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Abstract
Phytochemical examination on the different extracts of leaves and twigs of Holoptelea integrifolia (H. integrifolia) were 
carried out with varied polar organic solvents. The chemical constituents of crude extracts were separated and isolated 
by using chromatography technique and characterized by using spectroscopies of 1H, 13C and 2D NMR. Two known 
compounds, the stigmasterol (1) and octamethylcyclohexane-1,4-dione (2), and one new compound, di-myo-inositol (3) 
were isolated and characterized. Chemical constituent 2 and 3 has been reported for the first time in H. integrifolia; in 
addition, constituent 3 was new phytochemical finding. 

DOI: 10.18311/jnr/2020/24479

1.  Introduction
There are 15 genera and 200 species in the family 
ulmaceae which could be found in Thailand. H. 
integrifolia Roxb. belong to the family ulmaceae1 – 3. 
It has been traditionally used since ancient times. 
Barks and leaves were used as bitter, astringent, 
anthelmintic, acrid termogenic, digestive, laxative, 
carminative, antibacterial, antimicrobial, antitumour, 
depurative, repulsive, antidiabetic, antiinflammatory 
and in rheumatism. Extracts of various parts from H. 
integrifolia has been proven beneficial for the treatment 
disease in agreement to its ethnomedical use. It has 
been used inpatients to cure inflammation, gastritis, 
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dyspepsia, colic, intestinal worms, vomiting, wound 
healing, leprosy, diabetes, hemorrhoids, diarrhea, 
polyuria, helminthiasis, tuberculosis, fistula, flatulence, 
vitiligo, filariasis, skin diseases, dysmenorrhea and 
rheumatism, etc.4 – 11. The chemical constituents isolated 
from H. integrifolia include carbohydrates, alkaloids, 
terpenoids, flavonoids, sterols, saponins, tannins and 
proteins, such as holoptelin A-B, epifriedelin, friedelin, 
lupeol, pesitosterol, 2-aminonapthaquinone, aquinone, 
eolellagic acid, asitosterol-D-glucoside, epifriedelinol, 
hexacosanol, octacosanol, taamyrin, yramyrin, 
hederagenin, stigmasterol, friedel-1-en-3-one, butulinic 
acid and botulin12 – 19. Herein, we report chemical 
constituents of leaves and twigs from H. integrifolia, 
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namely stigmasterol (1)20, octamethylcyclohexane-1,4-
dione (2)23 and di-myo-inositol (3). The compound 3 
was isolated for the first time from H. integrifolia.

2.  Materials and Methodology

2.1  Experimentation 
Chromatography technique was used for the separation 
and isolation compounds. Investigation the melting 
points in degree Celsius (˚C) were recorded on a digital 
Electro thermal melting apparatus. The FTIR spectra 
reported major bands (nmax) (Shimadzu 8900). 1H and 
13C NMR spectra were determined in CDCl3 and D2O 
solution. Tetramethylsilane (TMS) was used as reference 
of the chemical shifts was the standard appear down 
field at d 0.00 ppm, were recorded in d values; using a 
NMR spectrometers (Bruker AV 400) in order to one 
and two dimensional evaluation. The ESI-MS spectra 
were measured with a micro hybrid quadrupole/time-
of-flight (Q-TOF) mass spectrometer; for positive 
ions mass was reported by a Finnegan Polaris Q mass 
spectrometer at 70 eV. ECD calculations were on 
compounds with the time dependent DFT method 
at CAM-B3LYP/6-311++G level. All procedure 
calculations are carried out the Gaussian09 program 
package, were plotted with 0.25 eV.27 

2.2  Material
The Leaf and branches of H. integrifolia was compiled 
in Lampang Province of Thailand in January 2012, 
identified by Mr. Narong Nantasean. 

