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CHAPTER I 

Introduction

1.1 Background

 Natural products have provided various biological activities and known of 

chemically diverse pharmaceutics and agricultures. Rotenones and rotenoids are a 

natural toxin produced by several tropical plants and has been used for centuries as a 

selective fish poison and more recently as a commercial insecticide. They are known 

not only as toxicants but also as candidate for anticancer agents. 

1.2 Structure

The rotenoids are known as advanced isoflavonoids, and construction of their 

angular A/B/C/D-ring systems. To be classified structurally as a rotenoids, a natural 

product must contain the heterocyclic core structure as 1, cis-6a, 12a-dihydro-6H,

12H-[1]benzopyrano[3,4-b][1]benzopyran -12-one, or be a structure clearly related to 

it.[1, 2] 

O
O

O 1
2

3

4

5
678

9

10
11 12 A

BCD

1
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1.3 General Bioactivities

The rotenoids possess a wealth of pharmacological properties including 

insecticidal,[1, 5-6, 8-10, 15] antifeedant,[1, 9, 15] piscicidal,[1, 8-10, 14-16] antiviral 

activity[1] and ichthyotoxic.[19] Although insecticidal and antifeedant properties are 

the best known, other useful biological activities such as antimicrobial,[20] and the 

ability to inhibit microtubule formation from tubulin, [37] are also recognized. 

Rotenoids are known not only as toxicants but also as candidate anticancer 

agents based on three observations: dietary rotenone reduces the background 

incidence of liver tumors in mice and mammary tumors in rats, prevents cell 

proliferation induced by a peroxisome proliferator in mouse liver.[2] 

1.4 Source of Rotenoids

The STEMONA genus, for example, is rich in rotenoids. Stemona is a type of 

perennial climbing plant native to continental Asia and Japan through Southeast Asia 

to tropical Australia. It usually grows in areas of dry vegetation, and usually consists 

of a single thing with alternating, spade-shaped leaves and thick, white tuberous roots. 

Stemona is the largest genus with about 25 species occurring as subshrubs or twining 

herbs mostly with perennial tuberous roots. 

1.5 Traditional usages 

S. collinsae Craib., S. tuberosa Lour., S. japonica Miq., and S. sessilifolia Miq. 

have long been used in Thailand, China and Japan for various medicinal and 

biological properties. Especially extracts from the fleshy tuberous roots are still used 

to treat cancer, respiratory disorders, including pulmonary tuberculosis and bronchitis 

and are also recommended to use against different insect pests. 

Stemona root can be used both internally and externally. Externally, it can be 

applied to the skin as a poultice to rid the body of lice and fungi. Internally, it is used 



3

to reduce the incidence of both acute and chronic coughs by relaxing the respiratory 

system and lowering blood pressure. One component of Stemona, tuberostemonine, 

also has been shown to have some pain-relieving properties. There is also evidence 

that Stemona root, when taken in a decoction with alcohol, can prohibit growth of the 

bacteria that causes tuberculosis. 

1.6 The objective of this research 

 Knowing that rotenoids posses a variety of activities while the total synthesis 

of rotenoids have not much been reported. According to the report,[19, 64] the 

structure of 6-deoxyclitoriacetal (39) is determined by X-ray crystal structure while 

the potent cytotoxic activity against human breast carcinoma (BT479), lung 

carcinoma (CHAGO), hepato carcinoma (HEP-G2), gastric carcinoma (KATO3) and 

colon carcinoma (SW620) exhibited at IC50 0.2, 0.9, 0.1, 0.3 and 0.1 μg/mL, 

respectively. Moreover, this compound has also been known to show strong cytotoxic 

against cultured P-388 lymphocytic leukemia cell line. However, it is quite limit to 

modify or change functional groups on the structure as well as low abundance of this 

rotenoids. To obtain appreciable quantities for pharmacological studies, the 

compound 39 which contains hydroxyl group at C-12a position is decided to 

synthesize for the first time. 



CHAPTER II

Literature Review

2.1 Isolation

 The isolation of rotenoids has been reported from variety of plants particularly 

tropical plants are abundant source of them. The following literatures are selected to 

review.

In 1974, Shiengthong[4] and co-workers reported the isolation of four new 

rotenoid compounds from Stemona collinsae Craib. namely stemonacetal (2),

stemonal (3) and stemonone (4) respectively.  

O
O

OOR

H

OMe
OMe

MeO
OR1

O
O

OOH
OMe

OMe

MeO
O

2 R=H, R1=OCH2CH3    4

3 R=H, R1=H 

 Roux and colleagues[5, 6] reported the isolation of rotenoid compounds from 

the roots of Neorautanenia amboensis. Preliminary tests showed (9) to be toxic to 

insects. 
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 A new rotenoid isolated from a hexane extract of Amorpha canescens[7] roots 

and identified as 6-hydroxydehydrorotenone (17). The known two compounds, (6)

and (7) were resulted by chemical conversion to compare their core structure to 

compound (17).

O
OO

O
OMe

OMe

R

17 R=H, OH 

12 R=H2

16 R=O 

 Many Tephrosia species show piscicidal and insecticidal properties due to the 

presence of rotenoids. In India, the juice of leaves of T. villosa[8-10] is used to treat 

dropsy and diabetes. The isolation from whole plants of this species found 13 rotenoid 

compounds and three of them were known. 

O
O

O
R'

R"H

R

O

OMe
OMe

   

O
O

OR

O

OMe
OMe

R'

5 R, R , R =H      12 R=H; R =H2

18 R=OH; R , R =H     22 R=OH; R =H2

19 R, R =OH; R =H     23 R=OH; R =H, OH 

20 R, R =OH; R =H     24 R=OH; R =H, OMe 

21 R, R , R =OH      16 R=H; R =O

        25 R=OH; R =O 



7

O
O

OOH

O

OMe
OMe

R

   

O
O

OH O

OH
OMe

OMe
OMe
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Dalbergia latifolia,[11-13] Indian Rosewood, is valued for resistant to 

attack by insects and microorganisms. Its seed has been examined and found a new 

rotenoid. 

O
OO

O

RO

OH
OMe

OMe

29a R=H 

29b R= -glycosyl 

The roots of Millettia pachycarpa are occasionally used as a fish poison and 

are reputed to be insecticidal. Singhal[14] and colleagues reported the isolation of 

retenoids from the roots of this species 5, 14, 30a and 30b.

O
OR'O

O

H

R

OMe
OMe

30a R=R =H

30b R=OH, R =H
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 Crombie[15] and co-workers noticed that the seeds of the legume 

Lonchocarpus salvadorensis, having unusually low destroyed by bruchid beetles 

(seed predators). To explore the composition of the seeds found deguelin (31),[16]

rotenone (5), elliptone (32) and -toxicarol (33) and also examined the insecticidal 

effectiveness of those rotenoids. 

O
OO

OMe
OMe

O

H

H

   

O
O

OMe
OMe

O

H

H

O

31       32

O
OO

OMe
OMe

O

H

H
OH

33

Boerhaavia diffusa L.[17] is widely used in traditional medicine: in Nepal as a 

remedy for back bone pain and as a tonic (whole plant) in association with other 

plant; in Sri Lanka to treat rheumatism and snake bite; in India as a medicine with 

multiple actions (stomachic, diuretic, antiasthmatic, diaphoretic, anthelminthic, 

febrifuge, antileprosy, antiscabies, anti-urethritis, etc.). Investigations on its chemical 

constituents found two new rotenoid analogues.  

O
O

OR'

OOH

R"O

CH3

     34 R =CH3, R =H

     35 R =R =H 

     36 R =R =CH3
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 Ahmed et al.[18] reported two rotenoid derivatives, repenone (37) and repenol 

(38), from Boerhaauia repens usually grows in tropical and subtropical regions. This 

plant is common in Bangladesh and has a reputation for versatility. 

O
O

R
O

OH

OH
OH

OAc

37 R=H 

38 R=OH 

Clitoria macrophylla[19] is traditionally used in Thailand for skin diseases 

and for pest control in horticulture and animal husbandry. It was also reported as anti-

inflammatory and antipyretic activities. Phytochemical investigation resulted in the 

isolation of a new rotenoids, 6-deoxyclitoriacetal (39), from its roots. In vitro tests 

showed that this compound possessed strong cytotoxic activity against cultured P-388 

lymphocytic leukemia cells, but was not active with cultured KB cells. 

O
O

OOH
OH

H

OMe
OMe

MeO

39

Amorpha fruticosa[20] has also been shown to exhibit feeding deterrence 

along with insecticidal, antiparasitic, antimicrobial and hypotensive activities. To 

investigate chemical constituent of the leaves found 5 rotenoid compounds. 
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40      41
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O
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OH

42      43 R=H 

        29a R=OH  

 Investigation of Dalbergia sissoides[21] stem-bark has resulted in the isolation 

of a new 6-ketodehydrorotenoid, characterized as 6-ketodehydroamorphigenin (40).

O
O

OOH

OMe
OMe

O
OOH

44

 The bark, leaves, seeds, and roots of Mundulea sericea (Wild.)[22] are used as 

a fish poison, insecticide, and an aphrodisiac. As part of searching for naturally 

occurring cancer chemopreventive agents, Kinghorn et al. have reinvestigated the 

chemical constituents of this plant found four rotenoid derivatives, two were known. 
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     45 R =H, R =OH

     46 R =R =OH 

     31 R =R =H 

     41 R =OH, R =H 

 The hexane and ethyl acetate extracts of roots of Tephrosia canida[23] 

afforded eight rotenoids. 

O
O

O
OMe

OMe

O

R'R

   

O
O

O
OMe

OMe

O

R

31 R=R =H      43 R=H 

33 R=OH; R =H     44 R=OH 

41 R=H; R =OH

42 R= R =OH

O
O

O
OMe

OMe

OH

O

          

O
O

O
OMe

OMe

OH

O

45       46

 Two novel rotenoid-like compounds isolated from cube resin (Lonchocarpus 

utilis and urucu or Derris elliptica or Leguminosae),[24] used as an insecticide and 

piscicide, have been discovered during the study of its composition and toxicology. 
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47      48

From the stem bark of Millettia usaramensis subsp., usaramensis[25] four 

new 12a-hydroxyrotenoids with the unusual trans B/C ring junction have been 

isolated and characterized. 

