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ABSTRACT

The crystal structure of the aromatic compound 3,4-dihydroxy-5-geranyl-benzoic acid (5) is reported for the first time. This compound was isolated from the 
resinous exudate of Manto Negro (Heliotropium taltalense I. M. Johnst), an endemic species growing in The Atacama Desert using a combination of High speed 
counter current chromatography (HSCCC) and permeation through Sephadex LH-20. The structure was elucidated by spectroscopic means and confirmed by 
X-ray crystal-structure analysis. All OH groups are involved in hydrogen bonding with the average H⋅⋅⋅O distance of 2.760(3) Å and OH⋅⋅⋅O angles in the range 
125-159°, so in the crystal packing the molecules are associated by three strong intermolecular hydrogen bonds forming  ring with graph-set motif R2²(14) R2²(6).
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INTRODUCTION

Heliotropium taltalense (Phil.) Johnst. (Heliotropiaceae) (Fig. 1) is an 
endemic species of the northern coast of Chile that produces a resinous exudate 
that covers its foliar surface and stems1. Several flavonoids and interesting 
geranyl aromatic derivatives were reported from this species and related ones.1-

2 High speed counter current chromatography (HSCCC) is a support free liquid-
liquid partition chromatographic technique which eliminates the problem of 
the adsorption of a sample onto a solid support and has been widely used for 
the purification of natural products including a variety of flavonoids3. In the 
continuing efforts made by our laboratory in the search for new interesting 
metabolites from Paposo flora, 4-5 several flavonoids and one new benzoic acid 
derivative (compounds 1-5, Fig. 2), were isolated from the resinous exudate by 
means of liquid-liquid high speed countercurrent chromatography (HSCCC). 
The structure of the new compound was elucidated by 1D and 2D NMR 
experiment and was confirmed by X-ray diffraction analysis of a single crystal 
obtained by slow evaporation of an ethyl acetate solution.

Fig. 2. Structures of the compounds isolated from Manto Negro.

EXPERIMENTAL

Materials and Methods : TLC: Silica gel 60 F254 precoated plates (Merck). 
Column chromatography: Sephadex LH-20, MeOH as solvent. HSCCC: 
multilayer coil planet centrifuge contercurrent chromatograph Quattro MK7 
equipped with two bobbins, each of them bearing two stainless steel coils (one 
bobbin bearing a 27 mL, 1 mm i.d. coil for analytical purposes + one 205 
mL 2.1 mm i.d. preparative coil, and one bobbin bearing two 116 mL, 2.1 
mm i.d. preparative coils). The mobile phase was delivered with a constant 
pressure Series II SSI model HPLC pump and fractions were collected with a 
Gilson FC 203B model fraction collector. 1H-, and 13C- and 2D NMR spectra: 
Bruker Avance 400 or Bruker Avance II 600 UltraShield spectrometers: δ in 
ppm rel. to Me4Si as internal standard, J in Hz. The melting point was measured 
in a Stuart Scientific melting point apparatus SMP3. HR-ESI-MS(-): Thermo 
Orbitrap Exactive Focus; in m/z. Single crystal structural X-ray diffraction was 
carried out on a Bruker AXS D8-Venture, Triumph-Iμ-Cu CCD area detector 
with graphite-monochromated CuKα radiation (1.54178 Å) diffractometer.

Heliotropium taltalense (Phil.) I. M. Johnst. aerial parts were collected 
in Quebrada de Paposo in June 2015. Voucher herbarium specimens are kept 
at the Natural Products Laboratory of the Universidad de Antofagasta under 
reference number: HT20150406.