2.3  Extraction and Isolation
6.50 kg of leaves and branches of H. integrifolia were 
dried out with air-dried, then grinded to powder 
which were consecutive percolated prior with organic 
solvents solution; n-hexane, ethyl ethanoate and methyl 
alcohol (20 L × 3 days × 4 times), at room temperature, 
and filtered respectively. Combination filtrates were 
evaporated to dry under reduced pressure were resulted 
in the residues, n-hexane (17.1 g), ethyl ethanoate 
(33.5 g) and methyl alcohol (250.0 g), in order. 16.0 
g of n-hexane extract was further fractionated via 
chromatography technique with varying the organic 
solvent conditions from weak to strong polarity i.e., 

n-hexane, ethyl ethanoate and methyl alcohol. The 
filtrates were evaporated to give 9 fractions. Then, 3.55 g 
of F4 was eluted with ethyl acetate/hexane (3/7) and the 
solvent was evaporated resulting in a brown semisolid, 
further recrystallized with ethyl acetate/ethanol (7/3) to 
afford the pure colorless needle crystals and which was 
identified as stigmasterol (1). 33.0 g of crude extract of 
ethyl acetate was fractionated under the same method 
and the gradient conditions, to afford 15 fractions. 3.0 g 
of brown semisolid of F14 was re-chromatographed and 
eluted with 40% ethyl acetate/methanol, sub-fraction 
F14-4 was obtained as white crystals. It was collected and 
identified as compound 2. While 50.0 g of crude extract 
of methanol was fractionated with same method but 
eluted under different gradient conditions: hexane/
ethyl acetate, ethyl acetate/methanol and methanol to 
obtain 13 fractions. 5.35 g of F9 was fractionated with 
chromatography technique, eluted with methanol, 
followed by solvent evaporation, recrystallized with 
ethanol/water (8/2) to form pure white needle crystals, 
and identified as compound 3.

3.  Results 

3.1  Stigmasterol (1)
Colorless needle crystal; mp: 163-164 ˚C; IR (KBr) 
nmax: 3460, 2955, 2870, 1650, 1465, 1377, 1050 cm-1. 
The 1H NMR: d 0.72 (3H, s, H-28), 0.81 (3H, d, J = 5.0 
Hz, H-27), 0.85 (3H, d, J = 5.0 Hz, H-26), 0.87 (3H, t, J 
= 5.0, H-24), 0.94 (3H, d, J = 10.0 Hz, H-19), 1.06 (3H, 
s, H-29), 4.01 (1H, qui, J = 5.0 Hz, H-3), 5.03 (1H, dd, 
J = 10.0, 10.0 Hz, H-20) 5.16 (1H, dd, J = 10.0, 10.0 Hz, 
H-21), 5.62 (1H, brd, H-6); 13C NMR: d 12.03 (C-23), 
12.26 (C-29), 18.98 (C-28), 19.45 (C-27), 20.27 (C-26), 
21.10 (C-11), 24.42 (C-15), 25.41 (C-23), 28.88 (C-16), 
29.14 (C-25), 31.77 (C-8), 31.85 (C-7), 31.88 (C-2), 
36.14 (C-10), 38.21 (C-1), 39.37 (C-12), 40.49 (C-18), 
41.67 (C-4), 41.70 (C-13), 45.83 (C-22), 51.23 (C-9), 
56.02 (C-17), 56.70 (C-14), 72.95 (C-3), 125.72 (C-6), 
129.31 (C-21), 137.22 (C-20), 138.26 (C-5).

3.2  Octamethylcyclohexane-1,4-dione (2)
A white crystal, IR (KBr) nmax: 2903, 2853, 1590 cm-1; 
1H NMR : d 1.74 (24H, s, 8xCH3); 13C NMR : d 23.01 
(8xCH3), 47.55 (C-2), 48.06 (C-3), 48.41 (C-5), 48.62 



242 New Chemical Constituents from the Leaves and Twigs of Holoptelea integrifolia 

Journal of Natural Remedies | ISSN: 2320-3358� http://www.informaticsjournals.com/index.php/jnr | Vol 20 (4) | October 2020

(C-6), 181.46 (C-1/C-4); ESIMS [M+NH4
++H+] at m/z 

243, C14H24O2 (cal. for C14H24O2, 224).

