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บทคัดยอ 
 

Project Code: RSA 5280033 
Project Title:  ฤทธิต์านเชือ้จุลชีพของสารสกัดจากตนติ้วเกลี้ยง  และ Garcinia sp. และสารอนุพันธ     
                    chalcones         
        
Investigators: Principle investigator: สุชาดา จันทรพรหมมา 
                    Co-investigators: ฉัตรชนก กะราลัย      
E-mail address: suchada.c@psu.ac.th 
Objectives:  
1. เพ่ือหาฤทธิ์การตานเชื้อจุลชีพของสารที่สกัดและแยกไดจากตนติ้วเกลี้ยงและ Garcinia sp. 
2. เพ่ือสังเคราะหและหาฤทธิ์การตานเชื้อจุลชีพของสารอนุพันธ chalcones 
3. เพ่ือหาโครงสรางผลึกของสารสังเคราะหและสารผลิตภัณฑธรรมชาติบริสุทธิ์ที่สามารถแยกและ 
   ตกผลึกได  เพ่ือเปนฐานขอมูลของโครงสรางสารผลิตภัณฑธรรมชาติในการใชประโยชน 
   เพื่อศึกษาหาความสัมพันธของโครงสรางและการออกฤทธิ์        
Methodology: สกัดแยก (สารผลิตภัณฑธรรมชาติ)   สังเคราะหสารอนุพันธ chalcones  และหา
โครงสรางสารบริสุทธิ์ที่แยกหรือสังเคราะหไดดวยเทคนิคทางสเปกโตสโกป  ตกผลึก และหา
โครงสรางผลึกของสารดวยเทคนิคการเลี้ยวเบนของรังสีเอกซบนผลึกเด่ียว ทดสอบฤทธิ์ทางชีวภาพ
ของสารที่แยกหรือสังเคราะหได คือ ฤทธิ์ตานเชื้อแบคทีเรีย และฤทธิ์ยับยั้งเชื้อรา และศึกษาสมบัติ
ฟลูออเรสเซนตของสารอนุพันธ chalcones   
Results: จากการสกัดและแยกองคประกอบทางเคมีจากสวนสกัดหยาบจากผลและยางของตนติ้ว
เกลี้ยง รากและผลของตนติ้วขน  ดวยวิธีทางโครมาโทกราฟ สามารถแยกสารประกอบประเภท 
xanthones  จากผลออนและยางของตนติ้วเกลี้ยง 20 สาร จากรากตนติ้วขนได 14 สาร และจากผล
ออนของตนติ้วขนได 9 สาร  ทําการสังเคราะหสารอนุพันธ chalcones จํานวน 27 สาร และหา
โครงสรางสารโดยใชขอมูลทางสเปกโทรสโกป  และหาโครงสรางดวยเทคนิคการเลี้ยวเบนของรังสี
เอกซบนผลึกเด่ียวของสารที่ตกผลึกได  และทําการทดสอบการออกฤทธิ์ทางชีวภาพ คือ ฤทธิ์การยั้บ
ยั้งเชื้อแบคทีเรียและฤทธิ์การยับยั้งเชื้อรา พบสารออกฤทธิ์ทางชีวภาพที่นาสนใจหลายสาร จาก
การศึกษาสมบัติฟลูออเรสเซนตของสารอนุพันธ chalcones พบสารที่แสดงสมบัติฟลูออเรสเซนต 
Discussion and Conclusion: จากการศึกษาองคประกอบทางเคมีและการทดสอบฤทธิ์ทางชีวภาพ
ของสารที่แยกไดจากพืชดังกลาวพบวาไดสารชนิดใหมหลายชนิดและสารที่แยกไดหลายตัวมีฤทธิ์ทาง
ชีวภาพที่นาสนใจและสารบางตัวมีฤทธิ์ยับยั้งแบบจําเพาะเจาะจงตอเชื้อแบคทีเรีย และพบสารที่ออก
ฤทธิ์ตานการอักเสบที่นาสนใจอีกดวย สําหรับสารสังเคราะหอนุพันธ chalcones ไมพบสารออกฤทธิ์
ยังยั้งแบคทีเรียที่นาสนใจ จึงไดทําการศึกษาสมบัติฟลูออเรสเซนตของสาร พบสารอนุพันธ 
chalcones ที่มีสมบัติฟลูออเรสเซนต 
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คําหลัก   Natural Products, Cratoxylum cochinchinense, Cratoxylum formosum ssp. 
pruniflorum, crystal structure, antibacterial, anti-inflammatory, bioactivity, chalcones และ 
fluorescence 
 

ABSTRACT 
 

Project Code: RSA 5280033 
Project Title:  Antimicrobial activities of the isolated compounds from Cratoxylum 
cochinchinense, Garcinia sp. and chalcone derivatives 

 
Investigators: Principle investigator: Suchada Chantrapromma 
                    Co-investigators: Chatchanok Karalai  
E-mail address: suchada.c@psu.ac.th 
Objectives: 1. To investigate chemical constituents from the resin and green fruits of 
Cratoxylum cochinchinense; the roots and green fruit of Cratoxylum formosum ssp. 
pruniflorum. 
2.  To synthesis and study for bioactivity of chalcones 
3.  To study the crystal structures of the isolated compounds and the synthesized chalcones 
which can be crystallized. 
Methodology: Extraction, isolation and characterization, and evaluation of antibacterial and 
antifungal activities of the isolated compounds. Synthesis chalcones by condensation 
reaction and study for antibacterial activity and fluorescent property. Crystallization and 
determination of the crystal structures by single crystal x-ray structure determination. 
Results: The crude extracts of the resin and green fruit of Cratoxylum cochinchinense; and 
the roots and green fruit of Cratoxylum formosum ssp. pruniflorum were subjected to column 
chromatography. Twenty xanthones from resin and green fruit of Cratoxylum cochinchinense; 
fourteen xanthones from the roots and nine xanthones from the green fruit of Cratoxylum 
formosum ssp. pruniflorum were isolated. Twenty-seven chalcones were synthesized. The 
structures of the compounds were evaluated by spectroscopic methods. In addition, the 
structures of the compounds that can be crystallized out were also determined by single 
crystal X-ray diffraction. Antibacterial and antifungal activities of the isolates were evaluated.  
Many compounds exhibited antibacterial activity. In addition fluorescent properties of 
chalcones were also carried out. Some of chacones possess fluorescent property. 
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Discussion and Conclusion: From the studies of chemical constituents and their biological 
activities from these plants, several new compounds have been isolated. Several compounds 
possess interesting biological activities and some of them show specific antibacterial activity.  
Unfortunately, the biological study of chalcones found that they are not active against the 
tested bacterial strains. However some of the chalcones possess fluorescent property.  
 

Keywords: Natural Products, Cratoxylum cochinchinense, Cratoxylum formosum ssp. 
pruniflorum, crystal structure, antibacterial, anti-inflammatory, bioactivity, chalcones และ 
fluorescence 
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บทนํา 
  

 
โครงการวิจัยน้ีประกอบดวย 2 โครงการยอย  โดยโครงการยอยที่ 1 ไดทําการศึกษา

องคประกอบทางเคมีและการออกฤทธิ์ทางชีวภาพของยางและผลออนของตนติ้วเกลี้ยง (Cratoxylum 
cochinchinense) และรากและผลออนของตนติ้วขน Cratoxylum formosum ssp. pruniflorum  ใน
สวนของพืชสกุล Garcinia sp. ดังปรากฏในชื่อโครงการ เน่ืองจากการประสบปญหาในการเก็บพันธุ
พืชในเขตวนอุทยานน้ําตกโตนงาชางที่ จังหวัด สงขลา จึงไดทําวิจัยในสวนของรากและผลออนของ
ตนติ้วขนเพิ่มเติมจากที่ทําเฉพาะติ้วเกลี้ยง  สวนโครงการยอยที่ 2 เปนการสังเคราะหและศึกษาฤทธิ์
ทางชีวภาพและสมบัติฟลูออเรสเซนตของสารอนุพันธ chalcones  

 
ติ้วเกลี้ยงและติ้วขนเปนพืชในสกุล Cratoxylum ซึ่งพืชในสกุลนี้เปนพืชที่นาสนใจเนื่องจากมี

รายงานสารออกฤทธิ์ทางชีวภาพหลายชนิด เชน สารที่มีฤทธิ์ในการยับยั้งเชื้อแบคทีเรีย  เชื้อรา 
เซลลมะเร็ง และ ยับยั้งอนุมูลอิสระ  เปนตน   จึงไดทําการหาองคประกอบทางเคมีจากตนไมทั้งสอง
ชนิดน้ีเพ่ือหาสารออกฤทธิ์ทางชีวภาพและไดพบสารออกฤทธิ์ทางชีวภาพชนิดใหมหลายชนิด  อีกทั้ง
ไดทําการสังเคราะหและศึกษาฤทธิ์ทางชีวภาพของสารอนุพันธ chalcones และเนื่องจากผลการออก
ฤทธิ์ทางชีวภาพของสารอนุพันธ chalcones ที่ไดในโครงการนี้ไมเปนที่นาพอใจจึงไดทําการศึกษา
เพ่ิมเติมในสวนของฤทธิ์ตานการอักเสบ และสมบัติฟลูออเรสเซนตของสารอนุพันธ chalcones อีก
ดวย  

 
โครงการยอยที่ 1  ฤทธ์ิตานเชื้อจุลชพีของสารที่สกัดและแยกไดจากตนติ้วเกลี้ยงและต้ิวขน 
 
 ติ้วเกลี้ยง (Cratoxylum cochinchinense) และติว้ขน (Cratoxylum formosum  subsp. 
pruniflorum)  เปนตนไมซึ่งอยูในวงศ Guttiferae  สกุล Cratoxylum  ถูกใชเปนยาพื้นบานในการ
รักษาโรค เชน แกโรคทองรวง ขับลม แกไข  และ ใชเปนยาบํารุงกําลัง     
1. ติ้วเกลีย้ง 
ชื่อวิทยาศาสตร  Cratoxylum cochinchinense (Lour.) Blume 
ชื่อวงศ  GUTTIFERAE 
ชื่อพื้นเมือง  ติ้วขาว ติ้วสม ติ้วเกลี้ยง ติ้วใบเลื่อม ขี้ติ้ว มูโตะ กุยฉองบาง กวยโซง กุยฉองเซา ตาว 
ติ้วขน ติ้วแดง ติ้วยาง ติ้วเลือด ติ้วเหลือง แตวหิน เน็กเครแย ราเงง 
ลักษณะทางพฤกษศาสตร 
 ตน  ผลัดใบ สูง 8 - 15 ม. ลําตนคอนขางตรง เรือนยอดเปนรูปกรวยคว่ํา ก่ิงออนเกลี้ยง และ
ปลายก่ิงมักกลายสภาพเปนหนามแข็งอยูตามลําตนและกิ่งใหญ เปลือกนอก สีเทาเรียบหรือแตกเปน
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รองและเปนสะเก็ดไปตามยาวของลําตน เปลือกในสีเหลืองออน จะมีน้ํายางเหนียว ๆ สีเหลือง อมแดง 
ซึมออกมาเม่ือถูกตัด 
 ใบ  ทรงใบรูปรีหรือรูปหอก กวาง 2 - 3.5 ซม. ยาว 4.5 - 10 ซม. โคนและปลายใบสอบ บาง
ทีปลายใบมน สวนโคนใบสอบเรียว เนื้อใบบาง เกลี้ยงและมีตอมใส ๆ กระจายทั่วไป เสนแขนงใบมี  
8 - 10 คู ปลายเสนจะโคงจรดกับเสนถัดขึ้นไปกอนถึงขอบใบ เสนใบยอยแบบเสนรางแหจะเห็นชัด
ทางดานหลังใบ สวนทางทองใบมักมีสีจางนวล ๆ ใบออนจะออกสีชมพูเร่ือ ๆ ใบแกเม่ือแกจัดกอน
ผลัดใบจะมีสีแสดหรือสีแดงอิฐ ขอบใบเรียบ กานใบคอนขางส้ัน ยาวไมเกิน 5 มม. 
 ดอก  2 - 5 ดอก ตามงามใบเหนือรอยแผลใบและตามปลายกิ่ง ทั้งกลีบรอง กลีบดอก และ
กลีบดอกมีอยางละ 5 กลีบ แตละกลีบเปนอิสระแกกัน เกสรผู มีมากและรวมกันเปนกลุมสามกลุ ม     
รังไขรูปรีเกลี้ยง ๆ ภายในแบงเปน 3 ชอง แตละชองมีไขออนมาก หลอดรังไขมีสามหลอด ดอกสีสม
หรือแดงเขมแกมขาว มีกลิ่นหอมออน ๆ 
 ผล   เกลี้ยงเปนมัน พอแกจะแตกออกเปน 3 เสี่ยง  เมล็ดรูปขอบขนานเล็ก ๆ มีปกรูปมน
บาง ๆ ทางดานบนหนึ่งปก กลีบขั้วจุกผลจะหุมติดผลประมาณ 2/3 ของความยาวผล ผลแกสีน้ําตาล
ดํา เมล็ดจํานวนมาก 
 ระยะเวลาในการออกดอกและเปนผล  ออกดอกตลอดป และมักมีดอกและผลในเวลา
เดียวกัน 
 ดานสมุนไพร  ใบออนและยอดออนรับประทานสดชวยระบายทอง  ตนและราก  ผสมลําตน
กําแพงเจ็ดชั้น  ตมนํ้าด่ืมแกกระษัยเสน เปนยาระบาย 
           ดานเปนพืชอาหาร  ใบออนและยอดออน กินกับอาหารพ้ืนเมืองทางภาคเหนือ และภาค
ตะวันออกเฉียงเหนือ  
    
2. ตนติ้วขน 
ชื่อวิทยาศาสตร  Cratoxylum formosum ssp. pruniflorum 
ชื่อวงศ GUTTIFERAE 
ชื่อพ้ืนเมือง กุยฉองเชา (กะเหร่ียงลําปาง) กวยโชง (กะเหร่ียงกาญจนบุรี) ตาว (สตูล) ติ้วแดง ติ้วยาง 
ติ้วเลือด (พายัพ) ติ้วสม (นครราชสีมา) ติ้วเหลือง แตว ติ้วขน (ไทย) เตา (เลย) เน็คเครแย (ละวา
เชียงใหม) ราเงง (เขมรสุรินทร)   มูโตะ (นราธิวาส มาเลเซีย) ขี้ติ้ว ตาว (สตูล) 
ลักษณะทางพฤกษศาสตร 

ตน  เปนไมตนขนาดเล็กถึงขนาดใหญ ผลัดใบ สูง 8 - 15 ม. เรือนยอด เปนพุมกลม โปรง ก่ิง
ออนมีขนนุมทั่วไป ก่ิงเล็กตามลําตนและกิ่งใหญมักลายสภาพเปนหนามแข็ง ๆ เปลือกนอก สีน้ําตาล
ปนดํา แตกเปนสะเก็ดเล็ก ๆ หอยยอยลง เปลือกใน สีน้ําตาลแกมเหลือง และมีน้ํายางสีเหลืองปนแดง
ซึมออกมา เม่ือตัดใหม ๆ กระพ้ีขาวแยกจากแกนเห็นไดชัด 

ใบ  ใบเด่ียว ติดตรงขามกันเปนคู ๆ ทรงใบรูปรแกมรูปไขกลับและรูปขอบขนาน ขนาด 2 - 5 
X 3 - 13 ซม. โคนสอบเรียว สวนที่คอนไปทางปลายใบโตออก ปลายสุดสอบเขา เน้ือบางมีตอมใส ๆ 
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กระจายเต็มไปหมด หลังใบมีขนสาก ทองใบมีขนนุมหนาแนน ใบออนออกสีชมพูเร่ือ ๆ สวนใบแก 
กอนผลัดใบจะมีสีแดงหรือแดงอิฐ ขอบใบเรียบ กานใบยาวไมเกิน 1 ซม. เสนแขนงใบ 7 - 13 คู เสน
โคงและปลายเสนจะโคงจรดกับเสนถัดไปกอนถึงขอบใบ 

ดอก  ออกเปนกลุม กานชอสั้นออกตามงามใบ ดอกสีขาวหรือชมพูออน ๆ กลิ่มหอมออน ๆ 
กลีบดอกยาวเปนสองเทาของกลีบรองกลีบดอก กลีบรองฐานดอกและกลีบดอกมี 5 กลีบ แตละกลีบ
เปนอิสระแกกัน กลีบรองกลีบดอกมีขนประปราย สวนกลีบดอกเกลี้ยง เกสรผูจํานวนมากสีเหลืองออน 
แบงออกเปนสามกลุม รังไข รูปรี ๆ เกลี้ยง ภายในแบงเปน 3 ชอง แตละชองมีไขออนมาก หลอดรัง
ไขมี 3 หลอด 

ผล  ผลแหง รูปรี ๆ ยาวประมาณ 2  ซม. หรือยอมกวาเล็กนอย แข็ง มีคราบสีนวล ติดตาม
ผิว แกจัดแตกอาออกตามรอยประสานเปน 3 แฉก เผยใหเห็นเมล็ดรูปขอบขนานเล็ก ๆ ที่มีปกโคง ๆ 
เรียงอัดอยูแนน กลีบขั้วจุก ผลจะหุมติดผลประมาณ 1/4 ของความยาวผล แหลงที่พบ ปาเต็งรัง 

ระยะเวลาในการออกดอกและเปนผล ออกดอกระหวางเดือน มกราคม-เมษายน และเปน
ผลระหวาง  เดือนกุมภาพันธุ-พฤษภาคม กอนออกดอกจะท้ิงใบหมด ดอกจะเริ่มออกพรอมกับการผลิ
ใบใหม จึงมักมีทั้งดอกและผลติดอยูในเวลาเดียวกัน  

ดานสมุนไพร ใบออนและยอดออนรับประทานสดชวยระบายทอง  รากและใบใชตมกินแก
ปวดทอง  เปลือกและใบตําผสมกับนํ้ามันมะพราวทาแกโรคผิวหนัง  น้ํายางจากลําตนใชรักษา
บาดแผลและทาแกฝาเทาแตก 

ดานเปนพืชอาหาร  ยอดออน ใบออนและดอก ใชรับประทานเปนผัก กับอาหารประเภท
สมตํา ลาบ น้ําตก และอาหารประเภทยําตาง ๆ หรือใสตมยําตาง ๆ เพ่ือปรุงใหมีรสเปรี้ยวแทน
มะนาว แตนิยมรับประทานนอยกวาติ้วขาว เพาะติ้วขนมีรสชาติขมหรือฝาดกวาติ้วขาว 

 
การสืบคนและทบทวนวรรณกรรม 

พืชในสกุล Cratoxylum จัดอยูในวงศ Guttiferae มีรายงานสารออกฤทธิท์างชวีภาพ ไดแก  
antibacterial (Munekazu et al., 1996 [1])  cytotoxicity activity (Seo et al., 2002; [2] 
Pattanaprateeb et al., 2005 [3]) immunomodulatory activity (Pinto et al., 1997 [4])   ติ้วเกลี้ยง
และติว้ขนเปนตนไมในวงศ Guttiferae  สกุล Cratoxylum  ถูกใชเปนยาพื้นบานในการรักษาโรค เชน 
แกโรคทองรวง ขับลม แกไข  ยาบํารุงกําลัง   จากการสํารวจเอกสารทีเ่ก่ียวของกับพืชสกุล 
Cratoxylum  มีรายงานการวิจัยดังน้ี 

ในป 1993 Bennett และคณะ ไดทําการศึกษาในสวนเปลือกของ C. cochinchinense 
สามารถแยกสารในกลุมของ bicyclic triterpenoids และ xanthones ไดดังนี้ 
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ในป 1995 Sia และคณะ ไดทําการศึกษาในสวนเปลอืกของ C. cochinchinense สามารถ

แยกสารในกลุมของ xanthones และ bis-xanthones ไดดังนี้ 
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ในป 1996 Ilnuma และคณะ ไดทําการศึกษาในสวนเปลือกของ C. formosum สามารถแยก

สารในกลุมของ xanthones และ flavonoids ไดดังนี้ 
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ในป 1998 Kijjoa และคณะ ไดทําการศึกษาในสวนเนื้อไมของ C. maingayi สามารถแยกสาร

ในกลุมของ xanthones ไดดังนี้ 
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ในป 1998 Nguyen และคณะ ไดทําการศึกษาในสวนเนื้อไมของ C. cochinchinense 
สามารถแยกสารในกลุมของ bicyclic triterpenoids, xanthones และ anthraquinone ไดดังนี้ 
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ในป 2002  Seo และคณะ ไดทําการศึกษาในสวนเนือ้ไมของ C. sumatranum สามารถแยก
สารในกลุมของ anthraquinobenzophenones และ xanthones ไดดังนี้ 
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ในป 2005 Pattanaprateeb และคณะ ไดทําการศึกษาในสวนเปลือกของ C. aborecens 
สามารถแยกสารในกลุมของ anthraquinones และ xanthones ไดดังนี้ 
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โครงการยอยที่ 2  ฤทธ์ิตานเชื้อจุลชพีของสารสังเคราะหอนุพันธ chalcones  
 
 สารกลุม chalcones  เปนสารประกอบที่พบไดในผลิตภัณฑธรรมชาติหลายชนิด  ปจจุบัน
การศึกษาเก่ียวกับสารประกอบกลุม chalcones ทั้งที่ไดจากผลิตภัณฑธรรมชาตแิละสารสังเคราะห
ไดรับความสนใจเพ่ิมขึ้น  เนื่องจากพบวาสารกลุมน้ีมีฤทธิท์างเภสัชวิทยาหลายแบบดวยกนั เชน 
antimicrobial, antifungal, antioxidant, cytotoxic and anti-inflammatory (Dimmock et al., 1999; 
Go et al., 2005) รวมถึงการใชประโยชนทางดานการถนอมอาหาร (Dhar, 1981)  แมวาสารกลุม 
chalcones ที่ไดจากธรรมชาติจะแสดงฤทธิ์ที่นาสนใจแตปญหาคือปริมาณท่ีถูกสกัดและแยกจาก
ผลิตภัณฑธรรมชาติจะมีปริมาณที่ไมมากนัก    กอรปกับการประยุกตใชของสารกลุมน้ีมีหลายอยาง
ดวยกัน ดังนั้นกลุมผูวิจัยจึงสังเคราะหสารอนุพันธ chalcones เพ่ือทําการศึกษาฤทธิ์การตานเชื้อจุล
ชีพเพ่ือใชเปนขอมูลประกอบกับสารที่ไดจากผลิตภัณฑธรรมชาติ   
 
การสืบคนและทบทวนวรรณกรรม 
จากการสํารวจเอกสารการวิจัยที่เก่ียวของกับฤทธิ์ทางเภสัชวิทยาสารกลุม chalcones  มีดังนี้ 
  Alcaradz et al., 2008. สังเคราะหและศกึษา  bioactivity ของสารประกอบ chalcones โดย
ศึกษาการออกฤทธิต์อการตานเชื้อแบคทีเรีย Staphylococcus aureus  
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C

X2'

X3'

X4'

O

X4

 
 

(1) Chalcone     X2’ = X3’ = X4’ = X4 = H 
(2) 4(OH)-chalcone        X4 = OH  X2’ = X3’ = X4’  = H 
(3) 4(OCH3)-chalcone    X4 = OCH3  X2’ = X3’ = X4’  = H 
(4) 4(F)-chalcone     X4 = F  X2’ = X3’ = X4’ = H 
(5) 4(Cl)-chalcone     X4 = Cl  X2’ = X3’ = X4’ = H 
(6) 2’(OH)-chalcone    X2’ = OH  X3’ = X4’ = X4 = H 
(7) 2’,4’(OH)2-chalcone    X2’ = X4’ = OH X3’ = X4 = H 
(8) 2’,4(OH)2-chalcone    X2’ = X4 = OH X3’ = X4’ = H 
(9) 2’(OH),4’(OCH3)-chalcone   X2’ = OH  X3’ = X4 = H X4’ = OCH3 
(10) 2’(OH),4(OCH3)-chalcone   X2’ = OH           X3’ = X4’ = H X4 = OCH3 
(11) 2’,4’(OH)2-3’(OCH3)-chalcone   X2’ = X4’ = OH          X3’ = OCH3 X4 = H 
 
 

และพบวา สารประกอบ 6  7 และ 8 มีฤทธิ์ในการตานแบคทีเรีย S. aureus  
  
 
Prasad et al., 2008. สังเคราะหสารอนุพันธุของ chalcone เพ่ือศึกษาคุณสมบัติในการยับยั้ง

แบคทีเรีย Bacillus pumilis  
 
 

HO

R

O

                 

R

O

OH  
 

    1-11     12-24 
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Compound   R 
         1    anthryl 
         2    5-bromo furyl 
         3    2,4,5-trimethoxy phenyl 
         4    4-hydroxy-3methoxy phenyl 
         5    3-bromo-5-chloro-2-hydroxy phenyl 
         6    2,4-dichloro phenyl 
         7    3,4,5-trimethoxy phenyl 
         8    2-pyridyl 
         9    2-quinolyl 
         10   4-quinolyl 
         11   3-pyridyl 
         12   4-methoxy phenyl 
         13   3,4,5-trimethoxy phenyl 
         14   phenyl 
         15   2-hydroxy phenyl 
         16   3-bromo phenyl 
         17   4-dimethyl amino phenyl 
         18   2,4,5-trimethoxy phenyl 
         19   4-nitro phenyl 
         20   4-methyl phenyl 
         21   9-anthryl 
         22   2-chloro phenyl 
         23   2,4-dichloro phenyl 
         24   3,4-dimethoxy phenyl 

 
 
Tomar et al., 2007. สังเคราะหสารประกอบอนุพันธ chalcone และศึกษาสมบตัิ 

antimicrobial activity ตอแบคทีเรีย Gram-positive bacteria เชน แบคทีเรีย Staphylococcus 
aureus และ Escherichia coli  
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R

O

R'

 
 

=
S

and N NH

R' = and C
H

C
H

X

R

 
 

X = H, 3-CH3, 4-CH3, 4-OCH3, 3,4,5-trimethoxy, 4-Cl and 3-NO2 
 

compound R R’ (benzaldehyde) 
1 H 
2 3-CH3 
3 4-CH3 
4 4-OCH3 
5 3,4,5-Trimethoxy 
6 4-Cl 
7 3-NO2 
8 

S

Cl

Cl

 

Cinnamaldehyde 
9 H 
10 3-CH3 
11 4-CH3 
12 4-OCH3 
13 3,4,5-Trimethoxy 
14 4-Cl 
15 3-NO2 
16 

N NH

 

Cinnamaldehyde 
 
พบวา สารประกอบ 7  9  10  12 และ 15 มีฤทธิ์ในการตาน S. aureus  ไดดี สารประกอบ 9 

และ 15 มีฤทธิ์ในการตาน E. coli ไดดี  ในขณะที่สารประกอบตวัอ่ืนๆแสดงฤทธิใ์นการตานเชือ้
แบคทีเรียที่ไมโดดเดน  
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Sivakumar et al., 2007. สังเคราะหและศึกษา  bioactivity ของสารประกอบกลุม chalcones 
โดยศึกษาการมีฤทธิ ์antimycobacterial activity และ quantitative structure-activity relationship 
(QSAR) ของสาร 

 
 

 

A-ring B-ring 
Compound 

R1 R2 R3 R4 R5 R6 R7 
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C2 
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C20 
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พบวา  สารประกอบ C21 และ C24 มีประสิทธิภาพมากในการมีฤทธิ์ antitubercular activity 
 

  Bowman et al., 2007. สังเคราะหสารอนุพันธุของ chalcone เพ่ือศึกษาคุณสมบัติในการ
ยับยั้งแบคทีเรีย  S. aureus 

 
O

R2R1

 
 

4At: R1 = 4-OH,  R2 = 2,4-Cl 
4Be: R1 = 3-OH,  R2 = 3-Br 
4Bl: R1 = 3-OH,  R2 = 2,3-Cl 
4Bo: R1 = 3-OH,  R2 = 2,3,6-Cl 
4Bv: R1 = 3-OH,  R2 = 3,5-CF3 
4Cf: R1 = 3-OMe, 4-OH, R2 = 4-Br 

 
พบวา สารประกอบ 4Bo และ 4Bv มีประสิทธิภาพสูงในการยับยั้งเชือ้แบคทีเรีย S. aureus 
 
Moorthy et al., 2006. สังเคราะหสารอนุพันธของ flavanone เพ่ือศึกษาคุณสมบตัิในการ

ยับยั้งแบคทีเรีย  Staphylococcus aureus, Shiegella sonnei, Shiegella dysenteriae, Salmonella 
typhimurium, Vibrio cholerae และ Escherichia coli 

O

O

R1

R218

7

6

5 4

3

2
1'

2'

3'

4'

5'

6'

 
 

Compound  R1   R2 
        2a  H   H 
        2b  H   4’-OH 
        2c   H   4’-OCH3 
        2d  H   4’-N(CH3)2 
        2e  7-OH   6’-OH 
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Compound  R1   R2 
        2f  7-OH   4’-N(CH3)2 
        2g  7-OH   6’-OH 
        2h  6-OH   6’-OH 
        2i  6-OH   4’-OH 
        2j  6-OH   4’-OCH3 
        2k  6-OH   4’-N(CH3)2 
 
พบวาสารประกอบ 2b 2e 2f และ 2h มีฤทธิ์ในการยบัยั้งเชื้อแบคทีเรีย 
 
Nielsen et al., 2004. สังเคราะหสารอนุพันธุของ chalcone เพ่ือศึกษาคุณสมบัติในการยับยั้ง

แบคทีเรีย  S. aureus ATCC 29213 
 

O

R2R1

 
 

Compound  R1    R2 
        1   4-OH    2,4-Di-Cl 
        2   2-F-4-OH   2,4-Di-Cl 
        3   3-F-4-OH   2,4-Di-Cl 
        4   3,5-Di-F-4-OH   2,4-Di-Cl 
        5   4-COOH   2,4-Di-Cl 
        6   4-Tetrazolyl   2,4-Di-Cl 
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O

R2

HO

O

 
 

Compound  R2   Compound   R2 
         7  H          19   3-OPh 
         8  4-CF3          20   2-CF3 
         9  4-Cl           21    2-Br 
         10  4-CH3           22    2-Cl 
         11  4-OCH3         23    2-OH 
         12  4-OH           24    2-OBu 
         13  4-OPh           25    3,5-Di-CF3 
         14  3-CF3         26    3,5-Di-Br 
         15  3-Br          27    3,5-Di-Cl 
         16  3-Cl         28             3,5-Di-CH3 
         17  3-NO2         29    3,5-Di-F 
         18  3-OH          30    3,5-Di-OCH3 
 
 พบวาสารประกอบ 1  2  25 และ 26 มีฤทธิ์ในการยับยั้งเชื้อแบคทีเรีย S. aureus ไดดีมาก 
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2. ผลการวิจัยและอภิปรายผล (ติ้วเกล้ียง) 
 

การสกัดและแยกสารจากตนติว้เกลีย้ง 
 
2.1  General experimental procedures 
 

Melting points were determined on the Fisher-John melting point apparatus. Optical 
rotations were measured on a JASCO P-1020 digital polarimeter. UV and IR spectra were 
recorded on SPECORD S 100 (Analytikjena) and Perkin-Elmer FTS FT-IR 
spectrophotometer, respectively. The 1H and 13C NMR spectra were recorded on a 500 MHz 
Varian UNITY INOVA and/or 300 MHz Bruker FTNMR Ultra ShieldTM spectrometers in 
CDCl3 or CD3OD with TMS as the internal standard. Chemical shifts are reported in δ 
(ppm) and coupling constants (J) are expressed in hertz. EI and HREI mass spectra were 
measured on a Kratos MS 25 RFA spectrometer. Quick column chromatography (QCC) and 
column chromatography (CC) were carried out on silica gel 60 F254 (Merck) and silica gel 
100 (Merck), respectively. 
 
 
2.2  Plant materials  
 
The resin and green fruits of Cratoxylum cochinchinense 
 
 The resin of C. cochinchinense was collected in October 2003 at Prince of Songkla 
University, Hat-Yai campus, whereas the green fruits of C. cochinchinense were collected in 
October 2007 at Kaun Kha Long District, Satun Province. Botanical identification was 
achieved through comparison with a voucher specimen No. SL-1 (PSU) in the herbarium of 
collection of Department of Biology, Faculty of Science, Prince of Songkla University, 
Thailand. 
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2.3  Extraction and Isolation 
 
2.3.1 The extraction of the resin of Cratoxylum cochinchinense 
 

The resin of C. cochinchinense (87.75 g) was extracted with CH2Cl2 (2×2.0 L, for a 
week) at room temperature and was evaporated under reduced pressure to afford a deep 
green crude CH2Cl2 extract (47.04 g) (see Scheme 1). 

 
 

 
 

 
Scheme 1  The extraction of the resin of C. cochinchinense 

 

 
 

2.3.2  The extraction of the green fruits of Cratoxylum cochinchinense 
 

Air-dried green fruits of C. cochinchinense (5.5 kg) were extracted with CH2Cl2 

(2×20 L, for a week) at room temperature and was evaporated under reduced pressure to 
afford a deep green crude CH2Cl2 extract (40.04 g) (see Scheme 2). 

 

 

 

Scheme 2  The extraction of the green fruits of C. cochinchinense 
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2.4  การสกัดและแยกสารจากยางและผลออนตนติว้เกลีย้ง 
 
2.4.1 The CH2Cl2 extract of the resin of Cratoxylum cochinchinense 
 

The crude CH2Cl2 extract (47.04 g) of the resin of C. cochinchinense was subjected 
to QCC (Quick column chromatography) on silica gel (Merck 60 F254) using hexane as a 
first eluent and then increasing the polarity with acetone to give 16 fractions (FR1-FR16). 
Fractions FR4 and FR5 were separated by CC eluting with a gradient of acetone-hexane to 
give 8 subfractions (FR4A-FR4H) and CC8 (150.2 mg). Subfraction FR4B was further 
purified by CC and eluted with a gradient of acetone-hexane to give CC7 (31.4 mg), CC12 
(56.5 mg), CC21 (24.5 mg) and a mixture of compounds CC22 and CC23 (78.5 mg), 
respectively. Fractions FR6 and FR7 were separated by QCC and eluted with a gradient of 
CH2Cl2-hexane to give 6 subfractions (FR6A-FR6F). Subfraction FR6B was further 
separated by QCC eluting with a gradient of acetone-hexane to give CC6 (35.7 mg), CC8 
(83.2 mg) and CC11 (1.8 mg). Subfraction FR6E was purified by CC on reversed-phase 
silica gel C-18 eluting with MeOH to give CC4 (849.4 mg) and CC5 (1.25 g). Fraction FR8 
and FR9 were separated by QCC and eluted with a gradient of CH2Cl2-hexane to afford 
CC5 (551.3 mg), CC7 (18.2 mg), CC8 (116.6 mg) and CC9 (148.7 mg). Fraction FR10 and 
FR11 were separated by QCC and eluted with a gradient of acetone-hexane to give 7 
subfractions (FR10A-FR10G) and CC7 (25.9 mg). Subfraction FR10B was further purified by 
CC on silica gel C-18 and eluted with MeOH to furnish CC1 (8.5 mg). Subfraction FR10D 
was separated by QCC eluting with a gradient of acetone-hexane to give 6 subfractions 
(FR10D1-FR10D6). Subfraction FR10D2 was further separated by CC and eluted with a 
gradient of acetone-hexane to give 5 subfractions (FR10D2A-FR10D2E), CC2 (1.8 mg), 
CC4 (23.1 mg), CC5 (34.2 mg) and an inseparable mixture of CC2 and CC3 (24.2 mg). The 
mixture was separated by acetylation with Ac2O (0.1 mL) in pyridine (2.0 mL) and stirred 
over night at the room temperature to give yellow gum which was further purified by CC 
eluting with 70% CHCl3-hexane to give acetylated derivatives CC2a (5.1 mg) and CC3a 
(18.9 mg), respectively. Subfraction FR10D2E was purified by CC and eluted with 80% 
CH2Cl2-hexane to give CC8 (16.7 mg), CC10 (5.0 mg) and CC11 (1.5 mg), respectively 
(see Scheme 3). 
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Scheme 3  Isolation of compounds CC1-CC12 and CC21-CC23 

 

Characterization of isolated compounds 

1. Compound CC1: Cochinchinone I 

 

  

 

The structure of compound 1 
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The X-ray structure of compound 1 

 

 Compound CC1: Cochinchinone I. Yellow needle single crystals, m.p. 160-162 °C; 

UV-Vis (CHCl3) λmax (log ε) 261 (4.01), 297 (4.31), 342 (3.69), 393 (3.46) nm; FT-IR (neat) 

νmax 3406, 1650, 1612 cm-1; HRMS m/z 446.2279 for C28H30O5 (calcd. 446.2093). EIMS 
m/z (rel. int.): 446 [M]+ (76), , 431 (100), 377 (73), 363 (76), 323 (26), 307 (15), 295 (13), 
137 (5), 69 (6). For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see 
Table 2.1. (Boonnak et al., 2009) 

 

2. Compound CC2: Cochinchinone J 

 

 
 

The structure of compound 2 
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 Compound CC2: Cochinchinone J. Yellow viscous oil, [α]25
D = -69.8 (c 0.08, 

CHCl3); UV-Vis (CHCl3) λmax (log ε) 243 (3.90), 289 (4.10), 298 (4.13), 320 (3.68), 351 

(3.47), 391 (3.33) nm; FT-IR (neat) νmax 3397, 1649, 1613 cm-1; HRMS m/z 446.2092 for 
C28H30O5 (calcd. 446.2093). EIMS m/z (rel. int.): 446 [M]+ (11), 363 (100), 307 (18), 69 (5). 
For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 2.2. 
(Boonnak et al., 2009) 

 

3. Compound CC3: Cochinchinone K. 
 

 
 

The structure of compound 3 and 3a 
 

Compound CC3: Cochinchinone K. Compound CC3 was isolated as a mono-
acetylated form (CC3a) from an inseparable mixture with compound CC2, and the mixture 
was thus acetylated with Ac2O in pyridine. The resulting product was further separated by 
CC eluting with 70% CHCl3-hexane to give monoacetates CC3a (18.9 mg) and CC2a (5.1 
mg), respectively. The latter was confirmed as an acetylated derivative of CC2 (CC2a) by 
comparison of its spectral data with those of compound CC2. Yellow powder, m.p. 85-87 

°C; UV (CHCl3) λmax (log ε) 243, 271, 303, 326 and 383 nm; IR (neat) νmax 3392, 1709, 
1648, 1612 cm-1; HRMS m/z 490.2355 for C30H34O6 (calcd. 490.2355). EIMS m/z (rel. int.): 
490 [M]+ (53), 473 (53), 419 (44), 405 (31), 365 (100), 323 (52), 311 (41), 267 (51), 69 (24). 
For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 2.3. 
(Boonnak et al., 2009) 
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Compound CC3a is a yellow powder, m.p. 85-87 °C. The HREIMS spectrum 
showed a molecular ion peak at m/z 490.2355 [M]+, corresponding to C30H34O6. The UV 
spectrum showed absorption bands of a xanthone at 243, 271, 303, 326 and 383 nm 
(Boonnak et al., 2009), while the IR spectrum exhibited the hydroxyl and conjugated 
carbonyl functionalities at vmax 3392 and 1648 cm-1 (Boonnak et al., 2009), respectively. 

 

4. Compound CC4: Cochinchinone A 
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The structure of compound 4 
 

Compound CC4: Cochinchinone A. Pale-yellow powder, m.p. 119-120 °C; UV-Vis 

(CHCl3) λmax (log ε) 232 (4.44), 268 (4.42), 316 (4.04), 384 (3.70) nm; FT-IR (neat) νmax 
3413, 1641 cm-1; For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see 
Table 2.4. (Mahabussarakam et al., 2006) 

 

5. Compound CC5 

 

O OH
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The structure of compound 5 
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Compound CC5: 1,3,7-trihydroxy-2,4-diisoprenylaxanthone. Pale-yellow powder. 

UV-Vis (CHCl3) λmax (log ε) 234, 267, 317, 386 nm; FT-IR (neat) νmax 3400, 1645 cm-1; For 
1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 2.5. (Iinuma et 
al., 1996; Nguyen and Harrison 1998) 
 

6. Compound CC6 
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The structure of compound 6 
 

 
The X-ray structure of compound 6 

 
 

Compound CC6: Celebixanthone methyl ether. Yellow needle-single crystals, m.p. 

172-174 °C; UV-Vis (CHCl3) λmax (log ε) 243 (3.90), 289 (4.10), 298 (4.13), 320 (3.68), 351 

(3.47), 391 (3.33) nm; FT-IR (neat) νmax 3397, 1649, 1613 cm-1; For 1H (300 MHz) and 13C 
(75 MHz) NMR (CDCl3) spectroscopic data see Table 2.6. (Stout et al., 1963; Dechathai et 
al., 2006; Boonnak et al., 2007) 
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7. Compound CC7: Dulcisxanthone F 

 

 
 

The structure of compound 7 
 

Compound CC7: Dulcisxanthone F. Yellow needle-single, m.p. 213-215 °C; UV-Vis 

(CHCl3) λmax (log ε) 244 (4.54), 265 (4.53), 322 (4.43), 331 (4.44) nm; FT-IR (neat) νmax 
3479, 1675 cm-1; For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see 
Table 2.7. (Boonnak et al., 2006) 
 
 

8. Compound CC8: β-Mangostin 
 
 

 
 

The structure of compound 8 
 
 

Compound CC8: β-Mangostin. Yellow needle-single crystals, m.p. 172-174 °C; UV-

Vis (CHCl3) λmax (log ε) 243 (3.90), 289 (4.10), 298 (4.13), 320 (3.68), 351 (3.47), 391 

(3.33) nm; FT-IR (neat) νmax 3397, 1649, 1613 cm-1; For 1H (300 MHz) and 13C (75 MHz) 
NMR (CDCl3) spectroscopic data see Table 2.8. (Mahabusarakam et al., 1987; 
Chantrapromma et al., 2006) 
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9. Compound CC9: α-Mangostin 
 
 

 
 

The structure of compound 9 
 

Compound CC9: α-Mangostin. Deep-yellow powder, m.p. 180-182 °C; UV-Vis 

(CHCl3) λmax (log ε) 243 (3.90), 289 (4.10), 298 (4.13), 320 (3.68), 351 (3.47), 391 (3.33) 

nm; FT-IR (neat) νmax 3397, 1649, 1613 cm-1; For 1H (300 MHz) and 13C (75 MHz) NMR 
(CDCl3) spectroscopic data see Table 2.9. (Mahabusarakam et al., 1987) 

 
 

10. Compound CC10: Macluraxanthone 
 
 

O OHO
OH

OHO
1

36

8
9

1'

3' 4'

5'

1''

3''

4''
5''

 
 

The structure of compound 10 
 

Compound CC10: Macluraxanthone. Brown-yellow solid. m.p. 183-184 °C; UV-Vis 

(CHCl3) λmax (log ε) 240 (4.28), 283 (4.62), 338 (4.25) nm; FT-IR (neat) νmax 3446, 1649 
cm-1; For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 2.10. 
(Delle Monache et al., 1981) 
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11. Compound CC11: Pruniflorone G 
 
 

 
The structure of compound 11 

 
 

Compound CC11: Pruniflorone G. Brown powder, m.p. 143-145 °C; [α]27
D =  -7.4   

(c 0.425, CHCl3); UV-Vis (CHCl3) λmax (log ε) 243 (4.56), 288 (4.81), 335 (4.53) nm; FT-IR 

(neat) νmax 3414, 1649, 1628, 1580 cm-1; For 1H (300 MHz) and 13C (75 MHz) NMR 
(CDCl3) spectroscopic data see Table 2.11. (Boonnak et al., 2006) 
 
 
12. Compound CC12: Cochinchinone C 
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The structure of compound 12 
 

 

Compound CC12: Cochinchinone C. Yellow needle crystals, m.p. 158-159 °C;  

[α]25
D = +125.1 (c 0.14, CHCl3), UV-Vis (CHCl3) λmax (log ε) 262 (3.28), 310 (4.06), 350 

(3.82), 400 (3.35) nm; FT-IR (neat) νmax 3428, 1746, 1644, 1604 cm-1; For 1H (300 MHz) 
and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 2.12. (Mahabussarakam et 
al., 2006). 
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21. Compound CC21: Friedelin 
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The structure of compound 21 
 
 

 
 

The X-ray structure of compound 21 
 
 

Compound CC21: Friedelin. White crystal, m.p. 245-247 °C. FT-IR (neat) νmax 
1715 cm-1; For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 
2.21. (Ahad et al., 1991) 
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22. Compounds CC22 and CC23 
 

HO HO  
 
          
          The structure of compound CC22     The structure of compound CC23 
 
 
 Compounds CC22 and CC23: The mixture of compounds CC22 and CC23 was 

obtained as a white crystal. The 1H NMR spectral data showed an oxymethine proton at δ 
3.57-3.47 (m), three olefinic protons at δ 5.36-5.34 (d, 5.1 Hz), 5.16 (dd, 8.4, 15.1 Hz) and 
5.01 (dd, 8.4, 15.1 Hz). The 1H NMR data was corresponding to previous reported data, 

thus, the mixture was assigned as β-sitosterol (CC22) and stigmasterol (CC23) 
(Thongdeeying, 2005). 
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Table 2.1  NMR spectroscopic data of CC1 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.97, s 155.5  C-1, C-2, C-9a 
2 C  104.2   
3 C  158.4   
4 C  107.4   
5 CH 7.31, d, 9.0 119.0  C-7, C-9, C-4b, C-8a 
6 CH 7.23, dd, 9.0, 2.4 124.1  C-5, C-7, C-8, C-4b 
7 C  150.5   
8 CH 7.56, d, 2.4 108.9  C-6, C-7, C-9, C-4b 
9 C=O  180.9   
4a C  154.5   
4b C  152.4   
8a C  120.6   
9a C  103.3   
1′ CH 6.74, d, 9.9 115.8  C-1, C-2, C-3, C-3′, C-4′, C-

5′ 
2′ CH 5.60, d, 9.9 127.3  C-2, C-3′, C-4′, C-5′ 
3′ C    78.1   
4′ CH3 1.48, s   28.4  C-2′, C-3′ 
5′ CH3 1.48, s   28.4  C-2′, C-3′ 
1′′ CH2 3.46, d, 7.5   21.3  C-3, C-4, C-2′′ 
2′′ CH 5.22, br t, 7.2 122.1  C-4, C-1′′, C-4′′, C-9′′ 
3′′ C  135.0   
4′′ CH2 1.99, m   39.7  C-2′′, C-3′′, C-5′′ 
5′′ CH2 2.04, m   26.6  C-3′′, C-4′′, C-6′′, C-7′′ 
6′′ CH 5.04, br t, 6.6 124.2  C-4′′, C-5′′, C-8′′, C-10′′ 
7′′ C  131.3   
8′′ CH3 1.59, s   25.6  C-6′′, C-7′′, C-10′′ 
9′′ CH3 1.86, s   16.3  C-2′′, C-3′′ 
10′′ CH3 1.53, s   17.6  C-6′′, C-7′′, C-8′′ 
 

aRecorded in 300 MHz.;  bRecorded in 75 MHz. 
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Table 2.2  NMR spectroscopic data of CC2 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.16, s 160.2  C-1, C-2, C-9a 
2 C  111.2   
3 C  158.9   
4 C  100.2   
5 CH 7.36, d, 8.7 118.9  C-7, C-8a 
6 CH 7.25, m 123.8  C-7, C-4b 
7 C  150.3   
8 CH 7.61, br d, 1.8 109.3  C-8 
9 C=O  180.5   
4a C  150.7   
4b C  152.2   
8a C  121.1   
9a C  103.0   
1′ CH2 3.36, d, 7.2 115.8  C-1, C-2, C-2′, C-3′ 
2′ CH 5.25, br d, 7.2 122.1  C-2′ 
3′ C  131.5   
4′ CH3 1.68, s   25.8  C-2′, C-3′ 
5′ CH3 1.81, s   17.9  C-2′, C-3′, C-5′ 
1′′ CH 6.88, d, 10.2 115.9  C-3, C-4, C-3′′, C-4a 
2′′ CH 5.54, d, 10.2 125.4  C-4, C-3′′, C-4′′, C-9′′ 
3′′ C    80.6   
4′′ CH2 1.89 (m); 1.68 (m)   41.8  C-2′′, C-3′′ 
5′′ CH2 2.12, m   22.8  C-6′′, C-7′′ 
6′′ CH 5.10, br t, 7.2 123.8  C-6′′ 
7′′ C  131.9   
8′′ CH3 1.66, s   25.6  C-6′′, C-7′′, C-10′′ 
9′′ CH3 1.44, s   27.1  C-2′′, C-3′′, C-4′′ 
10′′ CH3 1.57, s   17.6  C-6′′, C-7′′, C-8′′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 

 

 

 

 

 

 

 

 

 



 37 

Table 2.3  NMR spectroscopic data of CC3a in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 13.02, s 158.4  C-1, C-2, C-9a 
2 C  104.0   
3 C  159.6   
4 C  107.3   
5 CH 7.46, d, 8.7 117.8  C-6, C-7, C-9, C-4b 
6 CH 7.34, dd, 8.7, 2.7 128.6  C-5, C-7, C-4b 
7 C  146.3   
8 CH 7.92, d, 2.7 118.7  C-7, C-9, C-4b, C-8a 
9 C=O  180.3   
4a C  152.4   
4b C  153.7   
8a C  121.2   
9a C  102.4   
1′ CH2 2.75, t, 6.9   16.2  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH2 1.81, t, 6.9   31.7  C-1, C-1′, C-3′, C-4′, C-5′ 
3′ C    76.3   
4′ CH3 1.39, s   26.9  C-2′, C-3′ 
5′ CH3 1.39, s   26.9  C-2′, C-3′ 
1′′ CH2 3.48, d, 7.5   21.5  C-3, C-4, C-2′′, C-3′′, C-4a 
2′′ CH 5.22, br t, 6.3 122.3  C-1′′, C-3′′, C-4′′, C-9′′ 
3′′ C  134.9   
4′′ CH2 1.96, m   39.8  C-2′′, C-3′′, C-6′′ 
5′′ CH2 2.03, m   26.7  C-3′′, C-6′′, C-7′′ 
6′′ CH 5.05, br t, 6.6 124.2  C-5′′, C-8′′, C-10′′ 
7′′ C  131.3   
8′′ CH3 1.60, s   25.6  C-6′′, C-7′′, C-10′′ 
9′′ CH3 1.86, s   16.3  C-2′′, C-3′′ 
10′′ CH3 1.55, s   17.7  C-6′′, C-7′′, C-8′′ 

