
Cahyani et al., ALCHEMY Jurnal Penelitian Kimia, Vol. 22(1) 2026, 1-39  

1 

  
Copyright © 2026, Universitas Sebelas Maret, ISSN 1412-4092, e ISSN 2443-4183

  

 

Review  

Phloroglucinol Compounds and Their Derivatives: Comparison of FTIR, NMR, and 

Bioactivity Characterization as Antibacterial, Antioxidant, and Anticancer Agents1 

Sevi Dwi Cahyania, Triana Kusumaningsiha, b*, Maulidan Firdausa, Wahyu Eko Prasetyoc 

aMaster Program of Chemistry, Faculty of Mathematics and Natural Sciences, Sebelas Maret University 

Jl. Ir. Sutami 36 A, Kentingan, Surakarta, 57126, Indonesia 
bHalal Research Center and Services, Sebelas Maret University, Surakarta, Indonesia 

Jl. Ir. Sutami 36 A, Kentingan, Surakarta, 57126, Indonesia 
cCollege of Pharmacy and Research Institute of Drug Development, Chonnam National University 

  Gwangju 61186, Korea 

*Corresponding author: triana_kusumaningsih@staff.uns.ac.id 

DOI:10.20961/alchemy.22.1.109425.1-39  

Received 6 October 2025, Revised 22 December 2025, Accepted 29 December 2025, Published 31 March 2026 

Keywords:  

antibacterial; 

anticancer; 

antioxidant; 

phloroglucinol; 

phloroglucinol 

derivatives. 

 

ABSTRACT. Research on phloroglucinol (PG) and its derivatives has been extensively pursued over 

the past three decades. PG compounds are found in many plants, such as in the genus Callopyillum, the 

genus Hypericum, Eucalyptus kino, and brown algae. PG compounds have a symmetrical compound 

structure and contain many electrons distributed across three active sites, making them very advantageous 

for electrophilic aromatic substitution. PG has biological activities, such as antibacterial, antioxidant, 

anticancer, antiviral, anti-inflammatory, and others. PG bioactivity can be increased by synthesizing PG 

derivatives using various synthetic methods. The addition of an active group to PG can affect its 

bioactivity, properties, and characteristics, as well as its polarity and lipophilicity. This study aims to 

collect data on (1) Comparison of Fourier transform infrared (FTIR) and nuclear magnetic resonance 

(NMR) characterization of various PG derivative compounds, (2) Comparison of PG bioactivity and its 

derivatives as antibacterial, antioxidant, and anticancer compounds. PG compounds and their derivatives 

have been shown to exhibit antibacterial effects against several bacteria, including Staphylococcus 

aureus, Escherichia coli, and MRSA. Furthermore, PG derivatives exhibit antioxidant properties, as 

evidenced by their low IC50 values, and have demonstrated anticancer activity against cancer cell lines 

such as A549, MCF-7, and HTC-116. The findings of this study have the potential to assist researchers 

in developing new drugs. 
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INTRODUCTION 

Phloroglucinol or 1,3,5-trihydroxybenzene (PG) is widely found in the genus Callopylum, genus Hypericum, 

and brown algae class (Biessy and Filion, 2021), Eucalyptus corpo, Acacia arabica, and marine algae family 

Phaeophyceae and Fucaceae (Singh and  Bharate, 2006). In Indonesia, Calophyllum inophyllum Lin is known as 

the nyamplung plant, and all parts of the plant are used to treat various diseases, which are widespread in North 

Sumatra, Nusa Tenggara, Bali, and Sulawesi (Apparatus et al., 2018). In the pharmaceutical field, this plant has 

been reported to exhibit various biological activities, namely antibacterial, anticancer, anti-inflammatory, and 

antiviral. Genus Calophyllum is identified as rich in phenolic compounds, including flavonoids, xanthone, 

coumarin, terpenoids, carboxylic chloranonic acid, and PG (Aminudin et al., 2019). Phenolic compounds are 
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compounds that have an aromatic ring structure with one or more hydroxyl groups (Diniyah and Lee, 2020). This 

compound is produced for protection against UV rays, viruses, bacteria, and insects (Greece et al., 2015). Natural 

phenolic compounds are currently widely used in the pharmaceutical field due to their broad applications and many 

bioactivities (Stuttgart et al., 2019). 

PG compounds have a wide range of uses, including medicine, dyes, cosmetics, pesticides, and paints (Singh 

et al., 2009). About 700 PG-based natural products have been reported to exhibit a wide range of biological 

activities (Prasetyo et al., 2022). Bioactivity of PG compounds, such as antibacterial, antioxidant, anti-allergic, 

anti-inflammatory, anti-insect (Mondal et al., 2017), anticancer (Kusumaningsih et al., 2023), antifungal (Prasetyo 

et al., 2022), and antiplasmodial (Hertiningtyas et al., 2013). In modern pharmacological research, PG compounds 

in fern-type plants have been shown to exhibit strong bactericidal, antiviral, and insect-repellent effects (Yang et 

al., 2024). Bridi et al. (2018) reported that many studies on PG derivatives account for most of the biological 

activity, suggesting that PG has high potential as a new drug candidate. 

The combination of PG compounds with other compounds to obtain new compounds that can improve their 

bioactivity, properties, and characteristics has been widely pursued by researchers. One of them is to make 

modifications and/or add new clusters. PG derivative products can be in the form of phloroglucinol derivatives, 

phloroglucinol dimers, phloroglucinol trimers, terpene phloroglucinol, phloroglucinol glycosides, phloroglucinol 

halogens, and others (Kusumaningsih et al., 2016). One of the derivative products of PG that is most promising in 

increasing bioactivity is the result of phloroglucinol (APG) (Prasetyo et al., 2022). Examples of widely used groups 

in PG modification are acetyl acetate, isobutyryl, and isovaleryl (Prasetyo et al., 2023), as well as formaldehyde, 

propionyl, and butyryl (Yang et al., 2024). APG compounds are a class of PG derivatives with many biological 

activities. Derivative compounds, such as monoacyl phloroglucinol and diacyl phloroglucinol, have shown 

potential as antibacterial, antioxidant, anti-allergic pharmacological agents, enzyme inhibitors, antidepressants, 

anti-inflammatory agents, and antitumor agents (Kusumaningsih et al., 2019; Li et al., 2009). 

PG compounds are well known for their various biological activities. APG compounds exhibit significant 

antibacterial activity against several Gram-positive bacteria, including Methicillin-resistant Staphylococcus 

aureus (MRSA) (Morkunas et al., 2013). In addition, APG has strong antibacterial activity against Staphylococcus 

aureus (S. aureus) and Mycobacterium smegmatis (Henry et al., 2008). Bridi et al. (2018) reported that APG dimer 

compounds exhibit antibacterial activity against S. aureus, Bacillus subtilis (B. subtilis), and Mycobacterium 

smegmatis, with inhibitory values of <7 μg/mL. S. aureus is one of the gram-positive pathogens that is a serious 

threat to world health, causing various kinds of infectious diseases such as skin infections, bacteremia, meningitis, 

endocarditis, and others (Prasetyo et al., 2023). In addition to antibacterial activity, this compound also has 

antioxidant activity. APG compounds have aromatic substituents that confer high antioxidant activity (Sun et al., 

2014). Prasetyo et al. (2022) reported that APG compounds exhibit high antioxidant activity, with IC50 values of 

10 – 50 mg/mL.  

Another bioactivity test carried out was PG's anticancer activity. Cancer is a major threat to humanity and 

has become a global burden since 10 million cancer-related deaths were recorded in 2020 (Shanmugam et al., 

2024). Cancer can develop almost anywhere in the body. The causes of cancer include host factors such as genetics, 

epigenetics, microbiome, age, gender, metabolic conditions, inflammatory conditions, and immune function 

(Mohamed et al., 2021). Various classes of anticancer drugs have been developed, many of which are of natural 

origin. Natural products are the mainstay of cancer chemotherapy, but most cancer drugs cause unwanted side 

effects due to their lack of tumor specificity and multidrug resistance. The search for potent, safe, and selective 

anticancer compounds is essential for the development of new drugs, and natural products are particularly useful 

due to their excellent structural diversity for the construction of new compounds (Chauthe et al., 2012). Kim et al. 

(2015) reported that PG has anticancer activity against breast cancer stem cells, which are more sensitive to 

anticancer drugs such as cisplatin, etoposide, taxol, and ionizing radiation, and decreases their ability to form 

spheroids. PG-derived dimer compounds have also been studied by Chauthe et al. (2012), who found that these 

compound has in vitro anticancer activity in various cell lines. 

This review uses relevant literature published over the last two decades, from 2003 to 2025, to obtain up-to-

date information on PG-derived compound research and its biological activity, and adds 1 additional literature 

source from 1995 that discusses the Houben–Hoesch method in full. Previous studies on PG-derived compounds 

(Singh and Bharate, 2006), derivatives of PG compounds of various genera (Bridi et al., 2018), PG-derived 

bioactivity, such as antibacterial (Peron et al., 2024; Shamsudin et al., 2022), antibacterial and anticancer activity 

of PG cabonil (Bashir et al., 2023) have been documented by several reviews. However, discussions of various 
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PG derivatives, including comparisons of Fourier transform infrared (FTIR) and nuclear magnetic resonance 

(NMR) characterization, as well as their antibacterial, antioxidant, and anticancer bioactivities, have not been 

documented. This review brings together key insights from various reviews into a more comprehensive framework 

for the development of PG compounds, which could help researchers develop more effective new drugs. 

 

PG COMPOUND AND THEIR DERIVATIVES 

PG compounds are compounds in the natural phenolic class that are widely found in the genus Callopylum 

(Hertiningtyas et al., 2013). Singh and Bharate (2006) said that PG has been isolated from Eucalyptus kino, Acacia 

arabica, and marine algae, including the families Phaeophyceae, Fucaceae, Myrtaceae, and other families such as 

Guttiferae, Euphorbiaceae, Aspidiaceae, Compositae, Rutaceae, Rosaceae, Clusiaceae, Lauraceae, Crassulaceae, 

Cannabinaceae, and Fagaceae. PG derivatives are also found in brown plants and algae, such as gradinol, produced 

by some species of Eucalyptus, to the more complex florotanin found in the brown algal family. In addition, PG 

derivatives are produced by several microorganisms, and 429 PG derivatives have been isolated from the genus 

Hypericum (Biessy and Filion, 2021). The genus Mallotus (Euphorbiaceae), which is widely found in tropical 

Africa and Madagascar, is reported to be a rich source of biologically active compounds such as PG, flavonoids, 

steroids, benzopyrans, and cardenolides (Tchangoue et al., 2020). The compound resulting from polycyclic 

polyprenylated acylphloroglucinol (PPAP) is abundant in plants of the Guttiferae family, especially Hypericum 

ascyron Linn.    

PG compounds, polyphenol compounds containing aromatic phenyl rings with 3 hydroxyl groups (Mondal 

et al., 2017). Unlike other phenolic compounds, PG serves as the basic framework for more than 600 secondary 

metabolites (Kumar et al., 2018). Structurally, PG has a very symmetrical shape, is part of the aromatic system, 

and contains many electrons, with 3 equal active sites. It is particularly advantageous for electrophilic aromatic 

substitution (Kusumaningsih et al., 2019). There are 2 forms of tautomer, namely 1,3,5-trihydroxybenzene 

(tautomer phenol) and 1,3,5-cyclohexanetrione (tautomer) (Yan et al., 2021), where two tautomers are zero and 

keto in equilibrium (Kusumaningsih et al., 2016). The PG form in the zero tautomer with 3 OH groups is more 

stable, due to the aromatic stability of the benzene ring. However, in the form of keto PG, it is easier to react 

because of the considerable carbon-oxygen double bond strength. According to Hartree-Fock theory, the tautomer 

zero 3 IH is predicted to be more stable than the keto form by up to 35 kcal/mol (Oziminski and Wójtowicz, 2020). 

