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Crystallographic characterization 
of a novel spiro-[chroman-chromene]-carboxylate
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Abstract: We report here the crystal and electronic structure of a new spiro-derivative, namely methyl (2R,4S)-
4-(benzothiazol-2-ylamino)-8,8´-dimethoxyspiro[chroman-2,2´-chromene]-3´-carboxylate (I), C28H24N2O6S, 
which crystallizes as racemate in the space group C2/c. In this compound, the chromanone moiety consists of 
a benzene ring fused with a six-membered heterocyclic ring which adopts a distorted half-chair conformation. 
The molecules are linked by a combination of N—H∙∙∙N hydrogen bonds and weak C—H∙∙∙O, C—H∙∙∙S, 
C—H∙∙∙, inter- and intra-molecular interactions resulting in a two-dimensional network in the crystal 
structure.
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Introduction

Among the wide range of natural prenylated mole
cules, chromane and chromene derivatives, with 
an extra pyrano or dihydropyrano ring represent 
a family of compounds with most interesting pro
perties (Nicolaou et al., 2000). All these molecules 
are generally characterized by low cellular toxicity 
and good membrane permeability, properties that 
make them ideal drug template compounds. Some 
of these molecules have been proved to be able to 
inhibit mycobacterial growth (Prado et al., 2007), 
promising therapeutic agents for AIDS (Ma et al., 
2008) and to posses antitumoral activity (Tanaka 
et al., 2004; Zou et al., 2005). Recently, the use of 
chromane derivatives as therapeutic agents in the 
treatment of cancer and cell proliferative disorders 
has also been reported (Kwak et al., 2010; Pecchio 
et al., 2006). Based on these data, the development 
of novel chromane- like molecules with potentially 
high biological activity for the design of new drugs 
or as molecular building blocks for chemical 
synthesis is a  compelling target for pharmaceuti-
cal applications. Spiro heterocycles belong to an 
important class of compounds with highly pro-
nounced biological activities (James et al., 1991). 
Chromanones have been found to exhibit strong 
activity in inhibiting in vitro cell growth of human 
tumor cells (Lampronti et al., 2003). Many chro-
manone derivatives are versatile intermediates for 
the synthesis of natural products such as brazillin, 

hematoxylin, ripariochromene, clausenin, calon-
lide A and inophylum B (Koojiman et al.,1984; 
Ellis et al., 1997; Chenera et al., 1993). It has been 
suggested that they have significant activity against 
human immunodeficiency virus type I (HIV-1) 
(Hussain & Amir, 1986). Chromanone heterocycles 
have also attracted much attention owing to their 
important pharmacological properties (Ellis et al., 
1977). Their high synthetic utility and pharma-
cological importance have prompted researchers 
to synthesize some biologically interesting spiro 
isoxazoline derivatives. Based on these facts, we 
report here the crystal and electronic structure 
of compound (I) (Fig. 1), which crystallizes in the 
centrosymetric monoclinic space group C2/c as 
racemic mixtures (RS, SR).

Fig. 1. Molecular structure of compound (I).
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Experimental

Compound (I), methyl (2R,4S)-4-(benzothiazol-
2-ylamino)-8,8´-dimethoxyspiro[chroman-2,2´-
chromene]-3´-carboxylate was prepared according 
to a standard protocol described in literature 
(Světlík et al., 2014). Electron structure of the title 
compound was calculated by the semiempirical 
quantum chemistry method PM3 (Stewart, 2012).

Refinement
Refinement of F2  against all reflections. The 
weighted R-factor wR and the goodness of fit S are 
based on F2, conventional R-factors, R, are based 
on F, with F set to zero for negative F2. Threshold 
expression for F2 > 2s(F2) is used only to calculate 

Tab. 1.	 Experimental details.