CH3 2.34, s   21.0  C-7, C-1′′′ 7-OAc 
C=O  169.4   

 

aRecorded in 300 MHz.;  bRecorded in 75 MHz. 
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Table 2.4  NMR spectroscopic data of CC4 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.79, s 158.2  C-1, C-2, C-9a 
2 C  109.2   
3 C  161.1   
4 C  104.9   
5 CH 7.04, br d, 9.0 118.7  C-6, C-7, C-9, C-4b 
6 CH 7.07, br d, 9.0 124.7  C-5, C-7, C-4b 
7 C  150.1   
8 CH 7.44, br s 108.7  C-7, C-9, C-4b, C-8a 
9 C=O  180.9   
4a C  152.9   
4b C  152.6   
8a C  120.2   
9a C  103.0   
1′ CH2 3.32, d, 6.9    21.8  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.20, br t, 6.9 121.6  C-1, C-1′, C-3′, C-4′, C-5′ 
3′ C  134.8   
4′ CH3 1.55, s   25.6  C-2′, C-3′ 
5′ CH3 1.75, s   17.9  C-2′, C-3′ 
1′′ CH2 3.39, d, 6.9   21.6  C-3, C-4, C-2′′, C-3′′, C-4a 
2′′ CH 5.16, br t, 6.9 122.7  C-1′′, C-3′′, C-4′′, C-9′′ 
3′′ C  137.9   
4′′ CH2 1.99, m   39.7  C-2′′, C-3′′, C-6′′ 
5′′ CH2 1.97, m   26.4  C-3′′, C-6′′, C-7′′ 
6′′ CH 4.96, br t, 7.2 123.9  C-5′′, C-8′′, C-10′′ 
7′′ C  131.8   
8′′ CH3 1.67, s   25.8  C-6′′, C-7′′, C-10′′ 
9′′ CH3 1.78, s   16.2  C-2′′, C-3′′ 
10′′ CH3 1.48, s   17.6  C-6′′, C-7′′, C-8′′ 
 

aRecorded in 300 MHz.;  bRecorded in 75 MHz. 
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Table 2.5  NMR spectroscopic data of CC5 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.89, s 158.2  C-1, C-2, C-3, C-9a 
2 C  108.8   
3 C  161.1   
4 C  105.2   
5 CH 7.16, d, 8.7 118.8  C-7, C-9, C-4b, C-8a 
6 CH 7.13, br d, 8.7 124.2  C-7, C-8, C-4b 
7 C  150.2   
8 CH 7.55, br s 108.9  C-6, C-9, C-4b 
9 C=O  180.9   
4a C  153.0   
4b C  152.5   
8a C  120.3   
9a C  103.1   
1′ CH2 3.42, d, 6.9    21.6  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.28, br t, 7.2 121.5  C-2, C-1′, C-4′, C-5′ 
3′ C  135.2   
4′ CH3 1.84, s   17.9  C-2, C-2′, C-3′ 
5′ CH3 1.77, s   25.8  C-2, C-2′, C-3′ 
1′′ CH2 3.47, d, 6.9   21.8  C-3, C-4, C-2′′, C-3′′, C-4a 
2′′ CH 5.25, br t, 7.2 121.8  C-4, C-1′′, C-4′′, C-9′′ 
3′′ C  133.9   
4′′ CH3 1.87, s   17.9  C-4, C-2′′, C-3′′ 
5′′ CH3 1.74, s   25.8  C-4, C-2′′, C-3′′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.6  NMR spectroscopic data of CC6 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.08, s 162.1  C-1, C-2, C-3, C-9a 
2 CH 6.75, d, 8.4 110.6  C-1, C-4, C-4a, C-9a 
3 CH 7.52, t, 8.4 136.1  C-1, C-4, C-4a 
4 CH 6.92, d, 8.4 106.2  C-1, C-2, C-4a, C-9a 
5 C  135.9   
6 C  145.4   
7 C  147.3   
8 C  128.3   
9 C=O  183.6   
4a C  155.2   
4b C  143.4   
8a C  114.5   
9a C  109.1   
1′ CH2 4.04, d, 6.6    25.4  C-7, C-8, C-8a, C-2′, C-3′ 
2′ CH 5.21, br t, 6.6 123.5  C-8 
3′ C  131.6   
4′ CH3 1.85, s   18.1  C-2′, C-3′ 
5′ CH3 1.70, s   25.9  C-2′, C-3′ 
6-OCH3 CH3 4.07, s 61.1  C-6 
7-OCH3 CH3 3.82, s 61.1  C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.7  NMR spectroscopic data of CC7 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.35, s 159.6  C-1, C-2, C-9a 
2 C  111.5   
3 C  163.1   
4 CH 6.36, s 88.9  C-2, C-3, C-9, C-4a, C-9a 
5 CH 6.82, s 102.2  C-6, C-7, C-9, C-4b, C-8a 
6 C  150.8   
7 C  137.5   
8 C  120.5   
9 C=O  182.4   
4a C  155.3   
4b C  153.3   
8a C  108.4   
9a C  104.6   
1′ CH2 3.35, d, 6.9    21.4  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.23, br t, 6.9 122.3  - 
3′ C  132.0   
4′ CH3 1.68, s   25.8  C-2′, C-3′, C-5′ 
5′ CH3 1.80, s   17.8  C-2′, C-3′, C-4′ 
1′′ CH 8.04, d, 10.2 121.0  C-7, C-8, C-8a, C-3′′ 
2′′ CH 5.82, d, 10.2 132.2  C-8, C-3′′, C-4′′, C-5′′ 
3′′ C    77.2   
4′′ CH3 1.50, s   27.4  C-2′, C-3′ 
5′′ CH3 1.50, s   27.4  C-2′, C-3′ 
3-OCH3 CH3 3.91, s   61.1  C-3 
 

aRecorded in 300 MHz. 
bRecorded in 125 MHz. 
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Table 2.8  NMR spectroscopic data of CC8 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.41, s 159.8  C-1, C-2, C-9a 
2 C  111.5   
3 C  163.5   
4 CH 6.32, s 88.8  C-2, C-3, C-9, C-4a, C-9a 
5 CH 6.82, s 101.5  C-6, C-7, C-9, C-4b, C-8a 
6 C  154.4   
7 C  142.6   
8 C  137.0   
9 C=O  181.9   
4a C  155.7   
4b C  155.2   
8a C  112.4   
9a C  103.8   
1′ CH2 3.35, d, 7.2    21.4  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.23, m 122.4  C-1′, C-3′ 
3′ C  131.7   
4′ CH3 1.68, s   25.8  C-2′, C-3′ 
5′ CH3 1.80, s   17.8  C-2′, C-3′ 
1′′ CH 4.09, d, 7.2   26.6  C-7, C-8, C-8a, C-2′′, C-3′′ 
2′′ CH2 5.26, m 123.2  C-1′′, C-3′′ 
3′′ C  132.0   
4′′ CH3 1.68, s   25.8  C-2′′, C-3′′ 
5′′ CH3 1.83, s   18.2  C-2′′, C-3′′ 
3-OCH3 CH3 3.90, s   62.0  C-3 
7-OCH3 CH3 3.81, s   55.8  C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.9  NMR spectroscopic data of CC9 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.77, s 160.2  C-1, C-2, C-9a 
2 C  109.9   
3 C  161.7   
4 CH 6.29, s 92.5  C-2, C-3, C-9, C-4a, C-9a 
5 CH 6.82, s 101.7  C-6, C-7, C-9, C-4b, C-8a 
6 C  155.4   
7 C  142.9   
8 C  137.3   
9 C=O  181.9   
4a C  154.8   
4b C  155.5   
8a C  111.7   
9a C  103.7   
1′ CH2 3.45, d, 7.2    21.3  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.29, m 122.3  - 
3′ C  132.3   
4′ CH3 1.77, s   25.7  C-2′, C-3′ 
5′ CH3 1.84, s   17.7  C-2′, C-3′ 
1′′ CH2 4.09, d, 6.0   26.3  C-7, C-8, C-8a, C-2′′, C-3′′ 
2′′ CH 5.26, m 123.5  - 
3′′ C  131.6   
4′′ CH3 1.69, s   25.7  C-2′′, C-3′′ 
5′′ CH3 1.84, s   18.0  C-2′′, C-3′′ 
7-OCH3 CH3 3.81, s   61.2  C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.10  NMR spectroscopic data of CC10 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.53, s 156.8  C-1, C-2, C-9a 
2 C  105.6   
3 C  158.9   
4 C  113.1   
5 C  131.1   
6 C  149.0   
7 CH 6.94, d, 9.0 112.8  C-5, C-6, C-8a 
8 CH 7.68, d, 9.0 117.5  C-5, C-6, C-9, C-4b 
9 C=O  180.8   
4a C  154.1   
4b C  144.5   
8a C  113.7   
9a C  103.8   
1′ CH 6.76, d, 9.9 116.1  C-1, C-2, C-3, C-9a, C-3′ 
2′ CH 5.61, d, 9.9 127.2  C-2, C-3′, C-4′, C-5′ 
3′ C    78.3   
4′ CH3 1.52, s   27.9  C-2′, C-3′ 
5′ CH3 1.52, s   27.9  C-2′, C-3′ 
1′′ C    41.4   
2′′ CH 6.76, dd, 17.7, 10.5 156.8  C-3, C-1′′, C-3′′, C-4′′, C-5′′

5.22, dd, 17.7, 1.5  C-1′′, C-2′′ 3′′ CH2 
5.05, dd, 10.5, 1.5 

103.3 
 C-1′′ 

4′′ CH3 1.65, s   28.2  C-4, C-1′′, C-2′′ 
5′′ CH3 1.65, s   28.2  C-4, C-1′′, C-2′′ 
5-OH - 6.27, brs         -  C-5, C-6, C-4b 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.11  NMR spectroscopic data of CC11 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.53, s 156.8  C-1, C-2, C-9, C-9a 
2 C  105.2   
3 C  159.2   
4 C  112.8   
5 C  131.0   
6 C  149.0   
7 CH 6.94, d, 7.8 112.8  - 
8 CH 7.67, d, 8.4 117.5  C-6, C-9 
9 C=O  180.7   
4a C  154.1   
4b C  144.5   
8a C  113.7   
9a C  102.9   
1′ CH 6.81, d, 9.9 116.7  C-1, C-2, C-3, C-3′ 
2′ CH 5.57, d, 9.9 125.6  C-2, C-3′, C-4′, C-9′ 
3′ C    81.1   

1.90, m  C-2′, C-4′, C-5′, C-6′ 4′ CH2 
1.71, m 

  41.8 
 - 

5′ CH2 2.13, m   23.2  C-6′, C-7′ 
6′ CH 5.12, brt, 6.9 123.7  C-5′, C-8′, C-10′ 
7′ C  132.1   
8′ CH3 1.68, s   25.7  C-6′, C-7′ 
9′ CH3 1.46, s   26.9  C-2′, C-3′, C-4′ 
10′ CH3 1.59, s   17.6  C-6′, C-7′ 
1′′ C    41.4   
2′′ CH 6.73, dd, 17.7, 10.8 156.7  C-4, C-1′′, C-4′′, C-5′′ 

5.21, dd, 17.4, 1.2  C-1′′, C-2′′ 3′′ CH2 
5.04, dd, 10.5, 1.2 

103.3 
 C-1′′ 

4′′ CH3 1.65, s   28.0  C-4, C-1′′, C-2′′ 
5′′ CH3 1.65, s   28.4  C-4, C-1′′, C-2′′ 
 

aRecorded in 300 MHz. 
bRecorded in 125 MHz. 
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Table 2.12  NMR spectroscopic data of CC12 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.10, s 162.9  C-1, C-2, C-9a 
2 CH 6.55, dd, 8.4, 0.9 109.5  C-1, C-4, C-9a 
3 CH 7.41, t, 8.4 138.9  C-1, C-4a 
4 CH 6.52, dd, 8.1, 0.9 107.4  C-2, C-9, C-4a, C-9a 
5 C    84.2   
6 C=O  201.1   
7 C    84.9   
8 CH 7.51, d, 1.2 135.3  C-6, C-7, C-9, C-11, C-4b, C-8a 
9 C=O  180.7   
4a C  159.4   
4b C    88.8   
8a C  132.1   
9a C  106.1   

2.39, br d, 13.2  C-6, C-7, C-8, C-11, C-4b 10 CH2 
1.59, dd, 13.2, 9.9 

  29.7 
 C-6, C-7, C-8 

11 CH 2.53, d, 9.6   49.4  C-7, C-4b 
12 C    83.9   
13 CH3 1.68, s   30.4  C-11, C-12, C-14 
14 CH3 1.33, s   29.0  C-11, C-12, C-13 
1′ CH2 2.64, d, 8.4   29.2  C-5, C-6, C-4b, C-16, C-17 
2′ CH 4.41, br t, 7.8 118.4  C-15, C-18, C-19 
3′ C  135.7   
4′ CH3 1.37, s   25.5  C-16, C-17, C-19 
5′ CH3 1.01, s   16.7  C-16, C-17, C-18 
7-OCH3 CH3 3.65, s   54.1  C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.21  NMR spectroscopic data of CC21 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1 CH2 1.64, m, 1.69, m   22.3  - 
2 CH2 2.36, m, 2.23, m   41.5  - 
3 C - 213.3  - 
4 CH 2.24, m   58.2   
5 C -   42.2  - 
6 CH2 2.44, m, 1.78, m   41.3  - 
7 CH2 1.52, m, 1.39, m   18.2  - 
8 CH 1.42, m   53.1  - 
9 C -   37.4  - 
10 CH2 1.61, m, 1.43, m   35.6  - 
11 CH2 1.46, m, 1.34, m   30.5  - 
12 C -   39.7  - 
13 C -   38.3  - 
14 CH2 1.51, m, 1.29, m   32.4  - 
15 CH2 1.61, m, 1.36, m   36.0  - 
16 C -   30.0  - 
17 CH 1.53, m   42.8  - 
18 CH2 1.64, m, 1.69, m   22.3  - 
19 CH2 1.62, m, 1.49, m   35.3  - 
20 C -   28.2  - 
21 CH2 1.48, m, 0.93, m   39.3  - 
22 CH2 1.50, m, 1.26, m   32.8  - 
23 CH3 0.89, d, 6.3 Hz     6.8  C-3, C-4, C-5 
24 CH3 0.72, s   14.7  C-4, C-5, C-6, C-10 
25 CH3 0.87, s   17.9  C-8, C-9, C-10, C-11 
26 CH3 1.01, s   20.3  C-8, C-13, C-14, C-15 
27 CH3 1.05, s   18.5  C-12, C-13, C-14, C-18 
28 CH3 1.18, s   32.1  C-16, C-17, C-18, C-22 
29 CH3 1.00, s   31.8  C-19, C- 20, C-21 
30 CH3 0.95, s   35.0  C-19, C-20, C-21 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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2.4.2 The CH2Cl2 extract of the green fruits of Cratoxylum cochinchinense 
 

The crude CH2Cl2 extract (40.04 g) of the green fruits of C. cochinchinense was 
subjected to QCC on silica gel using hexane as a first eluent and increasing polarity with 
EtOAc to give 9 fractions (FF1-FF9). Fraction FS5 was purified by CC eluting with pure 
CHCl3 to give CC14 (1.88 g). Fraction FF6 was further separated by CC eluting with pure 
CHCl3 to furnish 6 subfractions (FF6A-FF6F), CC14 (2.10 g) and CC15 (490.2 mg)., 
respectively. Subfraction FF6B was further purified by CC eluting with a gradient of acetone-
hexane to give CC13 (53.3 mg) (see Scheme 4). 

 

 
 

Scheme 4  Isolation of compounds CC13-CC15 
 

Characterization of isolated compounds 

 

13. Compound CC13: Cochinchinone L 
 

 
 

The structure of compound 13 
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Compound CC13: Cochinchinone L. Yellow powder, m.p. 114-116 °C; UV-Vis 

(CHCl3) λmax (log ε) 248 (4.59), 273 (4.03), 305 (4.13), 354 (3.80) nm; FT-IR (neat) νmax 
3237, 1774, 1728, 1628 cm-1; HRMS m/z 422.1718 for C25H26O6 (calcd. 422.1729). EIMS 
m/z (rel. int.): 422 [M]+ (1), 286 (40), 244 (100), 187 (4), 81 (9), 69 (28). For 1H (300 MHz) 
and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 2.13. (Boonnak et al., 2009) 
 

 
14. Compound CC14 
 

 
The structure of compound 14 

 
Compound CC14: 7-geranyloxy-1,3-dihydroxyxanthone. Yellow powder, m.p. 138-

140 °C; UV-Vis λmax (log ε) 206 (4.25), 236 (4.48), 260 (4.39), 316 (3.89), 364 (3.94) nm; 

FT-IR (KBr) νmax 3162, 1652 cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) 
spectroscopic data see Table 2.14. (Nguyen and Harrison, 1998) 

 
 

15. Compound CC15: Cochinchinone G 
 

 
 

The structure of compound 15 
 

Compound CC15: Cochinchinone G. Yellow powder, m.p. 147-148 °C; UV-Vis 

(CHCl3) λmax (log ε) 203 (4.49), 229 (4.30), 259 (4.31), 307 (3.99), 374 (3.63) nm; FT-IR 

(KBr) νmax 3288, 1647 cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) 
spectroscopic data see Table 2.15. (Mahabusarakam et al., 2008) 

 



 50 

Table 2.13  NMR spectroscopic data for CC13 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1 C  151.2   
2 CH 6.43, d, 2.1 108.3  C-1, C-3, C-4, C-9, C9a 
3 C  162.6   
4 CH 6.57, d, 2.1 101.3  C-2, C-3, C-9, C-4a, C-9a 
5 CH 7.08, br d, 9.0 118.8  C-7, C-9, C-8a 
6 CH 7.10, br d, 9.3 125.1  C-5, C-8, C-4b 
7 C  155.4   
8 CH 7.45, br s 106.4  C-6, C-7, C-9, C-4b, C-8a 
9 C=O  175.7   
4a C  158.8   
4b C  150.0   
8a C  121.9   
9a C  107.8   
1′ CH2 4.42, d, 6.3   65.5  C-7, C-2′, C-3′, C-4′, C-5′, C-9′ 
2′ CH 5.73, br t, 6.3 118.8  C-1′, C-4′, C-9′ 
3′ C  141.9   
4′ CH2 1.99, m   39.5  C-2′, C-3′, C-6′ 
5′ CH2 1.98, m   26.3  C-3′, C-6′, C-7′ 
6′ CH 4.98, br t, 6.6 123.8  C-4′, C-5′, C-8′, C-10′ 
7′ C  131.8   
8′ CH3 1.60, s   25.7  C-6′, C-7′, C-10′ 
9′ CH3 1.57, s   16.7  C-2′, C-3′, C-4′ 
10′ CH3 1.50, s   17.7  C-6′, C-7′, C-8′ 

CH3 2.38, s   21.3   C-1, C-1′′ 1-OAc 
C=O  170.9   

 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.14  NMR spectroscopic data for CC14 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.85, s 163.8  C-1, C-2, C-9, C-9a 
2 CH 6.22, d, 1.8   98.5  C-1, C-3, C-4 
3 C  164.0   
4 CH 6.27, d, 1.8   94.4  C-2, C-3, C-9, C-4a, C-9a 
5 CH 7.14, br d, 9.0 118.9  C-6, C-7, C-9, C-4b 
6 CH 7.18, br d, 9.6 125.6  C-7, C-8, C-4b 
7 C  155.2   
8 CH 7.40, br d, 1.5 105.9  C-6, C-7, C-9, C-4b, C-8a 
9 C=O  180.5   
4a C  157.8   
4b C  150.7   
8a C  120.4   
9a C  103.3   
1′ CH2 4.45, d, 6.3   65.6  C-7, C-2′, C-3′, C-4′, C-5′, C-9′ 
2′ CH 5.39, br t, 6.3 118.6  C-1′, C-4′, C-5′, C-9′ 
3′ C  141.2   
4′ CH2 2.01, m   39.5  C-2′, C-3′, C-6′ 
5′ CH2 1.95, m   26.3  C-3′, C-6′, C-7′ 
6′ CH 4.99, br t, 5.7 123.8  C-4′, C-5′, C-8′, C-10′ 
7′ C  131.8   
8′ CH3 1.57, s   26.3  C-6′, C-7′, C-10′ 
9′ CH3 1.64, s   16.4  C-2′, C-3′, C-4′ 
10′ CH3 1.50, s   17.7  C-6′, C-7′, C-8′ 
3-OH  7.86, br s   - 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.15  NMR spectroscopic data of CC15 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.73, s 163.2  C-1, C-2, C-9a 
2 CH 6.34, d, 2.4   97.6  C-1, C-3, C-4, C-9a 
3 C  166.1   
4 CH 6.40, d, 2.4   93.2  C-2, C-3, C-9, C-4a, C-9a 
5 CH 7.30, br d, 9.3 119.0  C-6, C-7, C-9, C-4b, C-8a 
6 CH 7.26, br d, 9.3 124.2  C-5, C-7, C-4b 
7 C  152.5   
8 CH 7.40, br s 109.0  C-6, C-7, C-9, C-4b 
9 C=O  180.6   
4a C  157.8   
4b C  150.5   
8a C  120.9   
9a C  103.5   
1′ CH2 4.63, d, 6.6   65.6  C-3, C-2′, C-3′ 
2′ CH 5.50, br t, 6.6 118.4  C-4′, C-9′ 
3′ C  142.4   
4′ CH2 2.14, m   39.5  C-2′, C-3′, C-6′ 
5′ CH2 2.10, m   26.2  C-3′, C-6′, C-7′ 
6′ CH 5.11, br t, 5.7 123.6  - 
7′ C  131.9   
8′ CH3 1.69, s   25.6  C-6′, C-7′, C-10′ 
9′ CH3 1.78, s   16.8  C-2′, C-3′, C-4′ 
10′ CH3 1.63, s   17.7  C-6′, C-7′, C-8′ 
7-OH  7.03, br s   - 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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16. Compound CC16 
 
 

 
 
 

The structure of compound 16 
 
 

Compound CC16: Mono-acetylation of CC14. Compound CC14 (82.5 mg) was 
treated with Ac2O (2.5 mL) in pyridine (2.0 mL) and stirred for 6 hr at room temperature. 
The reaction mixture was diluted with water, extracted with CH2Cl2. The combined organic 
extract was washed with 10% HCl and then washed with water again. After the organic 
solvent was removed, the resulting residue was dried over anhydrous Na2SO4. 
Chromatography over silica gel yielded a pale yellow powder of 16 (80.6 mg). Compound 

CC16: 3-Acetoxy-7-geranyloxy-1-hydroxyxanthone. Yellow powder, m.p. 94-95 °C; UV-Vis 

(CHCl3) λmax (log ε) 239 (4.40), 262 (4.66), 289 (3.97), 379 (3.93) nm; FT-IR (neat) νmax 
3429, 1768, 1649, 1612 cm-1; HRMS m/z 422.1725 for C25H26O6 (calcd. 422.1729). EIMS 
m/z (rel. int.): 422 [M]+ (1), 286 (43), 244 (100), 187 (4), 81 (9), 69 (24). For 1H (300 MHz) 
and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 2.16. (Boonnak et al., 2009) 

 
 

17. Compound CC17 
 

 
 

The structure of compound 17 
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Compound CC17: Di-acetylation of CC14. Compound CC14 (200.5 mg) was treated 
with Ac2O (6.0 mL) in pyridine (3.0 mL) and stirred overnight at room temperature. 
Chromatography over silica gel yielded a pale yellow powder of CC16 (10.6 mg) and CC17 
(177.8 mg), respectively. Compound CC17: 1,3-Diacetoxy-7-geranyloxyxanthone. Yellow 

powder, m.p. 96-97 °C; UV-Vis (CHCl3) λmax (log ε) 253 (4.59), 300 (3.45), 361 (3.86) nm; 

FT-IR (neat) νmax 3429, 1776, 1656, 1624 cm-1; HRMS m/z 464.1838 for C27H28O7 (calcd. 
464.1835). EIMS m/z (rel. int.): 464 [M]+ (2), 328 (3), 286 (58), 244 (100), 187 (5), 81 (17), 
69 (36). For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 
2.17. (Boonnak et al., 2009) 

 
 

18. Compound CC18 
 
 

 
 

The structure of compound 18 
 
 

 
 

The X-ray structure of compound 18 
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Compound CC18: Mono-acetylation of CC15. Compound CC15 (85.5 mg) was 
treated with Ac2O (2.5 mL) in pyridine (2.0 mL) and stirred for 6 hr at room temperature. 
Chromatography over silica gel yielded a pale yellow powder of CC18 (83.7 mg). 
Compound CC18: 7-Acetoxy-3-geranyloxy-1-hydroxyxanthone. Yellow powder, m.p. 104-

106 °C; UV-Vis (CHCl3) λmax (log ε) 243 (4.44), 257 (4.52), 310 (4.29), 358 (3.82) nm; FT-

IR (neat) νmax 3429, 1758, 1665, 1607 cm-1; HRMS m/z 422.1726 for C25H26O6 (calcd. 
422.1729). EIMS m/z (rel. int.): 422 [M]+ (5), 286 (16), 244 (100), 187 (2), 81 (16), 69 (56). 
For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 2.18. 
(Boonnak et al., 2009) 

 
 

19. Compound CC19 
 
 

 
 

The structure of compound CC19 
 
 
Compound CC19: Di-acetylation of CC15. Compound CC15 (190.0 mg) was treated 

with Ac2O (6.0 mL) in pyridine (3.0 mL) and stirred overnight at room temperature. 
Chromatography over silica gel yielded a pale yellow powder of CC18 (8.7 mg) and CC19 
(170.0 mg), respectively. Compound CC19: 1,7-Diacetoxy-3-geranyloxyxanthone. Yellow 

powder, m.p. 85-87 °C; UV-Vis (CHCl3) λmax (log ε) 246 (4.61), 275 (4.01), 302 (4.28), 334 

(3.86) nm; FT-IR (neat) νmax 3453, 1770, 1655, 1629 cm-1; HRMS m/z 464.1834 for 
C27H28O7 (calcd. 464.1835). EIMS m/z (rel. int.): 464 [M]+ (4), 328 (4), 286 (32), 244 (100), 
187 (2), 81 (24), 69(73). For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic 
data see Table 2.19. (Boonnak et al., 2009) 
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20. Compound CC20 
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The structure of compound 20 
 
 

 
 

The X-ray structure of compound 20 
 
 

Compound CC20 was isolated as yellow needle crystal, m.p. 106-108 °C. The 1H 
and 13C NMR data of CC20 (Table 2.20) were similar to those of CC14, except for the 

presence of two aromatic signals of the p-bromobenzenesulfonyl groups at δ 7.81 (dd, J = 

9.0, 2.1 Hz, H-2′′ and H-6′′), 7.65 (dd, J = 8.7, 2.1 Hz, H-3′′, H-5′′, H-2′′′ and H-6′′′) and 

7.63 (dd, J = 8.7, 2.1 Hz, H-3′′′ and H-5′′′) instead of chelated- and hydroxyl groups at C-
1 and C-3 as in CC14. Compound CC20 was assigned as 7-geranyloxy-1,3-
dibrosylatedxyxanthone (Boonnak et al., 2009). 
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 Table 2.16  NMR spectroscopic data of CC16 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 12.71, s 162.9  C-1, C-2, C-3, C-9, C-4a, C-9a 
2 CH 6.42, br d, 2.1 104.0  C-1, C-3, C-4, C-9a 
3 C  156.8   
4 CH 6.59, br d, 2.1 100.7  C-3, C-9, C-4a, C-9a 
5 CH 7.21, br d, 8.1 119.0  C-7, C-9, C-4b, C-8a 
6 CH 7.20, br d, 8.1 126.0  C-7, C-8, C-4b 
7 C  155.5   
8 CH 7.44, br s 106.0  C-6, C-7, C-9, C-4b 
9 C=O  181.2   
4a C  156.7   
4b C  150.8   
8a C  120.7   
9a C  106.6   
1′ CH2 4.51, d, 6.6   65.6  C-7, C-2′, C-3′, C-9′ 
2′ CH 5.40, br t, 6.6 118.8  C-1′, C-3′, C-4′, C-9′ 
3′ C  141.9   
4′ CH2 2.04, m   39.6  C-2′, C-3′ 
5′ CH2 2.02, m   26.3  C-4′, C-6′, C-7′ 
6′ CH 5.00, br t, 5.7 123.7  C-4′, C-5′, C-10′ 
7′ C  131.8   
8′ CH3 1.58, s   25.6  C-6′, C-7′, C-10′ 
9′ CH3 1.68, s   16.7  C-2′, C-3′, C-4′ 
10′ CH3 1.51, s   17.7  C-6′, C-7′, C-8′ 

CH3 2.23, s   21.2  C-3 3-OAc 
C=O  168.2   

 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.17  NMR spectroscopic data of CC17 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1 C  150.9   
2 CH 7.16, d, 2.1 108.7  C-1, C-3, C-4, C-4a 
3 C  154.5   
4 CH 6.80, d, 2.1 112.4  C-1, C-2, C-3, C-4a, C-9a 
5 CH 7.23, br d, 9.3 118.9  C-7, C-9, C-4b, C-8a 
6 CH 7.28, dd, 9.3, 2.4 125.3  C-7, C-8, C-4b 
7 C  155.5   
8 CH 7.44, br d, 2.1 106.6  C-6, C-7, C-9, C-4b, C-8a 
9 C=O  174.7   
4a C  157.7   
4b C  149.9   
8a C  122.3   
9a C  112.2   
1′ CH2 4.56, d, 6.3   65.5  C-7, C-2′, C-3′, C-9′ 
2′ CH 5.49, br t, 6.3 118.8  C-1′, C-3′, C-4′ 
3′ C  141.6   
4′ CH2 2.11, m   39.5  C-2′, C-3′, C-5′, C-9′ 
5′ CH2 2.09, m   26.3  C-3′, C-6′, C-7′ 
6′ CH 5.09, br t, 6.3 123.8  C-4′, C-5′, C-8′, C-10′ 
7′ C  131.7   
8′ CH3 1.66, s   25.6  C-6′, C-7′, C-10′ 
9′ CH3 1.74, s   16.7  C-2′, C-3′, C-4′ 
10′ CH3 1.60, s   17.7  C-6′, C-7′, C-8′ 

CH3 2.47, s   21.1  C-1 1-OAc 
C=O  169.2   
CH3 2.27, s   21.0  C-3 3-OAc 
C=O  167.8   

 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.18  NMR spectroscopic data of CC18 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 12.55, s 163.3  C-1, C-2, C-9, C-9a 
2 CH 6.19, br d, 2.1   97.8  C-3, C-4, C-9a 
3 C  166.2   
4 CH 6.24, br d, 2.1   93.4  C-2, C-3, C-4a, C-9a 
5 CH 7.25, d, 9.3 118.7  C-6, C-7, C-9, C-4b, C-8a 
6 CH 7.28, br d, 9.0 128.9  C-7, C-8, C-4b 
7 C  146.5   
8 CH 7.76, br s 117.8  C-6, C-7, C-9, C-4b, C-8a 
9 C=O  179.8   
4a C  157.5   
4b C  153.4   
8a C  121.1   
9a C  103.4   
1′ CH2 4.49, d, 6.3   65.6  C-3, C-2′, C-3′, C-5′ 
2′ CH 5.37, br t, 6.3 118.4  C-1′, C-3′, C-4′, C-9′ 
3′ C  142.2   
4′ CH2 2.03, m   39.5  C-2′, C-3′, C-5′, C-6′ 
5′ CH2 1.97, m   26.2  C-3′, C-6′, C-7′ 
6′ CH 4.99, br t, 6.9 123.9  C-4′, C-5′, C-8′, C-10′ 
7′ C  131.9   
8′ CH3 1.58, s   25.6  C-6′, C-7′, C-10′ 
9′ CH3 1.66, s   16.7  C-2′, C-3′, C-4′ 
10′ CH3 1.51, s   17.7  C-6′, C-7′, C-8′ 

CH3 2.22, s   20.9  C-7 7-OAc 
C=O  169.2   

 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.19 NMR spectroscopic data of CC19 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1 C  158.7   
2 CH 6.64, d, 2.1   99.5  C-1, C-3, C-4, C-9, C-9a 
3 C  163.6   
4 CH 6.47, d, 2.1 108.1  C-2, C-3, C-9, C-4a, C-9a 
5 CH 7.24, d, 8.1 118.6  C-6, C-7, C-9, C-4b, C-8a 
6 CH 7.27, br d, 8.1 128.3  C-7, C-8, C-4b 
7 C  146.2   
8 CH 7.76, br d, 1.5 118.4  C-6, C-7, C-9, C-4b, C-8a 
9 C=O  174.1   
4a C  151.4   
4b C  152.7   
8a C  123.6   
9a C  108.6   
1′ CH2 4.51, d, 6.3   65.8  C-3, C-2′, C-3′, C-4′, C-5′ 
2′ CH 5.37, br t, 6.3 118.0  C-1′, C-4′, C-9′ 
3′ C  142.6   
4′ CH2 2.03, m   39.5  C-2′, C-3′, C-6′ 
5′ CH2 2.01, m   26.2  C-3′, C-6′, C-7′ 
6′ CH 4.99, br t, 6.6 123.6  C-4′, C-8′, C-10′ 
7′ C  131.9   
8′ CH3 1.57, s   25.7  C-6′, C-7′, C-10′ 
9′ CH3 1.65, s   16.7  C-2′, C-3′, C-4′ 
10′ CH3 1.51, s   17.7  C-6′, C-7′, C-8′ 

CH3 2.40, s   21.2  C-1 1-OAc 
C=O  169.5   
CH3 2.19, s   20.9  C-7 7-OAc 
C=O  169.2   

 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 2.20  NMR spectroscopic data of CC20 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1 C  157.4   
2 CH 7.32, d, 2.4 111.1  C-1, C-3, C-4, C-4a 
3 C  152.0   
4 CH 7.68, d, 2.4 112.8  C-2, C-3, C-4a, C-9a 
5 CH 7.26, d, 9.0 118.8  C-4b, C-8a 
6 CH 7.19, dd, 9.6, 2.4 124.9  - 
7 C  155.9   
8 CH 7.50, dd, 2.4 106.8  C-7, C-4b, C-8a 
9 C=O  181.6   
4a C  148.6   
4b C  149.7   
8a C  122.4   
9a C  114.2   
1′ CH2 4.56, d, 6.6   65.6  C-7, C-2′, C-3′ 
2′ CH 5.44, br t, 6.6 118.6  C-4′, C-9′ 
3′ C  142.1   
4′ CH2 2.05, m   39.5  C-2′, C-5′, C-6′ 
5′ CH2 2.07, m   26.2  C-3′, C-4′, C-7′ 
6′ CH 5.04, br t, 6.3 123.7  - 
7′ C  131.8   
8′ CH3 1.60, s   25.5  C-6′, C-7′, C-10′ 
9′ CH3 1.71, s   16.6  C-2′, C-3′, C-4′ 
10′ CH3 1.54, s   17.5  C-6′, C-7′, C-8′ 
1′′ C  134.3   
2′′/6′′ CH 7.81, dd, 9.0, 2.1 130.3  C-1′′, C-4′′ 
3′′/5′′ CH 7.65, dd, 8.7, 2.1 133.0  C-1′′, C-4′′ 
4′′ C  130.6   
1′′′ C  133.4   
2′′′/6′′′ CH 7.65, dd, 8.7, 2.1 129.8  C-1′′′, C-4′′′ 
3′′′/5′′′ CH 7.63, dd, 8.7, 2.1 132.5  C-1′′′, C-4′′′ 
4′′′ C  130.1   
aRecorded in 300 MHz.;  bRecorded in 75 MHz. 
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 2.5  การทดสอบการออกฤทธิ์ตานเชื้อแบคทเีรียและเชื้อราของสาร CC1-CC20 
 

The isolated compounds (CC1-CC20) were evaluated for their antibacterial activities 
against both Gram-positive bacteria: Bacillus subtilis, Staphylococcus aureus, Enterococcus 
faecalis TISTR 459, Methicillin-Resistant Staphylococcus aureus (MRSA) ATCC 43300, 
Vancomycin-Resistant Enterococcus faecalis (VRE) ATCC 51299 and Gram-negative 
bacteria: Salmonella typhi, Shigella sonnei and Pseudomonas aeruginosa. All compounds 
were also submitted to antifungal assay against Candida albicans. 

 
 

 

 

The structures of CC1-CC12 
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The structures of CC13-CC20 

 

ผลการทดสอบการออกฤทธิ์ ต าน เ ช้ือแบคที เ รี ยและ เชื้ อราของสาร  CC1-CC20 

แสดงดังตารางที่ 3 
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Table 3  Antimicrobial activity of compounds CC1-CC20 

Antibacterial activity Antifungal 
activity 

Gram-positive bacteriaa Gram-positive bacteriab No 

BS SA EF MRSA VRE ST SS PA 
C. albicansc 

CC1 >300 >300 >300 >300 >300 >300 >300 >300 >300 
CC2 300 300 >300 300 300 >300 >300 300 75 
CC3 75 >300 300 >300 >300 >300 >300 >300 300 
CC4 150 150 150 9.37 150 >150 >150 4.67 75 
CC5 150 75 150 37.5 75 >150 >150 4.67 37.5 
CC4: 
CC5e 

75 150 75 9.37 150 >150 >150 4.67 75 

CC6 >150 >150 >150 150 150 >150 >150 4.67 150 
CC7 150 300 300 150 150 >300 >300 150 300 
CC8 300 75 150 75 150 >300 >300 300 150 
CC9 9.37 9.37 9.37 9.37 9.37 >300 >300 18.7 2.34 
CC10 18.7 37.5 37.5 37.5 37.5 >300 >300 37.5 4.67 
CC11 >300 300 >300 150 150 >300 >300 >300 300 
CC12 75 >300 300 150 150 >300 >300 >300 >300 
CC13 150 >150 150 37.5 150 >150 >150 4.67 18.7 
CC14 150 >150 150 18.7 150 >150 >150 4.67 75 
CC15 150 150 150 9.37 150 >150 >150 4.67 37.5 
CC14:
CC15e 75 37.5 37.5 4.67 37.5 >150 >150 4.67 37.5 

CC16 150 >150 150 18.7 150 >150 >150 4.67 150 
CC17 75 >150 75 37.5 150 >150 >150 4.67 18.7 
CC18 >150 >150 150 18.7 150 >150 >150 4.67 150 
CC19 >150 >150 >150 37.5 150 >150 >150 4.67 150 
CC20 >150 >150 150 300 >300 >150 >150 4.67 >300 
STDd 37.5 75 >300 150 300 >300 >300 300 300 
a Bacillus subtilis, Staphylococcus aureus, Enterococcus faecalis TISTR 459, Methicillin-
Resistant Staphylococcus aureus (MRSA) ATCC 43300, Vancomycin-Resistant 
Enterococcus faecalis (VRE) ATCC 51299.;     b Salmonella typhi, Shigella sonnei and 
Pseudomonas aeruginosa.;  c Candida albicans;     d 1,3,7-trihydroxyxanthone;     
 e a mixture in 1:1 ratio 
 
 
 
 
 
 
 



 65 

The results showed that most of the isolated compounds CC4-CC6 and CC13-CC15 
exhibited strong antibacterial activity specifically against P. aeruginosa (Table 3) (Boonnak 
et al., 2009). Interestingly, only compounds CC9 and CC10 exhibited strong activity against 
Candida albicans. It is important to note that compound CC9 also exhibited broad spectrum 
antimicrobial activity against all Gram positive bacteria. Most of the the compounds which 
are active against P. aeruginosa are the 1,3,7-trihydroxyxanthones (CC4 and CC5) or 1,3,7-
trioxygenated xanthones with an oxygeranyl side-chain either at C-3 or C-7 and dihydroxyl 
groups (CC14-CC15) whose indicated structures might contribute to the strong antibacterial 
activity specifically against P. aeruginosa. However, when the free hydroxyl group of the 
1,3,7-trihydroxyxanthone was cyclized onto the isoprenyl or geranyl side chain to form a 
chromane or chromene ring, the antibacterial activity against P. aeruginosa decreased 
drastically as shown in compounds CC1, CC2 and CC3a.  

 Compounds CC14 and CC15 are the major components obtained from this plant, 
this prompts us to modify their structures for the structure-activity relationships (SARs). To 
investigate whether the free hydroxyl group was responsible for antibacterial activity, the 
acetylation with acetic anhydride in pyridine was therefore applied to CC14 and CC15. Four 
acetylated geranyloxy xanthone derivatives: 3-acetoxy-7-geranyloxy-1-hydroxyxanthone 
(CC16) and 1,3-diacetoxy-7-geranyloxyxanthone (CC17) were obtained from CC14, whereas 
7-acetoxy-3-geranyloxy-1-hydroxyxanthone (CC18) and 1,7-diacetoxy-3-geranyloxyxanthone 
(CC19) were obtained from CC15 (Boonnak et al., 2009).  

The antibacterial activity of acetylated geranyloxy xanthone derivatives CC16-CC19 
and dibrosylate CC20 were evaluated. All of them showed strong anti-P. aeruginosa     
(Table 3). This implied that the free hydroxyl groups should not be responsible for the 
inhibition of P. aeruginosa. For further investigation of the role of an oxygeranyl side-chain, a 
1,3,7-trihydroxyxanthone (CC21) obtained from the dried fruits of Cratoxylum 
cochinchinense, was tested against P. aeruginosa. It was inactive against Gram-negative 
bacteria as shown in Table 3. From these results, it can be suggested that the geranyl side-
chain is necessary for anti-P. aeruginosa activity. Moreover, mixtures of compound CC4 with 
compound CC5, and compound CC14 with compound CC15 were subjected to antimicrobial 
assay. Interestingly, the mixture of compounds CC14 and CC15 significantly increased 
antibacterial activity against MRSA compared with the pure forms as indicated by the lower 
of MIC values shown in Table 3. The mixture of compounds CC4 and CC5, on the other 
hand, did not show any significant differences for antibacterial activity compared to the pure 
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forms as also shown in Table 3. Therefore, it may be proposed that the 1,3,7-
trihydroxyxanthone with the isoprenyl or geranyl side chain at C-2 and C-4 in (CC4) and 
(CC5), respectively and 1,3,7-trioxygenated xanthone with the geranyl side chain at C-3 or 
C-7 in (CC13-CC19) are essential for their antibacterial activity against P. aeruginosa. 
Therefore, 1,3,7-trihydroxyxanthones (CC4 and CC5) and 1,3,7-trioxy-genated xanthone 
with geranyl side-chain (CC13-CC19) should be considered as potent candidates as anti-P. 
aeruginosa (Boonnak et al., 2009). 
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3. ผลการวิจัยและอภิปรายผล (ติ้วขน) 
 

การสกัดและแยกสารจากตนติว้ขน 
 
3.1  General experimental procedures 
 

Melting points were determined on the Fisher-John melting point apparatus. Optical 
rotations were measured on a JASCO P-1020 digital polarimeter. UV and IR spectra were 
recorded on SPECORD S 100 (Analytikjena) and Perkin-Elmer FTS FT-IR 
spectrophotometer, respectively. The 1H and 13C NMR spectra were recorded on a 500 MHz 
Varian UNITY INOVA and/or 300 MHz Bruker FTNMR Ultra ShieldTM spectrometers in 
CDCl3 or CD3OD with TMS as the internal standard. Chemical shifts are reported in δ 
(ppm) and coupling constants (J) are expressed in hertz. EI and HREI mass spectra were 
measured on a Kratos MS 25 RFA spectrometer. Quick column chromatography (QCC) and 
column chromatography (CC) were carried out on silica gel 60 F254 (Merck) and silica gel 
100 (Merck), respectively. 
 
3.2  Plant materials  
 
The roots and green fruits of Cratoxylum formosum ssp. pruniflorum 
 
 The roots of C. formosum ssp. pruniflorum were collected in May 2004 from Nong 
Khai Province, whereas the green fruits of C. formosum ssp. pruniflorum were collected in 
August 2008 from Pha Yao Province. Botanical identification was carried out by comparison 
with a voucher specimen number 0012677 in the herbarium collection of Department of 
Biology, Faculty of Science, Prince of Songkla University, Thailand. 
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3.3  Extraction and Isolation 
  

3.3.1  The extraction of the roots of Cratoxylum formosum ssp. pruniflorum 
 

The air-dried roots of C. formosum ssp. pruniflorum (5.0 kg) was extracted with 

CH2Cl2 (2×20 L, for a week) at room temperature and was further evaporated under 
reduced pressure to afford a deep green crude CH2Cl2 extract (58.87 g) (see Scheme 5). 

