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ABSTRACT 

Author:                       Yangqing He 

Title:                           Isolation and Structure Elucidation of New Compounds from           
Cornus controversa and Delphinium chrysotrichum 

Institution:                   Florida Atlantic University  

Dissertation Advisor:  Dr. Lyndon M. West   

Degree:                        Doctor of Philosophy  

Year:                            2014 

The aim of this dissertation was to explore structurally unique secondary 

metabolites from herb medicinal plants Cornus controversa and Delphinium 

chrysotrichum.  

The introduction in the first chapter provides a detailed review about the research 

progress of chemical constitutents of the genus Cornus. In addition, its pharmacological 

activities were also summarized in this chapter to provide a framework for understanding 

the roles of medicinal herbs belong to genus Cornus as anti-diabetes therapeutics and to 

deliver useful information for further research. 

In chapter two, seven new compounds, including one iridoid glucoside, cornoside 

A (59), five iridoid aglycones, cornolactones A – E (60 – 64) and one indenone 

glucoside, cornoside B (65), together with 10 known compounds have been isolated from 

the leaves of Cornus controversa. The structures of these compounds were established by 

interpretation of spectroscopic data. Cornolactone A (61) is the first natural
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 cis-fused tricyclic dilactone iridoid containing both a five- and six-membered lactone 

ring. Cornoside B (65) is the first alkaloid isolated from the genus Cornus bearing an 

indole-3-lactic acid-11--D-glucopyranoside skeleton.  

In chapter three, we described the structure elucidation of three new diterpenoid 

alkaloids delphatisine D (77), chrysotrichumines A (78) and B (79), as well as 11 known 

compounds from the whole plants of Delphinium chrysotrichum. Delphatisine D (77) is a 

rare atisine-type alkaloid from genus Delphinium and is the C-15 epimer of spiramine C 

which bears an internal carbinolamine ether linkage (NCOC) between C-7 and C-20. 

Chrysotrichumine A (78) is a rare natural C19-diterpenoid alkaloid possessing a nitrone 

group between C-17 and C-19. In addition, their cytotoxic activity against human breast 

cancer cell lines of MCF-7 and MDA-MB-231 were also reported. 

In chapter four, the detailed extraction and isolation procedures of the new 

compounds, cornosides A and B, cornolactones A – E, delphatisine D, chrysotrichumine 

A and B, as well as of all the known compounds were described. In addition, the 

experimental procedures for the determination of PPARγ and LXR agonistic activities 

and the MTT cytotoxicity assay were listed in this chapter. 
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1. INTRODUCTION 

1.1 The Genus Cornus and its Anti-diabetic Activity 

The genus Cornus contains many medicinal plants. The genus Cornus belongs to 

the family Cornaceae and consists of approximately 55 species, distributed mainly in the 

northern hemisphere, including eastern Asia, southeastern and northern part of the United 

States.1 These plants often assume a brilliant fall coloring and an attractive flower and 

fruit colors and are widely grown as ornamental plants throughout the United States. 

Many species of this genus have been commonly prescribed in traditional Chinese 

medicine as a tonic formula and considered to possess actions including invigoration of 

the liver and kidney, preservation of essence, and anti-diabetic activity. Such as in 

traditional Chinese medicine, “Liuwei Dihuang Wan” is a prescription for treating 

diabetic disorders.2 Cornus officinalis is one of its six prescribed herb medicinal plants 

and plays key roles in the treatment of diabetes. This prescription has been used alone or 

modified by adding additional components for diabetic therapy in China and Japan for a 

long time.3 Furthermore, other interesting examples are the Chinese prescriptions 

Hachimijio-gan and Keishi-bukuryo-gan, both of which exhibited potential therapeutic 

effects against diabetic nephropathy, and had different functions in terms of their effects 

on metabolic disorders, especially on advanced glycation end-product (AGE) formation 

in Hachimi-jio-gan and oxidative stress in Keishi-bukuryo-gan. Both of them contain the 
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herb of Cornus officinalis.4 In addition, the use of the fruits from several plants of the 

genus Cornus as part of diet health foods has attracted considerable attention recently. 

Cornus mas (Cornelian cherry fruits) has been formerly fermented as a beverage in 

Europe, and now is used in Turkey in the concoction of a kind of sherbet.5 

Up to now, there have been many studies focusing on the treatment of diabetes 

and its complications by extracts from several plants of the genus Cornus as part of 

traditional medicines because of their absence of toxic and/or side-effects. For example, 

Cornus officinalis is considered as one of the 25 plant-based drugs most frequently used 

in China, Japan, and Korea. Researchers have reported that its extract has anti-diabetic 

activity in streptozotocin-induced diabetic rats,6 and it was also regarded as the major 

active principle in the plasma glucose-lowering action of “Die-Huang-Wan” in normal 

rats.7  

The genus Cornus is a rich source of diverse iridoid glycosides5,8 which have 

raised significant interest due to their wide range of fascinating bioactivities. Numerous 

bioactivities were recently reported including anti-diabetic,9 antioxidant,10 anti-

inflammatory11,12 and antitumor activities.13,14 Figure 1.1 shows nine compounds isolated 

from the genus Cornus whose anti-diabetic activity were well studied with different cell 

lines in vitro or in vivo using different models in rats. For example, morroniside (1) is an 

iridoid glycoside isolated from C. officinalis and has been identified as one component 

partly responsible for the protective effects of C. officinalis and “Hachimi-jio-gan” 

against diabetic renal damage in streptozotocin-induced diabetic rats.15 It can decrease  

increasing serum glucose and urinary protein levels for diabetic rats. The decreased levels 

of serum albumin and total protein in diabetic rats was significantly increased by 
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morroniside administration at a dose of 100 mg/kg body weight.5 It also significantly 

reduced the enhanced levels of serum glycosylated protein, and serum and renal 

thiobarbituric acid-reactive substrates.15 Moreover, an analogue of morroniside displayed 

effectively protective action of -cells against diabetes mellitus.16 Additionally, 

morroniside has also shown potential protective effects against oxidative stress-induced 

neurotoxic processes.10 Another example is loganin (3), which was isolated from C. 

officinalis and has exhibited significant anti-diabetic activity both in scopolamine-

induced amnesic mice17 and streptozotocin-induced rats,18 as well as anti-inflammatory 

and anti-shock effects. Cornuside (2) could suppress the expression of cytokine-induced 

proinflammatory and adhesion molecules in the human umbilical vein endothelial cells.19 

In addition, it has shown the protective effects of cultured rat cortical neurons against 

oxygen-glucose deprivation (OGD)-induced injuries and the ameliorative effects on 

mitochondrial energy metabolism.20 In addition, 2 and 3 possess the effect of preventing 

the overexpression of transforming growth factor (TGF)-1 and matrixes in glomeruli 

with a diabetic model.21  

In addition, other anti-diabetic compounds such as anthocyanins and triterpenoid 

acids also have been isolated from Cornus. For instance, three anthocyanins (5  7) were 

isolated from C. alternifolia, C. controversa, C. kousa and Cornus florida8 and exhibited 

potential abilities to decrease body weight, normalize glucose intolerance, preserve islet 

architecture, and showed an extremely elevated level of circulating insulin, and a 

dramatic decrease in liver lipids for the C57BL/6 mice fed the high-fat diet.22 In addition, 

ursolic acid (8) and oleanolic acid (9) have been reported to regulate mucin gene 

expression, and inhibit the production of mucin protein, by directly acting on airway 
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epithelial cells.23 Ursolic acid (8) also exhibited a good hypoglycemic effect in alloxan-

induced diabetic mice.24 
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Figure 1.1 Structure of bioactivity compounds isolated from Genus Cornus. 
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Taking into consideration the potential anti-diabetic activities described above, as 

well as the wide distribution of this genus, it is fair to say that the plants of genus Cornus 

have reached their potential as a rich source of anti-diabetic drugs.  

1.2 Research Progress on the Chemical Constituents and Bioactivities of Genus Cornus 

Based on the information mentioned above, the genus Cornus is a rich source of 

diverse iridoid glycosides and anthocyanins, both of which have broad ranges of 

fascinating bioactivities. The chemical constituents of plants belonging to genus Cornus 

have been extensively studied in the past three decades. The previous chemical 

investigations of this genus have resulted in the isolation of over 200 compounds, which 

mainly include iridoid glycosides, anthocyanins, flavonoids, organic acid and esters. 

Herein, in order to provide useful information for further medicinal chemistry and 

pharmacological studies, the research progress on these chemical components over the 

past 20 years is reviewed in this chapter.  

1.2.1 Iridoid glycosides and aglycone isolated from genus Cornus 

Iridoid glycosides are the main active compounds of genus Cornus and a large 

portion of the iridoid glycosides were isolated from genus Cornus. So far, more than 20 

iridoid glycosides and aglycone were produced by Cornus as shown in Figure 1.2.  

