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ABSTRACT (THAI) 

 

 สุวิมล สินสุข : ปฏิกิรยิาเคมีแสงของเรนิอีราไมซินและการประเมินความเป็นพิษต่อเซลล์มะเร็งปอด. ( 
PHOTOCHEMICAL REACTION OF RENIERAMYCINS AND EVALUATION OF CYTOTOXICITY AGAINST LUNG 
CANCER CELLS) อ.ที่ปรึกษาหลกั : รศ. ดร.ศุภกาญจน์ ชำน ิ

  
มะเร็งปอดเป็นสาเหตุของการเสียชีวิตมากกว่ามะเร็งชนิดอื่น ๆ ซ่ึงผู้ป่วยมะเร็งปอดโดยส่วนใหญ่จะพบมะเร็งปอดชนิด

เซลล์ไม่เล็ก (NSCLC) มะเร็งปอดเป็นโรคที่รักษายากเนื่องจากปัญหาการดื้อยา ดังนั้น ในปัจจุบันจึงมีความต้องการยาต้านมะเร็ง
ปอดที่มีประสิทธิภาพพร้อมความปลอดภัยและเข้าถึงได้ง่าย Ecteinascidin 743 (Trabectedin หรือ Yondelis®) มีโครงสร้างที่
จัดอยู่ในกลุ่มเตตราไฮโดรไอโซควิโนลีนอัลคาลอยด์ที่ได้จากสิ่งมีชีวิตทางทะเล เป็นยาที่ได้รับการอนุมัติสำหรับการรักษาโรคมะเร็ง
ปอดในมนุษย์ ในงานวิจัยนี้จึงศึกษากระบวนการกึ่งสังเคราะห์ของสารอนุพันธ์เรนิอีราไมซินชนิดใหม่ ๆ ให้มีโครงสร้างของคาร์บอน
ตำแหน่งที่ 7, 8 และ 22 คล้ายกับยาดังกล่าว เพื่อการค้นพบและพัฒนาสารที่มีฤทธิ์เป็นพิษต่อเซลล์มะเร็งปอดชนิดเซลล์ไม่เล็ก กลุ่ม
สารเรนิอีราไมซินสามารถแยกได้จาก Xestospongia sp. ซ่ึงเป็นฟองน้ำสีน้ำเงินที่พบบริเวณเกาะสีชัง จังหวัดชลบุรี ประเทศไทย 
โดยมีเรนิอีราไมซิน เอ็ม เป็นอัลคาลอยด์หลักที่สกัดได้ และมีโครงสร้างหลักเป็นบิสเตตราไฮโดรไอโซควิโนลีนควิโนน โดยพบว่าเรนิอี
ราไมซิน เอ็ม แสดงความเป็นพิษต่อเซลล์มะเร็งปอดชนิดเซลล์ไม่เล็ก ดังนั้นจึงทำการศึกษาการปรับเปลี่ยนโครงสร้างโดยเน้นที่การ
ดัดแปลงของหมู่แทนที่คาร์บอนตำแหน่ง 7 และ 8 ของเรนิอีราไมซินจากธรรมชาติ คือ เรนิอีราไมซิน เอ็ม, เอ็น, และโอ ด้วย
ปฏิกิริยาเคมีแสง ร่วมกับการศึกษาสภาวะการเกิดปฏิกิริยาภายใต้แหล่งกำเนิดแสง และตัวทำละลายต่าง ๆ ที่ให้ผลผลิตของหมู่ 
[1,3]-dioxole ที่คาร์บอนตำแหน่ง 7, 8 สูงที่สุด จากการทดลองพบว่าปฏิกิริยาที่ใช้แสงสีฟ้าในไดคลอโรมีเทนให้ร้อยละผลผลิตที่ดี
ที่สุด ภายใต้ปฏิกิริยาเคมีแสงที่พัฒนาขึ้นนี้เรนิอีราไมซิน เอ็ม ให้ผลิตภัณฑ์เป็นเรนิอีราไมซิน ที และเรนิอีราไมซิน เอ็น และโอ ให้
ผลิตภัณฑ์เป็นเรนิอีราไมซิน ยู ซ่ึงผลจากปฏิกิริยาเคมีแสงสนับสนุนการเปลี่ยนแปลงโครงสร้างทางเคมีของสารเรนิอีราไมซินตาม
ธรรมชาติภายใต้สิ่งแวดล้อมใต้ทะเลที่แสงแดดส่องถึง นอกจากนี้ได้มีกระบวนการกึ่งสังเคราะห์อนุพันธ์เอสเทอของเรนิอีราไมซินที่มี
หมู่ 4'-ไพริดีนคาร์บอนิลที่คาร์บอนตำแหน่ง 22 โดยใช้ปฏิกิริยาเอสเทอริฟิเคชัน และอนุพันธ์ใหม่ที่ได้จากปฏิกิริยาจากแสงและเอ
สเทอริฟิเคชันที่มีทั้งหมู่ [1,3]-dioxole ที่คาร์บอนตำแหน่ง 7 และ 8 และ 4'-ไพริดีนคาร์บอนิลที่คาร์บอนตำแหน่ง 22 ในโครงสร้าง 
สารเรนิอีราไมซินจากธรรมชาติและอนุพันธ์ที่เตรียมได้รวมทั้งสิ้น 10 สาร ได้ถูกนำไปทดสอบฤทธิ์ความเป็นพิษต่อเซลล์มะเร็งปอด
ชนิดเซลล์ไม่เล็ก ชนิด H292 และ H460 พบว่า อนุพันธ์ 22-O-(4'-pyridinecarbonyl) jorunnamycin A แสดงค่า IC50 ที ่3.52 ± 
0.62 µM และ 3.98 ± 0.38 µM เมื่อเทียบกับเซลล์ H292 และ H460 ตามลำดับ ซ่ึงแสดงความเป็นพิษต่อเซลล์ได้ดีกว่าเรนิอีราไม
ซิน เอ็ม ที่เป็นสารตั้งต้น 10 และ 8 เท่าตามลำดับ และอนุพันธ์ 22-O-(4'-pyridinecarbonyl) renieramycin T แสดงค่า IC50 ที่ 
1.27 ± 0.20 µM และ 1.83 ± 0.83 µM เมื่อเทียบกับเซลล์ H292 และ H460 ตามลำดับ ซ่ึงแสดงความเป็นพิษต่อเซลล์ได้ดีกว่ายา
ต้านมะเร็งซิสพลาตินที่เป็นตัวควบคุมเชิงบวก 2 และ 3 เท่า ตามลำดับ ดังนั้น อนุพันธ์ใหม่ของสารเรนิอีราไมซินจึงเป็นที่น่าสนใจ
เพื่อพัฒนาต่อไปเป็นสารต้านมะเร็งปอดในอนาคต 
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ABSTRACT (ENGLISH) 

# # 6370009933 : MAJOR PHARMACEUTICAL SCIENCES AND TECHNOLOGY 
KEYWORD: Xestospongia sp.; marine sponge; renieramycins; semi-synthesis; photochemical reaction; anti-

cancer; non-small cell lung cancer (NSCLC) 
 Suwimon Sinsook : PHOTOCHEMICAL REACTION OF RENIERAMYCINS AND EVALUATION OF CYTOTOXICITY 

AGAINST LUNG CANCER CELLS. Advisor: Assoc. Prof. SUPAKARN CHAMNI, Ph.D. 
  

Lung cancer causes more deaths than any other type of cancers, with the majority of patients diagnosed 
with non-small cell lung cancer (NSCLC). Lung cancer is a difficult disease to treat because of the drug resistant problem. 
Therefore, there is an immediate need for effective, safe, and easily accessible anti-lung cancer drug. Ecteinascidin 743 
(Trabectedin or Yondelis®), a marine-derived tetrahydroisoquinoline alkaloid, is an approved drug for treating human 
lung cancer. This research was studied on the semi-syntheses of new renieramycins derivatives with similar structures to 
above drug for discovery and development of potent NSCLC cytotoxic agents. Renieramycins was extracted from 
Xestospongia sp., a blue sponge found at the vicinity of Si-Chang island, Chonburi, Thailand. Renieramycin M was 
reported as a major alkaloid possessing a bis-tetrahydroisoquinolinequinone as core structure. Regarding the previous 
report, renieramycin M shows cytotoxicity against NSCLC. Thus, structural modifications focusing on the transformation of 
substituents at carbon positions 7 and 8 of natural renieramycins including renieramycin M, N, and O were performed by 
photochemical reaction in conjugation with the reaction optimizations using various light sources and solvents to obtain 
the [1,3]-dioxole group at carbon positions 7 and 8, efficiently. The result showed that the photochemical reaction with 
blue light in dichloromethane furnished the highest yield. Under this optimized photochemical reaction, renieramycin M 
transformed to renieramycin T and renieramycin N and O produced renieramycin U. The results of photochemical 
reaction support chemical transformations of natural renieramycins under the ocean with sunlight exposure. 
Furthermore, semi-syntheses of the ester derivatives of renieranycins containing a 4'-pyridinecarbonyl substituent at 
carbon position 22, using an esterification reaction and new derivatives from the sequential esterification and 
photochemical reaction containing both 4'-pyridinecarbonyl substituent at carbon position 22 and [1,3]-dioxole group at 
carbon positions 7 and 8 were conducted. The series of natural renieramycins and derivatives totally 10 compounds 
were evaluated their cytotoxicity against H292 and H460 NSCLC cell lines. As the results, 22-O-(4'-pyridinecarbonyl) 
jorunnamycin A exhibited IC50 at 3.52 ± 0.62 µM and 3.98 ± 0.38 µM against H292 and H460, respectively with 10 and 8 
folds more potent than that of renieramycin M, mother compound. Besides, 22-O-(4'-pyridinecarbonyl) renieramycin T 
showed IC50 at 1.27 ± 0.20 µM and 1.83 ± 0.83 µM against H292 and H460, respectively with 2 and 3 folds more potent 
than that of Cisplatin, a first-line chemotherapeutic drug. Hence, these new renieramycins derivatives are the promising 
candidates for further development an anti-lung cancer agent.  
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CHAPTER I 
INTRODUCTION 

1.1 Background and Rational 

Bisisoquinolinequinone marine alkaloids, including renieramycins, saframycins, 

ecteinascidins, and jorunnamycins, have been identified as highly effective anticancer 

agents(1, 2). Ecteinascidin 743, alternatively referred to as trabectedin, is a compound 

derived from the Caribbean tunicate, Ecteinascidia turbinata. In 2015, the United 

States Food and Drug Administration granted approval for its application in the 

treatment of advanced soft tissue sarcoma and ovarian carcinoma. Lurbinectedin 

(PM01183), a bistetrahydroisoquinoline analog, received approval in 2020 for the 

second-line treatment of metastatic small-cell lung cancer. Both trabectedin and 

lurbinectedin (Figure 1) action through the same mechanism involving DNA-binding 

interactions, specifically targeting the N2 position of guanine within the DNA minor 

groove leading to double-strand breaks(3-6). Consequently, both compounds trigger 

apoptosis through the induction of double-strand breaks in the DNA(7, 8). 