 
 

 
 

 

Scheme 5  The extraction of the roots of C. formosum ssp. pruniflorum 

 

 

3.3.2  The extraction of the green fruits of Cratoxylum formosum ssp. pruniflorum 

 
The green fruits of C. formosum ssp. pruniflorum (5.0 kg) was extracted with CH2Cl2 

and CH3OH (each 2×20 L, for a week) successively at room temperature and were further 
evaporated under reduced pressure to afford the crude extracts of CH2Cl2 (31.42 g) and 
CH3OH (65.74 g) respectively (see Scheme 6). 
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Scheme 6  The extraction of the green fruits of C. formosum ssp. pruniflorum 

 
 
3.4  การสกัดและแยกสารจากรากและผลออนของตนติว้ขน 
 
3.4.1 The CH2Cl2 extract of the roots of Cratoxylum formosum ssp. pruniflorum 
 

The crude CH2Cl2 extract (58.87 g) of the roots of C. formosum spp. pruniflorum was 
subjected to QCC on silica gel using hexane as a first eluent and then increasing the 
polarity with acetone to give 12 fractions (FR1-FR12). Fraction FR5 was separated by QCC 
eluting with a gradient of CH2Cl2-hexane to give 9 subfractions (FR5A-FR5I), CP18 (>350 
mg) and caged prenylated xanthone (>150 mg). Fractions FR6 and FR7 were separated by 
QCC eluting with a gradient of acetone-hexane to give 10 subfractions (FR6A-FR6J). 
Subfraction FR6B was separated by QCC and eluted with a gradient of acetone-hexane to 
give 11 subfractions (FR6B1-FR6B11), CP15 (1.5 mg) and CP16 (2.5 mg). Subfractions 
FR6B2 were separated by CC and eluted with 10% acetone-hexane to give 4 subfractions 
(FR6B2A-FR6B2D) and CP3 (25.5 mg). Subfractions FR6B6 and FR6B7 were separated by 
CC and eluted with 30% CH2Cl2-hexane to give 9 subfractions (FR6B6A-FR6B6I), CP1 (5.7 

mg), CP19 (3.5 mg), caged prenylated xanthone (25.3 mg) and a mixture of β-sitosterol 
and stigmasterol (>55.4 mg), respectively. Subfraction FR6B6E was further purified by CC 
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on silica gel C-18 and eluted with MeOH to furnish CP9 (7.0 mg). Subfractions FR6B8 and 
FR6B9 were separated by CC and eluted with 30% CH2Cl2-n-hexane to give 10 
subfractions (FR6B8A-FR6B8J), CP4 (1.5 mg), dulxisxanthone F (23.2 mg), pruniflorone G 
(3.5 mg) and pruniflorone H (7.5 mg). Subfraction FR6H was further separated by QCC 
eluting with a gradient of acetone-n-hexane to give 11 subfractions (FR6H1-FR6H11), CP2 
(9.7 mg), cochinchinone A (80.7 mg) and 1,3,7-trihydroxy-2,4-diisoprenylxanthone (150.2 
mg). Subfraction FR6H5 was further purified by CC using 10% acetone-n-hexane as a 
mobile phase to give cochinchinone I (5.6 mg). Subfraction FR6I was separated by QCC 
eluting with a gradient of acetone-hexane to give 7 subfractions (FR6I1-FR6I7), CP12 (3.5 
mg), CP13 (5.6 mg) and CP14 (4.5 mg), respectively. Fractions FR8-FR11 was separated 
by QCC eluting with 30% EtOAc-n-hexane to give 8 subfractions (FR8A-FR8H). 
Subfractions FR8E and FR8F were separated by QCC and eluted with 30% EtOAc-n-
hexane to obtain 20 subfractions (FR8E1-FR8E20). Subfraction FR8E10-FR8E12 were 
separated by QCC and eluted with a gradient of CH2Cl2-n-hexane to give 12 subfractions 
(FR8E10A-FR8E10L). Subfraction FR8E10B was further purified by CC and eluted with 5% 
acetone-n-hexane to give CP11 (4.5 mg) and CP17 (5.6 mg). Subfraction FR8E10D was 
separated by CC eluting with 10% acetone-n-hexane to give 8 subfractions (FR8E10D1- 
FR8E10D8). Subfraction FR8E10D5 was further purified by CC and eluted with a gradient 
of CH2Cl2-n-hexane to give celebixanthone methyl ether (15.3 mg) and CP6 (3.5 mg). 
Subfraction FR8E10E was separated by CC and eluted with a gradient of acetone-n-hexane 
to give 7 subfractions (FR8E10E1- FR8E10E7) and CP8 (2.5 mg). Subfraction FR8E10F 
was separated by CC and eluted with a gradient of acetone-n-hexane to give 8 subfractions 
(FR8E10F1- FR8E10F8). Subfraction FR8E10F6 was further separated by CC and eluted 
with 60% CHCl3-n-hexane to give 4 subfractions (FR8E10F6A- FR8E10F6D) and a mixture 
of macluraxanthone and CP10 (35.5 mg) which was further purified by CC on reversed-
phase silica gel C-18 eluting with MeOH to give macluraxanthone (21.2 mg) and CP10 
(12.0 mg). Subfraction FR8E8 was separated by CC eluting with acetone-n-hexane to give 
CP5 (7.5 mg). Subfraction FR8E9- FR8E11 were separated by CC and eluted with a 
gradient of acetone-n-hexane to give CP7 (15.6 mg) (see Scheme 7). 
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Scheme 7  Isolation of compounds CP1-CP19 

 

Characterization of isolated compounds 
 

1. Compound CP1: Pruniflorone K 

 
 

The structure of compound CP1 

 

Compound CP1: Pruniflorone K. Yellow viscous oil, [α]28
D = -18.2 (c 0.285, CHCl3); 

UV-Vis (CHCl3) λmax (log ε) 245 (4.63), 260 (4.56), 317 (4.37), 367 (3.73) nm; FT-IR (KBr) 

vmax 3338, 1647, 1617 cm-1; HREIMS m/z [M]+ 446.2092 (calcd for C28H30O5: 446.2093). 
EIMS m/z (rel. int.): 446 [M]+ (13), 363 (100), 295 (8), 149 (14), 83 (8), 69 (13). For 1H (300 
MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 3.1 (Boonnak et al., 
2010) 
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2. Compound CP2: Pruniflorone L 
 

 
 

The structure of compound CP2 
 

Compound CP2: Pruniflorone L. Pale yellow powder, mp 259-260 οC; UV-Vis 

(CHCl3) λmax (log ε) 245 (4.05), 268 (4.19), 317 (3.81), 388 (3.39) nm; FT-IR (KBr) vmax 

3421, 1637 cm-1; HREIMS m/z [M]+ 462.2408 (calcd for C29H34O5: 462.2406). EIMS m/z 
(rel. int.): 462 [M]+ (100), 419 (83), 407 (74), 393 (29), 337 (100), 323 (16), 305 (23) 369 
(22), 137 (10), 69 (16). For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic 
data see Table 3.2. (Boonnak et al., 2010) 

 

3. Compound CP3: Formoxanthone A 
 

 
The structure of compound CP3 

Compound CP3: Formoxanthone A. Yellow powder, mp 111-113 οC; UV-Vis 

(CHCl3) λmax (log ε) 245 (4.39), 269 (411), 332 (3.71), 377 (3.18) nm; FT-IR (KBr) vmax 
3373, 1650 cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see 
Table 3.3. (Boonsri et al., 2006) 



 73 

4. Compound CP4: Formoxanthone B 

 

 
 

The structure of compound CP4 
 

Compound CP4: Formoxanthone B. Yellow powder, mp 144-146 οC; UV-Vis 

(CHCl3) λmax (log ε) 253 (4.15), 260 (4.29), 319 (4.08), 367 (3.50) nm; FT-IR (KBr) vmax 
3476, 1646 cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see 
Table 3.4. (Boonsri et al., 2006) 

 
 

5. Compound CP5 

 

  
 

The structure of compound CP5 
 

 

Compound CP5: 1,7-dihydroxy-8-methoxyxanthone. Yellow solid, mp 197-199 οC; 

UV-Vis (NaOH) λmax  254, 275, 350 nm; FT-IR (KBr) vmax 3330, 1647 cm-1. For 1H (300 
MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 3.5. (Gottilieb et al., 
1966; Kijjoa et al., 1997) 
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6. Compound CP6: Vieillardiixanthone B 

 

 

   
 

The structure of compound CP6 
 
 

 
 

The X-ray structure of compound CP6 
 
 

Compound CP6: Vieillardiixanthone B. Yellow powder, mp 213-215 οC; UV-Vis 

(CH3OH) λmax (log ε) 217 (1.87), 253 (2.57), 286 (0.80), 327 (1.34) nm; FT-IR (neat) 
(CH2Cl2) vmax 3304, 1643 cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) 
spectroscopic data see Table 3.6. (Hay et al., 2008; Boonnak et al., 2010) 
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7. Compound CP7: Dulcisxanthone B 

 

    
 

The structure of compound CP7 
 

Compound CP7: Dulcisxanthone B. Yellow powder, mp 170-172 οC; UV-Vis 

(CH3OH) λmax (log ε) 209 (4.25), 244 (4.50), 261 (4.49), 317 (4.25) 368 (4.04) nm; FT-IR 
(KBr) vmax 3306, 1642 cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) 
spectroscopic data see Table 3.7. (Dechathai et al., 2005) 

 
 

8. Compound CP8: Cochinxanthone E 

 

     
 

The structure of compound CP8 
 

Compound CP8: Cochinxanthone E. Yellow oil; UV-Vis (CH3OH) λmax (log ε) 241 
(4.20), 265 (4.18), 314 (3.92), 382 (3.43) nm; FT-IR (neat) vmax 3437, 1638 cm-1. For 1H 
(300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 3.8. (Laphookhieo 
et al., 2009) 
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9. Compound CP9 

 

    
 

The structure of compound CP9 
 

 
Compound CP9: 5,9-dihydroxy-8-methoxy-2,2-dimethyl-7-(3-methyl-but-2-enyl)-

2H,6H-pyrano[3,2b]xanthone. Yellow powder, mp 156-157 οC. For 1H (300 MHz) and 13C 
(75 MHz) NMR (CDCl3) spectroscopic data see Table 3.9. (Sen et al., 1980) 

 
 

10. Compound CP10 

 

 
 

The structure of compound CP10 
 

Compound CP10: Garcinone B. Yellow powder, mp 190-192 οC; UV-Vis (EtOH) 

λmax (log ε) 247 (4.40), 267 (4.40), 339 (4.10), 390 (4.00) nm; FT-IR (KBr) vmax 3480, 1650 
cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 3.10. 
(Sen et al., 1982) 
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11. Compound CP11 

 
 

The structure of compound CP11 
 
 

 
The X-ray structure of compound CP11 

 

Compound CP11: Brasilixanthone. Yellow powder, mp 205-207 οC; UV-Vis 

(CH3OH) λmax (log ε) 287 (3.95), 290 (3.94), 310 (3.81), 385 (3.33) nm; FT-IR (KBr) vmax 
3491, 3355, 1621 cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic 
data see Table 3.11. (Marques et al., 2000; Chantrapromm et al., 2010) 

 
 

12. Compound CP12 
 

 
 

The structure of compound CP12 
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Compound CP12: 3-Isomangostin. Yellow powder, mp 154-155 οC. For 1H (300 
MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 3.12. (Mahabusarakam 
et al., 1987) 

 
 

13. Compound CP13 

 

 
The structure of compound CP13 

 
Compound CP13: 3,4-Dihydro-5,9-dihydroxy-7-(3-hydroxy-3-methylbutyl)-8-metho-

xy-2,2-dimethyl-2H,6H-pyrano[3,2b]xanthone. Yellow powder; mp 180-182 οC. For 1H (300 
MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 3.13. (Dutta et al., 
1987) 

 
 

14. Compound CP14 

 

 
 

The structure of compound CP14 
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Compound CP14: 3,4-Dihydro-5,9-dihydroxy-8-methoxy-7-(3-methoxy-3-methyl-
butyl)-2,2-dimethyl-2H,6H-pyrano[3,2b]xanthone. Yellow oil. For 1H (300 MHz) and 13C (75 
MHz) NMR (CDCl3) spectroscopic data see Table 3.14. (Dutta et al., 1987) 
 
 

15. Compound CP15 

 

 
The structure of compound CP15 

 

Compound CP15: 10-O-methylmacluraxanthone. Yellow solid, mp 157-158 οC;   

UV-Vis (EtOH) λmax (log ε) 242 (4.31), 281 (4.55), 290 (4.57), 334 (4.27) nm; FT-IR (nujol) 
vmax 3520, 1652 cm-1. For 1H NMR (300 MHz, CDCl3) spectroscopic data see Table 3.15. 
(Gunasekera et al., 1975) 

 

16. Compound CP16 

 

 
 

The structure of compound CP16 
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Compound CP16: Isocudraniaxanthone B. Yellow powder, UV-Vis (CH3OH) λmax 

(log ε) 246, 275, 293 (sh), 323 (sh), 399 nm; FT-IR (KBr) vmax 3370, 1650 cm-1. For 1H 
NMR (300 MHz, CDCl3) spectroscopic data see Table 3.16. (Kobayashi et al., 1997) 

 
 

17. Compound CP17 
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The structure of compound CP17 
 

Compound CP17: Gerontoxanthone I. Yellow solid, mp 180-181 οC; UV-Vis 

(CH3OH) λmax (log ε) 203 (4.26), 253 (4.42), 287 (3.92), 328 (4.09) nm; FT-IR (KBr) vmax 
3380, 1621 cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see 
Table 3.17. (Chang et al., 1989) 

 

18. Compound CP18 

 
 

The structure of compound CP18 
 

Compound CP18: Vismiaquinone A. Red-orange powder, mp 201-203 οC; UV-Vis 

(CH3OH) λmax (log ε) 220 (3.59), 278 (3.39), 425 (3.04) nm; FT-IR (KBr) vmax 3425, 1624 
cm-1. For 1H (300 MHz) and 13C (75 MHz) NMR (CDCl3) spectroscopic data see Table 3.18. 
(Goncalves and Mors, 1981) 
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19. Compound CP19 

 

 
 

The structure of compound CP19 
 
 

Compound CP19: 11-Hydroxy-5-methoxy-2,2,9-trimethyl-2H-anthra-[1,2b]pyran-

7,12-dione. Orange solid, mp 224-226 οC; UV-Vis (CH3OH) λmax (log ε) 208 (3.05), 224 
(3.59), 265 (3.37), 285 (3.39), 424 (3.04) nm; FT-IR (KBr) vmax 3446, 1646 cm-1. For 1H (300 
MHz) and 13C (125 MHz) NMR (CDCl3) spectroscopic data see Table 3.19. (Delle Monache 
et al., 1979) 
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Table 3.1  NMR spectroscopic data of CP1 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 13.08, s 156.1  C-1, C-2, C-3, C-9a 
2 C  104.5   
3 C  158.5   
4 C  106.7   
5-OH C 5.73, br s 144.5  C-5, C-6, C-4b 
6 CH 7.30, dd, 7.8, 1.8 119.8  C-8, C-4b 
7 CH 7.23, t, 7.8 123.9  C-5, C-8a 
8 CH 7.75, dd, 7.5, 1.8 116.8  C-9, C-4b 
9 C=O  181.5   
4a C  154.7   
4b C  144.5   
8a C  120.9   
9a C  103.3   
1′ CH 6.79, d, 10.2 116.2  C-1, C-2, C-3, C-3′ 
2′ CH 5.56, d, 10.2 126.2  C-2, C-3′, C-4′, C-9′ 
3′ C    80.9   
4′ CH2 1.78, m   41.8  C-2′, C-3′, C-4′, C-5′, C-9′ 
5′ CH2 2.12, m   22.7  C-4′, C-6′, C-7′ 
6′ CH 5.09, brt, 6.9 123.7  C-5′, C-8′, C-10′ 
7′ C  131.9   
8′ CH3 1.68, s   25.6  C-6′, C-7′ 
9′ CH3 1.45, s   27.2  C-2′, C-3′, C-4′ 
10′ CH3 1.45, s   17.6  C-6′, C-7′ 
1′′ CH2 3.50, d, 6.9   21.7  C-3, C-4, C-4a, C-2′′, C-3′′ 
2′′ CH 5.23, br t, 6.9 122.7  C-1′′, C-5′′ 
3′′ C  131.7   
4′′ CH3 1.72, s   25.5  C-2′′, C-3′′ 
5′′ CH3 1.84, s   17.9  C-2′′, C-3′′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.2  NMR spectroscopic data of CP2 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 12.78, s 158.8  C-1, C-2, C-3, C-9, C-9a 
2 C  116.9   
3 C  163.8   
4 C  113.1   
5 CH 7.28, d, 8.7 118.2  C-6, C-7, C-8, C-9, C-4b, C-8a 
6 CH 7.50, dd, 8.7, 1.8 124.4  C-7, C-8, C-4b, C-8a 
7-OH C 6.55, br s 152.3  - 
8 CH 7.54, d, 1.8 108.9  C-6, C-7, C-9, C-4b 
9 C=O  181.6   
4a C  153.4   
4b C  150.7   
8a C  120.7   
9a C  105.8   
1′ CH2 3.34, d, 6.6    22.6  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.20, br t, 6.6 122.6  C-2, C-1′, C-4′, C-5′ 
3′ C  131.9   
4′ CH3 1.63, s   25.7  C-2′, C-3′ 
5′ CH3 1.74, s   17.9  C-2′, C-3′ 
1′′ CH2 3.36, d, 6.9   22.7  C-3, C-4, C-4a, C-2′′, C-3′′, C-9 
2′′ CH 5.15, br t, 6.9 122.8  C-4, C-1′′, C-4′′, C-9′′ 
3′′ C  135.3   
4′′ CH2 1.94, m   39.6  C-2′′, C-3′′, C-6′′ 
5′′ CH2 1.98, m   26.6  C-3′′, C-6′′, C-7′′ 
6′′ CH 4.95, br t, 6.6 124.1  C-4′′, C-5′′, C-8′′, C-10′′ 
7′′ C  131.4   
8′′ CH3 1.50, s   25.6  C-6′′, C-7′′ 
9′′ CH3 1.80, s   16.3  C-2′′, C-3′′ 
10′′ CH3 1.46, s   17.6  C-6′′, C-7′′ 
3-OCH3 CH3 3.74, s   61.9  C-3 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.3  NMR spectroscopic data of CP3 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 13.20, s 158.6  C-1, C-2, C-9a 
2 C  108.9   
3-OH C 6.57, s 161.1  C-2, C-3, C-4 
4 C  105.7   
5-OH C 5.86, br s 144.5  - 
6 CH 7.29, dd, 7.8, 0.9 119.8  C-8, C-4b 
7 CH 7.22, t, 7.8 123.8  C-5, C-8a 
8 CH 7.75, dd, 7.8, 0.9 116.9  C-9, C-4b 
9 C=O  181.1   
4a C  152.5   
4b C  144.3   
8a C  120.9   
9a C  103.3   
1′ CH2 3.50, d, 7.2    21.6  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.29, br t, 7.2 121.1  C-1′, C-4′, C-9′ 
3′ C  140.1   
4′ CH2 2.11, m   39.7  C-2′, C-3′, C-6′ 
5′ CH2 2.11, m   26.3  C-3′, C-7′ 
6′ CH 5.06, m 123.7  - 
7′ C  132.2   
8′ CH3 1.68, s   25.7  C-6′, C-7′ 
9′ CH3 1.85, s   16.3  C-2′, C-3′ 
10′ CH3 1.60, s   17.7  C-6′, C-7′ 
1′′ CH2 3.54, d, 6.9   22.0  C-3, C-4, C-4a, C-2′′, C-3′′ 
2′′ CH 5.26, br t, 6.9 122.4  C-5′′ 
3′′ C  133.1   
4′′ CH3 1.74, s   25.6  C-2′′, C-3′′ 
5′′ CH3 1.86, s   17.9  C-2′′, C-3′′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.4  NMR spectroscopic data of CP4 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.20, s 160.6  C-1, C-2, C-9a 
2 C  112.3   
3 C  158.7   
4 C  100.7   
5 C  144.3   
6 CH 7.31, dd, 7.8, 1.8 120.1  C-5, C-8 
7 CH 7.25, t, 7.8 123.9  C-5, C-8a 
8 CH 7.79, dd, 7.8, 1.8 117.2  C-6, C-4b, C-9 
9 C=O  180.8   
4a C  149.2   
4b C  144.1   
8a C  121.2   
9a C  103.2   
1′ CH2 3.38, d, 7.2    21.1  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.26, br t, 7.2 121.7  C-1′, C-4′, C-9′ 
3′ C  135.2   
4′ CH2 2.02, m   39.8  C-5′, C-9′ 
5′ CH2 2.02, m   26.7  C-4′ 
6′ CH 5.09, br t, 7.2 124.4  - 
7′ C  131.3   
8′ CH3 1.64, s   25.7  C-6′, C-7′, C-10′ 
9′ CH3 1.82, s   16.3  C-2′, C-3′, C-4′ 
10′ CH3 1.58, s   17.7  C-6′, C-7′, C10′ 
1′′ CH 6.80, d, 9.9 114.9  C-3, C-4, C-4a, C-3′′ 
2′′ CH 5.65, d, 9.9 127.4  C-4, C-3′′, C-4′′, C-5′′ 
3′′ C    78.1   
4′′ CH3 1.50, s   28.2  C-2′′, C-3′′ 
5′′ CH3 1.50, s   28.2  C-2′′, C-3′′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.5  NMR spectroscopic data of CP5 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.82, s 162.0  C-1, C-2, C-3, C-9a 
2 CH 6.70, br d, 8.4 110.2  C-1, C-4, C-9a 
3 CH 7.49, t, 8.4 136.6  C-1, C-4a 
4 CH 6.80, br d, 8.4 106.5  C-2, C-9, C-4a, C-9a 
5 CH 7.14, d, 9.3 114.2  C-6, C-7, C-9, C-4b, C-8a 
6 CH 7.36, d, 9.3 123.3  C-5, C-7, C-8, C-4b 
7 C  145.5   
8 C  144.2   
9 C=O  182.0   
4a C  155.8   
4b C  150.9   
8a C  114.8   
9a C  109.0   
8-OCH3 CH3 3.97, s   62.8  C-8 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.6  NMR spectroscopic data of CP6 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.82, s 162.5  C-1, C-2, C-9a 
2 CH 6.33, s 95.6  C-1, C-3, C-4, C-9a 
3 C  165.4   
4 C  113.6   
5-OH C 6.18, br s 133.6  C-5, C-6, C-4b 
6 C  151.6   
7 CH 6.90, d, 8.8 108.3  C-5, C-6, C-8a 
8 CH 7.68, d, 9.2 116.9  C-6, C-9, C-4b 
9 C=O  181.1   
4a C  154.0   
4b C  144.6   
8a C  114.2   
9a C  103.1   
1′ C    41.5   
2′ CH 6.58, dd, 17.6, 10.4 155.1  C-4, C-1′, C-4′, C-5′ 

5.10, d, 17.6  C-1′, C-2′ 3′ CH2 
4.97, d, 10.4 

104.5 
 C-1′ 

4′ CH3 1.56, s   28.2  C-4, C-1′, C-2′ 
5′ CH3 1.56, s   28.1  C-4, C-1′, C-2′ 
3-OCH3 CH3 3.82, s   C-3 
6-OCH3 CH3 3.96, s   62.8  C-6 
aRecorded in 300 MHz.;  bRecorded in 75 MHz. 
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Table 3.7  NMR spectroscopic data of CP7 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.44, s 159.7  C-1, C-2, C-9a 
2 C  111.4   
3 C  163.5   
4 CH 6.32, s 88.8  C-2, C-3, C-9, C-4a, C-9a 
5 CH 6.81, s 101.1  C-6, C-7, C-4b, C-8a 
6 C  150.7   
7 C  139.6   
8 C  127.4   
9 C=O  182.6   
4a C  155.3   
4b C  153.5   
8a C  111.7   
9a C  103.9   
1′ CH2 3.35, d, 7.2    21.4  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.23, br t, 7.2 122.4  C-2 
3′ C  131.7   
4′ CH3 1.68, s   25.8  C-2′, C-3′, C-5′ 
5′ CH3 1.80, s   17.8  C-2′, C-3′, C-4′ 
1′′ CH2 4.33, d, 6.9   26.0  C-7, C-8, C-8a, C-2′′, C-3′′ 
2′′ CH 5.31, br t, 6.9 121.5  C-8 
3′′ C  135.6   
4′′ CH3 1.79, s   25.8  C-2′′, C-3′′, C-5′′ 
5′′ CH3 1.89, s   18.1  C-2′′, C-3′′, C-4′′ 
3-OCH3 CH3 3.90, s   55.8  C-3 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.8  NMR spectroscopic data of CP8 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.44, s 160.7  C-1, C-2, C-9a 
2 C  108.4   
3 C  162.2   
4 CH 6.24, s   93.2  C-2, C-3, C-9, C-4a, C-9a 
5 CH 7.13, s 116.7  C-7, C-9, C-4b, C-8a 
6 CH 7.13, s 123.7  C-7, C-8, C-4b 
7 C  151.3   
8 C  127.1   
9 C=O  183.5   
4a C  155.3   
4b C  152.0   
8a C  118.5   
9a C  104.1   
1′ CH2 3.45, d, 7.2    21.5  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.23, br t, 7.2 121.4  C-4′, C-5′ 
3′ C  135.7   
4′ CH3 1.70, s   25.8  C-2′, C-3′ 
5′ CH3 1.78, s   17.9  C-2′, C-3′ 
1′′ CH2 4.25, d, 7.2   25.7  C-7, C-8, C-8a, C-2′′, C-3′′ 
2′′ CH 5.20, br t, 7.2 121.4  C-4′′, C-9′′ 
3′′ C  138.7   
4′′ CH2 2.02, m   39.7  C-9′′ 
5′′ CH2 2.02, m   26.4  C-4′′ 
6′′ CH 4.97, br t, 6.0 123.7  - 
7′′ C  131.9   
8′′ CH3 1.59, s   25.8  C-6′′, C-7′′ 
9′′ CH3 1.80, s   16.4  C-2′′, C-3′′, C-4′′ 
10′′ CH3 1.51, s   17.7  C-6′′, C-7′′ 
 

aRecorded in 300 MHz.;  bRecorded in 75 MHz. 
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Table 3.9  NMR spectroscopic data of CP9 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.63, s 157.9  C-1, C-2, C-9, C-9a 
2 C  104.5   
3 C  159.8   
4 CH 6.17, s   94.1  C-2, C-3, C-9, C-4a, C-9a 
5 CH 6.81, s 101.7  C-6, C-7, C-8, C-4b, C-8a 
6 C  155.7   
7 C  142.7   
8 C  137.0   
9 C=O  182.0   
4a C  156.2   
4b C  154.8   
8a C  112.1   
9a C  103.7   
1′ CH 6.66, d, 9.9 115.7  C-1, C-2, C-3, C-3′ 
2′ CH 5.50, d, 9.9 127.1  C-2, C-3′, C-4′, C-5′ 
3′ C    77.9   
4′ CH3 1.39, s   28.3  C-2′, C-3′ 
5′ CH3 1.39, s   28.3  C-2′, C-3′ 
1′′ CH2 4.01, d, 6.3   26.5  C-7, C-8, C-8a, C-2′′, C-3′′ 
2′′ CH 5.19, br t, 6.6 123.2  C-8, C-4′′, C-5′′ 
3′′ C  132.1   
4′′ CH3 1.62, s   25.8  C-2′′, C-3′′, C-5′′ 
5′′ CH3 1.76, s   18.2  C-2′′, C-3′′, C-4′′ 
7-OCH3 CH3 3.73, s   61.9  C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.10  NMR spectroscopic data of CP10 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.62, s 160.5  C-1, C-2, C-9a 
2 C  108.5   
3 C  161.8   
4 CH 6.25, s   93.4  - 
5 CH 6.74, s 102.3  - 
6 C  153.1   
7 C  136.8   
8 C  119.8   
9 C=O  180.3   
4a C  155.2   
4b C  151.7   
8a C  108.6   
9a C  103.8   
1′ CH2 3.38, d, 6.6   21.4  C-2, C-3, C-2′, C-3′ 
2′ CH 5.23, br t, 6.6 121.5  C-1′, C-4′ 
3′ C  135.6   
4′ CH3 1.70, s   25.8  C-2′, C-3′, C-5′ 
5′ CH3 1.77 s   17.9  C-1′, C-3′, C-4′ 
1′′ CH 7.95, d, 10.2 121.0  C-7, C-8, C-8a, C-3′′ 
2′′ CH 5.75, d, 10.2 132.3  C-7, C-8, C-3′′, C-4′′, C-5′′ 
3′′ C    76.7   
4′′ CH3 1.43, s   27.3  C-2′′, C-3′′ 
5′′ CH3 1.43, s   27.3  C-2′′, C-3′′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.11  NMR spectroscopic data of CP11 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.55, s 157.8  C-1, C-2, C-3, C-9, C-9a 
2 C  104.4   
3 C  159.9   
4 CH 6.19, s   94.3  C-2, C-3, C-9, C-4a, C-8a 
5 CH 6.75, s 102.4  C-6, C-7, C-9, C-4b, C-8a 
6 C  153.1   
7 C  136.8   
8 C  119.7   
9 C=O  182.4   
4a C  156.6   
4b C  150.9   
8a C  108.6   
9a C  103.9   
1′ CH 6.65, d, 10.2 115.7  C-1, C-2, C-3, C-3′ 
2′ CH 5.50, d, 10.2 127.2  C-2, C-3′, C-4′, C-5′ 
3′ C    78.0   
4′ CH3 1.40, s   28.3  C-1′, C-2′, C-3′ 
5′ CH3 1.40, s   28.3  C-1′, C-2′, C-3′ 
1′′ CH 7.94, d, 10.2 120.9  C-7, C-8, C-8a, C-3′′ 
2′′ CH 5.75, d, 10.2 132.3  C-7, C-8, C-4′′, C-5′′ 
3′′ C    76.8   
4′′ CH3 1.42, s   27.3  C-7, C-1′′, C-2′′, C-3′′ 
5′′ CH3 1.42, s   27.3  C-7, C-1′′, C-2′′, C-3′′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.12  NMR spectroscopic data of CP12 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.73, s 160.6  C-1, C-2, C-9a 
2 C  103.8   
3 C  160.7   
4 CH 6.23, s   94.0  C-3, C-9, C-4a, C-8a 
5 CH 6.82, s 101.6  C-6, C-7, C-9, C-4b, C-8a 
6 C  155.9   
7 C  142.4   
8 C  136.9   
9 C=O  182.0   
4a C  152.5   
4b C  154.7   
8a C  112.1   
9a C  102.9   
1′ CH2 2.71, t, 6.6   16.1  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH2 1.83, t, 6.6   31.9  C-2, C-1′, C-3′ 
3′ C    76.0   
4′ CH3 1.37, s   26.7  C-4′, C-5′ 
5′ CH3 1.37, s   26.7  C-4′, C-5′ 
1′′ CH2 4.10, d, 6.3   26.5  C-7, C-8, C-8a, C-2′′, C-3′′ 
2′′ CH 5.27, br t, 6.3 123.3  - 
3′′ C  132.2   
4′′ CH3 1.69, s   25.8  C-2′′, C-3′′, C-5′′ 
5′′ CH3 1.83, s   18.2  C-2′′, C-3′′, C-4′′ 
7-OCH3 CH3 3.80, s   62.0  C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.13  NMR spectroscopic data of CP13 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.60, s 160.5  - 
2 C  103.9   
3 C  160.9   
4 CH 6.22, s   94.1  C-3, C-9, C-4a 
5 CH 6.83, s 101.8  C-6, C-7, C-9, C-4b, C-8a 
6 C  154.7   
7 C  142.5   
8 C  138.4   
9 C=O  182.0   
4a C  154.8   
4b C  156.1   
8a C  111.8   
9a C  102.8   
1′ CH2 2.70, t, 6.9   16.1  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH2 1.83, t, 6.6   31.9  C-2, C-3′, C-4′, C-5′ 
3′ C    76.1   
4′ CH3 1.37, s   26.8  C-2′, C-3′ 
5′ CH3 1.37, s   26.8  C-2′, C-3′ 
1′′ CH2 3.42, br t, 8.1   22.1  C-7, C-8, C-3′′ 
2′′ CH2 1.79, br t, 8.1   44.4  C-8, C-1′′, C-3′′, C-4′′, C-5′′
3′′ C    70.8   
4′′ CH3 1.33, s   29.2  C-2′′, C-3′′ 
5′′ CH3 1.33, s   29.2  C-2′′, C-3′′ 
7-OCH3 CH3 3.86, s   62.2  C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.14  NMR spectroscopic data of CP14 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.90, s 160.7  - 
2 C  103.7   
3 C  160.7   
4 CH 6.23, s   93.9  C-3, C-4a, C-9a 
5 CH 6.81, s 101.5  C-6, C-7, C-4b, C-8a 
6 C  156.0   
7 C  142.4   
8 C  138.7   
9 C=O  182.0   
4a C  154.5   
4b C  154.7   
8a C  111.9   
9a C  102.8   
1′ CH2 2.71, t, 6.9   16.1  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH2 1.84, t, 6.9   31.9  C-2, C-1′, C-3′, C-4′, C-5′ 
3′ C    76.0   
4′ CH3 1.37, s   26.8  C-3′ 
5′ CH3 1.37, s   26.8  C-3′ 
1′′ CH2 3.39, br t, 8.1   22.1  C-7, C-8, C-8a, C-2′′ 
2′′ CH2 1.75, br t, 8.1   39.8  C-8, C-1′′, C-3′′, C-4′′, C-5′′
3′′ C    74.9   
4′′ CH3 1.30, s   25.2  C-3′′ 
5′′ CH3 1.30, s   25.2  C-3′′ 
3′′-OCH3 CH3 3.32, s   49.2  C-3′′ 
7-OCH3 CH3 3.86, s   62.1  C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.15  NMR spectroscopic data of CP15 in CDCl3 
 

CP15 CC10 
Position 

Type of C δH
a (J in Herz) Type of C δH

a (J in Herz) δC
b 

1-OH C 13.52, s C 13.53, s 156.8 
2 C  C  105.6 
3 C  C  158.9 
4 C  C  113.1 
5 C  C  131.1 
6 C  C  149.0 
7 CH 6.97, d, 8.7 CH 6.94, d, 9.0 112.8 
8 CH 7.74, d, 8.7 CH 7.68, d, 9.0 117.5 
9 C=O  C=O  180.8 
4a C  C  154.1 
4b C  C  144.5 
8a C  C  113.7 
9a C  C  103.8 
1′ CH 6.77, d, 9.9 CH 6.76, d, 9.9 116.1 
2′ CH 5.61, d, 9.9 CH 5.61, d, 9.9 127.2 
3′ C  C    78.3 
4′ CH3 1.51, s CH3 1.52, s   27.9 
5′ CH3 1.51, s CH3 1.52, s   27.9 
1′′ C  C    41.4 
2′′ CH 6.66, dd, 17.7, 

10.8 
CH 6.76, dd, 17.7, 10.5 156.8 

5.18, br d, 17.7 5.22, dd, 17.7, 1.5 3′′ CH2 
5.04, br d, 10.8 

CH2 
5.05, dd, 10.5, 1.5 

103.3 

4′′ CH3 1.66, s CH3 1.65, s   28.2 
5′′ CH3 1.66, s CH3 1.65, s   28.2 
6-OCH3 CH3 3.98, s - -         - 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.16  NMR spectroscopic data of CP16 in CDCl3 
 

CP16 CP6 
Position 

Type of C δH
a (J in Herz) NOESY δH

a (J in Herz) δC
b 

1-OH C 13.38, s  12.82, s 162.5 
2 CH 6.40, s 3-OCH3 6.33,  95.6 
3 C    165.4 
4 C    113.6 
5-OH C   6.18, br s 133.6 
6 C    151.6 
7 CH 6.95, d, 8.4 H-8 6.90, d, 8.8 108.3 
8 CH 7.69, d, 8.7 H-7 7.68, d, 9.2 116.9 
9 C=O    181.1 
4a C    154.0 
4b C    144.6 
8a C    114.2 
9a C    103.1 
1′ C      41.5 
2′ CH 7.73, dd, 17.4, 10.8 H-3′ 6.58, dd, 17.6, 10.4 155.1 

5.21, br d, 17.4 H-2′ 5.10, d, 17.6 3′ CH2 
5.04, br d, 10.5  4.97, d, 10.4 

104.5 

4′ CH3 1.58, s  1.56, s   28.2 
5′ CH3 1.58, s  1.56, s   28.1 
3-OCH3 CH3 3.90, s H-2 3.82, s  
6-OCH3 CH3 -  3.96, s   62.8 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.17  NMR spectroscopic data of CP17 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 13.61, s 158.9  C-1, C-2, C-9a 
2 C  110.2   
3 C  161.4   
4 C  111.1   
5 C  131.0   
6 C  149.0   
7 CH 6.94, d, .87 112.6  C-5, C-6, C-8a 
8 CH 7.70, d, 8.7 117.6  C-6, C-9, C-4b 
9 C  180.8   
4a C  153.3   
4b C  144.8   
8a C  113.8   
9a C  103.0   
1′ CH2 3.47, d, 6.9   21.6  C-1, C-2, C-3, C-2′, C-3′ 
2′ CH 5.24, br t, 6.9 121.2  C-1′, C-4′, C-5′ 
3′ C  135.9   
4′ CH3 1.79, s   25.9  C-2′, C-3′ 
5′ CH3 1.86, s   17.9  C-2′, C-3′ 
1′′ C    41.6   
2′′ CH 6.68, dd, 17.7, 10.5 154.6  C-1′′, C-4′′, C-5′′ 

5.30, dd, 17.7, 0.9  C-1′′, C-2′′ 3′′ CH2 
5.15, dd, 10.5, 0.9 

106.6 
 - 

4′′ CH3    28.0  C-4, C-1′′, C-2′′ 
5′′ CH3 1.69, s   28.0  C-4, C-1′′, C-2′′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.18  NMR spectroscopic data of CP18 in CDCl3 
 
Position Type of C δH

a (J in Herz) δC
b  HMBC (1H→13C) 

1-OH C 12.84, s 162.5  C-1, C-2, C-9, C-9a 
2 C  120.0   
3 C  163.0   
4 CH 7.40, s 103.4  C-2, C-3, C-9, C-10, C-4a, C-9a 
5 CH 7.61, br s 121.1  C-6, C-7, C-8, C-9, C-10, C-8a 
6 C  148.4   
7 CH 7.07, br s 124.4  C-5, C-8, 6-CH3 
8-OH C 12.02, s 162.1  C-7, C-8, C-9, 6-CH3, C-8a 
9 C=O  191.4   
10 C=O  181.9   
4a C  132.1   
4b C  133.2   
8a C  113.7   
9a C  110.5   
1′ CH 6.66, dd, 16.2, 1.2 115.8  C-1, C-2, C-3 
2′ CH 6.92, dd, 16.2, 7.2 146.8  C-2 
3′ CH 2.50, m   33.4  C-1′, C-2′, C-4′, C-5′ 
4′ CH3 1.14, d, 6.9   22.5  C-1′, C-3′ 
5′ CH3 1.14, d, 6.9   22.5  C-1′, C-3′ 
3-OCH3 CH3 4.05, s   56.3  C-3 
6-CH3 CH3 2.45, s   22.2  C-6, C-7, C-4b 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 100 

Table 3.19  NMR spectroscopic data of CP19 in CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1 C  156.3   
2 C  114.9   
3 C  158.8   
4 CH 7.43, s 102.8  C-3, C-9, C-10, C-4a, C-9a 
5 CH 7.56, dd, 1.5, 0.6 119.8  C-7, C-10, C-8a, 6-CH3 
6 C  146.7   
7 CH 7.67, dd, 1.8, 0.9 124.5  C-5, C-8, C-8a, 6-CH3 
8-OH C 13.18, s 162.6  C-7, C-8, C-8a, 6-CH3 
9 C=O  187.2   
10 C=O  182.7   
4a C  135.4   
4b C  132.6   
8a C  115.4   
9a C  116.3   
1′ CH 6.73, d, 10.2 116.1  C-1, C-3 
2′ CH 5.84, d, 10.2 132.2  C-1′, C-3′, C-4′, C-5′ 
3′ C    77.8   
4′ CH3 1.57, s   27.9  C-2′, C-3′ 
5′ CH3 1.57, s   27.9  C-2′, C-3′ 
3-OCH3 CH3 4.03, s   56.2  C-3 
6-CH3 CH3 2.42, s   22.0  C-5, C-6, C-7 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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3.4.2 The CH2Cl2 extract of the green fruits of Cratoxylum formosum ssp. pruniflorum 
 

The crude CH2Cl2 extract (31.42 g) of the green fruits C. formosum spp. pruniflorum 
was further subjected to QCC on silica gel using hexane as a first eluent and then 
increasing the polarity with acetone to give 14 fractions (FF1-FF14). Fraction FF7 was 
separated by CC eluting with a gradient of acetone-hexane to give 10 subfractions (FF7A-
FF7J). Subfraction FF7G was separated by CC and eluted with 20% acetone-hexane to 
give 7 subfractions (FF7G1-FF7G7). Subfraction FF7G3 was further purified by CC on 
reversed-phase silica gel C-18 eluting with MeOH to give CP25 (1.2 mg). Fraction FF10 
was separated by QCC eluting with a gradient of acetone-hexane to give 17 subfractions 
(FF10A-FF10Q). Subfractions FF10N and FF10O were separated by CC and eluted with a 
gradient of EtOAc-hexane to give 8 subfractions (FF10N1-FF10N8). Subfractions FF10N1 
was further purified by CC on reversed-phase silica gel C-18 eluting with MeOH to give 
CP22 (1.2 mg). Subfraction FF10N2 was separated by CC and eluted with CHCl3 to give 
CP21 (28.0 mg) and CP24 (1.5 mg). Subfraction FF10N6 was separated by CC and eluted 
with CHCl3 to give CP20 (5.3 mg) and CP26 (15.2 mg). Fractions FF12 and FF13 were 
separated by QCC eluting with a gradient of acetone-hexane to give 13 subfractions 
(FF12A-FF12J). Subfraction FF12H was separated by CC and eluted with a gradient of 
acetone-hexane to give 10 subfractions (FF12H1-FF12H10). Subfractions FF12H4 and 
FF12H5 were further purified by CC eluting with a gradient of EtOAc-hexane to give CP23 
(3.7 mg). Subfraction FF12I was further separated by CC eluting with a gradient of acetone-
hexane to give CP27 (3.0 mg) (see Scheme 8). 
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Scheme 8  Isolation of compounds CP20-CP27 

 

 

Characterization of isolated compounds 

 

20. Compound CP20 
 

 
 

The structure of compound CP20 
 



 103 

 
 

The X-ray structure of compound CP20 
 
 

Compound CP20: Pruniflorone M. Yellow single crystal, mp 235-237 °C; [α]25
D = 

+64.6 (c 0.04, CHCl3); UV-Vis (CHCl3) λmax (log ε) 246 (4.45), 257 (4.34), 315 (4.14), 357 

(3.58) nm; FT-IR (neat) νmax 3368, 1648, 1587 cm-1; HRMS m/z 328.0947 for C18H16O6 
(calcd. 328.0947). EIMS m/z (rel. int.): 328 [M]+ (38), 313 (93), 283 (100), 255(25), 141 (5). 
For 1H (300 MHz) and 13C (75 MHz) NMR (d6-acetone) spectroscopic data see Table 3.20. 
(Boonnak et al., 2010) 

 
 

21. Compound CP21 

 
 

The structure of compound CP21 
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The X-ray structure of compound CP21 

 

 

Compound CP21: Pruniflorone N. Yellow powder, mp 250-252 °C; [α]25
D = +5.2 (c 

0.42, acetone); UV-Vis (CHCl3) λmax (log ε) 246 (4.32), 259 (4.21), 316 (4.02), 356 (3.39) 

nm; FR-IR (neat) νmax 3411, 1651, 1622, 1578 cm-1; HRMS m/z 328.0948 for C18H16O6 
(calcd. 328.0947). EIMS m/z (rel. int.): 328 [M]+ (40), 313 (100), 285 (31), 257 (16), 243 
(12), 149 (6). For 1H (300 MHz) and 13C (75 MHz) NMR (d6-acetone) spectroscopic data 
see Table 3.21. (Boonnak et al., 2010) 

 
 

 
 

The structure of compound CP21a 
 

 
Compound CP21a: Hydrolysis of CP21. A solution of CP21 (7.8 mg) in 20% HCl–

CH3OH (2.0 mL) was left to stand for 4 days at room temperature. The solution was 
evaporated in vacuum to give a residue, which was purified by CC on silica gel and eluted 
with 25% acetone-hexane to give compounds CP21 (3.5 mg) and CP21a (3.5 mg). 

Compound CP21a was yellow powder. mp 208-210 °C; [α]28
D = +40.8 (c 0.18, acetone). 

HRMS m/z 342.1091 for C19H18O6 (calcd. 342.1103). EIMS m/z (rel. int.): 342 [M]+ (42), 327 
(100), 295 (68), 259 (7), 83 (4). For 1H (300 MHz) and 13C (75 MHz) NMR (d6-acetone) 
spectroscopic data see Table 3.21a. (Boonnak et al., 2010) 
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22. Compound CP22 
 

 
 

The structure of compound CP22 
 
 
Compound CP22: Pruniflorone O. Yellow viscous oil, [α]26

D = +15.1 (c 0.04, 

acetone); UV-Vis (CHCl3) λmax (log ε) 243 (4.38), 269 (4.07), 280 (3.99), 315 (3.78), 352 

(3.61) nm; Ft-IR (neat) νmax 3378, 1630 cm-1; HRMS m/z 310.0845 for C18H14O5 (calcd. 
310.0841). EIMS m/z (rel. int.): 310 [M]+ (3), 295 (4), 257 (100), 229 (4). For 1H (300 MHz) 
and 13C (75 MHz) NMR (d6-acetone) spectroscopic data see Table 3.22. (Boonnak et al., 
2010) 

 

23. Compound CP23 

 

 
 

The structure of compound CP23 
 

Compound CP23: 3-Methoxy-5′-demethoxycadensin G. Yellow powder, [α]26
D = 

+53.4 (c 0.06, acetone); UV (CHCl3) λmax (log ε) 253 (4.37), 281 (3.83), 318 (3.97) nm; IR 

(neat) νmax 3431, 1646 cm-1; HRMS m/z 452.1119 for C24H20O9 (calcd. 452.1107). EIMS 
m/z (rel. int.): 452 [M]+ (100), 434 (2), 420 (13), 393 (12), 315 (18), 285 (17), 274 (35), 245 
(23), 180 (73), 162 (15), 137 (66), 124 (40), 119 (13), 101 (13), 77 (5). For 1H and 13C NMR 
spectroscopic data, see Table 3.23. (Boonnak et al., 2010) 
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24. Compound CP24 
 
 

 
 

The structure of compound CP24 
 

 

Compound CP24: 1,3,7-Trihydroxyxanthone. Yellow powder, mp = 318-319 °C. For 
1H NMR spectroscopic data, see Table 3.24. (Noro et al., 1984; Mondal et al., 2006) 

 
 

25. Compound CP25 
 

 
 

The structure of compound CP25 
 
 

 
 

The X-ray structure of compound CP25 
 

Compound CP25: Osajaxanthone. Yellow powder, mp = 266-268 °C. (Mondal et 
al., 2006) 
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26. Compound CP26 

 
 

The structure of compound CP26 
 

 
 

The X-ray structure of compound CP26 
 
 

Compound CP26: Formoxanthone C. Yellow solid, mp 152-154 °C; [α]25
D = -44.8 

(c 0.05, CHCl3); UV-Vis (CH3OH) λmax (log ε) 258 (4.51), 276 (4.44), 392 (3.85) nm; FT-IR 

(KBr) νmax 3440, 1646, 1624 cm-1; For 1H (300 MHz) and 13C (75 MHz) NMR 
(CD3OD+CDCl3) spectroscopic data see Table 3.26. (Boonsri et al., 2006) 
 

27. Compound CP27 
 

 
 

The structure of compound CP27 
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Compound CP27: Chrysoeriol. Pale-yellow solid. For 1H (300 MHz) and 13C (75 
MHz) NMR (d6-acetone) spectroscopic data see Table 3.27. (Wagner et al., 1976; Nakasuki 
et al., 2006) 

 
 

Table 3.20  NMR spectroscopic data of CP20 in d6-acetone 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 13.27, s 164.4  C-1, C-2, C-3, C-9a 
2 CH 6.21, s   93.2  C-1, C-3, C-4, C-4a, C-9a 
3 C  166.4   
4 C  113.1   
5 C  146.3   
6 CH 7.39, dd, 7.8, 1.8 120.4  C-5, C-8, C-4b 
7 CH 7.26, t, 7.8 123.9  C-5, C-8, C-4b, C-8a 
8 CH 7.68, dd, 7.8, 1.5 115.4  C-6, C-9, C-4b 
9 C=O  180.7   
4a C  152.6   
4b C  145.2   
8a C  121.5   
9a C  103.4   
1′ CH2 3.93, d, 5.7   60.4  C-2′, C-3′ 
2′ CH 4.54, t, 5.7   94.8  C-3, C-4, C-1′, C-3′, C-4′, C-

5′ 
3′ C    43.1   
4′ CH3 1.48, s   20.2  C-4, C-1′, C-2′, C-3′, C-5′ 
5′ CH3 1.71, s   26.3  C-4, C-2′, C-3′, C-4′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.21  NMR spectroscopic data of CP21 in d6-acetone 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 12.82, s 161.1  C-1, C-2, C-3, C-9a 
2 CH 6.03, s   99.0  C-1, C-4, C-9, C-4a, C-9a, C-4′ 
3 C  160.7   
4 C  109.6   
5 C  146.8   
6 CH 7.26, br d, 7.5 119.9  C-5, C-8, C-4b 
7 CH 7.10, t, 7.8 123.9  C-5, C-6, C-8, C-4b, C-8a 
8 CH 7.49, d, 8.1 114.8  C-5, C-6, C-7, C-9, C-4b 
9 C=O  181.2   
4a C  155.7   
4b C  145.3   
8a C  121.2   
9a C  104.1   
1′ - -        -  - 
2′ CH 5.39, dd, 7.8, 2.1   93.1  C-3, C-3′, C-4′ 

1.87, dd, 13.8, 2.1  C-4, C-2′, C-4′, C-5′, C-6′ 3′ CH2 
1.78, dd, 13.8, 7.8 

  45.9 
 C-4, C-2′, C-4′ 

4′ C    31.9   
5′ CH3 1.59, s   28.1  C-4, C-2′, C-4′, C-6′ 
6′ CH3 1.48, s   28.0  C-4, C-4′, C-6′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.21a  NMR spectroscopic data of CP21a in d6-acetone 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 12.84, s 161.2  C-1, C-2, C-9a 
2 CH 6.12, s   99.2  C-1, C-3, C-4, C-9a 
3 C  159.6   
4 C  110.0   
5 C  146.5   
6 CH 7.28, dd, 7.8, 1.2 120.0  C-5, C-8, C-4b 
7 CH 7.14, t, 7.8 124.0  C-5, C-8a 
8 CH 7.55, d, 7.8, 1.5 115.1  C-6, C-9, C-4b 
9 C=O  181.3   
4a C  155.7   
4b C  145.4   
8a C  121.3   
9a C  104.4   
1′ - -        -  - 
2′ CH 5.09, dd, 6.0, 3.0   99.6  C-3, C-3′, C-4′, 2′-OCH3 

1.89, dd, 13.8, 6.3  C-4, C-2′, C-4′, C-5′, C-6′ 3′ CH2 
1.82, dd, 13.8, 2.7 

  43.8 
 C-4, C-2′, C-4′, C-5′, C-6′ 

4′ C    31.1   
5′ CH3 1.59, s   28.0  C-4, C-3′, C-4′, C-6′ 
6′ CH3 1.51, s   28.4  C-4, C-3′, C-4′, C-5′ 
2′-OCH3 CH3 3.41, s   55.6  C-2′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.22  NMR spectroscopic data of CP22 in d6-acetone 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 13.42, s 160.9  C-1, C-2, C-9a 
2 C  108.3   
3 C  165.6   
4 CH 6.44, s   94.1  C-2, C-3, C-9, C-4a, C-9a 
5 CH 7.42, d, 8.7 118.7  C-7, C-4b, C-8a 
6 CH 7.33, dd, 8.7, 3.0 124.1  C-7, C-4b 
7 C  154.1   
8 CH 7.57, d, 3.0 108.4  C-6, C-7, C-9, C-4b 
9 C=O  180.2   
4a C  156.4   
4b C  149.7   
8a C  121.0   
9a C  103.0   

3.05, dd, 14.1, 2.4  C-1, C-2, C-3, C-3′ 1′ CH2 
2.92, dd, 14.1, 7.5 

  29.0 
 C-1, C-2, C-3, C-3′ 

2′ CH 4.42, m   75.3  C-2, C-4′ 
3′ C  147.6   

4.89, br s  C-3′, C-5′ 4′ CH2 
4.72, br s 

109.4 
 C-3′, C-5′ 

5′ CH3 1.83, s   17.3  C-3′, C-4′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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Table 3.23  NMR spectroscopic data of CP23 in d6-acetone 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C - 163.3  - 
2 CH 6.28, d, 2.4   97.5  C-1, C-3, C-4, C-9a 
3 C  166.7   
4 CH 6.46, d, 2.4   93.2  C-2, C-3, C-4a, C-9a 
5 C  131.9   
6 C  146.5   
7 CH 6.92, d, 8.8 114.2  C-5, C-6, C-8a 
8 CH 7.67, d, 8.8 117.8  C-6, C-8, C-9, C-4b 
9 C=O  180.6   
4a C  157.9   
4b C  149.5   
8a C  115.3   
9a C  103.6   
1′ C  127.1   
2′ CH 6.89, d, 1.6 110.5  C-4′, C-6′, C-7′ 
3′ C  147.9   
4′ C  147.2   
5′ CH 6.86, d, 8.8 115.5  C-1′, C-3′ 
6′ CH 6.89, dd, 8.8, 1.6 120.9  C-2′, C-4′, C-7′ 
7′ CH 5.06, d, 8.0   77.2  C-1′, C-2′, C-6′, C-8′ 
8′ CH 4.07, ddd, 8.0, 3.6, 2.8   79.0  - 

3.89, m  C-8′ 9′ CH2 
3.54, dd, 12.8, 3.6 

  61.0 
 - 

3-OCH3 CH3 3.83, s   56.0  C-3 
3′-OCH3 CH 3.85, s   56.2  C-3′ 
 

aRecorded in 400 MHz. 
bRecorded in 100 MHz. 
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Table 3.24  1H NMR spectroscopic data of CP24 in CD3OD+CDCl3 

CP24 1,3,7-trihydroxyxanthoneb 
Position 

Type of C δa
a (J in Herz) δC

c  δH
d (J in Herz) 

1-OH C 12.92, s 162.7  12.88, s 
2 CH 6.25, d, 2.1   98.0  6.18, d, 2.1 
3 C  163.0   
4 CH 6.37, d, 2.1   93.9  6.35, d, 1.9 
5 CH 7.33, d, 9.0 119.1  7.45, d, 9.0 
6 CH 7.25, dd, 9.0, 2.7 124.6  7.27, dd, 9.0, 2.9 
7 C  154.1   
8 CH 7.51, d, 2.7 108.2  7.40, d, 2.7 
9 C=O  179.9   
4a C  157.7   
4b C  149.2   
8a C  120.6   
9a C  102.1   
a Recorded at 300 MHz in CDCl3+CD3OD 
b It was previously reported by Mondal et al., 2006. 
c Recorded at 200 MHz in DMSO 
d Recorded at 50 MHz in DMSO 
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Table 3.26  NMR spectroscopic data of CP26 in CD3OD+CDCl3 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1-OH C 13.40, s 164.5  C-1, C-2, C-9a 
2 C  110.6   
3 C  168.0   
4 C  115.9   
5 C  135.9   
6 C  149.7   
7 CH 6.85, br s 115.9  C-5, C-8a 
8 CH 7.63, d, 8.1 121.1  C-6, C-9, C-4b 
9 C  184.5   
4a C  154.9   
4b C  154.1   
8a C  118.2   
9a C  106.8   
1′ CH2 3.29, d, 7.2   25.6  C-1, C-2, C-3, C-2′, C-3′, C-

5′ 
2′ CH 5.28, br t, 7.2 125.6  C-2, C-1′, C-4′, C-5′ 
3′ C  135.9   
4′ CH3 1.68, s   29.6  C-2′, C-3′ 
5′ CH3 1.77, s   21.6  C-2′, C-3′ 
1′′ CH 4.52, q, 6.6   44.4  C-3, C-4, C-2′′, C-4′′, C-5′′ 
2′′ C    47.9   
3′′ CH3 1.41, d, 6.6   18.2  C-1′′, C-2′′ 
4′′ CH3 1.31, s   25.1  C-4, C-1′′, C-2′′ 
5′′ CH3 1.59, s   29.6  C-4, C-1′′, C-2′′ 
 

aRecorded in 300 MHz.;  bRecorded in 75 MHz. 
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Table 3.27  NMR spectroscopic data of CP27 in d6-acetone 

Position Type of C δH
a (J in Herz) δC

b  HMBC (1H→13C) 
1 -         -   
2 C  164.2   
3 CH 6.71, s 103.5  C-2, C-4, C-4a, C-1′ 
4 C=O  182.2   
5-OH C 13.08, s 162.4  C-5, C-6, C-7, C-4a 
6 CH 6.26, d, 1.8   98.9   
7 C  164.2  C-5, C-7, C-8, C-4b 
8 CH 6.56, d, 1.8   93.9  C-6, C-7, C-4b, C-8a 
4a C  104.4   
8a C  157.9   
1′ C  122.7   
2′ CH 7.64, brs 109.7  C-2, C-3′, C-4′, C-6′ 
3′ C  148.1   
4′ C  150.7   
5′ CH 7.02, d, 8.4 115.5  C-1′, C-3′, C-4′ 
6′ CH 7.62, dd, 8.4, 2.1 120.5  C-2, C-2′, C-4′ 
3′-OCH3 CH3 4.00, s   55.7  C-3′ 
 

aRecorded in 300 MHz. 
bRecorded in 75 MHz. 
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3.5  การทดสอบการออกฤทธิ์ทางชวีภาพของสาร CP1-CP27 
 
 
3.5.1  การทดสอบการออกฤทธิ์ตานเช้ือแบคทีเรีย 
 

Only sufficient quantity isolated compounds were further tested against both Gram 
positive and Gram negative bacteria: Bacillus subtilis, Staphylococcus aureus, TISTR517, 
Enterococcus faecalis TISTR459, Methicillin-Resistant Staphylococcus aureus (MRSA) 
ATCC43300, Vancomycin-Resistant Enterococcus faecalis (VRE) ATCC 51299, 
Streptococcus faecalis, Salmonella typhi, Shigella sonnei and Pseudomonas aeruginosa. 
The microrganisms were obtained from the culture collections, Department of Industrial 
Biotechnology and Department of Pharmacognosy and Botany, PSU, except for the TISTR 
and ATCC strains, which were obtained from Microbial Research Center (MIRCEN), 
Bangkok, Thailand. The antibacterial assay employed was the same as described in 
Boonsri (Boonsri et al., 2006). Vancomycin, which was used as a standard, showed 
antibacterial activity against Vancomycin-Resistant Enterococcus faecalis (VRE) ATCC 

51299 at 75.0 μg/mL. 
 