 
Figure 1. PG form and its tautomers (Kusumaningsih et al., 2016). 

 

PG compounds are increasingly important because they exhibit various bioactivities, such as antioxidant, 

antimicrobial, anti-allergic, anti-inflammatory, insect-eating inhibition, anti-HIV (Kusumaningsih et al., 2016), 

anticancer (Chauthe et al., 2012), and antifungal (Prasetyo et al., 2022). PG compounds and their derivatives are 

also used as secondary metabolites of plant materials (Mondal et al., 2017). PG has been shown to protect cells 

from H2O2-induced oxidative stress by activating catalase and to provide radioprotection against gamma 

radiation-induced cell damage by inhibiting oxidative stress (Kim et al., 2015). The bioactivity can be further 

enhanced by modifying the main compound into derivative compounds. Modifications can be made by adding 

new groups such as acyl, methyl, anhydric acid, alkyl nitrile, carboxylic acid, and others (Kusumaningsih et al., 

2023; Singh et al., 2009).  

Derivative products of PG compounds can be in the form of APG, PG dimer, PG trimer, tetrameric PG, 

phlorotanin, and others (Kusumaningsih et al., 2023; Singh et al., 2009). APG is the largest group of natural PGs. 

The most studied APG is gradinol, a PG derivative that contains isovaleril, formal, and methyl substituents. 

Silalized PG is also found in microorganisms. PG mono-, di-, tri-acetyl is reported to be present in the bacterium 

Pseudomonas fluorescens (Singh and Bharate, 2006). PG dimers are widely isolated from Dryopteris species, and 

their synthesis uses PG monomers as starting materials and aliphatic aldehydes as connecting molecules. Trimeric 

and tetrameric phloroglucinol can be synthesized using a similar approach to that for dimeric compounds. 

Phlorotanin has the highest molecular weight among PG group compounds. Its structural complexity is enormous 
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(Singh et al., 2009). Phlorotanin is composed of polymer chains of PG alkaline residues connected via C−C and/or 

C−O−C bonds. Phlorotanin is classified as fukol (phenyl bond), phloroetol (ether bond), fucophloroetol (ether and 

phenyl bond), eckol, fuhalol, and karmalol. The biological activities of phlorotanins include antioxidant, 

anticancer, antidiabetic, antiviral, antimicrobial, anti-inflammatory, and neuroprotective effects, with promising 

potential across various fields such as pharmaceuticals, food, and nutraceuticals (Yan et al., 2021).  

Factors that affect the biological activity of a natural compound are hydroxyl (−OH) groups, hydrophobic 

substituents such as orenil groups, alkyl chains, heterocyclic groups containing nitrogen and oxygen (Xie et al., 

2014), driving substituents (Lee et al., 2013), and molecular weight (Tan et al., 2017). Carbonyl groups (C=O) 

also play a role in the bioactivity of a compound (Suryani et al., 2020). The R group (side chain) can affect a 

compound's polarity and solubility, thereby influencing biological activity (Delfanian et al., 2021). In addition, 

modifications can involve the addition of other groups or metal compounds, which generally increase biological 

activity. In Table 1,  FTIR and NMR spectra are compared from 51 PG-derived compounds. 

Based on Table 1, compounds (2 – 7) are derivative compounds of PG results. The resulting compounds that 

bind to PG can be acetyl, isobutyryl, isovaleril, propionyl, and butyryl; they can be mono- or di-. Compared to 

compound 1, the addition of the result is directly bound to the C2 and C6 aromatic rings. Acetyl substituent 

(compounds 2 and 5) is characterized by the appearance of a shift in 1H-NMR around δH 2 ppm, namely the methyl 

ketone group (McMurry, 2008). In isobutyryl, isovaleryl, and propionyl substituents (3, 4, 6, and 7), the methyl 

group (CH3) appears at a δH shift of 0.9 – 1 ppm, which does not appear in compound (1). Meanwhile, in FTIR 

absorption, there is a C=O group around 1600 cm-1 and C–H stretches at ~2900 cm-1, indicating the presence of an 

outcome group in PG compounds (Nandiyanto et al., 2019). Compounds (8 – 12) are PG-derived compounds that 

have been modified by adding ninhydrin compounds through a synthesis process. The presence of additional 

compounds is indicated by NMR signals. The new signal in the form of aromatic C−H clearly suggests the presence 

of a new aromatic ring apart from PG, and in 13C-NMR, there is the appearance of a C quarterner signal derived 

from the basic structure of the ninhydrin compound (Tara, 2023; Cahyani, 2023; Kundu et al., 2004). Although in 

FTIR it is not very obvious because the clusters in ninhydrin are similar to those of PG, a new peak at ~1100 cm -

1 indicates the presence of a C−O ether bond between the PG hydroxy group and the carbonyl of the ninhydrin 

group (Nandiyanto et al., 2019). Compounds (13) in the form of PG dimers are characterized by a methylene (CH2) 

absorption at 1476 cm-1 in the FTIR region and by an NMR signal at δH 3.74. This methylene absorption is mainly 

due to a bridge between the two PG monomers, indicating that a dimer has formed (Squirt et al., 2023). Compounds 

(15 and 16) are PG-derived compound that is α-pyrone linked via a methylene bridge that appears at a signal shift 

of δH ~ 3 ppm. PG in Compound (15) has an identical side group, 2,2-dimethyl-2H-piran, which fuses with the 

aromatic rings, producing signal shifts of 124.8 and 117.3 ppm. While compound (16) is identical to the presence 

of the 2,3-dihydro-2-(prop-1-en-2-il)furan group, characterized by the appearance of two δH singlets of 5.14 and 

5.02 ppm associated with vinyl protons, two singlets at δH 3.00 and 3.32 ppm, and triplets at 5.40 corresponding 

to oxymetin protons (Caesaro et al., 2015). Compounds (19, 20, 42, and 43) are a derivative compound of PG 

results that undergo methylation. On compounds (19 and 20), there is a shift in the δH signal of 3.55 ppm. Both 

compounds have a substituent in the form of a butyl group at δH 1.66 (2H, m); 3.05 (2H, s, J=7.5 Hz); 0.99 (3H, t 

(J=7.5 Hz), and 13C-NMR C=O at 206.7 ppm, gem-dimethyl at 1.4 ppm (6H, s), and methyl 2.05 ppm (3H, s). 

Differences between compounds 19 and 20 are only on the R chain: 19 butyl and 20 Acetyl (Lee et al., 2009). 

Compounds 25 and 26 are derivatives of monocyclic aliphatic PG and of geranylated bicyclic PG. 

Compounds (32) and (33) are complex derivatives of PG containing Ni(II) and phosphorus. In addition to 
1H-NMR and 13C-NMR, 31P-NMR is also used to detect the presence of forfor. Signal shifts appear at δP 187.34 

and 147.7 for compounds (32 and 33) (García-Eleno et al., 2015). Compounds (44 and 45) are complex formalized 

PG result compounds. For compound (44), there are additional substituents in the form of 4 formalin groups and 

terpenoid chains. There are formal groups that appear at the δH aldehyde proton signal shift of 9.9 (s), ~10.1 (s, 

4H), and δC C=O 190.07 – 192.26. In addition to iu, PG connecting bridge carbon also appears with δH 2.88 (s) 

and 5.84 (s), respectively. while for compound (45), PG derivatives are PG monomers attached to one 

sesquiterpene globulane with 2 formal groups. Formalyl groups appear at δH 10.06 (s, 2H) and δC 191.5 and 191.6. 

For sesquiterpene globulane, methyl groups appear at δH 0.68, 0.76, 0.78, 1.07, and 1.089 and δC 16.79 – 27.5. The 

terpene ring skeleton appears at δH signal shift 0.518 – 2.27, and there is a connecting bridge of proton signals at 

δH 3.4 and δC 35.4 (Soliman et al., 2014).
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives. 

Compounds Structures NMR FTIR Literatures 

(1) 

Phloroglucinol 

 

1H-NMR δ ppm: 

H−C=C Ar (5.85) 

−OH 3191 

cm-1, C=O 

1618 cm-1, 

C=C 1500 

and 1407 cm-

1 

 (Jégou et al., 2015) 

(2) MAPG 

(Monoacetyl phloroglucinol) 

 

1H-NMR δ ppm: CH3 

(2.62 (s, 3H)), CH Ar 

(5.89 (d, J= 3.1 Hz 2H)) 

 

−OH 3527 – 

3458 cm-1, 

C−H 

stretching 

(ar) 3049 cm-

1, C−H 

stretching 

2910 cm-1, 

C=O 1625 

cm-1 

(Cahyani, 2023) (Anggrahini, 2019) 

(3) MBPG 

(Monoisobutyl phloroglucinol) 

 

 

 

 

- −OH 3307 

cm-1, C−H 

stretching 

(ar) 2976 cm-

1, C−H 

stretching 

2941 cm-1, 

C=O 1727 – 

1603 cm-1 

(Rahmaniar 2023) 

(4) MVPG 

(Monoisovaleryl phloroglucinol) 

 

1H-NMR δ ppm: C−H 

Ar (5.88 (s, 2H)), CH2 

(2.94 (d, J=6.8 Hz, 

2H)), CH (2.28 (m, 

1H)), CH3 (0.99 (d, 

J=6.6 Hz, 6H)) 

−OH 3367 – 

3223 cm-1, 

C−H 2957 

and 2872 cm-

1, C−H 2927 

cm-1, C=O 

1625 cm-1 

(Sholihah, 2023) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(5) DAPG 

(Diaethyl phloroglucinol) 

 

1H-NMR δ ppm: CH Ar 

(5.90 (s, 1H)), CH3 (2.64 (s, 

6H)) 

−OH 3366 

cm-1, C−H 

stretching 

(ar) 3060 cm-

1, C−H 

stretching 

2920 – 2853 

cm-1, C=O 

1602 cm-1 

(Cahyani, 2023; Anggrahini, 2019) 

(6) DPPG 

(Dipropionyl phloroglucinol) 

 

1H-NMR δ ppm: 13.09 (s, 

2H), 5.91 (s, 1H), 3.06 (q, 

J=7.1 Hz, 4H), 1.07 (t, J = 

7.2 Hz, 6H). 

13C-NMR δ ppm: C−OR 

(206.6), Ar−OH (170.6; 

168.0), C−H (103.4), C−O 

(94.7; 36.7), CH2 (8.4) 

- (Wang et al., 2025) 

(7) PG Butyryl 

 

1H-NMR δ ppm: 5.80 (s, 

1H), 3.07 (t, J=7.4 Hz, 4H), 

1.72 (m, J=7.4 Hz, 4H), 

0.99 (t, J = 7.4 Hz, 6H) 

- (Yang et al., 2024) 

(8) PG-Hydrhydrin 

 

1H-NMR δ ppm: Ar−H 

(7.97; 7.90; 7.80; 7.66), 

C=C (5.92; 5.82) 

13C-NMR δ ppm: C−OR 

(205.36; 204.55; 202.66), 

Ar−OH (172.39; 169.07; 

164.57), CQ (111.46; 

103.28; 97.23), C−O 

(81.77; 32.27), R−CH 

(135.94; 123.54; 105.02; 

99.92) 

−OH 3325 

and 3465 cm-

1, C−H 3069 

cm-1, C=O 

1735 cm-1, 

C−O 1156 

cm-1, C−H 

Bending 742 

cm-1 

(Shawn, 2023) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(9) DAPG-Nihydrin 

 

1H-NMR δ ppm: Ar−H 

(7.83), −OH (77.34; 

5.94), −CH3 (2.62; 2.71) 

13C-NMR δ ppm: C−OR 

(205.36; 204.55; 

202.66), Ar−OH 

(172.39; 169.07; 

164.57), C−O (81.77; 

32.27), R−CH (135.94; 

123.54; 105.02; 99.92), 

Cq (32.27; 32.14; 

30.77) 

−OH 3233 

cm-1, C−H 

2924 cm-1, 

C=O 1720 

and 1589 cm-

1, C−H 

bending 1220 

cm-1, C−O 

1130 cm-1 

(Cahyani, 2023) 

(10) MAPG-Ninhydrin 

 

1H-NMR δ ppm : Ar−H 

(8.03; 7.88), -OH (7.14; 

2.09), −CH3 (2.57) 

−OH 3238 

cm-1, C−H 

2925 cm-1, 

C=O 1720 

and 1618 cm-

1, C−H 

bending 1217 

cm-1, C−O 

1142 cm-1 

(Cahyani, 2023) 

(11) MBPG-Ninhydrin 

 

1H-NMR δ ppm: Ar−H 

(8.98; 7.85; 7.76; 7.65), 

C=C (5.84), R−CH 

(1.3). 

