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ABSTRACT 

  

Phytochemical investigation of a crude methanol extract of roots of 

Clausena excavata resulted in the isolation of dentatin (32), clausarin (33), 

nordentatin (34), xanthyletin (35), clausine K (43), heptaphylline (46), 7-

methoxymukonal (77), kinocoumarin (80), and citrusarin A (115), Semi-synthetic 

analogs of 80, 33 and 34, compounds 80a, 33a-33d, and 34b-34d, were obtained for 

biological assays. Compounds 32-34, 80, 33a and 80a showed antimalarial activity 

against with EC50 values of >7.66, 0.58, 5.62, 1.10, 1.97 and 3.25 µM, respectively. 

The isolated compounds 46 and 80, and the synthetic analogs 33b, 33c, 34b and 34c, 

displayed stronger α-glucosidase inhibitory activity (IC₅₀ = 32.89-92.55 µM) than 

acarbose (IC₅₀ 391.47 μM). For nitric oxide (NO) inhibition in macrophage cells, 33 

displayed the strongest activity (IC₅₀ = 27.95 µM), followed by 33d with IC50 = 33.62 

µM and 34 with IC50 = 35.41 µM. These activities were 7.9-6.2 folds stronger than 

the positive control, diclofenac (IC₅₀ = 222.42 µM). The synthetic compounds 33b 

and 34b were further evaluated for their cytotoxicity against A549 cells due to their 

observed toxicity toward RAW 264.7 cells in the NO inhibitory activity assay. The 

results revealed that these two compounds were cytotoxic against A549 cells, with 

33b being more effective (IC₅₀ = 11.71 µM) than cisplatin (IC50 = 21.56 µM), while 

the activity of 34b (IC₅₀ = 22.39 µM) was comparable to that of cisplatin. 

 

Keyword : Clausena excavata Pyranocoumarins Carbazole alkaloids Anti-malarial 

activity α-Glucosidase inhibitory activity NO inhibitory activity 
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CHAPTER 1 

INTRODUCTION 

 

1.1. Background 

Thailand has one of the highest biodiversity in Southeast Asia because 

Thailand is located in the tropics and next to the sea. The weather condition is suitable 

for plant growth. In Thailand, there is 2,187 plant species out of 10,000 species was 

reported in 2018. This number is up to 18% of the plant that can be used as medicinal 

plant by local people (Phumthum et al., 2018).  

 

Medicinal plants have been used by indigenous physicians since pre-Hispanic 

times and are part of the traditional knowledge of humanity (Heinrich et al., 1998). 

The use of medicinal plants derives from having secondary metabolites with 

pharmacological properties, and some are an important source of components for 

antitumor, antiviral, antiepileptic, antibiotic, antiinflammation, antinociceptive, 

among others (Alonso-Castro et al., 2011). 

 

The genus Clausena, is a local medicinal plant in South East Asia for the 

treatment belongs to the cold, malaria, abdominal pain, dermatopathy and snakebite 

(Wu & Furukawa, 1982). Rutaceae family, contains about 14 species of evergreen 

trees. Clausena excavata Burm. f. of in Thailand, it is a locally name “San Soak”, 

“Hat-sa-khun-tad (Huang et al., 1997). Pharmacologically, many secondary 

metabolites, including alkaloids and coumarins, have been tested for their biological 
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activities, such as anticancer, immunomodulatory, anti-human immunodeficiency 

virus, antioxidant, antibacterial, insecticidal, antifungal, antinociceptive, antimalarial, 

and antiplatelet effects in this plant. 

 

Therefore, in this study, natural product compounds isolated from the root of 

C. excavata and their semi-synthetic compounds from C. excavata collected in 

northeastern Thailand, were selected to evaluate for chemical investigation of the 

MeOH and their biological activities were studied. In addition, semi-synthetic 

compounds of the natural product compounds isolated from C. excavata were 

prepared and evaluated for their biological activity.  

 

1.2. Research objective 

This research aims to phytochemical investigate the root of C. excavata and to 

evaluate the biological activities of the isolated compounds and their semi-synthetic 

analogs from C. excavata. 

 

1.3. Expected result 

The expected results of this research are information of phytochemicals 

produced in the root of C. excavata and the biological activity of these isolated natural 

product compounds and the semi-synthetic analogs. 

 

1.4. Scope of research 

Scope of research are; ( 1)  phytochemical investigation of the root of               

C. excavata and (2) evaluation of biological activities of the isolated compounds from 
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the root of C. excavata and the semi-synthetic analogs which include antimalarial 

activity against Plasmodium falciparum ( K1) , α-glucosidase and nitric oxide 

inhibitory activities, and cytotoxicity against A459 cell lines.  
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CHAPTER 2 

LITERATURES REVIEW 

 

2.1. Clausena excavata  

Clausena excavata Burm. f. (family Rutaceae), is an evergreen wild shrub 

or a small slender tree, which can grow up to 4 meters tall in height (Wiart, 2006). It 

bears small yellowish flowers with green berries which turn translucent pink upon 

ripening (Figure 1). This medicinal plant was used in Thai folk medicine for 

treatment of cold, malaria, acquired immunodeficiency syndrome, dermatopathy, 

abdominal pain, snake-bite and as a detoxification agent (Wu et al., 1994). It is a rich 

source of pyranocoumarins, many of which display interesting biological and 

pharmacological activities (Seephonkai et al., 2023) (Sunthitikawinsakul et al., 2003) 

(N. Kongkathip & Kongkathip, 2009) (Peng, Zheng, et al., 2013)(Lim et al., 2019). 

Besides coumarins, carbazole alkaloids have also been reported from C. excavata 

(Sunthitikawinsakul et al., 2003)(Wu et al., 1996)(Chakthong et al., 2016). Carbazole 

alkaloids isolated from Clausena species were shown to have a myriad of biological 

activities, including inhibition of Lipopolysaccharide-induced nitric oxide (NO) 

production in mouse macrophage RAW 264.7 cells, neuroprotective effect (Tan et al., 

2022) and α-glucosidase inhibitory activity (Liu et al., 2021). 
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                                            (A)                                        (B)                                        (C) 

Figure 1. leaf (A), stem (B) and fruit (C) 

https://www.nparks.gov.sg/florafaunaweb/flora/3/6/3675#, 

https://identify.plantnet.org/es/prosea/observations/1016320338 

 

There are numbers of reports of chemical constituents from Clausena 

excavata. Here is a summary of compounds isolated from different parts of C. 

excavata found in ScienceDirect and PubMed database since 2000.  

 

2.2. Isolated compounds from the aerial part of C. excavata 

 Five new tetranortriterpenoids, (11β)-21,23-dihydro-11, 21-dihydroxy-23-ox 

oobacunone (=21,23-dihydro-21-hydroxy-23-oxozapoterin) (1), (11β)-21,23-dihydro-

11,23-dihydroxy-21-oxoobacunone (=21,23-dihydro-23-hydroxy-21-oxozapoterin) 

(2), (1α,11β)-1,2,21,23-tetrahydro-1,11,23-trihydroxy-21-oxoobacunone (=21,23-

dihydro-23-hydroxy-21-oxoclausenarin) (3), (1α,11β)-23-ethoxy-1,2,21,23-tetrahydro 

-1,11-dihydroxy-21-oxoobacunone (=23-ethoxy-21,23-dihydro-21-oxo clausenarin) 

(4), and (11β)-1,2,21,23-tetrahydro-11,23-dihydroxy-21-oxoobacunoic acid) (5), 

together with a known zapoterin (=(11β)-11-hydroxyobacunone) (6) (Figure 2), were 

isolated from the aerial part of C. excavata (He et al., 2002).  
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Figure 2. Structures of compounds 1−6. 
 

2.3. Isolated compounds from the leaf of C. excavata  

 Ten new furanone-coumarins, clauslactone A (7), clauslactone B (8), 

clauslactone C (9), clauslactone D (10), clauslactone E (11), clauslactone F (12), 

clauslactone G (13), clauslactone H (14), clauslactone I (15) and clauslactone J (16), 

together with a known carbazole, clauszoline M (17), and a coumarin, umbelliferone 

(18) ( Figure 3) , were isolated from the leaf of C. excavata (Ito et al., 2000). Nine 

furanone-coumarins (7−12 and 14−16) were found to exhibit inhibitory activity 

against 12-O-tetradecanoylphorbol-13-acetate-induced Epstein-Barr virus early 

antigen activation in Raji cells. 
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Figure 3. Structures of compounds 7−18. 

 

Four new furanone-coumarins, clauslactone N (19), clauslactone O (20), 

clauslactone P (21), and clauslactone Q (22) (Figure 4) , were isolated from the leaf 

and twig of C. excavata (Takemura et al., 2002).  
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Figure 4. Structures of compounds 19−22. 

 

Three new coumarins, clauslactone R (23), clauslactone S (24), clauslactone T 

(25), together with fourteen known coumarins, 5-geranyloxy-7-hydroxycoumarin 

(26), clauslactone M (27), anisocoumarin J (28),  excavatin E (29), excavatin G  (30), 

clausenidin (31), dentatin (32), clausarin (33), nordentatin (34), xanthyletin (35),  

xanthoxyletin (36), murrayacoumarin C (37) (Figure 5),  clauslactone B (8) and 

umbelliferone (18), (Figure 3) and eleven carbazole alkaloids, 3-formylcarbazole 

(38),  2-methoxy-3-formylcarbazole (39), 2-hydroxy-3-formyl-7-methoxycarbazole 

(40), clausine C (41) clausine E (42)  clausine K (43) clausine L (44) mukonal (45)  

heptaphylline (46), 2,7-dihydroxy-3-formyl-1-(3'-methyl-2'-butenyl)carbazole (47),  

and heptazoline (48) (Figure 5),  were isolated from the leaf and stem of C. excavata 

(Xin et al., 2008). Compounds 42 and 47 were exhibit moderate topoisomerase II 

inhibitory effects at the concentration of 50 µM. 
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Figure 5. Structures of compounds 23−48. 

 



 

 

 
 

10 

 

 

Figure 5 (continue). Structures of compounds 23−48. 

 

A new γ-lactone coumarin, excavarin A (49), together with clauslactone D 

( 50)  (Figure 6) , were isolated from the leaf of C. excavata (Kumar et al., 2012). 

Compound 49 was found antifungal activity to be stronger than that of the standard 

antibiotic nystatin against the clinically important pathogens, Aspergillus fumigatus, 

Candida tropicalis and Mucor circinelloides with MIC of 0.625, 0.039 and 0.078 

mg/mL, respectively. 
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Figure 6. Structures of compounds 49 and 50. 

 

2.4. Isolated compounds from the stem of C. excavata 

A new carbazole alkaloid, clausine TY (51), together with two known 

carbazole alkaloids, clausine H (52), and clausine B (53) (Figure 7), were isolated 

from the stem bark of C. excavata (Taufiq-Yap et al., 2007). Compound 51 showed 

significant cytotoxicity against Cellosaurus cell lines with IC50 value of 8.2 µg/mL. 

 

 

Figure 7. Structures of compounds 51−53. 