Cornin (4) and dihydrocornin (10) were commonly isolated from C. capitata,25 C. 

offinalis,26 C. alternifolia,27 C. nuttallic28 and C. florida.29 But in species C. kousa30 only 

cornin has been found. Recently, cornin has been reported to display broad anti-cancer 

bioactivities against HCT-116 (colon), MCF-7 (breast), NCI-H460 (lung), SF-268 

(central nervous system) and AGS (stomach) human tumor cell lines.30 Compounds 11 

and 12 were produced from C. capitata roots.25 Loganin acid (13) and loganin were 
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isolated from C. officinalis exhibited potent anti-diabetic activity.17,18 Compounds 

geniposide (14), scandoside (15), scandoside methyl ester (16), monotropein (18) and 

golioside (19) were identified from C. canadensis.28 Hastatoside (17) was an unusual 

iridoid glycoside that possesses a hydroxyl group at C-5 and has been isolated from C. 

nuttallii leaves.28 Morroniside (16) as one of the most abundant iridoid glycosides in C. 

officinalis, has a potent effect in preventing diabetic complications such as diabetic 

angiopathy and the early stages of of diabetic nephropathy by regulating renal mesangial 

cell growth by inhibiting oxidative stress.29,31 And its derivatives 20  22 were also 

isolated from C. officinalis recently.16,32 Compound 24 exhibited effectively attenuated -

cell death in diabetes mellitus.16 However, no bioactivity for compounds 20 and 21 has 

been reported. Additionally, dehyromorroniaglycone (23), sweroside (24) and 

swertiamarin (25) were isolated from C. officinalis but no bioactivity have been 

reported.33 
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Figure 1.2 Chemical structures of iridoid glycosides isolated from Cornus. 
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1.2.2 Anthocyanins isolated from genus Cornus 

Anthocyanins are one of the major classes of dietary polyphenols present and 

widely consumed in fruits and vegetables. Based upon their broad bioactivities described 

above, the food industry is interested in fruits and vegetables with a high content of 

bioactive anthocyanins to manufacture supplements with preventive and therapeutic uses. 

A number of anthocyanins have been isolated from Cornus spp. as shown in Figure 1.3. 

Delphinidin-3-glucoside (26), delphinidin-3-rutinoside (27) and cyaniding-3-glucoside 

(28) were isolated from both C. alternifolia and C. controversa.8 Compound 28 was also 

identified in C. florida and C. kousa.8 Furthermore, compounds 26 and 27 exhibited lipid 

peroxidation by 71% and 68%, respectively at 50 g/mL. They also inhibited COX-1 

enzymes by 39% and 49% and COX-2 by 54% and 48% at 100 g/mL, respectively. And 

they both displayed growth inhibition against the tumor cell lines HCT-116 (colon), 

MCF-7 (breast), NCI-H460 (lung), SF-268 (central nervous system) and AGS (stomach) 

human tumor cell lines.  

 

Figure 1.3 Chemical structures of anthocyanins isolated from Cornus. 
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Cyanidin-3-galactoside (29), pelargonidin-3-galactoside (30) and delphinidin-3-

galactoside (31) are present in C. mas, C. officinalis and C. controversa. Compound 29 

also has been purified from C. florida.5,8,22 Anthocyanins 29  31 show inhibition effects 

of COX-1 and COX-2 and antioxidant activities.5 Researchers also have recognized that 

compounds 29  31 (mixture) were able to ameliorate obesity and insulin resistance in 

C57BL/6 (high-fat diet induced) mice treated with the anthocyanins showed a 24% 

decrease in weight gain, as well as a decrease of lipid accumulation in the liver. These 

data indicated that anthocyanins 29  31 have the ability to improve certain metabolic 

parameters associated with diets high in saturated fats and obesity.22 

1.2.3 Flavonoids isolated from genus Cornus 

In addition to the promising bioactivity of the iridoid glycosides and  

anthocyanins. Cornus also contains several interesting flavonoids. Flavonoids are one of 

the major classes of natural products with widespread distribution in fruits, vegetables, 

spices, tea and soy-based foodstuff and have received considerable attention for their 

chemistry and pharmacological activities. To date, over 15 flavonoids have been isolated 

from more than three species of Cornus spp., and their structures are shown in Figure 

1.4. 

Kaempferol (32), kaempferide (33), quercetin (36), isoquercitrin (37) and 

kyperoside (38) were isolated from C. officinalis.32 Compounds kaempferol-3-O-

rhamnoside (34), myricetin-3-O-rhamnoside (39) were purified from C. kousa, which is a 

small deciduous tree widely found in China, Japan and Korea.30 It bears sweet and edible 

fruits and now is used for the production of wine in many parts of China and Korea. 

Quercetin-3-O--D-glucuronide (43) and quercetin-3-O--D-glucuronide (44) were 



   

10 
 

isolated from C. officinalis with unusual substituents on the glucose moiety but no 

bioactivities have been reported so far.16 
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Figure 1.4 Chemical structures of flavonoids isolated from Cornus. 
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Interestingly, kaempferol-3-O-glucoside (35) has been found in both C. kousa 

fruits and C. alternifolia leaves, respectively.30,27 It was reported to have Fe2+ catalyzed 

lipid peroxidation activity. Furthermore, kaempferol-3-O-β-D-glucoside is an important 

chemotaxonomic marker and occurs widely in food plants such as black beans which are 

widely consumed throughout the world. Kaempferol-3-O-β-D-glucoside also has been 

found to have a mild inhibiting effect on the proliferation of HepG2 cells with an EC50 

value of 306.4  131.3 μM.34 It has significant inhibitory activity against: 1) glycation 

bovine serum albumin (BSA) with an IC50 value of 0.32 μM, 2) DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical scavenging activity (IC50 = 86.10 M) and 3) xanthine oxidase 

inhibitory activity (IC50 = 21.20 M).35 Moreover, the kaempferol-3-O-β-D-glucoside 

moiety has been found to be essential for the bioactivity and effects of the flavonoid 

glycosides on the inhibition of tumor necrosis factor-α (TNF-α) production, decreased 

sensitivity of hepatocytes to TNF-α, and on the protection of hepatocytes against D-

galactosamine (D-GalN).36 

1.2.4 Organic acids isolated from genus Cornus 

So far, there are various organic acids and their derivatives have been isolated 

from Cornus spp. with interesting complex structures and potent antitumor and anti-

diabetic activity, including betulinic acid (45), maslinic acid (46), arjunolic acid (47), 3-

isoarjunolic acid (48),37 gallic acid (49), caffeic acid (50), caftaric acid monomethyl ester 

(51),16 ellagic acid (52) and its two derivatives 53 and 54 (in Figure 1.5). Some of them 

are the main active components and played significant roles in Cornus spp.. For example, 

the ursonic acid and oleanolic acid (their structures are in Figure 1.1, compound 8 and 9) 

which were isolated from several Cornus spp., such as C. officinalis, C. mas and C. 
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alternifolia have been confirmed as one of the anti-diabetic constituents in the Chinese 

traditional medicine C. officinalis.23 The evidence that ursolic acid is a potent tyrosine 

phosphatase (PTP) 1B inhibitor further provided a potential explanation for the insulin 

sensitizing effect and stimulatory effect on glucose uptake from C. officinalis.38 

 

Figure 1.5 Chemical structures of organic acids and its derivates isolated from Cornus. 
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It is worth noting that compounds 45 and 46 exhibited significant elastase 

inhibition activity with IC50 values of 10.81, 21.21 g/mL, respectively. They have  

considerable value as cosmetic additives. Compound 51 exhibited significant insulin-

mimetic effects on PEPCK mRNA expression.16 Furthermore, compounds 53 and 54 

were evaluated for their anti-oxidative capacity in the medium of a high concentration of 

CuSO4, both of which acted as radical scavengers and/or antioxidants against the 

superoxide anion radicals and the peroxidation of linoleic acid.39 

Along with the various secondary metabolites as mentioned above, there are other 

kinds of compounds such as tannins, polysaccharides and glycoproteins have already 

been isolated from Cornus spp.. For their wide distribution and broad biological and 

pharmacological usefulness, Cornus spp. will continue to be a prolific source of novel, 

biologically active compounds. 

1.3 Summary 

Diabetes and its associated adverse cardiovascular conditions are increasingly 

prevalent in the world and are considered as one of the main threats to human health in 

the 21st century. Among two types of diabetic diseases, type 2 diabetes mellitus is the 

most common endocrine disease. It ranks high among the top 10 leading causes of death 

in the world and total number of people with diabetes is projected to rise from 289 

million in 2010 to 439 million in 2030 worldwide. Diabetes treatments exhaust enormous 

amounts of resources including medicines, diets, physical training, and so on in all 

countries of the world. However, due to the side effects such as edema, weight gain and 

increased incidence of heart attack of the current available clinical medicine, TZDs and 

their derivatives have been tempered. Therefore, people have turned their focus to the 
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natural medicinal plants because they are highly diverse and often provide highly specific 

biological activities along with their nontoxic properties and fewer side effects. 

The genus Cornus is a very convenient available source with wide distributions in 

the world and contain many medicinal plants. Many species of Cornus have been 

frequently used as herbs in traditional Chinese medicine, and their extracts exhibited 

potential effectiveness in treatment of diabetes. Furthermore, this genus is a rich source 

of diverse iridoid glucosides and anthocyanins, both of them have a wide range of 

fascinating bioactivities including anti-diabetic properties. Numerous research evidence 

has proved that the extracts or purified bioactivity compounds exhibit potential anti-

diabetic properties as described in the above section.  