13C-NMR δ ppm : C−O 

(81.87), C−H3 (10.47, 

13.47), C−H (22.76; 

23.64), Cq (33.16; 

38.78), C=C (111.87; 

105,81; 123.56) 

−OH 3352 

cm-1, C−H 

2933 cm-1, 

C=O 1717 

and 1604 cm-

1, C−H 

bending 768 

cm-1, C−O 

1148 cm-1 

(Rahmaniar, 2023) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(12) MVPG-Ninhydrrin 

 

1H-NMR δ ppm: Ar-H 

(7.99; 7.88; 7.73; 7.66), 

C=C (5.81), R−CH 

(0.94). 

13C-NMR δ ppm: C−O 

(51.71), C-H3 (22.60; 

22.38), C−H (29.84; 

25.80), Cq (96.48), C=C 

(137.01; 131.90; 

125.20; 123.65), C=O 

(205.90; 205.86) 

−OH 3431 – 

3215 cm-1, 

C−H 2921 

cm-1, C=O 

1725 cm-1, 

C−H bending 

776 cm-1, 

C−O 1205 

cm-1 

(Sholihah, 2023) 

(13) DDAPG 

(Dimer Diaacetyl phloroglucinol) 

 

1H-NMR δ ppm: CH3 

(2.73 (s, 6H) and 2.76 

(s,6H)), CH2 (3.74 (s, 

2H)), OH (10.22 (s, 

−OH)) 

13C-NMR δ ppm: C=O 

(205,4 ppm), C−OH 

(170.7; 167.8; 165.3 

ppm), CH2 (15.22 ppm), 

CH3 (33.4; 32.47 ppm). 

OH 3205.8 

cm-1, C−H 

2961.2 – 

2858.6 cm-1, 

CH2 1476 

cm-1, C=O 

1623.2 cm-1, 

C=C Ar 

1592.7 and 

1423.5 cm-1, 

C−O 1268.3 

and 1181.5 

cm-1 

(Kusumaningsih et al., 2023) 

(14) Acronyculatin S 

 

1H-NMR δ ppm: Ar−H 

(6.01), CH3 (2.66), CH2 

(3.33), C=C (5.18), CH3 

(1.77 and 1.83) 

13C-NMR δ ppm: C=C 

ar (162.7; 105.8; 159.1; 

105.1; 165.6), C=O 

(203.3), C−H (21.2), 

C=C (121.3), CH3 (25.6 

and 17.7) 

−OH 3371 

cm-1, C−H 

2976 and 

2927 cm-1, 

C=O 1725 

cm-1, C−O 

1278 and 

1209, C−H 

bending 811 

cm-1, 

(Tchangoue et al., 2020) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(15) (S)-3-[{5,7-dihydroxy-2,2-

dimethyl-8-(2-methyl butanoyl)-2H-

chromen-6-yl}methyl]-6-ethyl-4-

hydroxy-5-methyl-2H-pyran-2-one. 

 

1H-NMR δ ppm: OH 

(9.94 (s); 10.61 (s); 

16.26 (s)), CH2 (3.66 

and 3.59), C−H Ar (5.43 

(d); 6.68 (d)), CH3 (1.47 

(s)). 

13C-NMR δ ppm: C=O 

(169.3; 210.9), C-O 

(169.3; 167.6; 159.0; 

161.2; 161.9), CH2 

(17.4), CH Ar (124.8; 

117.3), C-C Ar (102.0; 

108.2; 104.0; 106.0; 

104.4), CH3 (27.8) 

−OH 3216 

cm-1, C−H 

stretching Ar 

2972 and 

2935 cm-1, 

C=O 1664 1 

cm-1, C=C Ar 

1463, and 

1424 cm-1, 

C=OH 1360 

cm-1 

(Casero et al., 2015) 

(16) 3-[{4,6-Dihydroxy-7-(2-(S)-

methylbutanoyl)-2-(prop-1-en-2-yl)- 

2,3-dihydrobenzofuran-5-yl}methyl]-

6-ethyl-4-hydroxy-5-methyl-2H-

pyran-2-one 

 

1H-NMR: OH (8.52 (s); 

14.0 (s); 10.37 (s)), CH2 

(3.59), C−H Ar (5.40 

(t); 3.00 (dd), 3.32 (dd)), 

CH (5.14 (s); 5.02 (s)) 

13C-NMR: C=O (169.2; 

211.9), C−O (169.2; 

166.5; 161.5; 162.0; 

160.0), C−C Ar (102.0; 

108.1; 89.7; 99.9; 107.1; 

103.4), CH2 (18.2) 

−OH 3343 

cm-1, C−H 

stretching Ar 

2969 and 

2878 cm-1, 

C=O 1666 

cm-1, C=C Ar 

1570 and 

1432 cm-1, 

C−OH 1379 

cm-1 

(Casero et al., 2015) 

(17) Biconjugation of 2,4 DAPG 

nanocomplex 

 

13C-NMR δ ppm: C−C 

ar (94.58; 103.55; 

168.60; 171.12), C=O 

(203.52), CH3 (32.49) 

−OH 3631.1 

cm-1, C−H 

stretching 

2971.01 cm-1, 

CH3 2971 

cm-1, C=O 

1738 cm-1 

(Syed et al., 2018) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(18) Rhodomyrtosone B 

6,8-dihydroxy-9-isobutyl-2,2,4,4- 

tetramethyl-5-(3-methylbutanoyl)-

4,9-dihydro-1H-xanthene-1,3(2H)-

dione 

 

1H-NMR δ ppm: OH (13.43), OH 

(6.4), CH Ar (6.23), isopentyl 

(4.25 (t); 1.38; 0.89; 0.87), 

isovaleril (3.18; 2.96; 2.37; 1.04) 

13C-NMR δ ppm: C=O (197.6 and 

211.7), C=C Ar (159.0 and 159.9), 

CH3 (24.3 (q); 24.4 (q); 24.8 (q); 

25.4 (q)) 

OH 3372 cm-

1, C−H3 

2975, 2952 

and 2868 cm-

1, C=O 1717, 

1653 and 

1622 cm-1, 

C−C Ar 1468 

cm-1, C−O 

stretching 

1385, 1256, 

and 1158 cm-

1 

(Hiranrat and Mahabusarakam, 

2008) 

(19) Flavaspidic acid PB 

 

19 

1H-NMR δ ppm: CH3 (0.99 (3H, t 

(J=7.5 Hz), 1.10 (3H, t (J=7.5 Hz), 

2.05 (3H, s)), gem-dimethyl (1.40 

(s, 6H)), CH2 (3.55 (s, 2H), 3.10 

(s, 2H)), 1.66 (2H, m), 3.05 (2H, s, 

J=7.5 Hz). 

13C-NMR δ ppm: CH3 (8.5; 8.1; 

7.4), gem-dimethyl (24.7), C−OH 

(187.6; 171.7), C=O (156.4; 159.8, 

198.3; 206.3), CH2 (35.2; 45.8; 

18.1; 16.2) 

- (Lee et al., 2009) 

(20) Flavaspidic acid AB 

 

20 

1H-NMR δ ppm: CH3 (0.91 (3H, t 

(J=7.3 Hz), 2.38 (3H, t), 1.87 (3H, 

s)), gem-dimethyl (1.16 (s, 6H)), 

CH2 (1.60 (m, 2H), 3.04 (2H, t)), 

CH3 Ar 1.87 (s, 3H), CH2 (3.55 (s, 

2H)). 

13C-NMR: CH3 (13.8 and 8.1), 

gem-dimethyl (25.6), CH3 Ar 

(7.9), C−OH (187.6; 171.7), C=O 

(156.4; 159.8, 198.3; 206.3), CH2 

(16.2) 

- (Lee et al., 2009) 

https://portal.issn.org/resource/ISSN/1412-4092
https://portal.issn.org/resource/issn/2443-4183
http://creativecommons.org/licenses/by-nc/4.0/


Cahyani et al., ALCHEMY Jurnal Penelitian Kimia, Vol. 22(1) 2026, 1-39  

11 

  
Copyright © 2026, Universitas Sebelas Maret, ISSN 1412-4092, e ISSN 2443-4183

  

 

Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(21) Eucalyprobusal I 

2,4,6-trihydroxy-5-((S)-1-((1S,6R)-6-

isopropyl-3-methyl-2-oxocyclohex-3-

en-1-yl-3-methylbutyl) 

isophthalaldehyde 

 

21 

1H-NMR δ ppm: CH3 (0.08 

(d) and 0.84 (d)), CH Ar 

(2.61 (d), 2.21 (d), and 6.94 

(d)), -OH (12.68 (s), 13.60 

(s), and 13.68 (s)) 

13C-NMR δ ppm: C−O Ar 

(168.6; 169.6; 167.9), CH 

(29.3), C=O Ar (206.8), 

CH3 (21.5; 23.8; 16.2; 21.4) 

OH 3431 cm-

1, C−H 2926, 

and 2856 cm-

1, C=O 1630 

cm-1, C−O 

1306, 1182 

and 846 cm-1 

(He et al., 2025) 

(22) Mallophilol A 

 

22 

1H-NMR δ ppm: H-C=C 

(7.86 (d) and 7.68 (d)), CH3 

(1.79 (s); 1.66 (s); 1.44; 

0.78), OH (14.12 (s); 9.32 

(s)), OCH3 (3.40 (s)) 

13C-NMR δ ppm: C=O 

(193.1), C−O (157.2; 

163.4; 159.6), Cq (105.6; 

108.5; 102.1), C=C Ar 

(129.1; 130.1; 116.0), CH3 

(40.1; 22.2; 19.3; 26.0; 

29.0) 

OH 3530, 

3445, and 

3391 cm-1, 

C=O 1670 

cm-1, C=C Ar 

1563 cm-1, 

C−O 

stretching 

1380, 1355, 

1315, 1155, 

and 1054 cm-

1 

(Chen et al., 2024) 

(23) Mallophilol D 

 

23 

1H-NMR δ ppm: H−C=C 

(7.86 (d) and 7.61 (d)), CH3 

(1.97 (d); 1.59 (s); 22.2; 

1.50), OH (14.60 (s)). 

13C-NMR δ ppm: C=O 

(191.4), C−O (162.7; 

160.7; 156.2; 145.8; 148.7), 

Cq (105.5; 109.5; 106.5), 

C=C Ar (123.3; 126.6), 

CH3 (36.8; 21.6; 24.1; 28.5) 

OH 3473 and 

3428 cm-1, 

C−H Ulur 

2978, 2924, 

and 2772 cm-

1, C=O 1639 

and 1519 cm-

1, C=C Ar 

1448 cm-1, 

C−O Ulur 

1372 and 

1276 cm-1 

(Chen et al., 2024) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(24) Guajamer C 

 

24 

1H-NMR δ ppm: OH 

(13.55 (s) and 13.20 

(s)), CHO (10.10 (s) and 

10.15 (s)), CH3 (0.97 (d) 

and 0.91 (d)), CH Ar 

(7.15 (d), 7.28 (d), 7.19 

(t), 7.28 (d)) 

13C-NMR δ ppm: C−O 

(168.6; 164.3; 169.8), 

CHO (192.2 and 191.6), 

Cq Ar (103.1; 104.; 

104.0), CH3 (19.7 and 

20.1) 

OH 3061 and 

3026 cm-1, 

C−H 

stretching 

2957 and 

2872 cm-1, 

C=O 1629 

cm-1, C=C Ar 

1442 cm-1, 

C−OH 1384 

and 1305 cm-

1 

(Huang et al., 2021) 

(25) 1-(5,7-Dihydroxy-2-methyl-2-(4-

methylpent-3-en-1-yl)chroman-8-

yl)ethone 

 

25 

1H-NMR δ ppm: 13.87 

(s, 1H), 6.33 (s, 1H), 

5.95 (s, 1H), 5.09 (ddd, 

J ¼ 7.1, 4.1, 1.2 Hz, 

1H), 2.64 (s, 3H), 2.63 – 

2.55 (m, 2H), 2.10 – 

2.02 (m, 2H), 1.95 – 

1.63 (m, 5H), 1.60 (s, 

3H), 1.35 (s, 3H). 