O
O

O
O

O

O OH
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O
O

O
O

O OH

H
O

O

49      50
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O
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OH OH
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OMe
MeO

51      52

 The genus Clitoria has 60 reported species, some of which possess remarkably 

anti-inflammatory and antipyretic activities. Moreover, from the roots of C.

macrophylla has been used for the treatment of skin diseases in Thailand. Preliminary 

test showed strong cytotoxic activity against cultured P-388 lymphocytic leukemia 

cells. The isolation of the roots[26, 27] and seeds[28] of Clitoria fairchildiana

afforded rotenoid derivatives. 
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OHO
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OMe
OMe

MeO
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H

OH

53 R=Me; R = -glycosyl            55 R=H; R =H, -OH; H, -OH

54 R= R =H              56 R=OH; R =H, -OH; H, -OH

Gliricidia sepium (Jacq.)[29] is a tree native to both coasts of Mexico form 

above the middle of the country southward and through Central America to Columbia 

and Venezuela. The bark decoction is used against protozoal diseases and for the 

treatment of impetigo and other skin diseases. The investigation of a methanolic 

extract of Gliricidia sepium bark afforded three new rotenoids which exhibited 

activity against Artemia salina larvae. 

O
O

O

R
OMe

OH
H

OH

          

O
O

OMe

OH
H

OH

O

OMe

OH

57 R=H      59

58 R=OMe 

 As the problem of low abundance active metabolites, time-consuming and 

high cost of collection and re-collection, and variable recovery of active compounds 

lead to plant cell culture which offers a good alternative to whole plant collection and 

allows for the production of bioactive secondary metabolites. From a manipulated 

plant cell culture of Mirabilis jalapa[30] led to the isolation and subsequent 

identification of phenolic compounds including rotenoids. 
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34 R= R =H; R =CH3    62 R=H 

35 R= R =R =H

O
O

O OH

MeO H OMe

OMe

OMe
OMe

63

M. jalapa[31] is a plant belonging to the family Nyctaginaceae, widely used as 

a traditional folk herb to treat acute arthritis, anesthesia, inflammation, and so on. In 

screening of this Chinese folk herbs for anti-HIV agents, it was found that the ethyl 

acetate fraction found that the ethyl acetate fraction of the roots of Mirabilis jalapa L. 

showed potent inhibitory activity against HIV in vitro. To isolate an effective 

compound against HIV, M. jalapa collected at Kunming in Yunnan Province was 

chemically investigated. The isolation and structure identification of the roots of M.

jalapa resulted four new rotenoids. 

O
O

OH

OOH
CH3

R

OH

MeO

   

O
O

OH

OOH
CH3

R'
R

OH

64 R=Me      65 R=OH; R =Me

62 R=H      60 R=OMe; R =H
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66 R=OMe; R =H, OH   68

67 R=OH; R =O

 A screening of Brazilian medicinal plants for anti-Helicobacter pylori actives 

resulted in the isolation of rotenoid from the roots of Derris malaccensis.[32]

O
OO

O

H

R

OH
OH

OMe
OMe

     69 R=H 

     70 R=OH 

Tephrosia toxicaria (Sw.) Pers.[33] is a tropical fish-poisoning plant growing 

in Sri Lanka and South America and is well-known as a source of rotenoids including 

deguelin, sumatrol, and toxicarol. As part of the discovery of novel naturally 

occurring cancer chemopreventive agents from plants, the stems of T. toxicaria were 

chosen for more detailed investigation. Bioassay-guided fractionation of the ethyl 

acetate-soluble residue of the stems of T. toxicaria, using quinone reductase induction 

assay, led to the isolation and characterization of a new rotenoid and the identification 

of 12 known compounds.  
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2.2 Biological activities 

 Rotenoids are known as insecticide for at least 150 years. They have been used 

even longer as fish poisons by native tribes to obtain food [34] and more recently in 

fish management to achieve the desired balance of species. The acute toxicity of 

rotenoids to insects, fish, and mammals is attributable to inhibition of NADH; 

ubiquinone oxidoreductase (complex I) activity as the primary target.[35-36] 

Rotenoids are known not only as toxicants but also as candidate anticancer agents 

based on three observations; exhibition of the formation of microtubules from tubulin 

and anti-cancer activities,[37-40] prevents cell proliferation induced by a peroxisome 

proliferators in mouse liver,[2] and inhibit phorbol ester-induced ornithine 

decarboxylase (ODC) activity as a measure of cancer chemopreventive potency.[22, 

41-44] 

 Other interesting biological activities are anti viral and anti-malarial 

activities.[45-46] 

2.3 Synthesis 

 Some of the existing rotenoid syntheses have limitations in terms of their 

ability to accommodate different substitution patterns, and in terms of yield. However, 

a number of synthetic strategies have been used to construct the retenoid system 

including the use of Hoesch condensation, thermal condensation of 4-

ethoxycarbonylchroman-3-ones with activated phenols, reaction of isoflavones with 

dimethylsulfoxonium methylide, Claisen rearrangement of pro-2-ynyl ethers, 

aroylation of 4-lithiochromenes, enamines and 4-phenylsulfonylchromans, 
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intramolecular radical cyclization, and combined Wadsworth-Emmons-Mukaiyama 

aldol methodologies.[1]  

 In 1993, Crombie et al. [66-67] have developed the synthesis of rotenoids 

using thermal cyclization, Claisen rearrangement, and Wadsworth-Emmons coupling. 

O

R1
R2

+

OHC
OH

R3

O

R1
R2

O

OH

R3

Claisen
 rearrangement

O
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Figure 1 Claisen rearrangement in rotenoid synthesis. 
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Figure 2 Wadsworth-Emmons coupling in rotenoid synthesis. 
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 In 1998, Gabbutt et al.[1] reported the synthesis of rotenoid core structure 

using the hypervalent iodine-promoted oxidative ring expansion of the spirocycles as 

a key step. 

O

OH

O

O
O

O
O

O

H

H

Ph(OH)IOTs,
TsOH, MeCN

Figure 3 Hypervalent iodine in rotenoid synthesis. 

Lately, Sames et al.[47-49] have developed a new platinum-catalyzed 

hydroarylation method which would be applicable to synthesize rotenoid class of 

natural products. 

O

MeO

O O

OMe
OMe

O

OO
H

H
OMe

O

MeO

3 steps
78% yield

Figure 4 PtCl2-catalyzed hydroarylation in rotenoid synthesis. 



CHAPTER III 

Experimental

3.1 Materials and Methods 

3.1.1 General experimental procedures 

All reactions were performed in oven- or flame-dried glassware fitted with 

rubber septa under a positive pressure of argon, unless otherwise noted. Air- and 

moisture-sensitive liquids were transferred by syringe or stainless steel cannula. 

Organic solutions were concentrated by rotary evaporation at 30°C, unless otherwise 

noted. Analytical thin-layer chromatography (TLC) was performed using E. Merck 

silica gel 60 F254 precoated plates (0.25 mm). TLC plates were visualized by exposure 

to ultraviolet light (UV), then were stained by submersion in aqueous ceric 

ammonium molybdate solution (CAM), or a basidic KMnO4 solution, or acidic 

ethanolic vanillin solution, followed by brief heating on a hot gun (~200°C, 10-15s). 

Flash chromatography was performed by employing silica gel (60 Å pore size, 230-

400 mesh, Merck KGA). 

3.1.2 Materials 

Commercial reagents and solvents were used as received with the following 

exceptions. Diethyl ether (Et2O) and tetrahydrofuran (THF) were distilled from 

sodium/benzophenone ketyl. Methylene chloride (CH2Cl2) and triethylamine (Et3N)

were distilled from calcium hydride. All other commercially obtained reagents were 

distilled before. 
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3.1.3 Instrumentation

All melting points were obtained on a Gallenkamp capillary melting point 

apparatus and are uncorrected. Infrared spectra were recorded on a Perkin Elmer 

1760X FT-IR Spectrophotometer. 1H and 13C NMR spectra were recorded on a 

Varian Mercury 400 MHz spectrometer operated at 400 MHz for proton nuclei and 

100 MHz for carbon nuclei. Chemical shifts are reported relative to internal 

chloroform (1H, 7.26 ppm; 13C, 77.0 ppm), unless otherwise noted. High 

resolution mass spectra were determined on Bruker Daltonics micrOTOF-Q mass 

spectrometer. Specific rotations were measured on Jasco P1010 and are reported as 

follows: [ ]D, concentration (c = g/100 mL). 

3.2 Experimental Procedures and Characterization data 

3.2.1 Synthesis of compound 78 

OHMeO

MeO

3,4-Dimethoxyphenol (78) 

To a cooled solution of 3, 4-Dimethoxybenzaldehyde (10.0 g, 60.2 mmol) in 

dichloromethane at 0 C (200 mL) was added m-chloroperbenzoic acid (16.3 g with 

~30% of H2O, ca. 66.2 mmol), and the mixture was then allowed to stir at room 

temperature for 15 h. The reaction was quenched with Na2SO3, and the mixture was 

diluted with dichloromethane (500 mL) and then successively washed with saturated 

aqueous Na2CO3 solution (3  100 mL) and brine (2  50 mL), and finally dried over 

Na2SO4. After removal of organic solvent, the residue was dissolved in MeOH (200 

mL), then treated with K2CO3 (8.4 g, 61.0 mmol), and the mixture was stirred at room 

temperature for 30 min. After removal of MeOH, the residue was dissolved in 

dichloromethane (200 mL) was with H2O (2  20 mL) and brine (2  20 mL), and 

dried over Na2SO4. The organic phase was concentrated, and residue was purified by 
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flash chromatography on silica gel (elution with 9:1 DCM/EtOAc) to give compound 

78 (9.1 g, 98 %) as a brown solid. 

m.p. 43-45 C.

