F (000)  1232 

Crystal size, mm
3
 0.370 × 0.250 × 0.080  

Theta range° 5.643 to 61.610 

Reflections collected  7329 

Indpt reflections (Rint)  2212 (0.0240) 

Completeness, %  100 

Absorption correction  Multi-scan 

Max. and min. transmission  1.0/0.5645 

Refinement method  Full-matrix on F2 

Data /restraints/parameters  2212/0/199 

Goodness-of-fit on F2  1.047 

R1, wR2 (I>2s (I)  0.0334,  0.0827 

R1, wR2 (all data)  0.0368,  0.0853 

Residual density, e.Å-3 0.170/-0.203 
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TABLE 2. Bond distances (Å) and bond angles (°) for compound 3a. 

Bonds Bond distance (°) Bonds Bond distance (°) 

O(1)-C(5)   1.4626 (16) O(1)-N(2)   1.4248 (15) 

O(53)-C(54)   1.3414 (19) N(2)-C(3)  1.2839(17) 1.2839 (17) 

O(54)-C(54)   1.2009 (18) O(53)-C(52)  1.457(2)  1.457 (2) 

-   - C(52) C(51) 1.518(2) 1.518 (2) 

C(3)-C(31)   1.4702 (19) C(3)-C(4)  1.5139(18) 1.5139 (18) 

C(4)-C(41)   1.5208 (18) C(4)-C(5)  1.5296(18) 1.5296 (18) 

C(5)-C(54)   1.5322 (19) C(5)-C(51)  1.5107(19)  1.5107 (19) 

C(33)-C(34)   1.380 (2) C(31)-C(32)  1.388(2)  1.388 (2) 

C(34)-C(35)   1.384 (2) C(31)-C(36)  1.399(2)  1.399 (2) 

C(35)-C(36)   1.377 (2) C(32)-C(33)  1.392(2)  1.392 (2) 

C(43)-C(44)   1.384 (2) C(41)-C(42)  1.391(2) 1.391 (2) 

C(44)-C(45)   1.378 (2) C(41)-C(46)  1.392(2) 1.392 (2) 

C(45)-C(46)   1.387 (2) C(42)-C(43)  1.384(2) 1.384 (2) 

Type of Bonds  Bond angle (°)  Type of Bonds  Bond angle (°) 

N(2)-O(1)-C(5)  107.58 (9) N(2)-C(3)-C(31) 120.40(12) 120.40 (12) 

C(54)-O(53)-C(52)  110.39 (11) N(2)-C(3)-C(4) 113.67(11) 113.67 (11) 

C(3)-N(2)-O(1)  109.08 (10) C(3)-C(4)-C(41) 111.97(10) 111.97 (10) 

C(3)-C(4)-C(5)  99.05 (10) C(41)-C(4)-C(5) 113.03(10) 113.03 (10) 

C(31)-C(3)-C(4)  125.77 (12) O(53)-C(52)-C(51) 105.17(12) 105.17 (12) 

O(1)-C(5)-C(51)  109.56 (11) O(54)-C(54)-O(53) 122.55(13) 122.55 (13) 

O(1)-C(5)-C(4)  104.04 (10) O(54)-C(54)-C(5) 128.02(13)  128.02 (13) 

C(5)-C(51)-C(52)  102.37 (12) O(53)-C(54)-C(5) 109.42(12)  109.42 (12) 

C(51)-C(5)-C(4)  120.89 (11) C(51)-C(5)-C(54) 102.58(11)  102.58 (11) 

O(1)-C(5)-C(54)  104.45 (10) C(4)-C(5)-C(54) 114.27(11) 114.27 (11) 

C(32)-C(31)-C(36)  118.97 (13) C(36)-C(35)-C(34) 120.48(14) 120.48 (14) 

C(32)-C(31)-C(3)  120.68 (12) C(36)-C(31)-C(3) 120.36(13)  120.36 (13) 

C(31)-C(32)-C(33)  120.34 (14) C(34)-C(33)-C(32) 120.05(15)  120.05 (15) 

C(33)-C(34)-C(35)  119.87 (14) C(35)-C(36)-C(31) 120.30(15) 120.30 (15) 

C(42)-C(41)-C(46)  118.89 (13) C(44)-C(45)-C(46) 120.09(14) 120.09 (14) 

C(42)-C(41)-C(4)  120.09 (12) C(46)-C(41)-C(4) 120.88(12) 120.88 (12) 

C(43)-C(42)-C(41)  120.28 (14) C(45)-C(44)-C(43) 119.79(14)  119.79 (14) 

C(44)-C(43)-C(42)  120.40 (14) C(45)-C(46)-C(41) 120.54(14) 120.54 (14) 
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TABLE 3. Hydrogen-bond geometry (Å, º) for 3a. 