13C-NMR δ ppm: COR 

(203.6), Ar−OH (164.8; 

160.7), 157.6; 132.2; 

123.7; R3−CH (106.3; 

99.9; 95.2), C−OH 

(78.4), Cq (39.6; 33.4; 

29.4), CH3 (25.7; 24.2; 

22.6 and 17.6). 

- (Sun et al., 2014) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(26) (E)-1-(3-(3,7-Dimethylocta-2,6-

dien-1-yl)-2,4,6-Trihydroxy 

phenyl)ethenone 

 

26 

1H-NMR δ ppm: 11.41 (s, 

1H), 8.62 (s, br, 1H), 6.35 

(s, 1H), 5.86 (s, 1H), 5.25 

(dd, J ¼ 7.2, 6.0 Hz, 1H), 

5.13 – 4.97 (m, 1H), 3.37 

(d, J ¼ 7.1 Hz, 2H), 2.67 

(s, 3H), 1.81 (d, J ¼ 0.9 

Hz, 3H), 1.67 (s, 3H), 1.59 

(s, 3H). 

13C-NMR δ ppm: COR 

(203.8), Ar−OH (162.4; 

161.4; 160.4), R3−CH 

(140.0; 132.2; 123.6; 

121.4; 95.3), Cq (39.7; 

32.9; 26.3; 25.7), CH3 

(21.5; 17.7; 16.2) 

- (Sun et al., 2014) 

(27) all-(Z)-5',7'-dihydroxy-2-

(4,7,10,13,16 

nonadecapentaenyl)chromone 
 

27 

1H-NMR δ ppm: CH Ar 

(6,06 (s, 1H); 5.35 (s, 1H); 

6.29 (d, 1H)), CH2 (1.78 

(quint, 1H); 2.17 (q, 1H)), 

CH (5.31-5.46(m, 1H); 

5.31 – 5.46 (m, 1H)), CH3 

(0.96 (t, 3H), OH (12.53 s) 

13C-NMR δ ppm: C−O 

(170.55), C=C Ar 

(107.80), C=O Ar 

(182.58), C−OH (158.29 

and 162.54), C=C (99.42, 

94.15; 105.10; 162. 4; 

129.31; 128.58; 128.43; 

127.90; 128.30), C−C 

(33.64; 26.64; 26.42; 

25.25; 25.61; 25.63), CH3 

(14.26). 

- (Hamiche et al., 2021) 

  

https://portal.issn.org/resource/ISSN/1412-4092
https://portal.issn.org/resource/issn/2443-4183
http://creativecommons.org/licenses/by-nc/4.0/


Cahyani et al., ALCHEMY Jurnal Penelitian Kimia, Vol. 22(1) 2026, 1-39 

14 

 
Copyright © 2026, Universitas Sebelas Maret, ISSN 1412-4092, e ISSN 2443-4183

  

Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(28) PHB 

2,7''-phloroglucinol-6,6'-bieckol 

 

28 

1H-NMR δ ppm: CH Ar 

(5.57 – 6.25 ppm) 

13C-NMR δ ppm: C−C 

Ar, C=C Ar (95.2 – 

160.2), and C−OH (137 

– 160,3) 

- (Kang et al., 2012) 

(29) PPB 

pyrogallol-phloroglucinol-6,6'-

bieckol 

 

29 

1H-NMR δ ppm: CH Ar 

(5.54 – 6.25) and OH 

(8.25 – 9.87) 

13C-NMR δ ppm: C−C 

Ar, C=C Ar, and C−OH 

(94.4 – 162.9) 

- (Kang et al., 2011) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(30) Kitosan-PG conjugate 

 

30 

IH-NMR δ ppm: CH3 2.00, 

CH Ar (3.14 and 4.83), 

pyranose rings (3.14 and 

4.30), CH Ar (PG) (6.30 

and 7.58). 

- (Woo and Je, 2013) 

(31) 2,4,6-triacetylphloroglucinol 

(TAPG) 

 

31 

1H-NMR δ ppm: 8.11 (s, 

1H), 2.71 (s, 1H) 

OH 3472.41 

– 3356 cm-1, 

Csp3-H 3000 

− 2800 and 

1367 cm-1, 

C=O 1623 

cm-1, C−OH 

1418 cm-1, 

C−O 1299 

cm-1 

(Kusumaningsih et al., 2019) 

(32) POCOP-Ni(II) pinch compounds 

(Pr) 

 

32: R
1

 = ‘Pr 

 

1H-NMR δ ppm:1.3 (m, 

24H), 2.32 (m, 4H), 5.93 (s, 

2H). 

13C-NMR δ ppm: CH3 

(16.9; 17.6; 27.9), C−OH 

(94.0 and 114.0), Ar−OH 

(157.9 and 169.0) 

31P-NMR δ ppm: 187.34. 

OH 3285 cm-

1, C−H 2929 

and 2870 cm-

1, C=C Ar 

1598 cm-1 

(García-Eleno et al., 2015) 

(33) POCOP-Ni(II) pinch compounds 

(Ph) 

 

33: R
1 

= Ph 

1H-NMR δ ppm: 6.9 (s, 

2H), 7.2 (m, 20H). 

13C-NMR δ ppm: C−OH 

(95.3), 

R3−CH (128.3; 128.5; 

128.9; 131.1; 131.6; 131.7; 

132.5) 

31P-NMR δ ppm: 147.7 

−OH 3293, 

3051, and 

3074 cm-1 

(García-Eleno et al., 2015) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(34) Phloroglusinol Ag nanoparticle 

 
34 

- −OH 3400 

and 2900 cm-

1, Nano Ag 

from PG 

3400 – 2900 

cm-1, 

R−CHO 

1500 – 1000 

cm-1 

(Kumar et al., 2018) 

(35) pyridine-3-yl-methylene-bis-(3-

isopentanoyl-5-formyl-2,4,6-

trihydroxybenzene) 

 

35 

1H-NMR δ ppm : 9.89 

(s, 2H), 8.38 (d, J = 5.3 

Hz, 2H), 7.78 (d, J= 5.3 

Hz, 2H), 2.86 (d, J = 

5.4Hz, 4H), 2.14 

(m,2H), 0.87(d, J = 6.6 

Hz, 12H). 

13C-NMR δ ppm: COR 

(206.9; 194.9; 191.8), 

Ar−OH (173.4; 164.4; 

145.3), R3=CH (126.1; 

108.3), Cq (53.9; 34.6; 

31.1; 26.6; 23.5) 

- (Chauthe et al., 2012) 

(36) 3,5-dimethoxyphenyl 4-methyl 

benzenesulfonate 

 

36 

1H-NMR δ ppm: 2.42 (s, 

3H), 3.64 (s, 3H), 5.80 

(s, 1H), 6.07 (t, 1H), 

6.14 (t, 1H), 6.27 (t,1H), 

7.30 (d, 2H), 7.73 (d, 

2H). 

13C-NMR δ ppm: 21.7, 

55.5, 100.6, 100.8, 

102.5, 128.5, 129.8, 

132.3, 145.6, 150.9, 

157.2, 161.1. 

- (Chapman et al., 2008) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(37) 2,4,6-trimethoxy-N-((4-

methylpyrimidin-2-

yl)carbamoyl)benzamide 

 

37 

1H-NMR δ ppm: 8.27 (d, J = 7.5 Hz, 1H, 

pyrimidine-H), 7.02 – 7.00 (m, 1H, 

pyrimidine-H), 6.35 (s, 

2H, Ar−H), 3.91 (s, 6H, OCH3), 3.85 (s, 

3H, OCH3), 2.32 (s, 3H, CH). 

- (Zhang et al., 2022) 

(38) 1-(3-(3-butyryl-2,6-dihydroxy-4-

methoxy-5-methylbenzyl)-2,4-

dihydroxy-6-methoxy-5-

methylphenyl)-2-methylbutan-1-one 
 

38 

1H-NMR δ ppm: OH 15.58 (s); 958 (d); 

15.61 (s); CH2 3.86 (s) 

13C-NMR δ ppm: C-OH (160.1, 161.1, 

159.6 ppm), CH2 (18.2), C=O 206.9 

OH 3252 cm-

1, CH 

stretching 

2927 cm-1, 

C=O 1605 

cm-1, and 

C−C Ar 1459 

cm-1 

(Tang et al., 2017) 

(39) 1-(3-(2,6-dihydroxy-3-

isobutyryl-4-methoxy-5-

methylbenzyl)-2,4-dihydroxy-6-

methoxy-5-methyl phenyl)butan-1-

one 
 

39 

1H-NMR δ ppm: OH 15.58 (s); 9.58 (d); 

15.57 (s); CH2 3.8 (s) 

13C-NMR δ ppm: C−OH (160.7, 161.7, 

159.6 ppm), CH2 18.2; C=O 206.9. 

OH 3255 cm-

1, C−H 2968 

cm-1, C=O 

1605 cm-1, 

and C−C Ar 

1457 cm-1 

(Tang et al., 2017) 

(40) 2,4-bis 

((3R,5aS,6R,8aS,9R,10R,12R, 

12aR)-3,6,9-trimethyldecahydro-3H-

3,12-epoxy[1,2]dioxepine[4,3-

i]isochromen-10-yl)benzene-1,3,5-

triol  

40 

1H-NMR δ ppm: 9.30 (s, 1H), 8.36 (d, 

2H), 5.85 (s, 1H), 5.61 (d, J = 12.3 Hz, 

2H), 5.04 (dd, J = 11.1, 5.2 Hz, 2H), 2.58 

(dd, J = 11.2, 5.2 Hz, 2H), 2.26 (t, J = 

12.3 Hz, 2H), 2.04 (d, J = 13.1 Hz, 2H), 

1.91–1.78 (m, 2H), 1.67 (d, J = 12.4 Hz, 

6H), 1.59 – 1.46 (m, 4H), 1.40 – 1.30 (m, 

8H), 1.25 (dd, J 

13C-NMR δ ppm: 156.5, 155.1, 154.4, 

104.6, 103.8, 96.0, 91.6, 91.4, 81.7, 81.6, 

71.1, 51.6, 45.7, 45.6, 36.8, 36.7, 36.0, 

34.2, 31.8, 31.2, 25.02-26.05, 20.8, 20.7, 

20.5, 20.5, 13.7, 13.6. 

OH 3379 cm-

1, C−H 2927 

– 2872, C=O 

1632 cm-1, 

C=C 1454, 

1377, 1197, 

1135, 1112, 

1038, 878 

cm-1 

(Xu et al., 2023) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(41) 5-hydroxy-4,6-bis 

((3R,5aS,6R,7aS, 8R,9R,11R,11aR)-

3,6,8-trimethyl decahydro-3,11-

epoxypyrano[3',4':1,5]cyclopenta[1,2-

c][1,2] dioxepin-9-yl)-1,3-phenylene 

diisopropyl dicarbonate 

 

41 

1H-NMR δ ppm: δ 8.88 

(s, 1H), 6.69 (s, 1H), 

5.77 (s, 1H), 5.35 (s, 

1H), 5.07 (d, J = 11.0 

Hz, 1H), 4.91 (dd, J = 

16.5, 8.8 Hz, 2H), 4.79 – 

4.71 (m, 1H), 3.02 (d, J 

= 3.9 Hz, 1H), 2.64 (s, 

1H), 2.24 (d, J = 35.3 

Hz, 2H). 