Rf = 0.54 (CH2Cl2/EtOAc = 9:1). 
1H NMR (400 MHz, CDCl3)  3.78 (s, 3H), 3.82 (s, 3H), 6.39 (dd, J1 = 8.6 

Hz, J2 = 2.8 Hz, 1H), 6.50 (d, J = 2.8 Hz, 1H), 6.74 (d, J = 8.6 Hz, 1H). 
13C NMR (100 MHz, CDCl3)  55.8, 56.6, 100.7, 106.0, 112.6, 142.8, 149.8, 

150.4. 

3.2.2 Synthesis of compound 75[47]

OMeO

MeO

1,2-Dimethoxy-4-prop-2-ynyloxybenzene (75) 

To 3, 4-dimethoxyphenol 78 in acetone (0.2M) was added propargyl bromide 

(1.2 equiv.) and K2CO3 (1.2 equiv.). The reaction was stirred vigorously at room 

temperature. After 18 hours, saturated NH4Cl and DCM were added. The organic 

layer was washed with water (  2), brine, and dried over Na2SO4. Removal of 

volatiles and purification of the crude residue by filtration through a pad of silica 

(Hexane/CH2Cl2 = 1:1) gave 75 as light brown oil in quantitative yield.  

Rf = 0.43 (hexanes/CH2Cl2 = 1:1). 
1H NMR (400 MHz, CDCl3)  2.54 (t, J = 2.4, 1H), 3.84 (s, 3H), 3.85 (s, 3H), 

4.65 (d, J = 2.4 Hz, 2H), 6.49 (dd, J1 = 8.7, 2.8 Hz, 1H), 6.60 (d, J2 = 2.8 Hz, 1H), 

6.79 (d, J = 8.7 Hz, 1H). 
13C NMR (100 MHz, CDCl3)  55.8, 56.3, 56.4, 75.4, 78.8, 101.3, 104.3, 

111.5, 144.1, 149.8, 152.1. 

IR (Chloroform) max: 2969, 2930, 2354, 2330, 1607, 1570, 1516, 1449, 1207, 

1128, 1028 cm-1.
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3.2.3 Synthesis of compound 83[47-50] 

OMeO

MeO

6,7-Dimethoxy-2H-chromene (83) 

In a flame dried 50 mL round bottom flask was added 78 (1.00 g, 5.20 mmol) 

and PtCl2 (28 mg, 2 mol %). The flask was evacuated and flushed with argon three 

times, followed by the addition of toluene (25 mL, 0.21 M). The reaction was allowed 

to stir at 55-60 C for 18 h and the volatiles were removed when reaction was 

completed (TLC). Purification of the crude residue by flash chromatography on silica 

gel (Hexane/EtOAc = 4:1) afforded 83 as a pale yellow viscous oil (750 mg, 75 %). 

Rf = 0.41 (Hexane/EtOAc = 4:1) 
1H NMR (400 MHz, CDCl3)  3.85 (s, 3H), 3.87 (s, 3H), 4.77 (dd, J1=1.5 Hz, 

J2=3.1 Hz, 2H), 5.69 (ddd, J1 = 3.1 Hz, J2=7.0 Hz, J3=9.4 Hz 1H), 6.38 (d, J = 9.4 Hz, 

1H), 6.45 (s, 1H), 6.56 (s, 1H). 
13C NMR (100 MHz, CDCl3)  55.9, 56.5, 65.4, 100.5, 109.9, 114.4, 119.3, 

124.4, 143.5, 148.5, 149.5. 

IR (Chloroform) max: 2941, 2833, 1614, 1509, 1458, 1279, 1226, 1193, 1135, 

1035, 980, 589 cm-1.

HRMS (ESI-TOF) (M++Na) m/z calcd for C11H13O3 193.0859 found 

193.0856. 
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3.2.4 Synthesis of compound 84[51]

OMeO

MeO
OH

OH

6,7-Dimethoxy-chroman-3,4-diol (84) 

The mixture of AD-mix-  (4.37 g) and MeSO2NH2 (296 mg, 3.12 mmol) in t-

BuOH/H2O (20 mL/20 mL) was stirred at room temperature for 15 min and then 

cooled to 0°C. To this solution was added the compound 83 (600 mg, 3.12mmol). The 

reaction was stirred at room temperature for 2 days and then quenched with Na2SO3 at 

room temperature for an additional 10 min. EtOAc was added to the reaction mixture, 

and after separation of the layers, the aqueous layer was further extracted with EtOAc 

twice. The combined organic layers were dried over Na2SO4 and concentrated in 

vacuo. Purification by flash column using pure EtOAc afforded the corresponding 

diol product (650 mg, 92%) as a pale yellow solid. 

m.p. 98-99 C.

Rf = 0.43 (EtOAc). 

Optical Rotation: 25
D[ ] = -12.4 (c 0.95, CHCl3).

1H NMR (400 MHz, CDCl3)  3.85 (s, 3H), 3.86 (s, 3H), 4.09 (m, 3H), 4.71 

(s, 1H), 6.41 (s, 1H), 6.88 (s, 1H). 
13C NMR (100 MHz, CDCl3)  55.9, 56.4, 65.8, 65.9, 66.1, 100.2, 111.8, 

113.1, 144.0, 147.9, 150.3. 

IR (Chloroform) max: 3378, 2938, 1662, 1621, 1541, 1512, 1449, 1403, 1265, 

1224, 1200, 1162, 1127, 1057, 938 cm-1.

HRMS (ESI-TOF) (M++Na) m/z calcd for C11H14O5Na 249.0739 found 

249.0740. 
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3.2.5 Preparation of compound 82[55]

OMeO

MeO
O

OH

3-Hydroxy-6,7-dimethoxy-chroman-4-one (82) 

The compound 84 (400 mg, 1.77 mmol) was dissolved in ethyl acetate (10 

mL, 0.18 M) and IBX (846 mg, 3.0 mmol) was added. The resulting suspension was 

immersed in an oil bath set to 70 C and stirred vigorously open to the atmosphere. 

After 5 h (TLC monitoring), the reaction was cooled to room temperature and filtered. 

The filter was washed with 3 10 mL of ethyl acetate, and the combined filtrates were 

concentrated to yield a yellow crude product which was further purified by column 

chromatography using EtOAc/Hexane (3:2) to yield 350 mg (88%, pale yellow 

powder).

m.p. 160-161 C.

Rf = 0.52 (EtOAc/Hexane = 3:2). 

Optical Rotation: 25
D[ ] = -52.8 (c 0.65, CHCl3).

1H NMR (400 MHz, CDCl3)  3.85 (s, 3H) 3.86 (s, 3H), 4.13 (dd, J1 = 11.0 

Hz, J2 = 13.4 Hz, 1H), 4.57 (dd, J1 = 6.2 Hz, J2 = 13.1 Hz, 1H), 4.66 (dd, J1 = 6.2 Hz, 

J2 = 10.1 Hz, 1H), 6.41 (s, 1H), 6.88 (s, 1H). 
13C NMR (100 MHz, CDCl3)  56.3, 56.4, 68.6, 71.1, 100.2, 106.5, 110.6, 

145.0, 156.7, 159.0, 192.8. 

IR (Chloroform) max: 3379, 2925, 1674, 1612, 1509, 1454, 1265, 1211, 1175, 

1114, 1032, 995, 937 cm-1.

HRMS (ESI-TOF) (M++Na) m/z calcd for C11H12O5Na 247.0582 found 

247.0588. 
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3.2.6 Synthesis of compound 85

O

OMe
OMe

O

MsO

3-Methansulfonyl-6,7-dimethoxy-4-oxo-chromanyl ester (85) 

To a cooled (0°C) stirred solution of the compound 82 (100 mg, 0.446 mmol) 

in dichloromethane (4 mL) and pyridine (36 L) under argon, methanesulfonyl 

chloride (38 L (56.2 mg), 1.1 equiv.) was dropped. The mixture was stirred at room 

temperature for 6 h, the solution was poured into ice-10% HCl and extracted with 

CH2Cl2, the organic layer was combined, washed with water, dried (Na2SO4), filtered 

and evaporated to dryness. The residue was purified by column chromatography using 

Hexane/EtOAc (3:1) to give 85 as a pale yellow solid (110 mg, 82%). 

m.p. 109-110 C.

Rf = 0.56 (Hexane/EtOAc = 3:1). 

Optical Rotation: 25
D[ ] = -12.4 (c 0.95, CHCl3).

1H NMR (400 MHz, CDCl3)  3.34 (s, 3H), 3.92 (s, 3H) 3.97 (s, 3H), 4.55 

(dd, J1 = 9.8 Hz, J2 = 11.6 Hz, 1H), 4.67 (dd, J1 = 5.1 Hz, J2 = 11.5 Hz, 1H), 5.34 (dd, 

J1 = 4.8 Hz, J2 = 9.7 Hz, 1H), 6.50 (s, 1H), 7.30 (s, 1H). 
13C NMR (100 MHz, CDCl3)  39.2, 56.2, 56.5, 69.5, 74.8, 100.1, 106.5, 

111.5, 145.4, 157.2, 158.3, 184.9. 

 IR (Chloroform) max: 2925, 2853, 1685, 1613, 1508, 1470, 1429, 1360, 

1271, 1214, 1174, 1072, 1032, 939, 807 cm-1.

 HRMS (ESI-TOF) (M++Na) m/z calcd for C12H14O7SNa 325.0358 found 

325.0365. 
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3.2.7 Synthesis of compound 86

O

OMe
OMe

O

TfO

3-Trifluoromethansulfonyl-6,7-dimethoxy-4-oxo-chromanyl ester (86) 

Pyridine (54 L, 0.669 mmol, 1.5 equiv) was added to a solution of compound 

82 (100 mg, 0.446 mmol) in dichloromethane (1 mL) at -10°C. Tf2O (112 L, 0.669 

mmol, 1.5 equiv) was then added dropwise, and the mixture solution was then stirred 

at that temperature for 2 h. The reaction mixture was poured into ice/10%HCl and 

was extracted with DCM (3 10 mL). The organic layer was dried over Na2SO4 and 

concentrated to obtain crude product. The crude was purified by column 

chromatography using EtOAc/Hexane (3:2) as eluent; the compound 7 was obtained 

as a light brown solid (140 mg, 88%).  

m.p. 89-90 C.