 

3.5.2  การทดสอบการออกฤทธิ์ตานเช้ือรา  
 
Candida albicans was obtained from Department of Pharmacognosy and Botany, 

PSU. The antifungal assay employed was the same as described in Boonsri and co-worker 
(Boonsri et al., 2006) by using amphotencin B as a positive control. 
 
 
3.5.3  การทดสอบการออกฤทธิ์ตานการอักเสบ (Nitric oxide inhibitory activity assay) 

 
Inhibitory effect on NO production by murine macrophage-like RAW264.7 cells was 

evaluated using a modified method from that previously reported (Tewtrakul et al., 2009). 
Briefly, the RAW264.7 cell line (purchased from Cell Lines Services) was cultured in RPMI 
medium supplemented with 0.1% sodium bicarbonate and 2 mM glutamine, penicillin G (100 
units/mL), streptomycin (100 µg/mL) and 10% FCS. The cells were harvested with trypsin-
EDTA and diluted to a suspension in a fresh medium. The cells were seeded in 96-well 
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plates with 1×105 cells/well and allowed to adhere for 1 h at 37°C in a humidified 
atmosphere containing 5% CO2. After that the medium was replaced with a fresh medium 
containing 50 µg/mL of LPS together with the test samples at various concentrations (3-100 
µg/mL for crude extract and 3-100 µM for pure compounds) and was then incubated for 24 
h. NO production was determined by measuring the accumulation of nitrite in the culture 
supernatant using the Griess reagent. Cytotoxicity was determined using the MTT 
colorimetric method. Briefly, after 24 h incubation with the test samples, MTT solution (10 
µL, 5 mg/mL in PBS) was added to the wells. After 4 h incubation, the medium was 
removed, and isopropanol containing 0.04 M HCl was then added to dissolve the formazan 
production in the cells. The optical density of the formazan solution was measured with a 
microplate reader at 570 nm. The test compounds were considered to be cytotoxic when 
the optical density of the sample-treated group was less than 80% of that in the control 
(vehicle-treated) group. L-NA, CAPE and indomethacin were used as positive controls. The 
stock solution of each test sample was dissolved in DMSO, and the solution was added to 
the medium RPMI (final DMSO is 1%). Inhibition (%) was calculated using the following 
equation and IC50 values were determined graphically (n = 4): 

 

Inhibition (%)  =    A - B  × 100 
                                              A - C 
 
A-C : NO2

- concentration (µM) [A : LPS (+), sample (-); B : LPS (+), sample(+); C : LPS (-), 
sample (-)]. 
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The isolated compounds the roots of C. formosum spp. pruniflorum 
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The structures of CP20-CP27 

The isolated compounds the green fruits of C. formosum spp. pruniflorum 
 
  
 

 ผลการทดสอบการออกฤทธิ์ตานเชื้อแบคทีเรียและเชื้อราของสาร CP1-CP27 แสดงดัง 

Table 4 และผลตานการอักเสบแสดงดัง Table 5 
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Table 4 Antimicrobial activity of compounds CP1-CP3, CP5-CP14, CP17, CP18, 

CP21, CP21a, CP23, CP26 and CP27 

Antibacterial activity Antifungal activity 

Gram-positive bacteriaa Gram-positive bacteriab No 

BS SA EF MRSA VRE ST SS PA 
C. albicansc 

CP1 300 >300 >300 >300 >300 >300 >300 >300 >300 
CP2 >300 >300 >300 >300 >300 >300 >300 >300 >300 
CP3 18.7 37.5 - NTd NTd - - - NTd 
CP5 37.5 37.5 300 75 300 >300 >300 300 300 
CP6 300 300 300 300 300 >300 >300 >300 >300 
CP7 18.7 18.7 300 9.37 9.37 18.7 >300 300 >300 
CP8 4.67 9.37 9.37 18.7 75 >300 >300 300 300 
CP9 18.7 18.7 75 37.5 75 >300 >300 300 300 
CP10 75 75 75 150 75 >300 >300 >300 >300 
CP10:
CC10e 4.67 2.34 9.37 2.34 4.67 >300 >300 >300 300 

CP11 300 300 >300 300 300 >300 >300 >300 >300 
CP12 - - - NTd NTd - - - NTd 
CP13 9.37 <1.1 - NTd NTd - - - NTd 
CP14 - - - NTd NTd - - - NTd 
CP17 <1.1 <1.1 4.67 NTd NTd 37.5 <1.1 <1.1 NTd 
CP18 - - - NTd NTd - - - NTd 
CP20 >300 >300 >300 >300 >300 >300 >300 >300 >300 
CP21 300 >300 >300 9.37 300 150 >300 >300 >300 
CP21a 18.7 300 300 37.5 75 300 300 37.5 300 
CP23 >300 >300 >300 >300 >300 >300 >300 >300 >300 
CP26 4.67 9.37 4.67 4.67 4.67 4.67 >300 37.5 >300 
CP27 >300 >300 >300 37.5 37.5 300 >300 >300 >300 
a Bacillus subtilis, Staphylococcus aureus, Enterococcus faecalis TISTR 459, Methicillin-
Resistant Staphylococcus aureus (MRSA) ATCC 43300, Vancomycin-Resistant 
Enterococcus faecalis (VRE) ATCC 51299.;      b Salmonella typhi, Shigella sonnei and 
Pseudomonas aeruginosa.;      
c Candida albicans;     d NT = not tested;     e a mixture in 1:1 ratio 
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From the antibacterial results (Table 3), it showed that 1,3,7-trihydroxyxanthone 

with the isoprenyl or geranyl side chain at C-2 and C-4 is essential for its antibacterial 

activity against P. aeruginosa, we can further added that the hydroxyl group at C-3 is also 

essential for the activity as compared pruniflorone L (CP2, MIC > 300 µg/mL) with 

cochinchinone A (CC3, MIC 4.7 µg/mL) (Table 3). During the chromatographic 

separation, we have observed that compounds CP10 and CC10 came as a mixture. 

Therefore, these two compounds were tested as a mixture for anti-microbial activity 

whose result was good. This prompted us to purify the mixture of which was successfully 

separated by reversed phase RP-18 CC eluting with MeOH. We then tested each of the 

compounds CP10, CC10 and their 1:1 mixture. Interestingly, the 1:1 mixture of 

compounds CP10 and CC10 significantly increased the antibacterial activities against B. 

subtilis, S. aureus, E. faecalis, MRSA and VRE compared with the pure forms (CP10 and 

CC10) (Table 4). From this result, it may be possible that a 1:1 mixture of compounds 

CP10 and CC10 showed synergistic effect for antibacterial activity against all Gram-

positive bacteria tested.  

Moreover, compounds CP17 and CP26 exhibited strong antibacterial activity 

against both Gram-positive and Gram-negative (S. typhi) bacteria with MIC value of <1.1 

and 4.67 µg/mL, whereas compound CP21 showed moderate antibacterial activity 

specifically against MRSA with MIC value of 9.37 µg/mL (Table 4). The methylated 

product CP21a was not significant for antibacterial activity but showed better activity 

against B. subtilis when compared with compound CP21. 

 

Only isolated compounds from the green fruits of C. formosum spp. pruniflorum 

with sufficient amount were further evaluated for their nitric oxide inhibitory activity 

using RAW264.7 cells (Boonnak et al., 2010). As shown in Table 5, compounds CP21 

and CP26 possessed potent NO inhibitory activity against lipopolysaccharide (LPS)-

induced nitric oxide release with IC50 values of 4.4 and 4.3 µM, respectively better than 

that of the positive control, indomethacin, which is a non-steroidal anti-inflammatory drug 

(IC50 = 20.1 µM). Compound CP20 (IC50 = 20.6 µM) exhibited moderate NO inhibitory 

activity when compared with that of compound CP21 (IC50 = 4.4 µM), whereas 

compound CP23 was inactive (IC50 >100 µM). From the result, it might be proposed that 

the pyran ring of 1,3,5-trioxygenatedxanthone (CP21) was essential for NO inhibitory 

activity than the furan ring (CP20), whereas catechol unit of compound CP26 might play 

an important role for NO inhibition. Moreover, compound CP21 has a part of hemiacetal 
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moiety in its pyran ring, which would be possible to open to an aldehyde side chain in 

acidic condition. The experiment has been set up in 20% HCl-CH3OH. It was found that 

an aldehyde product was not observed, instead the methylated product CP21a was 

formed. Compound CP21a was further tested for NO inhibition which showed less NO 

inhibitory activity than CP21 with an IC50 value of 9.5 µM. From this result, it could be 

suggested that the methoxyl group might decrease the NO inhibitory activity (Boonnak et 

al., 2010). 

 

 

Table 5  Nitric oxide inhibitory activity of compounds CP20, CP21, CP21a, CP23 and  

CP26 

% Inhibition of various concentrations [μM] 
No 

0 3 10 30 100 

IC50 

[μM] 

CP20 0.0±4.5 15.5±0.9** 29.6±0.9** 44.0±1.6** 95.3±0.6a** 20.6 
CP21 0.0±4.5 34.8±1.4* 72.7±1.1** 93.1±1.7** 99.5±0.6a**   4.4 
CP21a 0.0±2.4    15.7±5.3 44.4±1.9** 91.0±1.0** 101.3±3.0a**   9.5 
CP23 0.0±5.4 – 21.7±1.0* 23.5±2.0** 47.4±3.1** >100 
CP26 0.0±5.4 30.1±1.6** 94.3±0.7a** 102.1±2.4a** 102.9±0.7a**    4.3 
Indomethacin 0.0±4.2    16.6±2.9 32.7±2.6** 53.4±3.0** 85.6±1.8**   20.1 
L-NA 0.0±5.6    15.3±2.8   21.4±2.5 35.6±2.1** 73.2±3.5**   59.0 
CAPE 0.0±5.6 35.2±3.0* 70.3±2.7** 97.6±2.4a** 99.5±2.7a**     5.0 
a Cytotoxic effect was observed. 
 b Each value represents mean ± S.E.M. of four determinations. 
   Statistical significance, *p<0.05, **p<0.01 
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4. ผลการสังเคราะหและฤทธิ์ทางชีวภาพของสารอนุพันธ chalcones 

  

 4.1 ทําการสังเคราะหสารอนุพันธ chalcones 23 สาร (1-23) เพ่ือนําสารที่ไดไปทดสอบฤทธิ์

ทางชีวภาพและสมบตัิฟลูออเรสเซนต และไดทําปฏิกิริยาการปดวง (cyclization) ไดสารอนุพันธ 

nicotinonitrile 4 สาร (24-27) แสดงดัง Scheme 4.1  
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Scheme 4.1 Structures of 23 synthesized chalcones and 4 nicotinonitrile derivatives 
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1. (E)-1-(pyridinyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one  

 

 
                                                                      (1) 

                                            
ผลิตภัณฑเปนของแข็งสีเหลือง (0.18 g, 61%) จุดหลอมเหลว 155-156 oC, UV-Vis (CHCl3) 

λmax (nm): 275.9, 403.1, IR (KBr) ν (cm-1): 3081 (m, C-H aromatic stretching), 2937-2960 (s, 
C-H stretching), 1638 (s, C=O stretching), 1576-1591 (s, C-C stretching), 1272-1317 (s, C-N 

stretching),1194-1208 (s, C-O stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.76 (1H, 
dd, J = 0.6 Hz, J = 4.8 Hz), 8.26 (1H, d, J = 15.9 Hz), 8.14 (1H, dd, J = 0.9 Hz, J = 6.6 Hz), 
8.11 (1H, d, J = 15.9 Hz), 7.92 (1H, dt, J = 1.8 Hz, J = 7.8 Hz), 7.54(2H, dt, J = 0.9 Hz, J = 
4.8 Hz), 7.28-6.59 (2H, s), 3.95-3.91 (9H, s) 
 
 
2. (E)-1-(pyridinyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one  
 

 

 
                                                                                   

                                                                               (2) 
 

ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.21 g, 70%) จุดหลอมเหลว 119-120 oC, UV-Vis 

(CHCl3) λmax (nm): 248.1, 262.6, 371.8, IR (KBr) ν (cm-1): 2972 (m, C-H aromatic stretching), 
1669 (s, C=O stretching), 1576 (s, C=C stretching), 1200 (s, C-N stretching), 1123 (s, C-O 

stretching), 810 (w, C-H bending), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.73 (1H, d, J = 4.5 
Hz), 8.42-8.31 (2H, d, J = 16.2 Hz), 8.10 (1H, d, J = 7.8H), 7.89-7.49 (2H, dt, J = 1.5 Hz, J = 
7.8 Hz), 6.18 (2H, s), 3.95-3.88 (9H, s) 
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3. (E)-1-(pyridinyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one    
 

 

 
                                                                                   (3) 

 
ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.20 g, 66%) จุดหลอมเหลว 161-162 oC, UV-Vis 

(CHCl3) λmax (nm): 247.8, 355.4, IR (KBr) ν (cm-1): 2998-2976 (m, C-H aromatic stretching), 
2943 (s, C-H stretching), 1668 (s, C=O stretching), 1610-1579 (s, C=C stretching), 1322-

1290 (s, C-N stretching), 1125(s, C-O stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.76 
(1H, dd, J = 0.9 Hz, J = 4.8 Hz), 8.20 (1H, dd, J = 0.9 Hz, J = 6.9 Hz),8.18 (1H, d, J = 15.9 
Hz), 7.90 (1H, dt, J = 1.8 Hz, J = 7.5 Hz), 7.88 (1H, d, J = 15.9 Hz),7.50 (1H, dt, J = 0.9 Hz, 
J = 4.8 Hz), 6.96 (2H, s), 3.94-3.91 (9H, s) 
 
 
4. (E)-1-(thienyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one    
 
 

 
                                                                            (4) 

 
ผลิตภัณฑเปนของแข็งสีเหลือง (0.23 g, 74%) จุดหลอมเหลว 128-129 oC, UV-Vis (CHCl3) 

λmax (nm): 273.4, 394.9, IR (KBr) ν (cm-1): 3107 (m, C-H aromatic stretching), 2932 (s, C-H 
stretching) 1638–1611 (s, C=O stretching), 1583–1509 (s, C=C stretching), 1206 (s, C-O 

stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.12 (1H, d, J = 15.6 Hz), 7.86 (1H, dd, J 
= 0.9 Hz, J = 3.9 Hz), 7.65 (1H, dd, J = 0.9 Hz, J = 4.8 Hz), 7.39 (1H, d, J = 15.6 Hz), 7.17 
(1H, t, J = 3.9 Hz), 7.12-6.53 (2H, s), 3.95-3.91 (9H, s) 
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5. (E)-1-(thienyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one   
 
 

 
                                              

                                                                                  (5)  
 

ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.27 g, 89%) จุดหลอมเหลว 108-109 oC, UV-Vis 

(CHCl3) λmax (nm): 266.7, 367.7, IR (KBr) ν (cm-1): 2937 (m, C-H aromatic stretching), 1638 
(s, C=O stretching), 1610–1570 (s, C=C stretching), 1204 (s, C-O stretching), 1124 (s, C-S 

stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.28 (1H, d, J = 15.6 Hz), 7.81 (1H, d, J = 
5.1 Hz), 7.79 (1H, d, J = 15.6 Hz),7.60 (1H, d, J = 5.1 Hz), 7.15 (1H, t, J = 5.1 Hz), 6.14 
(2H, s), 3.92-3.86 (9H, s). 
 
 
6. (E)-1-(thienyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one   
 
 

 
                                                                                       (6) 

 
ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.22 g, 72 %) จุดหลอมเหลว 147-148 oC, UV-Vis 

(CHCl3) λmax (nm): 263.6, 349.8, IR (KBr) ν (cm-1): 3086-2975 (v, C-H aromatic stretching), 
2943 (s, C-H stretching), 1646 (s, C=O stretching), 1598-1579  (s, C=C stretching), 1125 (s, 

C-O stretching), 1004-979 (s, C-H stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 7.90 
(1H, dd, J = 0.9 Hz, J = 3.9 Hz), 7.79 (1H, d, J = 15.6 Hz), 7.70 (1H, dd, J = 0.9 Hz, J = 3.9 
Hz), 7.32 (1H, d, J = 15.6 Hz), 7.21 (1H, t, J = 3.9 Hz), 6.88 (2H, s),3.95-3.92 (9H, s) 
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7. (E)-1-(furyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one    
 
 

 
                                                                              (7) 

 
ผลิตภัณฑเปนของแข็งสีเหลือง (0.18 g, 64%) จุดหลอมเหลว 83-84 oC, UV-Vis (CHCl3) 

λmax (nm): 244.8, 312.3, 396.3, IR (KBr) ν (cm-1): 3404  (v, C-H aromatic stretching), 2985 
(s, C-H stretching), 1642 (s, C=O stretching), 1585-1515 (s, C=C stretching), 1217 (s, C-O 

stretching), 1040-1026 (s, C-H stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.19 (1H, d, 
J = 15.6 Hz), 7.64 (1H, d, J = 3.9 Hz), 7.39 (1H, d, J = 15.6 Hz), 7.30 (1H, d, J = 3.9 Hz), 
7.14–6.53 (2H, s), 6.58 (1H, t, J = 3.9 Hz), 3.95-3.92 (9H, s) 
 
 
8. (E)-1-(furyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one   
 
 

 
                                                                             

                                                                             (8) 
 

ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.22 g, 76%) จุดหลอมเหลว 117-118 oC, UV-Vis 

(CHCl3) λmax (nm): 260.5, 365.0, IR (KBr) ν (cm-1): 3001–2977  (v, C-H aromatic stretching), 
2946 (s, C-H stretching), 1654 (s, C=O stretching), 1582 (s, C=C stretching), 1123 (s, C-O 

stretching), 1064-1011 (s, C-H stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.24 (1H, d, 
J = 15.6 Hz), 7.74 (1H, d, J = 15.9 Hz), 7.67 (1H, d, J = 3.9 Hz), 7.25 (1H, d, J = 3.9 Hz), 
6.60 (1H, t, J = 1.8Hz), 6.17 (2H, s), 3.94-3.88 (9H, s) 
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9. (E)-1-(furyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one   
 
 

 
                                                                                 (9) 

 
ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.22 g, 76%) จุดหลอมเหลว 117-118 oC, UV-Vis 

(CHCl3) λmax (nm): 244.0, 351.9, IR (KBr) ν (cm-1): 3001-2977 (v, C-H aromatic stretching), 
2946 (s, C-H stretching), 1654 (s, C=O stretching), 1582 (s, C=C stretching), 1123 (s, C-O 

stretching), 1064-1011 (s, C-H stretching ), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.24 (1H, 
d, J = 15.6 Hz), 7.74 (1H, d, J = 15.9 Hz), 7.67 (1H, d, J = 3.9 Hz), 7.25 (1H, d, J = 3.9 Hz), 
6.60 (1H, t, J = 1.8Hz), 6.17 (2H, s), 3.94-3.88 (9H, s) 
 
 
10. (E)-1-(4-Bromophenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one   
 
 

 
                                                                                             (10) 

 
ผลิตภัณฑเปนของแข็งสีเหลือง (0.33 g, 90%) จุดหลอมเหลว 153-154 oC, UV-Vis (CHCl3) 

λmax (nm): 273.4, 393.3, IR (KBr) ν (cm-1): 2952 (v, C-H aromatic stretching), 2910 (s, C-H 
stretching), 1654 (s, C=O stretching), 1577 (s, C=C stretching), 1204 (s, C-O stretching), 

1007-1028 (s, C-O stretching), 656 (s, C-Br stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 
8.15 (1H, d, J = 15.9 Hz), 7.69-7.94 (4H, d, J = 8.4 Hz), 7.46 (1H, d,  J = 15.9 Hz), 6.59-7.18 
(2H, s), 3.97-4.02 (9H, s). 
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11. (E)-1-(4-Bromophenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one   
 
 

 
                                                                                            

                                                                                             (11) 
 

ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.29 g, 76%) จุดหลอมเหลว 152-153 oC, UV-Vis 

(CHCl3) λmax (nm): 264.3, 364.4, IR (KBr) ν (cm-1): 2979 (v, C-H aromatic stretching), 2941 
(s, C-H stretching), 1675-1690 (s, C=O stretching), 1572 (s, C=C stretching), 1418-1458 (m, 
C-C aromatic stretching ), 1209 (s, C-O stretching), 1028, 1117-1154 (s, C-(C=O)-C 

stretching), 672 (s, C-Br stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.26 (1H, d, J = 
15.9 Hz), 7.87 (2H, d, J = 9.0 Hz), 7.81 (1H, d, J = 15.9 Hz), 7.61 (2H, d, J = 9.0 Hz,), 6.14 
(2H, s), 3.91 (3H, s), 3.87 (6H, s) 

 
  
12. (E)-1-(4-Bromophenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one   
 
 

 
                                                                                             

                                                                                      (12) 
 

ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.32 g, 84%) จุดหลอมเหลว 128-129 oC, UV-Vis 

(CHCl3) λmax (nm): 266.1, 347.3, IR (KBr) ν (cm-1): 3002-3058 (s, C-H aromatic stretching), 
2944 (s, C-H stretching), 1667 (s, C=O stretching), 1584 (s, C=C stretching), 1124 (s, C-O 

stretching), 816 (s, C-H bending), 604 (s, C-Br stretching), 1H NMR (CDCl3) (δ ppm) (300 
MHz): 7.88 (2H, d, J = 8.4 Hz), 7.72 (1H, d, J = 15.6 Hz), 7.65 (2H, d, J = 8.4 Hz), 7.34 (1H, 
d, J = 15.6 Hz), 7.26 (2H, s), 3.93 (6H, s), 3.91 (3H, s) 
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13. (E)-1-(4-Aminophenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one   
 

                                   (13) 

 

 ผลิตภัณฑเปนของแข็งสีเหลือง (0.60 g, 96%)  จุดหลอมเหลว 207-208 °C, UV-Vis 

(CHCl3) λmax (nm): 244.6, 322.7, 379.8, IR (KBr) ν(cm-1): 3376 (N-H stretching), 2927 (sp2 C-
H aromatic stretching), 1603 (C=O stretching), 1556 (C=C aromatic stretching), 1206 (s, C-O 

stretching),  1H NMR (CDCl3) (δ ppm) (300 MHz): 8.24 (2H, d, J = 15.3 Hz), 7.53 (2H,  d,  J 
= 8.1 Hz), 7.41 (1H, d, J = 15.3 Hz), 6.71 (1H,  s), 6.42 (2H, s,  J = 8.1 Hz), 6.28 (2H, s), 
3.82 (6H, s), 3.79 (3H, s). 
 
 

14. (E)-1-(4-Aminophenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one 

 
 

 

                         (14) 

 

 ผลิตภัณฑเปนของแข็งสีเหลือง (0.48 g, 76%)  จุดหลอมเหลว 228-229 °C, UV-Vis 

(CHCl3) λmax (nm): 253.7, 356.7, IR (KBr) ν(cm-1): 3301 (N-H stretching), 2957 (sp2 C-H 
aromatic stretching), 1621 (C=O stretching), 1589 (C=C aromatic stretching), 1187 (s, C-O 

stretching),  1H NMR (CDCl3) (δ ppm) (300 MHz): 8.24 (2H, d, J = 15.3 Hz), 7.76 (2H,  d,  J 
= 8.1 Hz), 7.42 (1H, d, J = 15.3 Hz), 6.66 (2H,  d,  J = 8.1 Hz), 6.13 (2H, s), 3.92 (9H, s). 
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15. (E)-1-(4-Aminophenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one   

 

                                          (15) 

 ผลิตภัณฑเปนของแข็งสีเหลือง (0.58 g, 92%)  จุดหลอมเหลว 240-241 °C, UV-Vis 

(CHCl3) λmax (nm): 253.8, 354.7, IR (KBr) ν(cm-1): 3216 (N-H stretching), 2929 (sp2 C-H 
aromatic stretching), 1617 (C=O stretching), 1567 (C=C aromatic stretching), 1189 (s, C-O 

stretching),  1H NMR (CDCl3) (δ ppm) (300 MHz): 8.12 (2H, d, J = 15.3 Hz), 7.64 (2H,  d,  J 
= 8.1 Hz), 7.56 (1H, d, J = 15.3 Hz), 6.85 (2H,  d,  J = 8.1 Hz), 6.27 (2H, s), 3.66 (3H, s), 
3.64 (6H, s). 

 

16. (E)-1-(2-Hydroxyphenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one    
 
 

 
                                                                                      (16) 

 
 
ผลิตภัณฑเปนของแข็งสีเหลืองอมสม (0.24 g, 78%) จุดหลอมเหลว 187-188 oC, 1H NMR 

(CDCl3) (δ ppm) (300 MHz): 13.10 (1H, s), 8.12 (1H, d, J = 15.6 Hz), 7.94 (1H, d, J = 8.4 
Hz), 7.48 (1H, d, J = 15.6 Hz), 7.47 (1H, t, J = 7.8 Hz), 7.12 (1H, s), 7.01 (1H, d, J = 8.4 
Hz), 6.98 (1H, t, J = 8.4 Hz), 6.62 (1H, s), 3.91-3.95 (9H, s) 
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17. (E)-3-(4-Ethoxyphenyl)-1-(2-hydroxyphenyl)prop-2-en-1-one 
 

 
                                                             (17) 

 
ผลิตภัณฑเปนของแข็งสีเหลือง (0.12 g, 22%) จุดหลอมเหลว 114-115 oC, UV-Vis (CHCl3) 

λmax (nm): 245.1, 297.4, 371.3, IR (KBr) ν(cm-1): 3350 (OH stretching), 2980 (sp2 C-H 
aromatic stretching), 1650 (C=O stretching), 1605 (C=C aromatic stretching), 1H NMR 

(CDCl3) (δ ppm) (300 MHz): 12.92 (1H, s), 7.93 (1H, d, J = 8.0 Hz), 7.92 (1H, d, J = 15.6 
Hz), 7.62 (2H, d, J = 8.7 Hz), 7.54 (1H, d, J = 15.6 Hz), 7.47 (2H, td, J = 8.0, 2.4 Hz), 7.02 
(1H, d, J = 8.0 Hz), 6.95 (2H, d, J = 8.7 Hz), 6.95 (1H, m), 4.09 (2H, q, J = 6.9 Hz), 1.45 
(3H, t, J = 6.9 Hz). 
 
 
18. (E)-3-(9-Anthryl)-1-(phenyl)-prop-2-en-1-one 

 

 

                              (18) 

 

 ผลิตภัณฑเปนของแข็งสีเหลือง (0.55 g, 83%)  จุดหลอมเหลว 143-144 °C, UV-Vis 

(CHCl3) λmax (nm): 256.1, 370.7, IR (KBr) ν(cm-1): 3010 (Ar CH stretching), 1670 (C=O 

stretching), 1600 (C=C aromatic stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.80 (1H, 
d, J = 15.9 Hz), 8.48 (1H, s), 8.31 (2H, dd,  J = 9.3 Hz), 8.08 (1H, t, J = 9.3 Hz), 8.05 (1H,  
d,  J = 15.9 Hz), 8.04 (2H,  dd,  J = 9.3 Hz), 7.50-7.59 (9H, m). 
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19. (E)-3-(9-Anthryl)-1-(4-hydroxyphenyl)-prop-2-en-1-one 

 
                              (19) 

 

 ผลิตภัณฑเปนของแข็งสีเหลือง (0.34 g, 53%)  จุดหลอมเหลว 143-144 °C, UV (CHCl3) 

λmax (nm): 257.85, 391.63, IR (KBr) ν(cm-1): 3050 (Ar CH stretching), 1670 (C=O stretching), 

1600 (C=C aromatic stretching), 3368 (-OH), 1H NMR (CDCl3) (δ ppm) (300 MHz): 9.04 (1H, 
s), 8.67 (1H, s), 8.52 (1H, d, J = 16.8 Hz), 8.24 (2H, d,  J = 9.3 Hz), 8.14 (2H, d, J = 9.3 Hz), 
7.50-7.65 (9H, m), 6.56 (1H,  d,  J = 16.8 Hz). 

 

20. (E)-3-(9-Anthryl)-1-(4-methoxyphenyl)-prop-2-en-1-one 
 

 
                                 (20) 

                                                                                             

  

 ผลิตภัณฑเปนของแข็งสีเหลือง (0.64 g, 83%)  จุดหลอมเหลว 167-168 °C, UV (CHCl3) 

λmax (nm): 256.62, 297.41, 371.27, IR (KBr) ν(cm-1): 2952 (Ar CH stretching), 1655 (C=O 

stretching), 1600 (C=C aromatic stretching), 1H NMR (CDCl3) (δ ppm) (300 MHz): 8.71 (1H, 
d, J = 15.6 Hz), 8.48 (1H, s), 8.31 (2H, dd,  J = 9.9 Hz), 8.07 (1H, d, J = 15.6 Hz), 8.04 (2H,  
dd,  J = 9.9 Hz), 7.50-7.59 (9H, m), 3.89 (3H, s). 
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21. (E)-3-(Anthracen-9-yl)-1-(furan-2-yl)prop-2-en-1-one 
 

 

                                                        (21) 

 

 ผลิตภัณฑเปนของแข็งสีเหลือง (0.55 g, 83%)  จุดหลอมเหลว 150-151 °C, UV-Vis 

(CHCl3) λmax (nm): 256.6, 285.3, 370.7, IR (KBr) ν(cm-1): 3030 (Ar CH stretching), 1670 

(C=O stretching), 1580 (C=C aromatic stretching), 1250 (C-O stretching), 1H NMR (CDCl3) (δ 
ppm) (300 MHz): 8.48 (1H, d, J = 16.8 Hz), 8.04 (1H, d,  J = 1.5 Hz), 7.70 (1H, d, J = 9.9 
Hz), 7.48 (1H,  d,  J = 9.9 Hz), 7.33-7.60 (9H, m), 6.60 (1H,  d,  J = 16.8 Hz),. 

 

 
22. (E)-3-(9-Anthryl)-1-(4-bromophenyl)prop-2-en-1-one    
 
 

 
                                                                                          

                                                                                             (22) 
 
 

ผลิตภัณฑเปนของแข็งสีเหลือง (0.35 g, 92%) 1H NMR (CDCl3) (δ ppm) (300 MHz): 
8.74 (1H, d, J = 15.6 Hz), 8.52 (1H, s), 8.26-8.29 (2H, m), 8. 08-8.05 (2H, m), 8.03 (1H, d, J 
= 15.6 Hz), 7.99 (2H, d, J = 8.7 Hz), 7.69 (2H, d, J = 8.7 Hz), 7.52-7.59 (4H, m) 
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23. (Z)-3-(9-Anthryl)-1-(2-thienyl)prop-2-en-1-one    
 

 
 

                                                                                       (23) 
 

ผลิตภัณฑเปนของแข็งสีเหลืองอมสม (0.23 g, 72%) จุดหลอมเหลว 127-128 oC, 1H NMR 

(CDCl3) (δ ppm) (300 MHz): 8.52 (1H, s), 8.13 (2H, d, J = 8.1 Hz), 8.07 (2H, d, J = 8.1 Hz), 
8.01 (1H, d, J = 5.1 Hz), 7.91 (1H, d, J = 12.0 Hz), 7.82 (1H, d, J = 5.1 Hz), 7.73 (1H, d, J = 
12.0 Hz), 7.42-7.51 (4H, m), 7.18 (1H, t, J = 5.1 Hz) 

 
 
24.  6-(4-Bromophenyl)-2-ethoxy-4-(2,4,5-trimethoxyphenyl)nicotinonitrile   
 
 

 
                                                                                 (24) 

 
 

ผลิตภัณฑเปนของแข็งสีเหลืองออน (0.28 g, 61%) จุดหลอมเหลว 176-177 oC, IR (KBr) ν 
(cm-1): 2831-2932 (v, C-H stretching), 2217 (m, C≡N stretching), 1517-1585 (s, C=C 

stretching), 1337 (s, C=N stretching), 1033-1214 (s, C-O stretching), 1H NMR (CDCl3) (δ 
ppm) (300 MHz): 7.93 (2H, d, J = 8.7 Hz), 7.61 (2H, d, J = 8.7 Hz), 7.40 (1H, s), 6.86 (1H, 
s), 6.65 (1H, s 4.64 (2H, q, J = 6.9 Hz), 3.97 (3H, s), 3.88 (3H, s), 3.86 (3H, s), 1.51(3H, t, J 
= 6.9 Hz). 
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25. 6-(4-Bromophenyl)-2-ethoxy-4-(2,4,6-trimethoxyphenyl)nicotinonitrile   
 
  

 
                                                                       

                                                                                         (25) 
 

ผลิตภัณฑเปนของแข็งสีขาว (0.27 g, 58%) จุดหลอมเหลว 137-138 oC, IR (KBr) ν (cm-1): 
2840-2977 (v, C-H stretching), 2222 (m, C≡N stretching), 1552-1611 (s, C=C stretching), 

1337 (s, C=N stretching), 1026-1126 (s, C-O stretching), 1H NMR (CDCl3) (δ ppm) (300 
MHz): 7.91 (2H, d, J = 8.7 Hz), 7.58 (2H, d, J = 8.7 Hz), 7.33 (1H, s), 6.23 (2H, s), 4.62 (2H, 
q, J = 6.9 Hz), 3.87 (3H, s), 3.77 (6H, s), 1.51 (3H, t, J = 6.9 Hz) 
 
 
 
26. 6-(4-bromophenyl)-2-ethoxy-4-(3,4,5-trimethoxyphenyl)nicotinonitrile   

 
 

 
                                                                                   (26) 

 

 ผลิตภัณฑเปนของแข็งสีขาว (0.42, 62%) จุดหลอมเหลว 157-158 oC, IR (KBr) ν (cm-1): 
2842-2997 (v, C-H stretching), 2221 (m, C≡N stretching), 1509-1586 (s, C=C stretching), 

1378 (s, C=N stretching), 1001-1132 (s, C-O stretching), 1H NMR (CDCl3) (δ ppm) (300 
MHz): 7.96 (2H, d, J = 8.4 Hz), 7.63 (2H, d, J = 8.4 Hz), 7.42 (1H, s), 6.85 (2H, s), 4.66 (2H, 
q, J = 6.9 Hz), 3.94 (6H, s), 3.93 (3H, s), 1.53 (3H, t, J = 6.9 Hz). 
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27. 6-(4-Bromophenyl)-2-ethoxy-4-(4-ethoxyphenyl)nicotinonitrile    
 
 

 
 

                                                                           (27) 
 

ผลิตภัณฑเปนของแข็งสีขาว (0.28 g, 68%) จุดหลอมเหลว 134-135 oC, IR (KBr) ν (cm-1): 
2875-2973 (v, C-H stretching), 2221 (m, C≡N stretching), 1516-1588 (s, C=C stretching), 

1344 (s, C=N stretching), 1145-1248 (s, C-O stretching), 1H NMR (CDCl3) (δ ppm) (300 
MHz): 7.95 (2H, d, J = 8.7 Hz), 7.62 (2H, d, J = 8.7 Hz), 7.61 (2H, d, J = 8.7 Hz), 7.41 (1H, 
s), 7.03 (2H, d, J = 8.7 Hz), 4.65 (2H, q, J = 6.9 Hz), 4.11 (2H, q, J = 6.9 Hz),  1.52 (3H, t), 
1.48 (3H, t, J = 6.9 Hz) 

 
 
 

4.2  โครงสรางทางรงัสีเอกซ 

 นอกจากทําการหาโครงสรางสารดวยเทคนิคทางสเปกโตสโกปแลว สามารถตกผลึกและ

หาโคงสรางสารดวยเทคนคิการเลี้ยวเบนของรังสีเอกซบนผลึกเด่ียวของสารได 15 สาร แสดงดัง

Scheme 4.2 – 4.3 
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Scheme 4.2  X-ray structures of chalcones derivatives 

  

 

  

 

 

(13)  (17) 

 

 

 

 

(20) (21) 

 

 

 

 

(22) (23) 
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Scheme 4.2  (continue) X-ray structures of chalcone derivatives 

 

 

 

 

 

(24) (25) 

 

 

 

(27)  

Scheme 4.3 X-ray structures of nicotinonitrile derivatives 

รายละเอียดของโครงสรางทางรังสีเอกซแสดงดังปรากฏในเอกสารผลงานตีพิมพ 
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4.3   การทดสอบการออกฤทธิ์ยับยัง้เชื้อแบคทเีรียของสารอนุพันธ chalcones 1-23 

        ทําการทดสอบฤทธิต์านเชื้อแบคทีเรยีของสารอนุพันธ chalcones 1-23 ไดผลดัง Table 4.1 

จากผลการทดสอบพบวาสารอนุพันธ chalcones ทั้ง 23 สาร ไมแสดงฤทธิย์ังยั้งเชื้อแบคทีเรียที่

ทดสอบ คือ Bacillus subtilis, Staphylococcus aureus, Enterococcus faecalis TISTR 459, 

methicillin-resistant Staphylococcus aureus (MRSA) ATCC 43300, vancomycin-resistant 

Enterococcus faecalis (VRE) ATCC 51299, Salmonella typhi, Shigella sonei and 

Pseudomonas aeruginosa. 
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Table 4.1. Antimicrobial Activity (MIC, μg/ml) of compounds 1-23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Bacillus subtilis, Staphylococcus aureus, Enterococcus faecalis TISTR 459, methicillin-resistant Staphylococcus aureus (MRSA) ATCC 43300, vancomycin-resistant 
Enterococcus faecalis (VRE) ATCC 51299. (b) Salmonella typhi, Shigella sonei and Pseudomonas aeruginosa.

Antibacterial activity 
Gram-positive bacteria(a) Gram-negative bacteria(b) Compounds 

B. subtilis S. aureus E. faecalis MRSA VRE S. typhi S. sonei P. aeruginosa 
1 >300 >300 >300 >300 >300 >300 >300 >300 
2 >300 >300 >300 >300 >300 >300 >300 >300 
3 >300 >300 >300 >300 >300 >300 >300 >300 
4 300 >300 >300 300 >300 >300 >300 >300 
5 >300 >300 >300 >300 >300 >300 >300 >300 
6 >300 >300 >300 >300 >300 >300 >300 >300 
7 >300 >300 >300 >300 >300 >300 >300 >300 
8 >300 >300 >300 >300 >300 >300 >300 >300 
9 >300 >300 >300 >300 >300 >300 >300 >300 

10 >300 >300 >300 >300 >300 >300 >300 >300 
11 >300 >300 >300 >300 >300 >300 >300 >300 
12 >300 >300 >300 >300 >300 >300 >300 >300 
13 >300 >300 >300 >300 >300 >300 >300 >300 
14 >300 >300 >300 300 >300 300 300 >300 
15 >300 >300 >300 >300 >300 >300 >300 >300 
16 >300 150 >300 >300 >300 150 150 >300 
17 >300 >300 >300 >300 >300 >300 >300 >300 
18 >300 >300 >300 >300 >300 >300 >300 >300 
19 >300 >300 >300 >300 >300 >300 >300 >300 
20 >300 >300 >300 >300 >300 >300 >300 >300 
21 >300 >300 >300 >300 >300 >300 >300 >300 
22 >300 >300 >300 >300 >300 >300 >300 150 
23 >300 >300 >300 >300 >300 >300 >300 >300 

Vancomycin 
(Standard) <2.34 <2.34 <2.34 <2.34 <2.34 <2.34 <2.34 <2.34 
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4.4   สมบัตฟิลูออเรสเซนตของสาร 

       ทําการศึกษาสมบตัฟิลูออเรสเซนตของสารอนุพันธ chalcones ที่มีหมูแทนที่เปน trimethoxy 
(สาร 1-9) เพ่ือศึกษาผลของตําแหนงหมูแทนที่ trimethoxy ที่มีตอสมบัติฟลูออเรสเซนตของอนุพันธ 
chalcones ไดผลดังแสดง Fig 4.1 และ Table 4.2 
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Fig. 4.1  Fluorescence emission spectra of heteroaryl chalcones (5 µM in chloroform) excited at 

380 nm at room temperature: compounds 1‐6 using slit width 4.5 (A) and compounds 7‐9 

using slit width 10 (B). 
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Table 4.2    Fluorescence spectral data (excitation (λex), absorption (λabs), and  emission (λem) 
maxima, fluorescent quantum yield (ΦF))

a,b and Stokes shift of heteroaryl chalcones    
(1‐9) (5 µM in chloroform) 

Compound  λex/nm  λabs/nm  λem/nm  ΦF  Stokes shift/nm 

1  401  403  530  0.18  127 

2  350  372  453  < 0.01  81 

3  377  355  502  0.05  147 

4  394  395  504  0.28  109 

5  354  368  433  < 0.01  65 

6  374  350  485  0.06  135 

7  394  396  501  0.20  105 

8  352  365  431  < 0.01  66 

9  372  352  481  0.08  129 

a) The emission wavelength was set at 485 nm for excitation spectra study and the excitation wavelength 

was set at 380 nm for emission spectra study; b) coumarin 1 (in ethanol, ΦF = 0.73) was used as the 

standard for ΦF measurements. 

 

ผลการศึกษาสมบัติฟลูออเรสเซนตและผลของตําแหนงหมูแทนที่ trimethoxy ที่มีตอสมบัติฟลูออเรส

เซนตของอนุพันธ chalcones แสดงดังรายละเอียดในผลงานตีพิมพ Reprint 3/4 

Thitipone Suwunwong, Suchada Chantrapromma* and Hoong-Kun Fun (2011) 

“Influence of trimethoxy-substituted positions on fluorescence of heteroaryl chalcone 
derivatives”  Chemical Papers, 65, 890-897. 
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a b s t r a c t

Cochinchinones I–L (1–3 and 13) along with 11 known xanthones (4–12, 14, and 15) were isolated from
the resin and green fruits of Cratoxylum cochinchinense. In addition, four new acetylated compounds (16–
19) were derivatized from 7-geranyloxy-1,3-dihydroxyxanthone (14) and 3-geranyloxy-1,7-dihydroxy-
xanthone (15). All compounds were characterized on the basis of spectroscopic analyses. The structures
of cochinchinone I (1), a monoacetate (18) and a dibrosylate (20), were also confirmed by X-ray dif-
fraction analysis. The antibacterial and antifungal activities of selected compounds were evaluated as
well.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Cratoxylum cochinchinense belongs to the family Guttiferae,
which is distributed in several parts of Thailand.1 This plant is
a well-known tropical tree, and is commonly known in Thailand as
Tui Kliang. The bark, roots, and leaves of this plant have been used
in folk medicine to treat fever, coughs, diarrhea, itches, ulcers, and
abdominal complaints.2 Previous investigations revealed the major
components from the Cratoxylum genus as xanthones and anthra-
quinones.3–6 Xanthones have been reported to exhibit biological
activities such as antibacterial,3–5 antioxidant,6,7cytotoxic,3–5,8,9

and antiprotozoal activities.10 A preliminary screening of the bio-
activity of the crude extracts from the resin and green fruits of C.
cochinchinense has shown strong antibacterial activity specifically
against Pseudomonas aeruginosa. Although Pseudomonas sepsis is
a major cause of death in transplant recipients, while P. aeruginosa
is one of the most common Gram-negative pathogenic bacteria
causing life-threatening infections.11–13 This result led us to

investigate the bioactive compounds from this plant. The antibac-
terial and antifungal activities of isolated compounds were also
evaluated.

2. Results and discussion

The crude CH2Cl2 extract of the resin of C. cochinchinense was
subjected to chemical investigation leading to the isolation of three
new xanthones, cochinchinones I–K (1–3), together with nine
known xanthones identified as cochinchinone A (4),6 1,3,7-tri-
hydroxy-2,4-diisoprenylxanthone (5),14 celebixanthone methyl
ether (6),15 dulxis-xanthone F (7),15 b-mangostin (8),16 a-mangostin
(9),16 macluraxanthone (10),17 pruniflorone G (11),3 and a caged-
prenylated xanthone (12).6 Their structures were elucidated by
NMR analysis and comparison of their spectroscopic data with
those reported in the literature.

Cochinchinone I (1) was obtained as a yellow powder, which
was further recrystallized from acetone to yield yellow single
crystals. The X-ray structure (Fig. 1) suggested a xanthone skeleton
with a chromene ring. A molecular formula C28H30O5 was implied
by HRMS. Its structure was supported by the 1H and 13C NMR
spectral data (Table 1). The 1H and 13C NMR spectral data of 1 were

* Corresponding author. Tel.: þ66 7428 8444; fax: þ66 7421 2918.
E-mail addresses: chatchanok.k@psu.ac.th, chatchanok_k@yahoo.com (C. Karalai).
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comparable to cochinchinone A (4), which was previously isolated
from the roots of C. cochinchinense.6 The main difference was ob-
served at C-2 and C-3, where the 1H NMR spectral data of 1 showed
the signals of a chromene ring at d 6.74 (d, J 9.9 Hz, H-10), 5.60 (d, J
9.9 Hz, H-20), and 1.48 (s, Me-40 and Me-50) instead of a prenyl
group at C-2 and a free hydroxyl group at C-3 as in 4 (Table 1). The

chromene ring was connected to a xanthone skeleton in a linear
fashion whose structure was confirmed by HMBC correlations as
summarized in Table 2, which agreed well with the X-ray structure
(Fig. 1). From these data, the structure of cochinchinone I was
assigned as 1. In addition, the asymmetric unit of a cocrystal
(Fig. 1a) consisted of a disordered mixture of cochinchinone I (1)
(Fig. 1) and a new chromenoxanthone 1a (Fig. 1b). The latter was
different from 1 in which a geranyl side chain in 1 was replaced by
a (E)-300,700,700-trimethyloct-200-ene side chain in 1a. Therefore,
a trace amount of chromenoxanthone 1a in a single crystal should
be an unexpected contaminated compound from cochinchinone I
(1), which might be transformed during the resin formation.

Cochinchinone J (2) was obtained as a yellow viscous oil with
a molecular ion peak at m/z 446.2092 [M]þ in the HRMS, corre-
sponding to a molecular formula of C28H30O5. The UV spectrum
showed absorption bands of a xanthone (243, 289, 298, 320, 351, and
391 nm),14 while the IR spectrum exhibited the hydroxyl and conju-
gated carbonyl functionalities at vmax 3397 and 1649 cm�1, re-
spectively. The 1H and 13C NMR data of 2 (Table 1) were similar to
those of 4,6 except for the appearance of the signals of a chromene ring
bearing a methyl group and six-carbon side chain of 4-methylpent-3-
enyl group, which appeared at dH 5.10 (br t, J 7.2 Hz, H-600),1.89 (m,1H-
400), 1.68 (m, 1H-400), 2.12 (m, H2-500), 1.66 (s, Me-800), and 1.57 (s,
Me-1000) (Table 1) instead of a geranyl moiety at C-4 as in 4. The loss of
4-methylpent-3-enyl moiety in EIMS, m/z 363 ([M]þ �83), also sup-
ported the proposed structure. Finally, the location of the angular
chromene ring was confirmed by HMBC correlations (Table 2) in
which the methine proton H-100 (d 6.88) was correlated with C-3 (d
158.9), C-4 (d 100.2), C-4a (d 150.2), and C-300 (d 80.6). Therefore, the
structure of cochinchinone J was deduced to be 2.

Compound 3 was isolated as an inseparable mixture with
compound 2, and the mixture was thus acetylated with Ac2O in
pyridine. The resulting product was further separated by CC eluting
with 70% CHCl3–hexane to give monoacetates 3a (18.9 mg) and 2a

Figure 1. The X-ray structure of 1.