 
 
 
 
 
 
 

Figure 1 The structures of bistetrahydroisoquinoline natural products 
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Renieramycins, a group of compounds exhibiting structural similarities to 

trabectedin, were initially isolated from a variety of marine sponges including the 

genera Reniera(9, 10), Cribrochalina(11), and Xestospongia(12, 13). Renieramycins belong to 

the bistetrahydroisoquinolinequinone family. Notably, they contain an angelate ester 

at the position 22. These m arine alkalo ids exh ib it sign ificant b ioactiv ities 

encompassing antimicrobial (9) and antileishmanial (14) properties, in addition to 

anticancer activities(12, 13, 15-17). Renieramycin M (1), N (2) and O (3) were successfully 

isolated in gram-scale quantities from the Thai sponge species, Xestospongia sp., 

located in  the Si-Chang Island of Thailand  (F igure 2) (13 ). Ren ieram ycin  M 

demonstrates cytotoxicity against an array of human cancer cell lines, including 

colon carcinoma (HCT116 and DLD1), lung carcinoma (QG56 and NCI-H460), 

pancreatic adenocarcinoma (AsPC1), and ductal breast epithelial tumor (T47D) (12, 13, 

15). Moreover, renieramycin T (4) and U (5) were isolated from Xestospongia sp.(15), a 

renieramycin-ecteinascidin hybrid marine natural alkaloid, contains a [1,3]-dioxole ring 

fusing to the left-side carbon framework (ring A) of renieramycin, which is similar to 

the structure of trabectedin. Compounds 4 and 5 exhibited robust in vitro anticancer 

activity, specifically in non -small-cell lung carcinoma (NSCLC) (15). Bistetrahydro 

isoquinolinequinone alkaloids have been reported to exert their cytotoxic 

mechanisms on non-small-cell lung carcinoma (NSCLC) cells through a variety of 

pathways. These include the sensitization of cells resistant to anoikis (18), the 

modulation of lung cancer stem cell (CSC) markers (19-21), and the suppression of the 
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epithelial-mesenchymal transition (EMT) (22). Additionally, these alkaloids induce 

apoptosis in lung cancer cells through several mechanisms involving degradation of 

the myeloid cell leukemia 1 (Mcl-1) protein(23), p53-dependent pathways(24, 25), and 

mitochondria-dependent pathways(26).  

Figure 2 The structures of natural tetrahydroisoquinolinequinone 

Based on literature relating to the structural modification of renieramycins, it 

has been found that the presence of a leaving group, such as hydroxyl group (−OH) 

and cyanoyl group (−CN), at the C-21 position is pivotal for the cytotoxicity (27). 

Furthermore, the structure-activity relationship (SAR) study on renieramycin focusing 

on side chain modification has shown that the introduction of a nitrogen-heterocyclic 

ester, such as a 4'-pyridinecarbonyl ester, can significantly improve cytotoxicity 

(Figure 3). In alignment with our previous investigations into side chains at the C -22 

position, the semi-synthetic derivatives of jorunnamycin A (6), possessing a 4'-

pyridinecarbonyl ester group (7), displayed enhanced cytotoxicity relative to their 

parent compounds against human colon carcinoma (HCT116), breast carcinoma 

(MDA-MB-435), and human NSCLC (H292 and H460) cell lines (28, 29). In addition, the 
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incorporation of a 4'-pyridinecarbonyl ester at the C-5 position has been achieved 

through the modification of hydroquinone 5-O-(4'-pyridinecarbonyl) of renieramycin 

M  (8 ), derived from  natural 1  via a two -step hydrogenation and selective 

esterification process. Compound 8 was observed to demonstrate inhibitory effects 

on NSCLC cell lines, with IC 50 values in the nanomolar range (16). Moreover, 

modifications to the ecteinascidin-renieramycin hybrid have been conducted on the 

left-hand system (A ring) by transforming the p-quinoline of 1 into a methylenedioxy-

bridged phenol of 4 via an ambient light-induced intramolecular photoredox 

reaction(30).  

 

 

 

 
Figure 3 The structures of 4'-pyridinecarbonyl ester derivatives of renieramycins 

In order to gain insights into the structure -activity relationship (SAR) of 

renieramycin-ecteinascidin hybrid compounds, this study aimed to investigate 

suitable conditions for the photochemical reaction to construct [1,3]-dioxole ring 

fusing to the left-side carbon framework (ring A) of renieramycin in conjugation with 

developing the 4'-pyridinecarbonyl substituted derivatives of renieramycin -type 

derivatives. These derivatives hold promise for potential drug development 
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endeavors. The sem i-syntheses of renieramycin -type derivatives involved 

photochemical reactions and esterification, starting from natural compounds 1 or 6. 

Subsequently, the in vitro cytotoxicity against NSCLC H292 and H460 cell lines was 

evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay. 

1.2 Objectives of Study 

      1. To study photochemical reactions for the modification of renieramycins. 

      2. To evaluate cytotoxicity of renieramycins derivatives against the non-small-cell 

lung cancer cells. 

1.3 Hypothesis of Study 

      1. Derivatives of renieramycins containing [1,3]-dioxole groups can be synthesized 

by photochemical reactions of renieramycins. 

      2. Derivatives of renieramycins containing [1,3]-dioxole groups show potent 

cytotoxicity against the non-small-cell lung cancer cells.   

1.4 Benefits of Study 

1. The photochemical reactions that can modify the structure of renieramycins. 

2. New derivatives of renieramycins show cytotoxicity against non-small-cell lung 

cancer cells. 
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1.5 Research Design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 Research design 

 
 
 
 
 
 

Evaluation of Inhibitory Concentration (IC50) 

MTT assay: non-small-cell lung cancer 
(NSCLC) cell lines H292 and H460 

Purification by column chromatography 

2. Cytotoxic evaluation of renieramycins derivatives 

Structure determination by 1H-NMR, 13C-NMR  
High-resolution mass spectroscopic methods 

 

(a) Photochemical reaction at carbon positions 7 and 8 
(b) Esterification at carbon positions 5 or 22 

(c)  

Natural renieramycins   Renieramycins derivatives 
 

1. Structural modifications of renieramycins 
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CHAPTER II 
LITERATURE REVIEW 

2.1 Natural Source of Renieramycins 

Renieramycins belong to the tetrahydoisoquinolinequinone marine alkaloid 

family that was isolated from the Thai blue sponge (Xestospongia sp.). The blue 

sponge is classified in phylum Porifera, kingdom Animalia, that found in the ocean 

around Thailand, Philippines, Australia, Indonesia, Malaysia (31). In Thailand, 

Xestospongia sp. was observed at Si-Chang island, the Gulf of Thailand and the 

Andaman Sea. The blue sponge habitat is generally relied on the adhesion  of the 

rock, sand, and coral reefs(13). It has been reported that when the sponge has wound, 

re n ie ram yc in s  is  p roduced  a s  th e  se cond a ry  m e tabo lite s  a t the  h igh 

concentrations (32). The blue sea sponge (Xestospongia sp.) is the food for the 

nudibranch (Jorunna funebris). After digestion, renieramycins are detected in various 

nudibranch’s organs such as the mantle tissue and foot muscles (32). Renieramycin M 

(1) is the major alkaloid isolated from the sponge Xestospongia sp. (Figure 5). The 

structure of this compound consists of the two units of tetrahydroisoquinoline - 

quinone. This compound exhibited potent cytotoxicity against several human cancer 

cell lines including breast cancer, colon cancer, lung cancer, pancreatic cancer and 

prostate cancer(16). Therefore, compound 1 plays a key role as drug lead and serves 

as a chemical template for structure-activity relationship studies in both chemistry 

and pharmacology aspects. 
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 The macroscopic characterizations of the blue sea sponge include bluish-gray 

color when it alive, clumpy surface, small many porous, thick body, oval oxeas, and 

many open tubular oscula(13). 

 
 
 
 
 
                     Xestospongia sp.(33) 

Figure 5 Thai blue sponge (Xestospongia sp.) and structure of renieramycin M 

2.2 Chemical Structure of Renieramycins 

The core chemical structure of renieramycins is a bistetrahydroisoquinoline -

quinone including 5 rings. The ring A and ring B are a tetrahydroisoquinolinequinone 

unit, as same as ring D and ring E. These two units are connected by ring C, which is a 

six membered heterocycle. Structure of renieramycin A -Y were reported and 

classified based on their characteristic structures at ring A, B, D and E involving 

tetrahydroisoquinoline, tetrahydroisoquinolinequinone, and hydroquinone (Figure 

6)(1). In general, ring A and ring E have quinone moiety, which is a reactive functional 

group prone to the reduction. The carbon at position 22 has an ester substituent 

called the angelate group. 
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Figure 6 Structure of renieramycins(1) 

2.3 Chemical Modification of Renieramycin M 

Renieramycins show structurally similar to saframycins and ecteinascidin 743, 

which is the approved anticancer drug (33). The distinct differences between the 

chemical structures of renieramycins and ecteinascidin-743 are a [1,3]-dioxole ring at 

carbon positions 7 and 8 along with substituent at carbon positions 21 and 22 

(Figure 7). The carbon at position 1 of ecteinascidin 743 contains cyclic ester, while 

renieramycins has liner ester as an angelate group. Besides, the carbon at position 5 
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of ecteinascidin 743 comprises of acetyl ester group, whereas renieramycins has 

quinone group. The modification of renieramycin M were reported with the 

improvement of cytotoxic potency against several cancer cell lines (29, 34). The 

transformation involved the elimination of angelate ester to deliver the hydroxyl 

group (−OH) of primary alcohol at the carbon position 22 and reinstalled the newly 

additional ester by esterification with corresponding carboxylic acid, acid chloride, 

and acid anhydride (Figure 8)(27). On the other option, reduction of a quinone group 

on rings A and E to obtain hydroquinone followed by esterification  was recently 

reported(16). Interestingly, the renieramycin M derivatives having 4'-pyridinecarbonyl 

group at the carbon position 22 and acetyl and n-propanoyl groups at the carbon 

position 5 (Table 1) displayed the stronger cytotoxicity than that of renieramycin M 

(1) against the H292 and H460 non-small-cell lung cancer cell lines(16, 29). Moreover, at 

carbon position 21, ecteinascidin 743 has hydroxyl group while renieramycin M  (1) 

has cyanide group. The carbon at position 21 can form carbinolamine, which is the 

point of DNA alkylation (15, 27). The cyanide group at carbon position 21 of 

renieramycin M (1) can be transformed into a hydroxyl group by reacting with silver 

nitrate via oxidation reactions(27).  

 
 
 

Figure 7 Structural comparison of saframycins, ecteinascidin 743 and renieramycins(1) 
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Figure 8 Semi-synthesis of renieramycins derivative from renieramycin M(27) 

Table 1 Cytotoxicity of potent renieramycin M derivatives against H292 and H460 

non-small-cell lung cancer cell lines(16, 29) 

 
Therefore, it is interesting to modify the renieramycin M (1) structure to 

contain the [1,3]-dioxole ring by using specific reaction such as photochemical 

reaction, which was recently reported (Figure 9)(35, 36). The synthesis of [1,3]-dioxole 

Structure 
Cytotoxicity  

IC50 ± SD (nM) Structure 
Cytotoxicity  

IC50 ± SD (nM) 
H292 H460 H292 H460 

1. 

24 ± 1 6.5 ± 0.4 

2.  

1.1 ± 0.1 1.6 ± 0.3 

3.   

 
 
 

3.0 ± 0.6 3.6 ± 0.4 

4.  
 