1.4 Research Objectives 

Previously, considering the broad usefulness profiles of Cornus spp. in traditional 

medicine as anti-diabetic drugs, we have been investigated the chemical constitutents and 

their agonistic activities for peroxisome proliferator-activated receptors (PPARα and 

PPARγ) and liver X receptor (LXR) from the leaves Cornus alternifolia, which was 

collected in Oxford, Mississippi. As a result, three new iridoid glycosides, alternosides 

A  ̶  C (55  57) (in Figure 1.6) and a new megastigmane glycoside, cornalternoside (58), 

along with 10 known compounds were isolated from C. alternifolia.27 Among them, 

compound 55 represents the first example of a naturally occuring iridoid glycoside with a 

-glucopyranoside moiety at C-6 and shows weak activity on LXR. Interestingly, 

kaempferol 3-O-glucoside (35) exhibited significant agonistic activities for PPAR and 

PPAR and LXR with EC50 values of 0.62, 3.0, and 1.8 M, respectively. 
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Figure 1.6 New compounds isolated from Cornus alternifolia. 

In light of the above research results, and as a continuation to explore the 

potential natural PPARs and LXR agonists from genus Cornus, we also have studied the 

phytochemistry of a similar species of Cornus controveral. Initially, two compounds 

cornoside A (59) (its structure was shown in Chapter 2) and corin (4) were isolated. The 

structure of compound 59 was initially elucidated as an unprecedented skeleton with an 

unusual fused hexacyclic ring system (one five and one six membered lactone rings) and 

exhibited potent LXR agonist activity (EC50 = 0.9 μM). However, its stereochemistry was 

not determined due to a limited quantity of the sample, cornin (4) showed moderate LXR 

agonistic activity (EC50 = 9.8 μM). 
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The initial aim of this project is to isolate and purify additional quantities of 

cornosides A (59) to determine its absolute configuration. Furthermore, we propose to 

explore other structurally unique and new classes of nuclear receptor agonists for 

peroxisome proliferator activated receptors (PPARs) and liver X receptor (LXR) from 

this plant, which was collected from Oxford around the University of Mississippi. 

In addition, as a continuing phytochemical investigation to find new diterpenoid 

alkaloids with potenial anti-cancer activity from Chinese traditional medicine Delphinium 

chrysotrichum is another purpose of this dissertation. Specifically, we focused on the 

isolation and structure elucidation of the novel compounds from both medicinal plants.  
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2. ISOLATION AND STRUCTURAL ELUCIDATION OF SEVEN NEW 

COMPOUNDS FROM CORNUS CONTROVERSA 

2.1 Background 

Cornus controversa Hemsl. is a tree widely distributed in Korea, Northeastern  

China and the Southeastern United States. It is widely grown as an ornamental plant for 

its characteristic brilliant, colorful, and attractive flowers and fruits. Its extracts exhibited 

potential effectiveness in the treatment of diabetes and have been used traditionally in 

Chinese herbal medicine for its tonic, astringent and diuretic activities.40 This plant is a 

rich source of diverse iridoid glycosides, which have aroused a lot of interest because of 

their wide range of fascinating bioactivities. Numerous biological activities were recently 

reported including anti-oxidant,10 anti-inflammatory,12 anti-diabetic,15,18 anti-amnesic,17 

and anti-malarial activities.41 

Previous chemical investigations of C. controversa have resulted in the isolation 

of several compounds including flavonoids, phenolic compounds, terpenoids, tannins and 

anthocyanins.8,40 The anthocyanins impart bright colors to several fruits and vegetables 

and possess anti-inflammatory,5,8 anti-oxidative,5 anti-cancer8 and anti-diabetic 

activities.8,42 Taking into consideration the broad biological activities of iridoid 

glycosides and the anthocyanins, we investigated the chemical constituents of C. 

controversa collected from Oxford, Mississippi. A large scale extraction of the leaves of 
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C. controversa yielded one new iridoid glucoside, named cornoside A (59), and five new 

iridoid aglycones, cornolactones A  E (60  64), and an indole-3-lactic acid glucoside, 

named cornoside B (65) (Figure 2.5). Cornolactone A (60) was previously reported as a 

synthetic intermediate in the enantioselective synthesis of semperoside A,43 however this 

is the first report of this compound from a natural source. In addition ten known 

compounds (Figure 2.6) were also isolated that included four iridoids, three 

megastigmane compounds, two ellagic acid derivatives, together with a flavonoid. The 

structures of all the compounds were assigned by detailed spectroscopic analysis or 

comparison with literature data. Cornoside A (59) is one of a small number of C10 iridoid 

glucosides with a ring-opening between C-1 and O-2 and a -lactone linkage between C-6 

and C-11. Cornolactone B (61) is the first natural cis-fused tricyclic dilactone iridoid 

containing both a five- and six-membered lactone ring. In vitro, cornoside A (59) 

exhibited significant livers X receptor (LXR) agonistic activity. Herein, we report the 

isolation, structure elucidation, and biological activity of the new compounds.  

2.2 Structure Elucidation of Cornosides A, B, and Cornolactones A  ̶  E 

The Cornus controversa leaves were collected in Oxford, Mississippi, in 2011 by 

Dr. Mark T. Hamann’s group of the University of Mississippi. A 90% aqueous ethanol 

extract of the dried leaves of C. controversa (15 kg) was first fractionated on silica gel 

(step gradient elution hexane to EtOAc to MeOH). The 20% MeOH in EtOAc, was then 

subjected to column chromatography on polymeric HP-20 (step gradient elution 10% 

Me2CO in H2O to 100% Me2CO). The 20% Me2CO fraction was then subjected to 

repeated fractionation on either polymeric HP-20ss, reversed phase C-18, normal phase 
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Silica gel, or molecular exclusion Sephadex LH-20 column chromatography followed by 

a series of HPLC separations on either a PRP-1 column, C-8, or C-18 columns yielded 

cornosides A (59) and B (65), cornolactones A  E (60  64), and the known compounds 

cornin (4),21 dihydrocornin (10),25 hastatoside (17),28 isoquercitrin (37),32 alternosides A 

(55),27 cornalternoside (58),27 lauroside A (66),44 (5S, 6R)-9-hydroxy-megastigm-7-en-3-

one (67),45 3,3-dimethyl-4-O--D-glucopyranosyl ellagic acid (68)46 and 3,4,3-

trimethyl-4-O--D-glucopyranosyl ellagic acid (69).47 The 1H, 13C NMR and MS data of 

the known compounds matched well with that in the literature, respectively. The new 

compounds (59  65) were identified and assigned using detailed analysis of NMR 

spectroscopy and mass spectrometry. 
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Figure 2.1 Isolation scheme 1 for new compounds 59  65.
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Figure 2.2 Isolation scheme 2 for new compounds 59  65. 

In order to collect more cornoside A (59), the rest of the crude extract was 

separated by similar procedures as shown in Figures 2.3 and 2.4. During this process, 

two more new compounds: cornolactones A (60) and E (64) were isolated. 
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The leaves of Cornus controversa (15 kg)

Extracted with 95% EtOH

crude extract 900 g (wet)

Loaded 500 g on silica gel (Flashing) gradient eluted with 
hexanes-EtOAc and EtOAc-MeOH

Fr. A
(H 100%)

12 g

Fr. B
(H:EA 80:20)

13 g

Fr. C
(H:EA 50:50)

15 g

Fr. D
(EA 100%)

28 g

Fr. E
(EA:M 80:20)

220 g

Fr. F
(EA:M 60:40)

69 g

Fr. G
(EA:M 50:50)

19 g

Fr. H
(M 100%)

7 g

Fr. E-1
(5%), 22 g

Fr. E-2
(10%), 15 g

Loading on HP20 gradient eluted with
water:acetone (from 5% to 100%)

Fr. E-3
(15%), 25 g

Fr. E-6
(40%), 33 g

Fr. E-8
(60%), 21 g

Fr. E-10
(100%), 5.0 g

Fr. E-3A
(5%), 2.5 g

Fr. E-3B
(10%), 9.9 g

Fr. E-3D
(20%), 4.0 g

Fr. E-3F
(40%), 0.06 g

Fr. E-3H
(60%), 0.05 g

Fr. E-2J
(100%), 0.22 g

Fr. E-3I
(80%), 0.18 g

Seperated on HPSS (6 70 cm) gradient eluted
with acetone in water from 5% to100%

H = hexane
EA = EtOAc
M = MeOH

Fr. E-4
(20%), 31 g

Fr. E-5
(30%), 25 g

Fr. E-7
(50%), 19 g

Fr. E-9
(80%), 7 gcombined together

Fr. E-3C
(15%), 20 g

Fr. E-3E
(30%), 0.12 g

Fr. E-3G
(50%), 0.48 g

Fr. E-3B-1
0.4 g

Fr. E-3B-2
0.8 g

Fr. E-3B-4
1.0 g

Fr. E-3B-6
0.9 g

Fr. E-3B-8
0.3 g

Fr. E-3B-10
0.2 g

Fr. E-3B-9
0.5 g

Fr. E-3B-3
2.1 g

Fr. E-3B-5
1.2 g

Fr. E-3B-7
0.3 g

Loaded on C18 (20 250 mm), MeOH in H2O, 5% 100%

 

 Figure 2.3 Isolation scheme 3 for cornoside A (59), cornolactones A (60) and E (64).
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Figure 2.4 Isolation scheme 4 for cornosides A (59), cornolactones A (60) and E (64). 
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Figure 2.5 Chemical structures of seven new compounds (59  65).
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Figure 2.6 Ten known compounds isolated from Cornus controversa. 
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Cornoside A (59) was obtained as a colorless gum, and the molecular formula 

