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ABSTRACT 

Isolation of an undescribed flavonoid glycoside from the flowers of H. calyphyllus characterised 

as 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-8-{(3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-

2H-2-pyranyl)oxy}-4H-4-chromenone, I. The structure was clearly assigned through UV, IR, 

1D, 2D-NMR and MS studies. Compound I showed influential antitubercular activity (MIC = 

0.05 μg/mL) against MTB H37Rv. Distinctively, compound I showed fifteen times more active 

than Ethambutol (MIC = 1.56 μg/mL); four times more active than Rifampicin (MIC = 0.2 

μg/mL) and two-times more active than the standard drug Isoniazid (MIC = 0.1 μg/mL). 
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1. Introduction 

Hibiscus calyphyllus (Malvaceae) is a ubiquitous perennial plant and is commonly recognized as 

lemon-yellow rosemallow. The leaves of the plant are used as a food and also used as medicine 

for sores.  Roots can be used as a remedy for pneumonia.
1

 People of Uganda poles used the stems 

for building, Tanzanians made bast fibre and Kenyan used the leaves for dressing the wounds.
2
 

Moreover, H. calyphyllus is cultivated throughout the tropics and subtropics as an ornamental. 

The plant parts are also used to produce oils.
3
 The fractions of H. calyphyllus possess 

antioxidant, cytotoxic, antidiabetic, and antiobesity properties.
4,5

 However, there is no report on 

the phytochemical evaluation on H. calyphyllus leads us to evaluate the phytochemical 

constituents present in this plant. And the objectives of the present study were intend to explore 

the secondary metabolites from the flowers of H. calyphyllus, and to elucidate the structure 

through UV, IR, 1D NMR, 2D NMR and LC-ESIMS studies. In our ongoing conquest of 

discovery newer drugs for limiting the TB,
6-8

  the present study was planned to analyze 

antitubercular activity of isolated compound from H. calyphyllus flowers.  

2. Materials and Methods 

The melting point was determined in open capillary tubes and is uncorrected. UV spectra were 

recorded on HITACHI UH5300 UV-Vis spectrophotometer. The IR spectrum was recorded on 

Thermofisher Nicolet IS5R FT-IR KBr windows with a diamond crystal plate spectrometer. 

NMR spectra were recorded on a Bruker Avance 400 MHz FT-NMR spectrometer. The chemical 

shifts are reported in ppm downfield from tetramethylsilane. LC-ESIMS was analysed on 

Agilent 6530 LC/Q–TOF LC–MS spectrometer. The homogeneity of the compound was checked 

by TLC. For preparative TLC, Silica gel G Loba Chemie Pvt. Ltd. were coated on glass 

substrates (20 cm x 20 cm) using DD water and the solvent was removed in hot air oven. 
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3. Experimental  

 3.1. Plant Material 

H. calyphyllus flowers were collected from Pottal Pudur (8°47'29.4"N 77°23'40.3"E), Tenkasi 

district of Tamil Nadu, India in month of January 2021 and were authenticated by Dr. K. 

Petchimuthu, Taxonomist,  Sri KGS Arts College, Srivaikundam.  

 

3.2. Extraction and isolation 

About 500 g of the flowers of H. calyphyllus were collected and were immersed with 1 L ethanol 

for one week.  The extract was filtered and the solvent was removed in vacuo afforded the 32 g 

brown pasty mass of the crude extract. It was stored in refrigerator for further analysis. 

3.3. Fractionation 

The extract (25 g) was mixed with 20 mL of hot ethanol and 50 g of silica gel for column 

chromatography 60-120 mesh to get slurry. The slurry was dried and packed in soxhlet extractor 

and were consecutively re-extracted with different solvents namely hexane, chloroform, ethyl 

acetate, dichloromethane and ethanol.  Each of the re-extracts obtained from the different 

solvents were concentrated in rotary evaporator and then stored in refrigerator for further 

analysis. The chloroform re-extract (4.2 g) answered positive Shinoda test for flavonoids and it is 

found to be a mixture in TLC. The examination of TLC using neutral ferric chloride spraying 

agent also give the positive test for the presence of polyphenolic compounds.. Then the extract 

was dissolved in chloroform and applied on preparative TLC plates (34 numbers) and which was 

developed in chloroform and ethyl acetate mixture in the ratio of 8 : 2. After the development of 

the plates, which were allowed to dry and viewed with a naked eye shows five different bands.  