Dried aerial parts of H. taltalense (1.8 kg) were immersed in ethyl acetate 
(EtOAc) for one minute (2 l) in order to obtain an extract from the exudate. The 
extract was immediately concentrated in vacuo and the resulting dark brown 
syrup (47 g). The isocratic two-phase non aqueous solvent system: n-hexane: 
ethyl acetate: methanol: water 3:7:5:5 v/v/v provided the better K values for 
all mayor compounds (0.6 < K < 1.5). This system was previously used for the 

Fig. 1: Picture of an herborized sample of Manto Negro (Heliotropium 
taltalense (Phil.) Johnst. (Heliotropiaceae) collected in the Atacama Desert in 
november 2015.
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separation of kaurenoic acids.3

Data collection, structural determination and refinement was performed 
with a Bruker AXS D8-Venture, Triumph-Iμ-Cu CCD area detector with graph-
ite-monochromated CuKα radiation (1.54178 Å). The structure was solved by 
direct method, and was refined against F2 by full-matrix least-squares methods 
using SHELXL.11 All of the non-hydrogen atoms were refined anisotropically. 
The hydrogen atoms was located from a difference Fourier map and allowed 
to ride on their parent C atoms, with isotropic displacement parameters related 
to the refined values of the corresponding parent atoms. H atoms bonded to O 
atoms were freely refined with isotropic displacement parameters. The final 
Fourier maps, the electron-density residuals were not significant. Crystallo-
graphic data, details of data collection and structure refinement parameters  for   
the title compound  is summarized in Table 1. Program used to solve structure: 
SHELXS-2013,11 program used  to refine structure: SHELXL-2013,11  molecu-
lar graphics.12

RESULTS  AND DISCUSSION

After equilibration of the selected solvent system in a separatory funnel, 
the upper and lower working phases were separated and degassed in an 
ultrasonic bath for 15 min before use. The sample was prepared by dissolving 
1000 mg of exudate from H. taltalense in 4.0 mL of each phase of the solvent 
system, filtered and loaded into an injection valve (Rheodyne model 5010A) 
equipped with a 8 mL loop. The preparative coil (116 ml) was filled with the 
upper stationary phase and the apparatus was rotated at 850 rpm. The mobile 
lower phase was then pumped in a Head to Tail direction (H-T) at a flow rate 
of 5 mL-minute. After the mobile phase front emerged and the hydrodynamic 
equilibrium was established in the column, the percentage of the retention of the 
stationary phase (65 %) was recorded. Then the sample was injected thorough 
the injection valve at a flow rate of 5 mL-minute. The fractions eluted were 
collected with the fraction collector (5 ml each) and analyzed by TLC (F254 
Silica gel Plates, developed with hexane:EtOAc, 1:1 v/v, and spots visualized 
by spraying with vanillin:sulfuric acid 2 % in ethanol and heating. CCC 
rotation was interrupted in tube 60 and the coil content was collected (“wash-
off”), originating 85 fractions of 6 mL each.  After re-purification by sephadex 
LH 20 (solvent methanol), HSCCC fractions 30-32 afforded compound 1, 
(pinostrobin,6-9 5-hydroxy-7-methoxyflavanone, 10 mg, Fig. 2), fractions 33-
34 compound 2 (pinocembrin,6-9 5,7- dihydroxyflavanone, 12 mg), fractions 
35-37 compound 3 (sakuranetin,8-10 5, 4’ -dihydroxy-7-methoxyflavanone), 
11.5 mg), fractions 35-37 compound 4 (7-methoxy-kaempferol) and fractions 
75-78 the new compound 5 (3, 4 dihydroxy-5-geranyl-benzoic  acid, 30 mg). 
The physical and spectral data of compound 5 are as follow: White crystals, 
m.p. 131-132 °C. [M-H]-: 289.1437, [M+H]+: 291.1440. Uv: 266-300sh. 1H 
NMR (Bruker Avance 300 MHz, MeOD) δ ppm: Please see Table 2. 13C NMR 
(300 MHz, MeOD) δ ppm: see Table 2. These data, together with ESI-MS and 
correlations observed in the HSQC and HMBC spectra, are consistent with the 
proposed structure. 

Table 1.  Crystallographic data, details of data collection and structure 
refinement parameters for   the title compound.