 

A new carbazole alkaloid, sansoakamine (54), together with eleven known 

compounds, mukonine (55) , lansine (56), methyl-carbazole-3-carboxylate (57), 

murrayanine (58), mukonidine (59), O-methylmukonal (60), clauszoline I (61),                          

O-demethylmurrayanine (62), methyl-1,6-dihydroxy-9H-carbazole-3-carboxylate 

(63), clausine Z (64) (Figure 8), and 3-formylcarbazole (38) (Figure 5), were isolated 

from the stem bark of C. excavata (Sripisut & Laphookhieo, 2010). Compound 60 
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showed moderate anti-malarial activity against P.  falciparum with a MIC value of 

6.74 µg/mL. 

 

 

Figure 8. Structures of compounds 54−64. 

 

 A new carbazole alkaloid, excavatine A (65), and two new alkaloids, 

excavatine B (66), and excavatine C (67) (Figure 9), were isolated from the stem and 

leaf of C. excavata (Peng et al., 2013). Compound 65 exhibited cytotoxicity against 

human lung cancer and Henrietta Lacks cell lines with the IC50 values of 5.25 and 

1.91 µg/mL, respectively. 
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Figure 9. Structures of compounds 65−67. 

 

A carbazole-pyranocoumarin conjugate, carbazomarin B (68), and two 

carbazole alkaloids, 6-methoxymukonidine (69) and 2-hydroxy-3-methoxycarbazole 

(70)  together with twenty-seven known compounds, murrayafoline A (71), 

girinimbine (72), O-methylclausenolide (73) ( Figure 10) , xanthoxylatin (74), 

dictamine (75), 7-methoxymethylcarbazole-3-carboxylate (76), 7-methoxy mukonal 

(77), hortiamide (78), 3-formyl-2,7-dimethoxycarbazole (79), kinocoumarin (80), 7-

hydroxy-8-(1,1-dimethylallyl) citrusarin (81), isomukonidine (82), valencic acid (83), 

and clausenarin (84) (Figure 10) , clausine H (52) (Figure 7) , dentatin (32), 

nordentatin (34), 3-formylcarbazole (38), clausine K (43), clausine L (44), mukonal 

(45), heptaphylline (46) (Figure 5) , mukonine (55), lansine (56), murrayanine (58), 

mukonidine (59), O-methylmukonal (60) (Figure 8) , were isolated from the stem of 

C. excavata (Chakthong et al., 2016). Compound 69 showed moderate cytotoxicity to 

human cholangiocarcinoma, acute lymphoblastic leukemia and human hepatocellular 

liver carcinoma cancer cell lines with IC50 values of 15.09–28.50 μg/mL. Compounds 

34 and 46 were found to show moderate cytotoxic activity against HepG2 cell line 

with IC50 values of 11.33 and 12.33, respectively. Compound 43 exhibited strong 

cytotoxicity with IC50 value of 1.05 μg/mL, better than a standard drug (etoposide, 

IC50 13.40 μg/mL).  
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Figure 10. Structures of compounds 68−84. 

 

 A limonoid, clausenarin (84), a sterol, stigmasterol (85), a depside, atranorin 

(86) and a xanthone, lichexanthone (87) (Figure 11) , Three carbazole alkaloids, 

clausine H (52) (Figure 7) , heptaphylline (46), heptazoline (48) (Figure 5)  together 

with four prenylated coumarins, clausenidin (31), dentatin (32), nordentatin (34), and 
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xanthoxyletin (36) (Figure 5), were isolated from the stem of C. excavata (Lim et al., 

2019). Compounds 86 and 87 were the first report on the isolation from the genus 

Clausena.  

 

 

Figure 11. Structures of compounds 85−87. 

 

 Five pyranocoumarins, clausenidin (31), dentatin (32), clausarin (33), 

nordentatin (34) (Figure 5)  and kinocoumarin (80) (Figure 10) , together with a 

coumarin, 8-hydroxy-3″,4″-dihydrocapnolactone-2',3'-diol (88) (Figure 12) , were 

isolated from the root of C. excavata (Seephonkai et al., 2023). Compounds 33 and 80 

exhibited potent antiplasmodial activities with EC50 values of 0.58 and 1.10 µM, 

respectively, while 31, 32, 34 and 88 had EC50 values of 7.15, 7.66, 5.62 and 13.2 

µM, respectively. 

 

 

Figure 12. Structure of compound 88. 

 

 



 

 

 
 

16 

 

2.5. Isolated compounds from the root of C. excavata 

 Three carbazole derivatives, clauszoline J (89) (Figure 13), O-methylmukonal 

(60) (Figure 8) , 3-formyl-2,7-dimethoxycarbazole (79) (Figure 10) , and a 

pyranocoumarin, clausenidin (31) (Figure 5), were isolated from the rhizome and root 

of C. excavata (Kongkathip et al., 2005). Compounds 60 79 89 and 31 displayed anti- 

human immunodeficiency virus-1 activity in a syncytial assay with EC50 values of 

5.3, 12.0, 29.1 and 34.2 µM, respectively, and thus exhibited potential therapeutic 

index values of 7.0, 56.7, 8.0 and 1.6 respectively. 

 

 

Figure 13. Structure of compound 89. 

 

Four natural pyranocoumarins, clausenidin (31), clausarin (33), nordentatin 

(34), and xanthoxyletin (36) (Figure 5), together with compounds 31, 33, 34, and 36, 

were designed and synthesized to give seventeen pyranocoumarin analogues,          

10-(1,1-dimethylpropyl)-5-hydroxy-8,8-dimethyl-7,8-dihydropyrano[3,2-γ]chromen-

2,6-dione (90),     5-hydroxy-8,8-dimethyl-10-(1-methyl-1-oxiranylethyl)-7,8-dihydr 

pyrano[3,2-γ]chromen-2,6-dione (91), 10-(1,1-dimethylallyl )-5-methoxy-8,8-di- 

methyl-7,8-dihydropyrano[3,2-γ]chromen-2,6-dione (92), 10-(1,1-dimethylpropyl) 

-5-methoxy -8 ,8 -d imethy l -7,8-dihydropyrano[3,2-γ]chromen-2,6-dion (93),  

5-methoxy-8,8-dimethyl-10-(1-methyl-1-oxiranylethyl)-7,8-dihydro -pyrano [3,2-γ] 

chromen-2,6-dione (94), 10-(1,1-dimethylpropyl)-5-hydroxy-8,8-dimethyl-7,8-

dihydro-6H-pyrano[3,2-γ]chromen-2-one (95), 10-(1,1-dimethylallyl)-5-methoxy-8,8-
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dimethyl-8H-pyrano[3,2-γ]chromen-2-one (96), 10-(1,1-dimethylpropyl)-5-methoxy-

8,8-dimethyl -7,8-dihydro-6H-pyrano[3,2-γ]chromen-2-one (97), 4-(1,1-

dimethylallyl)-9-methoxy-2,2-dimethyl-1α,9β-dihydro-2H-1,3,5-trioxacyclopropa[α] 

anthracen-6-one (98), 9-methoxy-2,2-dimethyl-4-(1-methyl-1-oxiranylethyl)-1α,9β-

dihydro-2H-1,3,5trioxacyclopropa[α]anthracen-6-one (99),  3,10-bis-(1,1-dimethyl 

propyl)-5-hydroxy-8,8-dimethyl-7,8-dihydro-6H-pyrano[3,2-γ] chromen-2-one (100), 

3,10-bis-(1,1-dimethylallyl)-5-methoxy-8,8-dimethyl-8H-pyrano[3,2-γ]chromen-

2- one (101), 3,10-bis-(1,1-dimethylpropyl)-5-methoxy-8,8-dimethyl-7,8-dihydro-6H-

pyrano[3,2-γ]chromen-2-one (102), 4,7-bis-(1,1-dimethylallyl)-9-methoxy-2,2-

dimethyl-1α,9β-dihydro-2H-1,3,5-trioxacyclopropa[α]anthracen-6-one (103),  

9-methoxy-2,2-dimethyl-4,7-bis-(1-methyl-1-oxiranylethyl)-1α,9β-dihydro-2H-1,3,5-     

trioxacyclopropa[α]anthracen-6-one (104), 5-methoxy-8,8-dimethyl-7,8-dihydro-6H-

pyrano[3,2-γ] chromen-2-one (105) and 9-methoxy-2,2-dimethyl-1α,9β-dihydro-2H-

1,3,5-trioxacyclopropa[α]anthracen-6-one (106), were isolated from the root of  

C. excavata (Su et al., 2009) (Figure 14). Compounds 31, 33, 90, 92, 93, 95, 96, 97, 

98, 102 and 103 showed anti-hepatitis B virus with EC50 values of 1.88, 6.38, 1.14, 

11.25, 5.35, 1.34, 1.64, 1.63, 5.50, 6.60 and 4.56 µM respectively. 33, 34, 95, 99 and 

102 showed cytotoxic activity against four human cancer cell lines (A549, MCF7, 

KB, and nasopharynx) with EC50 values of 8.70, 17.32, 9.63, 9.96, 2.98, 7.96, 1.61, 

1.59, 8.84, 16.34, 9.25, 9.11, 12.21, 17.73, 8.21, 7.73, 11.78, 11.42, 6.50 and 6.12 

µg/mL respectively. 
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Figure 14. Structures of compounds 90−106. 
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 Six coumarins, clausine D (107), clausine F (108), scopoletin (109) , 

binorponcitrin (110) (Figure 15), clausenidin (31), dentatin (32), nordentatin (34), 

xanthoxyletin (36) (Figure 5) and twelve alkaloids, 2-hydroxy-3-3-formyl-2,7-

dimethoxycarbazole  (111) and murrayacine (112) (Figure 15), clausine H (52) 

(Figure 7), clauszoline I (61) (Figure 8), clauszoline J (89) (Figure 13), 

heptaphylline (46)  2-hydroxy-3-formyl-7-methoxycarbazole (40), (Figure 5), 

murrayanine (58) (Figure 8), murrayafoline A (71) and dictamine (75) (Figure 13), 

were isolated from the root of C. excavata (Sripisut et al., 2012). Compounds 34, 58 

and 112 exhibited highest cytotoxicity against oral cavity cancer, breast cancer and 

small cell lung cancer cell lines with IC50 values of 5.95 3.76 and 5.65 µg/mL, 

respectively. 

 

 

Figure 15. Structures of compounds 107−112. 
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Two new coumarins, clauexcavatins A (113) and clauexcavatins B (114) 

together with seven known coumarin, citrusarin A (115), clausenidin methyl ether 

(116) (Figure 16), clausenidin (31), dentatin (32), clausarin (33), nordentatin (34), 

and xanthyletin (35) (Figure 5), were isolated from the root of C. excavata (Peng et 

al., 2013).  

 

 

Figure 16. Structures of compounds 113−116. 

 

A new pyrano coumarin, excavatin A (117) (Figure 17), together with two 

known compounds nordentatin (34) (Figure 5) and binorpocitrin (110), were isolated 

from the root of C. excavate (Thant et al., 2019). Compounds 117, 34 and 110 showed 

antioxidant activity with IC50 values 0.286, 0.02, 0.278 mM. Compound 34 exhibited 

inhibition activity against maltase and sucrase with IC50 values 5.45 and 43.57 mM. 

However, compounds 110 and 117 displayed inhibition on yeast α-glucosidase with 

IC50 values 5.58 and 1.92 mM, respectively. 
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Figure 17. Structure of compound 117. 
 