Table 1
1H and 13C (300 MHz) spectral data of 1, 2, 3a, and 4 in CDCl3

Position 1 2 3a 4

1H (J in Hz) 13C (d) 1H (J in Hz) 13C (d) 1H (J in Hz) 13C (d) 1H (J in Hz) 13C (d)

1-OH 12.97, s 155.5 13.15, s 160.2 13.02, s 158.4 12.79, s 158.1
2 104.2 111.2 103.9 109.1
3 158.4 158.9 159.6 161.1
4 107.4 100.2 107.3 104.9
5 7.30, d, 9.0 119.0 7.35, d, 8.7 118.9 7.46, d, 8.7 118.7 7.04, d, 9.0 118.7
6 7.23, dd, 2.4, 9.0 124.1 7.25, m 123.8 7.39, dd, 8.7, 2.7 128.6 7.07, br d, 9.0 124.7
7 150.5 150.3 146.3 150.1
8 7.60, d, 2.4 108.9 7.60, br d, 1.8 109.3 7.92, d, 2.7 117.8 7.44, br s 108.7
9 180.9 180.5 180.3 180.9
4a 154.5 150.2 152.4 152.9
4b 152.4 152.2 153.7 152.4
8a 120.6 121.1 121.2 120.2
9a 103.3 102.9 102.3 103.0
10 6.74, d, 9.9 115.8 3.36, d, 7.2 21.2 2.75, br t, 6.9 16.2 3.32, d, 6.9 21.8
20 5.60, d, 9.9 127.3 5.25, br t, 7.2 122.1 1.81, br t, 6.9 31.7 5.19, br t, 6.9 121.6
30 78.1 131.5 76.3 134.8
40 1.48, s 28.4 1.68, s 25.8 1.39, s 26.9 1.55, s 25.6
50 1.48, s 28.4 1.81, s 17.9 1.39, s 26.9 1.75, s 17.9
100 3.46, d, 7.2 21.3 6.88, d, 10.2 115.9 3.48, d, 7.5 21.5 3.39, d, 6.9 21.6
200 5.22, br t, 7.2 122.1 5.54, d, 10.2 125.4 5.22, br t, 6.3 122.3 5.16, br t, 6.9 121.7
300 135.0 80.6 134.9 137.9
400 1.99, ma 39.7 1.89, m,a 1.68, ma 41.8 1.96, m 39.8 1.99, ma 39.7
500 2.04, ma 26.6 2.12, ma 22.8 2.03, m 26.7 1.97, ma 26.4
600 5.04, br t, 6.6 124.2 5.10, br t, 7.2 123.8 5.05, br t, 6.6 124.4 4.95, br t, 7.2 123.9
700 131.3 131.9 131.3 131.8
800 1.59, s 25.6 1.66, s 25.6 1.60, s 25.6 1.67, s 25.8
900 1.86, s 16.3 1.44, s 27.1 1.86, s 16.3 1.78, s 16.2
1000 1.53, s 17.6 1.57, s 17.6 1.55, s 17.7 1.48, s 17.6
7-OAc 2.34, s 20.9/169.4

a Deduced from HMQC experiment.
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(5.1 mg). The latter was confirmed as an acetylated derivative of 2
by comparison of its spectral data with those of compound 2.

Compound 3a is a yellow powder. The HRMS spectrum showed
a molecular ion peak at m/z 490.2355 [M]þ, corresponding to
C30H34O6. The UV spectrum showed absorption bands of a xan-
thone (243, 271, 303, 326, and 383 nm),14 while the IR spectrum
exhibited the hydroxyl and conjugated carbonyl functionalities at
vmax 3392 and 1648 cm�1, respectively. The 1H and 13C NMR spec-
tral data of 3a (Table 1) were closely related to those of 1, except for
the appearance of the signals of a dimethylchromane ring and
acetoxy group revealed at dH 2.75 (br t, J 6.9 Hz, H-10), 1.81 (br t, J
6.9 Hz, H-20), 1.39 (s, Me-40 and Me-50), and 2.34 (s, 7-OAc) (Table 1)
instead of a chromene ring and a hydroxyl group in 1. The chromane
ring was fused to the xanthone nucleus in a linear fashion, which
was confirmed by HMBC correlations (Table 2), in which the
methylene protons H2-10 at dH 2.75 were correlated with C-1 (d
158.4), C-2 (d 103.9), C-3 (d 159.6), C-20 (d 31.7), and C-30 (d 76.3),
while the H-bonded hydroxyl proton 1-OH (d 13.02) was correlated

with C-1 (d 158.4), C-2 (d 103.9), and C-9a (d 102.3). Therefore, the
structure of 3a, an acetylated form of 3, was deduced. Compound 3
was named cochinchinone K.

It is interesting to note that the three new chromenoxanthones (1
and 2) and chromanoxanthone (3) could be derived from cochin-
chinone A (4). The isoprenyl or geranyl side chains of 4 were epox-
idized and further cyclized via a free hydroxyl at C-3 to produce the
chromanol ring18 as shown in Scheme 1. Further dehydration led to
the linear or angular chromene rings of 1 and 2, respectively. On the
other hand, the new chromanoxanthone (3) could be produced by
cyclization via a free hydroxyl group to an isoprenyl side chain of 4 to
afford the chromane ring (Scheme 1). Therefore, cochinchinone A (4)
should be a precursor of cochinchinones I–K (1–3).

The investigation of the crude CH2Cl2 extract of the green fruits
(approximate 4 weeks maturity stage) led to the isolation and
identification of a new xanthone, cochinchinone L (13) along with
two major known oxygeranyl xanthones 1414 and 15.19 Compounds
14 and 15 were structural isomers of xanthones with an oxygeranyl

Table 2
HMBC (300 MHz) spectral data of 1, 2, 3a, and 4 in CDCl3

Position 1 2 3a 4

1-OH C-1, C-2, C-9a C-1, C-2, C-9a C-1, C-2, C-9a C-1, C-2, C-9, C-9a
5 C-7, C-9, C-4b, C8a C-7, C8a C-7, C-8a, C-9 C-7, C-9, C-4b, C8a
6 C-5, C-7, C-8, C-4b C-7, C-4b C-5, C-7, C-4b C-7, C-8
8 C-6, C-7, C-9, C-4b C-8 C-6, C-7, C-4b, C-9 C-6, C-7, C-9, C-4b
10 C-1, C-2, C-3, C-4, C-30 C-1, C-2, C-20 , C-30 C-1, C-2, C-3, C-20 , C-30 C-1, C-2, C-3, C-20 , C-30 C-40 , C-50

20 C-2, C-30 , C-40 , C-50 C-20 C-2, C-10, C-30 , C-40 , C-50 C-2, C-10, C-50

40 C-20 , C-30 , C-50 C-20 , C-30 , C-50 C-20 , C-30 C-20 , C-30 , C-50

50 C-20 , C-30 , C-40 C-20 , C-30 , C-40 C-20 , C-30 C-20 , C-30 , C-40

100 C-3, C-4, C-4a, C-200 , C-300 C-3, C-4, C-4a, C-300 C-3, C-4, C-4a, C-200 , C-300 C-3, C-4, C-4a, C-200 , C-300 , C-900

200 C-4, C-100, C-400 , C-900 C-4, C-300 , C-400 , C-500 , C-900 C-100, C-300 , C-400 , C-900 C-4, C-100, C-400 , C-900

400 C-200 , C-300 , C-500 C-200 , C-300 C-200 , C-300 , C-600 C-200 , C-600

500 C-300 , C-400 , C-600 , C-700 C-600 , C-700 C-300 , C-600 , C-700 C-300 , C-400 , C-600 , C-700

600 C-400 , C-500 , C-800 , C-1000 C-600 C-500 , C-800 , C-1000 C-400 , C-500 , C-800

800 C-600 , C-700, C-1000 C-600 , C-700, C-1000 C-600 , C-700, C-1000 C-600 , C-700, C-1000

900 C-200 , C-300 C-200 , C-300 , C-400 C-200 ,C-300 C-200 , C-300 , C-400

1000 C-600 , C-700, C-800 C-600 , C-700, C-800 C-600 , C-700, C-1000 C-600 , C-700, C-800

7-OAc C-7

Figure 1a. The asymmetric unit of a cocrystal of 1 and 1a. Figure 1b. The X-ray structure of 1a.
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side chain. The 1H and 13C NMR spectral data of both 14 and 15
(Tables 3 and 4) were almost identical. However, the main differ-
ence was observed in the NOESY experiment in which H2-10 (d 4.45)
of 14 showed a cross-peak with H-8 (d 7.40) and H-6 (d 7.18),
whereas the H2-10 (d 4.63) of 15 showed a cross-peak with H-4 (d

6.40) and H-2 (d 6.34). These results implied that the oxygeranyl
side chain of 14 was connected to C-7 and that of 15 to C-3. To
confirm these structural assignments of 14 and 15, compound 14
was further reacted with p-bromobenzenesulfonyl chloride in
CH2Cl2 at room temperature to afford a crystalline dibrosylate 20
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Scheme 1. Plausible biosynthesis pathway of 1, 2, and 3.

Table 3
1H NMR (300 MHz) spectral data of 13–19 in CDCl3

Position 13 14 15 16 17 18 19

2 6.43, d, 2.1 6.22, d, 1.8 6.34, d, 2.4 6.42, br d, 2.1 7.15, d, 2.1 6.19, br d, 2.1 6.41, d, 2.1
4 6.57, d, 2.1 6.23, d, 1.8 6.40, d, 2.4 6.59, br d, 2.1 6.79, d, 2.1 6.24, br d, 2.1 6.46, d, 2.1
5 7.08, br d, 9.0 7.15, br d, 9.0 7.30, d, 9.3 7.21, br d, 8.1 7.23, d, 9.3 7.25, d, 9.3 7.25, d, 8.1
6 7.10, br d, 9.0 7.18, br d, 9.0 7.26, d, 9.3 7.20, br d, 8.1 7.28, dd, 9.3, 2.1 7.29, br d, 9.3 7.26, br d, 8.1
8 7.45, br s 7.40, br s 7.59, br s 7.44, br s 7.55, d, 2.1 7.76, br s 7.78, br d, 1.5
10 4.42, d, 6.3 4.45, d, 6.3 4.63, d, 6.6 4.50, d, 6.6 4.56, d, 6.3 4.49, d, 6.3 4.51, d, 6.3
20 5.73, t, 6.3 5.39, br t, 6.3 5.50, br t, 6.6 5.40, br t, 6.6 5.48, br t, 6.3 5.37, br t, 6.3 5.37, br t, 6.3
40 1.99, m 2.01, m 2.13, m 2.03, m 2.11, m 2.03, m 2.03, m
50 1.97, m 1.95, m 2.10, m 2.02, m 2.09, m 1.97, m 2.01, m
60 4.98, t, 6.6 4.98, br t, 5.7 5.11, br t, 5.7 5.00, br t, 6.3 5.09, br t, 6.3 4.99, br t, 6.9 4.99, br t, 6.6
80 1.57, s 1.57, s 1.69, s 1.57, s 1.66, s 1.57, s 1.57, s
90 1.60, s 1.64, s 1.78, s 1.68, s 1.73, s 1.66, s 1.65, s
100 1.50, s 1.50, s 1.62, s 1.51, s 1.59, s 1.51, s 1.51, s
1-OAc 2.38, s d d d d d d

1-OH d 12.85, s 12.72, s 12.71, s d 12.55, s d

3-OH d 7.86, br s d d d d

7-OH d d 7.03, br s d d d d

1-OAc d d d d 2.47, s d 2.40, s
3-OAc d d d 2.23, s 2.27, s d d

7-OAc d d d d d 2.22, s 2.19, s

N. Boonnak et al. / Tetrahedron 65 (2009) 3003–30133006
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(Fig. 3), while compound 15 was acetylated in the usual manner
with Ac2O in pyridine to give a crystalline monoacetate 18 (Fig. 2).
Both 20 and 18 were subjected to X-ray diffraction analysis whose
results supported the structures of 14 and 15.

Cochinchinone L (13) was isolated as a yellow powder, with
a molecular ion peak at m/z 422.1718 [M]þ in the HRMS, corre-
sponding to a molecular formula of C25H26O6. The 1H and 13C NMR
spectral data of 13 (Tables 3 and 4) showed characteristic signals
similar to those of 7-geranyloxy-1,3-dihydroxyxanthone (14),14

except that the hydroxyl group at C-1 of 14 was replaced by an

acetoxy group in 13, which appeared as a proton singlet signal at
d 2.38. The higher field chemical shift of C-1 (d 151.2) and lower
field resonances of protons and carbons of C-2 (dH 6.43 (d, J 2.1 Hz,
H-2); dC 108.3) and C-4 (dH 6.57 (d, J 2.1 Hz, H-4); dC 101.3) as
compared to those of 14 (dH 6.22 (d, J 1.8 Hz, H-2); dC 98.5 and dH

6.23 (d, J 1.8 Hz, H-4); dC 94.4) supported the title structure (Tables
3 and 4). The 4J HMBC correlations of methyl protons of the ace-
toxy group (d 2.38) with C-1 (d 151.2) supported its location at C-1,
which was also confirmed by NOESY cross-peak between acetoxy
moiety with H-2. Cochinchinone L (13), an acetylated analogue of
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14, was therefore assigned as 1-acetoxy-3-hydroxy-7-geranyl-
oxyxanthone.

The isolated compounds were evaluated for their antibacterial
activities against both Gram-positive bacteria: Bacillus subtilis,
Staphylococcus aureus, Enterococcus faecalis TISTR 459, Methicillin-
Resistant S. aureus (MRSA) ATCC 43300, Vancomycin-Resistant
E. faecalis (VRE) ATCC 51299 and Gram-negative bacteria: Salmo-
nella typhi, Shigella sonei, and P. aeruginosa. All compounds were
also subjected to antifungal assay against Candida albicans. The
results showed that most of the isolated compounds (4–6 and 13–
15) exhibited strong antibacterial activity specifically against P.
aeruginosa (Table 5). Interestingly, only compounds 9 and 10
exhibited strong activity against C. albicans. It is important to note
that compound 9 also exhibited broad spectrum antimicrobial

activity against all Gram-positive bacteria. Nearly all compounds,
which are active against P. aeruginosa are the 1,3,7-trihydroxy
xanthones (4 and 5) or 1,3,7-trioxygenated xanthones with an
oxygeranyl side chain either at C-3 or C-7 and dihydroxyl groups
(14–15) whose indicated structures might contribute to the strong
antibacterial activity specifically against P. aeruginosa. However,
when the free hydroxyl group of the 1,3,7-trihydroxy xanthone was
cyclized onto the isoprenyl or geranyl side chain to form a chro-
mane or chromene ring, the antibacterial activity against P. aeru-
ginosa decreased drastically as shown in compounds 1, 2, and 3a. In
other previous reports, it was suggested that hydroxy xanthones
play important roles in biological activity such as antibacterial,3,5 a-
glucosidase inhibitory,20 anti-tumor,21,22 and anti-inflammatory
effects.23 Because compounds 14 and 15 are the major components
obtained from this plant, this prompts us to modify their structures
for the structure–activity relationships (SARs). To investigate
whether the free hydroxyl group was responsible for antibacterial
activity, the acetylation with acetic anhydride in pyridine was
therefore applied to 14 and 15. Four acetylated geranyloxyxanthone
derivatives: 3-acetoxy-7-geranyloxy-1-hydroxyxanthone (16) and
1,3-diacetoxy-7-geranyloxyxanthone (17) were obtained from 14,
whereas 7-acetoxy-3-geranyloxy-1-hydroxy-xanthone (18) and
1,7-diacetoxy-3-geranyloxy-xanthone (19) were obtained from 15.
The assignments of the 1H and 13C NMR spectral data of 16–19 are
summarized in Tables 3 and 4. The antibacterial activity of acety-
lated geranyloxyxanthone derivatives 16–19 and dibrosylate 20
was evaluated. All of them showed strong anti-P. aeruginosa (Table
5). This implied that the free hydroxyl groups should not be
responsible for the inhibition of P. aeruginosa. For further in-
vestigation of the role of an oxygeranyl side chain, a 1,3,7-trihy-
droxyxanthone (21) obtained from the dried fruits of C.
cochinchinense24 was tested against P. aeruginosa. It was inactive
against Gram-negative bacteria as shown in Table 5. From these
results, it can be suggested that the geranyl side chain is necessary
for anti-P. aeruginosa activity. Moreover, mixtures of compound 4
with compound 5, and compound 14 with compound 15 were
subjected to antimicrobial assay. Interestingly, the mixture of
compounds 14 and 15 significantly increased the antibacterial ac-
tivity against MRSA compared with the pure forms as indicated by
the lower MIC values shown in Table 5. The mixture of compounds
4 and 5, on the other hand, did not show any significant differences
for antibacterial activity compared to the pure forms as also shown
in Table 5. Therefore, it may be proposed that the 1,3,7-trihydroxy-
xanthone with the isoprenyl or geranyl side chain at C-2 and C-4 in

Table 4
13C NMR (75 MHz) spectroscopic data of 13–19 in CDCl3

Position 13 14 15 16 17 18 19

1 151.2 163.8 163.2 162.8 150.9 163.3 158.7
2 108.3 98.5 97.6 104.0 108.7 97.8 99.4
3 162.6 164.0 166.1 156.8a 154.5 166.2 163.6
4 101.3 94.4 93.2 100.7 112.4 93.4 108.1
5 118.8 118.9 188.9 119.0 118.9 118.7 118.6
6 125.1 125.5 124.2 126.0 125.2 128.9 128.3
7 155.4 155.2 152.5 155.4 155.5 146.5 146.7
8 106.4 105.9 109.0 106.0 106.6 117.8 118.4
9 175.7 180.5 180.5 181.1 174.7 179.8 174.1
4a 158.8 157.8 157.8 156.7a 157.7 157.5 151.4
4b 150.0 150.7 150.5 150.8 149.9 153.3 152.7
8a 122.2 120.3 120.9 120.7 122.3 121.1 123.6
9a 107.8 103.3 103.5 106.6 112.2 103.4 108.6
10 65.51 65.6 65.6 65.6 65.5 65.6 65.8
20 118.8 118.6 118.3 118.8 118.8 118.4 118.0
30 141.9 142.1 142.3 141.9 141.5 142.2 142.6
40 39.5 39.5 39.5 39.5 39.5 39.5 39.5
50 26.3 26.3 26.2 26.3 26.3 26.2 26.2
60 123.8 123.8 123.6 123.7 123.8 123.9 123.6
70 131.8 131.8 131.9 131.8 131.7 131.9 131.9
80 25.7 26.3 25.6 25.6 25.6 25.6 25.6
90 16.7 16.7 16.7 16.7 16.7 16.7 16.7
100 17.7 17.7 17.7 17.7 17.6 17.7 17.7
1-OAc 171.0 d d d 21.1 d 21.1

21.3 d d d 169.2 d 169.5
3-OAc d d d 21.1 21.0 d d

d d d 168.2 167.8 d d

7-OAc d d d d d 20.9 20.9
d d d d d 169.2 169.2

a May be interchangeable.

Figure 2. ORTEP plot of a monoacetate 18.
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4 and 5, respectively, and 1,3,7-trioxygenated xanthone with the
geranyl side chain at C-3 or C-7 in 13–19 are essential for their
antibacterial activity against P. aeruginosa. Therefore, 1,3,7-trihy-
droxyxanthones (4 and 5) and 1,3,7-trioxygenated xanthone with
geranyl side chain (13–19) should be considered as potent candi-
dates as anti-P. aeruginosa.

We further studied the possible mode of action of compounds 4
and 13 against P. aeruginosa by observing the bacteria cell morpho-
logy through scanning electron microscopy (SEM) at 3, 6, 9, and 15 h
after applying compounds 4 and 13. From the SEM results (see Figs 4
and 5), it was clearly indicated that the cell morphology of P. aeru-
ginosa, when treated with compounds 4 and 13, started to deform at
3 h onward, and at 15 h, most cells were completely deformed whose

results was correlated to their strong antibacterial activity (Table 5).
Therefore, it can be suggested that compounds 4 and 13 may interact
with or damage the cell wall of P. aeruginosa as seen by the formation
of pores on the cell wall of P. aeruginosa (Figs 4 and 5).

3. Experimental

3.1. General experimental procedures

Melting points were determined on a Fisher–John melting point
apparatus. Optical rotations were measured on a JASCO P-1020
digital polarimeter. UV and IR spectra were recorded on SPECORD S
100 (Analytikjena) and Perkin–Elmer FTS FT-IR spectrophotometer,

Figure 3. ORTEP plot of a dibrosylate 20.

Table 5
Antimicrobial activity (MIC, mg/ml) of 1–21

No. Antibacterial activity Antifungal activity

Gram-positive bacteriaa Gram-negative bacteria b

B. subtilis S. aureus E. faecalis MRSA VRE S. typhi S. sonei P. aeruginosa C. albicansc

1 >300 >300 >300 >300 >300 >300 >300 >300 >300
2 300 300 >300 300 300 >300 >300 300 75
3a 75 >300 300 >300 >300 >300 >300 >300 300
4 150 150 150 9.37 150 >150 >150 4.7 75
5 150 75 150 37.5 75 >150 >150 4.7 37.5
4D5 75 150 75 9.37 150 >150 >150 4.7 75
6 >150 >150 >150 150 150 >150 >150 4.7 150
7 150 300 300 150 150 >300 >300 150 300
8 300 75 150 75 150 >300 >300 300 150
9 9.37 9.37 9.37 9.37 9.37 >300 >300 18.75 2.4
10 18.75 37.5 37.5 37.5 37.5 >300 >300 37.5 4.7
11 >300 300 >300 150 150 >300 >300 >300 300
12 75 >300 300 150 150 >300 >300 >300 >300
13 150 >150 150 37.5 150 >150 >150 4.7 18.75
14 150 >150 150 18.7 150 >150 >150 4.7 75
15 150 150 150 9.3 150 >150 >150 4.7 37.5
14D15 75 37.5 37.5 4.7 37.5 >150 >150 4.7 37.5
16 150 >150 150 18.75 150 >150 >150 4.7 150
17 75 >150 75 37.5 150 >150 >150 4.7 18.75
18 >150 >150 150 18.75 150 >150 >150 4.7 150
19 >150 >150 >150 37.5 150 >150 >150 4.7 150
20 >150 >150 150 300 >300 >150 >150 4.7 >300
21 37.5 75 >300 150 300 >300 >300 300 300

a B. subtilis, S. aureus, E. faecalis TISTR 459, Methicillin-Resistant S. aureus (MRSA) ATCC 43300, Vancomycin-Resistant E. faecalis (VRE) ATCC 51299.
b S. typhi, S. sonei, and P. aeruginosa.
c C. albicans.
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respectively. The 1H and 13C NMR spectra were recorded on
300 MHz Bruker FTNMR Ultra Shield� spectrometer in CDCl3 with
TMS as the internal standard. Chemical shifts are reported in
d (ppm) and coupling constants (J) are expressed in hertz. EI and
HREI mass spectra were measured on a Kratos MS 25 RFA
spectrometer. Quick column chromatography (QCC) and column
chromatography (CC) were carried out on silica gel 60 F254 (Merck)
and silica gel 100 (Merck), respectively. All the bacteria images
were viewed with a JSM-5800LV, JEOL SEM (scanning electron
microscope).

3.2. Plant material

The resin of C. cochinchinense was collected in October 2003 at
Prince of Songkla University, Hat-Yai campus, whereas the green
fruits of C. cochinchinense were collected in October 2007 at Kaun
Kha Long district, Satun Province, Southern part of Thailand. Bo-
tanical identification was achieved through comparison with
a voucher specimen No. SL-1 (PSU) in the herbarium of Department
of Biology, Prince of Songkla University, Songkhla, Thailand.

3.3. Isolation and extraction

The resin of C. cochinchinense (87.75 g) was extracted with
CH2Cl2 (2�2.0 L, for a week) at room temperature and was evapo-
rated under reduced pressure to afford a deep green crude CH2Cl2
extract (47.04 g), which was subjected to QCC (Quick column
chromatography) on silica gel (Merck 60 F254) using hexane as
a first eluent and then increasing the polarity with acetone to give
16 fractions (FR1–FR16). Fractions FR4 and FR5 were separated by
CC eluting with a gradient of acetone–hexane to give eight

subfractions (FR4A–FR4H) and 8 (150.2 mg) (Rf (15% acetone–hex-
ane (three runs)) 0.39). Subfraction FR4B was further purified by CC
and eluted with a gradient of acetone–hexane to give 7 (31.4 mg)
(Rf (15% acetone–hexane) 0.31) and 12 (56.5 mg) (Rf (15% acetone–
hexane) 0.28). Fractions FR6 and FR7 were separated by QCC and
eluted with a gradient of CH2Cl2–hexane to give six subfractions
(FR6A–FR6F). Subfraction FR6B was further separated by QCC
eluting with a gradient of acetone–hexane to give 6 (35.7 mg)
(Rf (15% acetone–hexane (three runs)) 0.41), 8 (83.2 mg) (Rf (15%
acetone–hexane (three runs)) 0.39), and 11 (1.8 mg) (Rf (15% ace-
tone–hexane (three runs)) 0.24). Subfraction FR6E was purified by
CC on reversed-phase silica gel C-18 eluting with MeOH to give 4
(849.4 mg) (Rf (MeOH) 0.54) and 5 (1.25 g) (Rf (MeOH) 0.62).
Fractions FR8 and FR9 were separated by QCC and eluted with
a gradient of CH2Cl2–hexane to afford 5 (551.3 mg) (Rf (60% CH2Cl2–
hexane (three runs)) 0.05), 7 (18.2 mg) (Rf (60% CH2Cl2–hexane
(three runs)) 0.29), 8 (116.6 mg) (Rf (60% CH2Cl2–hexane (three
runs)) 0.61), and 9 (148.7 mg) (Rf (60% CH2Cl2–hexane (three runs))
0.10). Fractions FR10 and FR11 were separated by QCC and eluted
with a gradient of acetone–hexane to give seven subfractions
(FR10A–FR10G) and 7 (25.9 mg) (Rf (15% acetone–hexane) 0.31).
Subfraction FR10B was further purified by CC on silica gel C-18 and
eluted with MeOH to furnish 1 (8.5 mg) (Rf (MeOH) 0.36). The
mixture of 1 and 1a could not be separated due to the very low
amount of 1a. The purity of 1 is much more than 90% base on
a single spot on TLC and the integral area signal in the 1H NMR
spectrum of 1. Subfraction FR10D was separated by QCC eluting
with a gradient of acetone–hexane to give six subfractions
(FR10D1–FR10D6). Subfraction FR10D2 was further separated by CC
and eluted with a gradient of acetone–hexane to give five sub-
fractions (FR10D2A–FR10D2E), 2 (1.8 mg) (Rf (20% acetone–hexane)

Figure 4. Scanning electron microscopy of cell morphology of P. aeruginosa treated with compound 4 at different time.

N. Boonnak et al. / Tetrahedron 65 (2009) 3003–30133010



Author's personal copy

0.36), 4 (23.1 mg) (Rf (20% acetone–hexane) 0.22), 5 (34.2 mg) (Rf

(20% acetone–hexane) 0.17), and an inseparable mixture of 2 and 3
(20.2 mg) (Rf (20% acetone–hexane) 0.35). The mixture was sepa-
rated by acetylation with Ac2O (0.1 ml) in pyridine (2.0 ml) and
stirred overnight at room temperature to give a yellow gum, which
was further purified by CC eluting with 70% CHCl3–hexane to give
acetylated derivatives 2a (5.1 mg) (Rf (70% CHCl3–hexane) 0.68) and
3a (18.9 mg) (Rf (70% CHCl3-hexane) 0.40), respectively. Subfraction
FR10D2E was purified by CC and eluted with 80% CH2Cl2–hexane to
give 8 (16.7 mg) (Rf (80% CH2Cl2–hexane) 0.91), 10 (5.0 mg) (Rf (80%
CH2Cl2–hexane) 0.85), and 11 (1.5 mg) (Rf (80% CH2Cl2–hexane)
0.38).

Air-dried green fruits of C. cochinchinense (5.5 kg) were
extracted with CH2Cl2 (2�20 L, for a week) at room temperature
and was evaporated under reduced pressure to afford a deep
green crude CH2Cl2 extract (40.04 g), which was subjected to QCC
on silica gel using hexane as a first eluent and increasing polarity
with EtOAc to give nine fractions (FS1–FS9). Fraction FS5 was
purified by CC eluting with pure CHCl3 to give 14 (1.88 g) (Rf (70%
CHCl3–hexane) (three runs) 0.46). Fraction FS6 was further sepa-
rated by CC eluting with pure CHCl3 to furnish six subfractions
(FS6A–FS6F), 14 (2.10 g) (Rf (70% CHCl3–hexane) (three runs) 0.46)
and 15 (490.2 mg) (Rf (70% CHCl3–hexane) (three runs) 0.39).
Subfraction FS6B was further purified by CC eluting with a gradi-
ent of acetone–hexane to give 13 (53.3 mg) (Rf (15% acetone–
hexane (three runs)) 0.17).

3.3.1. Cochinchinone I (1)
Yellow needle single crystals, mp 160–162 �C; UV (CHCl3) lmax

(log 3) 261 (4.01), 297 (4.31), 342 (3.69), 393 (3.46) nm; IR (neat)
nmax 3406, 1650, 1612 cm�1; HRMS m/z 446.2279 for C28H30O5

(calcd 446.2093). EIMS m/z (rel int.): 446 [M]þ (76), 431 (100), 377

(73), 363 (76), 323 (26), 307 (15), 295 (13), 137 (5), 69 (6). For 1H and
13C NMR spectroscopic data, see Table 1.

3.3.2. Cochinchinone J (2)
Yellow viscous oil; [a]D

25 �69.8 (c 0.08, CHCl3); UV (CHCl3) lmax

(log 3) 243 (3.90), 289 (4.10), 298 (4.13), 320 (3.68), 351 (3.47), 391
(3.33) nm; IR (neat) nmax 3397, 1649, 1613 cm�1; HRMS m/z
446.2092 for C28H30O5 (calcd 446.2093). EIMS m/z (rel int.): 446
[M]þ (11), 363 (100), 307 (18), 69 (5). For 1H and 13C NMR spec-
troscopic data, see Table 1.

3.3.3. Acetylated derivative of cochinchinone K (3a)
Yellow powder, mp 85–87 �C; UV (CHCl3) lmax (log 3) 243, 271,

303, 326, 383 nm; IR (neat) nmax 3392, 1709, 1648, 1612 cm�1;
HRMS m/z 490.2355 for C30H34O6 (calcd 490.2355). EIMS m/z (rel
int.): 490 [M]þ (53), 473 (53), 419 (44), 405 (31), 365 (100), 323 (52),
311 (41), 267 (51), 69 (24). For 1H and 13C NMR spectroscopic data,
see Table 1.

3.3.4. Cochinchinone L (13)
Yellow powder, mp 114–116 �C; UV (CHCl3) lmax (log 3) 248

(4.59), 273 (4.03), 305 (4.13), 354 (3.80) nm; IR (neat) nmax 3237,
1774, 1728, 1628 cm�1; HRMS m/z 422.1718 for C25H26O6 (calcd
422.1729). EIMS m/z (rel int.): 422 [M]þ (1), 286 (40), 244 (100), 187
(4), 81 (9), 69 (28). For 1H and 13C NMR spectroscopic data, see
Tables 3 and 4.

3.4. Acetylation of 14 and 15

Compound 14 (82.5 mg) was treated with Ac2O (2.5 ml) in
pyridine (2.0 ml) and stirred for 6 h at room temperature. The re-
action mixture was diluted with water and extracted with CH2Cl2.

Figure 5. Scanning electron microscopy of cell morphology of P. aeruginosa treated with compound 13 at different time.
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The combined organic extract was washed with 10% HCl and then
washed with water again. After the organic solvent was removed,
the resulting residue was dried over anhydrous Na2SO4. Chroma-
tography over silica gel yielded a pale yellow powder of 16
(80.6 mg) (Rf (5% acetone–hexane (three runs)) 0.44).

Compound 14 (200.5 mg) was treated with Ac2O (6.0 ml) in
pyridine (3.0 ml) and stirred overnight at room temperature.
Chromatography over silica gel yielded a pale yellow powder of 16
(10.6 mg) (Rf (5% acetone–hexane (three runs)) 0.44) and 17
(177.8 mg) (Rf (15% acetone–hexane (three runs)) 0.46).

Compound 15 (85.5 mg) was treated with Ac2O (2.5 ml) in
pyridine (2.0 ml) and stirred for 6 h at room temperature. Chro-
matography over silica gel yielded a pale yellow powder of 18
(83.7 mg) (Rf (5% acetone–hexane (three runs)) 0.32), which was
further recrystallized from MeOH–acetone (1:99 v/v) to give yellow
single crystals.

Compound 15 (190.0 mg) was treated with Ac2O (6.0 ml) in
pyridine (3.0 ml) and stirred overnight at room temperature.
Chromatography over silica gel yielded a pale yellow powder of 18
(8.7 mg) (Rf (5% acetone–hexane (three runs)) 0.32) and 19
(170.0 mg) (Rf (15% acetone–hexane (three runs)) 0.37).

3.4.1. 3-Acetoxy-7-geranyloxy-1-hydroxyxanthone (16)
Yellow powder, mp 94–95 �C; UV (CHCl3) lmax (log 3) 239 (4.40),

262 (4.66), 289 (3.97), 379 (3.93) nm; IR (neat) nmax 3429, 1768,
1649, 1612 cm�1; HRMS m/z 422.1725 for C25H26O6 (calcd
422.1729). EIMS m/z (rel int.): 422 [M]þ (1), 286 (43), 244 (100), 187
(4), 81 (9), 69 (24). For 1H and 13C NMR spectroscopic data, see
Tables 3 and 4.

3.4.2. 1,3-Diacetoxy-7-geranyloxyxanthone (17)
Yellow powder, mp 96–97 �C; UV (CHCl3) lmax (log 3) 253 (4.59),

300 (3.45), 361 (3.86) nm; IR (neat) nmax 3429, 1776, 1656,
1624 cm�1; HRMS m/z 464.1838 for C27H28O7 (calcd 464.1835).
EIMS m/z (rel int.): 464 [M]þ (2), 328 (3), 286 (58), 244 (100), 187
(5), 81 (17), 69 (36). For 1H and 13C NMR spectroscopic data, see
Tables 3 and 4.

3.4.3. 7-Acetoxy-3-geranyloxy-1-hydroxy-xanthone (18)
Yellow powder, mp 104–106 �C; UV (CHCl3) lmax (log 3) 243

(4.44), 257 (4.52), 310 (4.29), 358 (3.82) nm; IR (neat) nmax 3429,
1758, 1665, 1607 cm�1; HRMS m/z 422.1726 for C25H26O6 (calcd
422.1729). EIMS m/z (rel int.): 422 [M]þ (5), 286 (16), 244 (100), 187
(2), 81 (16), 69 (56). For 1H and 13C NMR spectroscopic data, see
Tables 3 and 4.

3.4.4. 1,7-Diacetoxy-3-geranyloxyxanthone (19)
Yellow powder, mp 85–87 �C; UV (CHCl3) lmax (log 3) 246 (4.61),

275 (4.01), 302 (4.28), 334 (3.86) nm; IR (neat) nmax 3453, 1770,
1655, 1629 cm�1; HRMS m/z 464.1834 for C27H28O7 (calcd
464.1835). EIMS m/z (rel int.): 464 [M]þ (4), 328 (4), 286 (32), 244
(100), 187 (2), 81 (24), 69(73). For 1H and 13C NMR spectroscopic
data, see Tables 3 and 4.

3.5. Brosylation of 14

Compound 14 (40.0 mg, 105.14 mmol) was stirred overnight
at room temperature with p-bromobenzenesulfonyl chloride
(40.30 mg, 190.2 mmol) and K2CO3 (44.1 mg, 315.4 mmol) in CH2Cl2
(3 ml). After the reaction was complete, water (10 ml) was added to
the reaction mixture. The resulting solution was then extracted with
CH2Cl2 (10 ml, three times). The combined organic extract was dried
over anhydrous sodium sulfate and evaporated under reduced
pressure to give a crude extract, which was further purified by col-
umn chromatography over silica gel eluting with 5% acetone–hex-
ane to yield the dibrosylate 20 (75.2 mg) (Rf (5% acetone–hexane

(three runs)) 0.20). Yellow needle-shaped single crystals of 20 were
obtained after recrystallization from CH3OH–CHCl3 (1:4 v/v), mp
106–108 �C. dH (300 MHz, CDCl3þCD3OD) 7.82 (dd, J 9.0, 2.1 Hz,
H-200, H-600), 7.68 (d, J 2.4 Hz, H-4), 7.65 (dd, J 8.7, 2.1 Hz, H-300, H-500,
H-20 00, H-60 00), 7.63 (dd, J 8.7, 2.1 Hz, H-3000, H-50 00), 7.50 (d, J 2.4 Hz,
H-8), 7.32 (d, J 2.4 Hz, H-2), 7.26 (d, J 9.0 Hz, H-5), 7.19 (dd, J 9.3,
2.4 Hz, H-6), 5.44 (br t, J 6.6, H-20), 5.04 (br t, J 6.3 Hz, H-60), 4.56 (d, J
6.6 Hz, H-10), 2.07 (m, 2H-50), 2.05 (m, 2H-40), 1.71 (s, 3H-90),1.60 (s,
3H-80),1.54 (s, 3H-100); dC (75 MHz, CDCl3þCD3OD) 181.6 (C-9),157.4
(C-1), 155.9 (C-7), 151.9 (C-3), 149.7 (C-4b), 148.6 (C-4a), 142.1 (C-30),
134.3 (C-100), 133.4 (C-1000), 133.1 (C-300, C-500), 132.5 (C-30 00, C-5000),
131.8 (C-70), 130.6 (C-400), 130.2 (C-200, C-600), 130.1 (C-4000), 129.8 (C-
20 00, C-6000),124.9 (C-6),123.7 (C-60),122.4 (C-8a),118.8 (C-5),118.6 (C-
20), 114.2 (C-9a), 112.8 (C-4), 111.1 (C-2), 106.8 (C-8), 65.6 (C-10), 39.5
(C-40), 26.2 (C-50), 25.5 (C-80), 17.5 (C-100), 16.6 (C-90). EIMS m/z (rel
int.): 816 [M�2]þ (1), 683 (7), 681 (14), 679 (7), 619 (5), 617 (10), 615
(5), 461 (55), 463 (56), 399 (41), 397 (41), 371 (19), 369 (19), 357 (34),
355 (34), 244 (27), 229 (84), 215 (100),186 (16),157 (53),155 (53),131
(11), 108 (13), 76 (16).

3.6. X-ray crystallographic studies of cocrystal of 1 and 1a,
monoacetate 18, and dibrosylate 20

Crystallographic data were collected at 100.0 (1) K with the
Oxford Cryosystem Cobra low-temperature attachment. The data
were collected using a Bruker Apex2 CCD diffractometer with a
graphite monochromated Mo Ka radiation at a detector distance of
5 cm using APEX2.25 The collected data were reduced using SAINT
program,25 and the empirical absorption corrections were per-
formed using SADABS program.25 The structures were solved by
direct methods and refined by least-squares using the SHELXTL
software package26 All non-hydrogen atoms were refined aniso-
tropically, whereas all H atoms were placed in calculated positions
with an O–H distance of 0.82 Å and C–H distances in the range
0.93–0.98 Å after checking their positions in the difference map.
The Uiso values were constrained to be 1.5Ueq of the carrier atoms
for methyl H atoms and 1.2Ueq for hydroxyl and the other H atoms.
The final refinement converged well. Materials for publication were
prepared using SHELXTL26 and PLATON.27

Crystal data for cocrystal of 1 and 1a: C28.60H32.40O5, M¼465.15,
0.60�0.19�0.10 mm3, monoclinic, P21/c, a¼21.6161(6) Å, b¼
5.3826(2) Å, c¼22.8296(8) Å, a¼90.00�, b¼121.267�(2), g¼90.00�,
V¼2270.44(13) Å3, Z¼4, Dx¼1.334 Mg m�3, m(Mo Ka)¼2.512 mm�1,
29,338 reflection measured, 6634 unique reflections, R¼0.0995,
Rw¼0.2794.

Crystal data for 18: C25H26O6, M¼422.46, 0.58�0.27�0.06 mm3,
orthorhombic, P212121, a¼7.3280(2) Å, b¼13.0634(5) Å, c¼45.6190
(18) Å, a¼b¼g¼90.00�, V¼4367.0(3) Å3, Z¼4, Dx¼1.285 Mg m�3,
m(Mo Ka)¼0.091 mm�1, 81,117 reflection measured, 4877 unique
reflections, R¼0.1258, Rw¼0.3299.

Crystal data for 20: C35H30Br2O9S2, M¼818.53,
0.60�0.18�0.03 mm3, triclinic, P�1, a¼9.0779(4) Å, b¼19.3468(7)
Å, c¼20.7939(7) Å, a¼108.160(2)�, b¼91.755(2)�, g¼90.046(2)�,
V¼3468.3(2) Å3, Z¼4, Dx¼1.568 Mg m�3, m(Mo Ka)¼
2.512 mm�1, 41,231 reflection measured, 12,219 unique reflections,
R¼0.0817, Rw¼0.2121.

The crystallographic-information files for cocrystal of 1 and 1a,
18, and 20 have been deposited in the Cambridge Crystallographic
Data Centre as CCDC694467, CCDC689924, and CCDC689378, re-
spectively. These data can be obtained free of charge via http://
www.ccdc.cam.ac.uk/data_request/cif, or by e-mailing data_
request@ccdc.cam.ac.uk, or by contacting the Cambridge Crystal-
lographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax:
þ44 1223 336033.
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3.7. Antimicrobial activity

3.7.1. Antibacterial assay
The isolated compounds from the resin and green fruits of C.

cochinchinense were tested against both Gram-positive and Gram-
negative bacteria: B. subtilis, S. aureus, TISTR517, E. faecalis
TISTR459, Methicillin-Resistant S. aureus (MRSA) ATCC43300,
Vancomycin-Resistant E. faecalis (VRE) ATCC 51299, Streptococcus
faecalis, S. typhi, S. sonei and P. aeruginosa. The microrganisms were
obtained from the culture collections, Department of Industrial
Biotechnology and Department of Pharmacognosy and Botany, PSU,
except for the TISTR and ATCC strains, which were obtained from
Microbial Research Center (MIRCEN), Bangkok, Thailand. The
antibacterial assay employed was the same as described in Boonsri
et al.5 Vancomycin, which was used as a standard, showed anti-
bacterial activity against Vancomycin-Resistant E. faecalis (VRE)
ATCC 51299 at 75.0 mg/ml.

3.7.2. Antifungal assay
C. albicans was obtained from Department of Pharmacognosy

and Botany, PSU. The antifungal assay employed was the same as
described in Boonsri et al.5 by using amphotencin B as a positive
control.

3.7.3. Antibacterial assay against P. aeruginosa and SEM analysis
for treated cells

Antibacterial activity against P. aeruginosa and the potential
mode of action of compounds 4 and 13 were investigated by the
same antibacterial assay. The cells of P. aeruginosa were sampled at
0, 3, 6, and 15 h for analysis by SEM.
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.004 Å;

disorder in main residue; R factor = 0.095; wR factor = 0.169; data-to-parameter

ratio = 15.5.

The title compound {systematic name: 12-[(2E)-3,7-dimethyl-

2,6-octadienyl]-5,8-dihydroxy-2,2-dimethyl-2H,6H-pyrano-

[3,2-b]xanthen-6-one}, C30H32O6, has four fused rings (A/B/C/

D) and the xanthone ring system (A/B/C) is essentially planar,

with dihedral angles of 1.85 (13) and 2.47 (13)�, respectively,
between rings A and B, and between rings B and C. The

chromene ring D is in a sofa form. The geranyl side chain is

axially attached to ring C with an (�)-synclinal conformation.

The 3-methyl-2-butenyl terminal of the geranyl side chain is

disordered with the site-occupancy ratio of 0.513 (5):0.487 (5).

The acetoxy group is attached axially to ring A with an (+)-

synclinal conformation. An intramolecular O—H� � �O
hydrogen bond involving the carbonyl and hydroxyl groups

generates an S(6) ring motif. In the crystal, weak C—H� � �O
and C—H� � �� interactions, and �–� interactions with

centroid–centroid distances of 3.6562 (16) and 3.6565 (16) Å

are observed.

Related literature

For hydrogen-bond motifs, see: Bernstein et al. (1995). For

bond-length data, see: Allen et al. (1987). For ring confor-

mations, see: Cremer & Pople (1975). For the bioactivity of

xanthones, see, for examples: Boonnak et al. (2006, 2007,

2009); Molinar-Toribio et al. (2006); Vo (1997). For related

structures, see, for example: Boonnak et al. (2009); Kosela et

al. (1999). For the stability of the temperature controller used

in the data collection, see: Cosier & Glazer, (1986).

Experimental

Crystal data

C30H32O6

Mr = 488.56
Triclinic, P1
a = 6.1047 (1) Å
b = 8.6019 (1) Å
c = 25.4475 (4) Å
� = 97.705 (2)�

� = 91.888 (1)�

� = 106.581 (1)�

V = 1265.60 (3) Å3

Z = 2
Mo K� radiation
� = 0.09 mm�1

T = 100 K
0.37 � 0.14 � 0.07 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.968, Tmax = 0.994

20232 measured reflections
5745 independent reflections
4481 reflections with I > 2�(I)
Rint = 0.056

Refinement

R[F 2 > 2�(F 2)] = 0.095
wR(F 2) = 0.169
S = 1.22
5745 reflections

370 parameters
H-atom parameters constrained
��max = 0.26 e Å�3

��min = �0.22 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O5—H1O5� � �O4 0.89 1.73 2.576 (3) 157
C5—H5A� � �O5i 0.93 2.58 3.275 (3) 132
C20—H20A� � �O4ii 0.96 2.47 3.285 (4) 143
C17—H17A� � �Cg3iii 0.97 2.74 3.694 (3) 171

Symmetry codes: (i) x � 1; y � 1; z; (ii) �x;�y þ 1;�z þ 1; (iii) x þ 1; y; z. Cg3 is the
centroid of the C1–C4/C11/C10 ring.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.002 Å;

R factor = 0.033; wR factor = 0.097; data-to-parameter ratio = 45.9.

In the title compound, C18H17BrO4, the dihedral angle

between the 4-bromophenyl and 3,4,5-trimethoxyphenyl rings

is 44.18 (6)�. In the crystal structure, the molecules are linked

by C—H� � �O and C—H� � �� interactions.

Related literature

For background and applications to chalcones, see: Jung et al.

(2008); Patil et al. (2007); Patil & Dharmaprakash (2008);

Prasad et al. (2008); Schlogl & Egger (1963). For related

structures, see: Ng et al. (2006); Patil et al. (2006; 2007). For on

hydrogen-bond motifs, see: Bernstein et al. (1995). For bond-

length data, see: Allen et al. (1987).

Experimental

Crystal data

C18H17BrO4

Mr = 377.22
Tetragonal, P42=n
a = 26.6517 (3) Å
c = 4.4238 (1) Å
V = 3142.28 (9) Å3

Z = 8
Mo K� radiation
� = 2.63 mm�1

T = 100.0 (1) K
0.55 � 0.12 � 0.12 mm

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.320, Tmax = 0.726

142737 measured reflections
9693 independent reflections
6638 reflections with I > 2�(I)
Rint = 0.062

Refinement

R[F 2 > 2�(F 2)] = 0.033
wR(F 2) = 0.097
S = 1.07
9693 reflections

211 parameters
H-atom parameters constrained
��max = 0.71 e Å�3

��min = �0.56 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C11—H11A� � �O1i 0.93 2.52 3.4391 (16) 170
C17—H17C� � �O3ii 0.96 2.52 3.2789 (16) 136
C16—H16B� � �Cg1iii 0.96 2.97 3.8080 (14) 147

Symmetry codes: (i) �x þ 1;�y þ 1;�z þ 2; (ii) x; y; z � 1; (iii) x; y; z þ 1. Cg1 is the
centroid of the C10–C15 ring.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2003).
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thank Universiti Sains Malaysia for the Research University

Golden Goose grant No. 1001/PFIZIK/811012.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: PK2134).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.003 Å;

R factor = 0.032; wR factor = 0.076; data-to-parameter ratio = 21.5.

In the title molecule, C23H15BrO, the prop-2-en-1-one unit is

planar and it makes dihedral angles of 20.9 (1) and 45.8 (1)�,
respectively, with the 4-bromophenyl ring and the anthracene

ring system. The interplanar angle between the 4-bromo-

phenyl ring and the anthracene ring system is 35.52 (7)�. In the
crystal structure, molecules are linked into dimers by C—

H� � �Br hydrogen bonds, and the dimers are linked into a

zigzag network parallel to the bc plane by weak C—H� � �O
hydrogen bonds and C—H� � �� interactions involving the

central benzene ring of the anthracene ring system.

Related literature

For bond-length data, see: Allen et al. (1987). For related

structures, see: Ng et al. (2006); Patil et al. (2006); Patil,

Chantrapromma et al. (2007); Suwunwong et al. (2009). For

background and applications of chalcones, see: Jung et al.

(2008); Patil, Chantrapromma et al. (2007); Patil, Dharma-

prakash et al. (2007); Patil & Dharmaprakash (2008); Prasad et

al. (2008).

Experimental

Crystal data

C23H15BrO
Mr = 387.25
Monoclinic, P21=c
a = 5.3792 (1) Å
b = 19.1030 (4) Å
c = 16.3005 (4) Å
� = 95.944 (1)�

V = 1666.02 (6) Å3

Z = 4
Mo K� radiation
� = 2.47 mm�1

T = 100.0 (1) K
0.57 � 0.27 � 0.15 mm

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.331, Tmax = 0.714

29994 measured reflections
4866 independent reflections
3803 reflections with I > 2�(I)
Rint = 0.036

Refinement

R[F 2 > 2�(F 2)] = 0.032
wR(F 2) = 0.076
S = 1.02
4866 reflections

226 parameters
H-atom parameters constrained
��max = 0.53 e Å�3

��min = �0.54 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg1 is the centroid of the C18–C23 ring.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C8—H8A� � �O1i 0.93 2.42 3.308 (2) 159
C13—H13A� � �O1ii 0.93 2.57 3.288 (2) 135
C21—H21A� � �Br1iii 0.93 2.93 3.4722 (19) 119
C9—H9A� � �Cg1iv 0.93 2.83 3.4479 (18) 125

Symmetry codes: (i) x � 1; y; z; (ii) �x þ 2;�y þ 1;�z þ 2; (iii) �x;�y þ 1;�z þ 1;
(iv) x þ 1; y; z.

Data collection: APEX2 (Bruker, 2005); cell refinement: APEX2;

data reduction: SAINT (Bruker, 2005); program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2003).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.006 Å;

R factor = 0.065; wR factor = 0.200; data-to-parameter ratio = 17.0.

There are two crystallographically independent molecules in

the asymmetric unit of the title heteroaryl chalcone,

C21H14OS: the dihedral angle between the thiophene and

anthracene rings is 75.07 (17)� in one molecule and 76.32 (17)�

in the other. The crystal structure is consolidated by short

C� � �O [3.348 (5)–3.394 (5) Å], C� � �S [3.607 (5)–3.666 (5) Å]

and S� � �O [2.926 (3) Å] contacts, as well as by C—H� � �� and

�–� interactions [Cg� � �Cg = 3.745 (3) Å].

Related literature

For related structures, see: Chantrapromma et al. (2009);

Suwunwong et al. (2009a,b). For background to and applica-

tions of chalcones, see: Oliveira et al. (2007); Patil & Dhar-

maprakash (2008); Saydam et al. (2003); Svetlichny et al.

(2007). For the stability of the temperature controller used in

the data collection, see Cosier & Glazer, (1986).