C17H26O10 was established on the basis of HRESIMS for the [M + Na]+ at m/z 413.1417 

(calcd 413.1418), which indicated 5 degrees of unsaturation. The IR spectrum showed 

characteristic absorptions for OH (3369 cm-1) and C=O (1729 cm-1). In the 1H NMR 

spectrum (Figure 2.10) of 59, in addition to the signals attributable to a glucose moiety 

and a methoxycarbonyl group, there were signals for the protons of an oxymethine [H 

5.03 (1H, t, J = 6.8 Hz, H-6)], four other methines [H 3.94 (1H, d, J = 5.6 Hz, H-4); 3.37 

(1H, q, J = 7.2 Hz, H-5); 1.90 (1H, m, H-8) and 1.83 (1H, m, H-9)], an oxymethylene [H 

3.98 (1H, dd, J = 10.4, 3.6 Hz, H-1a) and 3.38 (1H, m, H-1b)], a methylene group [H 

1.99 (1H, dd, J = 13.6, 6.0 Hz, H-7α) and 1.47 (1H, ddd, J = 13.6, 11.6, 6.0 Hz, H-7β)], 

and a methyl group [H 0.95 (3H, d, J = 5.6 Hz)] (Table 2.1). 13C NMR (Figure 2.11) 

and HSQC spectra revealed 17 carbon signals attributable to two carbonyl carbons, ten 

sp3 methines, three sp3 methylenes, one methoxyl and one methyl group. Among them, 

the signals at C 103.0, 76.9, 76.7, 73.3, 70.1 and 61.1 were characteristic for a -

glucopyranosyl moiety,48 which was further confirmed by the acid hydrolysis experiment 

(see experiment section in Charpt 4). A singnal at C 172.8 could be assigned to the 

lactone group, while resonances at C 169.0 and 52.7 corresponded to a methoxycarbonyl 

group. Apart from the 3 degrees of unsaturation occupied by two carbonyl and a glucose 

moiety, the remaining 2 degrees of unsaturation indicated that 59 should possess a 

bicyclic system. The data summarized above suggested that 59 has the same molecular 

skeleton as that of gelsemiol 1-glucoside (70) (Table 2.2) except a methoxycarbonyl 
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instead of a hydroxymethyl group (C = 61.0 ppm) at C-4 of gelsemiol 1-glucoside (70).49 

The structure of 59 was further confirmed by detailed analysis of the 2D NMR spectra. 

Table 2.1 NMR data of compound 59. Measured at 400 MHz (1H) and 100 MHz (13C), in 
d6-DMSO,  in ppm, J in Hz.. 

no. H C HMBC (HC) NOESY 
1a 3.98, dd (10.4, 3.6) 66.7   
1b 3.38, overlapped  C-1, C-5, C-8, C-9 H-9, H-1a, H-10 
3  169.0   
4 3.94, d (5.6) 47.8 C-3, C-5, C-6, C-9, C-11 H-8 
5 3.37, q (7.2)a 45.5   
6 5.03, t (6.8) 83.6 C-8, C-9, C-11 H-5, H-7, H-7 

7 1.99, dd (13.6, 6.0) 40.6 C-5, C-6, C-8, C-9 H-7 
7 1.47, ddd (13.6, 11.6, 6.0)  C-8, C-10 H-6, H-7, H-10 
8 1.90, m 32.0 C-1, C-7, C-9, C-10  
9 1.83, m 48.0  H-1b, H-10 

10 0.95, d (5.6) 17.3 C-7, C-8, C-9 H-1b, H-7, H-8, H-9 
11  172.8   

OMe 3.68, s 52.7 C-3  
1’ 4.05, d (7.6) 103.0 C-1, C-3 H-2, H-3 
2’ 2.92, td (8.0, 4.4) 73.3  H-1 
3’ 3.10, dd (17.6, 8.6) 76.7 C-4 H-1 
4’ 3.03, dd (18.0, 9.0) 70.1 C-6  
5’ 3.07, d (3.9) 76.9   
6a’ 3.64, overlapped 61.1   
6b’ 3.43, dd (11.7, 5.9)  C-5  

OH-2 4.72, d (4.3)  C-1, C-2, C-3  
OH-3 4.94, d (6.8)  C-2, C-3   
OH-4 4.93, d (7.2)  C-4  
OH-6 4.45, t (5.6)  C-5, C-6  

a J value obtained from 1D NOESY spectrum. 
 

Table 2.2 Comparison of 13C NMR Data of cornosides A (59)a and (70)b 

position 59          70 position             59 70 
1 66.7, CH2 70.5, CH2 11 172.8, C 182.6, C 
3 169.0, C 61.0, CH2 OMe 52.7, CH3  
4 47.8, CH 51.0, CH 1 103.0, CH 103.2, CH 
5 45.5, CH 44.8, CH 2 73.3, CH 73.9, CH 
6 83.6, CH 86.5, CH 3 76.7, CH 76.3, CH 
7 40.6, CH2 41.6, CH2 4 70.1, CH 70.4, CH 
8 32.0, CH 33.3, CH 5 76.9, CH 76.7, CH 
9 47.9, CH 42.9, CH 6a 61.1, CH 61.5, CH 

10 17.3, CH3 17.2, CH3    
a Measured in d6-DMSO, b Measured in D2O;   
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Figure 2.7 Subfragments (A  C) of cornoside A (59). 

Analysis of the 1H  1H COSY and gHSQC spectra of 59 allowed the 

establishment of three isolated subfragments (A  C) as drawn with bold lines in Figure 

2.7. Fragment A was determined on the basis of COSY correlations between: H-1a (H 

3.98), H-1b (H 3.38) and H-9 (H 1.83), which is in turn coupled to H-5 (H 3.37) and H-

8 (H 1.90); H-5 further correlated to H-6 (H 5.03), which is in turn coupled to H2-7 (H 

1.99, 1.47);  H2-7 is coupled to H-8 which is in turn correlated to H3-10, which allowed to 

close the cyclopentyl ring system with a methyl substitution at C-8. In addition, clear 

COSY correlations between H-1' (H 4.06) and H-2' (H 2.92) and between a methine of 

H-5' (H 3.07) and a methylene of H-6' (H 3.65) allowed the establishment of fragments 

B and C. Furthermore, clearly correlations from the exchangeable proton of OH-C-2 

observed at H 4.72 (1H, d, J = 4.3 Hz) to H-2, from OH-C-3 observed at H 4.95 (1H, 

dd, J = 6.8, 4.8 Hz) to H-3 and H-4, and from OH-C-6 at H 4.45 (1H, t, J = 5.6 Hz) to 

H2-6 were also observed in the 1H  1H COSY spectrum.  
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Figure 2.8 Key 1H  1H COSY and HMBC correlations of cornoside A (59). 

Remaining to be assigned were two ester carbonyl carbons C-3 (C 169.0) and C-

11 (C 172.8), a methine H-4 (H 3.94; C 47.8), and a methoxy group (H 3.68; C 52.7). 

In the HMBC spectrum, the correlations between H-6 (H 5.03) and the ester carbonyl 

carbon observed at C 172.8 (C-11), and from H-5 (H 3.37) to both C-4 and C-11 

established the presence of a -lactone ring. A COSY correlation observed between H-5 

and H-4 and an HMBC correlation from H-4 to C-11 further supported this assignment. 

Furthermore, HMBC correlations observed from H-4, H-5, and the methoxyl signal at H 

3.68 (3-OMe) to the remaining ester carbonyl carbon at C 169.0 (C-3) established the 

connection of C-4 to C-3 and the presence of a methyl ester at C-3. Finally, the clear 
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HMBC correlations from H-1 (H 4.05) to C-1 (C 66.7) and from H-1β (H 3.98) to C-1 

(C 103.0) confirmed the glucosylation at C-1 and established the planar structure of 59 

as depicted. 

 

Figure 2.9 Key NOESY correlations of cornoside A (59). 

The relative configuration of compound 59 was readily assigned as shown in 

Figure 2.9 by NOESY correlations and the coupling patterns in the 1H NMR spectrum. 