13C-NMR δ ppm: δ 

155.0, 152.1, 152.0, 

150.7, 147.5, 118.6, 

115.0, 109.6, 105.0, 

103.5, 92.2, 91.6, 81.6, 

80.8, 73.7, 72.6, 45.9, 

45.3, 36.6, 36.4, 35.9, 

34.3, 34.1, 30.5, 29.9, 

26.2, 25.9, 24.9, 13.6, 

13.3 

OH 3362 cm-

1, C−H 

stretching 

2928 – 2873 

cm-1, C=O 

1763, C−C 

Ar 1629, 

1605, 1378, 

1240, 1038, 

915. 

(Xu et al., 2023) 

(42) 2-butyryl-6-(3-butyryl-2,4,6-

trihydroxy-5-methylbenzyl)-3,5-

dihydroxy-4,4-dimethylcyclohexa-

2,5-dienone  

42 

1H-NMR δ ppm: 3.34 (s, 

2H), 3.05 (t, J = 7.3 Hz, 

2H), 2.78 (t, J = 7.6 Hz, 

2H), 1.88 (s, 3H), 1.58 – 

1.51 (m, 4H), 1.17 (s, 

6H), 0.91 (t, 6H). 

13C-NMR δ ppm: 207.1, 

199.2, 192.4, 188.1, 

172.3, 160.4, 160.4, 

111.8, 108.6, 106.1, 

102.6, 46.3, 44.7, 39.8, 

30.1, 19.9, 18.7, 18.6, 

17.5, 16.7, 14.5, 14.4, 

8.1. 

OH 3135 cm-

1, C−H 

stretching 

2961 cm-1, 

C=O 1607 

cm-1, C−C Ar 

1475, 1394, 

and 1196 cm-

1 

(Yan et al., 2021) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(43) 2-(3-Butyryl-2,4,6-trihydroxy-5-

methylbenzyl)-3,5-dihydroxy-4,4-

dimethyl-6-(3-methylbut 

anoyl)cyclohexa-2,5-dien-1-one 
 

43 

1H-NMR δ ppm:  3.34 (s, 2H), 3.05 (t, 

J = 7.3 Hz, 2H), 2.72 (d, J = 7.0 Hz, 

2H), 1.88 (s, 3H), 1.61 (d, J = 7.4 Hz, 

1H), 1.22 – 1.15 (m, 2H), 1.16 (s, J = 

3.2 Hz, 6H), 0.94 – 0.89 (m, 9H). 

13C-NMR δ ppm: 206.1, 199.2, 192.1, 

187.5, 171.8, 160.1, 111.4, 108.4, 

108.3, 102.2, 49.5, 45.8, 44.4, 26.8, 

25.6, 22.9, 18.3, 16.3, 14.1, 7.6. 

OH 3189 cm-

1, C−H 

stretching 

2960 and 

2873 cm-1, 

C=O 1608 

cm-1, C−OH 

1474 cm-1, 

C−O 1196 

and 1026 cm-

1, C−H 893 

cm-1 

(Yan et al., 2021) 

(44) Sideroxylonal B 

 

44 

1H-NMR δ ppm:  0.66 (3H, d), 0.87 

(3H, d), 0.91 (3H, d), 1.01 (3H, d, 

J=56.0, H), 1.45 (1H, m), 1.52 (1H, 

m), 1.62 (1H, m), 1.90 (1H, m), 1.95 

(1H, m), 2.88 (1H, dd), 5.84 (1H, d), 

8.53 (1H, s), 9.96 (1H, s), 10.1 (1H, s), 

10.14 (1H, s) and 10.17 (1H, s) 

13C-NMR δ ppm: 19.62, 20.96, 24.18, 

25.54, 26.38, 26.62, 41.92, 44.63, 

77.55, 100.45, 103.48, 103.97, 

105.16, 108.21, 160.67, 167.43, 

168.78, 169.43, 190.07, 191.95 

- (Soliman et al., 2014) 

(45) Macrocarpal A 

 

45 

1H-NMR δ ppm:  0.518 (1H, m), 0.54 

(1H,m), 0.68 (3H, s), 0.76 (3H, d, J = 

6.24,), 0.78 (3H, d, J=6.18), 0.92 (2H, 

m), 1.07 (3H, s), 1.089 (3H, s), 1.089 

(3H, s), 1.12 (1H, m), 1.3 (1H, t),1.4 

(2H, qd). 

13C-NMR δ ppm: 16.79, 18.8, 19.34, 

20.1, 20.4, 21.4, 23.6, 24.15, 25.8, 

35.12, 35.4, 43.7, 43.9, 48.19, 54.06, 

105.1, 105.1, 109.17, 168.8, 169.22, 

169.95. 

- (Soliman et al., 2014) 
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Table 1. NMR and FTIR analysis results of PG compounds and their derivatives (continued). 

Compounds Structures NMR FTIR Literatures 

(46) Eugenial D 

 

46 

1H-NMR δ ppm: OH (5.73, 

14.35, 15.35), C=O (10.10 (s)), 

CH (2.65 (m) and 2.29 (dd)). 

13C-NMR δ ppm: C=O (206.9), 

C−O (161.5; 168.0; 171.9), C−C 

Ar (105.3; 104.1; 103.3) 

OH 3505 cm-

1, C−H 

stretching 

2960 and 

2875 cm-1, 

C=O 1625 

cm-1, C−C Ar 

1437 and 

1380 cm-1 

(Farias et al., 2018) 

(47) Eugenial C 

 

47 

1H-NMR δ ppm: OH (5.77; 

14.42; 15.49), C=O (10.10 (s)), 

CH (2.28 (d) and 2.72 (d)). 

13C-NMR δ ppm: C=O (206,.9 

and 192.1), C−O (162.1; 103.3; 

104,1), C−C Ar (104.4; 103.3; 

104.1). 

OH 3503 cm-

1, C−H 

stretching 

2960 and 

2884 cm-1, 

C=O 1621 

cm-1, C−C Ar 

1458 and 

1380 cm-1 

(Farias et al., 2018) 

(48) mono-O-acetyl 

dieckol 

 

48 

1H-NMR δ ppm: OH (9.67 (s, 

1H), 9.65 (s, 1H), 9.63 (s, 1H), 

9.42 (s, 1H), 9.38 (s, 1H), 9.31 (s, 

2H), 9.19 (s, 1H), 9.12 (s, 2H)), 

CH Ar 6.28 (d, J = 2.73 Hz), 6.22 

(s, 1H), 6.16 (d, J = 2.73 Hz, 1H), 

6.15 (s, 1H), 6.06 (d, J = 2.86 Hz, 

1H), 5.92 (s, 2H), 5.81 (d, J = 

2.86 Hz), 5.80 (t, J = 2.08 Hz, 

1H), 5.73 (d, J = 2.08 Hz, 2H), 

2.02 (s, 3H). 

13C-NMR δ ppm: C−OH (168.11 

– 136.71), C=C (126.36 – 

122.30), C-H (104.91, 101.01, 

99.04), C−OH 98.81, 98.73, 

96.63, 94.32) 

- (Shin et al., 2022) 
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This comparative review of characterization with FTIR and NMR uses analytical methods which are 

generally almost the same. There are variations in the completeness of the characterization; in addition, there are 

differences between the test compound, resulting from plant/algae isolation, and the compound synthesized by 

chemical reactions. About 50% of the studies present complete data from FTIR and NMR. In addition, the article 

only relies on one of the characterizations, with NMR or FTIR only. Presenting characterization data for only one 

method carries the risk of structural interpretation errors. In research by Kumar et al. (2018), it was claimed that 

the results of PG synthesis with Ag nanoparticles (AgNPs) were successfully confirmed based on FTIR data: –OH 

at 3400 and 2900 cm-1, Nano Ag from PG at 3400 – 2900 cm-1, and R–CHO at 1500 – 1000 cm-1. However, without 

NMR data, it cannot be proven that the structure has been successfully formed. FTIR data reveal only the groups 

present in the compound, so the structural interpretation is less accurate. Research by Lee et al. (2009) only 

displays NMR data, claiming that the isolated compound was successfully obtained. The absence of FTIR data 

eliminates the presence of OH functional groups, which usually appear at ~3200 cm-1 and are difficult to detect by 
1H-NMR. This lack of data limits understanding of the bioactivity of functional groups and their possible 

interactions with those compounds. Therefore, this review highlights the submission of complete data that is at 

least useful for claiming the identification of new compounds or isolation results. 

 

PG DERIVATIVE COMPOUND SYNTHESIS METHOD 

PG compounds can be obtained by isolation and synthesis (Kusumaningsih et al., 2016). PG compounds and 

their derivatives are isolated from plants or microorganisms by extraction. Tchangoue et al. (2020) reported that 

M. oppositifolius leaves are rich in biologically active compounds, such as PG, which can be extracted by 

dissolving the leaves in a CH2Cl2/MeOH (1:1) mixture at room temperature for 48 hours. The resulting solution 

will be processed using various methods, such as purification by high-performance liquid chromatography 

(HPLC), thin-layer chromatography (TLC), and chromatography columns, to obtain the desired compound. PG-

derived compounds, such as polyprenylated polyprenilate, resulting in Phloroglucinol (PPAP), can be obtained by 

refluxing dried twigs and leaves of Hypericum ascyron Linn with ethanol (Wang et al., 2024). 

Some of the reported PG derivative synthesis methods include the Friedel-Crafts acylation method (Prasetyo 

et al., 2022). Friedel-Crafts itself consists of acylation and alkylation. The Friedel-Crafts acylation reaction is a 

change in the shape of a compound where there is an electrophilic substitution of aromatic compounds with an 

acylating agent, where there is more than one equivalent of acid catalyst (Sarvari and Sharghi, 2004). Friedel-

Crafts acylation is one of the best methods for preparing aryl ketones, aromatic compounds to which the acyl group 

is added by treating them with an acidic agent in the presence of an acid catalyst. Commonly used asilating agents 

include halides, carboxylic acids, acid anhydrides, and others. This aylation reaction plays a major role in the 

synthesis of various aromatic ketones (Nayak et al., 2019). Friedel-Crafts acylation reactions offer advantages 

such as the absence of additional acids and bases, anhydrous conditions, and ease and economy for large-scale 

preparations (Sarvari and Sharghi, 2004). Friedel-Crafts acylation often requires more catalysts than the equivalent 

reaction (Reber et al., 2022). 

Mono-, di-, and tri-formylated phloroglucinol can be obtained by phloroglucinol formylation, which has been 

reported using various formylation methods. The most conventional method is Vilsmeier-Haack formylation, 

which can produce mono- and di-formylated products under certain conditions, where the formylated species are 

chlorominium intermediates (Vilsmeier-Haack reagents) (Bashir et al., 2023). The Vilsmeier-Haack reaction is a 

method for introducing formal groups into various aromatic and heteroaromatic compounds, as well as 

heterocyclic compounds (Aneesa et al., 2012). This reaction uses efficient, affordable, and lightweight reagents 

such as dimethylformamide (DMF) and phosphorus oxychloride (POCl3). Heterocyclic scaffolds are used as 

templates for the design, synthesis, and development of molecular or biologically active drugs. The structure of 

Vilsmeier-Haack reagents is important in medical chemistry due to their pharmacological activities, such as 

antibacterial, anticancer, anti-inflammatory, antifungal, antitumor, anti-HIV, and others (Chahal et al., 2023). 