Experimental

Crystal data

C21H14OS
Mr = 314.39
Orthorhombic, Pna21
a = 14.6675 (2) Å
b = 5.5096 (1) Å
c = 37.9823 (4) Å

V = 3069.43 (8) Å3

Z = 8
Mo K� radiation
� = 0.21 mm�1

T = 100 K
0.30 � 0.12 � 0.10 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.939, Tmax = 0.979

28929 measured reflections
6662 independent reflections
5348 reflections with I > 2�(I)
Rint = 0.055

Refinement

R[F 2 > 2�(F 2)] = 0.065
wR(F 2) = 0.200
S = 1.06
6662 reflections
391 parameters
1 restraint

H-atom parameters constrained
��max = 1.58 e Å�3

��min = �0.82 e Å�3

Absolute structure: Flack (1983),
3093 Friedel pairs

Flack parameter: 0.09 (15)

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C3A—H3AA� � �Cg3i 0.93 2.99 3.679 (5) 132
C10A—H10A� � �Cg2ii 0.93 2.95 3.694 (5) 138
C10B—H10B� � �Cg5i 0.93 2.93 3.594 (5) 129
C15A—H15A� � �Cg3iii 0.93 2.76 3.550 (5) 143
C15B—H15B� � �Cg6iii 0.93 2.94 3.689 (5) 139
C19A—H19A� � �Cg4 0.93 2.72 3.486 (5) 140
C19B—H19B� � �Cg1iii 0.93 2.72 3.458 (5) 137

Symmetry codes: (i) x þ 1
2;�y þ 1

2; z; (ii) x � 1
2;�y � 1

2; z; (iii) x; y þ 1; z. Cg1, Cg2, Cg3,
Cg4, Cg5 and Cg6 are the centroids of the S1A/C18A–C21A, C1A–C6A, C8A–C13A,
S1B/C18B–C21B, C1B–C6B and C8B–C13B rings, respectively.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 293 K; mean �(C–C) = 0.004 Å;

R factor = 0.037; wR factor = 0.087; data-to-parameter ratio = 7.3.

The title chalcone derivative, C24H18O2, which consists of the

substituted 4-methoxyphenyl and anthracene rings bridged by

the prop-2-en-1-one unit, exists in a cis configuration. The

molecule is twisted, the interplanar angle between the

benzene and anthracene rings being 69.50 (10)�. The methoxy

group is coplanar with the attached benzene ring [C—O—C—

C angle = 2.9 (3)�]. In the crystal structure, molecules are

linked into chains along the a axis by a weak C—

H� � �O(enone) interaction. The chains are stacked along the

c axis. A C—H� � �� interaction involving the benzene ring is

observed.

Related literature

For bond-length data, see: Allen et al. (1987). For related

structures, see: Fun et al. (2009); Suwunwong et al. (2009). For

background to and applications of chalcones, see: Patil &

Dharmaprakash (2008); Saydam et al. (2003); Svetlichny et al.

(2007). For the stability of the temperature controller used in

the data collection, see Cosier & Glazer, (1986).

Experimental

Crystal data

C24H18O2

Mr = 338.38
Monoclinic, Cc
a = 5.5018 (2) Å
b = 19.9215 (8) Å
c = 16.0500 (7) Å
� = 95.072 (2)�

V = 1752.26 (12) Å3

Z = 4
Mo K� radiation
� = 0.08 mm�1

T = 293 K
0.54 � 0.27 � 0.09 mm

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.958, Tmax = 0.993

7966 measured reflections
1721 independent reflections
1545 reflections with I > 2�(I)
Rint = 0.023

Refinement

R[F 2 > 2�(F 2)] = 0.037
wR(F 2) = 0.087
S = 1.07
1721 reflections
236 parameters

2 restraints
H-atom parameters constrained
��max = 0.14 e Å�3

��min = �0.14 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C8—H8A� � �O1i 0.93 2.47 3.290 (3) 147
C24—H24A� � �O1ii 0.96 2.59 3.176 (4) 120
C17—H17A� � �Cg1iii 0.93 2.89 3.694 (3) 145

Symmetry codes: (i) x � 1; y; z; (ii) x � 1
2; y � 1

2; z; (iii) x þ 1
2;�y þ 1

2; z � 1
2. Cg1 is the

centroid of the C1–C6 ring.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.002 Å;

R factor = 0.038; wR factor = 0.095; data-to-parameter ratio = 34.1.

In the asymmetric unit of the title nicotinonitrile derivative,

C23H21BrN2O4, there are two non-planar independent mol-

ecules. The central pyridine ring makes dihedral angles of

9.05 (7) and 77.06 (7)�, respectively, with the 4-bromophenyl

and 2,4,6-trimethoxyphenyl rings in one molecule, whereas the

corresponding values are 5.96 (7) and 82.37 (7)� in the other.

All the three methoxy groups are essentially in the plane of

the attached benzene ring [C—O—C—C angles = 2.99 (19),

4.8 (2) and �6.2 (2)� in one molecule, and 2.69 (18),

176.73 (15) and 1.3 (2)� in the other]. The ethoxy group is

slightly twisted in one molecule [C—C—O—C = 173.84 (12)�],
whereas it is coplanar with the pyridine ring in the other [C—

C—O—C = �177.23 (13)�]. Weak intramolecular C—H� � �N
interactions generate S(5) ring motifs. In the crystal structure,

the molecules are linked by weak intermolecular C—H� � �N
and C—H� � �O interactions into a supramolecular three-

dimensional network in such a way that the nicotinonitrile

units of neighboring molecules are stacked in an antiparallel

manner along the c axis. The crystal is further stabilized by

C—H� � �� interactions.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen-

bond motifs, see: Bernstein et al. (1995). For the synthesis and

applications of nicotinonitrile derivatives, see: Abdel-Aziz

(2007); Borgna et al. (1993); Chantrapromma et al. (2009);

Goda et al. (2004); Raghukumar et al. (2003). For the stability

of the temperature controller used in the data collection, see:

Cosier & Glazer (1986).

Experimental

Crystal data

C23H21BrN2O4

Mr = 469.32
Monoclinic, P21=c
a = 14.1799 (2) Å
b = 18.0877 (3) Å
c = 16.6881 (2) Å
� = 95.081 (1)�

V = 4263.38 (11) Å3

Z = 8
Mo K� radiation
� = 1.96 mm�1

T = 100 K
0.51 � 0.49 � 0.22 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.437, Tmax = 0.669

85168 measured reflections
18727 independent reflections
12072 reflections with I > 2�(I)
Rint = 0.044

Refinement

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.095
S = 1.01
18727 reflections

549 parameters
H-atom parameters constrained
��max = 0.50 e Å�3

��min = �0.45 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C1A—H1AA� � �N1A 0.93 2.45 2.7872 (19) 101
C1A—H1AA� � �O4Bi 0.93 2.60 3.4813 (18) 159
C8A—H8AA� � �O2B 0.93 2.44 3.3391 (16) 162
C1B—H1BA� � �N1B 0.93 2.43 2.7751 (19) 102
C8B—H8BA� � �O2A 0.93 2.39 3.2889 (16) 162
C18A—H18B� � �O4Bi 0.97 2.57 3.3360 (18) 136
C20A—H20B� � �O2Aii 0.96 2.58 3.2869 (17) 131
C20B—H20E� � �O2Biii 0.96 2.55 3.2169 (17) 126
C21A—H21B� � �O3Biv 0.96 2.57 3.154 (2) 119
C22A—H22B� � �N2Biii 0.96 2.58 3.479 (2) 155
C18B—H18D� � �Cg1iv 0.97 2.93 3.7798 (16) 147
C20A—H20C� � �Cg3 0.96 2.60 3.5075 (15) 157
C20B—H20F� � �Cg2 0.96 2.51 3.3845 (15) 152

Symmetry codes: (i) x;�y þ 1
2; z � 1

2; (ii) �x þ 2;�y;�z þ 1; (iii) �x þ 1;�y;�z þ 1;
(iv) x;�y � 1

2; z � 1
2. Cg1, Cg2 and Cg3 are the centroids of the C7A–C11A/N1A, C12A–

C17A and C12B–C17B rings, respectively.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
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structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).

The authors thank the Thailand Research Fund (TRF) for

research grant (RSA5280033) and Prince of Songkla Univer-

sity for financial support. AMI is grateful to the Director,
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R factor = 0.039; wR factor = 0.084; data-to-parameter ratio = 22.3.

The molecule of the title nicotinonitrile derivative,

C22H19BrN2O2, is non-planar, the central pyridine ring making

dihedral angles of 7.34 (14) and 43.56 (15)� with the 4-

bromophenyl and 4-ethoxyphenyl rings, respectively. The

ethoxy group of the 4-ethoxyphenyl is slightly twisted from the

attached benzene ring [C—O—C—C = 174.2 (3)�], whereas
the ethoxy group attached to the pyridine ring is in a (+)syn-

clinal conformation [C—O—C—C = 83.0 (3)�]. A weak

intramolecular C—H� � �N interaction generates an S(5) ring

motif. In the crystal structure, the molecules are linked by

weak intermolecular C—H� � �N interactions into screw chains

along the b axis. These chains stacked along the a axis. �–�
interactions with centroid–centroid distances of 3.8724 (16)

and 3.8727 (16) Å are also observed.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen-

bond motifs, see: Bernstein et al. (1995). For the synthesis and

applications of nicotinonitrile derivatives, see: Borgna et al.

(1993); Fun et al. (2008); Goda et al. (2004); Kamal et al.

(2007); Malinka et al. (1998). For related structures, see:

Chantrapromma et al. (2009). For the stability of the

temperature controller used in the data collection, see Cosier

& Glazer (1986).

Experimental

Crystal data

C22H19BrN2O2

Mr = 423.29
Orthorhombic, P212121
a = 4.3414 (2) Å
b = 14.7392 (6) Å
c = 29.4409 (13) Å

V = 1883.89 (14) Å3

Z = 4
Mo K� radiation
� = 2.20 mm�1

T = 100 K
0.57 � 0.05 � 0.03 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.368, Tmax = 0.931

18389 measured reflections
5477 independent reflections
4081 reflections with I > 2�(I)
Rint = 0.076

Refinement

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.084
S = 0.99
5477 reflections
246 parameters
H-atom parameters constrained

��max = 0.58 e Å�3

��min = �0.54 e Å�3

Absolute structure: Flack (1983),
2269 Friedel pairs

Flack parameter: 0.008 (9)

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C1—H1A� � �N1 0.93 2.41 2.758 (4) 102
C5—H5A� � �N2i 0.93 2.58 3.446 (4) 156
C13—H13A� � �N2ii 0.93 2.53 3.206 (4) 130

Symmetry codes: (i) �x þ 1; y � 1
2;�z þ 1

2; (ii) �x; y � 1
2;�z þ 1

2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.003 Å;

R factor = 0.042; wR factor = 0.108; data-to-parameter ratio = 17.1.

The title heteroaryl chalcone, C21H14OS, is a second ortho-

rhombic polymorph which crystallizes in the space group

P212121. The structure was previously reported [Fun et al.

(2009). Acta Cryst. E65, o2168-o2169] in the space group

Pna21. The bond distances and angles are similar in both

structures. In contrast, the overall crystal packing is different

from that in the first orthorhombic Pna21 polymorph in which

molecules were stacked into columns along the b axis and the

thiophene units of two adjacent columns were stacked in a

head to tail fashion. In the present polymorph, molecules are

found to dimerize through a weak S� � �S interaction

[3.6513 (7) Å] and these dimers are arranged into sheets

parallel to the bc plane. There are no classical hydrogen bonds

in the packing which features short C� � �O [3.2832 (2)–

3.6251 (9) Å], C� � �S [3.4879 (17)–3.6251 (19) Å] and S� � �O
[2.9948 (16) Å] contacts, together with C—H� � �� interactions.

Similar contacts were found in the other polymorph.

Related literature

For bond-length data, see: Allen et al. (1987). For the structure

of the first polymorph, see: Fun et al. (2009). For background

to and applications of chalcones, see: Chantrapromma et al.

(2009); Patil & Dharmaprakash (2008); Saydam et al. (2003);

Suwunwong et al. (2009); Svetlichny et al. (2007). For the

stability of the temperature controller used in the data

collection, see Cosier & Glazer, (1986).

Experimental

Crystal data

C21H14OS
Mr = 314.38
Orthorhombic, P212121
a = 5.5116 (1) Å
b = 14.8497 (2) Å
c = 18.3625 (3) Å

V = 1502.89 (4) Å3

Z = 4
Mo K� radiation
� = 0.22 mm�1

T = 100 K
0.50 � 0.19 � 0.11 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.900, Tmax = 0.977

14062 measured reflections
4354 independent reflections
4035 reflections with I > 2�(I)
Rint = 0.025

Refinement

R[F 2 > 2�(F 2)] = 0.042
wR(F 2) = 0.108
S = 1.05
4354 reflections
254 parameters
H atoms treated by a mixture of

independent and constrained
refinement

��max = 0.79 e Å�3

��min = �0.62 e Å�3

Absolute structure: Flack (1983),
1830 Friedel pairs

Flack parameter: 0.04 (8)

Table 1
Hydrogen-bond geometry (Å, �).

Cg1, Cg2 and Cg3 are the centroids of the S1/C18–C21, C1–C6 and C8–C13
rings, respectively.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C5—H5A� � �Cg1i 0.91 (3) 2.64 (3) 3.443 (2) 149 (2)
C15—H15A� � �Cg2ii 0.95 (2) 2.74 (2) 3.565 (2) 146.4 (17)
C21—H21A� � �Cg3iii 1.04 (3) 2.91 (3) 3.711 (2) 134.4 (19)

Symmetry codes: (i) x þ 3
2;�y � 1

2;�z þ 1; (ii) x þ 1; y; z; (iii) �x; y þ 3
2;�z þ 5

2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: SJ2716).
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Three new xanthones, prunifloroneM-O (1–3), and a newxanthonolignoid, 3-methoxy-50-demethoxycadensinG (4), were
isolated from the green fruits of Cratoxylum formosum ssp. pruniflorum along with three known xanthones (5–7) and a
known flavonoid (8). Their structures were elucidated by spectroscopicmethods and the structure of 1was also determined

by X-ray crystallography. Compounds 2 and 7 showed potent nitric oxide inhibitory activity with IC50 values of 4.4 and
4.3mM, respectively. Moreover, 7 also showed strong antibacterial activity against both Gram-positive and Gram-
negative bacteria with an MIC value of 4.67 mgmL�1.
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Introduction

The plants in the Cratoxylum genus were mainly found to
produce the xanthones as major components.[1–5] Several iso-
lated xanthones showed various interesting biological activ-

ities.[6–9] In our recent work, we have reported the isolation
and characterization of constituents from the green fruits of
C. cochinchinense,[5] whose results suggested that 1,3,7-tri-
oxygenated xanthones were produced as major components in

the green fruits of this plant and some of them exhibited potent
antibacterial activity, specifically against Pseudomonas aeru-
ginosa. These interesting results led us to investigate the che-

mical constituents from the green fruits of C. formosum ssp.
pruniflorum. Herein, we report four new compounds: two 1,3,5-
trioxygenated xanthones (1–2), a 1,3,7-trioxygenated xan-

thone (3), and a xanthonolignoid (4), along with three known
xanthones (5–7) and a known flavonoid (8) from crude CH2Cl2
extract of the green fruits of C. formosum ssp. pruniflorum.

In addition, the antimicrobial and nitric oxide (NO) inhibitory
activities were also evaluated.

Results and Discussion

The green fruits of C. formosum ssp. pruniflorum were
extracted with CH2Cl2 and CH3OH successively and eva-
porated under vacuum to afford the brownish crude CH2Cl2
and CH3OH extracts, respectively, which were further sub-
jected to preliminary screening for antimicrobial and NO
inhibitory activities. The crude CH2Cl2 and CH3OH extracts
were found to exhibit an inhibitory effect on NO production

in murine macrophage-like RAW264.7 cells with IC50 values
of 27.3 and 33.1 mgmL�1, respectively, whereas they were
found to be inactive for antimicrobial activity. Only the

crude CH2Cl2 extract was subjected to silica gel chromato-
graphy, leading to the isolation of three new xanthones,
pruniflorone M-O (1–3), and a new xanthonolignoid,

3-methoxy-50-demethoxycadensin G (4), together with three
known xanthones and a known flavonoid identified as 1,3,7-
trihydroxyxanthone (5),[10] osajaxanthone (6),[11] for-

moxanthone C (7),[2] and chrysoeriol (8)[12] (Scheme 1).
Their structures were elucidated by NMR analysis and by
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comparison of their spectroscopic data with those reported in
the literature.

Pruniflorone M (1) was obtained as yellow powder, which

was further recrystallized from acetone to give yellow single
crystals. The X-ray structure of 1 (Fig. 1) suggested a
xanthone skeleton bearing a 2-hydroxymethyl-3,3-dimethyl-
dihydrofuran ring. The molecular ion peak at m/z 328.0947

[M]þ in the high resolution-electron ionization mass spectro-
metry (HR-EIMS) spectrum corresponded to C18H16O6. The
UV spectrum showed the absorption bands of xanthone at

246, 257, 315, and 357 nm, while the IR spectrum exhibited
the hydroxyl and conjugated carbonyl functionalities at nmax

3368 and 1648 cm�1, respectively. The 1H and 13C NMR

spectral data of 1 are summarized in Table 1. The 1H NMR
spectrum of 1 showed a chelated hydroxyl proton at d 13.27
(s), an aromatic proton in ring A at d 6.21 (s, H-2) and the

characteristic peaks of the 1,2,3-trisubstituted benzene ring
(ring B) at d 7.68 (dd, J 7.8, 1.8, H-8), d 7.39 (dd, J 7.8, 1.8,
H-6), and d 7.26 (t, J 7.8, H-7). Moreover, the 1H NMR
spectrum of 1 also showed the characteristic signal of a

20-hydroxymethyl-30,30-dimethyldihydrofuran ring at d 4.54
(t, J 5.7, H-20), d 3.93 (d, J 5.7, 2H-10), d 1.71 (s, 40-CH3),
and d 1.48 (s, 50-CH3). The connection of the furan ring

to ring A at C-3 and C-4 in an angular orientation was
indicated from the following HMBC correlations (Table 1).
The methyl protons 40-CH3 (d 1.71) and 50-CH3 (d 1.48)
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showed 3J correlation with C-4 (d 113.1), whereas H-20 at
d 4.54 showed correlations with C-3 (d 166.4), C-4 (d 113.1),

C-10 (d 60.4), C-30 (d 43.1), C-40 (d 26.2), and C-50 (d 20.2).
Therefore, compound 1 was characterized as 20-hydroxy-
methyl-30,30-dimethyldihydrofuran-1,5-dihydroxyxanthone
and designated as pruniflorone M.

Pruniflorone N (2) was isolated as a yellow powder, mp 250–
2528C. The molecular ion peak at m/z 328.0948 [M]þ in the
HR-EIMS spectrum corresponded to C18H16O6. The UV spec-

trum showed the absorption bands of xanthone at 246, 259, 316,
and 356 nm, while the IR spectrum exhibited the hydroxyl and
conjugated carbonyl functionalities at nmax 3411 and 1651 cm

�1,
respectively. The 1H NMR spectral data of 2 (Table 1) showed
similarity with those of 1, except for the appearance of a
20-hydroxy-40,40-dimethylpyran ring at d 5.39 (dd, J 7.8, 2.1,
H-20), d 1.87 (dd, J 13.8, 2.1, H-30), d 1.78 (dd, J 13.8, 7.8, H-30),
1.59 (s, 50-CH3), and 1.48 (s, 60-CH3) in 2 instead of the
20-hydroxymethyl-30,30-dimethyldihydrofuran ring in 1. The
pyran ring was connected to C-3 and C-4 in an angular orienta-

tion as indicated from the following HMBC correlations
(Table 1). The signal of an oxymethine H-20 at d 5.39 showed
correlations with C-3 (d 160.6), C-30 (d 45.9), and C-40 (d 31.9),
whereas H2-3

0 at d 1.87 and 1.78, CH3-5
0 (d 1.59) and CH3-6

0

(d 1.48) showed correlations with C-4 (d 109.6). Therefore,
compound 2 was characterized as 20-hydroxy-40,40-dimethyl-

pyran-1,5-dihydroxyxanthone and assigned as pruniflorone N.
Pruniflorone O (3) was obtained as a yellow viscous oil. The

molecular ion peak at m/z 310.0845 [M]þ in the HR-EIMS
spectrum corresponded to C18H14O5. The UV spectrum showed

characteristic absorption bands of xanthone at 243, 269, 280,
315, and 352 nm, while the IR spectrum exhibited the hydroxyl
and conjugated carbonyl functionalities at nmax 3378 and

1630 cm�1, respectively. The 1H NMR spectrum of 3 (Table 1)
showed a chelated hydroxyl proton at d 13.42 (s), an aromatic
proton in ring A at d 6.44 (s, H-4) and the characteristic signals

of ABX trisubstituted benzene in ring B at d 7.57 (d, J 3.0, H-8),
d 7.42 (d, J 8.7, H-5), and d 7.33 (dd, J 8.7, 3.0, H-6). Moreover,

the 1H NMR spectrum of 3 (Table 1) also showed the typical
signal of a dihydrofuran ring with an isopropenyl side chain at
d 4.89 (br s, H-40), d 4.72 (br s, H-40), d 4.42 (m,H-20), d 3.05 (dd,
J 14.1, 2.4, H-10), d 2.92 (dd, J 14.1, 7.5, H-10), and d 1.83 (br s,
50-CH3). A dihydrofuran ring was connected to C-2 and C-3 of
ring A in a linear fashion as indicated by HMBC correlations
(Table 1). The non-equivalent methylene protons H2-1

0 (d 3.05

and 2.92) showed correlations with C-1 (d 160.9), C-2 (d 108.3),
C-3 (d 165.6), and C-30 (d 147.6), whereas an oxymethine H-20

(d 4.42) showed correlations with C-2 (d 108.3) and C-40 (d
109.4). Therefore, compound 3 was characterized as 20-isopro-
penyldihydrofuran-1,7-dihydroxyxanthone and assigned as
pruniflorone O.

Compound 4 was obtained as a yellow powder with optical

activity of [a]D
26¼þ53.4 (c 0.06 in acetone). The molecular ion

peak at m/z 452.1119 [M]þ in the HR-EIMS spectrum corre-
sponded to C24H20O9. The UV spectrum of 4 showed similar

absorption bands (253, 281, and 318 nm) to those of 50-
demethoxycadensin G,[13] while the IR spectrum exhibited the
hydroxyl and conjugated carbonyl functionalities at nmax 3431

and 1646 cm�1, respectively. The 1H and 13CNMR spectral data
of 4 (Table 2) were closely related to those of 50-demethoxy-
cadensin G previously isolated from C. cochinchinense.[13] The

difference was shown as an additional methoxyl group (dH 3.83,
dC 56.0) in compound 4 which was assigned at C-3 due to its
HMBC correlation (Table 2) to d 166.7 (C-3). Therefore,
compound 4 was characterized as 3-methoxy-50-demethoxy-

cadensin G.
The plausible biosynthetic pathway of pruniflorone M and N

(1 and 2, respectively) is illustrated in Scheme 2. We propose

that compounds 1 and 2 could be derived from pancixanthoneA,
which was previously isolated from the stem barks of Calo-
phyllum panciflorum.[14] The cyclization of the phenol group

Table 1. NMR spectral data (d6-acetone) of compounds 1]3

No. 1 2 3

dH (J, in Hz) dC HMBC dH (J, in Hz) dC HMBC dH (J, in Hz) dC HMBC

1-OH 13.27, s 164.4 1, 2, 3, 9a 12.82, s 161.1 1, 2, 9, 9a 13.42, s 160.9 1, 2, 9a

2 6.21, s 93.2 1, 3, 4, 4a, 9a 6.03, s 99.0 1, 4, 9a, 4a, 40 108.3

3 166.4 160.6 165.6

4 113.1 109.6 6.44, s 94.0 2, 3, 9, 4a, 9a

5 146.3 146.8 7.42, d, 8.7 118.7 7, 4b, 8a

6 7.39, dd, 7.8, 1.8 120.4 5, 8, 4b 7.26, brd, 7.8 119.9 5, 8, 5a 7.33, dd, 8.7, 3.0 124.1 8, 4b

7 7.26, t, 7.8 123.9 5, 8, 4b, 8a 7.10, t, 7.8 123.9 5, 6, 8, 5a, 8a 154.0

8 7.68, dd, 7.8, 1.8 115.4 6, 9, 4b 7.68, d, 7.8 114.8 5, 6, 7, 9, 5a 7.57, d, 3.0 108.4 6, 7, 9, 4b

9 180.7 181.2 180.2

4a 152.6 155.7 156.4

4b 145.2 145.3 149.7

8a 121.5 121.2 121.0

9a 103.4 104.1 103.0

10 3.93, d, 5.7 60.4 20, 30 – – – 3.05, dd, 14.1, 2.4 29.0 1, 2, 3, 30

2.92, dd, 14.1, 7.5 1, 2, 3, 30

20 4.54, t, 5.7 94.8 3, 4, 10, 30, 40, 50 5.39, dd, 7.8, 2.1 93.1 3, 30, 40 4.42, m 75.3 2, 40

30 43.1 1.87, dd, 13.8, 2.1 45.9 4, 20, 40, 50, 60 147.6

1.78, dd, 13.8, 7.8 4, 20, 40

40 1.71, s 26.2 4, 20, 30, 50 31.9 4.89, brs 109.4 30, 40, 50

4.72, brs 30, 50

50 1.48, s 20.2 4, 10, 20, 30, 40 1.59, s 28.1 4, 20, 40, 60 1.83, brs 17.3 30, 40

60 – – – 1.48, s 28.0 4, 40 – – –
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with the dimethylallyl group of pancixanthone A furnished a
2,3,3-trimethyldihydrofuran ring, which was reported as pan-

cixanthone B.[14] This transformation was a common pathway
occurring in natural products. Compounds 1 and 2 could be

formed from different pathway to the pancixanthone B. We
proposed that the dimethylallyl group of pancixanthone A could
be oxidized leading to an epoxide intermediate 1.[15] Then,
the cyclization of the free hydroxyl group at C-3 to the epoxide

moiety led to the formation of the 2-hydroxymethyl-3,3-
dimethyldihydrofuran ring of compound 1. The 2-hydroxy-
4,4-dimethylpyran ring of 2 could be formed from epoxide

intermediate 1 by isomerization of epoxide via a 1,2-hydride
shift to form an aldehyde intermediate 2. The cyclization of
the hydroxyl group of ring A to the aldehyde moiety occurred

in the last step to form the pyran ring of compound 2. The
formations of 2-hydroxymethyl-3,3-dimethyldihydrofuran ring
and 2-hydroxy-4,4-dimethylpyran ring are found for the first
time in natural products.

Only isolated compounds with sufficient amount were
further evaluated for their NO inhibitory activity using
RAW264.7 cells.[16] As shown in Table 3, compounds 2 and 7

possessed potent NO inhibitory activity against lipopolysac-
charide (LPS)-induced NO release with IC50 values of 4.4 and
4.3mM, respectively, better than that of the positive control,

indomethacin, which is a non-steroidal anti-inflammatory drug
(IC50¼ 20.1 mM). Compound 1 (IC50¼ 20.6 mM) exhibited
moderate NO inhibitory activity when compared with that of

compound 2 (IC50¼ 4.4mM),whereas compound 4was inactive
(IC504100 mM). From these results, it might be proposed that
the pyran ring of 1,3,5-trioxygenated xanthone (2) was essential
for NO inhibitory activity rather than the furan ring (1), whereas

the catechol unit of compound 7might play an important role for
NO inhibition.Moreover, compound 2 has a part of a hemiacetal
moiety in its pyran ring, which could possibly open to an

aldehyde side chain under acidic conditions. The experiment

O

OHO

OH

OH

Cyclization

O

OHO

OH

Pancixanthone B

O

O

OHO

OH
OH

O

Epoxide intermediate 1

Epoxidation

Pancixanthone A

O

OHO

OH
O

OH1

Cyclization

O

OHO

OH

OH

OH

O

OHO

OH

Cyclization

O

OH

Aldehyde intermediate 2

Isomerization

and 1,2 hydride shift

2

Scheme 2. Plausible biosynthetic pathway of compounds 1 and 2.

Table 2. NMR spectral data (CDCl3-CD3OD (19:1 v/v)) of compound 4

No. 4 50-demethoxycadensin GA

dH (J, in Hz) dC HMBC dH (J, in Hz)B dC
B

1-OH 163.3 13.07, s 164.8

2 6.28, d, 2.4 97.5 1, 3, 4, 9a 6.26, d, 2.1 99.2

3 166.7 166.3

4 6.46, d, 2.4 93.2 2, 3, 4a, 9a 6.47, d, 2.1 94.9

5 131.9 115.7

6 146.5 150.3

7 6.92, d, 8.8 114.2 5, 6, 8a 7.01, d, 8.9 114.5

8 7.67, d, 8.8 117.8 6, 9, 4b 7.70, d, 8.9 117.8

9 180.6 180.8

4a 157.8 158.8

4b 149.5 147.2

8a 115.3 132.9

9a 103.6 103.3

10 127.1 128.4

20 6.89, d, 1.6 110.5 40, 60, 70 7.18, d, 1.9 112.2

30 147.9 148.7

40 147.2 148.4

50 6.86, d, 8.8 115.5 10, 30 6.92, d, 8.0 115.9

60 6.89, dd, 8.8, 1.6 120.9 20, 40, 70 7.03, dd, 8.0, 1.9 121.8

70 5.06, d, 8.0 77.2 10, 20, 60, 80 5.21, d, 7.9 77.9

80 4.07, ddd, 8.0, 3.6, 2.8 79.0 – 4.32, ddd, 7.9, 3.7, 2.5 79.7

90 3.89, m 61.0 80 3.94, dd, 12.6, 3.7 61.6

3.54, dd, 12.8, 3.6 – 3.63, dd, 12.6, 2.5

3-OCH3 3.83, s 56.0 3 – –

30-OCH3 3.85, s 56.2 30 3.89, s 56.5

AIt was previously reported by Sia et al.[13]

B 1H (500 MHz) and 13C (125 MHz) NMR spectral data were recorded in d6-acetone.

NO Inhibitory Activity of Xanthones 1553



has been set up in 20% HCl-CH3OH. It was found that an

aldehyde product was not observed, instead the methylated
product 2a was formed. Compound 2a was further tested for
NO inhibition and showed less NO inhibitory activity than 2

with an IC50 value of 9.5mM. From this result, it could be
suggested that the methoxyl group might decrease the NO
inhibitory activity.

Moreover, the antibacterial and antifungal activities[2,5] were
also evaluated and are summarized in Table 4. The activity
results in Table 4 revealed that compound 7 exhibited strong

antibacterial activity against both Gram-positive (Bacillus
subtilis, Enterococcus faecalis, methicillin-resistant Staphylo-
coccus aureus (MRSA), and vancomycin-resistant E. faecalis
(VRE)) and Gram-negative (S. typhi) bacteria with an MIC

value of 4.67 mgmL�1, whereas compound 2 showed moderate
antibacterial activity specifically against MRSA with an MIC
value of 9.37 mgmL�1. The methylated product 2a was not

significant for antibacterial activity but showed better activity
against B. subtilis when compared with compound 2. All tested
compounds were found to be inactive for anti-fungal activity.

Conclusions

Four new compounds, prunifloroneM-O (1–3), and 3-methoxy-

50-demethoxycadensin G (4), were isolated from the green fruits
of C. formosum ssp. pruniflorum. Pruniflorone N (2) and
compound 7 showed potent NO inhibitory activity with IC50

values of 4.4 and 4.3mM, respectively. Moreover, compound 7

also showed strong antibacterial activity against both Gram-

positive and Gram-negative bacteria with an MIC value of
4.67 mgmL�1.

Experimental

General Procedures

Melting points were determined on the Fisher–John melting
point apparatus. Optical rotations were measured on a JASCO
P-1020 digital polarimeter. UV and IR spectra were recorded on

SPECORD S 100 (Analytikjena) and Perkin–Elmer FTS FT-IR
spectrophotometer, respectively. The 1H and 13C NMR spectra
were recorded on 300MHz and 400MHz Bruker FTNMRUltra
ShieldTM spectrometers in d6-acetone, CDCl3, and CD3ODwith

TMS as the internal standard. Chemical shifts are reported in
d [ppm] and coupling constants (J) are expressed in hertz. EI
and HREI mass spectra were measured on a Kratos MS 25 RFA

spectrometer. Quick column chromatography (QCC) and col-
umn chromatography (CC) were carried out on silica gel 60 F254
(Merck) and silica gel 100 (Merck), respectively.

Plant Material

Green Fruits of C. formosum ssp. pruniflorum were collected in
August 2008 from Pha Yao Province, in northern Thailand.

Botanical identification was carried out by comparison with a
voucher specimen number 0012677 in the herbarium collection
ofDepartment of Biology, Faculty of Science, Prince of Songkla

University, Thailand.

Table 3. Nitric oxide inhibitory activity of 1, 2, 2a, 4, and 7

Statistical significance, *P o 0.05, **P o 0.01

Compounds % inhibition of various concentrations [mM] IC50 [mM]

0 3 10 30 100

1 0.0 � 4.5 15.5 � 0.9** 29.6 � 0.9** 44.0 � 1.6** 95.3 � 0.6B** 20.6

2 0.0 � 4.5 34.8 � 1.4* 72.7 � 1.1** 93.1 � 1.7** 99.5 � 0.6B** 4.4

2a 0.0 � 2.4 15.7 � 5.3 44.4 � 1.9** 91.0 � 1.0** 101.3 � 3.0B** 9.5

4 0.0 � 5.4 – 21.7 � 1.0* 23.5 � 2.0** 47.4 � 3.1** 4100

7 0.0 � 5.4 30.1 � 1.6** 94.3 � 0.7B** 102.1 � 2.4B** 102.9 � 0.7B** 4.3

Indomethacin 0.0 � 4.2 16.6 � 2.9 32.7 � 2.6** 53.4 � 3.0** 85.6 � 1.8** 20.1

L-NA 0.0 � 5.6 15.3 � 2.8 21.4 � 2.5 35.6 � 2.1** 73.2 � 3.5** 59.0

CAPE 0.0 � 5.6 35.2 � 3.0* 70.3 � 2.7** 97.6 � 2.4B** 99.5 � 2.7B** 5.0

AEach value represents mean � s.e.m. of four determinations.
BCytotoxic effect was observed.

Table 4. Antimicrobial activity (MIC, lg mL21) of 1, 2, 2a, 4, 7, and 8

Compounds Antibacterial activity Antifungal activity

Gram-positive bacteriaA Gram-negative bacteriaB

B. subtilis S. aureus E. faecalis MRSA VRE S. typhi S. sonei P. aeruginosa C. albicansC

1 4300 4300 4300 4300 4300 4300 4300 4300 4300

2 300 4300 4300 9.37 300 150 4300 4300 4300

2a 18.75 300 300 37.5 75 300 300 37.5 300

4 4300 4300 4300 4300 4300 4300 4300 4300 4300

7 4.67 9.37 4.67 4.67 4.67 4.67 4300 37.5 4300

8 4300 4300 4300 37.5 37.5 300 4300 4300 4300

Vancomycin o2.34 o2.34 o2.34 o2.34 o2.34 o2.34 o2.34 o2.34 o2.34

ABacillus subtilis, Staphylococcus aureus,Enterococcus faecalisTISTR459,methicillin-resistant Staphylococcus aureus (MRSA)ATCC43300, vancomycin-

resistant Enterococcus faecalis (VRE) ATCC51299.
BSalmonella typhi, Shigella sonei, and Pseudomonas aeruginosa.
CCandida albicans.

1554 N. Boonnak et al.



Extraction and Isolation of Compounds 1–8

The green fruits ofC. formosum ssp. pruniflorum (5.00 kg) were

extracted with CH2Cl2 and CH3OH (each 2� 20 L, for a week)
successively at room temperature and were further evaporated
under reduced pressure to afford the crude extracts of CH2Cl2
(31.42 g) and CH3OH (65.74 g), respectively. Only the crude
extract of CH2Cl2 was further subjected to QCC on silica gel
using hexane as a first eluent and then increasing the polarity
with acetone to give 14 fractions (F1–F14). Fraction F7 was

separated by CC eluting with a gradient of acetone-hexane to
give 10 subfractions (F7A–F7J). Subfraction F7Gwas separated
by CC and eluted with 20% acetone-hexane to give 7 subfrac-

tions (F7G1–F7G7). Subfraction F7G3 was further purified
by CC on reversed-phase silica gel C-18 eluting with MeOH
to give 6 (1.2mg). Fraction F10 was separated by QCC eluting

with a gradient of acetone-hexane to give 17 subfractions
(F10A–F10Q). Subfractions F10N and F10O were separated by
CC and eluted with a gradient of EtOAc-hexane to give 8 sub-

fractions (F10N1–F10N8). Subfractions F10N1 was further
purified by CC on reversed-phase silica gel C-18 eluting with
MeOH to give 3 (1.2mg). Subfraction F10N2 was separated by
CC and eluted with CHCl3 to give 1 (28.0mg) and 5 (1.5mg).

Subfraction F10N6 was separated by CC and eluted with CHCl3
to give 2 (5.3 mg) and 7 (15.2 mg). Fractions F12 and F13 were
separated by QCC eluting with a gradient of acetone-hexane

to give 13 subfractions (F12A–F12J). Subfraction F12H was
separated by CC and eluted with a gradient of acetone-hexane to
give 10 subfractions (F12H1–F12H10). Subfractions F12H4

and F12H5 were further purified by CC eluting with a gradient
of EtOAc-hexane to give 4 (3.7mg). Subfraction F12I was
further separated by CC eluting with a gradient of acetone-
hexane to give 8 (3.0mg).

Pruniflorone M (1)

Yellow single crystal; mp 235–2378C; [a]D
25¼þ64.6 (c 0.04

in CHCl3). lmax (CHCl3)/nm (log e) 246 (4.45), 257 (4.34), 315
(4.14), 357 (3.58). nmax (neat)/cm�1 3368, 1648, 1587. m/z
(HRMS) 328.0947 [Mþ] for C18H16O6 (calc. 328.0947). m/z

(EI) 328 [M]þ (38%), 313 (93), 283 (100), 255 (25), 141 (5). For
1H and 13C NMR spectroscopic data, see Table 1.

Pruniflorone N (2)

Yellow powder; mp 250–2528C; [a]D
25¼þ5.2 (c 0.42 in

acetone). lmax (CHCl3)/nm (log e) 246 (4.32), 259 (4.21), 316
(4.02), 356 (3.39). nmax (neat)/cm

�1 3411, 1651, 1622, 1578.m/z
(HRMS) 328.0948 [M]þ for C18H16O6 (calc. 328.0947). m/z

(EI) 328 [M]þ (40%), 313 (100), 285 (31), 257 (16), 243 (12),
149 (6). For 1H and 13C NMR spectroscopic data, see Table 1.

Pruniflorone O (3)

Yellow viscous oil; [a]D
26¼þ15.1 (c 0.04 in acetone). lmax

(CHCl3)/nm (log e) 243 (4.38), 269 (4.07), 280 (3.99), 315

(3.78), 352 (3.61). nmax (neat)/cm
�1 3378, 1630. m/z (HRMS)

310.0845 [M]þ for C18H14O5 (calc. 310.0841). m/z (EI) 310
[M]þ (3%), 295 (4), 257 (100), 229 (4). For 1H and 13C NMR

spectroscopic data, see Table 1.

3-Methoxy-50-demethoxycadensin G (4)

Yellow powder; [a]D
26¼þ53.4 (c 0.06 in acetone). lmax

(CHCl3)/nm (log e) 253 (4.37), 281 (3.83), 318 (3.97). nmax

(neat)/cm�1 3431, 1646. m/z (HRMS) 452.1119 [M]þ for

C24H20O9 (calc. 452.1107). m/z (EI) 452 [M]þ (100%), 434

(2), 420 (13), 393 (12), 315 (18), 285 (17), 274 (35), 245 (23),

180 (73), 162 (15), 137 (66), 124 (40), 119 (13), 101 (13), 77 (5).
For 1H and 13C NMR spectroscopic data, see Table 2.

Hydrolysis of 2

A solution of compound 2 (7.8mg) in 20% HCl–CH3OH

(2.0mL) was left to stand for 4 days at room temperature.
The solution was evaporated under vacuum to give a residue,
which was purified by CC on silica gel and eluted with 25%
acetone-hexane to give compound 2 (3.5mg) and compound 2a

(3.5 mg). Compound 2a was a yellow powder; mp 208–2108C;
[a]D

28¼þ40.8 (c 0.18 in acetone), dH (300MHz, d6-acetone)
12.84 (s, 1-OH), 7.55 (dd, J 7.8, 1.5, H-8), 7.28 (dd, J 7.8, 1.5,

H-6), 7.14 (t, J 7.8, H-7), 6.12 (s, H-2), 5.09 (dd, J 6.0, 3.0, H-20),
3.41 (s, 20-OCH3), 1.89 (dd, J 13.8, 6.3, 1H-3

0), 1.82 (dd, J 13.8,
6.3, 1H-30), 1.58 (s, 50-CH3), 1.50 (s, 60-CH3). dC (75MHz,

d6-acetone) 181.3 (C-9), 161.2 (C-1), 159.6 (C-3), 155.7 (C-4a),
146.5 (C-5), 145.4 (C-4b), 124.0 (C-7), 121.3 (C-8a), 120.0
(C-6), 115.1 (C-8), 110.0 (C-4), 104.4 (C-9a), 99.2 (C-2), 99.6

(C-20), 55.6 (20-OCH3), 43.8 (C-30), 31.1 (C-40), 28.0 (C-50),
28.4 (C-60). m/z (HRMS) 342.1091 [M]þ for C19H18O6 (calc.
342.1103). m/z (EI) 342 [M]þ (42%), 327 (100), 295 (68), 259
(7), 83 (4).

Crystallography

Crystallographic data were collected at 100.0(1) K with the
Oxford Cryosystem Cobra low-temperature attachment. The
data were collected using a Bruker Apex2 CCD diffractometer

with a graphite monochromated MoKa radiation at a detector
distance of 5 cm and swing angle of �358. A hemisphere of the
reciprocal space was covered by a combination of four sets of

exposures using SMART program.[17] The collected data were
reduced using SAINT program,[17] and the empirical absorption
corrections were performed using SADABS program.[17] The

structure was solved by direct methods and refined by least-
squares using the SHELXTL software package.[18] All non-
hydrogen atoms were refined anisotropically, whereas all H
atoms were placed in calculated positions with an O-H distance

of 0.82 Å and C-H distances in the range 0.93–0.98 Å after
checking their positions in the difference map. The Uiso values
were constrained to be 1.5Ueq of the carrier atoms for methyl

H atoms and 1.2Ueq for hydroxyl and the other H atoms. The
final refinement converged well. Materials for publication were
prepared using SHELXT[18] and PLATON.[19]

Crystal data of 1: C18H16O6�H2O, M¼ 346.32, 0.54�
0.17� 0.10mm3, orthorhombic, P212121, a¼ 9.8204(2) Å,
b¼ 15.4749(4) Å, c¼ 20.4482(6) Å, a¼b¼g¼ 90.008,
V¼ 3107.51(14) Å3, Z¼ 4, Dx¼ 1.480Mgm–3, m(MoKa)¼
0.115mm�1, 16842 reflection measured, 6088 unique reflec-
tions, r¼ 0.0654, Rw¼ 0.1345.

The crystallographic-information file of 1 has been deposited

in the Cambridge Crystallographic Data Centre as
CCDC766256. These data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/data_request/cif, or by emailing

data_request@ccdc.cam.ac.uk, or by contacting the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge
CB2 1EZ, UK; fax: þ44 1223 336033.

Bioassays

Nitric Oxide Inhibitory Activity Assay

The inhibitory effect on NO production by murine
macrophage-like RAW264.7 cells was evaluated using a

modified method from that previously reported.[16] Briefly,

NO Inhibitory Activity of Xanthones 1555
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the RAW264.7 cell line (purchased from Cell Lines Services)

was cultured in RPMImedium supplemented with 0.1% sodium
bicarbonate and 2mMglutamine, penicillinG (100 unitsmL�1),
streptomycin (100mgmL�1), and 10% FCS. The cells were

harvested with trypsin-EDTA and diluted to a suspension in a
fresh medium. The cells were seeded in 96-well plates with
105 cells/well and allowed to adhere for 1 h at 378C in a
humidified atmosphere containing 5% CO2. Then the medium

was replaced with a fresh medium containing 50mgmL�1 of
LPS together with the test samples at various concentrations
(3–100 mgmL�1 for crude extract and 3–100 mM for pure

compounds) and was then incubated for 24 h. NO production
was determined by measuring the accumulation of nitrite in the
culture supernatant using the Griess reagent. Cytotoxicity was

determined using the MTT colorimetric method. Briefly, after
24 h incubation with the test samples, MTT solution (10 mL,
5mgmL�1 in PBS) was added to the wells. After 4 h incubation,
the medium was removed, and isopropanol containing 0.04M

HCl was then added to dissolve the formazan production in the
cells. The optical density of the formazan solutionwasmeasured
with a microplate reader at 570 nm. The test compounds were

considered to be cytotoxic when the optical density of the
sample-treated group was less than 80% of that in the control
(vehicle-treated) group. L-NA, CAPE, and indomethacin were

used as positive controls. The stock solution of each test sample
was dissolved in DMSO, and the solution was added to the
medium RPMI (final DMSO is 1%). Inhibition [%] was calcu-

lated using the following equation and IC50 values were deter-
mined graphically (n¼ 4):

Inhitition ½%� ¼ A� B

A� C
� 100 ð1Þ

A–C: NO2
– concentration [mM] [A: LPS (þ), sample (�); B: LPS

(þ), sample (þ); C: LPS (�), sample (�)].

Antibacterial Assay

Only isolated compounds with sufficient amount from the
green fruits ofC. formosum ssp. pruniflorumwere tested against

both Gram-positive and Gram-negative bacteria (i.e. B. subtilis,
S. aureus TISTR517, E. faecalis TISTR459, MRSA
ATCC43300, VRE ATCC51299, S. faecalis, S. typhi, Shigella

sonei, and P. aeruginosa). The tested microorganisms were
obtained from the culture collections, Department of Industrial
Biotechnology and Department of Pharmacognosy and Botany,

PSU, except for the TISTR and ATCC strains, which were
obtained fromMicrobial ResearchCenter (MIRCEN), Bangkok,
Thailand. The antibacterial assay employed was the same as
described in Boonsri et al.[2] Vancomycin, which was used as a

standard, showed antibacterial activity of 75.0mgmL�1.

Antifungal Assay

Candida albicans was obtained from Department of Phar-

macognosy and Botany, PSU. The antifungal assay employed
was the same as described in Boonsri et al.[2]

Accessory Publication

The spectra of compounds 1–4 are available on the Journal’s
website.
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R factor = 0.054; wR factor = 0.133; data-to-parameter ratio = 15.1.

The title compound [systematic name: 1,5-dihydroxy-3,6-

dimethoxy-4-(2-methylbut-3-en-2-yl)-9H-xanthen-9-one],

C20H20O6, is a xanthone, which was isolated from the roots of

Cratoxylum formosum ssp. pruniflorum. The three rings in the

molecule are approximately coplanar, with an r.m.s. deviation

of 0.0372 (2) Å for the plane through the 14 non-H atoms. The

O atoms of the two hydroxy substituents also lie close to this

plane with deviations of 0.0669 (2) and 0.1122 (2) Å, respec-

tively. The 1,1-dimethyl-2-propenyl substituent is in a (�)-

anticlinal conformation. Intramolecular O—H� � �O hydrogen

bonds generate S(5) and S(6) ring motifs. In the crystal,

molecules are linked into infinite chains along [010] by O—

H� � �O hydrogen bonds and weak C—H� � �O interactions. �–�
interactions with centroid–centroid distances of 3.6172 (10)

and 3.6815 (10) Å are also observed.

Related literature

For hydrogen-bond motifs, see: Bernstein et al. (1995). For

bond-length data, see: Allen et al. (1987). For background to

xanthones and their biological activity, see: Boonnak, Karalai

et al. (2006, 2007, 2009); Hay et al. (2008). For a related

structure, see: Boonnak, Chantrapromma & Fun (2006). For

the stability of the temperature controller used in the data

collection, see Cosier & Glazer, (1986).

Experimental

Crystal data

C20H20O6

Mr = 356.36
Monoclinic, P21=c
a = 12.1500 (4) Å
b = 14.7396 (4) Å
c = 9.5177 (3) Å
� = 90.208 (2)�

V = 1704.48 (9) Å3

Z = 4
Mo K� radiation
� = 0.10 mm�1

T = 100 K
0.50 � 0.23 � 0.22 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.951, Tmax = 0.978

37868 measured reflections
3906 independent reflections
2682 reflections with I > 2�(I)
Rint = 0.071

Refinement

R[F 2 > 2�(F 2)] = 0.054
wR(F 2) = 0.133
S = 1.03
3906 reflections
259 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.27 e Å�3

��min = �0.27 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O3—H1O3� � �O2 0.95 (3) 1.65 (3) 2.5573 (18) 160 (2)
O5—H1O5� � �O6 0.83 (2) 2.25 (2) 2.7019 (19) 115 (2)
O5—H1O5� � �O2i 0.83 (2) 1.98 (2) 2.7520 (18) 155 (2)
C8—H8A� � �O5ii 0.93 2.54 3.413 (2) 157

Symmetry codes: (i) �x þ 1; y � 1
2;�z þ 3

2; (ii) �x þ 1; y þ 1
2;�z þ 3

2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.012 Å;

R factor = 0.103; wR factor = 0.270; data-to-parameter ratio = 7.8.

The title xanthone [systematic name: 5,13-dihydroxy-3,3,-

10,10-tetramethyl-3H-dipyrano[3,2-a:20,30-i]xanthen-14(10H)-

one], C23H20O6, was isolated from the roots of Cratoxylum

formosum ssp. pruniflorum. There are two molecules (A and

B) in the asymmetric unit, which show chemical but not

crystallographic inversion symmetry. The xanthone skeleton

in both molecules is approximately planar, with an r.m.s.

deviation of 0.0326 (9) Å for molecule A and 0.0355 (9) Å for

molecule B from the plane through the 14 non-H atoms. The

pyran rings in both molecules adopt sofa conformations.

Intramolecular O—H� � �O hydrogen bonds generate S(5) and

S(6) ring motifs. Viewed onto the bc plane, the crystal

structure resembles a herringbone pattern. Stacks of mol-

ecules are stabilized by �–� interactions with centroid–

centroid distances of 3.600 (5) Å. The crystal structure is

further stabilized by weak C—H� � �O and C—H� � �� inter-

actions.

Related literature

For details of hydrogen-bond motifs, see: Bernstein et al.