Two known compounds, dentatin (32) and heptaphylline (46) were isolated 

from the root of C. excavata (Figure 5) (Thant et al., 2019). Compounds 32 and 46 

exhibited highest inhibitory on maltase enzymes with IC50 values 6.75 and 11.46 µM 

(positive control, acarbose (IC50, 2.35 µM)). 

 

  A new carbazole pyranocoumarin conjugate, carbazomarin C (118) (Figure 

28), together with a known carbazole alkaloid, mukonine (55) (Figure 8), and a 

pyranocoumarin, xanthoxyletin (36) (Figure 5), were isolated from the root of C. 

excavata (Aminah et al., 2019). Compounds 36 and 118 displayed exhibited inhibition 

activity against yeast α-glucosidase with IC50 values 4.81 and 0.22 mM. Compounds 

36 and 118 have stronger inhibition activity than the standard, acarbose (IC50 value 

4.89 mM). 

 

 

Figure 18. Structure of compound 118. 
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A carbazole alkaloid, 7-hydroxy heptaphylline (2,7-dihydroxy-3-formyl-1-(3'-

methyl-2'-butenyl) carbazole)  (119), was isolated from the root C. excavata (Figure 

19)(Thant et al., 2020). Compound 119 was evaluated by 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide assay against on HeLa cancer cells. This 

compound exhibited moderate inhibition activity with IC50 41.4 µg/mL. 

 

 

Figure 19. Structure of compound 119. 
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CHAPTER 3 

MATERIAL AND METHOD 

 

3.1. General experimental procedure 

All the chemicals and reagents for the synthesis were purchased from Sigma 

Aldrich (St. Louis, MO, USA). 1H and 13C NMR spectra were recorded at ambient 

temperature on a Bruker Ascend-400 (Bruker BioSpin, Rheinstetten, Germany) with 

deuterated solvents; deuterated chloroform (CDCl3) (𝛿H 7.26/𝛿C 77.0 ppm), deuterated 

methanol ( CD3OD)  (𝛿H 3.31/𝛿C 49.0 ppm), and deuterated dimethyl sulfoxide 

( DMSO-d6)  (𝛿H 2.50/𝛿C 39.5 ppm). High resolution electrospray ionization mass 

spectrometry ( HRESIMS)  spectra were measured using a Bruker micrOTOF mass 

spectrometer (Bruker Daltonik, Bremen, Germany) and Agilent TOF/Q-TOF mass 

spectrometer (Agilent Technologies, CA, USA). UV absorbance values were recorded 

by UV/Vis spectrophotometer microplate reader (FLUOstar® Omega, BMG 

LABTECH, Ortenberg, Germany, and SPECTROstar Nano, BMG LABTECH, 

Ortenberg, Germany). A Merck (Darmstadt, Germany) silica gel 60 and Sephadex 

LH-20 (Sigma Aldrich, St. Louis, MO, USA). Pre-coated silica gel 60 F254 on 

aluminium sheets (Merck, Darmstadt, Germany) were used for analytical thin-layer 

chromatography (TLC). 

 

3.2. Plant material 

The root of Clausena excavata (Figure 20) was collected from Walai 

Rukhavej Botanical Research Institute (WRBRI), Mahasarakham University, Na Dun 

District, Maha sarakham Province, Thailand, on 8 February, 2022. The plant material 
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was collected and identified by K. Wongpakam, WRBRI. A voucher specimen 

(Wongpakam 19-16) was deposited at WRBRI, Mahasarakham University. 

 

         

Figure 20. The root of C. excavata 

 

3.3. Extraction  

Roots of C. excavata were collected from Walairukhavej Botanical Research 

Institute (WRBRI), Na Dun District, Maha Sarakham Province, Thailand, in July 27, 

2018. The plant material was identified by K. Wongpakam, and a voucher specimen 

(Wongpakam 19-16) was deposited at WRBRI, Mahasarakham University, 

Khanwarawichai District, Maha Sarakham Province, Thailand.  

 

3.4. Isolation of the crude MeOH extract 

Small pieces of the air-dried roots of C. excavata (300 g) were refluxed in 

MeOH (5 L, 4.5 h, twice). The mixture was filtered and the MeOH solution was 

evaporated under reduced pressure to obtain a dark brown gum (40.0 g), which was 

applied on a silica gel column (400 g), and eluted with gradient mixtures of 

hexane−EtOAc (80:20, 60:40, 40:60, 20:80), hexane−EtOAc−AcOH (20:80:5), and 

then EtOAc−CH3COOH (100:5), to obtain fourteen fractions Fr.A−N.  
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Fr.A (596 mg) was applied over a silica gel column (54 g), and eluted with 

gradient mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100), to give eight 

subfractions Sfr. A1−8. Sfr.A3−5 were combined (138 mg) and a combined fraction 

was applied on a silica gel column (13 g), and eluted with gradient mixtures of 

hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100), and then with EtOAc−MeOH 

(80:20, 60:40, 40:60, 50:50) to afford 46 (25.3 mg) and 115 (7.1 mg). Sfr.A7 (242 

mg) was applied over a silica gel column (25 g), and eluted with gradient mixtures of 

hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100) to yield 33 (180.3 mg).  

 

Fr.B (2.31 g) was purified by a silica gel column (230 g) CC, and eluted with 

gradient mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100), to obtain 

five subfractions Sfr.B1−5. Sfr.B1 (237 mg) was applied on a silica gel column (24 

g), and eluted with gradient mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80) 

to give 33 (144.2 mg).  

 

Fr.C (668 mg) was applied over a silica gel (65 g), and eluted with gradient 

mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100), to get five 

subfractions Sfr.C1−5. Sfr.C2 (352 mg) was washed by stirring in hexane and then 

crystallized in hexane to afford 32 (320.0 mg).  

 

Fr.D (205 mg) was purified by silica gel column (20 g) CC, and eluted with 

gradient mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100), to give ten 

subfractions Sfr.D1−10. Sfr.D4 (64 mg) was applied on a silica gel column (10 g), 
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and eluted with gradient mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 

0:100) to obtain a collected subfraction which was further purified over a Sephadex 

LH-20 column, and eluted with MeOH to yield 80 (12.7 mg).  

 

Fr.E (368 mg) was applied over a silica gel column (36 g), and eluted with 

gradient mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100), to obtain 

nine subfractions Sfr.E1−9. Sfr.E2 (89 mg) was applied on a silica gel column (10 g), 

and eluted with gradient mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 

0:100), to provide two main subfractions Sfr.E2a and E2b. Each of Sfr.E2a (21 mg) 

and Sfr.E2b (9 mg) were separately purified by a Sephadex LH-20 column CC, and 

eluted with MeOH to afford 35 (3.2 mg) and 77 (0.8 mg). Sfr.E4 (278 mg) was 

purified over silica gel column (20 g), and eluted with gradient mixtures of 

hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100), to give 34 (20.0 mg).  

 

Fr.F (1.53 g) was washed by stirring in hexane (3.5 mL, ×2) and then with 

CH2Cl2 (3.5 mL, ×2) to yield 34 (1.07 g).  

 

Fr.G−I were combined (1.15 g) and this combined fraction was applied over a 

silica gel column (120 g), and eluted with hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 

0:100), to get ten subfractions Sfr.G1−10. Sfr.G3 (520 mg) was applied over a silica 

gel column (50 g), and eluted with gradient mixtures of hexane−EtOAc (60:40, 40:60, 

20:80, 0:100), and then EtOAc−MeOH from (90:10, 80:20, 70:30) to afford 34 (318.4 
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mg). Sfr.G5 (312 mg) was applied on a silica gel column (28 g), and eluted with the 

same manner of the mobile phase described above to yield 32 (150.4 mg).  

 

Fr.J (247 mg) was purified by silica gel column (25 g) CC, and eluted 

hexane−EtOAc (60:40, 40:60, 20:80, 0:100), and then EtOAc−MeOH from (90:10, 

80:20, 70:30) to give 34 (38.0 mg).  

 

Fr.K (491 mg) was purified over a silica gel column (40 g), and eluted with 

gradient mixtures of hexane−EtOAc (80:20, 60:40, 40:60, 20:80, 0:100), and then 

EtOAc−MeOH from (90:10, 80:20, 70:30, 50:50) to give five subfractions Sfr.K1−5. 

Sfr.K2 (145 mg) was washed by stirring in EtOAc (2 × 1.5 mL) and the residue was 

purified over a Sephadex LH-20 column, and eluted with MeOH to afford 43 (28.1 

mg).  
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3.5. Semi-synthesis of compounds 33a−33d, 80a and 34b−34d 

3.5.1. Compounds 33a and 80a 

Solutions of 33 (20.4 mg) and 80 (3.6 mg) in acetonitrile (0.5 mL) were mixed 

with Na2CO3 (excess) and stirred for 15 min at room temperature. CH3I (excess) was 

then added to the reaction mixtures. The progress of the reactions was monitored by 

TLC. After the reactions were complete, the mixtures were treated with H2O (0.5 mL) 

and extracted with EtOAc (3 × 0.5 mL). The EtOAc layers were dried over anhydrous 

MgSO4 and then evaporated. The residues were purified by column chromatography 

over silica gel (2 g for 33a and 0.4 g for 80a), using gradient of hexane−EtOAc from 

90:10 to 20:80 to afford 33a and 80a (Figure 21).  

 

3.5.2. Compounds 33b and 34b 

Solutions 33 (20 mg) and 34 (20 mg) in acetonitrile (0.5 mL) were mixed with 

Na2CO3 (excess)  and stirred for 15 min at room temperature. Then, epichlorohydrin 

(1.0 mL)  was added to the reaction mixtures and heated at 45−50 C for 4 h. After 

cooling to room temperature, 10% H2SO4 (0.1 mL) was added dropwise to the 

mixtures and heated at 85−90 C for 1 h. The progress of the reactions was monitored 

by TLC. After the reactions were completed, the mixtures were treated with H2O (0.5 

mL) and extracted with EtOAc (3 × 0.5 mL). The EtOAc layers were dried over 

anhydrous MgSO4 and then evaporated. The residues from the evaporation were 

purified by column chromatography over silica gel (2 g) and eluted with gradient of 

hexane−EtOAc from 90:10 to 20:80 to afford 33b and 34b (Figure 22).  
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3.5.3. Compounds 33c and 34c 

Solutions of 33 (20 mg) and 34 (20 mg) in acetonitrile (0.5 mL) were mixed 

with Na2CO3 (excess) and stirred for 15 min at room temperature. Ethyl bromoacetate 

(1 mL) was then added to the reaction mixtures and were heated at 45−50 C for 2 h. 

The progress of the reactions was monitored by TLC. After the reaction was 

completed, the mixtures were treated with H2O (0.5 mL) and extracted with EtOAc (3 

× 0.5 mL). The collected EtOAc layers were dried with anhydrous MgSO4, filtered 

and evaporated. The residues were purified by column chromatography over silica gel 

(2 g), using gradient of hexane−EtOAc from 90:10 to 20:80 for each compound to 

afford 33c and 34c (Figure 22). 