Crystal data
 C17H22O4     V = 1613.83(9) Å3

 Mr=290.34    Z = 4
Monoclinic, P 21/c (N° 14)  CuKα radiation 
a = 16.5643(5) Å    α= 90°  μ = 0.684 mm-1

b =   8.7246(3) Å    β = 90.783(2)°   T = 293(2) K
c = 11.1681(3) Å    γ  = 90°  colourless, block, 0.35 x 0.25 x 0.20 
mm
Density (calculated)/Mg/m3 1.195  F(000) = 624
Data Collection 
Bruker AXS D8-Venture, Triumph-Iμ-Cu 1730 reflections with I>2σ(I)
CCD area detector diffractometer
14540 measured reflections  Rint = 0.0560
2329 independent reflections
Theta range for data collection (θ)  2.668 to 58.967°
Index ranges   -17<=h<=18,-9<=k<=9, -12<=l<=12
Refinement
R[F2>2σ(F2)]  = 0.0581   208 parameters
wR[F2] =  = 0.1624   Flack’s parameter = 0.000
S = 1.051    ∆ρmax = 0.589 e.Å-3

Extinction coefficient  0.0026(5)  ∆ρmin = -0.299 e.Å-3

Four flavonoids and a new benzoic acid derivative (Fig. 2) were rapidly 
isolated by means of HSCCC and the structures of the known and new 
compound elucidated by NMR. The molecular formula C17H22O4 assigned to the 
new compound 5 was determined by analysis of the 13C NMR data associated 
with HR-HESI (-) MS (Fig. 3, required: 289.1445, found: 289.1437, C17H21O4

-, 
[M-H]-). The IR spectrum indicated the presence of an hydroxyl group (3.301 
cm-1), a carboxyl acid (2970-2547 and 1673 cm-1) and signals attributed to an 
aromatic ring (1598 and 781 cm-1). The 1H NMR spectra of the new compound 
5 (Table 2) showed three methyl groups signal assigned to several methylenes, 
methines and aromatic protons, including signals for two aromatic protons at δ 
7.40 (d, J = 1.9) and δ 7.35 (d, J = 1.9), suggesting a 1,2-disubstituted aromatic 
ring in the molecule. The spectrum also displayed signals for three vinyl 
methyl groups at δ 1.64, 1.72 and 1.58; three allylic methylene groups (one 
appeared as a doublet at δ 3.34 (2H, J = 6.7 Hz). Additionally, signals for two 
olefinic protons at δ 5.10 (1H, ddd, J = 6.8, 3.9, 1.2) and 5.34 (1H, td, J = 6.7 
Hz), were observed. The 13C NMR spectrum of compound 5 exhibited 17 peaks 
(Table 2) while the DEPT-135 showed evidence 3 methyls, 3 methylenes, 4 
methines and 7 quaternary (including one carbonyl) carbons. The 13C NMR 
(Table 2) spectrum exhibited signals in the low-field region corresponding to 
one carboxyl acids (at δ 169.3) and six aromatic carbons (at δ 113.7, 120.1, 
122.8, 127.7, 144.0 and 148.1) along with signals for four olefinic and six sp3-
hybridized carbons. All these data suggested that 5 is a benzoic acid derivative 
with a geranyl chain. Similar compounds were isolated from resinous exudates 
of other Heliotropium.1,2,8 The assignment of the 1H and 13C NMR data were 
supported on 2D experiments and comparison with data already reported 
for other benzoic acid analogues.13-15 In particular the HMBC and HSQC 
experiments were key in the elucidation of the structure (Table 2). 

Fig. 3: Full Orbitrap HESI (-) spectra of compound 5.