Rf = 0.51 (EtOAc/Hexane = 3:2). 

Optical Rotation: 25
D[ ] = -16.2 (c 1.0, CHCl3).

1H NMR (400 MHz, CDCl3)  3.80 (s, 3H), 3.86 (s, 3H), 4.50 (dd, J1 = 2.1 

Hz, J2 = 11.9 Hz, 1H), 4.58 (dd, J1 = 5.4 Hz, J2 = 11.7 Hz, 1H), 5.34 (dd, J1 = 4.8 Hz, 

J2 = 9.3 Hz, 1H), 6.40 (s, 1H), 7.18 (s, 1H). 
13C NMR (100 MHz, CDCl3)  56.2, 56.5, 68.7, 79.0, 100.0, 106.7, 111.2, 

120.1, 145.7, 157.4, 158.0, 181.5. 

IR (Chloroform) max: 2927, 2847, 1677, 1614, 1508, 1471, 1433, 1271, 1217, 

1033, 827, 831 cm-1.

HRMS (ESI-TOF) (MH+) m/z calcd for C12H12F3O7S 357.0256 found 

357.0250. 
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3.2.8 Preparation of compound 87[57-58]

OH O

O
O

OMe
OMe

O

MeO

2-(6,7-Dimethoxy-4-oxo-chroman-3-yloxy)-6-hydroxy-4-methoxybenzaldehyde 

(87)

 To a solution of compound 81 (89 mg, 0.529 mmol), K2CO3 (73 mg, 0.529 

mmol), and 18-crown-6 (140 mg, 0.529 mmol) in MeCN (1 mL) was added a solution 

of 85 or 86 (80 mg (0.265 mmol) for 85 or 90 mg for 86, 0.253 mmol) in MeCN (1 

mL). The reaction mixture was stirred at room temperature for 24 h, filtered through 

Celite and the solvent evaporated at reduced pressure to provide a crude product. The 

crude product was purified by silica gel chromatography (Hexane/EtOAc; 1:4) to 

provide 87 (67 mg, 68% for 85 or 76 mg, 80% for 86) as a white solid. 

m.p. 202-203 C.

Rf = 0.43 (Hexane/EtOAc = 1:4). 

Optical Rotation: 25
D[ ] = +168.3 (c 0.55, CHCl3).

1H NMR (400 MHz, acetone-d-6)  3.82 (s, 3H), 3.89 (s, 3H) 3.92 (s, 3H), 

4.72 (dd, J1 = 8.1 Hz, J2 = 11.8 Hz, 1H), 4.79 (dd, J1 = 4.7 Hz, J2 = 12.3 Hz, 1H), 5.32 

(dd, J1 = 3.9 Hz, J2 = 8.0 Hz, 1H), 6.11 (s, 1H), 6.48 (s, 1H), 6.62 (s, 1H), 7.19 (s, 

1H), 10.09 (s, 1H), 12.37 (s, 1H). 
13C NMR (100 MHz, CDCl3)  55.9, 56.2, 56.5, 69.5, 74.0, 93.2, 94.3, 99.9, 

106.5, 106.8, 111.7, 145.2, 156.9, 157.9, 161.5, 166.2, 167.9, 186.2, 191.8. 

IR (Chloroform) max: 2927, 1680, 1638, 1509, 1433, 1272, 1213, 1163, 1124, 

1037, 930 cm-1.

HRMS (ESI-TOF) (M++Na) m/z calcd for C19H18O8Na 397.0899 found 

397.0897. 
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3.2.9 Synthesis of compound 88[59-63] 

O

OMe
OMe

O

OH OH
OH

MeO
H

2,3,9-Trimethoxy-6,6a-dihydro-12H-chromeno[3,4-b]chromene-11,12,12a-triol 

(88)

 To a 0.1 M solution of SmI2 in THF (5.3 mL, 0.53 mmol) and t-BuOH (81, 

0.84 mmol) at -78°C was added dropwise a solution of 87 (80 mg, 0.21 mmol) in THF 

(3 mL). After the mixture was stirred at -30°C for 3 h, the flask was opened to air to 

oxidize excess SmI2, and the crude reaction mixture was filtered. The filtrate was 

evaporated at reduced pressure, and the residue was purified by flash chromatography 

(Hexane/EtOAc 4:1) to afford 88 (52 mg, 65%) as a pale yellow solid. 

m.p. 149-150 C.

Rf = 0.47 (Hexane/EtOAc = 4:1). 

Optical Rotation: 25
D[ ] = -122.8 (c 0.50, CHCl3). 

1H NMR (400 MHz, CDCl3)  3.71 (s, 3H), 3.76 (s, 3H) 3.79 (s, 3H), 4.30 

(dd, J1 = 3.8 Hz, J2 = 10.5 Hz, 1H), 4.56 (dd, J1 = 3.8 Hz, J2 = 9.1 Hz, 1H), 4.69 (dd, 

J1 = 9.1 Hz, J2 = 10.5, 1H ), 5.17 (s, 1H), 5.91 (d, J = 2.2 Hz, 1H), 6.02 (d, J = 2.2 Hz, 

1H), 6.39 (s, 1H), 7.46 (s, 1H). 
13C NMR (100 MHz, acetone-d-6)  54.5, 55.0, 55.9, 64.2, 67.4, 68.9, 74.8, 

92.5, 94.7, 100.0, 102.1, 111.3, 114.9, 143.6, 149.3, 150.3, 154.0, 157.9, 160.8. 

IR (Chloroform): max 3370, 2936, 2840, 1662, 1621, 1541, 1513, 1449, 1403, 

1264, 1224, 1201, 1161, 1126, 1056, 938, 829 cm-1.

HRMS (ESI-TOF) (MH+) m/z calcd for C19H21O8 377.1236 found 377.1231. 
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3.2.10 Synthesis of compound 39

O

OMe
OMe

O

OH O
OH

MeO
H

11,12a-Dihydroxy-2,3,9-trimethoxy-6a,12a-dihydro-6H-chromeno[3,4-

b]chromen-12-one (39) 

 The compound 88 (40 mg, 0.106 mmol) was dissolved in dichloromethane (1 

mL), and MnO2 (64.5 mg, 0.742 mmol, 7.0 equiv.) was added. After the reaction was 

stirred overnight at room temperature, CH2Cl2 was added to dilute the reaction and 

was filtered through a pad of celite and silica gel. Removal of volatiles revealed a 

brown solid that was purified by silica gel chromatography (Hexane/EtOAc; 2:3) to 

provide 39 (32 mg, 80%) as a pale yellow solid. 

m.p. 131-132 C.

Rf = 0.52 (Hexane/EtOAc = 2:3). 

Optical Rotation: 25
D[ ] = +219.9 (c 1.0, CHCl3) (lit.[19] +233, CHCl3; c 0.1). 

1H NMR (400 MHz, DMSO-d-6)  3.57 (s, 3H), 3.70 (s, 3H) 3.74 (s, 3H), 

4.33 (dd, J1 = 12.3 Hz, J2 = 1.6 Hz, 1H), 4.47, (dd, J1 = 12.3 Hz, J2 = 2.3 Hz, 1H), 

4.67 (d, J = 2.3 Hz, 1H) 6.01 (d, J = 2.3 Hz, 1H), 6.06 (d, J = 2.3 Hz, 1H), 6.68 (s, 

1H), 6.71 (s, 1H), 11.95 (s, 1H). 
13C NMR (100 MHz, CDCl3)  55.8, 55.9, 56.3, 63.6, 66.9, 75.5, 94.5, 95.6, 

100.1, 101.1, 108.2, 109.2, 143.9, 148.3, 151.3, 161.6, 164.3, 169.0, 195.0. 

IR (Chloroform) max: 3444, 2939, 2842, 1670, 1610, 1574, 1509, 1461, 1336, 

1263, 1206, 1160, 1120, 1044, 1025, 822, 735 cm-1.

HRMS (ESI-TOF) (MH+) m/z calcd for C19H19O8 375.1080 found 375.1074. 
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3.2.11 Synthesis of compound 89 

O

OH

OH

MeO

2,6-Dihydroxy-4-methoxybenzaldehyde (89) 

A mixture of 2,4,6-trihydroxybenzaldehyde (200 mg, 1.29 mmol), potassium 

carbonate (179.35 mg, 1.29 mmol), and methyl iodide (80.8 μL, 1.29 mmol) in 

acetone (100 mL) was stirred overnight. The mixture was filtered and the filtrate was 

concentrated in vacuo to a residue that was chromatographed on silica gel, eluting 

with ethyl acetate in hexane (2:3) to yield 89 (112.0 mg, 52%): 

m.p. 171-172ºC. 

Rf = 0.40 (Hexane/EtOAc = 3:2). 
1H NMR (400 MHz, CDCl3)  3.83 (s, 3H), 5.90 (d, J = 2.3 Hz, 1H), 6.00 (d, 

J = 2.2 Hz, 1H), 10.08 (s, 1H), 12.51 (s, 1H). 
13C NMR (100 MHz, CDCl3)  55.8, 94.3, 106.7, 111.6, 161.4, 166.1, 167.8, 

191.8. 
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3.2.12 Preparation of compound 80[47]

O

OMe
OMe

O

OBn
BnO

(2,4-Bis-benzyloxy-phenyl)-(6,7-dimethoxy-2H-chromen-4-yl)-methanone (80) 

In a flame dried 50 mL round bottom flask was added 79 (2.00 g, 3.93 mmol) 

and PtCl2 (21 mg, 2 mol %). The flask was evacuated and flushed with argon three 

times, followed by the addition of toluene (20 mL, ~0.20 M). The reaction was 

allowed to stir at 55-60 C for 12h and the volatiles were removed when reaction was 

completed (TLC). Purification of the crude residue by flash chromatography on silica 

gel (Hexane/EtOAc, 3:1) afforded 80 as a brown solid (1.56 g, 78 %). 

m.p. 120-121 C.