 

3.5.4. Compounds 33d and 34d 

Solutions of 33c and 34c were added 1-propanol (0.5 mL, 1.0 mL) and 1 M 

NaOH (0.5 mL, 1.0 mL). The reaction mixtures of 33d and 34d were warmed at 

45−50 C for 1h and 3h, respectively. The progress of the reactions was monitored by 

TLC. After the reactions were completed, the mixtures were cooled in ice bath and 

acidified to pH 5-6 by adding dropwise of 10% H2SO4, and stirred for 15 min. The 

mixtures were evaporated, treated with H2O (0.5 mL, 1.0 mL) and extracted with 

EtOAc (3 × 0.5 mL, 3 × 1.0 mL). The collected EtOAc layers were dried over 

anhydrous MgSO4, filtered and evaporated. The residues were purified by column 

chromatography over silica gel (2 g for 33d, and 5.0 g for 34d), using gradient of 

hexane−EtOAc from 90:10 to 0:100 and then EtOAc−MeOH from 90:10 to 60:40 to 

afford 33d and 34d (Figure 22). 
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Figure 21. Preparation of compounds 33a and 80a by methylation of 33 and 80. 

 

 

Figure 22. Preparation of compounds 33a−33d and 34b−34d from 33 and 34. 
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3.6. Structure identification 

 Structures of the isolated compounds, 32−35, 43, 46, 77, 80 and 115 were 

elucidated on the basis of spectroscopic data (1H NMR) compared with data reported 

in literatures. Structures of the semi-synthetic compounds, 33a−33d, 80a and 

34b−34d, were elucidated on the based on their spectroscopic data (1H, 13C NMR and 

MS spectroscopy) compared with their starting material compounds. 

 

3.7. Antimalarial activity assay 

The antiplasmodial activity was tested against a multidrug-resistant P. 

falciparum (K1) reference strain using a standardized fluorescent SYBR Green-based 

96-microplate assay (Bennett et al., 2004) (Smilkstein et al., 2004).  Parasites were 

cultured according to a reference procedure (Trager & Jensen, 2005), with slight 

modifications. Sample solutions were prepared in DMSO and 50 μL were used for the 

test. For screening, parasites were treated with 5 μg/mL of the samples, 200 nM 

artesunate (Sigma-Aldrich, Catalog #A3731–100MG) (standard antimalarial drug), or 

with 0.1% DMSO (control) and then incubated at 37 °C for 72 h under a gas mixture 

of 5% CO2, 5% O2, and 90% N2. To determine parasite growth inhibition, 

fluorescence associated with SYBR green-intercalate parasitic DNA of the samples 

and control was measured at 490 nm excitation and 540 nm emission using the 

EnVision Multilabel Reader. Parasite growth values were normalized to those for the 

DMSO solvent control. The results are reported as %inhibition. The assays were 

carried out in triplicate. 

 

% inhibition = [A (sample)-A (control)/A (control)] x 100 
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Human blood used in this study was performed under the human use protocol 

TMEC18-004, approved by the Institute Ethical Review Committee of the Faculty of 

Tropical Medicine, Mahidol University, Bangkok, Thailand. P. falciparum (K1) 

strain, a chloroquine-and pyrimethamine-resistant strain isolated in Thailand was used 

(Thaithong & M. Chutmongkonkul, 1983).  

 

3.8. -Glucosidase inhibitory activity assay 

The inhibitory activity toward α-glucosidase was assayed according to the 

previously described method (Promden et al., 2024). The    samples were first 

dissolved in DMSO to obtain a final concentration of 50 g/mL 2.5% DMSO in 

buffer. An aliquot of 10 µL was added to each well of a 96-well microplate. 

Subsequently, 130 µL of 100 mM phosphate buffer (pH 6.8) was added to each well, 

followed by addition of 20 µL of α-glucosidase from Saccharomyces cerevisiae (0.5 

U/mL) (Sigma-Aldrich, St. Louis, MO, USA). The microplate was then incubated at 

37 °C for 10 min. The enzymatic reaction was started by adding 50 µL of 2.5 mM p-

nitrophenyl-α-D-glucopyranoside (PNPG) (Sigma-Aldrich, St. Louis, MO, USA) as a 

substrate. In the control reaction, 10 µL of 2.5% DMSO was used instead of the 

compounds. The absorbance (A) of the control and samples were measured at 405 nm 

using a UV/Vis spectrophotometer microplate reader (FLUOstar® Omega, BMG 

LABTECH, Ortenberg, Germany) and the percentage inhibition was calculated using 

the equation below: 

 

% inhibition = [A (sample)-A (control)/A (control)] x 100 
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To determine the IC50 values for the active compounds (>50% inhibition at 50 

g/mL), samples were prepared to the final concentrations ranging from 0.5 to 50 

µg/mL 2.5% DMSO in buffer, and acarbose (Sigma-Aldrich, St. Louis, MO, USA) 

was used as a standard inhibitor in the assay. The IC50 values were calculated from a 

graph plotted between % inhibition against their corresponding concentrations. 

 

3.9. NO inhibitory activity assay 

Inhibition of NO production was evaluated in LPS (Sigma-Aldrich, St. Louis, 

MO, USA)-activated murine macrophage RAW 264.7 cells, according to the 

previously described method with some modifications (Makchuchit & Ruchilak 

Rattarom, 2017).  RAW 264.7 cells were cultured in Dulbecco’s Modified Eagle’s 

Medium (DMEM) (Gibco®, Life Technologies Corporation, New York, USA) 

supplemented with 10% fetal bovine serum (Gibco®, Life Technologies Limited, 

Paisley, UK) and 1% antibiotic-antimycotic solution (10 × 103 units/mL of penicillin, 

10 mg/mL of streptomycin, and 25 µg/mL of amphotericin B (Gibco®, Life 

Technologies Corporation, New York, USA). The cells were maintained at 37 °C in 

an incubator with 5% CO2 and 95% humidity. For the NO inhibitory assay, the RAW 

264.7 cells (1 × 106 cells/well) in DMEM were seeded into 96-well plates containing 

100 μL of culture medium and incubated for 24 h. Subsequently, the medium was 

replaced with fresh medium containing 2 μg/mL of LPS, and the test samples were 

added to each well at a final concentration of 20 μg/mL. DMSO was used in the 

solvent control wells. After 24 h of incubation, 100 μL of supernatant was transferred 

to new 96-well plates, and 100 μL of Griess reagent (1% sulfanilamide in 0.1% N-(1-

naphtyl)ethylenediamine dihydrochloide in 2.5% H3PO4 solution) was added to each 
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well. The absorbance (A) of the samples and the control was measured at 520 nm 

using a microplate reader (SPECTROstar Nano, BMG LABTECH, Ortenberg, 

Germany), and the percentage of NO inhibition was determined according to the 

formula below. Diclofenac sodium (Thermo Scientific, Shanghai, China) was used as 

a positive control. 

 

% Inhibition of NO production = [A (sample)-A (control)/A (control)] × 100 

 

To evaluate the cytotoxic effect of samples in RAW 264.7 cells in the assay 

condition, the MTT assay was performed. Briefly, after removing the supernatant 

from the incubated plate, a 5 mg/mL MTT solution was added to each well, and 

incubated at 37 C, in 5% CO2 for 2 h. Then the medium was removed, and 50 μL of 

DMSO was added to dissolve the formazan product. The absorbance was measured at 

570 nm using a microplate reader (SPECTROstar Nano, BMG LABTECH, 

Ortenberg, Germany). The percentage of cell survival was considered acceptable if it 

remained above 70% compared to the control. 

 

3.10. Cytotoxicity assay against human lung cancer A549 cell lines 

The cytotoxic activity against A549 cell line was assayed according to the 

previously described method with some modifications (Alley et al., 1988).  Briefly, 

cell suspensions in the culture medium (100 µL per well) were seeded into 96-well 

plates and incubated at 37 C in a humidified 5% CO₂ atmosphere. After 24 h, 100 µL 

of the culture medium containing the test sample was added to each well, followed by 

an additional 72 h incubation. After removing half of the medium, 10 μL of 5 mg/mL 
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MTT (Invitrogen®, Life Technologies Corporation, Oregon, USA) in phosphate 

buffer saline (Gibco®, Life Technologies Limited, Paisley, UK) was added, and the 

cells were incubated for 4 h at 37 C. Then, the medium was removed and DMSO (50 

µL per well) was added. The absorbance was measured at 570 nm by a microplate 

reader (SPECTROstar Nano, BMG LABTECH, Ortenberg, Germany). The 

absorbance values were used to calculate cell viability relative to the control. All 

assays were performed in triplicate, and the results were expressed as % cytotoxicity 

compared to the control group. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1. Extraction and TLC of the MeOH extract 

Small pieces of the air-dried roots of C. excavata (300 g) were refluxed in 

methanol (5 L, 4.5 h, twice). The mixture was filtered and the methanol solution was 

evaporated under reduced pressure to obtain a dark brown gum (40.0 g). The crude 

MeOH extract was analyzed by thin layer chromatography (TLC) for the chemical 

profile (Figure 23).  

 

      

                                                                          (A)       (B) 

Figure 23. TLC chromatogram of the methanol extract when observed under UV 

light 254 nm (A) and then sprayed with p-anisaldehyde sulfuric acid reagent and 

heated at 100−105 °C for 10 min (B). 

 

4.2. Isolation and structure elucidation  

Fractionation and purification of the crude methanol extract by column 

chromatography resulted in the isolation of six pyranocoumarins, viz. dentatin (32) 

(Songsiang et al., 2012), clausarin (33) (Huang et al., 1997), nordentatin (34) 
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(Songsiang et al., 2012), xanthyletin (35) (Cristiane et al., 2009), kinocoumarin (80) 

(Huang et al., 1997), citrusarin A (115) (Chan et al., 2010) and three carbazole 

alkaloids, i. e. clausine K (43) (Wu et al., 1996), heptaphylline (46) (Ruangrungsi et 

al., 1990) and 7-methoxymukonal (77) (Thongthoom et al., 2010) (Figure 24). 

Structures of these compounds were elucidated by comparison of their 1H NMR 

spectral data (Figure A1−7, A14−17) with those reported in the literature.  

 

 

Figure 24. Structures of 32−34, 43, 46, 77, 80 and 115. 

 

4.2.1. Compound 32 (dentatin) 

Compound 32 (C20H22O4), colorless amorphous powder, was identified as 

dentatin based on spectroscopic data (Table 1) compared with those reported in 

literature (Songsiang et al., 2012). 1H NMR spectrum of 32 in CDCl3 was shown in 

Figure A2. 
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Table 1. 1H (400 MHz) NMR spectroscopic data of 32 in CDCl3. 

Position 
32  Dentatina 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

2 -  - 

3 6.17 (d, 9.6)  6.18 (d, 9.6) 

4 7.86 (d, 9.6)  7.86 (d, 9.6) 

4a -  - 

5 3.81, s  3.82, s 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.54 (d, 9.9)  6.56 (d, 9.9) 

10 5.68 (d, 9.9)  5.69 (d, 9.9) 

11 -  - 

12 1.63, s  1.66, s 

13 1.63, s  1.66, s 

14 -  - 

15 6.27 (dd, 17.4, 10.6)  6.30 (dd, 17.4, 10.6) 

16 4.86 (dd, 17.4,1.1) 

4.92 (dd, 10.6, 1.1) 

 4.87 (d, 10.6) 

4.94 (d, 17.4) 

17 1.42, s  1.45, s 

18 1.42, s  1.45, s 

 

Calibration of CDCl3 δH 7.26 ppm. aSongsiang et al., 2012. 