3.3  Di-myo-inositol (3)
A white needle crystal; mp: 228-229 ˚C; IR (KBr) nmax: 
3400, 2935, 2840, 1422, 1367, 1150, 1117, 1050, 1004 
cm-1; 1H NMR: d 3.12 (2H, t, J = 10.0 Hz, H-1/H-1’), 
3.37 (4H, dd, J = 5.0, 10.0 Hz, H-3/H-3’), 3.47 (4H, t, J = 
10.0 Hz, H-2/H-2’), 3.90 (2H, t, J = 5.0 Hz, H-4/H-4’); 
13C NMR: d 71.11 (C-3/C-3’), 72.16 (C-4/C-4’), 72.37 
(C-2/C-2’), 74.33 (C-1/C-1’); ESIMS [M+2H+] at m/z 
406, C22H28O7 (cal. for C22H28O7+H, 404) (Table 1). 

4.  Discussion
Three compounds from H. integrifolia, were isolated 
and structural identified by using spectroscopic 
techniques. They were found to be stigmasterol (1), 
octamethylcyclohexane-1,4-dione (2) and di-myo-
inositol (3). Compound (1) and (2) were reported 
for the first time from crude ethyl acetate extract and 
compound (3) as the new compound from crude 
methanol extract of H. integrifolia (Figure. 1).

Compound 1 was isolated as colorless needle 
crystal, mp 163-164 ˚C, assigned the molecular 
C29H48O. Infrared spectroscopy spectra presented the 
broad absorption band of a hydroxyl group at 3460 cm-

1. Absorptions appeared at 2955 and 2870 cm-1 were 
affected from C–H stretching. The C–H bending showed 
as weak absorptions at 1465 and 1377 cm-1. The weak 
absorption of C=C stretching appeared at 1650 cm-1. 
The stretching vibration of C–O was medium intense 
band at 1050 cm-1. Chemical constituent was further 
confirmed by investigation of the nuclear magnetic 
resonance techniques. Which, the comparative relation 
of 1H and 13C NMR spectra were observed similar with 
the previously report20. These were data in accordance 
with those of stigmasterol (1) 20 (Figure 2, 3).

Compound 2 was recrystallized a white crystal. 
ESIMS gave mass ion peak [M+NH4

++H+] m/z 
243, corresponded the molecular C14H24O2 (cal. 
C14H24O2, 224). The molecular ion [M+NH4

++H+] 
spectra appeared at 243; it changed to the molecular 
ion 165 arising from m/z 243 by further loosed 
of methyl and carbon monoxide, for m/z 156 
was originated the 2-methyl-3-oxoallylium by an 
elimination molecule. Structure was confirmed from 
the spectrum at m/z 378 and 379, suggestion of an 

Table 1.  �1H NMR and 13C NMR spectral data, 1H-13C 
long-rang and 1H-1H correlations of 
compound 3 in D2O obtained by HMBC and 
COSY

Comparision of NMR data of compound 3

Position δC (ppm) δH (ppm) COSY HMBC

1 74.33 3.12, t(10.0) 2 1’, 2

2 72.37 3.47, t(10.0) 1, 3 1, 3

3 71.11 3.37, t(10.0, 
5.0) 2, 4 2

4 72.16 3.90, t(5.0) 3 1, 2, 3

1’ 74.33 3.12, t(10.0) 2’ 1, 2’

2’ 72.37 3.47, t(10.0) 1’, 3’ 1’, 3’

3’ 71.11 3.37, t(10.0, 
5.0) 2’, 4’ 2’

4’ 72.16 3.90, t(5.0) 3’ 1’, 2’, 3’