2.3 ± 0.4 5.1 ± 0.5 
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was succeeded by using the photo-induced ring-closing reaction. The photochemical 

reaction and mechanism  were revealed and applied to the total synthesis of 

ecteinascidins and renieramycin T (4) marine natural products (35). Based on the 

reported data, synthesis of [1,3]-dioxole using the photo-induced ring-closing reaction 

with one-pot acetylation gave the improved reaction yield (Figure 9 [1])(35). In 

addition, using tetrahydrofuran (THF) as a solvent under photochemical reaction with 

blue light showed the optimum yields (Figure 9 [2] and [3])(36). Moreover, the 

synthesized of ecteinascidin 743 from cyanosafracin B was investigated via 

in term ediate  18 , a  qu inone com pound, that underwent reduction w ith 

hydrogenation (under 1 atmosphere of H2, utilizing Pd/C catalyst). This reduction 

yielded an unstable hydroquinone, which was subsequently reacted w ith 

bromochloromethane (CH2BrCl) and cesium carbonate (Cs2CO3) in the presence of 

dimethylformamide (DMF) as a solvent. This reaction led to the formation of 

compound 19(37), where a [1,3]-dioxole ring was introduced at carbon positions 7 and 

8 of ring A. Continuing with investigations, compound 20 was reduced using a Pd/C 

catalyst (at a concentration of 10%) and immediately treated with a combination of 

CH2BrCl and Cs2CO3 in DMF. This treatment facilitated the formation of a five -

membered ring, producing compound 21 with a yield of 44%(38) (Figure 10). 
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Figure 9 Synthesis of [1,3]-dioxole ring by photo-induced ring-closing reaction of 
quinone moiety(35, 36) 

Figure 10 Synthesis of [1,3]-dioxole ring by hydrogenation of the quinone group(37, 38) 

Recently, Yokoya and his research team reported on the photoredox 

reactions of compounds in the 1,2,3,4-tetrahydroisoquinoline group, achieving  5-

hydroxy-tetrahydroisoquinol [1,3]-dioxoles in excellent yields (39). They also 

investigated the photoredox reactions of natural products such as saframycin A and 

renieramycin M. The photoredox reaction was successfully employed to convert 

renieramycin M into renieramycin T in a highly efficient manner (Figure 11). When 
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ren ie ram yc in  M  w as e xpo sed  to  an  18  W  fluo re scen t ligh t a t 25  °C  in 

dichloromethane (CH2Cl2) at a concentration of 0.4 mM, around the time of 10 hours, 

renieramycin T was obtained in a yield of 64%. Additionally, a minor amount of 

renieramycin S was produced in a yield of 6%. The complete consumption of the 

starting material necessitated a relatively lengthy reaction time of 10 hours. However, 

by employing a xenon lamp (300 W), switching to dichloroethane as the solvent, or 

adjusting the concentration of the starting material to 2 or 4 mM, the reaction time 

significantly decreased to a range of 3 to 8 hours (39). This research serves as an 

exemplary model for investigating favorable conditions to achieve high yields in 

photoredox reactions and for converting the quinone group into a closed -ring 

structure, specifically the [1,3]-dioxole ring. It provides valuable insights for future 

studies in these areas, paving the way for advancements in yield optimization and 

ring-closing transformations involving quinone compounds. 

Figure 11 Synthesis of [1,3]-dioxole ring by photoredox reaction of the quinone 
moiety(39) 
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2.4 Anticancer Activity of Renieramycins 

Renieramycins exhibited cytotoxicity against many types of cancer cells, 

including colon, lung, prostate, breast, pancreatic, and non-small-cell lung cancers(16). 

Renieramycins derivatives were developed as the new anticancer agents regarding 

DNA damage via free radicals generation from quinone moiety (16). It was found that 

renieramycin M caused the death of cancer cells via the necrosis rather than 

apoptosis pathway, which may result in greater undesirable toxicity of the 

compound(40). Measuring with dihydroethidium fluorescence probe specific to free 

radical species to identify the formation of superoxide anion free radicals causing the 

d e a th  o f c an ce r ce lls  th ro u gh  n e c ro s is  p a th w ay . In te re s t in g ly , 5 -O -

acetylhydroquinone renieramycin M was found to reduce the necrosis pathway, 

while continuing to cause cancer cell death via the apoptosis pathway, with the 

decrease of Bcl-2 and Mcl-1 in the intrinsic pathway(28, 41).  

 Natural renieramycins from Xestospongia sp. showed cytotoxicity against 

human carcinoma including colon (HCT116, DLD1), lung (QG56, NCI-H460) and 

prostate (DU145) (Table 2). The most potent cytotoxic agents against these cancer 

cell lines are renieramycin E, renieramycin N  and remieramycin M, respectively. 

Therefore, it is interesting to use these three compounds as the lead compounds for 

the structure-activity relationship study(12, 13, 27).  
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Table 2 Cytotoxicity of renieramycins(12, 13, 27) 

Compounds 

Human cancer cell line (IC50 in µM) 

Colon carcinoma Lung carcinoma Prostate 
carcinoma 

DU145 HCT116 DLD1 QG56 NCI-H460 

Renieramycin O 0.028 n.d. 0.040 n.d. n.d. 

Renieramycin Q 0.059 n.d. 0.071 n.d. n.d. 

Renieramycin R 0.023 n.d. 0.029 n.d. n.d. 

Renieramycin S 0.015 n.d. 0.026 n.d. n.d. 

Renieramycin M 0.0079 0.0096 0.019 0.0059 n.d. 

Renieramycin N 0.0056 0.0057 0.011 0.0067 n.d. 

Renieramycin E 0.00038 n.d. 0.001 n.d. 0.00038 

Renieramycin J 0.73 n.d. 0.51 n.d. 0.37 

n.d. refers to not determined. 

Renieramycin M was modified into a variety of new derivatives, which were of 

significant biological activity at carbon positions 5 and 22, with both positions being 

studied with the alkyl, aromatic, heterocyclic, and amino groups(16, 33). Furthermore, it 

was found that 22-O-(N-Boc-L-glycine) ester of renieramycin M obstructed the 

migration and invasion processes in human lung cancer cells by restraining the 

FAK/Akt-mediated signal, which subsequently led to the inhibition of the epithelial -

to-mesenchymal transition (EMT)(22). Moreover, hydroquinone 5-O-cinnamoyl ester of 

renieramycin M impeded cancer stem cells (CSCs) in H460 cells by obstructing the 

AKT/c-Myc signaling pathway leading to a decrease in the expression of the stem cell 
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transcription factors, namely Nanog, Oct4, and Sox2. Besides, it also inhibited the Akt-

regulated c-Myc pathway in other types of lung cancer cells(42) (Figure 12). 

Figure 12 The chemical structures of renieramycin M and renieramycin T derivatives 
(20-22, 42) 

Renieramycin T, a renieramycin-ecteinascidin hybrid compound primarily 

targeted and harmed lung cancer cells, leaving normal lung epithelial cells mostly 

unaffected. It expedites the breakdown of the Mcl-1, a known protein to regulate the 

survival and advancement of cancer(17). Then, an inflammation-related tumor model 

was created by using the supernatant of RAW264.7 cells to stimulate B16F10 mouse 

melanoma cells. Renieramycin T was found to inhibit the adhesion of B16F10 cells to 
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fibronectin-coated substrate, as well as their m igration and invasion through the 

Matrigel in dose dependent manner (43). Moreover, renieramycin T diminished the 

phosphorylation of STAT3 and reduced the expression of Nrf2, causing the inhibition 

of the migration and invasion of B16F10 cancer cells(43). In addition, renieramycin T 

was synthesized into various new derivatives with ester substituents at carbon 

position 5 (Figure 12). The series of renieramycin T derivatives showed to trigger 

apoptosis and reduce the expression of cancer stem cell (CSC) markers in H292 cells. 

5-O-acetyl renieramycin T enhanced cisplatin-induced apoptosis and reduced the 

count of cisplatin-induced CD133+ cells(20). This compelling evidence suggests that 5-

O-acetyl renieramycin T could be a potential contender as a sensitizer in cancer 

chemotherapy, potentially diminishing resistance and inhibiting tumor growth (20). 

Next, 5-O-N-Boc-L-alaninoyl renieramycin T exhibited a strong capacity to induce 

apoptosis and suppress CSCs in lung cancer cells. Furthermore, 5-O-N-Boc-L-alaninoyl 

renieramycin T showed the ability to perform allosteric inhibition of the Akt protein. 

Given the crucial role Akt plays in cancer cell survival and stemness characteristics, 

these findings suggest that 5-O-N-Boc-L-alaninoyl renieramycin T may hold promise 

as a potential treatment for CSC and Akt-driven cancers(21). 

The study investigating the anticancer effects of jorunnamycin A , a 

bistetrahydroisoquinolinequinone having free alcohol at carbon position 22, revealed 

that it specifically suppressed stem -like characteristics in lung CSC -enriched 

spheroids. This suppression occurred through the inhibition of the GSK-3β/β-catenin 
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signaling pathway, resulting in the downregulation of key transcription factors, 

namely Nanog, Oct-4, and Sox2 (44). Moreover, jorunnamycin A demonstrated its 

anticancer activity by sensitizing CSC-enriched lung cancer cells to cisplatin-induced 

apoptosis. This sensitization is achieved through the upregulation of the tumor 

suppressor protein p53 and a decrease in the expression of the anti -apoptotic 

protein Bcl-2 (44). In addition, the study on the derivative s of jorunnamycin A 

concerning reveals that the network pharmacology approach was utilized to initially 

identify the targets of 22-O-(4'-pyridinecarbonyl) jorunnamycin A in NSCLC. The in-

silico  analysis revealed 78 potential targets o f 22 -O -(4 '-pyrid inecarbonyl) 

jorunnamycin A against NSCLC(45). Given that inadequate apoptotic cell death leads 

to unsatisfactory clinical outcomes, understanding the underlying mechanisms is 

crucial for new drug development. Besides, 22-O-(4'-pyridinecarbonyl) jorunnamycin 

A possessed significant apoptotic-inducing properties. Through a combination of cell-

based assays and bioinformatic analysis, ERK1/2 and MEK1 were identified as 

molecular targets of 22-O-(4'-pyridinecarbonyl) jorunnamycin A, which play a crucial 

role in mediating apoptosis in NSCLC(45). 

2.5 Lung Cancer 

2.5.1. Lung Cancer Metastasis 

Based on data from the International Agency for Research on Cancer, it was 

projected that approximately 1.8 million cancer-related deaths and 2.2 million new 

cancer cases would occur globally across 36 countries in 2020 (46). Lung cancer, 
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affecting nearly one-quarter of the global population, continues to result in more 

fatalities than the four leading cancer types including brain, prostate, colorectal, and 

breast cancers combined. It holds the highest incidence rate (11.7% of total cases) 

among all cancer types and ranks second in terms of mortality (18% of total cancer 

deaths) for both men and women (46, 47). The high mortality rate associated with lung 

cancer can be attributed to its metastatic nature, with approximately 90% of deaths 

resulting from the spread of the tumor beyond its original site (48). Lung cancer is 

categorized into two main histological classes: non -small cell lung cancer (NSCLC) 

and small cell lung cancer (constituting approximately 15% of cases). These classes 

exh ib it d istinct b io log ical behavio rs. NSCLC can  be  fu rther d iv ided in to 

adenocarcinoma, large cell carcinoma, and squamous cell carcinoma, each with its 

unique patterns of growth and spread. NSCLC comprises over 80% of all lung cancer 

cases, especially among patients with advanced or metastatic disease, which 

generally carries a grim prognosis (49). Regrettably, a significant portion approximately 

57% of lung cancer patients are diagnosed at an advanced stage or with metastasis 

(stage IV disease), resulting in a low survival rate of only 5% at the 5 -year mark 

following diagnosis (47). The metastasis of NSCLC is influenced by several factors, 

including the histological subtype detected at the time of diagnosis, as well as the 

age and sex of the patient(50). Metastasis in lung cancer tends to occur frequently in 

various sites, including the bone, brain, liver, and adrenal gland (51). Extensive 

evidence indicates that lung cancer cells possess the ability to survive in hypoxic 
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conditions, evade immune responses, and migrate from the primary tumor site, 

ultimately increasing the likelihood of metastasis(52). Despite significant progress in the 

development of advanced treatment regimens, there is still no known curative 

therapy for advanced-stage metastatic lung cancer. 

2.5.2. Treatment Options for Lung Cancer and Advanced-stage NSCLC 

The management and treatment of clinical cases of lung cancer typically 

involve a combination of surgery, radiotherapy, chemotherapy, and targeted therapy. 

These treatment modalities can be administered individually or in combination, and 

the selection of specific options depends on factors such as the type of cancer cells, 

the stage of cancer, and the overall performance status of the patient(53). Surgery is 

the primary treatment modality for early -stage cancers (stage I and II) and is 

considered the only curative therapy. Approximately 25% of patients with lung 

cancer are eligible for surgical resection at the time of diagnosis(54). For patients with 

unresectable tumors, radiotherapy is often the treatment of choice. While surgery 

can be curative fo r early -stage d isease , m ost patients require add itional 

chemotherapy even after the removal of visible cancerous tissue during surgery. 