The structure of compound 5 was confirmed by x-ray diffraction analysis 
of a suitable single crystal (Fig. 4). Yellow block crystals of 3,4-dihydroxy-
5-geranyl-benzoic acid of approximate dimensions 0.35 x 0.25 x 0.20 mm 
were obtained by slow evaporation of a ethyl acetate solution. The dihydroxy 
benzoic acid fragment is planar (rms deviations 0.016 Å). All OH groups are 
involved in hydrogen bonding with the average H⋅⋅⋅O distance of 2.760(3) 
Å and OH⋅⋅⋅O angles in the range 125-159°, so in the crystal packing the 
molecules are associated by three strong intermolecular hydrogen bonds 
forming  ring with  graph-set motif R2²(14) R2²(6), Table 3. These two types of 
rings combine alternately in an ⋅⋅⋅ABAB⋅⋅⋅ fashion to form a one dimensional 
supramolecular aggregate (Fig.5) along b axis. The packing also features and 
π-π stacking interactions between the 3,4-dihydroxy benzoic acid fragment 
[Cg-Cgi distance 3.691(3) Å; symmetry code (i) –x, 1-y, -z; Cg = C1/C2/C3/
C4/C5/C6]. All  bond distances and angles are normal.
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Table 2. 1H (400 MHz) and 13C NMR (100.25 MHz) data, HMBC and COSY correlations for compound 5 in MeOD (J in Hz in parentheses).

Position δ(C) δ (H) mult. 
(J in Hz)

COSY
(H→H)

HMBC 
(H→C)

1 120.1 (s)

2 122.8 (d) 7.40 (d, J = 1.9)    H-6 C-3, COOH

3 127.7 (s)

4 148.1 (s)

5 144.0 (s)

6 113.7 (d) 7.35 (d, J = 1.9)    H-2 C-1, COOH

1’ 27.5 (t) 3.34  (d, J = 6.7)    H-2’ C-4, 5, 2’, 3’

2’ 124.0 (d) 5.34 (td, J =7.3, 1.1)    H-1’ C-9’, 4’

3’ 135.8 (s)

4’ 39.5 (t) 2.07 (td, J = 12.3, 
6.3)    H-5’ C-2’, 3’, 5’

5’ 25.3 (t) 2.07 (td, J = 12.3, 
6.3)    H-4’ C-4’, 6’, 7’

6’ 122.1 (d)  5.10 (ddd, 
J=6.8,3.9,1.2)    H-5’ C-5’, 7’

7’ 130.8 (s)

8’ 24.5 (q) 1.64 (s)    H-10’, 6’ C-6’, 7’

9’ 14.9 (q) 1.72 (s)    H-2’ C-4’, 3’

10’ 16.4 (q) 1.58 (s)    H-8’ C-6’, 7’, 8’

COOH 169.3 (s)

 

Fig. 4. ORTEP drawing of the molecular structure of 5

Table 3: Hydrogen-bonding geometry (Å, °).
Symemetry codes: (i) x, 1+y, z; (ii) –x, ½+y, ½-z; (iii) –x, -½+y, ½-z.

DH⋅⋅⋅A DH H⋅⋅⋅A  D⋅⋅⋅A DH⋅⋅⋅A 

O1H1⋅⋅⋅O2iii 0.83(3) 1.90(3) 2.715(3) 169(3)

O3H3⋅⋅⋅O2ii 0.83(3) 2.28(3) 2.824(3) 124(3)

O4H4⋅⋅⋅O3i 0.90(3) 1.88(3) 2.738(3) 158(3)

Fig.  5. A view of the one-dimensional supramolecular aggregate, showing 
the formation of set-graph motif R2²(14) R2²(6), rings (labelled A and B, 
respectively [Symmetry codes: (i) x, 1+y, z; (ii) –x, 1/2+y, 1/2-z; (iii) –x, 
-1/2+y, 1/2-z ]. The lateral chain of the title compound has been omitted for 
clarity.

CONCLUSIONS

In summary we have isolated the compound 3,4-dihydroxy-5-geranyl-
benzoic acid from the resinous exudate of Manto Negro (Heliotropium 
taltalense I. M. Johnst), an endemic species growing in the Atacama desert 
using a combination of High speed counter current chromatography (HSCCC) 
and permeation through Sephadex LH-20 and its structure was elucidated by 
spectroscopic means and confirmed by X-ray crystal-structure analysis. In the 
crystal packing the molecules are associated by three strong intermolecular 
hydrogen bonds forming ring with graph-set motif R2²(14) R2²(6).These 
two types of rings combine alternately in an ⋅⋅⋅ABAB⋅⋅⋅ fashion to form a bi-
dimensional supramolecular aggregate along b axis.
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