Empirical formula	 C28H24N2O6S

Formula weight	 Mr = 516.55

Temperature	 298(2) K

Wavelength	 λ = 0.71073 Å,

	 MoKα radiation

Crystal system, space group	 Monoclinic, C2/c

Unit cell dimensions	 a = 22.377(1) Å

	 b = 14.346(1) Å

	 c = 15.735(1) Å

	 α = 90 °

	 β = 100.31(1) °

	 γ = 90 °

Volume	 V = 4969.7(3) Å3

Z, Calculated density	 8, 1.381 Mg/m3

Crystal size	 0.50 × 0.20 × 0.10 mm

Reflections collected/unique	 28829/5068;

	 3819 reflections with I > 2σ(I)

Refinement method	 Full-matrix least-squares 

	 on F2

Data/restraints/parameters	 5068/0/337

Goodness-of-fit on F2	 S = 1.02

Final R indices [I > 2sigma(I)]	 R1 = 0.042, wR2 = 0.112

Largest diff. peak and hole	 0.31 and –0.25 e.A–3

Monochromator	 Graphite

Tab. 2.	 Selected geometric parameters: bond lengths 
[Å].

C1—O1 1.421(2) C3—N1 1.469(2)
C1—O2 1.439(2) C18—N2 1.303(2)
C9—O1 1.385(2) C18—N1 1.343(2)
C17—O2 1.353(2) C18—S1 1.763(2)
C26—O3 1.196(2) C24—N2 1.391(2)
C26—O4 1.335(2) C23—S1 1.737(2)
C27—O4 1.446(2) C4—C9 1.382(2)
C25—O5 1.415(3) C3—C4 1.506(3)
C28—O6 1.430(2) C23—C24 1.401(3)

Tab. 3.	 Selected geometric parameters: bond angles 
[°].

O1—C1—O2 106.6(1) O1—C9—C8 115.0(2)
O1—C1—C10 104.5(1) O1—C9—C4 123.7(2)
O2—C1—C10 112.5(1) C9—O1—C1 117.4(1)
C17—O2—C1 124.2(1) C26—O4—C27 117.0(2)
O1—C1—C2 111.7(1) O4—C26—C10 111.1(2)
O2—C1—C2 103.9(1) N2—C18—N1 125.2(2)
O3—C26—O4 123.1(2) N2—C18—S1 116.4(1)
O3—C26—C10 125.8(2) N1—C18—S1 118.3(1)
O4—C26—C10 111.1(2) C19—C24—N2 125.3(2)
C16—C17—O2 116.1(2) C22—C23—S1 128.7(2)
O2—C17—C12 122.1(2) C24—C23—S1 109.4(1)
O3—C26—O4 123.1(2) C18—N1—C3 123.1(2)
O3—C26—C10 125.8(2) C18—N2—C24 109.6(2)
C8—O5—C25 118.3(2) C16—O6—C28 117.2(2)

Tab. 4.	 Values of net charges at individual atoms 
and Wiberg bonding indices Iw in (I).

Atom Charge, q Bond Iw 
C1  0.598 C1—C2 0.980
C2 –0.392 C2—C3 0.982
C3 –0.001 C3—C4 0.982
C4 –0.067 C4—C5 1.342
C5 –0.174 C5—C6 1.466
C6 –0.156 C6—C7 1.374
C7  –0.260 C7—C8 1.407
C8  0.297 C8—C9 1.273
C9  0.266 C10—C11 1.717
C10 –0.124 C11—C12 1.107
C11 –0.076 C12—C13 1.309
C12 –0.113 C13—C14 1.474
C13 –0.155 C14—C15 1.367
C14 –0.161 C15—C16 1.403
C15 –0.237 C16—C17 1.278
C16  0.290 C19—C20 1.452
C17  0.310 C20—C21 1.400
C18  0.302 C21—C22 1.425
C19 –0.167 C22—C23 1.382
C20 –0.166 C23—C24 1.293
C21 –0.175 O1—C1 0.887
C22 –0.179 O1—C9 0.955
C23 –0.193 O2—C1 0.843
C24  0.127 O2—C17 0.997
C25 –0.168 O3—C26 1.709
C26  0.755 O4—C26 1.033
C27 –0.165 O4—C27 0.869
C28 –0.165 O5—C8 1.010
O1 –0.543 O5—C25 0.906
O2 –0.560 O6—C16 1.004
O3 –0.500 O6—C28 0.893
O4 –0.580 N1—C3 0.927
O5 –0.531 N1—C18 1.209
O6 –0.520 N2—C18 1.544
N1 –0.543 N2—C24 1.151
N2 –0.547 S1—C18 1.072
S1  0.260 S1—C23 1.094
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R-factors(gt) etc. and is not relevant for the choice 
of reflections for the refinement. R-factors based 
on F2 are statistically about twice as high as those 
based on F, and R-factors based on all data will be 
even higher. All H atoms were positioned with ide-
alized geometry using a constrained riding model 
with C—H distances in the range of 0.93—0.98 Å 
and N—H = 0.86 Å. The Uiso(H) values were set to 
1.2 Ueq(C-aromatic). Friedel pairs were merged.