Although surgery and radiotherapy are considered standard options for early -stage 

NSCLC, the therapeutic effectiveness of radiotherapy is limited for patients with 

distant metastasis. Presently, one in three NSCLC patients have advanced -stage 

tumors (stage IV disease) that are not amenable to surgical eradication. For these 

patients, systemic chemotherapy remains the primary approach for palliative 
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treatment, aimed at prolonging life and improving quality of life (55, 56). Chemotherapy 

serves as the fundamental cornerstone for patients at all stages of NSCLC, ranging 

from early resectable tumors to advanced metastatic stages, where chemotherapy 

remains the sole treatment option. The current first-line therapy for stage IV NSCLC 

patients involves platinum-based chemotherapy as a single cytotoxic agent, resulting 

in a median survival of 6.5 months. However, combining cisplatin or carboplatin with 

taxanes or vinca alkaloids in doublet regimens extends survival to around 10 

months(57). Furthermore, combination chemotherapy incorporating targeted therapy 

such as monoclonal VEGF or pemetrexed has demonstrated an overall survival 

benefit of up to 12 months. This combination therapy is approved as the first-line 

treatment for stage IIIB and IV non-squamous NSCLC (58, 59). Additionally, several 

approved second-line therapies, including docetaxel (Taxotere), pemetrexed, 

erlotinib, and gefitinib, have been licensed for the treatment of all types of non -

small cell lung cancer. The combination of one of these agents has shown improved 

tolerability in phase II and randomized clinical trials conducted on patients with 

metastatic cancer. However, the development of acquired or intrinsic resistance 

poses limitations to the therapeutic success in cancer patients (60, 61). In addition, 

radiation therapy itself can have an impact on cancer cells by potentially inducing 

distant metastasis, promoting tumor m igration, and enhancing the invasive 

capabilities of the cancer cells(62, 63). In contrast, NSCLC cells exhibit lower sensitivity 

to radiation therapy and are less responsive to current treatment modalities 
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compared to SCLC cells. However, pretreatment with chemotherapy has shown the 

ability to enhance the sensitivity of cancer cells to radiotherapy, while the use of 

radiotherapy alone does not significantly impact the median survival rate. The 

current range of chem otherapeutic drugs for NSCLC does not sufficiently 

demonstrate cytotoxic agent activity in suppressing migration and invasion associated 

with metastasis (64). Despite advancements in the development of advanced 

treatments, there are still significant challenges in terms of side effects and overall 

survival rates, particularly when it comes to the poor responses observed with the 

current standard treatments, except in cases of localized tumors. Therefore,  there is 

an urgent need to develop more effective and better-tolerated chemotherapeutic 

treatments to address these issues. 

2.6 Rationale and Significance 

According to the World Health Organization (WHO) in 2018, lung cancer is the 

major cause of death among other type of cancers(65). Lung cancer is a disease in 

which the lung cells are abnormal, may have abnormal functioning, uncontrolled cell 

proliferation, and may spread the cancer cells to other parts of the body(66). Lung 

cancer was classified into two main classes: small cell lung cancer (SCLC), which 

accounts for 10 to 15% of lung cancer cases, and non-small-cell lung cancer (NSCLC), 

which accounts for 80 to 85% of lung cancer cases (67). The cause of lung cancer 

mainly involves breathing carcinogens from smoking cigarettes and tobacco, 

asbestos, radon gas, diesel exhaust fumes, and air pollution. Lung cancer especially 
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non-small-cell lung cancer is a major health problem for people around the world. 

Importantly, lung cancer is a disease that difficult to cure. Thus, effective treatment 

with safe and easily accessible is the current need(68). 

 To date, marine derived tetrahydroisoquinoline alkaloid such as ecteinascidin 

743 (Trabectedin or Yondelis®)(69) are approved for lung cancer treatment in human. 

Therefore, this research work is interested to modify the structure of renieramycins to 

obtain new derivatives having partial chemical structure similar to ecteinacidin 743 

including [1,3]-dioxole ring at ring A using the photochemical reaction and ester side 

chain at carbon position 22. The obtaining renieramycin-type derivatives were further 

evaluated their cytotoxicity against the highly metastatic H292 and H460 NSCLC cells. 
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CHAPTER III 
METHODOLOGY 

3.1 Introduction to the Semi-Synthesis of Renieramycins Derivatives 

Renieramycins, members of the bistetrahydoisoquinolinequinone marine 

alkaloid family, were isolated from the Thai blue sponge (Xestospongia sp.). This 

sponge species was classified under the phylum Porifera in the kingdom Animalia and 

was found in the oceanic regions surrounding Thailand,  Philippines, Australia, 

Indonesia, and Malaysia(31). Among the compounds found in the sponge, renieramycin 

M stands out as a major alkaloid with notable cytotoxicity against various human 

cancer cell lines, including breast, colon, lung, pancreatic, and prostate cancers (16). 

Due to its potent activity, renieramycin M holds significant promise as a lead 

compound in drug development and serves as a valuable chemical template for 

structure-activity relationship studies in the fields of chemistry and pharmacology. 

Currently, marine -derived tetrahydro isoquinoline alkaloids, such as 

ecteinascidin 743 (Trabectedin or Yondelis®), have gained approval for the treatment 

of lung cancer in humans (69). Hence, this research aims to modify the structure of 

renieramycins to obtain new derivatives that bear partial chem ical motifs 

resemblance to ecteinascidin 743, including the incorporation of a [1,3]-dioxole group 

through photochemical reactions, as well as ester side chains at carbon positions 5 

and 22 by esterification. Subsequently, the cytotoxicity of these derivatives was 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 26 

evaluated against highly metastatic non-small-cell lung cancer cells, namely H292 

and H460. 

3.2 Materials 

3.2.1. General Experimental Procedures 

All reagents used in this study were purchased from Tokyo Chemical Industry 

(TCI), Tokyo, Japan. Glassware utilized in the experiments was thoroughly dried in an 

oven. Photochemical reactions were conducted using a commercially available LED 

light (4 W LED Filament GLS Blue light 220-240 V EVE) and an 18 W fluorescent white 

light (100 V, HATAYA, Japan) sources. Thin-layer chromatography (TLC) analysis was 

performed on 60 -F254 aluminum silica gel plates (Merck), and the resulting 

chromatograms were visualized under UV light at wavelengths of 254 and 365 nm. 

Flash column chromatography purification was accomplished using (60, 230 -400 

mesh) silica gel, employing ethyl acetate and hexane as the mobile phase. 

Nuclear magnetic resonance (NMR) spectra, including 1H and 13C, were 

recorded at 400 MHz and 100 MHz, respectively, using a Bruker ADVANCE NEO 400 

MHz NMR spectrometer. Deuterated chloroform (CDCl3) served as the internal 

standard, with chemical shifts referenced to 77.0 ppm for 13C and 7.27 ppm for 1H 

spectra. Infrared (IR) spectra were acquired using a Perkin Frontier Fourier Transform 

Infrared Spectrometer. High-resolution mass spectrometry (HR-MS) measurements 

were conducted on an A microTOF Bruker Daltonics mass spectrometer. Optical 

rotations were measured using a JASCO P-2000 polarimeter equipped with a 1 mL 
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cell and a 1 dm path length. Electronic circular dichroism (ECD) spectra were 

obtained using a JASCO J-815 CD spectrometer. 

3.2.2. Extraction and Isolation 

Under the ausp ices o f the  Aquatic  Resou rces Research  In stitu te , 

Chulalongkorn University, and with approval from the Department of Fisheries, 

Ministry of Agriculture and Cooperatives, Thailand (0510.2/8234, Date 28 Oc tober 

2019), specimens of the Thai blue sponge (Xestospongia sp.) were collected via 

SCUBA diving at Si-chang Island in the Gulf of Thailand, at a depth of 3-5 meters. The 

freshly obtained blue sponge was subsequently macerated and subjected to a pre -

treatment step involving a 10% potassium cyanide solution in phosphate buffer 

solution at pH 7. The resulting mixture was filtered and concentrated under reduced 

pressure . To isolate the desired com pounds, nam ely renieram ycin M  (1 ), 

renieramycin N (2)(13), and renieramycin O (3)(12), the treated sponge extract 

underwent extraction using hexane and ethyl acetate solvents. The subsequent 

purification process employed silica gel column chromatography, with an eluent 

composed of a mixture of hexane and ethyl acetate. Moreover, compound 1 was 

further transformed into jorunnamycin A (6) via a series of reactions involving 

hydrogenation, hydride reduction, and air oxidation(27, 28). 
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3.3 Screening of Photochemical Reaction Conditions using Renieramycin M as a 

Model Study 

Renieramycin M (1) was utilized as the starting material for the reactions. A 

solution of compound 1 (15 mg, 0.03 mmol) was prepared in a selected solvent (20 

mL) such as dichloromethane (CH2Cl2), chloroform (CHCl3), or tetrahydrofuran (THF). 

The reaction mixture was vigorously stirred under a light source, either blue light (4 

W LED) or white light (18 W fluorescent), for 24 hours at room temperature in a 

nitrogen atmosphere. The progress of the reaction was monitored by TLC, using ethyl 

acetate:hexane (1:1 v/v) as the mobile phase. Once the reaction reached 

completion, the solvent was evaporated under reduced pressure. The resulting crude 

product was subsequently purified by flash column chromatography, employing silica 

gel as the stationary phase and a mixture of ethyl acetate and hexane as the mobile 

phase, yielding the desired products (Figure 13). 

 
 
 
 
 
 

Figure 13 Transformation of renieramycin M to renieramycin T by photochemical 

reaction 

For the photochemical reaction, screening of chemical reaction conditions are 

studies including solvents, and light (Table 3) to find the most suitable conditions.      
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 Table 3 Screening of photochemical reaction conditions 
 
 
 
 
 
 
 
 

3.4 Photochemical Reaction of Natural Renieramycins  

The appropriate conditions for photochemical reaction were finalized. Then, 

the natural renieramycins are employed into the photochemical reaction using 

renieramycin O (3) (Figure 14) and renieramycin N (2) (Figure 15) (40 mg, 0.07 mmol) 

with suitable light and solvent. Then use the same research protocol as renieramycin 

M (1).  

 
 
 
 

 
 

Entry Starting material Light Solvent 

1 renieramycin M White (18 W) CH2Cl2 

2 renieramycin M White (18 W) CHCl3 

3 renieramycin M White (18 W) THF 
4 renieramycin M Blue (4 W) CH2Cl2 

5 renieramycin M Blue (4 W) CHCl3 

6 renieramycin M Blue (4 W) THF 

Figure 14 Semi-synthesis of natural renieramycin O by photochemical reaction 

Figure 15 Semi-synthesis of natural renieramycin N by photochemical reaction 
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3.5 Procedure for Semi–Synthesis of 22-O-(4'-pyridinecarbonyl) renieramycin T  

Jorunnamycin A (6) (25 mg, 0.05 mmol, 1 equiv) in dry dichloromethane 

(CH2Cl2) (10 mL) was added to an oven–dried round–bottomed flask. Then, 4-

dimethylaminopyridine (DMAP) (31 mg, 0.25 mmol, 5 equiv), 1-(3-dimethylamino- 

propyl)-3-ethylcarbodiimide hydrochloride (EDCI) (49 mg, 0.25 mmol, 5 equiv), and 

isonicotinoyl chloride hydrochloride (45 mg, 0.25 mmol, 5 equiv) were added into 

the reaction. The reaction mixture was stirred for 24 hours at room temperature 

under nitrogen atmosphere and monitored by TLC using a mixture solvent of ethyl 

acetate: hexane (1:1 v/v) as a mobile phase. After completion, the reaction was 

concentrated under reduced pressure. Next, the resultant crude product was purified 

by flash column chromatography using silica gel as stationary phase and the mixed 

solvent of ethyl acetate and hexane as mobile phase to provide the yellow product 

of 22-O-(4'-pyridinecarbonyl) jorunnamycin A (7). After that, compound 7 (6 mg, 0.01 

mmol) in CH2Cl2 (15 mL) was irradiated under suitable light at room temperature 

under a nitrogen atmosphere for 24 hours. The reaction mixture was monitored by 

TLC and purified to obtain 22-O-(4'-pyridinecarbonyl) renieramycin T (10) (Figure 16). 