The Houben–Hoesch reaction is a common method for the aylation of electron-rich aromatic compounds 

(such as hydroquinone, phloroglucinol, or related ether derivatives) with nitriles, and it requires the presence of a 

strong Lewis acid or a Bronsted acid (Reber et al., 2022). These media almost always contain HCl or other protonic 

acids or water, which makes their properties complex and may make them very acidic. The Houben-Hoesch 

reaction of benzene typically yields a low yield of product. This reaction is difficult to analyze quantitatively due 

to the uncertainty of the reaction media's acidity. Using superacids will provide a medium with very high acid 

strength, stable, and better defined. This can overcome uncertainty about acidity and yield higher yields. Supersour 
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conditions will create a faster reaction rate, reduce by-products, and improve selectivity. However, using 

conventional acids such as H2SO4 results in low yields due to the formation of by-products. In addition, common 

acids have inconsistent reactions and are difficult to control (Sato et al., 1995). 

Modification of PG compounds can be achieved by forming metal complex compounds. The metals that can 

be used are Ag+, Ni(II), Cu(II), Co(II), Zn(II), Cd(II), and Fe(II) (Amaya-Flórez et al., 2024; Kusumaningsih et 

al., 2023; Nguyen et al., 2022; Van Nguyen et al., 2021). Many studies have used Ag, for example, Kumar et al. 

(2018) and Syed et al. (2018) have proven the ability of PG derivatives to act as effective reducing and stabilizing 

agents in the formation of AgNPs. Many methods have been proposed for the synthesis of environmentally friendly 

AgNPs, including plant-based, bacterial, ultrasonic, microwave, and room-temperature methods (Kusumaningsih 

et al., 2023). In the form of AgNPs, they offer many advantages due to their unique physicochemical properties, 

including their small size, large surface area-to-mass ratio, and ability to be functionalized with a variety of 

biological molecules (Aghapur et al., 2025). PG compounds are reacted with silver nitrate until a mixture is 

formed, then ultra-centrifuged to separate the bioconjugated nanocomplexes as a pellet (Syed et al., 2018). The 

−OH group in PG participates in situ in the reduction of Ag+ ions, whereas the C=O group can form strong 

interactions with the AgNPs surface, thereby stabilizing the nanoparticles. As a type of natural phenolic compound, 

PG is an important key intermediate in the production of a broader range of compounds in various natural products 

and biologically active compounds (Kusumaningsih et al., 2023). 

 

PG DERIVATIVES AS ANTIBACTERIAL COMPOUNDS 

Antibacterial compounds are substances produced by organisms that inhibit bacterial growth or kill other 

microorganisms (Bota et al., 2015). Antibacterial compounds are effective based on the size of the inhibition zone 

they produce. This inhibition zone can depend on the ability of antibacterial compounds in substance diffusibility, 

the type of medium, and other factors. When a compound reacts with bacteria over a long period, it can exhibit 

both bacteriostatic and bacteriocidal properties (Rohdiana et al., 2013). Bacteria are categorized into Gram-

positive and Gram-negative bacteria based on the arrangement of their cell walls. Some examples of gram-positive 

bacteria include Staphylococcus, Streptococcus, Bacillus cereus, and Pseudomonas typhi. Meanwhile, gram-

negative bacteria such as Escherichia coli, Pseudomonas, and Salmonella typhi (Surahmaida and Lestari, 2019). 

Antibacterial activity can be tested in vitro and in vivo. An in vivo method is a test conducted within an 

organism, while an in vitro method is a test conducted outside the organism, such as in a medium optimal for 

bacterial growth. Generally, antibacterial testing is carried out in vitro because the control conditions are better, 

interpretation is clearer, and less material is required (Jawetz et al., 2014).  The in vitro method has several 

methods, such as disc diffusion test, well diffusion, point test, cross-streaking method, food poisoning method, 

agar dilution, macrodilution, and microdilution of broth, resazurin test, coculture method, time-kill kinetics, flow 

cytometry, thin-layer chromatography-bioautography (TLC), bioluminescence test, and impedance measurement 

(Hossain, 2024). The antibacterial activity of PG compounds and their derivatives is shown in Table 2. 

Table 2. Antibacterial activity of PG comounds and their derivatives. 

 

Compounds Bacteria Method Results Literatures 

1 S. aureus 

MRSA 

E. coli 

Obstruction zone 0 mm 

0 mm 

0 mm 

(Shawn, 2023) 

2 Concentration 100 μM 

B. subtilis (DSM 347) 

S. lentus (DSM 672) 

E. coli (DSM 498) 

% inhibition Inhibition: 

100% 

97% 

31% 

(Nagel et al., 2012) 

5 MRSA 

S. aureus 

S. albus 

B. subtilis 

MIC 3.91 μg/mL 

7.81 μg/mL 

15.63 μg/mL 

31.25 μg/mL 

(Yang et al., 2024) 

6 MRSA 

S. aureus 

S. albus 

B. subtilis 

MIC 0.98 μg/mL 

3.91 μg/mL 

7.81 μg/mL 

1.95 μg/mL 

(Yang et al., 2024) 
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Table 2. Antibacterial activity of PG comounds and their derivatives (continued). 

 

  

Compounds Bacteria Method Results Literatures 

7 MRSA 

S. aureus 

S. albus 

B. subtilis 

MIC 0.98 μg/mL 

1.95 μg/mL 

0.98 μg/mL 

3.91 μg/mL 

(Yang et al., 2024) 

11 S. aureus 

MRSA 

E. coli 

Buffer Zone 0 mm 

0 mm 

0 mm 

(Rahmaniar, 2023) 

12 

 

S. aureus 

MRSA 

E. coli 

Obstruction zone 0 mm 

0 mm 

7.2 mm 

(Sholihah, 2023) 

13 Concentration 32 

μg/mL 

S. aureus 

MRSA 

E. coli 

Obstruction zone  

8.71 mm 

8.48 mm 

0 mm 

(Anggraini, 2019) 

14 P. aeruginosa 

S. aureus 

S. typhi 

E. coli 

MIC 3.12 μg/mL 

6.25 μg/mL 

6.25 μg/mL 

6.25 μg/mL 

(Tchangoue et al., 

2020) 

15 E. coli 

S. aureus (VISA) 

S. aureus (MSSA) 

E. faecalis 

MIC > 128 μM 

64 μM 

64 μM 

> 128 μM 

(Casero et al., 2015) 

16 E. Coli 

S. aureus (VISA) 

S. aureus (MSSA) 

E. faecalis 

MIC > 128 μM 

64 μM 

32 μM 

64 μM 

(Casero et al., 2015) 

17 B. subtilis (MTCC 121) 

E. coli 

P. aeruginosa (MTCC 

7903) 

S. typhi (MTCC 733) 

S. aureus (MTCC 

7443) 

MIC 0.97 μg/mL 

0.97 μg/mL 

1.25 μg/mL 

0.97 μg/mL 

1.25 μg/mL 

(Syed et al., 2018) 

18 S. aureus 

E coli 

E. faecium 

P. acnes 

MIC 0.50 μg/mL 

>128 μg/mL 

1.00 μg/mL 

16.00 μg/mL 

(Mo et al., 2021) 

19 MICs 12-20 g/mL 

- S. aureus KCTC 1916 

- B. subtilis KCTC 

1914 

E. coli KCTC 1924 

Streptoccus mutans 

DSM 6178 

Obstruction zone  

16 mm 

19 mm 

11 mm 

19 mm 

(Lee et al., 2009) 

20 MICs 12-20 g/mL 

- S. aureus KCTC 1916 

- B. subtilis KCTC 

1914 

E. coli KCTC 1924 

Streptococcus mutans 

DSM 6178 

Obstruction zone  

16 mm 

15 mm 

11 mm 

18 mm 

(Lee et al., 2009) 
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Table 2. Antibacterial activity of PG comounds and their derivatives (continued). 

 

Flavonoids can be divided into several subclasses depending on their oxidative and substituent status. The 

antibacterial activity of flavonoids can be achieved in three ways: killing bacteria directly, synergistically 

enhancing the activity of antibiotics, and weakening bacterial pathogenicity (Xie et al., 2014). Many factors 

determine a compound's antibacterial activity. Clusters in a compound can increase biological activity, such as 

antibacterial activity. The compounds in Table 2 generally contain hydroxy, carbonyl, and R groups (side chains), 

which can determine their chemical properties and biological activity. The presence of an outcome group 

containing a carbonyl group (C=O) also plays a role as an antibacterial agent (Suryani et al., 2020).  

On compounds (19), phenolic hydroxyl groups commonly appear in the FTIR region ~3000 cm-1, and 

carbonyl groups at ~1700 – 1600 cm-1 (Nandiyanto et al., 2019). These groups can form intramolecular hydrogen 

bonds, thereby improving electron delocalization and enhancing antibacterial activity. Thus, hydroxyl and 

carbonyl groups are important compounds in bioactivity. However, the addition of a methoxy group at any R 

position has been shown to reduce the antibacterial potential of these isolated compounds by inhibiting bacterial 

growth (Shamsudin et al., 2022). This hydroxyl group influences antibacterial activity by inhibiting bacterial 

growth. Compounds with weak hydroxyl groups exhibit high antibacterial activity because they enhance their 

ability to bind lipid membranes, enabling them to easily penetrate bacterial cell walls (Guidance et al., 2017). In 

addition, the existence of 2,2-dimethyl-2H-piran fused with aromatic rings that appear δC signal shifts of 124.8 

and 117.3 ppm drastically reduces the activity contained in compounds (15) and (16) (Caesaro et al., 2015). 

PG results showing increased lipophilicity in the tail can decrease antibacterial activity. There is an inverse 

relationship between the potential bactericidal activity and the lipophilicity of the tail as a result. When the tail 

results are longer than 14 carbons, it is almost insoluble in DMSO and shows weaker antibacterial activity. 

However, the tail results in a more lipophilic nucleus of acylfloroglusinol, and anti-MRSA activity increases 

dramatically, with the lipophilic ability of the resulting substituent comparable to the potential to inhibit bacterial 

growth. Therefore, the hydrophobicity or length of the resulting tail can be significantly optimized to modulate the 

antibacterial potential (Tan et al., 2017). It is evident that compounds 19 and 20 differ only in the side groups; the 

presence of butyl results in shifts in the δH signals for 3.10 (CH2) and 1.10 (CH3), whereas in 21 the acetyl groups 

give a δH signal at 2.38 (CH3). The antibacterial activity of compound 20 is higher because butyl has better 

lipophilicity and size, allowing it to interact more effectively with bacterial membranes, especially in B. subtilis 

and Streptococcus mutans (Lee et al., 2009). A compound with a semipolar solvent will be more effective in 

inhibiting gram-positive bacteria such as S. aureus (Liswandari et al., 2018). Molecular weight can also affect 

antibacterial activity: the greater the molecular weight of a compound, the larger its molecular structure, making 

it more difficult to penetrate the bacterial cell wall (Tan and Lim, 2015). Compound (7) has very high antibacterial 

activity against Gram-positive bacteria, and the presence of a butyl group bearing a methyl group (CH3) is observed 

at δH 0.9 – 1 ppm. The isobutyl group, represented by –CH(CH3)2, provides better compatibility with bacterial 

membranes than acetyl and isovaleryl groups (Prasetyo et al., 2023).  

PG compounds complexed with metal compounds will exhibit increased bioactivity. As in the study by Syed 

et al. (2018), compound (17) exhibits very high antibacterial activity against both positive and negative bacteria. 