Rf = 0.44 (Hexane/EtOAc = 3:1). 
1H NMR (400 MHz, CDCl3)  3.74 (s, 3H), 3.89 (s, 3H) 4.70 (d, J = 3.7 Hz, 

2H), 5.00 (s, 2H), 5.12 (s, 2H), 6.05 (t, J = 3.9 Hz, 1H), 6.47 (s, 1H), 6.62 (s, 1H), 

6.65 (d, J = 8.6 Hz, 1H), 7.11 (s, 1H), 7.26 (m, 4H), 7.42 (m, 6H), 7.60 (d, J = 8.5 Hz, 

1H). 
13C NMR (100 MHz, CDCl3)  55.9, 56.2, 64.8, 70.3, 70.4, 100.5, 100.8, 

106.2, 108.7, 112.2, 122.3, 125.7, 126.9 (  2), 127.6 (  2), 127.8, 128.3, 128.5 (  2), 

128.7, 128.8 (  2), 132.7, 136.1, 143.4, 148.6, 149.9, 159.3, 194.1. 

IR (Chloroform) max: 2938, 1601, 1507, 1456, 1379, 1267, 1178, 1124, 1022, 

833, 742 cm-1.

HRMS (ESI-TOF) (MH+) m/z calcd for C32H29O6 509.1964 found 509.1960. 
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3.2.13 Preparation of compound 79

O

O

OMe
OMe

OBnBnO

1-(2,4-Bis-benzyloxy-phenyl)-4-(3,4-dimethoxy-phenoxy)-but-2-yn-1-one (79) 

 To a solution of 75 (1.50g, 7.80 mmol, 1.00 equiv.) in 80 mL of THF cooled 

to -78 C was added n-BuLi (5.46 mL, 8.19 mmol, 1.05 equiv.) under argon. After 

thirty minutes, 77 (2.48g, 7.8 mmol, 1.00 equiv.) in 50 mL of THF was added via 

cannula. The reaction was stirred for 60 min and then quenched with 30 mL of 

saturated NH4Cl and extracted with EtOAc (  3). The combined organic layer was 

washed with brine and dried over Na2SO4 and the volatiles removed under reduced 

pressure. The crude oil was then dissolved in dichloromethane (30 mL), and MnO2

(4.75g, 54.60 mmol, 7.0 equiv.) was added. After the reaction was stirred overnight at 

room temperature, CH2Cl2 was added to dilute the reaction and was filtered through a 

pad of celite and silica gel. Removal of volatiles revealed a brown solid that was 

purified by silica gel chromatography (CH2Cl2/Hexane; 2:3) to provide 79 (3.85g, 

97%) as a brown solid. 

m.p. 85-86 C.

Rf = 0.50 (CH2Cl2/Hexane = 2:3). 
1H NMR (400 MHz, CDCl3)  3.80 (s, 3H), 3.81 (s, 3H), 4.62 (s, 2H), 5.05 (s, 

2H), 5.06 (s, 2H), 6.43 (dd, J1 = 2.2 Hz, J2 = 8.7, 1H), 6.52-6.57 (m, 3H), 6.74 (d, J =

8.7 Hz), 7.32-7.47 (m, 10H), 7.94 (d, J = 8.6 Hz, 1H). 
13C NMR (100 MHz, CDCl3)  55.9, 56.3, 56.6, 70.4, 70.5, 87.0, 87.1, 100.6, 

101.5, 104.4, 106.5, 111.4, 119.9, 127.3 (  2), 127.6, (  2), 128.0, 128.4, 128.6 (  2), 

128.7, 128.8 (  2), 134.9, 135.8, 136.1, 144.2, 149.8, 151.9, 161.1, 164.7, 174.0. 

IR (Chloroform) max: 2939, 1596, 1509, 1450, 1377, 1258, 1233, 1188, 1147, 

1025, 833, 740 cm-1.

HRMS (ESI-TOF) (MH+) m/z calcd for C32H29O6 509.1964 found 509.1959. 
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3.2.14 Synthesis of compound 77

O

OBnBnO

2,4-Bis-benzyloxy-benzaldehyde (77) 

 The 2,4-dihydroxybenzaldehyde (4.0 g, 28.96 mmol), K2CO3 (8.0 g, 57.92 

mmol) and nBu4NI (0.31 g, 0.87 mmol) were dissolved in acetone (80 mL), the 

solution was treated with benzyl bromide (8.7 mL (12.38 g), 72.40 mmol), and the 

reaction mixture was stirred at room temperature for 24 h. After removal of acetone, 

the aqueous phase was extracted with DCM (  3), and the combined extracts were 

washed with H2O, brine and dried over Na2SO4. The extracts were filtered and 

concentrated, and the residue was purified by flash column chromatography on silica 

gel (elution with 9:1 Hexane/EtOAc) to give compound 77 (8.5 g, 92%) as a white 

solid. 

m.p. 155-156 C C.

Rf = 0.60 (Hexane/EtOAc = 9:1). 
1H NMR (400 MHz, CDCl3)  5.14 (s, 2H), 5.17 (s, 2H), 6.67 (dd, J1 = 1.6 

Hz, J2 = 8.7, 1H), 7.40 (d, J = 1.7 Hz, 1H), 7.74-7.75 (m, 10H), 7.88 (d, J = 8.7 Hz, 

1H), 10.42 (s, 1H). 
13C NMR (100 MHz, CDCl3)  70.3(  2), 100.1, 106.9, 119.4, 127.3 (  2), 

127.6 (  2), 128.3, 128.4, 128.7 (  4), 130.5, 135.8, 135.9, 162.7, 165.2, 188.3. 

IR (Chloroform) max: 2953, 1677, 1600, 1500, 1456, 1259, 1174, 1109, 1020, 

820, 735 cm-1.

HRMS (ESI-TOF) (MH+) m/z calcd for C21H19O3 319.1334 found 319.129. 
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3.2.15 Attempted on Mitsunobu coupling between compound 82 and compound

89[65]

OH O

OMe
OMeOOH

MeO

O

HO

89 82

+
O

OMe
OMe

O
OH O

MeO O

87

Sonication
DEAD/Ph3P

25ºC/THF/3 M
1h

To a round bottomed flask was added 2,6-dimehydroxy-4-

mothoxybenzaldehyde 89 (50 mg, 0.297 mmol), -hydroxyketone 82 (70 mg, 0.312 

mmol), triphenylphosphine (81.83 mg, 0.312 mmol), and THF (0.1 mL). The reaction 

vessel was then lowered into a sonication bath and sonicated for several minutes (to 

allow for mixing) giving a clear and highly viscous solution. While sonicating, 

diethylazodicarboxylate (DEAD) (0.854 mL, 4.30 mmol) was added dropwise to the 

reaction mixture over the course of 2 min. Overall, the reaction mixture (amber color) 

was sonicated for an hour. The reaction mixture was checked by TLC, there was no 

coupling product (87) was detected. 

3.3 Isolation 

The dried root of Stemona collinsae Craib. (4 kg) was pulverized and 

extracted by maceration with MeOH (2 6L) for one week. The combined MeOH 

extract was concentrated to dryness under reduced pressure to obtain a deep brown 

resinous crude extract (400 g). The crude extract was then partitioned between CHCl3

and H2O, then the CHCl3 extract which is the most active part was chromatographed 

on silica gel column using CHCl3-MeOH with increasing polarity as eluent. The 

compound 39 was obtained as light yellow needles. Its melting point, IR, NMR and 

MS are in good agreement with those reported in the literature.[19] X-ray crystal 

structure and cytotoxic activity against human cell lines have also been reported.[64] 



CHAPTER IV

Result and Discussion

4.1 Structural Analysis

 Caused by cis conformation at the B/C fusion, the 6-deoxyclitoriacetal 39

adopts a roof-shaped conformation that same as most naturally occurred rotenoids do 

and the configuration at C-6a and C-12a are R, R, respectively. The compound 39 has 

only two chiral centers at C-6a and C-12a and can say highly oxygenated molecule. 

The challenges arise from the facts that the carbons C-6a and C-12a are chiral and 

they have to be synthesized by asymmetric means.  

4.2 The First Retrosynthetic Analysis of compound 39

4.2.1 Synthetic approach to compound 39

Scheme 1 was outlined the retrosynthetic strategy for compound 39 where the 

synthetic approach relied on two key cyclization steps, including the Mitsunobu 

intramolecular coupling for diol 72 to compound 39 and the platinum-cyclized 6-endo 

hydroarylation of alkynone 74 to alkene 73 which could be converted to the diol 72

successfully by Sharpless asymmetric dihydroxylation. The precursor 74 could then 

be assembled by the convergence of intermediates 75 and 76.
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Scheme 1 First disconnection of compound 39

4.2.1.1 Investigation of the first route 

 To test this approach, the compound 76 had been changed to compound 77

because it is much cheaper. The synthesis commenced with conversion of phenol 78

to propagyl ether 75 in quantitative yield (Scheme 2). Treatment of compound 75 with 

n-BuLi in THF followed by reaction with aldehyde 77 produced the crude alcohol, 

which was oxidized without purification with manganese dioxide to obtain alkynone 

79 in 97% yield for two steps.[47] 
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O

OBn

OBn
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MeO O

O

OBn

OBn
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78%

AD-mix- , MeSO2NH2,
t-BuOH/H2O(1:1) MeO

MeO O

O

OBn

OBn

HO
OH

81

Scheme 2 Route to compound 81

Under the action of 2 mol% PtCl2 ( 0.2 M in toluene, 55 C), alkynone 79 was 

converted to the desired cyclization product 80 in good yield (78%).[47-50] Before a 

last key step, Mitsunobu intermolecular coupling, alkene 80 should be converted to 

diol 81 under Sharpless asymmetric dihydroxylation condition.[51] Unfortunately, 

even after extensive try, diol product could not be obtained. The failure of 

dihydroxylation might be due to the steric effect of benzyl group (Figure 1). 
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Figure 5. The possibly steric coordination of OsO4 on compound 80 

4.3 The Second Retrosynthetic Analysis of compound 39

After unsuccessful accommodation of diol on alkene 80, I decided to change 

to the second synthetic approach as shown in Scheme 3. The synthetic strategy is 

based on the intramolecular Pinacol-type coupling between aldehyde and ketone of 

compound 87. The compound 82 could be assembled from elaboration of alkene 83

which planned to obtain from propargyl aryl ether 75 using hydroarylation 

methodology. 