Furthermore, the purified product is characterized by 1H-NMR, 13C-NMR, high-

resolution mass spectroscopic (HR -MS), CD spectroscopy and Optical rotation 

methods. 
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Figure 16 Semi-synthesis of renieramycins derivative by esterification and 
photochemical reaction 

3.6 Cytotoxic Evaluations against NSCLC cell lines of Renieramycins Derivatives 

The in vitro cytotoxicity of compounds 1-10 (Figure 17) was assessed against 

H292 and H460 non-small-cell lung carcinoma (NSCLC) cell lines using the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay. 

Cisplatin and doxorubicin served as positive controls, while 0.2% dimethyl sulfoxide 

(DMSO) from Merck Millipore (Billerica, Massachusetts, USA) or Sigma -Aldrich was 

used as the negative control. The H292 and H460 NSCLC cell lines were obtained 

from the American Type Culture Collection (ATCC, Manassas, Virginia, USA). Roswell 

Park Memorial Institute (RPMI) 1640 medium, fetal bovine serum (FBS), L -glutamine, 
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penicillin/streptomycin  solution, and Albumax I were procured  from Gibco 

(Gaithersburg, Massachusetts, USA). 

Figure 17 Renieramycins-type derivatives for in vitro evaluation of cytotoxicity 

The non-small-cell lung carcinoma H292 and H460 cell lines were cultured in 

RPMI 1640 medium supplemented with 10% FBS, 2 mM L -glutamine, and 100 

units/mL of penicillin/streptomycin, maintained at 37 °C under 5% CO 2. Cells were 

trypsinized and seeded at a density of 5000 cells/well in 96 -well plates and 
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% Cell viability = Absorbance at 570 nm (sample) x 100 

                              Absorbance at 570 nm (control) 

incubated with RPMI media for 24 hours. Each test compound was prepared as a 10 

mM stock solution in DMSO and further diluted to serial concentrations ranging from 

1-250 nM, ensuring a DMSO concentration of less than 0.2% v/v.  After treat with 

various concentrations of each compound for 72 hours, cells were incubated with 0.5 

mg/mL of MTT for 2 hours. The resulting formazan salt was solubilized using 100 µL 

of DMSO, and the absorbance of the formazan product was measured at 570 nm 

using a spectrophotometric microtiter plate reader (Perkin Elmer Victor 3 1420 

Multilabel Plate Counter). The experiment was performed with three replicate wells 

and at least five concentrations of the tested compounds. Cell viability was analyzed 

using GraphPad Prism software (version 5) by calculating the percentage of non -

treated contro l cells and determ in ing the m ean half m axim al inh ib ito ry 

concentration (IC50) values.   

 

 

 

Figure 18 Equation for calculating percent cell viability 

3.7 Data Analysis and Statistics 

The results of the effective inhibitory concentrations (IC50) are shown in mean 

± standard deviation (SD). 
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CHAPTER IV 
RESULTS AND DISCUSSION  

4.1 Screening of Photochemical Reaction Conditions using Renieramycin M as a 

Model Study 

Renieramycins M (1) were isolated from the Thai blue sponge Xestospongia 

sp. The starting material 1 dissolved in different solvents consisting of CH2Cl2, CHCl3 

and THF (20 mL) under the light source of white light (18 W fluorescent) or blue light 

(4 W LED) for 24 hours to obtain renieramycin T (4) as a product. Then, compound 4 

was elucidated structure by spectroscop ic techniques. Regarding the optimal 

conditions of the photochemical reaction  (Table 4), it was found that utilizing 

dichloromethane (CH2Cl2) as the solvent under a 4 W LED (blue light) source resulted 

in the highest yield by achieving 81% of a yellow amorphous powder of the product 

4 (Figure 19). Therefore, this condition was selected for photochemical reaction of 

other renieramucins. 

Table 4 Optimization of photochemical conditions of renieramycins M 

a18 W refers to white light fluorescent lamp and 4 W refers to blue light LED lamp. 

Entry Starting 
Material 

Lampa Solvent Renieramycins 
Product 

Isolated  
yield (%) 

1 1 18 W CH2Cl2 4 64 
2 1 18 W CHCl3 4 46 

3 1 18 W THF 4 47 

4 1 4 W CH2Cl2 4 81 
5 1 4 W CHCl3 4 51 

6 1 4 W THF 4 54 
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Figure 19 Modification of renieramycin M to renieramycin T by photochemical 
reaction 

4.1.1. Reaction mechanism of photochemical reaction 

A plausible mechanism explaining the formation of the compound  IV with a 

[1,3]-dioxole ring for the photochemical reaction has been described in Figure 20. 

Light induces the n→π∗ transition in quinone I that is capable of generating a 

quinol diradical, II. This can facilitate a 1,6-hydrogen atom transfer (HAT) between the 

alkoxyl radical at carbon position 5 and the methoxyl radical at carbon position 7, 

leading to compound III. Subsequently, a biradical formation takes place, culminating 

in a recombination to yield compound IV, which exhibits a [1,3]-dioxole ring at 

carbon positions 7 and 8 on the A-ring. 

 

 

 

Figure 20 Proposed mechanism for photochemical reaction of quinone(27, 70) 

4.1.2. Physical and spectroscopic data of Compound 4 
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renieramycin T (4): The compound 4 was synthesized from 1 (15 mg, 0.03 

mmol) in dry CH2Cl2 (20 mL) under 4 W LED lamp (Blue light) to obtain 4 as a yellow 

amorphous powder at 81%; 1H NMR data, see Table 5. 

The com pound 4  was m easured 1H NMR for prelim inary structural 

identification regarding the additional [1,3]-dioxole ring substituents. The known 

natural renieramycins 1 and 4 were compared their spectroscopic data (Table 5). 

The key characteristic chemical shifts () involve methylenedioxy motif (OCH2O) or 

[1,3]-dioxole ring at carbon positions 7 and 8, showing a chemical shift at 5.85 and 

5.92 ppm for 1H NMR spectrum. Furthermore, upon comparing the spectroscopic 

data of product 4 with the relevant literature reports of the starting material 1, it was 

observed that the methoxy group (−OCH3) at carbon position 7, with a chemical shift 

of 4.02 ppm in the starting material 1(71), was absent in the NMR spectrum of product 

4. Conversely, the hydroxy group (−OH) at carbon position 5 was detected in the 1H 

NMR of compound 4, with a chemical shift of 4.46 ppm. The spectroscopic data 

obtained from the experimental results and the related literature reports exhibited a 

high degree of similarity, confirming that the synthesized product is indeed the same 

compound.  
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Table 5 1H NMR (400 MHz) spectral data of compound 1 and 4 in CDCl3(71) 

 

 
 
 

Proton 
No. 

Reported data (1) Reported data (4) Experimental data (4) 
H in ppm (J in Hz) H in ppm (J in Hz) H in ppm (J in Hz) 

1 3.99 (m) 4.16 (dd, 5, 4) 4.16 (1H, overlapped) 

3 3.11 (dt, 11, 3) 3.24 (ddd, 12, 3, 2) 3.25 (1H, br d, 11.6) 

4 
α 2.89 (dd, 17, 8)  
β 1.36 (ddd, 17, 11, 3) 

α 2.87 (dd, 15, 2) 
β 1.67 (dd, 15, 12) 

α 2.87 (1H, br d, 15.2) 
β 1.67 (1H, overlapped) 

11 4.01 (dd, 3, 2) 4.00 (dd, 3, 1) 4.01 (1H, overlapped) 

13 3.40 (ddd, 8, 3, 2) 3.37 (ddd, 7, 2, 1) 3.38 (1H, d, 6.8) 

14 
α 2.76 (dd, 21, 8) 
β 2.30 (d, 21) 

α 2.75 (dd, 21, 7) 
β 2.30 (d, 21) 

α 2.77 (1H, dd, 17.2, 6.8) 
β 2.33 (1H, overlapped) 

21 4.07 (d, 3) 4.11 (d, 2) 4.11 (1H, d, 2.4) 

22 
α 4.10 (dd, 12, 3)  
β 4.53 (dd, 12, 3) 

α 3.99 (dd, 11, 5) 
β 4.41 (dd, 11, 4) 

α 3.98 (1H, overlapped) 
β 4.42 (1H, dd, 11.2, 3.6) 

26 5.96 (qq, 7, 2) 6.00 (qq, 7, 2) 6.00 (1H, qq, 7.2, 1.5) 

27-CH3 1.82 (dq, 7, 2) 1.85 (dq, 7, 2) 1.85 (3H, dq, 7.2, 1.5) 

28-CH3 1.58 (dq, 2, 2) 1.69 (dq, 2, 2) 1.69 (3H, s) 
6-CH3 1.94 (s) 2.11 (s) 2.11 (3H, s) 

16-CH3 1.90 (s) 1.94 (s) 1.94 (3H, s) 

7-OCH3 4.02 (s)   
17-OCH3 3.99 (s) 3.98 (s) 3.99 (3H, s) 

OCH2O 
 5.85 (d, 2) 

5.92 (d, 2) 
5.85 (1H, s) 
5.92 (1H, s) 

N-CH3 2.28 (s) 2.29 (s) 2.29 (3H, s) 

5-OH  4.55 (br s) 4.46 (1H, br s) 
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4.2 Photochemical Reaction of Natural Renieramycins 

Natural renieramycin N (2) and O (3) also were isolated from Xestospongia sp. 

After that, compounds 2 and 3 were irradiated under blue light (4 W LED) in CH2Cl2 

as a solvent for overnight to give the same product as a yellow amorphous powder 

of renieramycin U (5) at 55% and 48% yield, respectively (Figure 21). Compound 2 

was oxidized by air at the hydroquinone ring E changing to the quinone group of 3 

(Figure 22). Next, the photochemical of 3 produced 5 significantly. Then, chemical 

structure compound 5 was elucidated by 1H-NMR and 13C-NMR spectroscopy, high-

resolution mass spectroscopy (HR-MS), circular dichroism (CD), and optical rotation 

methods.  

 
 
 
 
 

Figure 21 Photochemical reaction-based semi-synthesis of natural renieramycin O 

Figure 22 Transformation of air-oxidation and photochemical reaction of 
renieramycin N into renieramycin U 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 39 

4.2.1. Reaction mechanism of oxidation reaction 

The air oxidation reaction of hydroquinone (I) at the ring E occurred (Figure 

23), as previously reported(12, 13, 16, 27), due to the transformation of the unstable 1,4-

hydroquinone into a more stable 1,4-quinone moiety. The potential mechanism of 

air oxidation involves the conversion of I to the semiquinone radical intermediate (II) 

and subsequently to III. This process entailed atom loss or electron donation to 

oxygen to enhance the stability of the molecule, where compound I acted as the 

reducing agent by donating electrons and oxygen (O2) served as the oxidizing agent, 

accepting electrons in the air. 