Compounds Bacteria Method Results Literatures 

21 MIC 12.5 g/mL 

S. aureus ATCC 43300 

MRSA ATCC 43300 

S. aureus ATCC 29213 

S. epidermidis BCNN 

102555 

P. aeruginosa 

- A. baumanni ATCC 

19606 

Obstruction zone  

12 mm 

7 mm 

13 mm 

13 mm 

8 mm 

7 mm 

(He et al., 2025) 

22 MRSA 

E. coli 

MIC > 48 μg/mL 

> 48 μg/mL 

(Chen et al., 2024) 

23 MRSA 

E. coli 

MIC 12 μg/mL 

48 μg/mL 

(Chen et al., 2024) 

24 S. aureus 

S. epidermidis 

E. coli 

MIC 16 μmol/L 

8 μmol/L 

>32 μmol/L 

(Huang et al., 2021) 
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Metal Ag, in the form of ions and AgNPs, is a broad-spectrum bactericide that does not cause resistance problems 

like some antibiotics (Flores et al., 2013). The positive charge of Ag+ readily binds to the negatively charged 

bacterial cell walls via electrostatic attraction, leading to changes in permeability, respiratory disturbances, and 

leakage of intracellular contents. In addition, at higher concentrations, AgNPs can bind to the enzyme's thiol 

groups, inactivating most of the respiratory chain and leading to ROS formation, cell division, and cell death 

(Kusumaningsih et al., 2023). 

Comparison of the antibacterial data in Table 2 is complicated by the use of gram-positive and gram-negative 

bacterial strains and by the methods used to measure antibacterial activity, such as inhibition zones and MIC 

values, which cannot be directly compared between compounds. However, in the literature, there is consistency 

regarding the presence of active antibacterial compounds bearing functional groups, such as OH and carbonyl, 

which appear in absorption bands at ~3200 cm-1 and ~1600 – 1700 cm-1 (Nandiyanto et al., 2019). The presence 

of aromatic rings also contributes to the antibacterial activity, as evidenced by δH signals at 5 – 7 ppm. These 

clusters are consistently present in compounds that are active as antibacterial, although methods vary.  

 

PG DERIVATIVES AS ANTIOXIDANT COMPOUNDS 

Antioxidant compounds are chemical compounds that have electrons that can be donated by one or more 

electrons (donor electrons) to free radicals, where the activity of free radical reactions is increased, resulting in the 

inactivation of oxidation reactions (Al Ridho et al., 2013). Antioxidant compounds can be classified into 2 groups 

based on their source: natural antioxidants and synthetic (artificial) antioxidants. Natural antioxidants of plant 

origin are phenolic compounds. While synthetic antioxidants are commonly used for food, namely Butyl Hydroxy 

Toluene (BHT), Butyl Hydroxy Anisol (BHA), tocopherols, and error profiles. The antioxidant activity of phenolic 

compounds is directly related to their chemical structure, including the position and number of hydroxyl groups 

and the degree of glycosylation. This compound contributes significantly to antioxidant activity by binding free 

radicals and chelating metals. The binding of free radicals reduces the formation of oxidation products and 

produces stable intermediates (Diniyah and Lee, 2020). The following PG compounds and their derivatives as 

antioxidant compounds are shown in Table 3. 

Table 3. Table of antioxidant activity of PG compounds and their derivatives. 

Compounds Method Results Literature 

(1) DPPH 

Superoxide anion 

42 ± 1.00 μg/mL 

102 ± 2.00 μg/mL 

(Archana and Vijayalakshmi, 

2018) 

(2) DPPH 14.88 μg/mL (Triadmojo, 2021) 

(3) DPPH 23.10 μg/mL (Prasetyo et al., 2023) 

(4) DPPH 38 μg/mL (Sholihah, 2023) 

(5) DPPH 10 – 50 μg/mL (Prasetyo et al., 2022) 

(8) DPPH 17.8 μg/mL (Shawn, 2023) 

(9) DPPH 16.71 μg/mL (Cahyani, 2023) 

(10) DPPH 17.92 μg/mL (Cahyani, 2023) 

(11) DPPH 37.86 μg/mL (Rahmaniar, 2023) 

(12) DPPH 23.9 μg/mL (Sholihah, 2023) 

(20) DPPH 

Superoxide Radical 

Lipid peroxidation 

76.3 μM 

64.4 μM 

13.1 μM 

(Lee et al., 2003) 

(25) ORAC 22.5 ± 8.7 μM (Sun et al., 2014) 

(26) ORAC 20.3 ± 5.2 μM (Sun et al., 2014) 

(27) DPPH 89.91 ± 0.51 μg/cm-3 (Hamiche et al., 2021) 

(28) DPPH 

Alkyl radicals 

Superoxide Radical 

0.51 μM 

2.07 μM 

57.19 μM 

(Kang et al., 2012) 

(29) DPPH 

Alkyl radicals 

Hydroxyl Radical 

Superoxide Radical 

0.90 μM 

2.54 μM 

62.93 μM 

109.05 μM 

(Kang et al., 2011) 

(30) DPPH 50.75 μg/mL (Woo and Je, 2013) 

(32) TBARS 13.30 ± 0.77 μM (Amaya-Flórez et al., 2024) 

(33) TBARS 19.29 ± 3.04 μM (Amaya-Flórez et al., 2024) 
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Testing of antioxidant activity can be done by several methods based on different principles, such as 2,2-

diphenyl-1-picrylhydrazyl (DPPH); peroxyl radical removal (Oxygen Radical Absorbance capacity, ORAC); 

Cupric Ion Reducing Antioxidant Capacity (CUPRAC); Total Radical-trapping Antioxidant Power (TRAP); 

removal of hydroxyl radicals; quantification of products formed during lipid peroxidation (Thiobarbituric Acid 

Reactive Substances, TBARS); Oxidation of Low-density Lipoproteins (LDLs), and others (Marinova and 

Batchvarov, 2011). Antioxidant activity is generally reported as an IC50 value. The IC50 value is the effective 

concentration of the extract needed to reduce 50% of the total DPPH, so that the value of 50 is substituted for the 

value of y. After substituting the value of 50 for the value of y, the value of x will be obtained as the value of IC50 

(Tristantini et al., 2016). Some methods related to the value of the IC50 antioxidant category are shown in Table 4.  

Table 4. IC50 values for antioxidant categories using several methods (Phongpaichit et al., 2007). 

2,2-diphenyl-1-picrylhydrazyl 

(DPPH) 

Superoxide Anion Scavenging 

(Phongpaichit et al., 2007) 
Hydroxyl radical scavenging 

IC50 (μg/mL) Categories 

<10  Very 

powerful 

10 – 50 Strong 

50 – 100  Medium 

100 – 250  Weak 

>250 Inactive 
 

IC50 (μg/mL) Categories 

<800  Very 

powerful 

800 – 1000  Strong 

>1000 – 2000  Medium 

>2000 – 3000  Weak 

>3,000  Inactive 
 

IC50 (μg/mL) Categories 

<2500  Very powerful 

2500 – 3000  Strong 

3000 – 4000  Medium 

4000 – 5000  Weak 

>5,000  Inactive 
 

 

PG compounds are the main phenolic compounds in pistachio green hull (PGH) water extract. The antiradical 

activity of PG increases with increasing antioxidant concentration from 10 M to 50 M. The antiradical activity of 

antioxidant compounds also depends on the number of electrons of hydroxy donors and carboxyl substitutions that 

increase the stability of phenoxyl radicals, where PG has three hydroxyl groups. An important role in the activity 

is also played by the intramolecular hydrogen bond (IHB) between the polar solvent and this functional group, 

which can contribute to the destruction activity of DPPH. The solubility and polarity of phenolic antioxidants 

increase molecular availability and mobility, thereby enhancing their ability to destroy free DPPH· significantly 

(Delfanian et al., 2021). The level of antioxidant activity is determined by its high lipid solubility, low toxicity, 

and more stable DPPH-derived radicals (Aini et al., 2010). An increase in the number of carbon atoms in the side 

group increases lipophilicity. Lipophilic compounds easily react with lipid radicals in emulsions and have higher 

antioxidant activity than hydrophilic compounds (Hamiche et al., 2021). However, the large structure of the 

compound can decrease antioxidant activity by creating a steric barrier that impedes the formation of free radicals 

in phenolic derivatives (Weng and Huang, 2014). 

PG compounds containing aromatic result groups generally show higher antioxidant effects than monocyclic 

and bicyclic compounds with aliphatic result substitution (Sun et al., 2014). Factors that affect antioxidant activity 

include OH groups, carbonyl groups, heterocyclic groups, and propyl substituents (Lee et al., 2003). The more 

hydroxyl (OH) groups are bound to the aromatic ring in the compound, the more hydrogen atoms are given to 

neutralize free radicals so that their antioxidant properties increase (Prabawati, 2016). When the number of 

phenolic hydroxyl groups in a monomer is less than 4, the antioxidant activity is directly proportional to the number 

of phenolic hydroxyls. This means there is an optimal point; if more than 4, the antioxidant activity stops increasing 

or even decreases, depending on the spatial position of the molecule (Chen et al., 2020). In Table 2, compounds 

(28) and (29), phlorotannin derivatives of bieckol, have very high antioxidant properties due to the numerous 

phenolic OH groups, which usually appear in the δC signal at ~160 ppm. Their activity is high despite their bulky 

structures because they possess multiple hydrogen donor sites that facilitate electron delocalization. In addition, 

the extensive conjugated aromatic system can neutralize radicals through resonance (Kang et al., 2012). The 

enthalpy of dissociation of the OH bond is very important for radical neutralization activity and is influenced by 

the nature of the electron donor in the ortho position. When the ortho position of the hydroxyl phenol, substituted 

by methoxy, hydroxyl, and amino groups, respectively, significantly contributes its electrons, thereby reducing the 

dissociation enthalpy of the Ar–OH bond and improving the radical stability of the phenolic hydroxyl group and 

antioxidant activity (Yang et al., 2021).  

The substitutes for acyls and ninhydrin in the APG-Ninhydrin compound make the two compounds even 

more reactive in compounds (8 – 12). An acyl group is an electron attractant group capable of increasing the 

density of electrons in an aromatic ring. The R group in the result group is –CH3, which usually appears in FTIR 
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as an aliphatic CH band at ~2900 cm-1, belonging to a substituent group of electron donors that are aromatic-ring 

activators and can increase the rate of radical formation. The result group has a carbonyl group (C=O) that usually 

appears at ~1700 – 1600 cm-1, and this functional group affects antioxidant activity. Carbonyl groups, as electron 

acceptors, can enhance electron delocalization, making the radicals formed upon neutralization of DPPH· more 

stable and conferring strong antioxidant properties (Noviany et al., 2023). Hamiche et al. (2021) reported that 

when carbonyl groups appear, a shift of the δC signal from 170.55 to 107.80 on the benzene ring conjugated to a 

double bond between C2 and C3 in compound (27) can increase antioxidant activity.  

Table 3 indicates that antioxidant testing varies, so it cannot be directly compared between articles. The 

existence of a variety of antioxidant activity test methods can provide a more comprehensive picture, although the 

quantitative data obtained will differ. However, the groups that contribute to antioxidant activity are consistently 

present in the compounds listed in Table 3. The cluster, namely phenolic OH, appears in the FTIR region at ~3200 

cm-1 (Nandiyanto et al., 2019) and in the 13C-NMR signal at δC ~160 ppm (McMurry, 2008). This can strengthen 

the link between the compound's structure and its biological activity. The antioxidant strength category is already 

displayed in Table 4. Antioxidant activity is influenced by the ability of the constituent to delocalize electrons 

within the aromatic ring. The order of the constituent abilities is as follows: −OH > −OCH3 > −Br > −CO2H > 

−CH2 CH3 > −CH3 > −CHO (Weng and Huang, 2014). 

 

PG DERIVATIVES AS ANTICANCER COMPOUNDS  

Cancer is a group of diseases characterized by the uncontrolled growth and spread of abnormal cells and is 

among the deadliest diseases worldwide (Ruiz-Torres, 2017). When cancer cells spread after incubation, cell 

proliferation has occurred. Bioactive compounds that significantly reduce proliferation have antiproliferative or 

anticancer activity. Anticancer activity focuses only on cancer stem cells (Yarley et al., 2021). Cancer cell death 

can be divided into two characteristic forms, namely apoptosis and necrotic cell death. Apoptosis is referred to as 

programmed cell death and is characterized by the maintenance of intact cell membranes during the process of cell 

suicide. Therefore, inducing apoptosis is a promising strategy for cancer prevention (Kong et al., 2009). The most 

common cancers are colorectal, breast, prostate, lung cancers (Ruiz-Torres, 2017), stomach, liver, and cervix 

(Rayan et al., 2017). 