D-H D-H···A H···A D···A D-H···A 

1 C4-H4···O1
i
 2.49 3.4194 (16) 154 

0.99 C51-H51A···O54
ii
 2.5 3.4834 (18) 171 

Symmetry codes: (i): -x+3/2, y-1/2, z;  (ii): -x+3/2, y+1/2, z 

 

Structural Description 

As expected, the structure of compound 3a is built up by the association of a butyrolactone and an oxazole rings linked 

through a spiro carbon (FIG. 1). The oxazole ring is further substitued by two phenyl rings. These phenyl rings make a 

dihedral angle close to 90° with a value of 88.39 (5°). The two five membered rings display envelope conformation with 

puckering parameters Q2=0.249 and =-318° for the oxazole ring and Q2=0.311 and =73° for the butyrolactone ring (FIG. 

2) [24, 25].  

 

FIG. 2. Molecular view of compound 3a with the atom labelling scheme. Ellipsoids are drawn at the 50% probability 

level. H atoms are represented as small spheres of arbitrary radii. 

 

The packing is stabilized by C-H•••O and C-H•••N hydrogen bonds. The C44-H44•••N2 (-1+x, y, z) built up a linear C (8) 

chains parallel to the a axis (TABLE 3, FIG. 2). These chains are linked by C-H•••O hydrogen bonds (C4-H4-O1(-x+3/2, y-

1/2)) and (C51-H51A•••O54 (-x+3/2, y+1/2, z)) building up a R22 (9) graph set motif (FIG. 3) leading to the formation of a 

two dimensional network parallel to the (0 0 1) plane FIG. 4 [26]. Partial packing view showing the formation of the two 

dimensional network (FIG. 5). 

 

 

 
 

FIG. 3. Partial packing view showing the formation of the C8 chain through the C-H...N interactions. 
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FIG. 4. Partial packing view showing the formation of the R22 (9) rings through the C-H...O interactions. 

 

 

 

 

FIG. 5. Partial packing view showing the formation of the two dimensional network. 

 

A search in the Cambridge Structural Database using the fragment built up by a spiro carbon connecting butyrolactone and 

oxazole five membered rings reveals 6 hits [27]. A comparison of selected bond distances and bond angles within the spiro 

fragment for compound 1 and related structure in the literature shows that the geometry is not really affected by the nature of 

the substituent on the hetrocyclic five membered rings (TABLE 4 and TABLE 5). 

 

TABLE 4. Comparison of selected bond distances and bond angles between compound 3a and related spiro structures 

[28-32]. 

 

S No. C5-O1 C5-C54 C5-C51 C5-C4 O1-N2 N2-C3 C54-O53 C54-O54 

1 1.463 (2) 1.533 (2) 1.510 (2) 1.530 (2) 1.425 (2) 1.284 (2) 1.341 (2) 1.201 (2) 

2 1.434 1.653 1.497 1.458 1.44 1.236 1.321 1.277 

3 1.433 1.533 1.517 1.535 1.485 1.466 1.332 1.193 

4 1.435 1.534 1.514 1.514 1.464 1.488 1.335 1.194 

5 1.48 1.529 1.504 1.512 1.438 1.465 1.337 1.185 

6 1.466 1.525 1.51 1.53 1.423 1.278 1.348 1.198 



www.tsijournals.com | August-2021  

9 

 

7 1.468 1.53 1.507 1.51 1.417 1.281 1.336 1.197 

 

TABLE 5. Comparison of selected bond distances and bond angles between compound 3a and related spiro structures 

[28-32]. 

 

S No. C54-C5-O1 C54-C5-C4 C54-C5-C51 O1-C5-C4 O1-C5-C51 C51-C5-C4 

1 104.03 (10) 114.27 (11) 102.58 (11) 104.03 (10) 109.58 (11) 120.9 

2 106,56 119.8 107.57 104.19 115.61 103.59 

3 108.94 113.19 101.43 104 115.53 114 

4 104.08 115.79 102.94 103.44 111.98 118 

5 106.2 115.14 102.71 104.54 107.37 120.01 

6 105.58 114.16 101.25 104.29 108.77 121.82 

7 103.96 114.02 103.2 104.45 110.18 120.03 

 

Conclusion 

In this work, we have synthesized new bicyclic compounds with a spiran junction between the two nuclei γ-lactone and 2-

isoxazoline. They are obtained by cycloaddition of the 1,3-dipole formed in situ from phenyl nitroloxide on α-arylidene-γ-

butyrolactone. These products are synthesized with good yields using the microwave oven technique in a dry environment 

(SiO2) as an ecological synthesis method. Activation of reactions under microwave irradiation has proven to be highly 

effective. 

The structures of the products obtained 
1
H NMR and 

13
C NMR spectroscopic analyzes and fully characterized by X-ray 

diffraction analyzes. The bicycle formed is likely to exhibit very interesting biological properties. 
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