 

4.2.2. Compound 33 (clausarin) 

Compound 33 (C24H28O4), colorless amorphous powder, was identified as 

clausarin based on spectroscopic data (Table 2) compared with those reported in 

literature (Huang et al., 1997). 1H NMR spectrum of 33 in CDCl3 was shown in 

Figure A3. 
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Table 2. 1H (400 MHz) NMR spectroscopic data of 33 in CDCl3. 

Position 
33  clausarina 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

2 -  - 

3 -  - 

4 7.95, s  7.85, s 

4a -  - 

5 -  - 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.61 (d, 9.9)  6.51 (d,10.0) 

10 5.63 (d, 9.9)   5.68 (d, 10.0) 

11 -  - 

12 1.62, s  1.63, s 

13 1.62, s  1.63, s 

14 -  - 

15 6.27 (dd, 17.4, 10.6)  6.29 (dd, 17.5, 11.0) 

16 4.83 (dd, 10.6, 1.1) 

4.90 (dd, 17.4, 1.1) 

 4.86 (dd, 11.0, 1.1) 

4.91 (dd, 17.5, 1.1) 

17 1.46, s  1.47, s 

18 1.46, s  1.47, s 

19 - 

  

- 

 

20 6.17, (dd, 17.4, 10.5)  6.18 (dd, 17.5, 11.0) 

21 5.08, (dd, 17.4, 0.9) 

5.04, (dd, 10.6, 0.9) 

 5.08 (dd, 11.0, 1.1) 

5.09 (dd, 17.5, 1.1) 

22 1.41, s  1.44, s 

23 1.41, s  1.44, s 

5-OH -  5.69, s 

 

Calibration of CDCl3 δH 7.26 ppm. aHuang et al., 1997. 
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4.2.3. Compound 34 (nordentatin) 

Compound 34 (C19H20O4), colorless amorphous powder, was identified as 

nordentatin based on spectroscopic data (Table 3) compared with those reported in 

literature (Songsiang et al., 2012). 1H NMR spectrum of 34 in CDCl3 was shown in 

Figure A4. 

 

 

Table 3. 1H (400 MHz) NMR spectroscopic data of 34 in CDCl3. 

Position 
34  nordentatina 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

2 -  - 

3 6.04 (d, 9.6)  6.13 (d, 9.6) 
4 8.03 (d, 9.6)  8.04 (d, 9.6) 
4a -   

5 -  - 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.60 (d, 9.9)  6.55 (d, 9.9) 

10 5.57 (d, 9.9)  5.67 (d, 9.9) 

11 -   

12 1.58, s  1.57, s 

13 1.58, s  1.57, s 

14 -  - 

15 6.23 (dd, 17.4, 10.6)  6.27 (dd, 17.4, 10.6) 

16 4.86 (dd, 17.4, 1.1) 

4.79 (dd, 10.6, 1.1) 

 4.91 (d, 17.4) 

4.84 (d, 10.6) 

17 1.38, s  1.43, s 

18 1.38, s  1.43, s 

5-OH -  6.38, s 

 

Calibration of CDCl3 δH 7.26 ppm. aSongsiang et al., 2012. 
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4.2.4. Compound 35 (xanthyletin) 

Compound 35 (C14H12O3), colorless amorphous powder, was identified as 

xanthyletin based on spectroscopic data (Table 4) compared with those reported in 

literature (Cristiane et al., 2009). 1H NMR spectrum of 35 in CDCl3 was shown in 

Figure A5. 

 

 

Table 4. 1H (400 MHz) NMR spectroscopic data of 35 in CDCl3. 

Position 
35  xanthyletina 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

1 -  - 

2 -  - 

3 6.41 (d, 9.5)  7.60 (d, 9.2) 

4 7.79 (d, 9.5)  6.24 (d, 9.2) 

4a -  - 

5 6.94, s  6.72, s 

6 -  - 

7 -  - 

8 7.48, s  7.04, s 
8a -  - 

9 6.55 (d, 9.9)  6.36 (d, 9.6) 

10 5.89 (d, 9.9)  5.71 (d, 9.6) 

11 -  - 

12 1.68, s  1.43, s 

13 1.68, s  1.43, s 

 

Calibration of CDCl3 δH 7.26 ppm. aCristiane et al., 2009. 
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4.2.5. Compound 43 (clausine K) 

Compound 43 (C15H13NO4), brownish powder, was identified as clausine K 

based on spectroscopic data (Table 4) compared with those reported in literature (Wu 

et al., 1996). NMR spectrum (1H in CDCl3) (
1H, 13C, HSQC, NOSEY, COSY, Dept 

135, HMBC in DMSO-d6) of 43 was shown in Figure A6−13. 

 

 
 

Table 5. 1H NMR spectroscopic data of 43 in DMSO-d6. 

 

Position 
43  Clausine Ka 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

1 7.03, s  7.03, s 

2-OCH3 3.89, s  3.89, s 

3 -  - 

4 8.39, s  8.39, s 

5 7.94 (d, 8.4)  7.94 (d, 8.5) 
6 6.77 (dd, 8.4, 2.0)  6.77 (dd, 8.5, 2.0) 
7-OCH3 3.83, s  3.83, s 

8 6.97 (d, 2.0)  6.97 (d, 2.0) 
9 -  - 

-NH 11.27, s  11.27, br s 

 

Calibration of DMSO-d6 δH 2.50 ppm. aWu et al. 1996. 
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4.2.6. Compound 46 (heptaphylline) 

Compound 46 (C18H17NO2), yellow needle powder, was identified as 

heptaphylline based on spectroscopic data (Table 6) compared with those reported in 

literature (Ruangrungsi et al., 1990). 1H NMR spectrum of 46 in CDCl3 was shown in 

Figure A14. 

 

 

Table 6. 1H (400 MHz) NMR spectroscopic data of 46 in CDCl3 

Position 
46  heptaphyllinea 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

1 -  - 

2 -  - 

3 -  - 

4 8.07, s  8.04, s 

5 7.83 (d, 7.7)  7.97 (d, 7.6) 

6 7.11, m  7.27 (t, 7.6) 

7 7.25, (d, 3.8)  7.40 (t, 7.6) 

8 7.25, (d, 3.8)  7.40 (d, 7.6) 

9 3.48 (d, 6.8)  3.64 (d, 6.8) 

10 5.16 (t, 6.8)  5.32 (br t, 6.8) 

11 -  - 

12 1.62, s  1.77, s 

13 1.75, s  1.90, s 

2-OH 11.51, s  11.70, s 

3-CHO 9.75, s  9.91, s 

NH -  - 

 

Calibration of CDCl3 δH 7.26 ppm. aRuangrungsi et al., 1990. 
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4.2.7. Compound 77 (7-methoxymukonal) 

Compound 77 (C14H11NO3), yellow amorphous powder, was identified as 7-

methoxymukonal based on spectroscopic data (Table 7) compared with these reported 

in literature (Thongthoom et al., 2010). 1H NMR spectrum of 77 in CDCl3 was shown 

in Figure A15. 

 

 

 

Table 7.1H (400 MHz) NMR spectroscopic data of 77 in CDCl3.  

Position 
77  7-methoxymukonala 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

1 -  - 

2-OH 11.43, s   11.42, s 

3-CHO 9.92, s   9.92, s 

4 6.89, s  6.89, s 

5 6.86 (d, 8.2)  6.87 (d, 8.2) 
6 7.85 (d, 8.2)  7.84 (d, 8.2) 

7-OCH3 3.90, s  3.89, s 

8 8.05, s  8.04, s 

9-NH 8.13, br  8.15, br 

 

Calibration of CDCl3 δH 7.26 ppm. aThongthoom et al., 2010. 

 

4.2.8. Compound 80 (kinocoumarin) 

Compound 80 (C24H28O4), colorless amorphous powder, was identified as 

kinocomarin based on spectroscopic data (Table 8) compared with those reported in 

literature (Huang et al., 1997). 1H NMR spectrum of 80 in CDCl3 was shown in 

Figure A16. 
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Table 8. 1H (400 MHz) NMR spectroscopic data of 80 in CDCl3. 

Position 
80  kinocoumarina 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 
2 -  - 

3 6.14 (d, 9.6)  6.15 (d, 9.7) 
4 8.01 (d, 9.6)  8.10 (d, 9.7) 
4a -  - 

5 -  6.02, br 
6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.42, s  6.47, s 

10 -  - 

11 -  - 

12 1.61, s  1.63, s 

13 1.61, s  1.63, s 

14 -  - 

15 5.92 (dd, 17.4, 10.6)  5.92 (dd,17.7, 10.0) 

16 
4.90 (dd, 17.4, 1.1) 

4.84 (dd, 10.6, 1.1) 

 4.92 (dd, 17.7, 1.0) 

4.86 (dd, 10.0, 1.0) 

17 1.34, s  1.36, s 

18 1.34, s  1.36, s 

19 -  - 

20 6.28 (dd, 17.4, 10.6)  6.29 (dd, 17.7, 10.0) 
21 5.11 (dd, 17.4, 0.7) 

5.03 (dd, 10.6, 0.7) 

 5.10 (dd, 17.7, 1.0) 

5.03 (dd, 10.0, 1.0) 

22 1.47, s  1.36, s 

23 1.47, s  1.36, s 
 

Calibration of CDCl3 δH 7.26 ppm. aHuang et al., 1997. 
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4.2.9. Compound 115 (citrusarin A) 

Compound 115 (C14H12O3), yellow oil, was identified as citrusarin A based on 

spectroscopic data (Table 9) compared with these reported in literature (Chan et al., 

2010). 1H NMR spectrum of 115 in CDCl3 was shown in Figure A17. 

 

 

Table 9. 1H (400 MHz) NMR spectroscopic data of 115 in CDCl3 

Position 
115  Citrusarin Aa 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

1 -  - 

2 -  - 

3 6.07 (d, 9.6)  6.07 (d, 9.6) 

4 7.93 (d, 9.6)  7.93 (d, 9.6) 

4a -  - 

5 -  - 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

1′ -  - 

2′ -  - 

3′ 5.54 (d, 9.9)  5.54 (d, 9.9) 

4′ 6.45 (d, 9.9)  6.45 (d, 9.9) 

5′ 1.46, s  1.46, s 

6′ 1.46, s  1.46, s 

1′′ -  - 

2′′ 4.48 (d, 6.6)  4.48 (d, 6.6) 

3′′ 1.39 (d, 6.6)  1.39 (d, 6.6) 

4′′ 1.25, s  1.25, s 

5′′ 1.52, s  1.52, s 

 

Calibration of CDCl3 δH 7.26 ppm. aChan et al., 2010. 
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4.3. Semi-synthetic compounds 

 Compounds 33 and 80 were obtained by methylation of 33a and 80a (Figure 

35) with iodomethane (CH3I). Compounds 33b and 34b were prepared by 

etherification of 33 and 34 with epichlorohydrin in alkali solution, whereas 33c and 

34c were obtained by etherification of 33 and 34 with ethyl bromoacetate in alkali 

solution. Compounds 33d and 34d were obtained by basic hydrolysis of 33c and 34c 

(Figure 25), respectively. 