 
 
 

 
Figure 23 Suggested mechanism for the air oxidation process of hydroquinone(72) 

4.2.2. Physical and spectroscopic data of Compound 5 

 
 
 
 
 
 
 

renieramycin U (5): The compound 5 was synthesized from 3 (40 mg, 0.07 

mmol) in dry CH2Cl2 (20 mL) under 4 W LED lamp (blue light) to obtain 5 as a yellow 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 40 

amorphous powder at 48% yield; []D25 −5.4 (c 0.71, CHCl3) (lit. []D23 −51.3 (c 0.07, 

CHCl3)(15); IR (ATR) νmax 3384 (br), 2926, 1714, 1651, 1455, 1230, 1147, 1093, 1045, 759 

cm−1; ECD  (c 240.02 M, methanol, 20 oC) −0.5 (296), −5.5 (280), −12.7 (273), 

+5.9 (264), +5.0 (260), −10.5 (245), +18.2 (230), +26.2 (219), +6.3 (214), +13.9 (209), 

+7.6 (198) nm; 1H and 13C NMR data, see Table 6 and 7; HRESIMS m/z 592.2290 

([M+H]+, calculated for C31H34N3O9, 592.2290). 

The circular dichroism (CD) spectroscopy results of compound (5) were 

compared to those of compounds renieramycin U and renieramycin T, which have 

the [1,3]-dioxole ring, as described in the previous report (15). The analysis revealed 

that the obtained data exhibited a consistent spectral pattern. 

For preliminary structural identification of compound 5, focused on its 

additional [1,3]-dioxole substituent, 1H NMR and 13C NMR measurements were 

performed. Spectroscopic data from the synthesized compound were then matched 

w ith  previously published data corresponding to  the naturally occurring 

renieramycins 2, 3, and 5 (Table 6 and 7). The characteristic chemical shifts () of of 

compound 5 the proton and carbon signals of the methylenedioxy ring (OCH2O) or 

[1,3]-dioxole ring at carbon positions 7 and 8, which observed at 5.88 and 5.95 ppm, 

and 101.2 ppm, respectively. A noteworthy observation emerged when the 

spectroscopic data of product 5 was compared with the literature for starting 

materials 2 and 3(13). The methoxy group (−OCH3) at carbon position 7, which initially 
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manifested a chemical shift of 3.94 ppm (1H NMR) and 58.3 ppm (13C NMR) in starting 

material 2(13), and a chemical shift of 4.03 ppm (1H NMR) and 61.1 ppm (13C NMR) in 

starting material 3 (13), was found to be absent in the NMR spectrum of the 

synthesized product 5. In contrast, the presence of a hydroxy group (−OH) at carbon 

position 5 was validated in the 1H NMR of compound 5, with a chemical shift of 3.52 

ppm. The collected spectroscopic data, drawn from both experimental results and 

related literature, displayed a considerable degree of concordance. This consistency 

solidifies the assertion that the synthesized product is indeed identical to the 

corresponded natural compound.  

Table 6 1H NMR (400 MHz) spectral data of compound 2 in pyridine-d5, 3 and 5 in 
CDCl3(13, 15) 

Proton 

No. 

Reported data (2) Reported data (3) Reported data (5) Experimental data (5) 

H in ppm (J in Hz) H in ppm (J in Hz) H in ppm (J in Hz) H in ppm (J in Hz) 

1 4.37 (1H, ddd, 2.6, 2.6, 2.0) 3.98 (1H, m) 4.14 (1H, dd, 5.2, 3.4) 4.16 (1H, dd, 4.9, 3.2) 

3 
3.44 (1H, ddd, 11.2, 2.6, 
2.6) 

3.05 (1H, ddd, 11.6, 3.3, 
2.3) 

3.19 (1H, ddd, 11.6, 2.4, 
2.4) 

3.22 (1H, dt, 12.1, 2.3) 

4 
α 3.60 (1H, dd, 17.8, 2.6)  
β 2.20 (1H, ddd, 17.8, 11.2, 
2.6) 

α 2.87 (1H, dd, 17.2, 
2.3), β 1.27 (1H, ddd, 
17.2, 11.6, 2.6) 

α 2.86 (1H, dd, 15.3, 
2.4), β 1.54 (1H, dd, 
15.3, 11.6) 

α 2.88 (1H, dd, 15.0, 2.3) 
β 1.62 (1H, overlapped) 

11 4.74 (1H, d, 2) 4.09 (1H, dd, 3.3, 1.3) 4.08 (1H, dd, 2.4, 0.5) 4.11 (1H, br d, 2.3) 

13 3.96 (1H, dd, 2.6, 2.0) 3.42 (1H, br s) 3.39 (1H, dd, 2.7, 0.5) 3.43 (1H, dd, 7.0, 2.4) 

14 β 5.18 (1H, s) 4.37 (1H, s) 4.37 (1H, d, 1.2) 4.39 (1H, br d, 7.0) 

21 4.94 (1H, d, 2.6) 4.23 (1H, d, 2.6) 4.22 (1H, d, 2.7) 4.24 (1H, dd, 7.0, 2.4) 

22 
α 4.58 (1H, dd, 11.6, 2.6) 

β 4.51 (1H, dd, 11.6, 2.0) 

α 4.53 (1H, dd, 11.6, 
3.0), β 4.09 (1H, dd, 
11.1, 3.4) 

α 3.96 (1H, dd, 11.3, 
5.2), β 4.41 (1H, dd, 
11.3, 3.4) 

α 3.96 (1H, dd, 11.3, 5.2) 

β 4.43 (1H, dd, 11.3, 3.2) 
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Table 6 (Cont.) 1H NMR (400 MHz) spectral data of compound 2 in pyridine-d5, 3 and 
5 in CDCl3(13, 15) 

Table 7 13C NMR (100 MHz) spectral data of compound 2 in pyridine-d5, 3 and 5 in 
CDCl3(13, 15) 

Proton 

No. 
Reported data (2) Reported data (3) Reported data (5) Experimental data (5) 

H in ppm (J in Hz) H in ppm (J in Hz) H in ppm (J in Hz) H in ppm (J in Hz) 

26 5.70 (1H, qq, 7.3, 1.3) 5.98 (1H, qq, 7.3, 1.7) 6.02 (1H, qq, 7.3, 1.5) 6.04 (1H, qq, 7.0, 1.0) 

27-CH3 1.74 (3H, dq, 7.3, 1.7) 1.82 (3H, dq, 7.3, 1.3) 1.85 (3H, dq, 7.3, 1.5) 1.91 (3H, dq, 7.0, 1.0) 

28-CH3 1.44 (3H, dq, 1.7, 1.3) 1.57 (3H, dq, 1.7, 1.3) 1.69 (3H, dq, 1.5, 1.5) 1.71 (3H, s) 

6-CH3 1.92 (3H, s) 1.94 (3H, s) 2.10 (3H, s) 2.13 (3H, s) 

16-CH3 2.40 (3H, s) 1.92 (3H, s) 1.95 (3H, s) 1.98 (3H, s) 

7-OCH3 3.94 (3H, s) 4.03 (3H, s)    

17-OCH3 3.74 (3H, s) 4.02 (3H, s) 4.04 (3H, s) 4.06 (3H, s) 

OCH2O 
  5.89 (1H, d, 1.2) 

5.92 (1H, d, 1.2) 
5.88 (1H, s) 
5.95 (1H, s) 

N-CH3 2.70 (3H, s) 2.46 (3H, s) 2.46 (3H, s) 2.49 (3H, s) 

OH 
10.68, 9.30, 7.60 (each 
1H, br s, OH) 

3.52 (1H, br s) 
3.49 (1H, d, 2.1, 14-OH) 
4.26 (1H, br s, 5-OH)  

3.52 (1H, br s, 14-OH) 

Carbon 

No. 

Reported data (2) Reported data (3) Reported data (5) Experimental data (5) 

C in ppm C in ppm C in ppm C in ppm 
1 54.4 56.4 56.6 56.6 

3 53.1 53.4 55.6 55.5 

4 22.9 25.3 26.7 26.7 
5 183.6 185.4 140.7 141.0 

6 124.9 128.6 112.0 112.0 

7 153.8 155.6 144.7 144.7 
8 179.1 180.8 140.3 140.0 

9 133.9 135.7 112.0 112.0 
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Table 7 (Cont.) 13C NMR (100 MHz) spectral data of compound 2 in pyridine-d5, 3 and 
5 in CDCl3(13, 15) 

 

Carbon 

No. 

Reported data (2) Reported data (3) Reported data (5) Experimental data (5) 

C in ppm C in ppm C in ppm C in ppm 

10 140.3 141.1 119.4 119.4 
11 54.6 55.0 55.8 55.8 

13 63.1  62.4 62.7  62.7  

14 62.0  62.0 62.2 62.3 
15 145.2  187.8 188.1  188.0  

16 115.7  128.4 128.9  129.0  

17 144.2  155.8 155.8  155.8  
18 139.4  182.8 183.0  183.0 

19 115.9  135.3 136.0  136.0 

20 114.7  141.0 140.7  140.7  
21 55.2  56.4 57.7  57.6  

22 60.5  62.1 64.7  64.6  
24 164.8  166.5 167.1  167.1 

25 125.4  126.2 126.7  126.7  

26 136.5  140.6 139.9  140.0  
27-CH3 13.1 15.7 15.7  15.8 

28-CH3 17.7  20.3 20.5  20.5  

6-CH3 6.3  8.7 8.7  8.8  
16-CH3 7.3 8.4 8.5 8.5 

7-OCH3 58.3  61.1   
17-OCH3 57.7  61.1 61.0  61.1  

OCH2O   101.1  101.2  

N-CH3 40.8  42.4 42.4  42.4  
21-CN 117.8  116.3 116.9  116.9  
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4.3 The Result of Semi–Synthesis of 22-O-(4'-pyridinecarbonyl) renieramycin T  

Jorunnamycin A (6) was prepared in 3 steps from compound 1 under 

hydrogenation, hydride reduction, and air oxidation (33). Next, compound 6, DMAP, 

EDCI, and isonicotinoyl chloride hydrochloride were dissolved in CH 2Cl2 (10 mL) to 

provide the yellow product of 22-O-(4'-pyridinecarbonyl) jorunnamycin A (7) in 72% 

yield under the reported protocol(29). After that, compound 7 in CH2Cl2 (15 mL) was 

irradiated under 4 W LED lamp (blue light) for 24 hours to obtain a yellow powder 

product of 22-O-(4'-pyridinecarbonyl) renieramycin T (10) in 83% yield (Figure 24). 

Then, compound 10 was elucidated chemical structure by full spectroscopic 

analyses. In this step, the hydroxyl group (−OH) at carbon position 22 of compound 

6 underwent a transformation into a 4'-pyridinecarbonyl group, resulting in 

compound 7. This was achieved via an esterification reaction, using EDCI as a 

coupling reagent and DMAP as a nucleophilic base catalyst. Subsequently, the 

carbon positions 7 and 8 of compound 7 are converted into a [1,3]-dioxole ring via a 

photochemical reaction, utilizing blue light. This step yielded product 10, which 

possesses a [1,3]-dioxole ring on ring A at carbon positions 7 and 8. Furthermore, 

carbon position 22 features a 4'-pyridinecarbonyl group, rendering it a novel 

derivative of renieramycins. 
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Figure 24 The semi-synthesis of renieramycin derivatives through a process involving 
esterification and photochemical reactions 

4.3.1. Reaction mechanism of esterification reaction  

Acid chlorides, also known as acyl chlorides, readily undergo a reaction with 

water, resulting in the formation of carboxylic acids. This reaction is markedly 

accelerated when involving hydroxides (OH), attributable to their heightened 

nucleophilic strength(73). The mechanism of the reaction encompasses a nucleophilic 

addition of water (H 2O), subsequently followed by a proton transfer which 

culminates in the formation of a geminal diol. However, geminal diols exhibit 

instability and, as a consequence, one of the oxygen atoms expels the chloride ion 

(Cl-), ultimately yielding a carboxylic acid as illustrated in Figure 25 [2]. When the 

reaction involves a hydroxide ion  (OH -), the process entails fewer steps and 
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progresses at an increased rate, due to the superior nucleophilic properties of the 

hydroxide ion, as shown in Figure 25 [1](73). 