O
O

OMe
OMe

OOH

MeO

OH

H 6

6a
12a

8

10

39

OHO

OMe
OMe OOH

MeO

O

HO

8982

O

OMe
OMe

O

OMe
OMe

75 83

+

O

OMe
OMe

O
OH O

MeO O

87

Scheme 3 Second disconnection of compound 39 

4.3.1 Synthetic approach to compound 39 

4.3.1.1 Synthetic route to compound 82
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The synthesis of compound 75 was completed as presented in Scheme 4. 

Reaction of 3,4-dimethoxyphenol 78 with propargyl bromide and K2CO3 in acetone at 

room temperature gave compound 75 in quantitative yield. Cyclization of compound 

75 could be accomplished by platinum-catalyzed hydroarylation[47-50] using PtCl2 in 

toluene to give the required alkene 83 in reasonable yield (75%). However, Claisen 

rearrangement[52-53] of 75 in N,N-diethylaniline was also tried but formation of 

cyclic product was observed in lower yield as well as the composition of starting 

material. 

4.3.1.2 The Sharpless asymmetric dihydroxylation.[51] 

The Sharpless asymmetric dihydroxylation was then effected by treatment of 

alkene 83 with AD-mix-  in t-BuOH-H2O giving diol 84 in 92% yield ( 25
D[ ]  = -12.4 

(c 0.95, CHCl3).

4.3.1.3 Regioselective Oxidation of diol (84) to ketone (82)

Regioselective oxidation of diol 84 at the benzylic position with IBX in 

DMSO[54] provided the desired ketone 82 in 40% yield. However, the yield of this 

oxidation was significantly improved (88%) by changing the solvent to ethyl 

acetate.[55] Other regioselective oxidation reagents, PCC, PDC and MnO2, were also 

tried, unfortunately resulted in lower yield. 
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Scheme 4 Route to compound 82

4.3.1.4 Attempted on Mitsunobu reaction.[56, 65] 

 The Mitsunobu reaction is extensively used in organic synthesis for the 

preparation of alkyl aryl ethers under mild conditions. The method has proven 

successful in the coupling of a wide variety of phenol and alcohol substrates. 

 The investigation of Mitsunobu reaction (Scheme 5) between compound 82

and compound 89 was tried. Unfortunately, all tested conditions failed to give any 

desired product, owing to the low reactivity of phenol 89.

O

MeO

MeO

O
OH

82

DEAD/Ph3P, THF
89, sonicate O

OMe
OMe

O
OH O

MeO O

87

Scheme 5 Attempted on Mitsunobu reaction 
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4.3.1.5 The SN2 Coupling 

Having achieved efficient synthesis of the SN2 coupling, the alcohol must be 

converted to a good leaving group. So that the -hydroxyketone 82 was next 

converted into the mesylate 85 and the triflate 86 in yields of 82% and 88%, 

respectively under standard conditions (Scheme 6). The SN2[57-58] coupling of 

mesylate 85 with the known phenol 89 using 18-crown-6 and K2CO3 in CH3CN

generated keto-aldehyde 87 in 67% yield. However, treatment of compound 89 with 

triflate 86 under the same conditions provided compound 87 in a higher yield of 80%. 

MeO

MeO O

MsCl or Tf2O, CH2Cl2,
Pyr., DMAP MeO

MeO O

82 85 R=Ms  82%
86 R=Tf   88%

89, K2CO3, CH3CN,
18-crown-6

O
OR

O
OH

MeO

MeO O

O
OR

85 R=Ms
86 R=Tf OMe

OMe

O

O

MeO

OH

O

O
87

R=Ms; 68%
R=Tf;   80%

Scheme 6 SN2 coupling 

4.3.1.6 Completed synthesis of 6-deoxyclitoriacetal (39)

To complete the synthesis of 6-deoxyclitoriacetal (39), two remaining steps 

were required (Scheme 7). Treatment of 87 with samarium diiodide in THF/t-BuOH 

at -78 C provided compound 88 in 65% yield through a stereoselective intra-

molecular keto-aldehyde pinacol coupling (Figure 2).[59-63] Finally, oxidation of 88

with MnO2 in dichloromethane gave 6-deoxyclitoriacetal (39) in 80% yield. 
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Figure 6. Stereoselectivity of Pinacol-type by SmI2

The synthetic product 39 exhibited 1H and 13C NMR spectral data [a small 

doublet at  4.67 (d, J = 2.3 Hz), assigned to H-6a and an AB quartet at  4.33 (dd, J1

= 12.3, J2 = 1.6 Hz, 1 H), and  4.47 (dd, J1 = 12.3 Hz, J2 = 2.3 Hz, 1 H), attributed to 

H-6], m.p. (131-132 C; lit.[19] m.p. 130-131 C) and optical rotation { 25
D[ ]  = +219.9 

(c 1.0, CHCl3), lit.[19] [ ]D = +233 (c 0.1, CHCl3)} closely matching those published 

for the related natural product.[19, 25-28, 46]
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Table 1 Comparison of 1HNMR for synthetic and isolated compound 39.

Position Synthesis Literature 

1 6.68 s 6.66 s

2-OMe 3.57 s 3.66 s

3-OMe 3.75 s 3.75 s

4 6.68 s 6.41 s

6
4.33 dd (J=1.6, 12.3 Hz)

4.67 dd (J=2.3, 12.3 Hz)

4.39 dd (J=2.0, 12.0 Hz) 

4.51 dd (J=2.5, 12.0 Hz) 

6a 4.47 d (J=2.3 Hz) 4.49 d (J=2.0 Hz) 

8 6.01 d (J=2.3 Hz) 5.88 d (J=2.3 Hz) 

9-OMe 3.75 s 3.75 s

10 6.06 d (J=2.3 Hz) 6.04 d (J=2.3 Hz) 

11-OH 11.95 s 11.50 s

12a-OH 7.30 s 7.80 s

4.4 Cytotoxic test[64]

Table 2 Cytotoxicity (IC50, μg/mL) of compounds 39 against human cancer cell 
lines.

 Breast 

(BT474)

Lung 

(CHAGO)

Hepato

(HEP-G2)

Gastric 

(KATO3)

Colon

(SW620) 

6-deoxyclitoriacetal 0.2 0.9 0.1 0.3 0.1 

Doxorubicin HCl 0.1 2.3 0.9 1.7 1.1 



CHAPTER V

Conclusions

 The first total synthesis of 6-deoxyclitoriacetal (39) has been synthesized 

successfully in 8 steps starting from commercially available 3,4-dimethoxyphenol 

(78). The highlights of this synthesis are involved the SN2 reaction, PtCl2-catalyzed 

hydroarylation reaction and the SmI2-promoted intramolecular Pinacol-type 

cyclization.  

The conversion of compound 75 into compound 83 was achieved by PtCl2-

catalyzed hydroarylation reaction and easily converted into compound 82 by 

Sharpless asymmetric dihydroxylation followed by selective oxidation with IBX in 

EtOAc. Connection of D ring and A-B ring were accomplished by SN2 reaction in 

high yield (80%). The C ring was constructed by SmI2-promoted intramolecular 

Pinacol-type cyclization of compound 87 which was delivered the right stereogenic 

center at C-12a. Completion of synthetic 6-deoxyclitoriacetal (39) was achieved by 

oxidation of compound 88 with MnO2.
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Scheme 8 Summarized in total synthesis of compound 39



REFERENCES 

1.  Gabbutt, C. D.; Hepworth, J. D.; Heron, B. M.; and Thomas, J. L. The oxidative 

ring expansion of spiro-annulated Chroman-4-ones: Synthesis of Rotenoids 

core and related Benzoxanthones.  Tetrahedron Lett. 39 (1998): 881-884. 

2.  Cunningham, M. L.; Soliman, M. S.; Badr, M. Z.; and Matthews, H. B. Rotenone, 

an anticarcinogen, inhibits cellular proliferation but not Peroxisome 

proliferation in mouse liver  Cancer Lett. 95 (1995): 93-97. 

3.  Crombie, L.; and Whiting, D. A. Biosyntheis in the Rotenoid group of natural 

product: Applications of isotope methodogy.  Phytochemistry 49 (1998): 

1479-1507. 

4.  Shiengthong, D.; Donavanik, T.; Uaprasert, V.; and Roengsumran, S. Constituents 

of Thai medicinal plants-3 new Rotenoid compounds, Stemonacetal, Stemonal 

and Stemonone.  Tetrahedron Lett. 15 (1974): 2015-2018. 

5.  Oberholzer, M. E.; Rall, G. J. H.; and Roux, D. G. The concurrence of 12a-

hydroxy-and 12a-O-methylrote3noids: Isolation of the first natural 12a-O-

methylrotenoids. Tetrahedron Lett. 15 (1974): 2211-2214. 

6.  Oberholzer, M. E.; Gerhardus, J. H. R.; and Roux, D, G. New natural rotenoid and 

pterocarpanoid analogues from Neorautanenia Amboensis. Phytochemistry 15 

(1976): 1283-1284. 

7.  Piatak, D. M.; Flynn, G. A.; and Sorensen, P. D. Rotenoids from Amorpha 

Canescens Roots. Phytochemistry 14 (1975): 1391-1392. 

8.  Krupadanam, G. L. D.; Sarma, P. N.; Srimannarayana, G.; and Subba Rao, N. V. 

New C-6-oxygenated rotenoids from Tephrosia villosa ; villosin, villosone, 

villol and villinol. Tetrahedron Lett. 18 (1977): 2125-2128. 

9.  Prashant, A., and Krupadanam, G. L. D. Dehydro-6-hydroxyrotenoid and lupenone 

from Tephrosia villosa. Phytochemistry 32 (1993): 484-486. 

10. Prashant, A.; and Krupadanam, G. L. D. A new prenylated dehydrorotenoid from 

Tephrosia villosa seeds. J. Nat. Prod. 56 (1993): 765-766. 