Among these, 27 plates showed the yellow colour bands (Rf value 0.43) and were scraped out 

with a razor blade. The yellow mass (3.1 g) obtained from the above was extracted into soxhlet 

apparatus using methanol (100 mL) and the solvent was removed in vacuo afforded  25 mg of 

compound 1 (Fig. 1) as yellow powder.  
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3.4. Antituberculosis activity using MABA assay 

The Microplate Alamar Blue Assay (MABA) to determine the MIC (minimum inhibitory 

concentration) of compounds against Mycobacterium tuberculosis H37Rv was tested. Serial two-

fold dilutions of each drug were prepared directly in a sterile 96-well microliter plate using            

100 µL 7H9-S. A growth control containing no antibiotic and a sterile control were also prepared 

on each plate. Sterile water was added to all perimeter wells to avoid evaporation during the 

incubation. The plate was covered, sealed in plastic bags and incubated at 37 
o
C in normal 

atmosphere. After 7 days incubation, 30 µL of alamar blue solution was added to each well, and 

the plate was re-incubated overnight. A change in colour from blue (oxidised state) to pink 

(reduced) indicated the growth of bacteria, and the MIC was defined as the lowest concentration 

of drug that prevented this change in colour.
9-10

  

4. Results and Discussion 

Characterization of Compound 1  

Amorphous yellowish powder, m.p., 228 ºC. 

4.1. UV – Vis Spectra and shift reagents 

The use of UV-Vis shift reagents has proven to be very useful in determining the substitution 

patterns.
11,12

 Methanolic solution of compound 1 produces band I maxima at 382 nm. The use of 

sodium acetate, a weaker base ionizes the most acidic C-7 hydroxyl group and the absorption 

shifts to 5 nm (387 nm). Aluminium chloride forms complex between the C-4 carbonyl group 

and either 3-OH or 5-OH group and produces hypsochromic shift to 5 nm (377 nm).  Upon 
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addition of HCl into the AlCl3 complex the absorption shifts 4 nm (381 nm) that suggests that the 

above formed complex is unstable in acid and the shift may be due the othro-system of hydroxyl-

groups in ring B is not stable after addition of HCl. Sodium hydroxide solution also produces 

hypsochromic shift to 42 nm (340) due the ionization of all phenolic hydroxyl groups. 

Additionally shift reagents of sodium methoxide shifts on absorption band at 52 nm, water and 

acetic acid observes the hypsochromic shift at 10 nm and 7 nm respectively. The versatile shift 

reagents used and their absorption are represented in Table 1. 

 

  Table 1: UV-Vis spectral characteristics of Compound 1 with versatile shift reagents 

 

Solvent  max (nm) 

MeOH 382 

MeOH + NaOAc 325, 387 

MeOH + AlCl3 377 

MeOH + AlCl3+ HCl 381, 787 

MeOH + NaOH 340 

MeOH + NaOMe 330 

Water 

Acetic acid 375, 787 

  

4.2. IR Spectra 

IR max: 3494 (OH str.), 3170, 1648 (C=O str. ), 1565, 1438, 1272, 1044, 991, 850, 708, 575            

cm
-1

. The absorption bands at 3494 cm
-1

 is due to OH str. and at 1648 cm
-1

is owing to C=O str. 

4.3. 1D and 2D NMR Spectra 

1
H NMR (400 MHz, DMSO-d6)   ppm: 3.23-3.40 (m, 2H, glucosyl protons), 3.42 (t, 1H, J = 8.4 

Hz, 8.4 Hz, 4”-H), 3.60 -3.70 (m, 2H, 6”-CH2), 4.66 (d, J = 8 Hz, 1H, 2”-H), 4.76 (t, J = 10.4 Hz 
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, 2.8 Hz, 1H, 3”-H), 5.02 (d, J = 5.2 Hz, 1H, 5”-H), 5.27 (d, J = 4.8 Hz, 1H, 6”-H), 6.27 (s, 1H, 

6-H), 6.91 (d, 1H, J = 8.4 Hz, 5’-H), 7.82 (dd,1H, J = 8.4 Hz, 2.0 Hz,  6’-H), 7.90 (d, J = 2.0, 1H, 

2’-H), 9.28 (bs, 1H, 3-OH), 9.43 (bs, 1H, 7-OH), 9.55 (bs, 1H, 3’-OH),  12.36 (s, 1H, 5-OH); 
13

C 

NMR (100 MHz, DMSO-d6)  ppm: 60.86 (CH2 -6”), 69.54 (C-5”), 74.53 (C-3”), 76.36 (C-4”), 

77.56 (C-6”), 98.72 (C-6), 103.38 (C-10), 106.88 (C-2”), 115.95 (C-2’), 116.08 (C-5’), 121.41 

(C-6’), 122.51 (C-1’), 125.58 (C-8), 136.17 (C-3), 145.24 (C-4’), 147.66 (C-3’), 148.24 (C-2), 

148.74 (C-5), 156.75 (C-9), 156.85 (C-7), 176.33 (C-4, -C=O); DEPT 135 (DMSO-d6)  ppm: 

60.87 (CH2-6”), 69.55 (C-5”),  74.54 (C-3”),  76.37 (C-4”),  77.56 (C-6”),  98.72 (C-6), 106.88  

(C-2”),  115.95 (C-2’),  116.08 (C-5’),  121.41 (C-6’). HMBC correlation of compound I is 

represented in Fig.2.  