The Steglich esterification protocol implemented leveraged 1 -ethyl-3-(3-

dimethylaminopropyl) carbodiim ide (EDCI) coupling of compound 6 , with 4-

dimethylaminopyridine (DMAP) functioning as a nucleophilic base catalyst (74). This 

coupling mechanism is depicted in Figure 25. In the initial stage, DMAP functions as a 

nucleophile and carries out the deprotonation of the carboxylic acid, leading to the 

formation of a carboxylate ion (II), and concurrently imparting a positive charge to 

DMAP (I). Subsequently, the compound (II) orchestrates a nucleophilic attack on the 

carbodiimide core of EDC, culminating in the formation of an intermediate (III) bearing 

a negative charge. Following this, DMAP-H+ (I) steps in to protonate the intermediate 

(III) substance, yielding intermediate (IV) that possesses a neutral charge. Upon 

accepting a proton, it assumes the role of an electrophile to instigate a reaction with 

DMAP, resulting in the formation of intermediate (V). Thereafter, compound V 

undergoes a process of electron delocalization within its structure, facilitating the 

displacement of the urea leaving group from V. In the terminal phase, the alcohol 

component participates by directing its attack towards the carbonyl center of 

intermediate VI. The compound VII structure experiences electron delocalization, 

expelling DMAP(75), and ultimately producing an ester VIII with R1 and R2 substituents, 
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as demonstrated in Figure 25 of compound 7. This process using isonicotinoyl 

chloride as an acylating agent of esterification. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

Figure 25 Proposed mechanism for esterification reaction of renieramycin ester(73-75) 
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4.3.2. Physical and spectroscopic data of Compound 7 

 
 
 
 
 
 
 

22-O -(4'-pyridinecarbonyl) jorunnamycin A  (7 ): The compound 7 was 

synthesized regarding the reported procedure(29) using 6  (25 mg, 0.05 mmol, 1 equiv), 

DMAP (31 mg, 0.25 mmol, 5 equiv), EDCI (49 mg, 0.25 mmol, 5 equiv) and 

isonicotinoyl chloride hydrochloride (45 mg, 0.25 mmol, 5 equiv) in dry CH2Cl2 (10 

mL) to obtain 7 as a yellow amorphous powder at 72% yield; 1H and 13C NMR data, 

see Table 8 and 9. 

Structural identification focusing on the appended 4'-pyridinecarbonyl 

substituents by both 1H NMR and 13C NMR measurements were conducted on 

compound 7. The spectroscopic data generated from this investigation were 

subsequently matched with previously reported data corresponding to jorunnamycin 

A (6) and renieramycin derivatives of compound 7, as illustrated in Tables 8 and 9(28, 

44). The data revealed chemical shifts attributable to the 4'-pyridinecarbonyl group at 

carbon position 22. These chemical shifts () presented at 7.47 ppm (2'-H, 6'-H) and 

8.68 ppm (3'-H, 5'-H) in the 1H NMR spectrum, and at 122.7 ppm (C-2', C-6'), 136.7 
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ppm (C-1'), 150.2 ppm (C-3', C-5'), and 164.0 ppm (C=O) in the 13C NMR spectrum of 

compound 7.  

Table 8 1H NMR (400 MHz) spectral data of compound 6 and 7 in CDCl3(28, 44) 

 
 
 
 
 

 

Proton 
No. 

Reported data (6) Reported data (7) Experimental data (7) 

H in ppm (J in Hz) H in ppm (J in Hz) H in ppm (J in Hz) 
1 3.89 (d, 2.4) 4.10 (2H, m) 4.09 (2H, s) 

3 3.17 (ddd, 11.2, 2.6, 2.4) 3.10 (1H, ddd, 11.6, 3.1, 2.4) 3.10 (1H, d, 11.2) 

4 
α 2.92 (dd, 17.6, 2.4)  
β 1.40 (ddd, 17.6, 11.2, 2.4) 

α 2.92 (1H, dd, 17.4, 2.4) 
β 1.25 (H, ddd, 17.4, 11.6, 2.4) 

α 2.92 (1H, d, 17.2) 
β 1.24 (1H, overlapped) 

11 4.07 (d, 2.6) 3.95 (1H, br d, 2.2) 3.95 (1H, s) 
13 3.42 (d, 2.4) 3.40 (1H, ddd, 7.6, 1.8, 0.6) 3.40 (1H, d, 7.2) 

14 
α 2.82 (dd, 20.8, 7.2)  
β 2.27 (d, 20.8) 

α 2.71 (1H, dd, 20.9, 7.6)  
β 2.32 (1H, d, 20.9)  

α 2.71 (1H, dd, 20.8, 7.2) 
β 2.34 (1H, d, 20.8) 

21 4.15 (d, 2.4) 4.10 (2H, m) 4.09 (2H, s) 

22 
α 3.71 (dd, 11.2, 3.2)  
β 3.48 (dd, 11.2, 3.2) 

α 4.99 (1H, dd, 11.7, 2.9) 
β 4.17 (1H, dd, 11.7, 2.1)  

α 4.99 (1H, br d, 11.2) 
β 4.16 (1H, d, 11.2) 

6-CH3 1.93 (s) 2.00 (3H, s) 1.99 (3H, s) 

16-CH3 1.93 (s) 1.74 (3H, s) 1.73 (3H, s) 
7-OCH3 3.98 (s) 4.04 (3H, s) 4.04 (3H, s) 

17-OCH3 4.03 (s) 3.76 (3H, s) 3.76 (3H, s) 
N-CH3 2.30 (s) 2.23 (3H, s) 2.23 (3H, s) 

2'-H, 6'-H  8.62 (2H, d, 8.3) 7.47 (2H, d, 4.4) 

3'-H, 5'-H  7.44 (2H, d, 8.3) 8.68 (2H, d, 4.4) 
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Table 9 13C NMR (100 MHz) spectral data of compound 6 and 7 in CDCl3(28, 44, 76) 

 

Carbon 
No. 

Reported data (6)  Reported data (7) Experimental data (7) 

C in ppm C in ppm C in ppm 

1 58.0, CH 56.6 56.5 
3 54.3, CH 54.3 54.3 

4 25.3, CH2 25.5 25.5 
5 185.4, C=O 185.4 185.4 

6 128.9, C 128.8 128.9 

7 155.5, C 155.6 155.6 
8 181.4, C=O 181.1 181.1 

9 136.0, C 135.2 135.1 

10 141.7, C 142.1 142.1 
11 54.1, CH 54.1 54.1 

12 41.5, N-CH3 41.4 41.4 
13 54.4, CH 54.5 54.4 

14 21.6, CH2 21.0 21.0 

15 186.2, C=O 185.9 185.9 
16 128.6, C 128.2 128.1 

17 155.4, C 154.9 154.9 

18 182.2, C=O 182.1 182.1 
19 135.6, C 134.6 134.5 

20 141.7, C 142.1 142.1 

21 59.0, CH 58.4 58.4 
22 64.1, CH2 62.8 62.9 

24  164.1 164.0 
6-CH3 8.7, CH3 8.9 8.9 

16-CH3 8.7, CH3 8.7  8.7  

7-OCH3 61.0, OCH3 61.2  60.9  
17-OCH3 61.1, OCH3 60.9  61.2  
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Table 9 (Cont.) 13C NMR spectral data of compound 6 and 7 in CDCl3 

4.3.3. Physical and spectroscopic data of Compound 10 

 

 
 
 
 
 
 

22-O-(4'-pyridinecarbonyl) renieramycin T  (10): The compound 10 was 

synthesized from 7 (6 mg, 0.01 mmol) in dry CH2Cl2 (15 mL) under 4 W LED lamp 

(Blue light) to obtain 10 as a yellow amorphous powder at 83% yield; []D25 −20.4 (c 

0.37, CHCl3); IR (ATR) νmax 3279 (br), 2923, 1731, 1651, 1615, 1409, 1374, 1277, 1260, 

1233, 1091, 1026, 953, 703 cm−1; ECD  (c 247.24 M, methanol, 20 oC) −8.1 (345), 

−6.5 (307), +7.3 (285), +11.5 (282), +2.0 (264), −3.9 (252), −5.5 (242), +0.3 (228), 

−10.9 (210) nm; 1H and 13C NMR data, see Table 10 and 11; HRESIMS m/z 599.2134 

([M+H]+, calculated for C32H31N4O8, 599.2136).  

Carbon 
No. 

Reported data (6)(44) Reported data (7)(28) Experimental data (7) 

C in ppm C in ppm C in ppm 

21-CN 116.8, CN 116.8  116.8  
C-1'  136.2 136.7  

C-2', C-6'  150.7  122.7 
C-3', C-5'  122.5  150.2  
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The circular dichroism (CD) spectroscopy outcomes of compound 10 were 

juxtaposed with those of renieramycin M and renieramycin T, compound 10 

possessing a structurally akin configuration to renieramycin M and featuring the [1,3]-

dioxole ring analogous to ren ieram ycin T, as elucidated in the preceding 

publication (13, 15, 71). Scrutiny of the results disclosed that the acquired data 

demonstrated a coherent spectral pattern. 

The structural identification compound 10 was measured 1H and 13C NMR 

spectroscopic techniques regarding the additional [1,3]-dioxole ring and 4'-

pyridinecarbonyl substituents. The known compound of natural jorunnamycin A (6), 

renieramycin derivatives 7 and the novel renieramycin derivatives (10) were 

compared their spectroscopic data (Table 10 and 11). The key characteristic 

chemical shifts () involve methylenedioxy ring (OCH2O) or [1,3]-dioxole ring at 

carbon positions 7 and 8, showing a chemical shift at 5.85 and 5.92 ppm for 1H NMR 

spectrum and chemical shift at 101.2 ppm for 13C NMR spectrum of compound 10, 

and involve 4'-pyridinecarbonyl group at carbon positions 22, showing a chemical 

shift at 7.56 ppm (2'-H, 6'-H) and 8.71 ppm (3'-H, 5'-H) for 1H NMR spectrum and 

chemical shift at 123.1 ppm (C-2', C-6'), 137.7 ppm (C-1'), 149.8 ppm (C-3', C-5') and 

164.2 ppm (C=O) for 13C NMR spectrum of compound 10. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 10 1H NMR (400 MHz) spectral data of compound 6, 7 and 10 in CDCl3(44)   

Table 11 13C NMR (100 MHz) spectral data of compound 6, 7 and 10 in CDCl3(44) 

Proton 
No. 

Reported data (6) Experimental data (7) Experimental data (10) 

H in ppm (J in Hz) H in ppm (J in Hz) H in ppm (J in Hz) 

1 3.89 (d, 2.4) 4.09 (2H, s) 3.96 (1H, d, 3.2) 
3 3.17 (ddd, 11.2, 2.6, 2.4) 3.10 (1H, d, 11.2) 3.24 (1H, dt, 12.1, 2.6) 

4 
α 2.92 (dd, 17.6, 2.4)  
β 1.40 (ddd, 17.6, 11.2, 2.4) 

α 2.92 (1H, d, 17.2) 
β 1.24 (1H, overlapped) 

α 2.89 (1H, dd, 15.1, 1.8) 
β 1.55 (1H, dd, 15.1, 12.1) 

11 4.07 (d, 2.6) 3.95 (1H, s) 4.07 (1H, d, 2.6) 

12 2.30 (s) 2.23 (3H, s) 2.26 (3H, s) 
13 3.42 (d, 2.4) 3.40 (1H, d, 7.2) 3.38 (1H, br d, 7.6) 

14 
α 2.82 (dd, 20.8, 7.2)  
β 2.27 (d, 20.8) 

α 2.71 (1H, dd, 20.8, 7.2) 
β 2.34 (1H, d, 20.8) 

α 2.70 (1H, dd, 20.8, 7.6) 
β 2.29 (1H, dd, 20.8, 1.4) 

21 4.15 (d, 2.4) 4.09 (2H, s) 4.24 (1H, overlapped) 

22 
α 3.71 (dd, 11.2, 3.2)  
β 3.48 (dd, 11.2, 3.2) 

α 4.99 (1H, br d, 11.2) 
β 4.16 (1H, d, 11.2) 

α 4.83 (1H, dd, 11.2, 3.2) 
β 4.20 (1H, dd, 11.2, 3.2) 

6-CH3 1.93 (s) 1.99 (3H, s) 1.79 (3H, s) 
16-CH3 1.93 (s) 1.73 (3H, s) 2.16 (3H, s) 

7-OCH3 3.98 (s) 4.04 (3H, s)  

17-OCH3 4.03 (s) 3.76 (3H, s) 3.80 (3H, s) 

OCH2O 
  5.85 (1H, s) 

5.92 (1H, s) 
2'-H, 6'-H  7.47 (2H, d, 4.4) 7.56 (2H, dd, 4.6, 1.4) 

3'-H, 5'-H  8.68 (2H, d, 4.4) 8.71 (2H, dd, 4.6, 1.4) 

Carbon 
No. 