Various compounds, such as alkaloids, flavonoids, terpenoids, phenols, polysaccharides, saponins, and 

others, have been documented as natural bioactive products with potential anticancer activity. The majority (>60%) 

of clinically used anticancer drugs that have shown significant efficacy in treating cancer are derived from natural 

sources, including plants, marine organisms, and microorganisms. The anticancer activity of most natural 

ingredients often works through regulating immune function, inducing apoptosis or autophagy, or inhibiting cell 

proliferation (Rayan et al., 2017). The anticancer activity of phenolic compounds, namely PG-derived compounds, 

is shown in Table 5. 

Cytotoxicity and anticancer testing methods can be performed using in vitro tests, including chromometric 

and fluorometric methods. The main difference between these two tests is the reagent used to estimate the total 

number of living cells based on dehydrogenase (mitochondrial) activity. Colorometric testing can be performed 

by several methods such as MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)/MTS (3-(4,5 

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)2H-tetrazolium), XTT test ((2,3-Bis-(2-

methoxy-4-nitro-5-sulfophenyl)–2H-tetrazolium-5-Carboxanilide), violet crystal staining test (CVS), SRB 

(sulforhodamine B) test, and lactate hydrogenation test. Meanwhile, fluorescence-based testing can be performed 

using the Alamar Blue (AB) test, flow cytometry, the 5-Bromo-2′-deoxyuridine (BrdU) fusion test, the Annexin 

V test, and the Adenosine triphosphate (ATP) test (Sanjai et al., 2024).  

Table 5. Anticancer activity of PG-derived compounds. 

Compounds Cancer Cells Results Literature 

(31) A549 

MDA MB-231 

HCT-15 

HeLa 

57.51 ± 1.19 μM 

81.48 ± 2.52 μM 

124.50 ± 2.83 μM 

136.13 ± 1.49 μM 

(Mondal et al., 2017) 

(32) U251 6.85 ± 0.08 μM (Amaya-Flórez et al., 2024) 

 K562 5.81 ± 0.20 μM  
 HCT-15 6.84 ± 0.90 μM  
 MCF-7 7.85 ± 0.60 μM  
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Table 5. Anticancer activity of PG-derived compounds (continued). 

Compounds Cancer Cells Results Literature 

 SK-LU-1 2.59 ± 0.20 μM  

(34) MCF-7 78.03 ± 0.23 μ/mL (Kumar et al., 2018) 

(35) ACHN 

Panc1 

H460 

Calu1 

HCT116 

MCF1 0A 

5.70 μM 

6.10 μM 

5.80 μM 

6.30 μM 

5.50 μM 

>30 μM 

(Chauthe et al., 2012) 

(36) C32 cells 48.7 ± 26.0 μM (Chapman et al., 2008) 

(37) A-549 

MCF-7 

HeLa 

HepG2 

19.67 ± 0.27 μM 

18.49 ± 0.18 μM 

29.73 ± 0.31 μM 

27.62 ± 0.31 μM 

(Zhang et al., 2022) 

(38) A549 

HCT-116 

MDA-MB 231 

PC-3 

12.63 ±1.40 μM 

2.12 ± 0.16 μM 

7.50 ± 0.86 μM 

9.85 ± 1.08 μM 

(Tang et al., 2017) 

(39) A549 

HCT-116 

MDA-MB 231 

PC-3 

12.43 ± 0.93 μM 

5.44 ± 0.35 μM 

9.47 ± 0.70 μM 

14.29 ± 9.73 μM 

(Tang et al., 2017) 

(40) HeLa 

K562 

HepG2 

A549 

Raji 

Storm 

0.029 μM 

0.0034 μM 

0.049 μM 

0.121 μM 

0.010 μM 

0.028 μM 

(Xu et al., 2023) 

(41) HeLa 

K562 

HepG2 

A549 

Raji 

Storm 

0.074 μM 

0.052 μM 

1.117 μM 

2.519 μM 

0.058 μM 

0.164 μM 

(Xu et al., 2023) 

(42) A549 

MCF-7 

HepG2 

55.34 ± 0.87 μmol/L 

31.54 ± 1.03 μmol/L 

59.35 ± 0.93 μmol/L 

(Yan et al., 2021) 

(43) A549 

MCF-7 

HepG2 

42.31 ± 1.32 μmol/L 

73.59 ± 3.25 μmol/L 

105.75 ± 1.06 μmol/L 

(Yan et al., 2021) 

(44) HEP2 

MCF7 

CaCo 

10 FS 

7.2 ± 0.50 μg/mL 

4.4 ± 0.25 μg/mL 

4.0 ± 0.36 μg/mL 

43 ± 0.80 μg/mL 

(Soliman et al., 2014) 

(45) HEP2 

MCF7 

CaCo 

10 FS 

14.8 ± 0.55 μg/mL 

7.8 ± 0.3 μg/mL 

11.4 ± 0.45 μg/mL 

50.1 ± 1.12 μg/mL 

(Soliman et al., 2014) 

(46) 

 

K562 

Nalm-6 

B16F10 

1.90 ± 0.10 μM 

7.75 ± 0.40 μM 

3.20 ± 0.10 μM 

(Farias et al., 2018) 

(47) K562 

Nalm-6 

B16F10 

0.38 ± 0.30 μM 

10.5 ± 0.10 μM 

6.00 ± 0.30 μM 

(Farias et al., 2018) 

(48) A549 

NIH/3T3 

7.02 ± 1.53 μM 

481.41 ± 18.61 μM 

(Shin et al., 2022) 
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PG compounds are compounds shown to be effective against cancer stem cells (Shanmugam et al., 2024). 

This anticancer activity is also influenced by several factors, such as the functional group attached to the 

compound, its polarity, and lipophilicity. The anticancer properties of PG itself show an IC50 value of 235.31 ± 

0.32 μg/mL, which is relatively low compared to those of its derivative compounds (Kumar et al., 2018). Xu et al. 

(2023) reported that antiproliferative activity, inhibiting cell growth, was inversely proportional to the length of 

the carbon chain substituent on the phenolic group—increased chain length and lipophilicity led to decreased 

activity. Toxicity to Vero cells decreases with increasing chain length. Compound (36), with a pyridine-3-yl group 

on the connecting methylene and two diisovalerill PG groups, was found to be highly active in five cancer cell 

lines. Pyridine exhibits cytotoxicity against tumor and cancer cells due to the ortho position of the nitrogen atom, 

which results in methyl substitution on the pyridine ring (Mohamed et al., 2021). Compounds that have small alkyl 

substituents in the carbon methylene bonding are less active than compounds with large aromatic substituents. 

This shows that the substituents in the core compound that have a significant influence on anticancer activity are 

the dimeric PG core with long-chain acyl and formyl substituents and the connecting methylene carbon substituted 

with a large aromatic group (Chaute et al., 2012). The difference in the anticancer activity of the compounds, 

especially in compounds (32) and (34), is due to the steric factors of the alkyl groups located in the phosphorus 

atom appearing at δP 187.34 and 147.7, which can facilitate the release of chloride ions from the coordination 

plane, creating an empty space around the metal atom, allowing it to interact with specific biological targets. In 

addition, solubility can facilitate the optimal transport of these compounds (Amaya-Flórez et al., 2024). 

PG derivatives containing tosylate groups have been shown to affect anticancer activity. While in 37 it has a 

tocylate group, which is active against C32 cells. This may indicate that the tocylate group plays an important role 

in the concentration or compartmentalization of compounds within the parasite. The presence of the tosyl group 

and its relative position are clearly important in all the cell types tested. The biological activity of a compound is 

related to its structure, not just its composition (Chapman et al., 2008). In addition, the electronic effects on the 

phenyl ring affect the anticancer activity. Compound (36) has a dimethoxyphenyl group, which promotes better 

anticancer activity (Mahapatra et al., 2021). Compound (47) contains tricyclic aromadendrene fragments, which 

are revealed to be 5 times and 13 times more potent than the bicyclic eudesmadiena fragment (46). Eudesmadiena 

has larger terpenoidal (highly lipophilic) fragments bound to PG groups, which can cause the most potent 

cytotoxicity in both Nalm-6 and B16F10 cells (Farias et al., 2018).  

In the Chauthe et al. (2012) study, PG dimers containing formalin substituents in aromatic groups exhibit 

good growth-inhibition properties, as evidenced by compound (44) having higher anticancer properties in HEP2, 

MCF7, CaCo, and 10 FS cells compared to compound (45). It can kill cancer cells but only slightly damages 

normal cells, making it selectively active. The presence of formalin groups can also increase anticancer activity; 

compound 47 has 4 formal clusters, as evidenced by the δH values at 9.96, 10.1, 10.14, and 10.17. Four formyl 

groups serve as reactivity centers that chelate metal ions effectively and act as multi-targets between the 4 formyl 

groups and the aromatic system, enabling them to kill cancer cells effectively. Whereas compound 48 has only 2 

formal compounds that appear on the signal δH 10.06 (s, 2H), in addition to δH signals 0.68, 0.76, 0.78, 1.07, and 

1.089 and δC 16.79 ‒ 27.5, indicating the presence of a sesquiterpene globulane group that causes very high 

lipophility and its molecular structure to become large, so that compound (45) has lower anticancer activity than 

compound (44) (Soliman et al., 2014).  

The combination of PG compounds with metal nanoparticles can enhance their bioactivity. PG shows lower 

toxicity than compound (34). The very high toxicity of compound (34) is mainly due to its smaller size (10 – 50 

nm) and surface area (negative zeta potential), which affects intracellular damage (Kumar et al., 2018). This means 

that nanoparticles' activity depends on various parameters, such as size, shape, surface charge, and surface-bound 

molecules. The size of the nanoparticles is an important factor in determining final toxicity because the surface-

to-volume ratio is high, increasing the number of atoms on the surface and the likelihood of contact. In addition, 

nanosized particles can readily cross the cell membrane and interact with intracellular components during the 

multiplication phase, ultimately leading to cell death (Kusumaningsih et al., 2023).  

Based on the comparison data displayed in Table 5, there is a striking difference in the use of cancer cells 

and the testing method. The existence of this difference can provide a fairly broad knowledge of the results of 

qualitative tests. Compounds that have anticancer activity consistently have an active group in the form of 

aromatics appearing in 13C-NMR δC signal 110 – 175 ppm and FTIR absorption at ~1500 cm-1 and phenolic OH 

groups that appear at FTIR uptake at ~3200 cm-1 (Nandiyanto et al., 2019; McMurry, 2008). 
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CONCLUSION 

This review summarizes (1) Comparison of FTIR and NMR characterization of various PG-derived 

compounds, (2) Comparison of PG and its derivatives as antibacterial, antioxidant, and anticancer compounds. PG 

compounds and their derivatives are widely produced by plants, such as the nyamplung family Callophyllum, 

brown and marine algae, the family Phaeophyceae, Fucaceae, Myrtaceae, and others, and can be produced by 

derivatization synthesis methods. PG-derived compounds are widely researched and continue to develop because 

they play a very important role in the pharmaceutical industry and have the potential to become new drugs. 

Modification of PG compounds significantly affects their biological activity, properties, and characteristics, as 

well as their polarity. Characterization of compounds with FTIR and NMR to identify the structure of compounds. 

The bioactivity of PG derivative products can be in the form of antibacterial, antioxidant, anticancer, antiviral, 

anti-HIV, anti-fungal, and other activities. The presence of active side groups can increase or decrease its 

bioactivity. Side groups can be methoxy, diacetyl, hydroxyl, carbonyl, pyridine, and others. The longer the side 

group is, the more it can decrease bioactivity: the compound will be larger, its molecular weight will increase, it 

will be more lipophilic, and a steric barrier will inhibit the killing of disease cells. 
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