 

In the 
1
H NMR spectra of compound 1, a multiplet at 3.23 - 3.40 ppm is due to the glycosyl 

protons,  and the 4”-H appears as a triplet at 3.42 ppm. A multiplet at ppm is 

ascribed   to 6” methylene group. The doublets at 4.66, 5.02, 5.27, 6.91 and 7.90 ppm are due 

to 2”, 5”, 6”, 5’ and 2’ methine protons respectively. The 3” proton appears as a triplet at 

ppm. The singlets at  6.27 and 12.36 ppm is due to 6-CH and 5-OH respectively. The 3, 

7 and 3’ hydroxyl protons of appears as a broad singlets at  9.28, 9.43 and 9.55 ppm 

respectively.  A doublet of doublet at 7.82 is due to 6’ proton. 

Carbons are assigned on the basis of C-H COSY, DEPT-135 and HMBC spectral data. The C-4 

carbonyl carbon appears at 176.33 ppm. The negative peak in DEPT-135 at 60.87 ppm is 

attributed to C-6” methylene carbon; the nine positive peaks are due to methine carbons of C-6,  
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C-2’ , C-5’,  C-6’, C-2”, C-3”, C-4”, C-5” and C-6”. In 2D NMR, the C-3 hydroxyl proton is 

coupled with C-2, while C-5 hydroxyl proton is coupled with C-6, C-10 and C-7 carbon atoms. 

Similarly, C-6 hydrogen is coupled with C-10, C-8 and C-7 carbons; the proton of C-2’ is 

coupled with C-1’, C-4’ and C-3’ carbons. Moreover, the hydroxyl proton of C-3’ is coupled 

with C-4’ carbon; the proton of C-5’ is coupled with C-6’, C-4’ and C-3’ carbons; the proton of 

C-2” is coupled with C-8 carbon. The proton of C-6’ is coupled with C-5’ and C-2 carbons. 

Further, the proton of C-4” is coupled with C-6” and C-2” carbons; the protons of 6” methylene 

hydrogens are coupled with C-2” and C-6” carbons. From the above data we concluded that the 

obtained product is 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-8-{(3,4,5-trihydroxy-6-

(hydroxymethyl)tetrahydro-2H-2-pyranyl)oxy}-4H-4-chromenone  (Fig. 1). Characterization of 

1D and 2D NMR spectra of Compound 1 is represented in Table 2. 

 

Table 2: 1D and 2D NMR spectra of Compound 1 

 

C-H COSY & HMBC data 

Position 
13

C HMBC 

3-OH (9.28) 136.17 (C-3) 148.24 (C-2) 

5-OH (12.36) 148.74 (C-5) 98.72 (C-6), 103.38 (C-10), 156.85 (C-7)  

6-H (6.27) 98.72 (C-6) 103.38 (C-10), 125.58 (C-8), 156.85 (C-7) 

2’-H (7.90) 115.95 (C-2’) 122.51 (C-1’), 145.24 (C-4’), 147.66 (C-3’) 

3’-OH (9.43) 147.66 (C-3’) 145.24 (C-4’) 

5’-H (6.91) 116.08 (C-5’) 121.41 (C-6’), 145.24 (C-4’), 147.66 (C-3’) 

6’-H (7.82) 121.41 (C-6’) 116.08 (C-5’), 148.24 (C-2) 

2”-H (4.66) 106.88 (C-1”) 125.58 (C-8) 

4”-H (3.42) 76.36 (C-3”) 77.56 (6”-C), 106.88 (2”-C) 

6”-CH2 (3.60) 60.86 (C-6”) 106.88 (C-2”), 77.56 (C-6”) 
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4.4. Mass spectra  

LCESIMS [M-H]- m/z 480.0845  (calcd. for 480.09).  

From the above spectral data, the structure of the compound 1 is assigned as 2-(3,4-

dihydroxyphenyl)-3,5,7-trihydroxy-8-{(3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-2-

pyranyl)oxy}-4H-4-chromenone. 

4.5. Antitubercular activity 

Compound I showed influential antitubercular activity (MIC = 0.05 μg/mL) against MTB 

H37Rv in comparison with Isoniazid, Rifampicin and Ethambutol. Specifically, compound I 

showed fifteen times more active than Ethambutol (MIC = 1.56 μg/mL); four times more active 

than Rifampicin (MIC = 0.2 μg/mL) and two-times more active than the standard drug Isoniazid 

(MIC = 0.1 μg/mL).  

5. Conclusion 

In conclusion, we have isolated an undescribed flavonoid glycoside from the flowers of              

H. calyphyllus characterised as 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-8-{(3,4,5-trihydroxy-

6-(hydroxymethyl)tetrahydro-2H-2-pyranyl)oxy}-4H-4-chromenone. And this is the first report 

on the isolation of compound 1 from H. calyphyllus. The structure was clearly assigned through 

UV, IR, 1D, 2D-NMR and MS studies. Compound I showed promised antitubercular activity 

compared to the standard drugs i.e., fifteen times more active than Ethambutol; four times more 

active than Rifampicin and two-times more active than the standard drug Isoniazid.  
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