Data collection
Crystal data and conditions of data collection 
and refinement are reported in Tab. 1. CrysAlis 
CCD (Oxford Diffraction, 2009); cell refine-
ment: CrysAlis RED (Oxford Diffraction, 2009); 
data reduction: CrysAlis RED (Oxford Diffrac-
tion, 2009); program(s) used to solve structure: 
SHELXS97  (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); mo-
lecular graphics: DIAMOND (Brandenburg, 2001); 
software used to prepare material for publication: 
enCIFer (Allen et al., 2004) and PLATON (Spek, 
2009), WinGX (Farrugia, 1999).

Results and Discussion

Molecular geometry and atom numbering scheme 
of the title compound are shown in Fig. 2. Crystal 
packing of the title compound is shown in Fig. 3. 
Geometric parameters are in Tabs. 2  and 3. Net 
charges on the individual atoms and the values of 
Wiberg bond indices Iw (Wiberg, 1968) are given 
in Tab. 4. The expected stereochemistry of atoms 
C1 and C3 were confirmed as S, R.
Conformation of the dihydropyran ring in the 
chroman moiety is close to that of a distorted half-
chair, also called sofa conformation, with the Cre-
mer-Pople puckering amplitude QT  =  0.460(2) Å, 
θ = 51.6(2)o and ϕ = 101.3(3)o (Cremer, Pople, 1975). 

Atom C2  is at the apex and deviates by  –0.632(3) 
Å from the mean plane passing through the 
other atoms (C1, O1, C9, C4 and C3) of the ring. 
The 2-chromane and 2´-chromene fragments are 
nearly orthogonal to each other [dihedral angle 
between the least-square planes of the pyran and 
dihydropyran ring is 78.4(1)°]. In compound (I), 
atom N1 is sp2-hybridized, as evidenced by the sum 
of the valence angles around it (359.9 °). These data 
are consistent with the conjugation of the lone-pair 
electrons of the nitrogen atom with the adjacent 
carbonyl, similar to that observed for amides. The 
planar thiazole ring and the dihydropyran ring are 
nearly perpendicular to each other; the relevant 
dihedral angles are 76.8(1)°. In the six-membered 
spiropyran ring, the non-H atoms do not deviate 
markedly from coplanarity; the maximum deviation 
from the mean plane of these atoms is exhibited by 
atom C1 [–0.031 (3) Å]. This may be due to the fact 
that atom O2  participates in the intramolecular 
hydrogen bond (see Fig. 2).
Calculation of the electronic structure provided 
several indices which characterize the distribution of 
electron density in the molecule and the multiplicity 
of atomic bonds. The net charges give a picture of 
the electron density distribution in the molecule and 
the values of Wiberg bond indices enable to estimate 
the multiplicity of individual atomic bonds. Evalu-
ation of experimental interactions of the structure 
in the solid phase in this work showed that the 
intra and intermolecular interactions are the most 
important in the carboxylate part of the molecule, 
primarily between the intermolecular O3  oxygen 
and the H3  hydrogen in compound (I), from the 
calculations follows that atom O3  carries quite a 
large negative charge (–0.500), while atom H3 has 
positive charge (0.213). Charge distribution in the 
thiazole rings indicates that the positive charge are 
localized at the sulfur S1, carbon C18 and C24 atoms 
(0.260), (0.302) and (0.127) (see Tab. 4). This charge 
distribution and the spatial arrangement (geometry) 
of the molecule govern its biological activity and are 
important for the overall stabilization of the crystal 
structure. The Wiberg index values show that bond 
C26  =  O3  is not purely double but π-electrons are 
delocalized in the carboxylate moiety. The values of 
Wiberg indices for bonds S1—C18, Iw  =  1.072  and 
S1—C23, Iw = 1.094 have the character of partially 
single or conjugated bonds. The other bonds of the 
2-chromane and 2´-chromene fragments have the 
character of single and conjugated bonds (Tab. 4). 
The results of these calculations are in good agree-
ment with the experimental values of bond lengths 
found by X-ray structure analysis.
There are a  number of strong and weak intra 
and intermolecular interactions, together with 