aAssignments made on the basis of NMR; bChemical 
shift values are in (ppm); cCoupling constants are in Hz.
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Figure 1.  �Structure of compounds isolated from H. integrifolia (roxb.).
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additional hexamethylcyclobutanol and hydronium 
attached to the primary carbocation and carbonyl 
group respectively. Molecular ions peak appeared in 
the spectrum at m/z 380 and 381; suggestion with the 
reaction of molecular by 1,3-hydride shift to carbonyl 
group which give a carbocation followed an additional 
hexamethylcyclobutanol and protonated in order. IR 
spectrum displayed bands to carbonyl functionalities 
at 1590 cm-1. The stretching vibrations of C–H are also 
appeared at 2903 and 2853 cm-1. Chemical constituent 
of 2 was further supported by 1D and 2D NMR 
experimentation. 1H NMR spectrum displayed signals 
for protons at d 1.74 (24H, s, H-Me) were assigned 
to methyl protons adjacent to quaternary carbon. 13C 
NMR spectrum of compound 2 showed 6 signals of six 
carbons. Signals at d 181.46 were assigned to carbonyl 
carbons of ketone groups. Methyl carbon showed 
at d 23.01 ppm. Signals at d 47.55, 48.06, 48.41 and 

48.62 were indicated quaternary carbon. Asymmetric 
structure supposes arising from single bonding rotation 
in a molecule. The angles and conformation have energy 
differentia. Therefore, structure had asymmetries 
affecting nuclear magnetic resonance of position 
carbon atom; spectrum of 13C were nonequivalent21, 22. 
The HMBC spectra demonstrated the correlation of 
methyl proton H-Me to C-1 indicating the methyl 
connected at C-1 and confirmed the position of a 
carbonyl carbon. The correlation of methyl proton 
H-Me to C-Me indicating the methyl connected 
at C-Me and confirmed the position of a methyl 
nearby. These data were in accordance with those of 
octamethylcyclohexane-1,4-dione (2)23 (Figure 2, 3).

Compound 3 was obtained as a white needle crystal; 
mp 228-229˚C. The ESIMS was [M+2H+] at m/z 406, 
in accordant with the molecule C22H28O7 (cal. for 
C22H28O7+H, 404). The spectrum of [M+NH4

+] was at 

Figure 2.  The optimized structures of compound 1-3.
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m/z 359; there are the ions m/z 355 and 354 flows from 
m/z 359 by further loss of hydrogen atoms. Spectra 
also contains the mass m/z 294, owing to loss of water 
and formaldehyde, m/z 282 corresponds to loss of an 
ethane-1,2-diol. Structural assignment was further 
supported by mass m/z 304; originate eradication 
water and hydrogen atoms, which feature m/z 302 
and 301, conformity eliminated hydrogen atoms, 
further loss of the myo-inosital moiety from m/z 342 
gives rise m/z 178. These two ions are higher than like 
ions observed in the mass spectra at m/z 416 and 399, 
suggesting of an additional 2-hydroxypropanal and 
2-hydroxyacetalhehyde attached to the O-hydroxyl of 
di-myo-inosital respectively. These spectra appeared 
as fragmented ions in the mass spectra. IR spectrum 
presents peak at 3400 cm-1 which was characterized as 
hydroxyl group. The secondary alcohol absorption was 
observed at 1050 and 1004 cm-1 and were identical to 
the C–O stretching; but, the C–O stretching of ether 
showed medium absorption bands at 1150 and 1117 
cm-1. The sp3 hybridized C–H bonds were exhibiting 
asymmetric stretching vibration; therefore, absorption 
then appeared at red-shift to low frequencies, giving 
rise to highly resolved spectra. Strong absorption 
sat 2935 and 2840 cm-1 were characterized by C–H 
stretching, while It’s corresponding bending vibrations 
appeared at 1422 and 1367 cm-1. Chemical constituent 
of 3 was further clarified by 1D and 2D analyses. 1H 
NMR spectrum showed the methine protons at d 3.12 
(2H, t, J=10 Hz, H-1, 1’) that were assigned to methine 
protons adjacent to oxygen of ether group. A doublet of 
doublet of methine protons was observed at d 3.37 (4H, 
dd, J= 10.0, 5.0 Hz, H-3, 3’). The resonances at d 3.47 
(4H, t, J=10 Hz, H-2, 2’) and d 3.90 (2H, t, J= 5.0 Hz, 
H-4, 4’) were a methine proton. The 13C NMR spectra 
exhibited the resonances of a methine carbons d 74.33 
(C-1, C1’), 72.37 (C-2, 2’), 72.16 (C-4, 4’) and 71.11 (C-
3, 3’). Homo-nuclear correlation spectroscopic (COSY) 
spectra presented coupling correlations thoroughly 
with the succession of H-1 to H-2, H-2 to H-3, and H-3 
to H-4; H-1’ to H-2’, H-2’ to H-3’, and H-3’ to H-4’ for 
the connectivity of the protons to the structure. HMBC 
correlation of H-1 to C-2; H-2 to C-1, 3; H-3 to C-2 and 
H-4 to C-1, 2, 3; H-1’ to C-2’; H-2’ to C-1’, 3’; H-3’ to 
C-2’ and H-4’ to C-1’, 2’; were confirmed to hexacyclic 
ring, and then relationship of H-1 to C-1’and H-1’ to 