11. Chibber, S. S.; and Khera, U. Dalbinol-A new 12a-hydroxyrotenoid from 

Dalbergia latifolia seeds. Phytochemistry 17 (1978): 1442-1443. 

12. Chibber, S. S.; and Khera, U. Dalbin: A 12a-hydroxyrotenoid glycoside from 

Dalbergia latifolia seeds. Phytochemistry 18 (1979): 188-189. 



47

13. Abe, F.; Donnelly, D. M. X.; Moretti, C.; and Polonsky, J. Isoflavanoid 

constituents from Dalbergia monetaria. Phytochemistry 24 (1985): 1071-

1076.

14. Singhal, A. K.; Sharma, R. P.; Baruah, J. N.; Govindan, S. V.; and Herz, W. 

Rotenoids from roots of Millettia pachycarpa. Phytochemistry 21 (1982): 949-

951.

15. Birch, N.; Crombie, L.; and Crombie, W. M. Rotenoids of Lonchocarpus 

salvadorensis: Their effectiveness in protecting seeds against Bruchid 

predation. Phytochemistry 24 (1985): 2881-2883. 

16. Kaouadji, M.; Agban, A.; and Mariotte, A.-M. Lonchocarpene, a stilbene, and 

lonchocarpusone, an isoflavone: Two new pyranopolyphenols from 

Lonchocarpus nicou roots. J. Nat. Prod. 49 (1986): 281-285. 

17. Kadota, S.; Lami, N.; Tezuka, Y.; and Kikuchi, T. Constituents of the roots of 

Boerhaavia diffusa L. I. Examination of sterols and structures of new 

rotenoids, boeravinones A and B. Chem. Pharm. Bull. 37 (1989): 3214-3220. 

18. Ahmed, M.; Datta, B. K.; and Rouf, A. S. S. Rotenoids from Boerhaavia repens.

Phytochemistry 29 (1990): 1709-1710. 

19. Lin, L.-J.; Ruangrungsi, N.; Cordell, G. A.; Shieh, H.-L.; You, M.; and Pezzuto, J. 

M. 6-Deoxyclitoriacetal from Clitoria macrophylla. Phytochemistry 31 

(1992): 4329-4331. 

20. Terada, H.; Kokumai, M.; Konoshima, T.; Kozuka, M.; Haruna, M.; Ito, K.; Estes, 

J. R.; Li, L.; Wang, H.-K.; and Lee, K.-H. Structural elucidation and chemical 

conversion of amorphispironone, a novel spironone from Amorpha fruticosa,

to rotenoids. Chem. Pharm. Bull. 41 (1993): 187-190. 

21. Sripathi, S. K.; Gandhidasan, R.; Raman, P. V.; Krishnasamy, N. R.; and Nanduri, 

S. First occurrence of a Xanthone and isolation of a 6-ketodehydrorotenoid 

from Dalbergia sissoides. Phytochemistry 37 (1994): 911-912. 

22. Luyengi, L.; Lee, I.-S.; Mar, W.; Fong, H. H. S.; Pezzuto, J. M.; and Kinghorn, A. 

D. Rotenoids and chalcones from Mundulea sericea that inhibit Phorbol ester-

induced Ornithine Decarboxylase activity. Phytochemistry 36 (1994): 1523-

1526.

23. Andrei, C. C.; Vieira, P. C.; Fernandes, J. B.; Silva, F. G. F.; and Rodrigues Fo, E. 

Dimethylchromene rotenoids from Tephrosia candida. Phytochemistry 46 

(1997): 1081-1085. 



48

24. Fang, N.; and Casida, J. E. Novel bioactive Cube insecticide constituents: 

Isolation and preparation of 13-homo-13-oxa-6a, 12a-dehydrorotenoids. J. 

Org. Chem. 62 (1997): 350-353. 

25. Yenesew, A.; Midiwo, J. O.; and Waterman, P. G. Rotenoids, isoflavones and 

chalcones from the stem bark of Millettia usaramensis subspecies 

usaramensis. Phytochemistry 47 (1998): 295-300. 

26. Da Silva, B. P.; Bernardo, R. R.; and Parente, J. P. Clitoriacetal 11-O- -D-

glucopyranoside from Clitoria fairchildiana. Phytochemistry 47 (1998): 121-

124.

27. Da Silva, B. P.; Bernardo, R. R.; and Parente, J. P. Rotenoids from roots of 

Clitoria fairchildiana. Phytochemistry 49 (1998): 1787-1789. 

28. Mathias, L.; Mors, W. B.; and R., Parente, J. P. Rotenoids from seeds of Clitoria 

fairchildiana. Phytochemistry 48 (1998): 1449-1451. 

29. Rastrelli, L.; Berger, I.; Kubelka, W.; Caceres, A.; Tommasi, N.; and Sinone, F. 

New 12a-Hydroxyrotenoids from Gliricidia sepium bark. J. Nat. Prod. 62 

(1999): 188-190. 

30. Yang, S.-W.; Ubillas, R.; McAlpine, J.; Stafford, A.; Ecker, D. M.; Talbot, M. K.; 

and Rogers, B. Three new phenolic compounds from a manipulated plant cell 

culture, Mirabilis jalapa. J. Nat. Prod. 64 (2001): 313-317. 

31. Wang, Y.-F.; Chen, J.-J.; Yang, Y.; Zheng Y.-T.; Tang, S.-Z.; and Luo, S.-D. New 

rotenoids from roots of Mirabilis jalapa. Helv. Chim. Acta 85 (2002): 2342-

2348.

32. Takashima, J.; Chiba, N.; Yoneda, K.; and Ohsaki, A. Derrisin, a new rotenoid 

from Derris malaccensis plain and anti-Helicobacter pylori activity of its 

related constituents. J. Nat. Prod. 65 (2002): 611-613. 

33. Jang, D. S.; Park, W. J.; Kang, Y.-H.; Hawthorne, M. E.;Vigo, J. S.; Graham, J. 

G.; Cabieses, F.; Fong, H. H. S.; Mehta, R. G.; Pezzuto, J. M.; and Kinghorn, 

A. D. Potential cancer chemopreventive flavonoids from the stems of 

Tephrosia toxicaria. J. Nat. Prod. 66 (2003): 1166-1170. 

34. Fang, N.; and Casida, J. E. Anticancer action of cube insecticide: Correlation for 

rotenoid constituents between inhibition of NADH: Ubiquinone 

Oxidoreductase and induced Ornithine Decarboxylase activities. Proc. Natl. 

Acad. Sci. USA 95 (1998): 3380-3384. 



49

35. Wood, E.; Latli, B.; and Casida, J. E. Fenazaquin acaricide specific binding sites 

in NADH: Ubiquinone Oxidoreductase and apparently the ATP Synthase 

stalk. Pestic. Biochem. Physiol. 54 (1996): 135-145. 

36. Miyoshi, H. Structure-activity relationships of some complex I inhibitors. 

Biochim. Biophys. Acta. 1364 (1998): 236-244. 

37. Konoshima, T.; Terada, H.; Kokumai, M.; Kozuka, M.; Tokuda, H.; Estes, J. R.; 

Li, L.; Wang, H. K.; and Lee, K. H. Studies on inhibitors of skin tumor 

promotion, XII. Rotenoids from Amorpha fruticosa. J. Nat. Prod. 56 (1993): 

843-848. 

38. Li, L.; Wang, H. K.; Chang, J. J.; McPhail, A. T.; McPhail, D. R.; Terada, H.; 

Konoshima, T.; Kokumai, M.; Kozuka, M.; Estes, J. B.; and Lee, K. H. 

Antitumor agents, 138. Rotenoids and isoflavones as cytotoxic constituents 

from  Amorpha fruticosa. J. Nat. Prod. 56 (1993): 690-698. 

39. Blasco, G.; Shieh, H.-L.; Pezzuto, J. M.; and Cordell, G. A. 13C-NMR Spectral 

assignment and evaluation of the cytotoxic potential of rotenone. J. Nat. Prod.

56 (1993): 1363-1366. 

40. Lee, H.-Y.; Suh, Y.-A.; Kosmeder, J. W.; Pezzuto, J. M.; Hong, W. K.; and Kurie, 

J. M. Deguelin-induced inhibition of cyclooxygenase-2 expression in human 

bronchial epithelial cells. Clin. Cancer Res. 10 (2004): 1074-1079. 

41. Gerhauser, C.; Lee, S. K.; Kosmeder, J. W.; Moriarty, R. M.; Hamel, E.; Mehta, 

R. G.; Moon, R. C.; and Pezzuto, J. M. Regulation of ornithine decarboxylase 

induction by Deguelin, a natural product cancer chemopreventive agent. 

Cancer Res. 57 (1997): 3429-3435. 

42. Chun, K.-H.; Kosmeder II, J. W.; Sun, S.; and Pezzuto, J. M. Effects of Deguelin 

on the Phosphatidylinositol 3-Kinase/Akt pathway and Apoptosis in 

premalignant human bronchial epithelial cells. J. Natl. Cancer Inst. 95 (2003): 

291-302. 

43. Jang, D. S.; Cuendet, M.; Pawlus, A. D.; Kardono, L. B. S.; Kawanishi, K.; 

Farnsworth, N. R.; Fong, H. H. S.; Pezzuto, J. M.; and Kinghorn, A. D. 

Potential cancer chemopreventive constituents of the leaves of Macaranga 

triloba. Phytochmistry 65 (2004): 345-350. 

44. Fang, N.; and Casida, J. E. Cube Resin insecticide: Identification and biological 

activity of 29 rotenoid constituents. J. Agric. Food Chem. 47 (1999): 2130-

2136.



50

45. Yenesew, A.; Derese, S.; Midiwo, J. O.; Oketch-Rabah, H. A.; Lisgarten, J.; 

Palmer, R.; Heydenreich, M.; Peter, M. G.; Akala, H.; Wangui, J.; Liyala, P.; 

and Waters, N. Anti-plasmodial activities and X-ray crystal structures of 

rotenoids from Millettia usaramensis subspecies usaramensis. Phytochemistry

64 (2003): 773-779. 