(1995) and for ring conformations, see: Cremer & Pople

(1975). For background to xanthones and their biological

activities, see: Boonnak et al. (2006, 2007, 2009); Hay et al.

(2008); Mahabusarakum et al. (1983); Marques et al. (2000);

Molinar-Toribio et al. (2006); Phongpaichit et al. (1994); Yu et

al. (2007). For a related structure, see: Fun et al. (2006). For the

stability of the temperature controller used in the data

collection, see Cosier & Glazer (1986).

Experimental

Crystal data

C23H20O6

Mr = 392.39
Monoclinic, Pc
a = 7.5842 (3) Å
b = 12.2937 (4) Å
c = 19.6023 (6) Å
� = 96.827 (2)�

V = 1814.72 (11) Å3

Z = 4
Mo K� radiation
� = 0.10 mm�1

T = 100 K
0.37 � 0.13 � 0.07 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.963, Tmax = 0.993

33718 measured reflections
3554 independent reflections
2954 reflections with I > 2�(I)
Rint = 0.077

Refinement

R[F 2 > 2�(F 2)] = 0.103
wR(F 2) = 0.270
S = 1.04
3554 reflections
453 parameters

2 restraints
H-atom parameters constrained
��max = 1.21 e Å�3

��min = �0.39 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg5 and Cg20 are the centroids of C5A–C8A/C12A/C13A and C5B–C8B/
C12B/C13B rings, respectively.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O3A—H3AA� � �O2A 0.82 1.84 2.571 (9) 147
O5A—H5AA� � �O4A 0.82 2.19 2.656 (9) 116
O3B—H3BA� � �O2B 0.82 1.84 2.559 (9) 146
O5B—H5BA� � �O4B 0.82 2.15 2.628 (8) 117
C15B—H15B� � �O2Ai 0.93 2.60 3.514 (11) 168
C16A—H16A� � �O2A 0.93 2.29 2.879 (11) 121
C16B—H16B� � �O2B 0.93 2.31 2.890 (10) 120
C17B—H17E� � �O5Bi 0.96 2.58 3.441 (10) 149
C23B—H23D� � �O1Aii 0.96 2.59 3.370 (11) 139
C18A—H18B� � �Cg20 0.96 2.75 3.611 (10) 150
C18B—H18D� � �Cg5 0.96 2.79 3.662 (9) 152

Symmetry codes: (i) x � 1; y; z; (ii) x þ 1; y � 1; z.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.003 Å;

R factor = 0.036; wR factor = 0.098; data-to-parameter ratio = 17.3.

There are two molecules in the asymmetric unit of the title

compound, C23H21BrN2O4, which differ in the conformation

of their ethoxy residues, i.e. almost co-planar with the

pyridine ring in one molecule [C—O—C—C = �174.0 (2)�]
but almost perpendicular in the other [C—O—C—C =

92.8 (3)�]. The dihedral angles between the central pyridine

ring and the 4-bromophenyl and 2,4,5-trimethoxyphenyl rings

are 11.05 (12) and 63.78 (12)�, respectively, in one molecule;

the corresponding angles in the other molecule are 30.38 (13)

and 65.38 (13)�, respectively. In the crystal structure, pairs of

molecules are arranged in a face-to-face sandwich structure

which further stacks along the b axis. The crystal packing

features C—H� � �� interactions and Br� � �O [3.5417 (17) Å],

Br� � �C [3.748 (3) Å], C� � �N [3.376 (4) Å] and C� � �O
[3.351 (3)–3.409 (3) Å] contacts. Finally, �� � �� interactions

[centroid� � �centroid distances = 3.6346 (19) and

3.6882 (19) Å] are observed.

Related literature

For hydrogen-bond motifs, see: Bernstein et al. (1995). For the

synthesis and applications of nicotinonitrile derivatives, see:

Borgna et al. (1993); Goda et al. (2004). For related structures,

see Chantrapromma et al. (2009, 2010). For the stability of the

temperature controller used in the data collection, see: Cosier

& Glazer (1986).

Experimental

Crystal data

C23H21BrN2O4

Mr = 469.32
Triclinic, P1
a = 7.9631 (2) Å
b = 11.0499 (3) Å
c = 23.9690 (6) Å
� = 92.201 (1)�

� = 91.968 (1)�

� = 99.586 (1)�

V = 2076.31 (9) Å3

Z = 4
Mo K� radiation
� = 2.01 mm�1

T = 100 K
0.59 � 0.10 � 0.05 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.384, Tmax = 0.899

31800 measured reflections
9488 independent reflections
7074 reflections with I > 2�(I)
Rint = 0.043

Refinement

R[F 2 > 2�(F 2)] = 0.036
wR(F 2) = 0.098
S = 1.07
9488 reflections

549 parameters
H-atom parameters constrained
��max = 0.79 e Å�3

��min = �0.38 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg1 and Cg2 are the centroids of C7A–C11A/N1A and C12A–C17A rings,
respectively.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C22A—H22C� � �Cg2i 0.96 2.74 3.585 (3) 147
C22B—H22E� � �Cg1ii 0.96 2.68 3.511 (3) 145

Symmetry codes: (i) �x þ 1;�y þ 1;�z þ 1; (ii) �x;�y þ 1;�z þ 1.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.002 Å;

R factor = 0.041; wR factor = 0.118; data-to-parameter ratio = 16.1.

In the molecule of the title heteroaryl chalcone derivative,

C21H14O2, the almost planar prop-2-en-1-one unit [r.m.s.

deviation = 0.0087 (1) Å] forms dihedral angles of 5.81 (7) and

49.85 (6)�, respectively, with the furan ring and anthracene

ring system. In the crystal structure, the molecules are linked

into a two-dimensional network parallel to (100) by C—H� � �O
hydrogen bonds and �� � �� interactions involving the furan

rings [centroid–centroid distance = 3.7205 (6) Å].

Related literature

For background and applications of chalcones, see: Gaber et

al. (2008); Niu et al. (2006); Xu et al. (2005). For related

structures, see: Chantrapromma et al. (2009, 2010); Fun et al.

(2009); Suwunwong et al. (2009). For bond-length data, see:

Allen et al. (1987). For the stability of the temperature

controller used in the data collection, see: Cosier & Glazer

(1986).

Experimental

Crystal data

C21H14O2

Mr = 298.32
Monoclinic, P21=c
a = 21.5743 (4) Å
b = 5.4571 (1) Å
c = 12.8394 (2) Å
� = 104.099 (1)�

V = 1466.09 (4) Å3

Z = 4
Mo K� radiation
� = 0.09 mm�1

T = 100 K
0.55 � 0.25 � 0.07 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.955, Tmax = 0.994

19468 measured reflections
4251 independent reflections
3549 reflections with I > 2�(I)
Rint = 0.029

Refinement

R[F 2 > 2�(F 2)] = 0.041
wR(F 2) = 0.118
S = 1.03
4251 reflections

264 parameters
All H-atom parameters refined
��max = 0.37 e Å�3

��min = �0.22 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C3—H3� � �O1i 0.98 (2) 2.34 (2) 3.2871 (14) 165 (1)
C6—H6� � �O1i 0.94 (2) 2.40 (2) 3.3366 (13) 173 (1)
C19—H19� � �O1ii 0.98 (1) 2.47 (1) 3.3419 (13) 148 (1)

Symmetry codes: (i) x; y þ 1; z; (ii) x;�y þ 3
2; z � 1

2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).

The authors thank the Thailand Research Fund (TRF) for

research grant (RSA 5280033) and Prince of Songkla

University for financial support. They also thank Universiti

Sains Malaysia for the Research University Golden Goose

grant No. 1001/PFIZIK/811012.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: CI5032).

References

Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. & Taylor,
R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. S1–19.

Bruker (2005). APEX2, SAINT and SADABS. Bruker AXS Inc., Madison,
Wisconsin, USA.

Chantrapromma, S., Horkaew, J., Suwunwong, T. & Fun, H.-K. (2009). Acta
Cryst. E65, o2673–o2674.

Chantrapromma, S., Suwunwong, T., Boonnak, N. & Fun, H.-K. (2010). Acta
Cryst. E66, o312–o313.

Cosier, J. & Glazer, A. M. (1986). J. Appl. Cryst. 19, 105–107.
Fun, H.-K., Suwunwong, T., Boonnak, N. & Chantrapromma, S. (2009). Acta

Cryst. E65, o2168–o2169.
Gaber, M., El-Daly, S. A., Fayed, T. A. & El-Sayed, Y. S. (2008). Opt. Laser

Tech. 40, 528–537.
Niu, C.-G., Guan, A.-L., Zeng, G.-M., Liu, Y.-G. & Li, Z.-W. (2006). Anal.

Chim. Acta, 577, 264–270.

organic compounds

o800 Horkaew et al. doi:10.1107/S1600536810005982 Acta Cryst. (2010). E66, o800–o801

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

1 This paper is dedicated to His Majesty King Bhumibol Adulyadej of
Thailand (King Rama IX) for his sustainable development of the country.
§ Thomson Reuters ResearcherID: A-5085-2009.
} Additional correspondence author, e-mail: hkfun@usm.my. Thomson
Reuters ResearcherID: A-3561-2009.

electronic reprint



Sheldrick, G. M. (2008). Acta Cryst. A64, 112–122.
Spek, A. L. (2009). Acta Cryst. D65, 148–155.

Suwunwong, T., Chantrapromma, S., Karalai, C., Pakdeevanich, P. & Fun, H.-
K. (2009). Acta Cryst. E65, o420–o421.

Xu, Z., Bai, G. & Dong, C. (2005). Spectrochim. Acta Part A, 62, 987–990.

organic compounds

Acta Cryst. (2010). E66, o800–o801 Horkaew et al. � C21H14O2 o801
electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint
Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

Editors: W.T.A. Harrison, J. Simpson and
M. Weil

(E )-1-(4-Aminophenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-
1-one

Hoong-Kun Fun, Thawanrat Kobkeatthawin, Pumsak Ruanwas and
Suchada Chantrapromma

Acta Cryst. (2010). E66, o1973–o1974

This open-access article is distributed under the terms of the Creative Commons Attribution Licence
http://creativecommons.org/licenses/by/2.0/uk/legalcode, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original authors and source are cited.

Acta Crystallographica Section E

Structure Reports
Online
Editors: W. Clegg and D. G. Watson

journals.iucr.org

International Union of Crystallography * Chester

ISSN 1600-5368

Volume 61

Part 11

November 2005

Inorganic compounds

Metal-organic compounds

Organic compounds

Acta Crystallographica Section E: Structure Reports Online is the IUCr’s highly popu-
lar open-access structural journal. It provides a simple and easily accessible publication
mechanism for the growing number of inorganic, metal-organic and organic crystal struc-
ture determinations. The electronic submission, validation, refereeing and publication
facilities of the journal ensure very rapid and high-quality publication, whilst key indica-
tors and validation reports provide measures of structural reliability. In 2007, the journal
published over 5000 structures. The average publication time is less than one month.

Crystallography Journals Online is available from journals.iucr.org

Acta Cryst. (2010). E66, o1973–o1974 Fun et al. · C18H19NO4

http://journals.iucr.org/e/
http://dx.doi.org/10.1107/S1600536810026346
http://creativecommons.org/licenses/by/2.0/uk/legalcode
http://journals.iucr.org/e/
http://journals.iucr.org


(E)-1-(4-Aminophenyl)-3-(2,4,5-
trimethoxyphenyl)prop-2-en-1-one

Hoong-Kun Fun,a*‡ Thawanrat Kobkeatthawin,b Pumsak

Ruanwasb and Suchada Chantraprommab§

aX-ray Crystallography Unit, School of Physics, Universiti Sains Malaysia, 11800

USM, Penang, Malaysia, and bCrystal Materials Research Unit, Department of

Chemistry, Faculty of Science, Prince of Songkla University, Hat-Yai, Songkhla

90112, Thailand

Correspondence e-mail: hkfun@usm.my

Received 2 July 2010; accepted 4 July 2010

Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.002 Å;
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Molecules of the title aminochalcone, C18H19NO4, are twisted,

with a dihedral angle of 11.26 (6)� between the 4-aminophenyl

and 2,4,5-trimethoxyphenyl rings. The conformations of the

three methoxy groups with respect to the benzene ring are

slightly different. Two methoxy groups are almost coplanar

with the attached benzene ring [C—O—C—C torsion angles

of �1.45 (19) and 1.5 (2)�], while the third is (�)-synclinal

with the attached benzene ring [C—O—C—C =�81.36 (17)�].
In the crystal structure, molecules are stacked into columns

along the b axis and molecules in adjacent columns are linked

by N—H� � �O hydrogen bonds into V-shaped double columns.

Weak �–� interactions are also observed, with a centroid-

centroid distance of 3.7532 (8) Å.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen

bond motifs, see: Bernstein et al. (1995). For related structures,

see: Chantrapromma et al. (2009, 2010); Suwunwong et al.

(2009). For background to and applications of chalcones, see:

Batovska et al. (2007); Jung et al. (2008); Kim et al. (2010);

Nielsen et al. (2004); Niu et al. (2006); Romagnoli et al. (2008);

Tewtrakul et al. (2003); Won et al. (2005); Xia et al. (2000).

Experimental

Crystal data

C18H19NO4

Mr = 313.34
Monoclinic, C2=c
a = 13.6117 (2) Å
b = 10.3540 (2) Å
c = 22.3920 (4) Å
� = 100.879 (1)�

V = 3099.11 (9) Å3

Z = 8
Mo K� radiation
� = 0.10 mm�1

T = 100 K
0.38 � 0.32 � 0.10 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.965, Tmax = 0.991

19818 measured reflections
4506 independent reflections
3581 reflections with I > 2�(I)
Rint = 0.029

Refinement

R[F 2 > 2�(F 2)] = 0.051
wR(F 2) = 0.131
S = 1.05
4506 reflections
219 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.43 e Å�3

��min = �0.23 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N1—H1N1� � �O1i 0.86 (2) 2.12 (2) 2.9692 (16) 170.4 (17)
N1—H2N1� � �O1ii 0.88 (2) 2.21 (2) 3.0176 (17) 153.4 (19)

Symmetry codes: (i) x � 1
2; y þ 1

2; z; (ii) �x þ 1
2; y þ 1

2;�z þ 3
2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.001 Å;

R factor = 0.041; wR factor = 0.124; data-to-parameter ratio = 31.4.

In the title compound, C17H16O3, the carbonyl group is in an s-

cis configuration with respect to the olefinic double bond. The

dihedral angle between the two benzene rings is 2.85 (3)�. The
prop-2-en-1-one bridge makes dihedral angles of 4.77 (4) and

4.15 (4)�, respectively, with the 2-hydroxyphenyl and 4-

ethoxyphenyl rings. The ethoxy group is coplanar with the

attached phenyl ring [Car—O—C—C = 179.72 (5)�]. An

intramolecular O—H� � �O hydrogen bond generates an S(6)

ring motif. In the crystal structure, molecules are stacked in an

antiparallel manner to form columns along the b axis. The

columnar structure is stabilized by C—H� � �� interactions

involving the 2-hydroxyphenyl ring.

Related literature

For background on the applications of chalcones, see: Jun et al.

(2007); Nowakowska (2007); Patil & Dharmaprakash (2008);

Saydam et al. (2003); Svetlichny et al. (2007); Tewtrakul et al.

(2003). For bond-length data, see: Allen et al. (1987). For

hydrogen-bond motifs, see: Bernstein et al. (1995). For related

structures, see: Fun et al. (2008); Patil et al. (2007). For the

stability of the temperature controller used in the data

collection, see: Cosier & Glazer (1986).

Experimental

Crystal data

C17H16O3

Mr = 268.30
Triclinic, P1
a = 6.8305 (2) Å
b = 6.8790 (2) Å
c = 14.8188 (3) Å
� = 88.533 (1)�

� = 80.380 (1)�

� = 77.469 (1)�

V = 670.11 (3) Å3

Z = 2
Mo K� radiation
� = 0.09 mm�1

T = 100 K
0.60 � 0.38 � 0.36 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.948, Tmax = 0.969

24772 measured reflections
5849 independent reflections
5179 reflections with I > 2�(I)
Rint = 0.020

Refinement

R[F 2 > 2�(F 2)] = 0.041
wR(F 2) = 0.124
S = 1.04
5848 reflections
186 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.39 e Å�3

��min = �0.44 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg1 is the centroid of the C1–C6 ring.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O2—H1O2� � �O1 0.93 (2) 1.66 (2) 2.5113 (7) 151 (1)
C16—H16A� � �Cg1i 0.97 2.70 3.5762 (7) 151
C16—H16B� � �Cg1ii 0.97 2.66 3.5339 (7) 151

Symmetry codes: (i) �x þ 2;�y þ 1;�z; (ii) �x þ 2;�y þ 2;�z.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: CI5143).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.002 Å;

R factor = 0.041; wR factor = 0.113; data-to-parameter ratio = 15.5.

In the title heteroaryl chalcone derivative, C16H16O5, the

dihedral angle between the furan and benzene rings is

14.45 (6)�. The three methoxy groups are almost coplanar

with their attached benzene ring [C—C—O—C torsion angles

= 2.07 (17), �5.04 (17) and 2.85 (16)�]. An intramolecular C—

H� � �O hydrogen bond occurs. In the crystal, adjacent

molecules are linked into X-shaped chains along the c axis

by weak C—H� � �O(enone) interactions. These chains are

stacked along the b axis. C� � �O [3.3308 (13)–3.4123 (14) Å]

short contacts are also observed.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen-

bond motifs, see: Bernstein et al. (1995). For related structures,

see: Chantrapromma et al. (2009); Suwunwong et al. (2009. For

background to and applications of chalcones and heteroaryl

chalcones, see: Gaber et al. (2008); Go et al. (2005); Jung et al.

(2008); Ng et al. (2009); Ni et al. (2004); Nowakowska (2007);

Patil & Dharmaprakash (2008) and Tewtrakul et al. (2003). For

the stability of the temperature controller used in the data

collection, see Cosier & Glazer, (1986).

Experimental

Crystal data

C16H16O5

Mr = 288.29
Monoclinic, C2=c
a = 38.5688 (5) Å
b = 3.93493 (5) Å
c = 18.2638 (3) Å
� = 103.901 (1)�

V = 2690.68 (6) Å3

Z = 8
Mo K� radiation
� = 0.11 mm�1

T = 100 K
0.41 � 0.15 � 0.09 mm

Data collection

Bruker APEXII CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.957, Tmax = 0.990

20657 measured reflections
3941 independent reflections
3077 reflections with I > 2�(I)
Rint = 0.038

Refinement

R[F 2 > 2�(F 2)] = 0.041
wR(F 2) = 0.113
S = 1.06
3941 reflections

254 parameters
All H-atom parameters refined
��max = 0.35 e Å�3

��min = �0.24 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C1—H1� � �O2i 0.956 (15) 2.496 (15) 3.3512 (14) 148.9 (13)
C6—H6� � �O5 0.965 (15) 2.260 (14) 2.8197 (15) 116.0 (11)
C14—H14A� � �O4ii 0.975 (15) 2.589 (16) 3.4462 (14) 146.7 (11)
C15—H15A� � �O1iii 0.989 (16) 2.546 (16) 3.4293 (18) 148.6 (12)
C16—H16A� � �O1iii 0.982 (16) 2.575 (16) 3.4120 (16) 143.0 (12)

Symmetry codes: (i) �x þ 1
2;�y þ 1

2;�z þ 2; (ii) �x;�y;�z þ 1; (iii) x;�y; z � 1
2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Universiti Sains Malaysia for the Research University Golden
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.002 Å;

R factor = 0.048; wR factor = 0.132; data-to-parameter ratio = 15.7.

The title chalcone derivative, C14H12N2O, consists of 4-

aminophenyl and pyridine rings bridged by a prop-2-en-1-

one unit and exists in a trans configuration with respect to the

C C double bond. The molecule is slightly twisted with a

dihedral angle of 29.38 (7)� between the benzene and pyridine

rings. The prop-2-en-1-one bridge is nearly planar with an

r.m.s. deviation of 0.0384 (1) Å and makes dihedral angles of

15.40 (9) and 16.30 (9)�, respectively, with the benzene and

pyridine rings. In the crystal, molecules are linked by N—

H� � �N and N—H� � �O hydrogen bonds into a layer parallel to

the ab plane. A �–� interaction with a centroid–centroid

distance of 3.6946 (10) Å is also observed.

Related literature

For bond-length data, see: Allen et al. (1987). For a related

structure, see: Horkaew et al. (2010). For background to and

applications of chalcones, see: Gaber et al. (2008); Ávila et al.

(2008); Mei et al. (2001); Ohad et al. (2004); Patil et al. (2007);

Svetlichny et al. (2007); Tewtrakul et al. (2003); Wu et al.

(2006); Xu et al. (2005). For the stability of the temperature

controller used in the data collection, see Cosier & Glazer

(1986).

Experimental

Crystal data

C14H12N2O
Mr = 224.26
Orthorhombic, Pbca
a = 12.0046 (12) Å
b = 7.9329 (9) Å
c = 22.925 (3) Å

V = 2183.2 (4) Å3

Z = 8
Mo K� radiation
� = 0.09 mm�1

T = 100 K
0.52 � 0.32 � 0.18 mm

Data collection

Bruker APEX DUO CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tmin = 0.956, Tmax = 0.985

12726 measured reflections
3177 independent reflections
2433 reflections with I > 2�(I)
Rint = 0.043

Refinement

R[F 2 > 2�(F 2)] = 0.048
wR(F 2) = 0.132
S = 1.03
3177 reflections

202 parameters
All H-atom parameters refined
��max = 0.37 e Å�3

��min = �0.18 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N1—H1N1� � �O1i 0.88 (2) 2.13 (2) 2.9920 (16) 170 (2)
N1—H2N1� � �N2ii 0.93 (2) 2.26 (2) 3.1471 (17) 161.7 (19)

Symmetry codes: (i) �x þ 2; y � 1
2;�z þ 3

2; (ii) �x þ 1; y � 1
2;�z þ 3

2.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT

(Bruker, 2009); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.004 Å;

R factor = 0.057; wR factor = 0.119; data-to-parameter ratio = 9.8.

The molecule of the title chalcone derivative, C19H15NO,

exists in a trans configuration with respect to the C C double

bond. The molecule is slightly twisted with a dihedral angle of

6.12 (12)� between the benzene ring and the naphthalene ring

system. The prop-2-en-1-one bridge is nearly planar, with an

r.m.s. deviation of 0.0194 (2), and makes dihedral angles of

8.05 (19) and 11.47 (18)� with the benzene ring and the

naphthalene ring system, respectively. In the crystal, mol-

ecules are linked by N—H� � �O hydrogen bonds into chains

along the b axis. Weak N—H� � �� and C—H� � �� interactions

and a short N� � �O contact [2.974 (4) Å] are also observed.

Related literature

For bond-length data, see: Allen et al. (1987). For related

structures, see: Fun et al. (2008); Horkaew et al. (2010). For

background to and applications of chalcones, see: Bandgar &

Gawande (2010); Cheng et al. (2008); Gaber et al. (2008);

Nerya et al. (2004); Nowakowska et al. (2008); Patil et al.

(2007); Svetlichny et al. (2007); Tewtrakul et al. (2003); Xu et

al. (2005). For the stability of the temperature controller used

in the data collection, see Cosier & Glazer, (1986).

Experimental

Crystal data

C19H15NO
Mr = 273.32
Orthorhombic, P212121
a = 5.7422 (6) Å
b = 9.8022 (10) Å
c = 25.504 (3) Å

V = 1435.5 (3) Å3

Z = 4
Mo K� radiation
� = 0.08 mm�1

T = 100 K
0.32 � 0.28 � 0.07 mm

Data collection

Bruker APEX DUO CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tmin = 0.976, Tmax = 0.994

8109 measured reflections
1940 independent reflections
1633 reflections with I > 2�(I)
Rint = 0.042

Refinement

R[F 2 > 2�(F 2)] = 0.057
wR(F 2) = 0.119
S = 1.14
1940 reflections
198 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.29 e Å�3

��min = �0.24 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg1, Cg2 and Cg3 are the centroids of the C1–C6, C10–C12/C17–C19 and
C12–C17 rings, respectively.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N1—H1N1� � �O1i 0.90 (4) 2.12 (4) 2.974 (4) 159 (4)
N1—H2N1� � �Cg1ii 0.86 (4) 2.99 (4) 3.475 (3) 118 (3)
C5—H5A� � �Cg3iii 0.93 2.82 3.513 (3) 132
C11—H11A� � �Cg3iv 0.93 2.92 3.631 (3) 135
C13—H13A� � �Cg2iv 0.93 2.86 3.551 (3) 132
C16—H16A� � �Cg1iii 0.93 2.87 3.603 (4) 136

Symmetry codes: (i) �x þ 2; y þ 1
2;�z þ 3

2; (ii) x þ 3
2;�y þ 1

2;�z þ 1; (iii)
�x � 1; y þ 3

2;�z þ 5
2; (iv) �x; y þ 1

2;�z þ 5
2.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT

(Bruker, 2009); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.003 Å;

R factor = 0.043; wR factor = 0.120; data-to-parameter ratio = 10.9.

The title xanthone known as pruniflorone M (systematic

name: (2R)-5,10-dihydroxy-2-hydroxymethyl-1,1-dimethyl-

1H-furo[2,3-c]xanthen-6-one), crystallized in a monohydrate

form, C18H16O6�H2O. It was isolated from the green fruits of

Cratoxylum formosum ssp. pruniflorum. The structure of the

title compound has been reported previously [Boonnak et al.

(2010). Aust. J. Chem. 63, 1550–1556], but we report here the

absolute configuration determined using Cu K� radiation.

There are two crystallograpically independent molecules in

the asymmetric unit, which differ slightly in the bond angles.

The hydroxymethyl substituents at position 2 of the furan

rings of both pruniflorone M molecules adopt R configura-

tions. In both molecules, the three rings of the xanthone

skeleton are approximately coplanar, with an r.m.s. deviation

of 0.0124 (2) Å for one molecule and 0.0289 (2) Å for the

other, and the furan ring adopts an envelope conformation. In

the crystal, molecules of pruniflorone M and water are linked

into a two-dimensional network by O—H� � �O hydrogen

bonds and weak C—H� � �O interactions. The crystal structure

is further consolidated by �–� interactions with centroid–

centroid distances in the range 3.5987 (13)–3.7498 (14) Å.

Short C� � �C [3.378 (3) Å] and O� � �O [2.918 (3) Å] contacts

are also observed.

Related literature

For details of hydrogen-bond motifs, see: Bernstein et al.

(1995) and for ring conformations, see: Cremer & Pople

(1975). For bond-length data, see: Allen et al. (1987). For

background to xanthones and their biological activity, see:

Boonnak, Karalai et al. (2007); Boonnak et al. (2009, 2010);

Hay et al. (2008); Marques et al. (2000); Molinar-Toribio et al.

(2006); Phongpaichit et al. (1994); Yu et al. (2007). For related

structures, see: Boonnak et al. (2006); Boonnak, Fun et al.

(2007). For the stability of the temperature controller used in

the data collection, see Cosier & Glazer (1986).

Experimental

Crystal data

C18H16O6�H2O
Mr = 346.32
Orthorhombic, P212121
a = 9.8887 (3) Å
b = 15.6028 (4) Å
c = 20.4857 (5) Å

V = 3160.77 (15) Å3

Z = 8
Cu K� radiation
� = 0.95 mm�1

T = 100 K
0.54 � 0.17 � 0.10 mm

Data collection

Bruker APEX DUO CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tmin = 0.627, Tmax = 0.913

13449 measured reflections
4981 independent reflections
4753 reflections with I > 2�(I)
Rint = 0.021

Refinement

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.120
S = 1.02
4981 reflections
456 parameters
H-atom parameters constrained

��max = 0.56 e Å�3

��min = �0.23 e Å�3

Absolute structure: Flack (1983),
2102 Friedel pairs

Flack parameter: 0.06 (19)

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O3A—H3OA� � �O2A 0.98 1.62 2.530 (3) 152
O4A—H4OA� � �O1WA 0.92 1.75 2.672 (3) 175
O6A—H6OA� � �O4Bi 0.82 2.12 2.918 (3) 165
O3B—H3OB� � �O2B 1.06 1.57 2.529 (3) 148
O4B—H4OB� � �O1WB 1.02 1.62 2.639 (3) 175
O6B—H6OB� � �O4Aii 0.82 2.25 3.059 (4) 167
O1WA—H1WA� � �O3Aiii 0.83 2.06 2.889 (3) 173
O1WA—H2WA� � �O6B 0.92 1.84 2.737 (5) 165
O1WB—H1WB� � �O6A 0.89 1.86 2.691 (3) 153
O1WB—H2WB� � �O3Biv 0.82 2.06 2.868 (3) 164
C16B—H16C� � �O2Bv 0.96 2.46 3.389 (3) 163

Symmetry codes: (i) x � 1
2;�y þ 3

2;�z þ 1; (ii) x þ 1
2;�y þ 1

2;�z þ 1; (iii)
�x þ 1; y � 1

2;�z þ 3
2; (iv) �x þ 1; y þ 1

2;�z þ 1
2; (v) �x þ 3

2;�y þ 1; z þ 1
2.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT

(Bruker, 2009); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Influence of trimethoxy-substituted positions on fluorescence
of heteroaryl chalcone derivatives
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Three series of heteroaryl chalcones, (E )-1-(2-pyridyl)-3-(X)prop-2-en-1-one (Ia–Ic), (E )-1-(2-
thienyl)-3-(X)prop-2-en-1-one (IIa–IIc), and (E )-1-(2-furyl)-3-(X)prop-2-en-1-one (IIIa–IIIc), where
X = 2,4,5-trimethoxyphenyl (for series a), X = 2,4,6-trimethoxyphenyl (for series b), and X =
3,4,5-trimethoxyphenyl (for series c) were synthesised using basic catalysed aldol condensation and
characterised using 1H NMR and FT-IR spectroscopies. Compound IIa was also characterised by
single crystal X-ray analysis. The absorption and fluorescence emission spectra of these compounds
revealed that the absorption and fluorescence depended on the heterocycle rings and trimethoxy-
substituted phenyl rings linked to the enone system. The position of methoxy groups substantially
affected the fluorescent properties. Compounds Ia–IIIa containing the 2,4,5-trimethoxyphenyl moi-
ety exhibited the red-shift phenomenon and strong emission fluorescence.
c© 2011 Institute of Chemistry, Slovak Academy of Sciences

Keywords: heteroaryl chalcones, fluorescence, aldol condensation, X-ray crystallography, trimethoxyphenyl

Introduction

Chalcones (1,3-diphenyl-2-propen-1-one derivati-
ves) (Schlangen et al., 2009; Sivakumar et al., 2009;
Sun & Cui, 2008) were synthesised using the base-
catalysed Claisen–Schmidt condensation reaction or
the aldol condensation reaction (Navarini et al., 2009).
They have many applications, involving biological ac-
tivities such as antibacterial (Nielsen et al., 2004), an-
tifungal (Batovska et al., 2007; López et al., 2001),
anti-inflammatory (Won et al., 2005), and anti-tumour
(Romagnoli et al., 2008) properties, as well as non-
linear optical (NLO) (Crasta et al., 2004) and elec-
troactive fluorescent properties (Jung et al., 2008).
Chalcones with the latter properties were used as flu-
orescent dyes (Jung et al., 2008), light-emitting diodes
(LEDs) (Fayed & Awad, 2004), fluorescent probes
(Xu et al., 2005), and fluorescent sensors (Niu et al.,
2006). The previous studies revealed that the hetero-
cyclic part in the fluorophore consistently increased

the fluorescent property of the compounds and there
have been many reports on their fluorescent properties
(Knyazhansky et al., 1998; Sun et al., 2005). Our study
was focused on the influence of the different positions
of substituents on some heteroaryl chalcones, specifi-
cally pyridyl, thienyl, and furyl chalcones. In addition,
it has been found that electron-donating substituted
groups in the π-conjugate system can enhance the flu-
orescent properties of heteroaryl chalcones (Musil et
al., 2007). It is known that the OCH3 functional group
is mostly found in natural products and that these
compounds exhibited interesting applications not only
as far as their bioactivities (Salem &Werbovetz, 2005;
Sivakumar et al., 2010; Zangade et al., 2010) but also
where their fluorescent properties (Hirano et al., 2004;
Maiti et al., 1999) are concerned. Numerous applica-
tions of fluorescent materials and the fluorescence ca-
pability of the above compounds led us to synthesise
nine small molecules of heteroaryl chalcones (Ia–Ic,
IIa–IIc, and IIIa–IIIc) containing trimethoxyphenyl

*Corresponding author, e-mail: suchada.c@psu.ac.th
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Fig. 1. Synthesis of heteroaryl chalcones I–III.

moiety located in various positions of the benzene
rings (Fig. 1) with both potential bioactivity and flu-
orescent properties. Attempts have been made to syn-
thesise and elucidate the effects of structure and the
positions substituted on the absorption and fluores-
cence properties of this class of compounds.

Experimental

Ethanol, acetone, and chloroform were purchased
fromMerck Ltd. (Thailand) and were used as received.
Sodium hydroxide was purchased from Lab-Scan An-
alytical Sciences, Lab-Scan Asia. Co. (Thailand).
2-Acetylpyridine, 2-acethylthiophene, 2-acetylfuran,
and all trimethoxybenzaldehydes were obtained from
Fluka (Sigma–Aldrich Chemical Co., Thailand) and
were used without purification. IR spectra (KBr pel-
lets) were recorded in the range of 4000–400 cm−1

using a Perkin–Elmer FT-IR System Spectrum BX
spectrophotometer. 1H NMR spectra (300 MHz) were
recorded on a Bruker Ultra ShieldTM, using CDCl3 as
solvent and tetramethylsilane as the internal standard.
UV-VIS spectra were recorded on a SPECORD S100
(Analytik Jena AG, Germany). Fluorescence emission
spectra were recorded on a Perkin–Elmer LS 55 lumi-
nescence spectrometer at the ambient temperature.

Synthesis of pyridyl chalcones (Ia–Ic), thienyl
chalcones (IIa–IIc), and furyl chalcones (IIIa–
IIIc)

A mixture of ethanol (10 mL), 2-acetylpyridine
(0.20 mL, 2 mmol), the solution of the respec-
tive trimethoxybenzaldehyde (2,4,5-trimethoxyphenyl
for Ia, 2,4,6-trimethoxyphenyl for Ib, and 3,4,5-
trimethoxyphenyl for Ic) (0.40 g, 2 mmol) in ethanol
(20 mL), and 30 % aqueous NaOH (5 mL) was stirred
in an ice bath at 5◦C for about 4 h. The resulting
solid was collected by filtration, washed with distilled
water and dried to give an amorphous yellow-coloured
solid. This solid was dissolved in 80 mL of hot acetone.
The hot solution was filtered and allowed to cool to
room temperature. The yellow-coloured microcrystals
were collected by filtration. A second recrystallisation
from hot acetone gave 0.37 g (1.20 mmol, 61 %) of Ia,
0.42 g (1.40 mmol, 70 %) of Ib, and 0.40 g (1.32 mmol,
66 %) of Ic. Pyridyl chalcones (Ia–Ic) were kept under
N2 atmosphere in order to prevent their oxidation.
Thienyl chalcones (IIa–IIc) were synthesised in a

similar manner, using a mixture of ethanol (10 mL),

2-acetylthiophene (0.35 mL, 2 mmol), a solution
of the respective trimethoxybenzaldehyde (2,4,5-tri-
methoxyphenyl for IIa, 2,4,6-trimethoxyphenyl for IIb,
and 3,4,5-trimethoxyphenyl for IIc) (0.40 g, 2 mmol)
in ethanol (20 mL), and 30 % aqueous NaOH (5 mL)
at 5◦C for about 3 h. A second recrystallisation from
hot acetone gave 0.45 g (1.48 mmol, 74 %) of IIa, 0.54
g (1.77 mmol, 89 %) of IIb, and 0.44 g (1.44 mmol, 72
%) of IIc.
Analogously, furyl chalcones (IIIa–IIIc) were pre-

pared from ethanol (15 mL), 2-acetylfuran (0.22 g,
2 mmol), a solution of the respective trimethoxyben-
zaldehyde (2,4,5-trimethoxyphenyl for the synthesis
of IIIa, 2,4,6-trimethoxyphenyl for IIIb, and 3,4,5-
trimethoxyphenyl for IIIc) (0.40 g, 2 mmol) in ethanol
(15 mL), and 20 % aqueous NaOH (5 mL). The mix-
ture was allowed to react at 5◦C for about 5 h. A
second recrystallisation from hot acetone gave 0.37 g
(1.27 mmol, 64 %) of IIIa, 0.44 g (1.51 mmol, 76 %)
of IIIb, and 0.44 g (1.51 mmol, 76 %) of IIIc.

Results and discussion

The heteroaryl chalcones were synthesised in high
yields (more than 60 %) by aldol condensation
(Fig. 1). The reaction time and the substituent R
(pyridyl, thienyl, and furyl) in the starting methyl ke-
tone play important roles in the product formation.
The yields and some physico-chemical properties of
all nine heteroaryl chalcones (photochemically stable
compounds) are given in Table 1.
The IR spectra of compounds I–III revealed the

stretching vibrations of aromatic C—H bonds at
about 3100–3000 cm−1 and C—H bonds of OCH3 at
∼ 2900 cm−1. The strong peak of stretching vibrations
of C——O bonds was observed at 1700–1600 cm−1 and
stretching vibrations of aromatic C——C bonds were
observed at 1515–1610 cm−1 (Table 2). In the 1H
NMR spectra, two signals of trans-arranged hydro-
gen atoms at δ 7.32–8.42 with coupling constant J
= 15.6–15.9 Hz, were observed. The spectra of 2,4,5-
trimethoxyphenyl derivatives showed three singlet sig-
nals of three OCH3 in ortho, para, and meta positions
at δ 3.95–3.91. As for 2,4,6-trimethoxyphenyl deriva-
tives, the spectra showed singlet peak of two equiva-
lent OCH3 in ortho positions at δ 3.94–3.91 and one
peak of OCH3 in para position at δ 3.88–3.86. Finally,
the spectra of 3,4,5-trimethoxyphenyl derivatives ex-
hibited singlet peak of two equivalent OCH3 in meta
positions at δ 3.92–3.91 and one peak of OCH3 in para
position at δ 3.95–3.93 (Table 2).
The UV-VIS spectra of the heteroaryl chalcones

exhibit characteristic K and R bands. The absorbance
bands in the UV region of 200–300 nm are consid-
ered to be the allowed π→π* transitions of the aro-
matic system and the forbidden n→π* transitions of
carbonyl and heterocyclic part (K band) and another
band in the region of 300–470 nm is the allowed π→π*
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Table 1. Characteristics of the compounds prepareda

Yield M.p.
Compound R R′ Appearance

% ◦C

Ia 2,4,5-OCH3 61 155–156 Yellow
Ib 2-Pyridyl 2,4,6-OCH3 70 119–120 Pale yellow
Ic 3,4,5-OCH3 66 161–162 Pale yellow

IIa 2,4,5-OCH3 74 128–129 Yellow
IIb 2-Thienyl 2,4,6-OCH3 89 108–109 Pale yellow
IIc 3,4,5-OCH3 72 147–148 Pale yellow

IIIa 2,4,5-OCH3 64 83–84 Yellow
IIIb 2-Furyl 2,4,6-OCH3 76 117–118 Pale yellow
IIIc 3,4,5-OCH3 76 117–118 Pale yellow

a) Apart from Ia, all the compounds have already been described in the literature. For Ib, see Cordaro et al. (2002), Suzuki et
al. (1995a, 1995b); for Ic, see Prasad et al. (2007a, 2008); for IIa, see Fun et al. (2008); for IIb, see Lavrushin et al. (1961, 1962),
Tsukerman et al. (1967, 1969); for IIc, see Dudeja et al. (1993), Katiyar et al. (1974), Lawrence et al. (2000), Roman (2004), Prasad
et al. (2007b), Lin et al. (2007), Lin and Chuang (2007), Suwunwong et al. (2009), Ramesh et al. (2009a, 2009b, 2010), Dulawat et
al. (2010), Ramesh and Rao (2010); for IIIa, see Nepali et al. (2011); for IIIb, see Fun et al. (2010a), Werts et al. (2005); for IIIc,
see Fun et al. (2010b), Nepali et al. (2011), Singhal and Mishra (1985), Singhal and Misra (1986).

Table 2. Spectral characterisation of heteroaryl chalcones I–III

Compound Spectral dataa

Ia IR, ν̃/cm−1: 3081 (m, CHar), 2937–2960 (s, CH3), 1638 (s, C——O), 1576–1591 (s, C——C), 1272–1317 (s, C—N),
1194–1208 (s, C—O)
1H NMR (CDCl3), δ: 8.76 (dd, 1H, J = 0.6 Hz, J = 4.8 Hz, Hpyr), 8.26 (d, 1H, J = 15.9 Hz, Htrans), 8.14 (dd, 1H,
J = 0.9 Hz, J = 6.6 Hz, Hpyr), 8.11 (d, 1H, J = 15.9 Hz, Htrans), 7.92 (dt, 1H, J = 1.8 Hz, J = 7.8 Hz, Hpyr), 7.54
(dt, 2H, J = 0.9 Hz, J = 4.8 Hz, Hpyr), 7.28–6.59 (s, 2H, Har), 3.95–3.91 (s, 9H, OCH3)

Ib IR, ν̃/cm−1: 2972 (m, CHar), 1669 (s, C——O), 1576 (s, C——C), 1200 (s, C—N), 1123 (s, C—O), 810 (w, C—H)
1H NMR (CDCl3), δ: 8.73 (d, 1H, J = 4.5 Hz, Hpyr), 8.42–8.31 (d, 2H, J = 16.2 Hz, Htrans), 8.10 (d, 1H, J = 7.8
Hz, Hpyr), 7.89–7.49 (dt, 2H, J = 1.5 Hz, J = 7.8 Hz, Hpyr), 6.18 (s, 2H, Har), 3.95–3.88 (9H, s, OCH3)

Ic IR, ν̃/cm−1: 2998–2976 (m, CHar), 2943 (s, CH3), 1668 (s, C——O), 1610–1579 (s, C——C), 1322–1290 (s, C—N), 1125
(s, C—O)
1H NMR (CDCl3), δ: 8.76 (dd, 1H, J = 0.9 Hz, J = 4.8 Hz, Hpyr), 8.20 (dd, 1H, J = 0.9 Hz, J = 6.9 Hz, Hpyr),
8.18 (d, 1H, J = 15.9 Hz, Htrans), 7.90 (dt, 1H, J = 1.8 Hz, J = 7.5 Hz, Hpyr), 7.88 (d, 1H, J = 15.9 Hz, Htrans),
7.50 (dt, 1H, J = 0.9 Hz, J = 4.8 Hz, Hpyr), 6.96 (s, 2H, Har), 3.94–3.91 (9H, s, OCH3)

IIa IR, ν̃/cm−1: 3107 (m, CHar), 2932 (s, CH3) 1638–1611 (s, C——O), 1583–1509 (s, C——C), 1206 (s, C—O)
1H NMR (CDCl3), δ: 8.12 (d, 1H, J = 15.6 Hz, Htrans), 7.86 (dd, 1H, J = 0.9 Hz, J = 3.9 Hz, Hth), 7.65 (dd, 1H,
J = 0.9 Hz, J = 4.8 Hz, Hth), 7.39 (d, 1H, J = 15.6 Hz, Htrans), 7.17 (t, 1H, J = 3.9 Hz, Hth), 7.12–6.53 (2H, s,
Har), 3.95–3.91 (9H, s, OCH3)

IIb IR, ν̃/cm−1: 2937 (m, CHar), 1638 (s, C——O), 1610–1570 (s, C——C), 1204 (s, C—O), 1124 (s, C—S)
1H NMR (CDCl3), δ: 8.28 (d, 1H, J = 15.6, Htrans), 7.81 (d, 1H, J = 5.1 Hz, Hth), 7.79 (d, 1H, J = 15.6, Htrans),
7.60 (d, 1H, J = 5.1 Hz, Hth), 7.15 (t, 1H, J = 5.1 Hz, Hth), 6.14 (s, 2H, Har), 3.92–3.86 (9H, s, OCH3).

IIc IR, ν̃/cm−1: 3086–2975 (m, CHar), 2943 (s, CH3), 1646 (s, C——O), 1598–1579 (s, C——C), 1125 (s, C—O), 1004–979
(s, C—H)
1H NMR (CDCl3), δ: 7.90 (dd, 1H, J = 0.9 Hz, J = 3.9 Hz, Hth), 7.79 (d, 1H, J = 15.6 Hz, Htrans), 7.70 (dd, 1H,
J = 0.9 Hz, J = 3.9 Hz, Hth), 7.32 (d, 1H, J = 15.6 Hz, Htrans), 7.21 (t, 1H, J = 3.9 Hz, Hth), 6.88 (s, 2H, Har),
3.95–3.92 (9H, s, OCH3)

IIIa IR, ν̃/cm−1: 3404 (m, CHar), 2985 (s, CH3), 1642 (s, C——O), 1585–1515 (s, C——C), 1217 (s, C—O), 1040–1026 (s,
C—H)
1H NMR (CDCl3), δ: 8.19 (d, 1H, J = 15.6 Hz, Htrans), 7.64 (d, 1H, J = 3.9 Hz, Hfur), 7.39 (d, 1H, J = 15.6 Hz,
Htrans), 7.30 (d, 1H, J = 3.9 Hz, Hfur), 7.14–6.53 (s, 2H, Har), 6.58 (t, 1H, J = 3.9 Hz, Hfur), 3.95–3.92 (s, 9H,
OCH3)

IIIb IR, ν̃/cm−1: 3001–2977 (m, CHar), 2946 (s, CH3), 1654 (s, C——O), 1582 (s, C——C), 1123 (s, C—O), 1064–1011 (s,
C—H)
1H NMR (CDCl3), δ: 8.24 (d, 1H, J = 15.6 Hz, Htrans), 7.74 (d, 1H, J = 15.9 Hz, Htrans), 7.67 (d, 1H, J = 3.9 Hz,
Hfur), 7.25 (d, 1H, J = 3.9 Hz, Hfur), 6.60 (t, 1H, J = 1.8Hz, Hfur), 6.17 (s, 2H, Har), 3.94–3.88 (s, 9H, OCH3)

IIIc IR, ν̃/cm−1: 3001–2977 (m, CHar), 2946 (s, CH3), 1654 (s, C——O), 1582 (s, C——C), 1123 (s, C—O), 1064–1011 (s,
C—H)
1H NMR (CDCl3), δ: 8.24 (d, 1H, J = 15.6 Hz, Htrans), 7.74 (d, 1H, J = 15.9 Hz, Htrans), 7.67 (d, 1H, J = 3.9 Hz,
Hfur), 7.25 (d, 1H, J = 3.9 Hz, Hfur), 6.60 (t, 1H, J = 1.8Hz, Hfur), 6.17 (s, 2H, Har), 3.94–3.88 (s, 9H, OCH3)

a) The IR bands are denoted as m – medium; s – strong; aromatic moieties are denoted as ar – aryl, fur – furyl, th – thienyl.
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Table 3. Absorption maxima (λmax) and molar absorptivity (ε) of chalcones I–III (5 µM in chloroform)

K band R band
Compound

λmax/nm ε/(m2 mol−1) λmax/nm ε/(m2 mol−1)

Ia 276 5.8508 403 2.4828
Ib 248 1.3540 372 1.2800

263 1.3520
Ic 248 1.9600 355 2.3420
IIa 273 3.8800 395 2.3600
IIb 267 1.4320 368 0.6580
IIc 264 1.1240 350 1.5960
IIIa 245 0.6096 396 0.7984

312 0.5740
IIIb 260 1.6900 365 1.5343
IIIc 244 1.7000 352 1.3020
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Fig. 2. UV-VIS absorption spectra of heteroaryl chalcones I–
III (5 µM in chloroform): Ia (1), IIa (2), Ic (3), IIIc
(4), IIIb (5), Ib (6), IIb (7), IIc (8), IIIa (9).

transition (R band) with intra-molecular charge trans-
fer (ICT) to the enone system (Zhang et al., 2008;
Gaber et al., 2008) as shown in Fig. 2. The molar
absorptivity (ε) given in Table 3 was used to com-
pare the spectra of different compounds because it was
used to consider an intrinsic property of species (Per-
cino et al., 2011). It was found that the K band of
compound Ia displayed a hyperchromic shift. More-
over, the strongest absorbance of the ICT band (R
band) was also observed in Ia. The absorption maxima
(λmax) of the ICT band of pyridyl chalcones (Ia–Ic)
present small red-shift phenomena around 4–10 nm
when compared with those of thienyl (IIa–IIc) and
furyl chalcones (IIIa–IIIc) (Table 3, Fig. 2). These are
attributed to the capacity of the pyridine moiety to be
more aromatic than that of furan and thiophene. Het-
eroaryl chalcones Ia–IIIa with 2,4,5-trimethoxyphenyl
chromophore (OCH3 groups located in ortho, meta,
and para positions) exhibit λmax of the ICT transition
which is shifted to the longer wavelength (red-shift) by
ca 30 nm when compared with those containing 2,4,6-
trimethoxyphenyl (OCH3 groups located in ortho, or-
tho, and para positions) and by ca 50 nm when com-
pared with those containing 3,4,5-trimethoxyphenyl

Table 4. Fluorescence spectral data (excitation (λex), absorp-
tion (λabs), and emission (λem) maxima, fluorescent
quantum yield (ΦF))a,b and Stokes shift of heteroaryl
chalcones I–III (5 µM in chloroform)

Compound λex/nm λabs/nm λem/nm ΦF Stokes shift/nm

Ia 401 403 530 0.18 127
Ib 350 372 453 < 0.01 81
Ic 377 355 502 0.05 147
IIa 394 395 504 0.28 109
IIb 354 368 433 < 0.01 65
IIc 374 350 485 0.06 135
IIIa 394 396 501 0.20 105
IIIb 352 365 431 < 0.01 66
IIIc 372 352 481 0.08 129

a) The emission wavelength was set at 485 nm for excitation
spectra study and the excitation wavelength was set at 380 nm
for emission spectra study; b) coumarin 1 (in ethanol, ΦF =
0.73) was used as the standard for ΦF measurements.