Tab. 5.	 Hydrogen-bond geometry (Å, º).

D—H∙∙∙A D—H H∙∙∙A D∙∙∙A D—H∙∙∙A 

C3—H3···O3i 0.98 2.52 3.300(2) 136.6

C20—H20···O4ii 0.93 2.51 3.380(3) 155.8

N1—H1···O2 0.86 2.13 2.692(2) 122.3

N1—H1···O6 0.86 2.44 3.275(2) 165.6

C2—H2B···O3 0.97 2.40 3.036(2) 122.5

C3—H3···N2 0.98 2.48 2.907(2) 105.8

C11—H11···O4 0.93 2.34 2.681(2) 101.0

C6—H6···Cg1iii 0.93 2.95 3.735(2) 144.0

C7—H7···Cg2iii 0.93 2.71 3.531(2) 148.0

C22—H22···Cg3iv 0.93 2.70 3.620(2) 172.0

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

x + 3/2, y + 1/2, z + 1; (iv) x + 1/2, –y + 1/2, z + 1/2.
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C—H···π interactions, within the crystal structure 
of (I) (Table 4). In contrast, in the crystal structure 
of (I), the C3—H3···O4ii [symmetry code: (ii) 
1/2  –  x; 3/2  –  y; 1  –  z] hydrogen bond links the 
molecules into inversion dimers and generates the 
R2

2(14) graph-set motif (Bernstein et al., 1995) (Fig. 
3). Additional C20—H20···O5iii [symmetry code: 
(iii) x; 1+ y; z] interactions link these dimer stacks to 
generate a corrugated sheet parallel to (010) (Fig. 4). 
The zigzag C(13) chains mentioned above are also 
seen clearly in this view. In both compounds, intra-
molecular hydrogen bonds between neighboring 
carboxylate O atoms and pyrane and dihydropyrane 

hydrogen atoms (C—H···O) can be observed; their 
geometric parameters are given in Table 4. Another 
intramolecular hydrogen bond is present between 
the amine hydrogen and pyrane, and methoxy 
O atoms (N1—H1···O6, N1—H1···O2) generate 
S(5) (Bernstein et al., 1995), which are involved in 
the stabilization of the nearly planar configuration 
of the chromene moiety (Fig. 2).
Finally, three intermolecular C—H···π (arene) 
interactions may exist between the C—H hydrogen 
donors and the centroid benzene rings (Table 4). 
Aromatic π-stacking forces are an important factor 
in the stabilization of molecular formation.

Fig. 2. Molecular structure of compound (I) showing the atom labelling scheme. Displacement ellipsoids 
are drawn at the 50 % probability level (Brandenburg, 2001). The intramolecular hydrogen 

interaction is shown as a green dashed line.

Fig. 3. Part of the crystal structure of (I), showing the formation of a hydrogen bonded C(13) chain 
parallel to [010]. Green dashed lines indicate hydrogen bonds. For the sake of clarity, 

H atoms not involved in the motif shown were omitted.

Vrábel V et al., Crystallographic characterization of a novel spiro-[chroman-chromene]-carboxylate.
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