NOE correlations from H-5 to H-6 and H-9, together with correlations from H-7 to H-6 

and H3-10 indicated that H-5, H-6, H- and Me-10 were on the same side of the 

cyclopentane ring in the-orientation. This was further confirmed by 1D NOESY 

spectrum as H-6 was irradiated (A1-6). NOE correlations from H-8 to H-7α, and H-1 

confirmed the α-orientation of H-8 and the glucosylated side chain. A long range W-

coupling in the COSY spectrum between Me-10 and H-7α was consistent with the 1,2-
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diaxial arrangement of these two groups. Finally, the α-orientation of H-4 was indicated 

by an NOE correlation observed between H-4 and H-8. This was further substantiated by 

a small coupling (5.6 Hz) observed between H-4 and H-5 that was similar to the coupling 

constants (ca 5.0 Hz in both cases) of the previously reported C-1 to O-2 ring-opened 

iridoids gelsemiol49 and borreriagenin.50 This assignment was further confirmed by 1D 

NOESY correlations from H-4 to H-7α and H-8 when both of them were irradiated (see 

A1-7 and A1-8). The absolute configuration of 59 is suggested based on biogenetic 

grounds that nearly all iridoids found in nature have a configuration of 5S and 9R and by 

analogy to the known co-isolated compounds that were found to have identical NMR data 

and comparable optical rotation values. Thus the structure of cornoside A (59) is 

therefore defined as 4S,5S,6S,8S,9R. Additional support for the absolute stereochemistry 

came from the isolation of cornolactone A (60), that was previously reported as a 

synthetic intermediate of the total synthesis of the iridoid semperoside A.43 

Table 2.3 NMR data of compound 59 measured in CD3OD,  in ppm, J in Hz.. 
no. H C HMBC (HC) NOESY 
1a 4.08 (1H, dd, 10.2, 3..3) 68.8 C-5, C-9 H-9, H-1b, H-10 
1b 3.46 (1H, dd, 10.2, 7.6)  C-9 H-9, H-1a, H-10 
3  169.0   
4 3.23 (1H, m) 49.6  H-8 
5 3.37 (1H, dd, 7.3, 7.1) 47.5 C-3, C-4, C-8, C-9, C-11 H-6, H- 9 
6 5.01 (1H, t, 6.2) 86.3 C-8, C-9, C-11 H-5, H-7, H-7 

7 2.08 (1H, dd, 14.2, 5.9) 42.1 C-6, C-8 H-7 
7 1.48 (1H, ddd, 14.2, 11.6, 5.8)  C-8 H-6, H-7, H-10 
8 1.93 (1H, m) 33.9  H-4, H-7 
9 1.88 (1H, m) 49.8  H-1a, H-1b, H-5 

10 0.98 (3H, d, 6.0) 17.7 C-7, C-8, C-9 H-1a, H-7, H-9 
11  175.5   

OMe 3.68 (3H, s) 52.3 C-3  
1’ 4.18 (1H, d, 12.5) 104.6 C-1, C-3 H-3’, H-4’ 
2’ 3.07 (1H, dd, 8.9, 7.9) 75.1 C-1, C-3  
3’ 3.19 (1H, d, 6.0) 78.2  H-1’ 
4’ 3.22 (1H, m) 71.8  H-1’ 
5’ 3.28 (1H, m) 78.2 C-4  
6a’ 3.80 (1H, d, 11.8) 63.0 C-4  
6b’ 3.60 (1H, dd, 11.8, 4.3)  C-5  
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Figure 2.10 1H NMR spectrum of cornoside A (59), 400 MHz, in d6-DMSO 



   

33 
 

 

Figure 2.11 13C NMR spectrum of cornoside A (59), 100 MHz, in d6-DMSO 
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Cornolactone A (60) was isolated as a colorless gum, showed an [M + H]+ ion at 

m/z 171.1010 in the HRESIMS consistent with molecular formula C9H14O3, which 

requires three degrees of unsaturation. The IR spectrum showed characteristic 

absorptions for hydroxyl (3423 cm-1), and ester carbonyl (1752, 1023 cm-1) functionality. 

The 13C NMR and gHSQC spectra revealed 9 carbon signals including four sp3 methines, 

three sp3 methylenes and one quaternary carbon, along with one methyl group. The 1H, 

13C NMR (Figures 2.15 and 2.16) and HSQC spectra of 60 showed resonances for an 

oxymethine [H 5.00 (1H, t, J = 6.0 Hz, H-6), C 85.1 (C-6)]; three additional methines 

[H 3.10 (1H, m, H-5), 1.78 (1H, m, H-9), 1.76 (1H, m, H-8), C 50.8 (C-9), 40.3 (C-5), 

33.0 (C-8)]; an oxymethylene [H 3.83 (1H, dd, J = 10.8, 4.0 Hz, H-1a), 3.55 (1H, dd, J = 

10.4, 8.4 Hz, H-1b), C 61.6 (C-1)]; two deoxymethylene groups [H 2.63 (1H, dd, J = 

18.8, 4.7 Hz, H-4α), 2.59 (1H, dd, J = 18.8, 9.8 Hz, H-4β), 2.16 (1H, dd, J = 14.0, 5.2 Hz, 

H-7α), 1.40 (1H, ddd, J = 14.0, 12.0, 5.6 Hz, H-7β), C 29.9 (C-4), 41.9 (C-7)], and a 

methyl group [H 1.00 (1H, d, J = 5.6 Hz), C 17.8] (Table 2.4).  

Table 2.4 NMR Data of compound 60. Measured at 400 MHz (1H) and 100 MHz (13C) in 
CDCl3.  in ppm, J in Hz.. 

no. H C HMBC (HC) NOESY 
1a 3.83 (1H, dd, 10.8, 4.0) 61.6 C-5, C-8, C-9 8 H-1b, H2-4, H-8 
1b 3.55 (1H, dd, 10.4, 8.4)  C-5, C-8, C-9 H-1a, H2-4, H-8 
4 2.63 (1H, dd, 18.8, 4.7) 29.9 C-5, C-6, C-9, C-11 H-1a, H-5 
 2.59 (1H, dd, 18.8, 9.8)    
5 3.10 (1H, m) 40.3 C-4, C-8, C-9, C-11 H2-4,H-6 
6 5.00 (1H, t, 6.0) 85.1 C-8, C-9, C-11 H-5, H-7 

7 2.16 (1H, dd, 14.0, 5.2) 41.9 C-5, C-6, C-8, C-9 H-7, H-8 
7 1.40 (1H, ddd, 14.0, 12.0, 5.6)  C-8, C-10 H-6, H-7, H-10 
8 1.76 (1H, m) 33.0 C-1, C-9 10  
9 1.78 (1H, m) 50.8  C-8 10  

10 1.00 (3H, d, 5.6) 17.8 C-7, C-8, C-9 H-8  
11  1785   
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The 1H and 13C NMR data suggested that cornolactone A (60) had the same 

molecular skeleton as cornoside A (59), except for the absence of the signals for the 

methine at C-4, the methyl ester C-3, the glucopyranosyl group and the appearance of 

signals for a diastereotopic methylene at H 2.63 (H-4α) and H 2.59 (H-4β). This 

suggested that 60 was a iridoid aglycone that was missing the C-3 methyl ester. This 

conclusion was further confirmed by the 2D NMR data.  

The 1H  1H COSY and gHSQC experiments alowed the assignment of only one 

spin system as drawn with bold lines in Figure 2.12. Clear COSY correlations observed 

from H2-1 (H 3.85, 3.55) to H-9 (H 1.78), from H-9 to H-5 (H 3.10), from H-5 to H-4 

(H 2.63) and H-6 (H 5.00), which in turn coupled to H2-7 (H 2.16, 1.40), from H2-7 to 

H-8 (H 1.76) which in turn coupled to H3-10 (H 1.00) allowed the formation this linear 

spin system.  

 

Figure 2.12 Isolated 1H spin system of cornolactone A (60). 

This spin system and its connectivity with the remaining carbonyl carbon (C-11) 

enabled assembly into the final planar structure of 60 based upon extensive analysis of 
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the HMBC spectrum. Clear HMBC correlations between H2-1 (H 3.85, 3.55) and C-8 (C 

33.0) confirmed the connectivity between C-8 and C-9 to be a tetra-substituted 

cyclopentane ring. This was further confirmed by correlations between Me-10 (H 1.00) 

and C-7 (C 41.9) and C-9 (C 50.8). In addition, HMBC correlations from H2-4 to C-5, 

C-6, C-11 and from both H-6 (H 5.00) and H-5 (H 3.10) to the ester carbon observed at 

C = 178.5 ppm allowed for C-11 to be incorporated into the molecular structrue, and for 

the five-membered lactone ring to be determined. Thus, the planar structure of 60 was 

established as shown in figure 2.5. 
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Figure 2.13 Key 1H 1H COSY and HMBC correlations of cornolactone A (60). 

The relative configuration of compound 60 was determined by comparison of 

coupling constants to the literature data and by analysis of NOESY correlations (Figrue 
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2.14). The small coupling constants of JH-6, H-7ax 6.0 Hz, JH-6, H-7eq 12.0 Hz allowed H-6 in 

-orientation as observed in compound 59, as well as in previously reported iridoids.23 In 

addtion, NOE correlations observed from H-6 to H-5 and H-7β, and from H-5 to H-9 

confirmed all of these protons shared -configuration. The similarity of protonproton 

coupling constants and 1H and 13C NMR chemical shifts together with the NOESY 

spectrum of 60 showed the same relative configuration as that of 59 for all four chiral 

centers. This further suggested that compound 60 might to be a product of 59 after 

decarboxylation and hydrolysis of the glucopyranosyl group. The absolute configuration 

of 60 was assigned by the identical NMR spectra data and comparable optical rotation 

values [[α] 18
D  + 3.23 (0.2) lit[α] D  + 14.73 (0.9)] in the literature.43 Thus, compound 60 

was determined to be [3aR,4R,5S,6aS]-4-hydroxymethyl-5-methyl-hexahydro-cyclopenta 

[b] furan-2-one and given the trivial name cornolactone A. 