(OCH3 groups located in meta, meta, and para po-
sitions), as shown in Table 3. These shifts can be in-
terpreted by the capability of electrons from the aux-
ochrome OCH3 group in the ortho and para positions
of the enone system to yield a more efficient resonance
effect than the electrons in the meta position. With
2,4,6-trimethoxyphenyl moiety, π-conjugated delocal-
isation was obstructed by the steric effect of two OCH3
groups in ortho positions.
The absorption spectra of the ICT band (Fig. 2) of

all heteroaryl chalcones exhibited λmax in the range of
300–470 nm. The maximum absorbance was observed
for compound Ia. As a consequence, the excitation
wavelengths were selected and set at 380 nm in or-
der to study their emission spectra. Fig. 3 presents
the fluorescence emission spectra of heteroaryl chal-
cones I–III in chloroform solution (5 µM). The max-
imum emission was observed for compound IIa. The
comparison of the emission of these compounds can
be interpreted as that the emission maximum wave-
length (λem) of pyridyl chalcones exhibits red-shift
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Fig. 3. Fluorescence emission spectra of heteroaryl chalcones (5 µM in chloroform) excited at 380 nm at room temperature:
compounds IIa (1), Ia (2), IIIa (3), IIc (4), IIIc (5), Ic (6) using slit width 4.5 (A) and compounds IIb (7), Ib (8), IIIb (9)
using slit width 10 (B).

around 15–30 nm when compared with that of thienyl
and furyl chalcones (Table 4). This corresponds to the
red-shift in absorption spectra caused by the pyri-
dine moiety with the most distinctive aromaticity.
However, the λem of thienyl and furyl chalcones hav-
ing the same R′ group are almost comparable. The
electron-donating methoxy groups in different posi-
tions also play an important role on the fluorescent
properties of these heteroaryl chalcones. Compounds
Ia–IIIa which contain the 2,4,5-trimethoxyphenyl moi-
ety exhibit strong fluorescence emissions in compari-
son with other compounds which have methoxy sub-
stituents in different positions. It can be seen that the
λem of Ia–IIIa were red-shifted by 70 nm and 20 nm as
compared with the λem of Ib–IIIb and Ic–IIIc, respec-
tively (Fig. 3, Table 4). The shifts were caused by the
electron-donating OCH3 in ortho and meta positions
which increased their fluorescence emission intensity
and λem. By contrast, heteroaryl chalcones containing
2,4,6-trimethoxyphenyl exhibited the lowest emission
intensity (in the decreasing order IIIb, Ib, IIb), and λem
which were caused by the steric effect of the two OCH3
groups in ortho position which decreased the elec-
tron delocalisation of heteroaryl chalcones. A previous
work (Fahrni et al., 2003) concludes that Stokes shift
is usually associated with the attached substituent
groups and it is enhanced in compounds with a strong
electron-donating group, as was also indicated in this
work. It was found that the compounds containing
3,4,5-trimethoxyphenyl (Ic–IIIc) showed the highest
Stokes shift values (Table 4). The fluorescent quan-
tum yields of heteroaryl chalcones I–III in chloroform
using coumarin 1 (ΦF = 0.73 in EtOH) as the stan-
dard sample are presented in Table 4. The following
equation was used to calculate the fluorescent quan-
tum yield (Φ) of each compound:

ΦX = ΦST

(
SX
SST

) (
AST
AX

) (
n2X
n2ST

)
(1)

where subscripts ST and X denote the standard and
test respectively, S is the integrated emission band
area, A is the absorbance at the excited wavelength
and n is the solvent refractive index (Rhys Williams et
al., 1983). It was found that thienyl chalcones showed
higher values of ΦF in comparison with those of furyl
and pyridyl chalcones (Table 4). However, the ΦF val-
ues of these trimethoxy-substituted heteroaryl chal-
cones are lower than those of the dimethylamino-
substituted heteroaryl chalcones (Gaber et al., 2008).
It is important to note that thiophene moiety is a bet-
ter electron-donor than furan and pyridine and it is
also a good fluorophore in the molecule, exhibiting flu-
orescence even in diluted solutions (Sun & Cui, 2009).
Clearly, compounds Ia–IIIa showed higher values of
ΦF compared with Ib–IIIb and Ic–IIIc.
The crystal structures of heteroaryl chalcones IIc

(Suwunwong et al., 2009), IIIb (Fun et al., 2010a),
and IIIc (Fun et al., 2010b) have already been re-
ported. Crystallographic data of IIa were collected us-
ing the Oxford CryosystemCobra low-temperature at-
tached to a Bruker Apex2 CCD diffractometer with a
graphite monochromated Mo Kα radiation at a detec-
tor distance of 5 cm using APEX2 software (Bruker
AXS, 2005). The data were reduced using the Bruker
SAINT program (Siemens AXS, 1998) and the empir-
ical absorption corrections were performed using the
SADABS program (Sheldrick, 2003). The structures
were solved by direct methods and refined by least-
squares using the Bruker SHELXTL software package
(Bruker AXS, 2001). All non-hydrogen atoms were re-
fined anisotropically. The hydroxyl H atoms were lo-
cated from the difference maps and were isotropically
refined. The remaining H atoms were placed in calcu-
lated positions C—H distances in the range of 0.93–
0.98 Å after examining their positions in the difference
map. The Uiso values were constrained as 1.5Ueq of
the carrier atoms for methyl H atoms and 1.2Ueq for
hydroxyl and the other remaining H atoms. The final
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Table 5. Crystallographic dataa and structure refinement for
compound IIa

Empirical formula C20H34O2
Formula mass 306.47
Temperature, T (K) 100(1)
Crystal system, space group Monoclinic, P21/c
a (Å) 7.4877(2)
b (Å) 7.9781(2)
c (Å) 24.3557(6)
α (◦) 90
β (◦) 96.838(2)
γ (◦) 90
Unit-cell volume, V (Å3) 1444.60(6)
Formula per unit cell, Z 4
Density, Dcalcd (g cm−3) 1.399
Absorption coefficient, µ (mm−1) 0.237
Crystal size (mm) 0.56 × 0.34 × 0.25
Reflections collected/unique 17551/4502
Final R indices R1 = 0.0677, wR2 = 0.1454

a) Standard deviations in parentheses.

Fig. 4. ORTEP plot of compound IIa.

refinement converged well. Materials for publication
were prepared using SHELXTL (Bruker AXS, 2001)
and PLATON (Spek, 2003) software. The molecular
structure of compound IIa is shown in Fig. 4. The ba-
sic crystallographic data are summarised in Table 5.
The molecule is slightly twisted and the thio-

phene ring is disordered over two positions. The di-
hedral angles between the thiophene rings, (S1/C10—
C13) and (S1X/C10/C11X—C13X), with the 2,4,5-
trimethoxyphenyl ring are 13.7(2)◦ and 10.0(17)◦, re-
spectively. The three methoxy groups have two differ-
ent conformations, two are co-planar (torsion angles
C14—O1—C2—C1 = −1.4(3)◦ and C15—O2—C3—
C4 = 2.8(3)◦) and one is slightly twisted (torsion angle
C16—O3—C5—C4 = −16.7(3)◦) with the attached
benzene ring.

Supplementary data

Crystallographic data for the structure reported
in this article have been deposited with the Cam-

bridge Crystallographic Data Centre, CCDC No.
739791. Copies of this information may be ob-
tained free of charge from The Director, CCDC,
12 Union Road, Cambridge CB2 1EZ, UK (fax:
0044-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk).

Conclusions

The series of heteroaryl chalcones containing three
methoxy groups (2,4,5-, 2,4,6-, and 3,4,5-trimethoxy
derivatives) were synthesised by the basic catalysed
aldol condensation. Their structures were determined
by IR and 1H NMR spectra. By way of representa-
tion, the crystal structure of compound IIa was de-
termined by X-ray diffraction analysis. The results re-
vealed that heterocyclic groups had a significant effect
on the intensities of the emission spectra. In this re-
spect, thienyl is a better fluorophore than the furyl
and pyridyl moieties. It was also found that 2,4,5-
trimethoxy derivatives exhibited the most intense flu-
orescence spectra in chloroform solution. Compounds
Ia, IIa, and IIIa showed intense fluorescence spectra
and emitted green-yellow light at 530 nm, 504 nm,
and 501 nm, respectively. Heteroaryl chalcones with
trimethoxyphenyl moiety in ortho, meta, and para po-
sitions can exhibit strong fluorescent properties as in-
dicated by the fluorescent quantum yield values of Ia,
IIa, and IIIa (0.18, 0.28, and 0.20, respectively) which
are higher than those of the other compounds in the
study.
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R factor = 0.046; wR factor = 0.132; data-to-parameter ratio = 20.4.

The redetermined structure of title chalcone derivative,

C23H16O2, corrects errors in the title, scheme and synthesis

in the previous report of the same structure [Jasinski et al.

(2011). Acta Cryst. E67, o795]. There are two independent

molecules in the asymmetric unit with slight differences in

bond lengths and angles. The dihedral angle between the

benzene ring and the anthracene ring system is 73.30 (4)� in

one molecule and 73.18 (4)� in the other. Both molecules

feature an intramolecular O—H� � �O hydrogen bond, which

generates an S(6) ring. In the crystal, molecules are arranged

into sheets lying parallel to the ac plane and further stacked

along the b axis by �–� interactions with centroid–centroid

distances in the range 3.6421 (6)–3.7607 (6) Å. The crystal

structure is further stabilized by C—H� � �� interactions. There

are also C� � �O [3.2159 (15) Å] short contacts.

Related literature

For the previous structure determination, see: Jasinski et al.

(2011). For a related structure and background references, see:

Joothamongkhon et al. (2010). For graph-set motifs, see:

Bernstein et al. (1995). For the stability of the temperature

controller used in the data collection, see Cosier & Glazer

(1986).

Experimental

Crystal data

C23H16O2

Mr = 324.36
Monoclinic, P21=c
a = 14.0843 (2) Å
b = 13.7224 (2) Å
c = 16.9615 (3) Å
� = 101.411 (1)�

V = 3213.36 (9) Å3

Z = 8
Mo K� radiation
� = 0.09 mm�1

T = 100 K
0.50 � 0.39 � 0.37 mm

Data collection

Bruker APEXII CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.959, Tmax = 0.969

40230 measured reflections
9368 independent reflections
7868 reflections with I > 2�(I)
Rint = 0.032

Refinement

R[F 2 > 2�(F 2)] = 0.046
wR(F 2) = 0.132
S = 1.02
9368 reflections
459 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.54 e Å�3

��min = �0.21 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg1, Cg3, Cg5, Cg6 and Cg7 are the centroids of the C1A–C6A, C8A–C13A,
C1B–C6B, C1B/C6B–C8B/C13B–C14B and C8B–C13B rings, respectively.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O2A—H1OA� � �O1A 0.93 (2) 1.69 (2) 2.5459 (12) 152.2 (19)
O2B—H1OB� � �O1B 0.88 (2) 1.75 (2) 2.5725 (13) 154.2 (19)
C5A—H5AA� � �Cg5 0.93 2.84 3.6754 (13) 151
C7A—H7AA� � �Cg6 0.93 2.76 3.6440 (12) 158
C9A—H9AA� � �Cg7 0.93 2.73 3.6325 (12) 164
C9B—H9BA� � �Cg1i 0.93 2.76 3.4023 (12) 127
C23B—H23B� � �Cg3 0.93 2.91 3.7661 (11) 154

Symmetry code: (i) x;�y þ 1
2; z � 1

2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.003 Å;

R factor = 0.041; wR factor = 0.095; data-to-parameter ratio = 8.5.

In the title chalcone derivative, C18H18O5, the dihedral angle

between the hydroxy-substituted benzene ring and the

trimethoxy-substituted benzene ring is 16.3 (1)�. The three

methoxy groups are essentially coplanar with the benzene ring

to which they are attached, with an r.m.s. deviation of

0.0208 Å. An intramolecular O—H� � �O hydrogen bond

generates an S(6) ring motif. In the crystal, weak C—H� � �O
interactions link molecules into helical chains along the b axis.

These chains are connected into sheets parallel to the bc plane

by further weak C—H� � �O interactions.

Related literature

For background to and applications of chalcones, see: Boeck et

al. (2006); Cheng et al. (2008); Hatayama et al. (2010); Jung et

al. (2008); Lee et al. (2006); Liu et al. (2011); Nerya et al.

(2004); Patil & Dharmaprakash (2008); Saydam et al. (2003);

Tewtrakul et al. (2003). For related structures, see: Suwunwong

et al. (2009); Fun et al. (2010). For the stability of the

temperature controller used in the data collection, see: Cosier

& Glazer (1986). For standard bond-length data, see: Allen et

al. (1987). For hydrogen-bond motifs, see: Bernstein et al.

(1995).

Experimental

Crystal data

C18H18O5

Mr = 314.32
Orthorhombic, P212121
a = 4.2891 (2) Å
b = 17.3341 (9) Å
c = 20.5732 (10) Å

V = 1529.57 (13) Å3

Z = 4
Mo K� radiation
� = 0.10 mm�1

T = 100 K
0.56 � 0.16 � 0.14 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.946, Tmax = 0.986

16077 measured reflections
2392 independent reflections
1946 reflections with I > 2�(I)
Rint = 0.045

Refinement

R[F 2 > 2�(F 2)] = 0.041
wR(F 2) = 0.095
S = 1.08
2392 reflections

280 parameters
All H-atom parameters refined
��max = 0.25 e Å�3

��min = �0.20 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O1—H1O1� � �O2 0.89 (3) 1.73 (3) 2.541 (2) 152 (2)
C5—H5A� � �O5i 0.96 (2) 2.57 (2) 3.254 (3) 129.0 (18)
C16—H16C� � �O1ii 1.04 (3) 2.42 (3) 3.446 (3) 167.5 (18)

Symmetry codes: (i) x � 1
2;�y þ 1

2;�z; (ii) �x; y � 1
2;�z þ 1

2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.002 Å;

R factor = 0.033; wR factor = 0.091; data-to-parameter ratio = 16.1.

In the title heteroaryl chalcone derivative, C17H17NO4, the

dihedral angle between the pyridine and benzene rings is

10.82 (5)�. The two methoxy groups at the meta positions are

essentially coplanar with the attached benzene rings [C—O—

C—C torsion angles = �0.97 (14) and 179.47 (9)�], whereas
the methoxy group at the para position is twisted from the

attached ring with a C—O—C—C torsion angle of

�104.48 (11)�. A C—H� � �O close contact involving two of

the methoxy groups generates an S(6) ring motif. In the

crystal, molecules are linked by weak C—H� � �O interactions

into columns along the b axis.

Related literature

For background and applications of chalcones, see: Gacche et

al. (2008); Isomoto et al. (2005); Jung et al. (2008); Nowa-

kowska et al. (2001); Patil & Dharmaprakash (2008); Shibata

(1994); Tewtrakul et al. (2003). For standard bond-length data,

see: Allen et al. (1987). For hydrogen-bond motifs, see:

Bernstein et al. (1995). For related structures, see: Fun et al.

(2010); Suwunwong, Chantrapromma & Fun (2009); Suwun-

wong, Chantrapromma, Pakdeevanich & Fun (2009). For the

stability of the temperature controller used in the data

collection, see Cosier & Glazer, (1986).

Experimental

Crystal data

C17H17NO4

Mr = 299.32
Orthorhombic, Pna21
a = 25.0498 (5) Å
b = 3.9799 (1) Å
c = 14.3267 (3) Å

V = 1428.31 (5) Å3

Z = 4
Mo K� radiation
� = 0.10 mm�1

T = 100 K
0.58 � 0.41 � 0.32 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.945, Tmax = 0.969

26700 measured reflections
3245 independent reflections
3130 reflections with I > 2�(I)
Rint = 0.026

Refinement

R[F 2 > 2�(F 2)] = 0.033
wR(F 2) = 0.091
S = 1.08
3245 reflections
202 parameters

1 restraint
H-atom parameters constrained
��max = 0.37 e Å�3

��min = �0.21 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C16—H16B� � �O3i 0.96 2.49 3.3358 (14) 147
C16—H16C� � �O4 0.96 2.57 3.0817 (15) 113

Symmetry code: (i) x; y� 1; z.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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R factor = 0.043; wR factor = 0.105; data-to-parameter ratio = 8.6.

The title heteroaryl chalcone derivative, C17H17NO4, is a

condensation product of 2-acetylpyridine and 2,4,6-trimeth-

oxybenzaldehyde. The molecule is roughly planar, the

dihedral angle between the pyridine and benzene rings being

5.51 (10)�. All the three methoxy groups are almost co-planar

with the bound benzene ring [r.m.s. deviation of 0.0306 (2) Å].

Aweak C—H� � �O intramolecular interaction involving one of

the ortho-methoxy groups generates an S(6) ring motif. In the

crystal, the molecules are linked by weak C—H� � �O inter-

actions into anti-parallel face-to-face pairs. Adjacent pairs are

further connected into sheets parallel to the ab plane.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen-

bond motifs, see: Bernstein et al. (1995). For related structures,

see: Chantrapromma et al. (2009); Fun et al. (2010, 2011). For

background to and applications of chalcones and heteroaryl

chalcones, see: Bandgar et al. (2010); Gacche et al. (2008); Go

et al. (2005); Isomoto et al. (2005); Jung et al. (2008); Suwun-

wong et al. (2011); Tewtrakul et al. (2003). For the stability of

the temperature controller used in the data collection, see

Cosier & Glazer, (1986).

Experimental

Crystal data

C17H17NO4

Mr = 299.32
Orthorhombic, Fdd2
a = 31.563 (2) Å
b = 44.508 (3) Å
c = 3.9504 (3) Å

V = 5549.6 (7) Å3

Z = 16
Mo K� radiation
� = 0.10 mm�1

T = 100 K
0.58 � 0.14 � 0.04 mm

Data collection

Bruker APEXII CCD area detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.943, Tmax = 0.996

31465 measured reflections
2309 independent reflections
1908 reflections with I > 2�(I)
Rint = 0.100

Refinement

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.105
S = 1.09
2309 reflections
267 parameters

1 restraint
All H-atom parameters refined
��max = 0.23 e Å�3

��min = �0.27 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C3—H3A� � �O2i 1.00 (2) 2.45 (3) 3.369 (2) 157.8 (17)
C7—H11B� � �O4 0.97 (3) 2.31 (2) 2.835 (2) 113.1 (18)
C17—H17B� � �O4ii 0.99 (2) 2.46 (2) 3.337 (3) 148 (2)

Symmetry codes: (i) x þ 9
4;�y þ 9

4; z þ 1
4; (ii) �x þ 1

2;�y; z � 1
2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.005 Å;

disorder in main residue; R factor = 0.066; wR factor = 0.178; data-to-parameter

ratio = 20.1.

There are two crystallograpically independent molecules in

the asymmetric unit of the title heteroaryl chalcone derivative,

C16H16O4S, with slightly different conformations. The thienyl

ring of one molecule is disordered over two positions, with a

refined site-occupancy ratio of 0.713 (5):0.287 (5). The mol-

ecules are twisted: the dihedral angle between the thienyl and

benzene rings is 9.72 (19)� in the ordered molecule, and 3.8 (4)

and 2.1 (8)� for the major and minor components, respectively,

in the disordered molecule. In both molecules, all three

substituted methoxy groups are coplanar with the benzene

ring to which they are attached. In each molecule, a weak

intramolecular C—H� � �O interaction generates an S(6) ring

motif. In the crystal structure, adjacent molecules are linked

into a three-dimensional network by weak C—H� � �O inter-

actions.

Related literature

For bond-length data, see: Allen et al. (1987). For related

literature on hydrogen-bond motifs, see: Bernstein et al.

(1995). For related structures, see: Chantrapromma et al.

(2009); Fun et al. (2010, 2011); Suwunwong et al. (2009). For

background to and applications of chalcones, see: Go et al.

(2005); Liu et al. (2008); Ng et al. (2009); Ni et al. (2004);

Suwunwong et al. (2011); Tewtrakul et al. (2003). For the

stability of the temperature controller used in the data

collection, see: Cosier & Glazer (1986).

Experimental

Crystal data

C16H16O4S
Mr = 304.36
Orthorhombic, Pna21
a = 22.8482 (10) Å
b = 31.2117 (13) Å
c = 3.9876 (2) Å

V = 2843.7 (2) Å3

Z = 8
Mo K� radiation
� = 0.24 mm�1

T = 100 K
0.60 � 0.06 � 0.05 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.869, Tmax = 0.988

20029 measured reflections
8085 independent reflections
5348 reflections with I > 2�(I)
Rint = 0.065

Refinement

R[F 2 > 2�(F 2)] = 0.066
wR(F 2) = 0.178
S = 1.01
8085 reflections
402 parameters
1 restraint

H-atom parameters constrained
��max = 1.08 e Å�3

��min = �0.56 e Å�3

Absolute structure: Flack (1983),
with 3389 Friedel pairs

Flack parameter: 0.09 (11)

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C2B—H2B� � �O3A 0.93 2.56 3.482 (10) 171
C6A—H6A� � �O4A 0.93 2.22 2.815 (4) 121
C6B—H6B� � �O4B 0.93 2.24 2.824 (4) 120
C15A—H15C� � �O1Bi 0.96 2.51 3.451 (5) 166
C15B—H15F� � �O1Aii 0.96 2.55 3.355 (5) 141
C16B—H16E� � �O3Biii 0.96 2.59 3.401 (4) 142

Symmetry codes: (i) x � 1
2;�y þ 3

2; z � 1; (ii) �x þ 1;�y þ 1; z � 1
2; (iii)

�x þ 1;�y þ 1; z þ 1
2.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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research grant (No. RSA 5280033) and Prince of Songkla

University for financial support. The authors also thank
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: RZ2650).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.003 Å;

R factor = 0.038; wR factor = 0.092; data-to-parameter ratio = 8.1.

The title molecule, C16H16O5, is twisted; the dihedral angle

between the furan and 3,4,5-trimethoxyphenyl rings is

12.14 (13)�. The two methoxy groups at the meta positions

of the benzene ring are close to being coplanar with the ring

[C—O—C—C = �0.6 (3) and 1.4 (3)�], whereas the third

methoxy group, at the para position, is (+)-anticlinal with

respect to the benzene ring [C—O—C—C = 104.9 (2)�]. In the
crystal, molecules are linked by weak C—H� � �O bonds to

stack along the b axis and further C—H� � �O interactions

consolidate the structure.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen

bond motifs, see: Bernstein et al. (1995). For related structures,

see: Fun et al. (2010); Suwunwong et al. (2009). For back-

ground to and applications of chalcones, see: Batovska et al.

(2007); Gu et al. (2009); Jung et al. (2008); Prasad et al. (2008);

Saxena et al. (2007); Tewtrakul et al. (2003).

Experimental

Crystal data

C16H16O5

Mr = 288.29
Orthorhombic, Pna21
a = 24.2677 (4) Å

b = 3.9916 (1) Å
c = 14.0816 (2) Å
V = 1364.04 (5) Å3

Z = 4

Mo K� radiation
� = 0.11 mm�1

T = 100 K
0.35 � 0.24 � 0.21 mm

Data collection

Bruker APEXII CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.965, Tmax = 0.978

17261 measured reflections
2063 independent reflections
1907 reflections with I > 2�(I)
Rint = 0.035

Refinement

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.092
S = 1.06
2063 reflections
254 parameters

1 restraint
All H-atom parameters refined
��max = 0.36 e Å�3

��min = �0.22 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C14—H14B� � �O1i 0.99 (3) 2.54 (3) 3.503 (3) 166 (2)
C15—H15B� � �O4ii 1.01 (3) 2.36 (3) 3.337 (3) 162 (2)

Symmetry codes: (i) �x þ 1
2; y � 1

2; z � 1
2; (ii) x; y þ 1; z.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.004 Å;

disorder in main residue; R factor = 0.049; wR factor = 0.138; data-to-parameter

ratio = 19.9.

In the title pyrazoline derivative, C14H12ClN3S2, the thiophene

ring is disordered over two orientations with a refined site-

occupancy ratio of 0.832 (4):0.168 (4). The pyrazoline ring

adopts an envelope conformation with the C atom linking the

thiophene ring at the flap. The dihedral angles between the

benzene ring and the major and minor components of the

thiophene ring are 88.6 (3) and 85.6 (15)�, respectively while

the dihedral angle between the disorder components of the

ring is 3.1 (16)�. The mean plane of the pyrazoline ring makes

dihedral angles of 11.86 (13), 80.1 (3) and 83.0 (15)�, respec-
tively, with the benzene ring, and the major and minor

components of the thiophene ring. An intramolecular

N(amide)—H� � �N(pyrazoline) hydrogen bond generates an

S(5) ring motif. In the crystal, molecules are linked by weak

C—H� � �S and N(amide)—H� � �S interactions into a tape along
[101]. C—H� � �� interactions are also observed.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen-

bond motifs, see: Bernstein et al. (1995). For ring conforma-

tions, see: Cremer & Pople (1975). For related structures, see:

Fun et al. (2011); Nonthason et al. (2011). For background to

and applications of pyrazoline derivatives, see: Bai et al.

(2007); Gong et al. (2011); Husain et al. (2008); Khode et al.

(2009); Shoman et al. (2009); Taj et al. (2011). For the stability

of the temperature controller, see: Cosier & Glazer (1986).

Experimental

Crystal data

C14H12ClN3S2
Mr = 321.86
Monoclinic, P21=n
a = 6.7784 (3) Å
b = 25.2104 (11) Å
c = 8.4628 (4) Å
� = 90.339 (2)�

V = 1446.15 (11) Å3

Z = 4
Mo K� radiation
� = 0.55 mm�1

T = 100 K
0.56 � 0.09 � 0.08 mm

Data collection

Bruker APEX DUO CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tmin = 0.749, Tmax = 0.958

32828 measured reflections
4206 independent reflections
3801 reflections with I > 2�(I)
Rint = 0.047

Refinement

R[F 2 > 2�(F 2)] = 0.049
wR(F 2) = 0.138
S = 1.10
4206 reflections
211 parameters
10 restraints

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.33 e Å�3

��min = �0.59 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg1 and Cg2 are the centroids of the S1A/C1A–C3A/C4 and S1B/C1B–C3B/
C4 rings, respectively.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N3—H1N3� � �N2 0.90 (4) 2.28 (4) 2.656 (3) 105 (3)
N3—H2N3� � �S2i 0.89 (4) 2.52 (4) 3.400 (3) 170 (3)
C5—H5A� � �S1Aii 1.00 2.86 3.664 (3) 138
C9—H9A� � �Cg1iii 0.95 2.79 3.628 (4) 148
C9—H9A� � �Cg2iii 0.95 2.77 3.595 (18) 145

Symmetry codes: (i) �x þ 2;�y þ 2;�z þ 1; (ii) �x þ 1;�y þ 2;�z þ 2; (iii)
x � 1; y; z.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT

(Bruker, 2009); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: IS5024).
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Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.005 Å;

R factor = 0.064; wR factor = 0.175; data-to-parameter ratio = 13.7.

In the title chalcone derivative, C16H16O5, the dihedral angle

between the furan and benzene rings is 2.06 (17)�. The two

methoxy groups at the ortho and para positions are essentially

coplanar with the benzene ring [C—O—C—C angles =

�1.0 (5) and 178.5 (3)�], whereas the third one at the meta

position is slightly twisted [C—O—C—C = 9.6 (5)�]. In the

crystal, weak C—H� � �O interactions link the molecules into a

sheet parallel to (102). An intermolecular �–� interaction

between the furan and benzene rings is present [centroid–

centroid distance = 3.772 (2) Å]. A short C� � �C contact

[3.173 (5) Å] is also observed between neighbouring furan

rings.

Related literature

For background to and applications of chalcones, see: Cheng et

al. (2008); Jung et al. (2008); Lee et al. (2006); Liu et al. (2011);

Nerya et al. (2004); Suwunwong et al. (2011); Tewtrakul et al.

(2003). For related structures, see: Fun et al. (2010a,b, 2011).

For the stability of the temperature controller, see: Cosier &

Glazer, (1986). For standard bond-length data, see: Allen et al.

(1987).

Experimental

Crystal data

C16H16O5

Mr = 288.29
Monoclinic, P21=c
a = 8.338 (2) Å
b = 8.610 (2) Å
c = 18.923 (5) Å
� = 94.467 (4)�

V = 1354.4 (6) Å3

Z = 4
Mo K� radiation
� = 0.11 mm�1

T = 100 K
0.28 � 0.21 � 0.09 mm

Data collection

Bruker APEX DUO CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tmin = 0.971, Tmax = 0.991

8001 measured reflections
2647 independent reflections
1663 reflections with I > 2�(I)
Rint = 0.068

Refinement

R[F 2 > 2�(F 2)] = 0.064
wR(F 2) = 0.175
S = 1.08
2647 reflections

193 parameters
H-atom parameters constrained
��max = 0.33 e Å�3

��min = �0.40 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C14—H14B� � �O2i 0.96 2.47 3.363 (5) 154
C15—H15C� � �O1ii 0.96 2.43 3.365 (4) 165

Symmetry codes: (i) x; y þ 1; z; (ii) x � 1;�y þ 5
2; z � 1

2.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT

(Bruker, 2009); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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In the title molecule, C21H19N3O2, the central pyridine ring

makes dihedral angles of 14.46 (9) and 34.67 (8)� with the 4-

amino- and 4-ethoxy-substituted benzene rings, respectively.

The ethoxy group is essentially coplanar with the attached

benzene ring [C—O—C—C torsion angle = 178.70 (16)�] as is
the methoxy group with the pyridine ring [C—O—C—N

torsion angle = �3.0 (3)�]. In the crystal, molecules are linked

by N—H� � �N hydrogen bonds into chains along [201]. Weak

C—H� � �O hydrogen bonds and C—H� � �� interactions are

also present.

Related literature

The title nicotinonitrile derivative is a cyclized product of a

chalcone and a malononitrile in the present of sodium meth-

oxide. For the synthesis and applications of substituted pyri-

dines and nicotinonitrile derivatives, see: Al-Jaber et al. (2012);

Brandt et al. (2010); El-Sayed et al. (2011); Goda et al. (2004);

Ji et al. (2007); Kamal et al. (2007); Kim et al. (2005); Kolev et

al. (2005); Koner et al. (2012); Zhou et al. (2006). For a related

structure, see: Chantrapromma et al. (2010). For standard

bond-length data, see: Allen et al. (1987).

Experimental

Crystal data

C21H19N3O2

Mr = 345.39
Monoclinic, P21=c
a = 5.3924 (2) Å
b = 16.5111 (5) Å
c = 20.1415 (6) Å
� = 91.315 (2)�

V = 1792.82 (10) Å3

Z = 4
Mo K� radiation
� = 0.08 mm�1

T = 298 K
0.54 � 0.25 � 0.22 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.956, Tmax = 0.982

17814 measured reflections
5216 independent reflections
3013 reflections with I > 2�(I)
Rint = 0.028

Refinement

R[F 2 > 2�(F 2)] = 0.052
wR(F 2) = 0.159
S = 1.04
5216 reflections
245 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.19 e Å�3

��min = �0.17 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg is the centroid of the C12–C17 ring.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N3—H2N3� � �N2i 0.88 (3) 2.20 (3) 3.084 (3) 177 (2)
C21—H21A� � �O1ii 0.96 2.52 3.439 (2) 160
C18—H18A� � �Cgiii 0.96 2.84 3.7135 (18) 151

Symmetry codes: (i) x þ 1;�y þ 1
2; z þ 1

2; (ii) �x þ 2; y � 1
2;�z þ 1

2; (iii) x � 1; y; z.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2009).
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6-(4-Aminophenyl)-4-(4-ethoxyphenyl)-2-methoxynicotinonitrile

Thitipone Suwunwong, Suchada Chantrapromma and Hoong-Kun Fun

Comment

Pyridines have been reported for their applications in a number of areas (Goda et al., 2004; Kamal et al., 2007; Kolev et 

al., 2005). There are several methods reported for the synthesis of substituted pyridine derivatives including nicotino-

nitrile derivatives (Al-Jaber et al., 2012; Zhou et al., 2006). Nicotinonitrile derivatives have a wide range of applications 

such as antitumor, antimicrobial, analgesic, anti-hyperglycemic and antiproliferative activities (Brandt et al., 2010; El-

Sayed et al., 2011; Ji et al., 2007; Kim et al., 2005) and fluorescent materials (Koner et al., 2012). Our research is aimed 

at the synthesis and preliminary fluorescent and antibacterial screening of nicotinonitrile derivatives. The title compound 

(I) was synthesized by the cyclization of a chalcone derivative with malononitrile to investigate its fluorescent properties. 

It was found that (I) exhibits fluorescence with the maximum emission at 498 nm when was excited at 370 nm in DMSO.

The molecular structure of the title compound is shown in Fig. 1. The central pyridine ring is inclined to the 4-amino-

phenyl and 4-ethoxyphenyl rings with the dihedral angles of 14.46 (9) and 34.67 (8)°, respectively. The dihedral angle 

between these two substituted benzene rings is 44.84 (9)°. The ethoxy substituent of the 4-ethoxyphenyl group is 

essentially co-planar with the attached benzene ring with the torsion angle C15–O1–C18–C19 = 178.70 (16)° and C18–

O1–C15–C16 = 1.8 (3)°. The methoxy group is also approximately co-planar to the pyridine ring as indictated by the 

torsion angle C21–O2–C11–N1 = -3.0 (3)°. The bond distances agree with the literature values (Allen et al., 1987) and 

are comparable with those for a related structure (Chantrapromma et al., 2010).

In the crystal (Fig. 2), molecules are linked by N—H···N hydrogen bonds into chains along [201]. Weak C—H···O 

hydrogen bonds and C—H···π interactions are also present (Table 1).

Experimental 

The title compound (I) was synthesized by stirring the solution of (E)-1-(4-aminophenyl)-3-(4-ethoxyphenyl)prop-2-

en-1-one (0.27 g, 1 mmol) in methanol (10 ml) with a freshly prepared sodium methoxide (1.0 mmol of sodium in 20 ml 

of methanol). Excess malononitrile (0.13 g, 2.0 mmol) was then added with continuous stirring at room temperature until 

the precipitate was separated out. The resulting solid was filtered. Pale brown block-shaped single crystals of the title 

compound suitable for X-ray structure determination were recrystallized from methanol/ethanol (1:1 v/v) by the slow 

evaporation of the solvent at room temperature over several days, Mp. 477–478 K.

Refinement

Amino H atoms were located in difference maps and refined isotropically. The remaining H atoms were positioned 

geometrically and allowed to ride on their parent atoms, with d(C—H) = 0.93 Å for aromatic, 0.97 for CH2 and 0.96 Å 

for CH3 atoms. The Uiso values were constrained to be 1.5Ueq of the carrier atom for methyl H atoms and 1.2Ueq for the 

remaining H atoms. A rotating group model was used for the methyl groups.
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Computing details 

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT (Bruker, 2005); data reduction: SAINT (Bruker, 2005); 

program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 

(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 

SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009).

Figure 1

The molecular structure of the title compound, showing 50% probability displacement ellipsoids. 

Figure 2

The crystal packing of the title compound viewed along the a axis. Hydrogen bonds are shown as dashed lines. 

6-(4-Aminophenyl)-4-(4-ethoxyphenyl)-2-methoxynicotinonitrile 

Crystal data 

C21H19N3O2

Mr = 345.39
Monoclinic, P21/c
Hall symbol: -P 2ybc
a = 5.3924 (2) Å
b = 16.5111 (5) Å
c = 20.1415 (6) Å
β = 91.315 (2)°

V = 1792.82 (10) Å3

Z = 4
F(000) = 728
Dx = 1.280 Mg m−3

Melting point = 477–478 K
Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 5216 reflections
θ = 2.0–30.0°
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µ = 0.08 mm−1

T = 298 K
Block, pale-brown
0.54 × 0.25 × 0.22 mm

Data collection 

Bruker APEXII CCD area-detector 
diffractometer

Radiation source: sealed tube
Graphite monochromator
φ and ω scans
Absorption correction: multi-scan 

(SADABS; Bruker, 2005)
Tmin = 0.956, Tmax = 0.982

17814 measured reflections
5216 independent reflections
3013 reflections with I > 2σ(I)
Rint = 0.028
θmax = 30.0°, θmin = 2.0°
h = −7→7
k = −23→23
l = −28→28

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.052
wR(F2) = 0.159
S = 1.04
5216 reflections
245 parameters
0 restraints
Primary atom site location: structure-invariant 

direct methods

Secondary atom site location: difference Fourier 
map

Hydrogen site location: inferred from 
neighbouring sites

H atoms treated by a mixture of independent 
and constrained refinement

w = 1/[σ2(Fo
2) + (0.0647P)2 + 0.3033P] 

where P = (Fo
2 + 2Fc

2)/3
(Δ/σ)max = 0.001
Δρmax = 0.19 e Å−3

Δρmin = −0.17 e Å−3

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.
Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, 
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > σ(F2) is used 
only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

O1 0.3134 (2) 0.38320 (7) 0.14470 (6) 0.0637 (3)
O2 1.3927 (3) 0.09389 (7) 0.37553 (7) 0.0737 (4)
N1 1.3663 (3) 0.21531 (8) 0.43089 (6) 0.0543 (3)
N2 1.0455 (4) 0.08668 (10) 0.23879 (9) 0.0858 (6)
N3 1.6313 (5) 0.48378 (15) 0.64781 (10) 0.0987 (7)
C1 1.5687 (4) 0.32043 (10) 0.52550 (9) 0.0654 (5)
H1A 1.6556 0.2743 0.5133 0.078*
C2 1.6575 (4) 0.36652 (11) 0.57804 (9) 0.0675 (5)
H2A 1.8018 0.3506 0.6006 0.081*
C3 1.5363 (4) 0.43554 (12) 0.59760 (9) 0.0663 (5)
C4 1.3212 (5) 0.45547 (16) 0.56331 (12) 0.1042 (9)
H4A 1.2332 0.5012 0.5759 0.125*
C5 1.2329 (4) 0.40959 (14) 0.51089 (11) 0.0874 (7)
H5A 1.0877 0.4254 0.4887 0.105*
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C6 1.3538 (3) 0.34094 (10) 0.49045 (8) 0.0514 (4)
C7 1.2622 (3) 0.28980 (9) 0.43520 (8) 0.0501 (4)
C8 1.0805 (3) 0.31513 (10) 0.38963 (8) 0.0540 (4)
H8A 1.0110 0.3663 0.3941 0.065*
C9 1.0004 (3) 0.26572 (9) 0.33750 (7) 0.0485 (4)
C10 1.1104 (3) 0.18863 (9) 0.33383 (8) 0.0509 (4)
C11 1.2909 (3) 0.16807 (9) 0.38214 (8) 0.0537 (4)
C12 0.8139 (3) 0.29470 (9) 0.28753 (7) 0.0484 (4)
C13 0.8087 (3) 0.37611 (10) 0.26827 (8) 0.0547 (4)
H13A 0.9214 0.4122 0.2876 0.066*
C14 0.6399 (3) 0.40372 (10) 0.22128 (8) 0.0564 (4)
H14A 0.6392 0.4581 0.2093 0.068*
C15 0.4699 (3) 0.35068 (10) 0.19151 (8) 0.0511 (4)
C16 0.4713 (3) 0.27011 (10) 0.21019 (8) 0.0544 (4)
H16A 0.3585 0.2341 0.1908 0.065*
C17 0.6410 (3) 0.24309 (10) 0.25784 (8) 0.0534 (4)
H17A 0.6391 0.1889 0.2703 0.064*
C18 0.1324 (3) 0.33169 (12) 0.11351 (9) 0.0643 (5)
H18A 0.0257 0.3082 0.1465 0.077*
H18B 0.2131 0.2881 0.0900 0.077*
C19 −0.0167 (4) 0.38315 (14) 0.06586 (11) 0.0864 (7)
H19A −0.1479 0.3513 0.0461 0.130*
H19B 0.0887 0.4030 0.0317 0.130*
H19C −0.0865 0.4281 0.0893 0.130*
C20 1.0686 (3) 0.13264 (10) 0.28075 (9) 0.0608 (5)
C21 1.5900 (4) 0.07236 (12) 0.42137 (11) 0.0818 (7)
H21A 1.6516 0.0196 0.4105 0.123*
H21B 1.5285 0.0719 0.4657 0.123*
H21C 1.7217 0.1112 0.4185 0.123*
H2N3 1.747 (5) 0.4641 (15) 0.6750 (13) 0.101 (8)*
H1N3 1.536 (5) 0.5205 (19) 0.6634 (15) 0.129 (11)*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

O1 0.0660 (7) 0.0607 (7) 0.0629 (8) −0.0029 (6) −0.0309 (6) 0.0055 (6)
O2 0.0944 (9) 0.0481 (6) 0.0765 (9) 0.0129 (6) −0.0432 (8) −0.0048 (6)
N1 0.0654 (8) 0.0489 (7) 0.0478 (7) −0.0002 (6) −0.0171 (6) 0.0033 (6)
N2 0.1065 (14) 0.0644 (10) 0.0843 (12) 0.0134 (9) −0.0443 (11) −0.0191 (9)
N3 0.1089 (16) 0.1055 (16) 0.0794 (13) 0.0313 (13) −0.0496 (12) −0.0399 (12)
C1 0.0775 (12) 0.0515 (9) 0.0655 (11) 0.0122 (8) −0.0303 (9) −0.0019 (8)
C2 0.0783 (12) 0.0623 (10) 0.0603 (11) 0.0073 (9) −0.0347 (9) 0.0019 (8)
C3 0.0720 (11) 0.0775 (12) 0.0485 (10) 0.0090 (9) −0.0192 (9) −0.0112 (8)
C4 0.0993 (16) 0.1191 (19) 0.0918 (16) 0.0551 (14) −0.0506 (13) −0.0563 (15)
C5 0.0796 (13) 0.1055 (16) 0.0750 (14) 0.0393 (12) −0.0402 (11) −0.0366 (12)
C6 0.0576 (9) 0.0548 (9) 0.0411 (8) 0.0016 (7) −0.0128 (7) 0.0017 (7)
C7 0.0555 (9) 0.0513 (8) 0.0431 (8) −0.0004 (7) −0.0106 (7) 0.0030 (6)
C8 0.0626 (10) 0.0513 (8) 0.0472 (9) 0.0068 (7) −0.0148 (7) −0.0027 (7)
C9 0.0510 (8) 0.0499 (8) 0.0439 (8) −0.0027 (7) −0.0108 (7) 0.0037 (6)
C10 0.0586 (9) 0.0466 (8) 0.0468 (8) −0.0045 (7) −0.0156 (7) 0.0023 (6)
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C11 0.0651 (10) 0.0436 (8) 0.0516 (9) 0.0004 (7) −0.0162 (8) 0.0048 (7)
C12 0.0505 (8) 0.0499 (8) 0.0442 (8) 0.0006 (7) −0.0123 (7) −0.0004 (6)
C13 0.0628 (10) 0.0474 (8) 0.0530 (9) −0.0030 (7) −0.0209 (8) −0.0033 (7)
C14 0.0675 (10) 0.0444 (8) 0.0562 (10) 0.0000 (7) −0.0212 (8) 0.0020 (7)
C15 0.0523 (8) 0.0531 (8) 0.0471 (9) 0.0016 (7) −0.0146 (7) 0.0007 (7)
C16 0.0503 (9) 0.0545 (9) 0.0576 (10) −0.0071 (7) −0.0172 (7) 0.0012 (7)
C17 0.0543 (9) 0.0487 (8) 0.0568 (9) −0.0036 (7) −0.0122 (7) 0.0068 (7)
C18 0.0598 (10) 0.0711 (11) 0.0608 (11) −0.0038 (8) −0.0226 (8) −0.0032 (8)
C19 0.0809 (14) 0.0989 (16) 0.0775 (14) −0.0139 (12) −0.0418 (11) 0.0149 (12)
C20 0.0703 (11) 0.0479 (8) 0.0630 (11) 0.0020 (8) −0.0256 (9) −0.0007 (8)
C21 0.0986 (15) 0.0603 (11) 0.0843 (14) 0.0193 (10) −0.0444 (12) −0.0005 (10)

Geometric parameters (Å, º) 

O1—C15 1.3612 (17) C9—C10 1.407 (2)
O1—C18 1.4291 (19) C9—C12 1.485 (2)
O2—C11 1.3502 (19) C10—C11 1.402 (2)
O2—C21 1.437 (2) C10—C20 1.427 (2)
N1—C11 1.3114 (19) C12—C17 1.388 (2)
N1—C7 1.356 (2) C12—C13 1.399 (2)
N2—C20 1.141 (2) C13—C14 1.376 (2)
N3—C3 1.377 (2) C13—H13A 0.9300
N3—H2N3 0.88 (3) C14—C15 1.393 (2)
N3—H1N3 0.86 (3) C14—H14A 0.9300
C1—C2 1.380 (2) C15—C16 1.382 (2)
C1—C6 1.385 (2) C16—C17 1.385 (2)
C1—H1A 0.9300 C16—H16A 0.9300
C2—C3 1.376 (3) C17—H17A 0.9300
C2—H2A 0.9300 C18—C19 1.501 (3)
C3—C4 1.376 (3) C18—H18A 0.9700
C4—C5 1.375 (3) C18—H18B 0.9700
C4—H4A 0.9300 C19—H19A 0.9600
C5—C6 1.375 (3) C19—H19B 0.9600
C5—H5A 0.9300 C19—H19C 0.9600
C6—C7 1.473 (2) C21—H21A 0.9600
C7—C8 1.391 (2) C21—H21B 0.9600
C8—C9 1.391 (2) C21—H21C 0.9600
C8—H8A 0.9300

C15—O1—C18 118.42 (13) O2—C11—C10 115.38 (14)
C11—O2—C21 117.24 (13) C17—C12—C13 117.46 (14)
C11—N1—C7 117.77 (13) C17—C12—C9 122.12 (14)
C3—N3—H2N3 119.3 (17) C13—C12—C9 120.42 (13)
C3—N3—H1N3 117 (2) C14—C13—C12 121.20 (14)
H2N3—N3—H1N3 117 (3) C14—C13—H13A 119.4
C2—C1—C6 121.82 (17) C12—C13—H13A 119.4
C2—C1—H1A 119.1 C13—C14—C15 120.40 (15)
C6—C1—H1A 119.1 C13—C14—H14A 119.8
C3—C2—C1 121.18 (16) C15—C14—H14A 119.8
C3—C2—H2A 119.4 O1—C15—C16 124.59 (14)
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C1—C2—H2A 119.4 O1—C15—C14 116.19 (14)
C2—C3—C4 117.04 (17) C16—C15—C14 119.22 (14)
C2—C3—N3 121.22 (18) C15—C16—C17 119.88 (14)
C4—C3—N3 121.7 (2) C15—C16—H16A 120.1
C5—C4—C3 121.77 (19) C17—C16—H16A 120.1
C5—C4—H4A 119.1 C16—C17—C12 121.83 (15)
C3—C4—H4A 119.1 C16—C17—H17A 119.1
C6—C5—C4 121.70 (17) C12—C17—H17A 119.1
C6—C5—H5A 119.1 O1—C18—C19 107.14 (15)
C4—C5—H5A 119.1 O1—C18—H18A 110.3
C5—C6—C1 116.47 (15) C19—C18—H18A 110.3
C5—C6—C7 123.06 (15) O1—C18—H18B 110.3
C1—C6—C7 120.46 (15) C19—C18—H18B 110.3
N1—C7—C8 121.12 (14) H18A—C18—H18B 108.5
N1—C7—C6 115.86 (13) C18—C19—H19A 109.5
C8—C7—C6 123.02 (14) C18—C19—H19B 109.5
C9—C8—C7 121.57 (15) H19A—C19—H19B 109.5
C9—C8—H8A 119.2 C18—C19—H19C 109.5
C7—C8—H8A 119.2 H19A—C19—H19C 109.5
C8—C9—C10 116.51 (13) H19B—C19—H19C 109.5
C8—C9—C12 121.09 (14) N2—C20—C10 177.0 (2)
C10—C9—C12 122.38 (13) O2—C21—H21A 109.5
C11—C10—C9 118.00 (14) O2—C21—H21B 109.5
C11—C10—C20 117.27 (14) H21A—C21—H21B 109.5
C9—C10—C20 124.46 (13) O2—C21—H21C 109.5
N1—C11—O2 119.58 (13) H21A—C21—H21C 109.5
N1—C11—C10 125.03 (15) H21B—C21—H21C 109.5

C6—C1—C2—C3 −0.5 (3) C7—N1—C11—C10 0.1 (3)
C1—C2—C3—C4 1.2 (3) C21—O2—C11—N1 −3.0 (3)
C1—C2—C3—N3 −176.7 (2) C21—O2—C11—C10 176.03 (17)
C2—C3—C4—C5 −1.3 (4) C9—C10—C11—N1 0.0 (3)
N3—C3—C4—C5 176.6 (3) C20—C10—C11—N1 174.15 (17)
C3—C4—C5—C6 0.7 (5) C9—C10—C11—O2 −179.00 (15)
C4—C5—C6—C1 0.1 (4) C20—C10—C11—O2 −4.8 (2)
C4—C5—C6—C7 179.0 (2) C8—C9—C12—C17 −146.49 (17)
C2—C1—C6—C5 −0.2 (3) C10—C9—C12—C17 35.4 (2)
C2—C1—C6—C7 −179.14 (17) C8—C9—C12—C13 34.1 (2)
C11—N1—C7—C8 0.3 (2) C10—C9—C12—C13 −144.01 (17)
C11—N1—C7—C6 −179.60 (15) C17—C12—C13—C14 −0.5 (3)
C5—C6—C7—N1 −165.10 (19) C9—C12—C13—C14 178.94 (16)
C1—C6—C7—N1 13.8 (2) C12—C13—C14—C15 −0.2 (3)
C5—C6—C7—C8 15.0 (3) C18—O1—C15—C16 1.8 (3)
C1—C6—C7—C8 −166.12 (17) C18—O1—C15—C14 −178.89 (15)
N1—C7—C8—C9 −0.8 (3) C13—C14—C15—O1 −178.79 (16)
C6—C7—C8—C9 179.16 (16) C13—C14—C15—C16 0.6 (3)
C7—C8—C9—C10 0.8 (2) O1—C15—C16—C17 179.15 (16)
C7—C8—C9—C12 −177.43 (15) C14—C15—C16—C17 −0.2 (3)
C8—C9—C10—C11 −0.4 (2) C15—C16—C17—C12 −0.6 (3)

electronic reprint



supplementary materials

sup-7Acta Cryst. (2012). E68, o2812–o2813    

C12—C9—C10—C11 177.79 (15) C13—C12—C17—C16 1.0 (3)
C8—C9—C10—C20 −174.09 (17) C9—C12—C17—C16 −178.51 (16)
C12—C9—C10—C20 4.1 (3) C15—O1—C18—C19 178.70 (16)
C7—N1—C11—O2 178.99 (16)

Hydrogen-bond geometry (Å, º) 

Cg is the centroid of the C12–C17 ring.

D—H···A D—H H···A D···A D—H···A

N3—H2N3···N2i 0.88 (3) 2.20 (3) 3.084 (3) 177 (2)
C21—H21A···O1ii 0.96 2.52 3.439 (2) 160
C18—H18A···Cgiii 0.96 2.84 3.7135 (18) 151

Symmetry codes: (i) x+1, −y+1/2, z+1/2; (ii) −x+2, y−1/2, −z+1/2; (iii) x−1, y, z.
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