 

 

Figure 25. Structures of 33a−33d, 80a, and 34b−34d (semi-synthetic analogs). 
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Table 10. Semi-synthetic analogs of compounds 33 34 and 80. 

Starting 

compound 

(weight) 

Condition Semi-synthetic 

product 

(weight) 

% yield 

 

(1) Na2CO3 (excess) in CH3CN,  

      15 min, rt. 

(2) CH3I (excess) 

(3) Extraction 

 

98.5 

 

(1) Na2CO3 (excess) in CH3CN,  

     15 min, rt. 

(2) CH3I (excess) 

(3) Extraction 

 

30.6 

 

(1) Na2CO3 (excess) in CH3CN,  

      15 min, rt. 

(2) Epichlorohydrin (1.0 mL), 

      4 h, 45−50 °C 

(3) Cooling to rt. 

(4) 10% H2SO4 (100 µL), 1h,  

      85−90 °C 

(5) Extraction  

70.0 

 

(1) Na2CO3 (excess) in CH3CN,  

      15 min, rt. 

(2) Epichlorohydrin (1.0 mL), 4 h,  

      45−50 °C 

(3) Cooling to rt. 

(4) 10% H2SO4 (100 µL), 1h, 85−90 °C 

(5) Extraction 
 

74.5 

 

(1) Na2CO3 (excess) in CH3CN,  

     15 min, rt. 

(2) Ethyl bromoacetate (1.0 mL),  

      2 h, 45−50 °C 

(3) Extraction 

 

72.0 

 

(1) Na2CO3 (excess) in CH3CN,  

      15 min, rt. 

(2) Ethyl bromoacetate (1.0 mL),  

      2 h, 45−50 °C 

(3) Extraction 

 

76.5 
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Starting 

compound 

(weight) 

Condition Semi-synthetic 

product 

(weight) 

% yield 

 

 

(1) 1 M NaOH (0.5 mL) in 1-propanol  
        (0.5 mL), 1 h, 45−50 °C 

(2) Epichlorohydrin (1.0 mL), 

      4 h, 45−50 °C 

(3) Cooled in ice bath 

(4) Acidified to pH 5−6 by adding 10%  

      H2SO4, 15 min. 

(5) Extraction  

79.0 

 

 

(1) 1 M NaOH (1.0 mL) in 1-propanol  

       (1.0 mL), 1 h, 45−50 °C  

(2) Epichlorohydrin (2.0 mL), 4 h,    

      45−50 °C 

(3) Cooled in ice bath 

(4) Acidified to pH 5−6 by adding 10%  

      H2SO4, 15 min. 

(5) Extraction  

90.0 

 

4.3.1. Compounds 33a (O-methylclausarin) and 80a (O-methylkinocoumarin) 

Compound 33a (C25H30O4), Colorless amorphous solid, was identified as O-

methylclausarin based on 1H, 13C spectroscopic data (Table 11) and HRESIMS 

spectra (Figure A20). 1H and 13C NMR spectrum of 33a in CDCl3 was shown in 

Figure A18−19. 

 

Compound 80a (C25H30O4), Colorless amorphous solid, was identified as O-

methylkinocoumarin based on 1H, 13C spectroscopic data (Table 11) and HRESIMS 

spectra (Figure A23). 1H and 13C NMR spectrum of 80a in CDCl3 was shown in 

Figure A21−22. 
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Table 11. 1H (400 MHz) NMR spectroscopic data of 33a and 80a in CDCl3. 

Position 
33a  80a 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

2 -  - 

3 -  6.19 (d, 9.6) 

4 7.73, s  7.90 (d, 9.6) 

4a -  - 

5 -  - 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.57 (d, 9.9)  6.57, s 
10 5.67 (d, 9.9)  - 

11 -  - 

12 1.65, s  1.66, s 

13 1.65, s  1.66, s 

14 -  - 

15 6.31 (dd, 17.4, 10.6)  6.31 (dd, 17.4, 10.6) 

16 4.95 (dd, 17.4, 1.1) 

4.82 (d, 10.6, 1.1) 

 4.94 (dd, 17.4, 1.1) 

4.89 (dd, 10.6, 1.1) 

17 1.43, s  1.37, s 

18 1.43, s  1.37, s 

19 -  - 

20 6.18 (dd, 17.4, 10.6)  5.94 (dd, 17.5, 10.6) 

21 5.11 (d, 10.4) 

5.07, s 

 5.11 (dd, 17.5, 0.9) 

5.07 (dd, 10.6, 0.9) 

22 1.47, s  1.50, s 

23 1.47, s  1.50, s 

5-OCH3 3.82, s  3.85, s 

 

Calibration of CDCl3 δH 7.26 ppm.  
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13C NMR of 33a (CDCl3, 100 MHz) δC: 159.4, 154.9, 153.1, 151.0, 149.9, 

145.6, 132.8, 130.4, 130.2, 118.5, 116.5, 112.0, 111.5, 108.5, 107.7, 77.2, 63.2, 41.1, 

40.2, 29.3 (2C), 27.4 (2C), 26.1 (2C); HRESIMS m/z: 417.2037 [M + Na]+ (calcd. for 

C25H30O4Na+, 417.2036). 

 

13C NMR of 88a ( CDCl3, 100 MHz)  δC: 160.9, 155.3, 153.6, 151.1, 149.6, 

147.0, 146.6, 139.0, 118.8, 113.5, 113.1, 112.0, 111.6, 108.4, 107.6, 81.3, 63.3, 41.5, 

41.1, 29.4 (2C), 28.0 (2C), 27.4 (2C); HRESIMS m/z: 417.2037 [M + Na]+ (calcd. for 

C25H30O4Na+, 417.2036). 

 

4.3.2. Compounds 33b (clausarin 5-O-(3-chloropropane-2-ol)) and 34b 

(nordentatin 5-O-(3-chloropropane-2-ol)) 

Compound 33b (C27H33ClO5), Colorless amorphous solid, was identified as 

(clausarin 5-O-(3-chloropropane-2-ol)) based on 1H, 13C spectroscopic data (Table 

12) and HRESIMS spectra (Figure A26). 1H and 13C NMR spectrum of 33b in CDCl3 

was shown in Figure A24−25. 

 

Compound 34b (C22H25ClO5), Colorless amorphous solid, was identified as 

(nordentatin 5-O-(3-chloropropane-2-ol)) based on 1H, 13C spectroscopic data 

(Table 12) and HRESIMS spectra (Figure A29). 1H and 13C NMR spectrum of 80a in 

acetone-d6 was shown in Figure A27−28. 
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Table 12. 1H (400 MHz) NMR spectroscopic data of 33b and 34b. 

Position 
33b (in CDCl3)  34b (in acetone-d6) 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

2 -  - 

3 -  6.16 (d, 9.7) 

4 7.80, s  8.15 (d, 9.7) 

4a -  - 

5 -  - 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.57 (d, 9.9)  6.75 (d, 9.9) 

10 5.69 (d, 9.9)  5.85 (d, 9.9) 

11 -  - 

12 1.65, s  1.65, s 

13 1.65, s  1.65, s 

14 -  - 

15 6.30 (dd, 17.4, 10.4)  6.31 (dd, 17.4, 10.6) 

16 4.95 (dd, 17.4, 1.0) 

4.88 (dd, 10.4, 1.0) 

 4.92 (dd, 17.4, 1.1) 

4.85 (dd, 10.6, 1.1) 

17 1.43, s  1.47, s 

18 1.43, s  1.47, s 

19 -  - 

20 6.18 (dd, 17.4, 10.4)  - 

21 5.11 (dd, 17.4, 1.1) 

5.09 (dd, 10.5, 1.1) 

 
- 

22 1.47, s  - 

23 1.47, s  - 

1′ 3.83, m  3.87 (dd, 11.2, 5.8) 

3.78 (dd, 11.2, 5.8) 

2′ 4.23, m  4.26, m 

3′ 3.98, m  4.07, m 

 

Calibration of CDCl3 δH 7.26 ppm. Calibration of acetone-d6 δH 2.05 ppm 
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13C NMR of 33b ( CDCl3, 100 MHz)  δC: 159.3, 154.9, 153.1, 149.7, 148.9, 

145.6, 132.7, 130.7 (2C) , 119.0, 116.2, 112.1, 111.6, 108.1, 107.8, 75.5, 70.2, 45.5, 

41.1, 40.5, 29.7, 29.2 (2C), 27.4 (2C), 26.0 (2C); HREIMS m/z: 495.1911 [M + Na]+ 

(calcd. for C27H33O5ClNa+, 495.1909). 

 

13C NMR of 34b (acetone-d6, 100 MHz) δC: 160.2, 156.6, 154.9, 150.9, 150.7, 

140.1, 131.4, 119.5, 117.1, 112.8, 112.3, 108.5, 78.3, 77.8, 70.9, 70.8, 46.4 (2C), 29.9 

( 2 C ) , 27.6 ( 2C) ; HR-EIMS m/z: 427.1282 [M + Na]+ ( calcd. for C22H25ClO5Na+, 

427.1283). 

 

4.3.3. Compounds 33c (clausarin 5-O-(ethyl acetate)) and 34c (nordentatin 5-O-

(ethyl acetate)) 

Compound 33c (C28H34O6), Colorless amorphous solid, was identified as 

(clausarin 5-O-(ethyl acetate)) based on 1H, 13C spectroscopic data (Table 13) and 

HRESIMS spectra (Figure A32). 1H and 13C NMR spectrum of 33c in acetone-d6 was 

shown in Figure A30−31. 

 

Compound 34c (C22H26O6), Colorless amorphous solid, was identified as 

(nordentatin 5-O-(ethyl acetate)) based on 1H, 13C spectroscopic data (Table 13) and 

HRESIMS spectra (Figure A35). 1H and 13C NMR spectrum of 34c in acetone-d6 was 

shown in Figure A33−34. 
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Table 13. 1H (400 MHz) NMR spectroscopic data of 33c and 34c in acetone-d6. 

Position 
33c  34c 

δH, mult. (J in Hz)  δH, multri. (J in Hz) 

2 -  - 

3 -  6.18 (d, 9.7) 

4 8.19, s  8.27 (d, 9.7) 

4a -  - 

5 -  - 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.70 (d, 9.9)  6.71 (d, 9.9) 

10 5.87 (d, 9.9)  5.88 (d, 9.9) 

11 -  - 

12 1.65, s  1.65, s 

13 1.65, s  1.65, s 

14 -  - 

15 6.30 (dd, 17.4, 10.6)  6.29 (dd, 17.4, 10.6) 

16 4.92 (dd, 17.4, 1.0) 

4.85 (dd, 10.6, 1.0) 

 4.92 (dd, 17.4, 1.1) 

4.85 (dd, 10.6, 1.1) 

17 1.46, s  1.47, s 

18 1.46, s  1.47, s 

19 -  - 

20 6.23 (dd, 17.5, 10.6)  - 

21 5.08 (dd, 17.5, 1.0) 

5.04 (dd, 10.6, 1.0) 

 
- 

22 1.47, s  - 

23 1.47, s  - 

1′ 4.70, s  4.71, s 

2′ -  - 

3′ 4.23 (q, 7.1)  4.22 (q, 7.1) 

4′ 1.26 (t, 7.1)  1.26 (t, 7.1) 

 

Calibration of acetone-d6 δH 2.05 ppm 
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13C NMR of 33c (acetone-d6, 100 MHz) δC: 169.4, 159.3, 155.7, 153.9, 151.3, 

150.7, 146.5, 134.6, 131.5, 130.7, 118.9, 117.4, 112.2, 108.7, 108.6, 78.0, 72.8, 61.7, 

41.7, 40.9, 30.3, 29.9 (2C), 27.2  (2C), 26.4 (2C), 14.4; HREIMS m/z: 489.2257 [M + 

Na]+  (calcd. for C28H34O6Na+, 489.2248). 