 

Figure 2.14 Key NOESY correlations of cornolactone A (60). 
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Interestingly, compound 60 was isolated as a natural -lactone from C. 

controversa. It has been synthesed by Dr. Giovanni Vidari’s group as a key building 

block for the total synthesis of semperoside A.43 Since this is the first report of 60 from a 

natural source, the isolation, structure elucidation, and full spectroscopic data are 

reported. 
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Figure 2.15 1H NMR spectrum of cornolactone A (60), 400 MHz, in CDCl3 
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Figure 2.16 13C NMR spectrum of cornolactone A (60), 100 MHz, in CDCl3 
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Cornolactone B (61) was isolated as a colorless gum. The molecular formula of 

cornolactone B (61), C10H12O4, was suggested from the HRESIMS of the [M + H]+ ion at 

m/z 197.0811 (calcd 197.0808), which requires five degrees of unsaturation. An initial 

analysis of the 13C NMR and DEPT data revealed 10 carbon signals, two of them arising 

from ester carbonyl groups (C 170.2, 164.8). A signal at C 85.1 ppm was similar to that 

observed in 59 for a lactone ring, while the signal at C 68.8 ppm was consistent with an 

oxygenated methylene. The remaining six signals at high field could be attributed to four 

sp3 methines, one sp3 methylene, and one methyl carbon atom. The 1H (Figure 2.20), 13C 

NMR (Figure 2.21) and HSQC spectra of 61 afforded signals at H 5.04 (1H, t, J = 5.5 

Hz, H-6), C 85.1 (C-6), for an oxymethine, H 3.78 (1H, d, J = 9.6 Hz, H-4), 3.35 (1H, 

dd, J = 9.2, 6.4 Hz, H-5), 2.10 (1H, ddd, J = 15.6, 8.0, 5.2 Hz, H-9), 2.04 (1H, m, H-8), 

C 45.7 (C-4), 42.3 (C-5), 43.1 (C-9), 34.2 (C-8), for four other methines, H 4.47 (1H, 

dd, J = 12.2, 4.8 Hz, H-1a), 4.05 (1H, dd, J = 12.2, 8.0 Hz, H-1b), C 68.8 (C-1), for an 

oxymethylene, H 2.36 (1H, dd, J = 14.8, 6.8 Hz, H-7α), 1.68 (1H, ddd, J = 14.8, 9.4, 5.6 

Hz, H-7β), C 41.2 (C-7), for a methylene, and a methyl group at H 1.12 (1H, d, J = 6.7 

Hz), C 19.4 (Table 2.5). All of this evidence, along with careful inspection of the 

HBMC spectrum indicated that the molecular skeleton of 61 is similar to that of 60 

except for the absence of the signals for the methylene group at C-4, and the addition of 

signals for an ester carbonyl carbon at C 164.7 (C-3) and a methine H 3.78 (H-4). 

Accounting for the 2 degrees of unsaturation occupied by two carbonyl groups, the 

remaining 3 degrees of unsaturation indicated that 61 was a tricyclic system. The only 
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possible connection was between the C-1 oxygen and the ester carbonyl carbon C-3 to 

form a -lactone ring.   

Table 2.5 NMR Data of compound 61. Measured at 400 MHz (1H) and 100 MHz (13C) in 
CDCl3,  in ppm, J in Hz.. 

no. H C HMBC (HC) NOESY 
1a 4.47(1H, dd, 12.2, 4.8) 68.3 C-3, C-5, C-8, C-9 H-1b, H-9, H-10 
1b 4.05 (1H, dd, 12.2, 8.0)  C-3, C-5, C-8 H-1a, H-9 
3  164.8   
4 3.78 (1H, d, 9.5) 45.7 C-3, C-5, C-9, C-11  
5 3.35 (1H, dd, 15.4, 9.3) 42.3 C-11 H-6, H-9 
6 5.04 (1H, t, 5.5) 85.1 C-8, C-9, C-11 H-5, H-7, H-7 

7 2.36 (1H, dd, 14.8, 7.0) 41.2 C-5, C-6, C-8, C-9,C-10 H-5, H-7 
7 1.68 (1H, ddd, 14.8, 9.6, 5.5)   C-8, C-10 H-6, H-7 
8 2.04 (1H, qddd, 9.6, 7.0. 6.7, 2.6) 34.2 C-1, C-5 H-1a, H-10 
9 2.10 (1H, ddd, 15.4, 8.1, 4.9)  43.1 C-4, C-8, C-10 H-1a, H-1b, H-5 

10 1.12 (1H, d, 6.7) 19.4 C-7, C-9 H-1a, H-7, H-8 
11  170.2   
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Figure 2.17 Subfragments (A  C) of cornolactone B (61). 

Detailed analysis of the 1H, 13C NMR and 1H  1H COSY spectra coupled with 

the gHSQC spectrum led to the assignment of only one spin system as drawn with bold 

lines in Figure 2.17. Clear COSY correlations from H-6 (H 5.04) to H-5 (H 3.35) and 

H-7 (H 1.68), from H-8 (H 2.04) to H2-7 (H 2.36, 1.68) and Me-10 (H 1.12), from H-
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5 to H-4 (H 3.78) and H-9 (H 2.10), and from H-9 to H2-1 (H 4.47, 4.05) allowed for 

the connectivity of the linear fragment A. 

 

Figure 2.18 Key 1H  1H COSY and HMBC correlations of cornolactone B (61). 

On the basis of the HMBC experiment, the planar structure of 61 could be 

completely established by inserting the “loose ends” of the two quaternary carbons of C-3 

and C-11. HMBC correlations between H-6 (H 5.04) and C-8 (C 34.2), C-9 (C 43.1) 

and C-11 (C 170.2), between H-4 (H 3.78) and C-3 (C 164.8), C-9 and C-11, and 

between H-5 (H 3.35) and C-11 allowed for the connectivity between C-11 and C-4 

(subfragments C to A) and the linkage between C-11 and C-6 through an oxygen to form 

the first five-membered lactone ring containing C-4, C-5, C-6, O and C-11. In addition, 

HMBC correlations between H2-1 (H 4.47, 4.05) and C-3, C-8 and C-9, and between the 

methyl Me-10 (H 1.12) and C-7, C-8 and C-9 established the planar structure of 61 
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(Figure 2.5) to be a tricyclic dilactone iridoid with a 1H-2,6-dioxahexahydorcyclopent [c, 

d] indene-1,7 (2H)-dione ring system. The more detailed HMBC correlations are shown 

in Figure 2.18. 

 

Figure 2.19 Key NOESY correlations of cornolactone B (61). 

The relative configuration of 61 at C-5, C-6, C-8 and C-9 was determined to 

identical to that of 59 and 60 by NOE correlations observed in a NOESY experiment and 

scalar coupling in the 1H NMR spectrum. Clear NOE correlations (in Figure 2.19) 

between H-5 and H-6 and H-9, and between H-9 and H-1 (H 4.47) and Me-10 indicated 

the -orientation of these protons. The absence of NOE correlations observed to or from 

H-4 made it difficult to assign the configuration at C-4. However, the presence of a large 

1H coupling constant (J = 9.6 Hz) between H-4 and H-5 suggested the cis-relationship of 

these two protons and the β-orientation of H-4. This coupling constant is consistent with 
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that observed for the cis-fused tricyclic iridoids semperoside (J = 10.5 Hz), 9-

hydroxysemperoside (J = 11.4 Hz), and dihydrobrasoside (J = 10.5 Hz),49 together with 

the dilactone compounds, asperuloside tetraacetate lactone (J = 9.8 Hz) and 

dihydroasperuloside tetraacetate lactone (J = 10.0 Hz), produced from the oxidation of 

the iridoid glucoside asperuloside.51 Thus the structure of cornolactone B (61) is therefore 

defined as 4S,5S,6S,8S,9R. 
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Figure 2.20 1H NMR spectrum of cornolactone B (61), 400 MHz, in CDCl3 
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Figure 2.21 13C NMR spectrum of cornolactone B (61), 100 MHz, in CDCl3 
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Cornolactone C (62) was obtained by allowing 61 to stand in CD3OD during the 

NMR experiments. Its molecular formula C10H14O5 was established on the basis of 

HRESIMS for the [M – H2O + D]+ at m/z 198.0869 (calcd 198.0871), which indicated 4 

degrees of unsaturation. An initial analysis of the 13C NMR, HSQC and HMBC data 

revealed 10 carbon signals including five sp3 methines, two sp3 methylenes, one methyl 

and two carbonyl carbons (C 174.3, 169.9). The 1H, 13C NMR (Figure 2.22, 2.23) and 

HSQC spectra of 62 afforded signals at H 5.08 (1H, t, J = 6.4 Hz, H-6), C 86.2 (C-6), 

for an oxymethine, H 3.42 (1H, t, J = 7.4 Hz, H-5), 2.09 (1H, overlapped, H-9), 1.96 

(1H, overlapped, H-8), C 47.5 (C-5), 51.6 (C-9), 34.2 (C-8), for three other methines, H 

3.78 (1H, dd, J = 11.2, 3.6 Hz, H-1a), 3.54 (1H, dd, J = 11.2, 8.2 Hz, H-1b), C 61.1 (C-

1), for an oxymethylene, H 2.12 (1H, dd, J = 14.3, 5.8 Hz, H-7α), 1.52 (1H, ddd, J = 

14.3, 11.7, 6.0 Hz, H-7β), C 42.3 (C-7), for a methylene, and a methyl group at H 1.04 

(1H, d, J = 5.9 Hz), C 17.8 (in Table 2.6). All of those data suggested that the molecular 

skeleton of compound 62 was similar to that of the compound 61. The most significant 

spectral differences observed between 62 and 61 were the chemical shifts of the two 

proton signals at H 3.78 (H-1a), 3.54 (H-1b) in 1H NMR spectrum, both of them shifted 

upfield by 0.66 and 0.49 ppm compared with that of 61, respectively. As well as, the 

chemical shift of C-1 also shifted upfield from 68.3 for 61 to 61.1 ppm in 62. 