C-1 were clearly indicated by the dimer hexacyclic ring 
compound as shown as Figure. 2. The connection in 
the middle of the torsion angle and vicinal coupling 
constant 3J was presented in theory by the Karplus 
equation: 3J(HH) = P1 cos2ϕ + P2 cos2ϕ + P3 +∑∆χi{P4 
+ P5 cos2(ξiϕ + P6|∆χi|)}24. Therefore, the comparative 
form at H-1 and H-2, H-2 and H-3, ascertained 
correlation with 3J1,2; 2,3 H–C–C–H (10 Hz) coupling 
constants, that indicated hydrogen atoms on contrary 
sides a dihedral angle of 170.3° assignment to the trans- 
configuration. Relatively protons H-3 and H-4 could be 
determined by the axial proton to the equatorial proton 
3J coupling constant 5 Hz, indicates that the hydrogen 
atoms were located on identical sides with a dihedral 
angle of 35.7° assignment to the cis- configuration. 
These data were in accordance with those of di-myo-
inosital (3) as listed in Table 1 25 (Figures 2–5).

Electronic Circular Dichroism (ECD) spectra of 
chemical constituents were investigated by application 
of the Gaussian09 program package. Simulation of 
the ECD spectra of structures were carried out using 
a computational method. Molecular structures were 
demonstrated with DEF at CAM-B3LYP level in 
methyl alcohol. ECD spectra found minimum-energy 
and stable conformers for compound 1-3 are shown in 
Figure 2-3 27.

Proposed biosynthesis pathway: the shikimate 
pathway commences with the coupling of 
Phosphoenolpyruvate (PEP) and D-erythrose 
4-phoshate to present the 3-deoxy-D-arabino-
heptulosonic acid 7-phosphate (DAHP). The reaction 
losses of phosphoric acid by enzyme 3-dehydroquinate 
synthase and NAD+, come after with an intra-molecular 
aldol condensation reaction, originate carbocyclic 
intermediate 3-dehydroquinic acid (A). The keto-enol 
tautomerism, it involves the migration of a proton from 
α-carbon to carbonyl (B). Decarboxylation reaction 
is via loss of a carboxyl group, followed electrons 
delocalization and loss of hydrates (C), giving the inter-
conversion of the enol and keto form (D). Oxidation 
reactions catalyze by the cytochrome P-450-dependent 
monooxygenase. These are involved in biosynthesis 
hydroxylations to give hydroxyls group (F). The 
reduced form NADPH is conveniently regarded as 
hydride-donating reducing agents. These reductions 
reactions are the intermediate carbonyl prior give to 
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Figure 5.  The mass spectra fragmentation of compound 3.

Figure 6.  Proposed biosynthesis pathway of compound.
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the alcohols (G). Elimination of a hydrate from F to 
give α, β-unsaturated carbonyl intermediate (J). Finally, 
reaction of the intermediate G and J previous to the aldol 
condensation reaction occurrence (K) and followed 
reduction with NADPH, leading to constituent of di-
myo-inosital (3) 26 (Figure 6).

5.  Conclusion
The new compound of di-myo-inositol was successfully 
extracted, isolated and purified from crude methanol 
extract, included two known compounds namely 
stigmasterol and octamethylcyclohexane-1,4-dione 
from crude n-hexane and ethyl ethanoate extracts of H. 
integrifolia. 
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