 

13C NMR of 34c (acetone-d6, 100 MHz) δC: 168.3, 159.2, 155.7, 153.9, 150.4, 

149.8, 139.7, 130.7, 118.7, 116.3, 111.4, 111.3, 107.7, 107.6, 77.3, 71.9, 60.8, 40.9, 

29.0 ( 2C) , 26.56 ( 2C) , 13.5; HREIMS m/z: 421.1621 [M + Na]+  ( calcd. for 

C23H26O6Na+, 421.1622). 

 

4.3.4. Compounds 33d (clausarin 5-O-(acetic acid)) and 34d (nordentatin 5-O-

(acetic acid)) 

Compound 33d (C26H30O6), Colorless amorphous solid, was identified as 

(clausarin 5-O-(acetic acid)) based on 1H, 13C spectroscopic data (Table 14) and 

HRESIMS spectra (Figure A39). 1H and 13C NMR spectrum of 33d in CD3OD and 

DMSO-d6 were shown in Figure A36−38. 

 

Compound 34d (C21H22O6), Colorless amorphous solid, was identified as 

(nordentatin 5-O-(acetic acid)) based on 1H, 13C spectroscopic data (Table 15) and 

HRESIMS spectra (Figure A43). 1H and 13C NMR spectrum of 34d in CD3OD and 

DMSO-d6 were shown in Figure A40−42. 
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Table 14. 1H (400 MHz) NMR spectroscopic data of 33d. 

Position 
33d (in CD3OD)  33d (in DMSO-d6) 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

2 -  - 

3 -  - 

4 8.11, s  8.38, s 

4a -  - 

5 -  - 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.68 (d, 9.9)  6.68 (d, 9.9) 

10 5.78 (d, 9.9)  5.79 (d, 9.9) 

11 -  - 

12 1.64, s  1.58, s 

13 1.64, s  1.58, s 

14 -  - 

15 6.28 (dd, 17.4, 10.6)  6.24 (dd, 17.4, 10.6) 

16 4.92 (d, 1.1) *overlap  

4.84 (d, 1.1) 

 4.87 (dd, 17.4, 1.1) 

4.82 (dd, 10.6, 1.1) 

17 1.42, s  1.38, s 

18 1.42, s  1.38, s 

19 -  - 

20 6.17 (dd, 17.5, 10.6)  6.14 (dd, 17.4, 10.6) 

21 5.06 (dd, 17.5, 1.1) 

5.02 (dd, 10.6, 1.1) 

 5.01 (dd, 17.4, 1.1) 

4.97 (dd, 10.6, 1.1) 

22 1.45, s  1.40, s 

23 1.45, s  1.40, s 

1′ 4.29, s  4.13, s 

2′ -  - 

 

Calibration of CD3OD δH 3.31 ppm. Calibration of DMSO-d6 δH 2.50 ppm  

 



 

 

 
57 

 

 

Table 15. 1H (400 MHz) NMR spectroscopic data of 34d. 

Position 
34d (in CD3OD)  34d (in DMSO-d6) 

δH, mult. (J in Hz)  δH, mult. (J in Hz) 

2 -  - 

3 6.27 (d, 9.6)  6.24 (d, 9.7) 

4 8.26 (d, 9.6)  8.51 (d, 9.7) 

4a -  - 

5 -  - 

6 -  - 

7 -  - 

8 -  - 

8a -  - 

9 6.68 (d, 9.9)  6.68 (d, 9.9) 

10 5.80 (d, 9.9)  5.80 (d, 9.9) 

11 -  - 

12 1.64, s  1.58, s 

13 1.64, s  1.58, s 

14 -  - 

15 6.27 (dd, 17.4, 10.6)  6.24 (dd, 17.4, 10.6) 

16 4.92 (d, 1.0) *overlap 

4.84 (d, 1.0) 

 4.87 (dd, 17.4, 1.1) 

4.82 (dd, 10.6, 1.1) 

17 1.47, s  1.39, s 

18 1.47, s  1.39, s 

1′ 4.30, s  4.12, s 

2′ -  - 

 

Calibration of CD3OD δH 3.31 ppm. Calibration of DMSO-d6 δH 2.50 ppm  
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13C NMR of 33d (DMSO-d6, 100 MHz) δC: 171.1 , 158.5, 154.4, 152.3, 151.6, 

149.5, 145.5, 135.3, 129.9, 128.4, 117.0, 116.5, 111.7, 111.2, 108.1, 108.0, 76.8, 75.4, 

40.5 (2C), 29.2 (2C), 26.8 (2C), 26.1 (2C); HREIMS m/z: 461.1932 [M + Na]+  

(calcd. for C26H30O6Na+, 461.1935). 

 

13C NMR of 34d (DMSO-d6, 100 MHz) δC 170.9, 159.7, 155.2, 153.2, 151.8, 

149.6, 141.5, 130.0, 117.1, 116.9, 111.3, 110.3, 108.1, 107.9, 77.0, 75.6, 40.5, 29.2 

(2C), 26.9 (2C); HREIMS m/z: 393.1307 [M + Na]+  (calcd. for C21H22O6Na+, 

393.1309). 

 

4.4. Biological activities of the crude MeOH extract 

The crude MeOH extract was tested for antimalarial activity against        

P. falciparum at the Drug Research Unit for Malaria (DRUM), Faculty of Tropical 

Medicine, Mahidol University, Bangkok, Thailand, at concentrations of 5 and 1 

µg/mL. It showed antimalarial activities inhibition with 100% and 77.4% of at 5 and 1 

µg/mL, respectively (Table 16). 

 

NO inhibitory assay was conducted at the Faculty of Pharmacy, 

Mahasarakham University, Maha Sarakham, Thailand, at concentration 100 µg/mL. It 

showed NO inhibitory activity of 99.2% (Table 16). 
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Table 16. Biological activities of the crude methanol extract. 

Activity 
Concentration 

(µg/mL) 
%Inhibition 

%Cell 

Survival 

Antimalaria 5 100 - 

 1 77.4 - 

Nitric oxide 

inhibition 
100 99.2 9.0 

 

The root extract was tested for its antimalaria activity against P. falciparum. It 

showed 100% inhibition of the proliferation of the malaria parasite at the tested 

concentrations of 5 or 1 µg/mL. The active root extract was fractionated by silica gel 

column chromatography (CC) using hexane-ethyl acetate with 5% acetic acid in ethyl 

acetate and then ethyl acetate-methanol with 5% acetic acid as eluents to obtain 

fourteen combined fractions, A–N, based on their similarity of TLC bands (Figure 

25). Fractions A–L showed > 99 inhibition against the P. falciparum at 5 µg/mL 

(Table 17). 

 

Figure 26. TLC chromatograms of the fractions from the methanol extract when 

observed under UV light 254 nm. 

A 

 

B C D E F G H I J K L M N 
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Table 17. Antimalaria activity of fractions from the crude methanol extract. 

Fraction 
%Inhibition 

5 µg/mL 1 µg/mL 

A 100 - 

B 100 - 

C 100 - 

D 100 - 

E 100 - 

F 100 - 

G 100 - 

H 100 - 

I 100 - 

J 100 - 

K 99.9 - 

L 99.3 - 

M - inactive 

N - inactive 

 

Inactive (%Inhibition less than 50). 

 

4.5. Biological activity of pure compound and semi-synthetic 

Compounds, 32−35,43, 46, 77, 80, 115, 33a−33d, 80a and 34b−34d were 

tested for biological activities, including antimalarial, α-glucosidase inhibitory 

activity, nitric oxide (NO) inhibitory activities and cytotoxicity assays against human 

lung cancer A549 cell lines.  
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4.5.1. Antimalarial activity  

Compounds 32−35,43, 46, 77, 80, and 115 and the semi-synthetic derivatives, 

33b−33d and 34b−34d, were preliminarily screened for their inhibitory activity 

against antimalarial at the concentration of 5 M. Other compounds were not included 

in this assay due to their minute amount obtained. Compounds that showed more than 

80% inhibition of antimalarial in the preliminary screening were further evaluated for 

their IC₅₀ values. Among the isolated compounds tested, the pyranocoumarin 33 

displayed the most potent antimalarial activity (IC50 = 0.58 µM), followed by 80 (IC50 

= 1.10 µM), followed by 34 (IC50 = 5.62 µM) and 32 (IC50 = 7.66 µM) (Seephonkai et 

al., 2023). For the semi-synthetic analogs, 33a displayed antimalaria activity (IC50 = 

1.97 µM), and 80a (IC50 = 3.25 µM), while 33b and 33d displayed weak activity 

(Table 18). 
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Table 18. Antimalarial activities of the isolated compounds of C. excavata. 

Compound IC50 (µM) 

32 >7.66ref 

33 0.58ref 

34 5.62ref 

35 ND 

43 ND 

46 ND 

77 ND 

80 1.10ref 

115 ND 

33a 1.97 

80a 3.25 

33b Weakly active 

34b ND 

33c Weakly active 

34c ND 

33d ND 

34d ND 

Artesunate 0.00234 

 

At 95% confidence interval. ND = Not determined. refSeephonkai et al., 2023. 

 

4.5.2. α-Glucosidase inhibition activity  

Compounds 43, 46, 80, and, 115 and the semi-synthetic derivatives, 33b−33d 

and 34b−34d, were preliminarily screened for their inhibitory activity against -

glucosidase at a concentration of 50 µg/mL. Other compounds were not included in 

this assay due to their minute amount obtained. Compounds that showed more than 

50% inhibition of - glucosidase in the preliminary screening were further evaluated 

for their IC₅₀ values. The -glucosidase inhibitory activity of the tested compounds is 
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shown in Table 19. Compounds 46, 80, 33b, 33c, 34b and 34c displayed higher α-

glucosidase inhibitory activity than the positive control, acarbose (IC₅₀ 391.47 μM), 

with IC₅₀ values ranging from 32.89 to 92.55 μM. Compound 80 and the semi-

synthetic analogue, 33b, exhibited the most potent 5 inhibitory effect, with IC50 

values of 34.57 and 32.89 µM, respectively, which are more than 10 folds stronger 

than acarbose. When compared to the α-glucosidase inhibitory activity of 33, 33a, 34 

and 34a, recently reported by our group, 20 it was found that 2 showed an IC50 value 

slightly less than that of 34, but ca. 4 folds higher than 3. These results suggested that 

the prenyl group at C-2 of the coumarin scaffold of linear pyranocoumarins plays a 

vital role in α-glucosidase inhibitory activity. The IC50 values of the semi-synthetic 

33b (IC50 = 32.89 µM) and 33c (IC50 = 80.68 µM) are higher than those previously 

reported for 33a (IC50 = 47.85 µM) and 33 (IC50 = 8.36 µM). Similarly, the IC50 

values of the semi-synthetic analogs, 34b (IC50 = 69.82 µM) and 34c (IC50 = 92.55 

µM), are higher than that of the previously reported for 34 (IC50 = 48.54 µM). 20 

These results revealed that etherification of the phenolic hydroxyl group at C-5 of 33 

and 34 dramatically decreases their α-glucosidase inhibitory activity. Interestingly, the 

semi-synthetic analogs with chlorine containing alkyl group (33b and 34b) are more 

active than the analogs without chlorine (33c and 34c). Despite the decreased activity 

of the 5-O-alkyl ether analogs (33b/33c and 34b/34c) relative to the parent 

compounds (33 and 34) with a free 5-hydroxyl group, they showed stronger activity 

than the positive control, acarbose. Intriguingly, the analogs containing a carboxyl 

group (33d and 34d), at 50 µg/mL, showed the enzyme inhibition less than 70% 

(Table 19). 
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Table 19. α-Glucosidase inhibition activity of the isolated compounds of C. excavata. 