Interestingly, for the high acidity characterization of the 1,3-dicarbonyl, the signal at H 

3.78 (H-4) in compound 61 never showed up in compound 62, indicating it was 

deuterated by d4-methanol. Accounting for the 2 degrees of unsaturation occupied by two 
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carbonyl groups, the remaining 2 degrees of unsaturation indicated that 62 was a bicyclic 

compound. 

Table 2.6 NMR Data of compound 62. Measured at 400 MHz (1H) and 100 MHz (13C) in 
CD3OD,  in ppm, J in Hz.. 

no. H C COSY HMBC (HC) 
1a 3.78 (1H, dd, 11.2, 3.6) 61.1 H-1b, H-9 C-5, C-9 
1b 3.54 (1H, dd, 11.2, 8.2)  H-1a C-5, C-8, C-9 
3  169.9   
4 deuterated  50.0   
5 3.42 (1H, t, 7.4) 47.5 H-9 C-1, C-3, C-8, C-9, C-11 
6 5.08 (1H, t, 6.4) 86.2 H-5, H-7β C-8, C-9, C-11 

7 2.12 (1H, dd, 14.3, 5.8) 42.3 H-8, H-7β, H-10 C-5, C-6, C-8, C-9 
7 1.52 (1H, ddd, 14.3, 11.7, 6.0)  H-7α, H-8 C-8, C-10 
8 1.82 (1H, overlapped) 34.2   
9 1.80 (1H, overlapped) 51.6   

10 1.04 (3H, d, 5.9) 17.8 H2-7, H-8 C-7, C-8, C-9 
11  174.3   

 

Combined with the evidence of 18 mass units higher in the mass spectrum and 1 

lesser degree of unsaturation than those of 61 suggested that compound 62 might be the 

product yielded by cleaving the six-membered lactone ring of compound 61. This 

conclusion was further confirmed by the proton NMR spectrum (see appendix A1-25) 

which was obtained from compound 61 after the sample was left in d-chloroform for 

almost three months.  
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Figure 2.22 1H NMR spectrum of cornolactone C (62), 400 MHz, in CD3OD 
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Figure 2.23 13C NMR spectrum of cornolactone C (62), 100 MHz, in CD3OD 
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Figure 2.24 Subfragments (A  C) of cornolactone C (62). 

The structure of 62 was further confirmed by a detailed analysis of the 2D NMR. 

Interpretation of the 1H  1H COSY spectrum coupled with the gHSQC spectrum led to 

the assignment of three isolated spin systems (A  C) as drawn with bold lines in Figure 

2.24. Clear COSY correlations observed from H-6 (H 5.08) to H-5 (H 3.42) and H-7 

(H 1.52) allowed for the connectivity between C-5 and C-7, which lead to the formation 

of the linear subfragment A. The connectivity between C-1 and C-9 was confirmed by the 

COSY correlations from the methylene signals at H 3.54, 3.78 for H2-1 to a methine 

signal at H 2.09 for H-9. And the correlation between Me-10 and H-8 (H 1.96) allowed 

the connectivity of the methyl to C-8 as in subfragment C. 

On the basis of an HMBC experiment, those fragments could be fully connected 

by inserting the remaining the tertiary and quaternary carbon atoms C-8, C-9, C-3 and C-

11 (Figure 2.25). The diagnostic HMBC correlations are observed from H-5 (H 3.78) to 

C-1 (C 61.1), C-3 (C 169.9), C-7 (C 42.3), C-8 (C 34.2) and C-11 (C 174.3). These 

correlations allowed for the establishment of the connectivities of C-5 to C-9 

(subfragments A to B), C-7 to C-8 (subfragments A to C) and C-8 to C-9 (subfragments 

C to B) and established the tetra-substituted cyclopentane ring moiety, as well as 
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confirming the location of carboxylic acid group at C-4. In addition, the significant 

HMBC correlations from Me-10 (H 1.04) to C-7, C-8, and C-9 (C 51.6) further 

confirmed the methyl group to be linked with the five-membered cyclopentane ring by 

tertiary carbon C-8. Furthermore, the distinct HMBC correlation from H-1a (H 3.78) to 

C-5, C-8 and C-9 (C 51.6) also confirmed the connections of fragments C to A and B by 

C-9. Finally, HMBC correlations from H-6 (H 5.08) to C-8, C-9 and C-11, leading the 

formation of 2H-hexahydrocyclopenta [b]furan-2-one ring system by the lingkage of 

frament A to partial structure of the lactone ring through C-6-O-C-11. Thus, the planar 

structure of 62 was established as shown in figure 2.5.  
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Figure 2.25 Key 1H  1H COSY and HMBC correlations of cornolactone C (62). 
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Figure 2.26 Key NOESY correlations of cornolactone C (62). 

The relative configuration of compound 62 was assigned by comparison of the 

coupling patterns in the 1H NMR spectrum with that of compound 61. The small coupling 

constant of JH-5, H-9 7.6 Hz was similar to that of compound 61, suggesting the cis 

configuration of H-5 and H-9. In the same way, the small coupling constants of JH-6, H-7ax 

5.8 Hz, JH-6, H-7eq 6.0 Hz indicated that H-6 shared -orientation with H-5 and H-9. The 

stereochemistry at C-4 could be determined to be a tran-disposition of the involved 

protons through the small coupling constant observed for H-5 (H 3.42, t, 7.4), which was 

similar with that observed in gelsemiol 1-glucoside (70)49 and 59 with H-4 in α-

orientation. The chemical shift of H-10 (H 1.04) indicated the -configuration of the 

methyl group at C-8 as observed in all other iridoids.27,49 The absolute configuration of 

62 was determined based on the nearly identical NMR data and comparable optical 
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rotation values ([α]18
D  - 11.4) with those of borrerlagenin ([α] 18

D  - 1.3)50 and 59 ([α] 18
D  - 

13.8).  Thus, the structure of 62 was therefore defined as 4S,5S,6S,8S,9R. 

Cornolactone D (63) was isolated as a colorless gum. The molecular formula was 

deduced to be C11H16O5, with 4 degrees of unsaturation, on the basis of its HRESIMS 

data at m/z 251.0884 [M + Na]+ (calcd 251.0890), which indicated 31 mass units higher 

and 1 lesser degree of unsaturation than those of 61.  

The 1H NMR spectrum (Figure 2.30) of 63 was similar to that of cornolactone B 

(61), except that it showed the addition of a methoxyl group (H 3.80; C 53.4) and H-6 

[H 5.04, t (5.5)] was shifted upfield by 1.22 ppm (Table 2.7) as compared to that of 61. 

This suggested 63 was the product from methanolysis of the -lactone ring in 61. The 13C 

NMR spectrum (Figure 2.31) was quite similar to that of cornolactone B (61), and the 

main differences were the appearance of a methyl carboxylate group at C 169.2 and 53 

ppm and the resonance of C-6 (C 77.7) was shifted upfield by 8.6 ppm (Table 2.7), in 

comparison with that of 61. 

Table 2.7 NMR Data of compound 63. Measured at 400 MHz (1H) and 100 MHz (13C) in 
CDCl3,  in ppm, J in Hz.. 
no. H C HMBC (HC) NOESY 
1a 4.27 (1H, dd, 12.0, 5.6) 69.3 C-3, C-5, C-8, C-9  H-1b, H-9 
1b 4.00 (1H, dd, 11.6, 6.0)  C-3, C-5, C-8 H-1a, H-4, H-8 
3  169.0   
4 3.58 (1H, d, 6.6) 50.4 C-5, C-6, C-9, C-11 H-1a, H-5 
5 2.76 (1H, dt, 11.6, 7.2) 46.1 C-1, C-4, C-6, C-9, C-11  H-4, H-9 
6 3.82 (1H, overlapped) 77.4 C-4 H-7, H-8 

7 2.12 (1H, dd, 11.7, 5.9) 43.2 C-5, C-6, C-8, C-9, C-10 H-6, H-7 
7 1.38 (1H, dd, 12.1, 10.2)  C-6, C-8, C-10 H-7, H-8 
8 1.78 (1H, qddd, 12.1, 9.4, 6.3, 2.7) 33.8 C-1 H-1a, H-7, H-10 
9 2.20 (1H, ddd, 11.7, 9.4, 6.3) 42.8  H-1a, H-1b, H-5, H-10  

10 1.07 (3H, d, 6.3) 18.8 C-7, C-8 H-8, H-9 
11  169.2   

OMe 3.80 (3H, s) 53.3 C-11  

 
 



   

56 
 

Detailed analysis of the 1H, 13C NMR and 1H  1H COSY, gHSQC spectra 

coupled with the HMBC specrum led to the assignment of the similar spin system as 

cornolactone B (61), a tetra-substituted cyclopentane ring as drawn with bold lines in 

Figure 2.27, as well as a methyl carboxylate group (fragment B) and a quaternary carbon 

(fragment C). Clear COSY correlations from H-6 (H 3.82) to H-5 (H 2.76) and H2-7 (H 

2.12, 1.38), from H-8 (H 1.78) to H2-7 (H 2.12, 1.38), Me-10 (H 1.07) and H-9 (H 

2.20), from H-9 to H2-1 (H 4.47, 4.05) and H-5 and from H-5 to H-4 (H 3.58) allowed 

for the establishment of the tetra-substituted cyclopentane ring moiety of subfragment A. 