46. Phrutivorapongkul, A.; Lipipun, V.; Ruangrungsi, N.; Watanabe, T.; and 

Ishikawa, T. Studies on the constituents of seeds of Pachyrrhizus erosus and 

their anti Herpes Simplex Virus (HSV) activities. Chem. Pharm. Bull. 50 

(2002): 534-537. 

47. Pastine, S.J.; and Sames, D. Concise synthesis of the chemopreventive agent ( )-

Deguelin via a key 6-endo Hydroarylation. Org. Lett. 5 (2003): 4053-4055. 

48. Sezen, B.; Sames, D. Selective C-arylation of free (NH)-heteroarenes via catalytic 

C-H Bond functionalization. J. Am. Chem. Soc. 125 (2003): 5274-5275. 

49. Pastine, S.J.; Youn, S.W.; Sames, D. Pt(IV)-catalyzed cyclization of arene-alkyne 

substrates via C-H bond functionalization. Tetrahedron 59 (2003): 8859-8868. 

50. Chatani, N.; Inoue, H.; Ikeda, T.; Murai, S. Ru(II)- and Pt(II)-catalyzed 

cycloisomerization of -aryl-1-alkynes. Generation of carbocationic species 

from alkynes and transition metal halides and its interception by an aromatic 

ring. J. Org. Chem. 65 (2000): 4913-4918. 

51. Kolb, H. C.; VanNieuwenhze, M.S.; Sharpless, K.B. Catalytic asymmetric 

dihydroxylation. Chem. Rev. 94 (1994): 2483-2547. 

52. Crombie, L.; Josephs, J. L.; Synthetic modulation of the peripheral 2-, 3-, 9-, and 

12-oxygenation pattern of rotenoids. J. Chem. Soc., Perkin Trans 1. (1993): 

2591-2597. 

53. Rao, U.; Balasubramanian, K. K. Claisen rearrangement of aryl propargyl ethers 

in poly (ethylene glycol)-A remarkable substituent and solvent effect. 

Tetrahedron Lett. 24 (1983): 5023-5024. 

54. Nicolaou, K. C.; Montagnon, T.; Baran, P. S. Modulation of the reactivity profile 

of IBX by ligand complexation: Ambient temperature dehydrogenation of 

aldehydes and ketones to , -unsaturated carbonyl compounds. Angew. 

Chem. Int. Ed. 41 (2002): 993-996. 

55. More, J. D.; Finney, N. S. A simple and advantageous protocol for the oxidation 

of alcohols with o-Iodoxybenzoic acid (IBX). Org. Lett. 4 (2002): 3001-3003. 



51

56. Mitsunobu, O. The use of diethyl azodicarboxylate and triphenylphosphine in 

synthesis and transformation of natural products. Synthesis (1981): 1-28. 

57. Li, K.; Helm, R. F. Aproaches to synthetic neolignans. J. Chem. Soc., Perkin 

Trans. 1 (1996): 2425-2426. 

58. Lee, A. L.; Ley, S. V. The synthesis of the anti-malarial natural product 

polysphorin and analogues using polymer-supported reagents and scavengers. 

Org. Biomol. Chem. 1 (2003): 3957-3966. 

59. Swindell, C. S.; Fan, W. Construction of an advanced Taxane synthesis 

intermediate with an oxygenated B-ring and a non-aromatic C-ring through 

intramolecular Pinacol coupling at C-1-C-2. Tetrahedron Letters 37 (1996): 

2321-2324. 

60. Swindell, C. S.; Fan, W. Taxane synthesis through intramolecular Pinacol 

coupling at C-1-C-2. Highly oxygenated C-aromatic Taxanes. J. Org. Chem.

61 (1996): 1109-1118. 

61. Riber, D.; Hazell, R.; Skrydstrup, T. Studies on SmI2-promoted Pinacol-type 

cyclization: Synthesis of the Hexahydroazepine ring of Balanol. J. Org. Chem.

65 (2000): 5382-8390. 

62. Ohmori, K.; Kitamura, M.; Suzuki, K. From axial chirality to central chiralities: 

Pinacol cyclization of 2,2 -Biaryldicarbaldehyde to trans-9,10-

Dihydrophenanthrene-9,10-diol. Agew. Chem. Int. Ed. 38 (1999): 1226-1229. 

63. Edmonds, D. J.; Johnston, D.; Procter, D. J. Samarium(II)-Iodide-mediated 

cyclizations in natural product synthesis. Chem. Rev. 104 (2004): 3371-3403. 

64. Roengsumran, S.; Khorphueng, P.; Chaichit, N.; Jaiboon-Muangsin, N.; Petsom, 

A. Crystal structure of 6-deoxyclitoriacetal, C19H18O8. Z. Kristallogr. NCS

218 (2003): 105-106. 

65. Lepore, S. D.; He, Y. Use of sonication for the coupling of sterically hindered 

substrates in the phenolic Mitsunobu reaction. J. Org. Chem. 68 (2003): 8261-

8263.

66. Crombie, L.; Josephs, J. L. Synthetic modulation of the peripheral 2-, 3-, 9- and 

12-oxygenation pattern of rotenoids. J. Chem. Soc. Perkin Trans. 1 (1993): 

2591-2597. 

67. Crombie, L.; Josephs, J. L. Rotenoid synthesis by Wadsworth-Emmons coupling 

and Mukaiyama cyclization: Application to 5-Thiorotenoids. J. Chem. Soc. 

Perkin Trans. 1 (1993): 2599-2604. 



APPENDIX 



53

2.52.53.03.03.53.54.04.04.54.55.05.05.55.56.06.06.56.57.07.07.57.58.08.08.58.59.09.0

Figure 7 1H NMR (400 MHz, CDCl3) of compound 78 
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Figure 8 13C NMR (100 MHz, CDCl3) of compound 78
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Figure 9 1H NMR (400 MHz, CDCl3) of compound 75 
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Figure 10 13C NMR (100 MHz, CDCl3) of compound 75
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Figure 11 FT-IR of compound 75 
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Figure 12 1H NMR (400 MHz, CDCl3) of compound 77 
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Figure 13 13C NMR (100 MHz, CDCl3) of compound 77 
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Figure 14 FT-IR of compound 77 
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Figure 15 1H NMR (400 MHz, CDCl3) of compound 79 
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Figure 16 13C NMR (100 MHz, CDCl3) of compound 79 
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Figure 17 FT-IR of compound 79 
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Figure 18 Low resolution MS of compound 79 
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Figure 19 1H NMR (400 MHz, CDCl3) of compound 80 
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Figure 20 13C NMR (100 MHz, CDCl3) of compound 80 
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Figure 21 FT-IR of compound 80 
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Figure 22 Low resolution MS of compound 80 
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Figure 23 1H NMR (400 MHz, CDCl3) of compound 89 
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Figure 24 13C NMR (100 MHz, CDCl3) of compound 89 
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Figure 25 1H NMR (400 MHz, CDCl3) of compound 83 
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Figure 26 13C NMR (100 MHz, CDCl3) of compound 83 

72



73

 50

 55

 60

 65

 70

 75

 80

 85

 90

 95

 100

%
T

 1000   2000   3000 4000  
Wavenumbers (cm-1)

Figure 27 FT-IR of compound 83 
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Figure 28 Low resolution MS of compound 83 
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Figure 29 1H NMR (400 MHz, CDCl3) of compound 84 
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Figure 30 13C NMR (100 MHz, CDCl3) of compound 84 
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Figure 31 FT-IR of compound 84 
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Figure 32 Low resolution MS of compound 84 

78



79

2.52.53.03.03.53.54.04.04.54.55.05.05.55.56.06.06.56.57.07.07.57.58.08.08.58.59.09.0

Figure 33 1H NMR (400 MHz, CDCl3) of compound 82 
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Figure 34 13C NMR (100 MHz, CDCl3) of compound 82 
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Figure 35 FT-IR of compound 82 
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Figure 36 Low resolution MS of compound 82 
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Figure 37 1H NMR (400 MHz, CDCl3) of compound 85 
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Figure 38 13C NMR (100 MHz, CDCl3) of compound 85 
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Figure 39 FT-IR of compound 85 
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Figure 40 Low resolution MS of compound 85 
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Figure 41 1H NMR (400 MHz, CDCl3) of compound 86 
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Figure 42 13C NMR (100 MHz, CDCl3) of compound 86 
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Figure 43 FT-IR of compound 86 
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Figure 44 Low resolution MS of compound 86 
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Figure 45 1H NMR (400 MHz, Acetone-d-6) of compound 87 

91



92

252550507575100100125125150150175175200200

Figure 46 13C NMR (100 MHz, CDCl3) of compound 87 
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Figure 47 FT-IR of compound 87 
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Figure 48 Low resolution MS of compound 87 
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Figure 49 1H NMR (400 MHz, CDCl3) of compound 88 
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Figure 50 13C NMR (100 MHz, Acetone-d-6) of compound 88 
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Figure 51 FT-IR of compound 88 
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Figure 52 Low resolution MS of compound 88 
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Figure 53 1H NMR (400 MHz, CDCl3) of compound 39 
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Figure 54 13C NMR (100 MHz, CDCl3) of compound 39 
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Figure 55 FT-IR of compound 39 
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Figure 56 Low resolution MS of compound 39 
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VITA

 The only son of poor farmer family, Prapas was born April 07, 1966 in 

Angthong Province. He firstly attended to elementary school when he was 6 year old. 

When he was 12 year old he moved to a city where he studied Intermediate and High 

school at Visetchaichan “Tantivitayapoom”. He lived in a temple, 

Nangnaitammigaram temple, during his study. 

 Once he finished High school, he moved to Bangkok and began undergraduate 

studies in Chemistry at Ramkhamhaeng University. He spent 6 and a half years for 

only undergraduate, but this time was so beautiful memories including happiness, 

broken heart, sorrow, laugh, friendships etc. Then after, he worked at Chulalongkorn 

University as a research assistant. He was convinced by Professor Sophon 

Roengsumran to continue higher study in Petrochemical and Polymer program. After 
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