Reported data (6) Experimental data (7) Experimental data (10) 
C in ppm C in ppm C in ppm 

1 58.0, CH 56.5 54.7 

3 54.3, CH 54.3 56.1 
4 25.3, CH2 25.5 27.0 

5 185.4, C=O 185.4 141.8 
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Table 11 (Cont.) 13C NMR (100 MHz) spectral data of compound 6, 7 and 10 in CDCl3 

Carbon 
No. 

Reported data (6)(44) Experimental data (7) Experimental data (10) 

C in ppm C in ppm C in ppm 

6 128.9, C 128.9 113.2 
7 155.5, C 155.6 136.8 

8 181.4, C=O 181.1 144.8 
9 136.0, C 135.1 111.8 

10 141.7, C 142.1 111.8 

11 54.1, CH 54.1 59.2 
12 41.5, N-CH3 41.4 41.4 

13 54.4, CH 54.4 54.7 

14 21.6, CH2 21.0 21.1 
15 186.2, C=O 185.9 186.1 

16 128.6, C 128.1 128.6 

17 155.4, C 154.9 155.1 
18 182.2, C=O 182.1 182.5 

19 135.6, C 134.5 135.3 
20 141.7, C 142.1 145.2 

21 59.0, CH 58.4 56.9 

22 64.1, CH2 62.9 64.4 
24  164.0 164.2 

6-CH3 8.7, CH3 8.9 8.9 

16-CH3 8.7, CH3 8.7 8.8 
7-OCH3 61.0, OCH3 60.9  

17-OCH3 61.1, OCH3 61.2 60.9 

21-CN 116.8, CN 116.8 117.2 
OCH2O   101.2 

C-1'  136.7 137.7 
C-2', C-6'  122.7 123.1 

C-3', C-5'  150.2 149.8 
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The pivotal heteronuclear multiple bond correlations (HMBCs) established 

links between the carbons and protons of compound 10. These included clear 

associations between the methylene proton at the [1,3] -dioxole ring and the 

quaternary aromatic carbons at C-7 and C-8, confirming the fused ring structure at 

ring A in compound 10 (Figure 26). In addition, compound 10 demonstrated notable 

HMBCs between the C-24 carbonyl carbon and both the C-22 methylene protons 

and the C-2' pyridine proton. Furthermore, correlations were observed between C -5' 

pyridine proton and C -1' pyridine carbon. The C -2' pyridine proton exhibited 

correlations with the C-3' pyridine carbon. Similarly, the C -22 methylene protons 

were found to be correlated with the C-9 quaternary carbon. Moreover, correlations 

were found between the C-14 methylene protons and the C-15 carbonyl carbon. 

Finally, the C-16 methyl protons demonstrated associations with the C-15 carbonyl 

carbon on ring E. 

 

 

 

 

 

Figure 26 HMBCs (blue arrows) for 22-O-(4'-pyridinecarbonyl) renieramycin T (10) 
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4.4 Cytotoxicity evaluation of compounds 1−10 against NSCLC cell lines 

The cytotoxicity  evaluation of compounds 1−10 , including natural 

renieramycins and their derivatives, was assessed against human NSCLC cell lines, 

specifically H292 and H460, using the MTT assay (Table 12). The benchmark controls 

for these evaluations were established anticancer drugs, doxorubicin and cisplatin. A 

significant portion of the tested compounds demonstrated considerable inhibitory 

activity at nanomolar concentrations against both cell lines. Notably, renieramycin M 

(1), renieramycin N (2), and renieramycin O (3) were synthesized via a photochemical 

reaction. The results indicated that renieramycin T (4) and renieramycin U (5), which 

possess an additional [1,3]-dioxole ring at carbon positions 7 and 8, exhibit a 

dim inished inhib itory effect  on cancer cells in comparison to their parent 

compounds. Subsequently, jorunnamycin A (6) underwent an esterification reaction 

to yield 22-O-(4'-pyridinecarbonyl) jorunnamycin A (7). The transformation of the 

hydroxyl (−OH) group to a 4'-pyridinecarbonyl group at carbon position 22 resulted 

in a remarkable 30−40 folds increase in anticancer activity. It demonstrated the most 

effective inhibitory activity of 7 with IC50 values of 3.52 ± 0.62 and 3.98 ± 0.38 nM 

against H292 and H460 cell lines, respectively. Following this, the methoxy (−OCH3) 

and carbonyl (C=O) groups at positions 7 and 8 were converted to a [1,3]-dioxole ring 

using a photochemical reaction. This process produced 22 -O-(4'-pyridinecarbonyl) 

renieramycin T (10), which, contrary to expectations, displayed a decreased inhibitory 
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activity against cancer cells and showed IC50 at 1.27 ± 0.20 µM and 1.83 ± 0.83 µM 

against H292 and H460, respectively with 2 and 3 folds more potent than that of 

cisplatin. 

For evaluation of the effect of 4'-pyridinecarbonyl group at position 5, 

compound 9 displayed the IC50 value of 35 nM against both NSCLC cell lines and had 

similar activity to substrate 1, together with hydroquinone 8. Besides, compound 9 

showed an increased 2-fold inhibition effect compared to parent 4. All evaluated 

compounds demonstrated superior cytotoxicity compared to cisplatin. In comparison 

to doxorubicin, the renieramycin-type compounds 1, 7, 8, and 9 displayed enhanced 

anticancer activity, surpassing the performance of the standard anticancer drugs used 

as pos itive  con tro ls . The  stru ctu re –cyto tox ic ity  re la tion sh ip  data  o f 4 ' -

pyridinecarbonyl substituent at various positions of renieramycins frameworks found 

that the corresponding ester at position 22, together with quinone at ring A revealed 

more significant cytotoxicity than not only ester substituent at C -5, but also [1,3]–

dioxole bridge at ring A, based on IC 50 value followed the order 7 > 8 = 9 > 10. 

Therefore, the position of the substituent has a significant impact on the ability to 

suppress cancer cell lines. 
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Table 12 Cytotoxicity of natural renieramycins and renieramycins derivatives against 
NSCLC cell lines 

Entry Compound 5-O-substituents 22-O-substituents IC50 ± S.D. (nM) 

H292 H460 
1 1 5-carbonyl angeloyl 35.36  4.51 33.86  2.16 

2 2 5-carbonyl angeloyl 170.03  10.07 104.36  22.02 

3 3 5-carbonyl angeloyl 111.74  12.94 99.74  0.13 
4 4 OH angeloyl 72.64  2.55 83.32  4.72 

5 5 OH angeloyl 183.37  37.04 167.97  3.53 

6 6 5-carbonyl OH 97.85  6.75 157.53  6.65 
7 7 5-carbonyl 4-pyridinecarbonyl 3.52  0.62 3.98  0.38 

8 8 4-pyridinecarbonyl angeloyl 33.79  0.40 35.77  2.11 
9 9 4-pyridinecarbonyl angeloyl 35.27  1.09 34.77  2.19 

10 10 OH 4-pyridinecarbonyl 1.27  0.20 µM 1.83  0.83 µM 

11 Cisplatin - - 4.23  0.40 µM 3.86  
 0.46 µM 

12 Doxorubicin - - 37.54  4.41 43.37  5.60 
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CHAPTER V 
CONCLUSION 

Based on the study of the photochemical reactions of renieramycin M (1) using 

white and blue light sources with three solvents, namely CHCl3, CH2Cl2, and THF, which 

were capable of dissolving 1, the initial experiments using white light resulted in a 

moderate percent yield. Subsequently, further investigation using blue light revealed a 

significant increase in the percent yield by approximately 1.1-1.3 folds. Therefore, CH2Cl2, 

which provided the highest percent yield, was selected as the optimal solvent for the 

semi-synthesis of natural renieramycins and renieramycin derivatives under subsequent 

blue light irradiation. In the semi-synthesis of natural renieramycins, which include 

renieramycin N (2) and renieramycin O (3), under these optimized conditions, it was found 

that the percent yield was still not as high as when using compound 1 as the starting 

material. Additionally, when compound 2 was subjected to photochemical reactions, it led 

to an air oxidation reaction, resulting in the formation of a mixed product between 3 and 

renieramycin U (5). 

In the semi-synthesis of new derivatives of renieramycins, the initial step involved 

jo runnam ycin  A  (6 ) as the starting m aterial, wh ich could be prepared from  1 . 

Subsequently, compound 6 underwent esterification to yield the product 22-O-(4'-

pyridinecarbonyl) jorunnamycin A  (7). This compound was further subjected to a 

pho tochem ical reaction , re su lting in  the fo rm ation  o f the p roduct 22 -O -(4 '-

pyridinecarbonyl) renieramycin T (10).  
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Based on previous research reports, it has been identified that positions 5 and 22 

are crucial for the activity of renieramycins(16, 29, 33). In this study, we tested the potency of 

both starting materials and derived compounds in cytotoxicity against non-small-cell lung 

cancer cells, specifically H292 and H460 cell lines. Our findings indicate that when ring A is 

quinone and a substituent at position 22 is a 4 '-pyridinecarbonyl group, the resulting 

compounds exhibit the most potent IC50 values and demonstrate referring the highest 

inhibition of lung cancer. Furthermore, we observed that hydroquinone 5 -O -(4 '-

pyridinecarbonyl) renieramycin M (8) and 5-O-(4'-pyridinecarbonyl) renieramycin T (9) have 

similar inhibitory effects on lung cancer cells. All tested compound outperforming the 

cisplatin, and the derivatives of compounds 1, 7, 8, and 9 surpassing the performance of 

doxorubicin anticancer drugs. Therefore, renieramycin derivatives are intriguing candidates 

for the development of future anticancer drugs.  
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APPENDIX 

 
Figure 27 1H NMR (400 MHz) spectrum of 4 in CDCl3 
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Figure 28 1H NMR (400 MHz) spectrum of 5 in CDCl3 

Figure 29 13C NMR (100 MHz) spectrum of 5 in CDCl3 
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Figure 30 Mass spectrum of 5 
 

 
Figure 31 IR spectrum of 5 
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Figure 32 Optical rotation report of 5 
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Figure 33 1H NMR (400 MHz) spectrum of 7 in CDCl3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 34 13C NMR (100 MHz) spectrum of 7 in CDCl3 
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Figure 35 COSY (400 MHz) spectrum of 7 in CDCl3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 36 HSQC (400 MHz) spectrum of 7 in CDCl3 
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Figure 37 HMBC (400 MHz) spectrum of 7 in CDCl3 
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Figure 38 1H NMR (400 MHz) spectrum of 10 in CDCl3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 39 13C NMR (100 MHz) spectrum of 10 in CDCl3 
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Figure 40 COSY (400 MHz) spectrum of 10 in CDCl3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 41 HSQC (400 MHz) spectrum of 10 in CDCl3 
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Figure 42 HMBC (400 MHz) spectrum of 10 in CDCl3 
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Figure 43 Mass spectrum of 10 
 

 
Figure 44 IR spectrum of 10 
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Figure 45 Optical rotation report of 10 
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