Compound IC50 (µM) 

32 147.46 ± 6.30ref 

33 8.36 ± 0.43ref 

34 48.54 ± 2.51ref 

35 NT 

43 ND 

46 62.08b ± 2.10 

77 NT 

80 34.57a ± 5.55 

115 ND 

33a 47.85 ± 4.70ref 

80a NT 

33b 32.89a ± 3.44 

34b 69.82b ± 3.61 

33c 80.68b, c ± 7.42 

34c 92.55c ± 15.30 

33d ND 

34d ND 

Acarbose 391.47d ± 2.05 

 

Results are given at the lowest concentrations causing 50% of inhibition (IC50), and 

are expressed as means ± SD of an experiment performed in triplicate for the 

compounds that showed the inhibition of >70% for the α-glucosidase at 50 g/mL. 

NT = Not tested. ND = Not determined. Ref = Data reported by (Promden et al., 

2024) with the IC50 of acarbose 430.35 ± 21.34 M. Different small superscript letters 

(a, b, c, d) indicate significant differences between the IC50 values of the compounds            

(p <0.05, Tukey’s HSD test). 
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4.5.3. Nitric oxide activity (NO) and cytotoxicity against A459 cell lines 

 Preliminary screening of 32−35, 43, 46, 77, 80, and 115 as well as the semi-

synthetic analogs, 33a−33d, 80a, and 34b−34d, at a concentration of 20 g/mL 

(except 33 which was tested at 15 g/mL), for their capacity to reduce LPS-induced 

NO production in macrophage RAW 264.7 cells was performed and results are shown 

in Table 20. The compounds that showed more than 50% inhibition of NO 

production, and with at least 70% cell viability in the screening assay were further 

evaluated to determine their IC₅₀ values. Among the isolated compounds tested, the 

pyranocoumarin 33 displayed the most potent NO inhibitory activity (IC50 = 27.95 

µM), followed by 34 (IC50 = 35.41 µM) and 80 (IC50 = 38.25 µM), while the 

carbazole 43 displayed ca. 2 folds much weaker activity, (IC50 = 68.81 µM). For the 

semi-synthetic analogs, only 33d displayed NO inhibitory activity with an IC50 = 

33.62 µM. On the other hand, the semi-synthetic compounds 33b and 34b displayed 

cytotoxicity against RAW 264.7 cells the in -glucosidase inhibitory activity assay 

with cell viability less than 70%. This might be due to the presence of chlorine atoms 

in the molecules of 33b and 34b that contributes the cytotoxicity. The chemical 

structure of the chlorinated compounds has a significantly higher influence on their 

toxicity. 

Based on their cytotoxicity, the semi-synthetic analogs, 33b and 34b, were 

also assayed for their growth inhibitory activity against non-small cell lung cancer 

(A549) cells by the MTT method. Both 33b and 34b, which were toxic to RAW 264.7 

cells, displayed potent growth inhibitory activity against the A549 cells, with IC50 

values of 11.71 and 22.39 µM, respectively (Table 20). It is worth noting that 33b is 

2 folds more active than the positive control, cisplatin (IC50 = 21.56 µM). 
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Table 20. Nitric oxide inhibitory activities and cytotoxicity against A459 cell lines. 

Compound 
NO inhibitory activity 

IC50 (µM) 

Cytotoxicity against 

A459 cell lines 

IC50 (µM) 

32 ND NT 

33 27.95a ± 1.74 NT 

34 35.41a, b ± 0.63 NT 

35 ND NT 

43 65.81c ± 4.31 NT 

46 ND NT 

77 NT NT 

80 38.25b ± 1.64 NT 

115 ND NT 

33a ND NT 

80a NT NT 

33b ND 11.71a ± 0.53 

34b ND 23.39b ± 2.72 

33c ND NT 

34c ND NT 

33d 33.62a, b ± 2.19 NT 

34d ND NT 

Diclofenac 222.42d ± 6.47  

Cisplatin  21.56b ± 1.98 

 

Results are given at the lowest concentrations causing 50% of inhibition (IC50), and 

are expressed as means ± SD of an experiment performed in triplicate for the 

compounds that showed the inhibition of >60% without obvious cytotoxic effect on 

RAW 264.7 cells measured by the MTT assay (cell viability >70%) for the NO 

inhibitory activity. NT = Not tested. ND = Not determined. Different small 

superscript letters (a, b, c, d) indicate significant differences between the IC50 values 

of the compounds (p <0.05, Tukey’s HSD test). 
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CHAPTER 5 

CONCLUSION 

 

In summary, C. excavata, a medicinal plant with significant traditional use, 

has been investigated for its pyranocoumarins and carbazole alkaloids, which are 

valuable scaffolds for drug development. Re-examination of its root methanol extract 

led to the isolation of nine compounds and the generation of semisynthetic analogs via 

etherification. Bioactivity assays revealed that semisynthetic analogs generally had 

weaker α-glucosidase inhibitory and nitric oxide (NO) inhibitory activities compared 

to their parent compounds, with one analog (33d) showing mild NO inhibition and 

others (33b and 34b) exhibiting cytotoxicity. Moreover, 33a and 80a displayed 

antimalarial activity with IC₅₀ values of 1.97 and 3.25 µM, respectively. 
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Figure 27. Structures of 32−35, 80, 115 (natural products), and 33a−33d, 80a, and 

34b−34d (semi-synthetic analogs). 
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Figure A1. 1H NMR spectrum of crude methanol in CDCl3 (400 MHz). 
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Figure A2. 1H NMR spectrum of 32 in CDCl3 (400 MHz). 
 

 
 

Figure A3. 1H NMR spectrum of 33 in CDCl3 (400 MHz). 
 



 

 

 
 82 

 
 

Figure A4. 1H NMR spectrum of 34 in CDCl3 (400 MHz). 
 

 
 

Figure A5. 1H NMR spectrum of 35 in CDCl3 (400 MHz). 
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Figure A6. 1H NMR spectrum of 43 in CD3OD (400 MHz). 

 

 

 
 

Figure A7. 1H NMR spectrum of 43 in DMSO-d6 (400 MHz). 
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Figure A8. 13C NMR spectrum of 43 in DMSO-d6 (100 MHz). 

 

 

 
 

Figure A9. HSQC spectrum of 43 in DMSO-d6 (100 MHz). 
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Figure A10. NOSEY spectrum of 43 in DMSO-d6 (100 MHz). 

 

 

 
 

Figure A11. COSY of 43 in DMSO-d6 (100 MHz). 
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Figure A12. Dept of 43 in DMSO-d6 (100 MHz). 

 

 
 

Figure A13. HMBC of 43 in DMSO-d6 (100 MHz). 
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Figure A14. 1H NMR spectrum of 46 in CDCl3 (400 MHz). 
 

 
 

Figure A15. 1H NMR spectrum of 77 in CDCl3 (400 MHz). 
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Figure A16. 1H NMR spectrum of 80 in CDCl3 (400 MHz). 
 

 
 

Figure A17. 1H NMR spectrum of 115 in CDCl3 (400 MHz). 
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Figure A18. 1H NMR spectrum of 33a in CDCl3 (400 MHz). 

 

 
 

Figure A19. 13C NMR spectrum of 33a in CDCl3 (100 MHz) 
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Figure A20. HRESIMS of 33a (positive ion mode). 
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Figure A21. 1H NMR spectrum of 80a in CDCl3 (400 MHz). 

 

 
 

Figure A22. 13C NMR spectrum of 80a in CDCl3 (100 MHz). 
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Figure A23. HRESIMS of 80a (positive ion mode). 
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Figure A24. 1H NMR spectrum of 33b in CDCl3 (400 MHz). 

 

 
 

Figure A25. 13C NMR spectrum of 33b in CDCl3 (100 MHz). 
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Figure A26. HRESIMS of 33b (positive ion mode). 
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Figure A27. 1H NMR spectrum of 34b in acetone-d6 (400 MHz). 

 

 
 

Figure A28. 13C NMR spectrum of 34b in acetone-d6 (100 MHz). 
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Figure A29. HRESIMS of 34b (positive ion mode). 
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Figure A30. 1H NMR spectrum of 33c in acetone-d6 (400 MHz). 

 

 
 

Figure A31. 13C NMR spectrum of 33c in acetone-d6 (100 MHz). 
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Figure A32. HRESIMS of 33c (positive ion mode). 
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Figure A33. 1H NMR spectrum of 34c in acetone-d6 (400 MHz). 

 

 
 

Figure A34. 13C NMR spectrum of 34c in acetone-d6 (100 MHz). 
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Figure A35. HRESIMS of 34c (positive ion mode). 
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Figure A36. 1H NMR spectrum of 33d in CD3OD (400 MHz). 
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Figure A37. 1H NMR spectrum of 33d in DMSO-d6 (400 MHz). 

 

 
 

Figure A38. 13C NMR spectrum of 33d in DMSO-d6 (100 MHz). 
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Figure A39. HRESIMS of 33d (positive ion mode). 
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Figure A40. 1H NMR spectrum of 34d in CD3OD (400 MHz). 
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Figure A41. 1H NMR spectrum of 34d in DMSO-d6 (400 MHz). 

 

 
 

Figure A42. 13C NMR spectrum of 3d in DMSO-d6 (100 MHz). 
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Figure A43. HRESIMS of 34d (positive ion mode). 
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Figure A44. 1H NMR spectrum of 33 and 33a in CDCl3. 

 

 
 

Figure A45. 1H NMR spectrum of 80 and 80a in CDCl3. 
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Figure A46. 1H NMR spectrum of 33 and 33b in CDCl3. 
 

 
 

Figure A47. 1H NMR spectrum of 34 (CDCl3) and 34b (acetone-d6). 
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Figure A48. 1H NMR spectrum of 33 (CDCl3) and 33c (acetone-d6). 
  

 

 
 

Figure A49. 1H NMR spectrum of 34 (CDCl3) and 34c (acetone-d6). 
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Figure A50. 1H NMR spectrum of 33 (CDCl3) and 33d (DMSO-d6). 

 

 

 
 

Figure A51. 1H NMR spectrum of 34 (CDCl3) and 34d (DMSO-d6). 
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