HMBC correlation between the methoxyl group at H 3.80 and C-11 (C 169.2) further 

confirmed that compound 63 possesses a methyl ester at C-11 (fragment B).  

 

Figure 2.27 Subfragments (A  C) of cornolactone D (63). 

On the basis of these data and combination of its degrees of unsaturation, 

compound 63 was initially presumed to be a bicyclic dilactone by cleavage of the five-

membered lactone ring of 61. This was further confirmed by the lack of HMBC 

correlation between H-6 and C-11. Clear HMBC correlations as shown (in Figure 2.28) 
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between H-5 and C-1 (C 69.3), C-4 (C 50.4), C-6 (C 77.4), C-8 (C 33.8), C-9 (C 42.8) 

and C-11 confirmed the presence of the tetra-substituted cyclopentane ring and allowed 

the connectivity between the methyl carboxylate group (subfragment B) and subfragment 

A through C-4. HMBC correlations between H-4 (H 3.58) and C-3 (C 169.0), C-5 (C 

46.1), C-6, C-9 and C-11 further confirmed that methoxycarbonyl group is attached to C-

4. Furthermore, distinct HMBC correlations between H2-1 and C-3 allowed the 

connectivity between C-3 and C-1 through oxygen to be a six-membered lactone ring. 

Thus, the planar structure of compound 63 was determined as shown in Figure 2.5.  

 

Figure 2.28 Key 1H 1H COSY and HMBC correlations of cornolactone D (63). 

The relative configuration of compound 63 was readily assigned as shown in 

Figure 2.5 by 1D and 2D NOE correlations, combined with the coupling patterns in the 
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1H NMR spectrum. The NOE correlations (Figure 2.29) from H-5 to H-4, H-7β and H-9, 

together with correlations from H3-10 to H-7β and H-9 established the cis-fusion of the 

cyclopenta[c]pyran skeleton with H-4, H-5, H-7β, H-9 in the β-orientation. The cis 

relationship between H-5 and H-9 was further confirmed by their coupling constant (3J = 

11.6 Hz), which is larger in trans-fused iridoids ( 13 Hz). The α-orientation of H-6 was 

indicated by an NOE correlation observed from H-6 to H-7α and H-8 on the underside of 

the cyclopentane ring. This assignment was further supported by the 1D NOESY 

correlation from H-6 to H-8 as H-8 was irradiated (A1-33). Thus the structure of 

cornolactone C (63) is therefore defined as 4R,5S,6R,8S,9R. 
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Figure 2.29 Key NOESY correlations of cornolactone D (63). 
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Figure 2.30 1H NMR spectrum of cornolactone D (63), 400 MHz, in CDCl3 
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Figure 2.31 13C NMR spectrum of cornolactone D (63), 100 MHz, in CDCl3 
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Cornolactone E (64) was isolated as a colorless gum. The molecular formula 

C9H14O3 was determined from the the HRESIMS of the [M + H]+ ion at m/z 193.0834 

(calcd 193.0835) and required 3 degrees of unsaturation. An initial inspection of the 13C 

NMR, HSQC and HMBC data revealed 9 carbon signals including four sp3 methines, 

three sp3 methylenes, one methyl and one carbonyl carbons (C 174.0). The 1H, 13C NMR 

and HSQC spectra of 64 afforded signals at H 3.71 (1H, ddd, J = 10.2, 7.8, 5.5 Hz, H-6), 

C 77.8 (C-6), for an oxymethine, H 2.39 (1H, m, H-5), 1.97 (1H, m, H-9), 1.79 (1H, m, 

H-8), C 42.6 (C-5), 43.2 (C-9), 33.1 (C-8) for three other methines, H 4.18 (1H, dd, J = 

11.6, 4.0 Hz, H-1a), 4.08 (1H, dd, J = 12.0, 3.2 Hz, H-1b), C 68.6 (C-1), for an 

oxymethylene, H 2.01 (1H, m, H-7α), 1.27 (1H, dt, J = 12.1, 11.2 Hz, H-7β), C 42.6 (C-

7), for a methylene, 2.57 (2H, d, J = 5.2 Hz, H-4), C 32.6 (C-4), for another methylene 

and a methyl group at H 1.03 (1H, d, J = 6.4 Hz), C 18.7 (, in Table 2.8). All of those 

data suggested that the molecular skeleton of compound 64 was similar to that of the 

compound 63. The most significant differences observed between 64 and 63 were the 

absence of a methyl carboxylate group at C-4 (C 50.4) in 63 and the presence of a 

methylene (C 32.6) in 64, which was further confirmed by the HMBC correlations from 

H2-4 (H 2.57) to C-3 (C 174.0), and from H-6 (H 3.71) to C-4 (C 32.6). This suggested 

that 64 was missing the C-11 methyl ester. 

Interpretation of the 1H, 13C NMR and 1H  1H COSY spectra coupled with the 

gHSQC spectrum led to the assignment of three subfragments (A  C) as drawn with 

bold lines in Figure 2.32. Clear COSY correlations observed from H-6 (H 3.71) to H-5 

(H 2.39) and H-7 (H 1.48), from H-5 to H-4 (H 2.57) and H-9 (H 2.01) and from H-9 
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to H2-1 (H 4.18, 4.08) allowed for the establishment of the linear subfragment A. The 

connectivity between C-8 and Me-10 (subfragment B) was confirmed by the COSY 

correlation from the methyl signal at H 1.03 to a methine signal at H 1.79 for H-8. 
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Figure 2.32 Subfragments (A  C) of cornolactone E (64). 

Table 2.8 NMR Data of compound 64. Measured at 400 MHz (1H) and 100 MHz (13C) in 
CDCl3.  in ppm, J in Hz.. 

no. H C HMBC (HC) NOESY 
1a 4.18 (1H, dd, 11.6, 4.0) 68.6 C-3, C-5 H-1b, H-4 
1b 4.08 (1H, dd, 12.0, 3.2)  C-3, C-5, C-8 H-1a 
3  174.0   
4 2.57 (2H, d, 5.2) 32.6 C-3, C-5, C-9 H-6 
5 2.39 (1H, m) 42.6 C-1, C-3, C-6, C-8 H-7 
6 3.71 (1H, ddd, 10.2, 7.8, 5.5) 77.8 C-4, C-8, C-9 H-8 

7 2.01 (1H, m) 42.6   
7 1.27 (1H, dt, 12.1, 11.2)  C-6, C-8, C-10 H-5, H-7, H-10 
8 1.79 (1H, m) 33.1 C-1, C-10 H-1a, H-6  
9 1.97 (1H, m) 43.2   

10 1.03 (3H, d, 6.4) 18.7 C-7, C-8, C-9 H-1a, H-8  

 
Detailed analysis of the HMBC experiment allowed for those fragments to be 

fully connected and enabled assembly into the final planar structure of 64. Accordingly, 

the diagnostic HMBC correlations (see Figure 2.33) between H-6 (H 3.71) and carbons 

C-8 (C 33.1) and C-9 (C 43.2), between Me-10 (H 1.03) and C-8 and C-9, and between 
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H2-1 (H 4.18, 4.08) and C-8 supported the linkage between spin systems A and B 

through C-8. This assignment was further supported by correlations from H-5 (H 2.39) to 

C-1 (C 68.6), C-6 (C 77.8), C-8 and C-9. In addition, the significant HMBC correlations 

between the ester carbon observed at C = 174.0 ppm (C-3) and H2-1 and H-5 allowed for 

C-3 to be incorporated into the molecular structure creating a six-membered lactone ring 

system. Thus, the planar structure of 64 was established as shown in figure 2.5.  
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Figure 2.33 Key 1H  1H COSY and HMBC correlations of cornolactone E (64). 
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Figure 2.34 1H NMR spectrum of cornolactone E (64), 400 MHz, in CDCl3
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Figure 2.35 13C NMR spectrum of cornolactone E (64), 100 MHz, in CDCl3 
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Figure 2.36 Key NOESY correlations of cornolactone E (64). 

The relative configuration of compound 64 was assigned as shown in Figure 2.5 

by interpretation of the 2D NOESY spectrum and the coupling patterns in the 1H NMR 

spectrum. The nOe correlations as shown in Figure 2.36 from H-6 to H-8, and from H-5 

to H-7 indicated that H-5, Me-10 and OH-6 were in -orientation. This was further 

confirmed by the large coupling constants of JH-5, H-6 13.3 Hz, JH-6, H-7ax 12.1 Hz. And the 

small coupling constant (3J = 7.8 Hz) between H-5 and H-9 confirmed the cis-fusion of 

the ring system. The similarity of protonproton coupling constants and 1H and 13C 

chemical shifts together with a NOESY spectrum of 64 showed the same relative 

configuration as 63 at the four chiral centers. Thus the structure of cornolactone D (64) is 

therefore defined as 5R,6R,8S,9R. 

Cornoside B (65) was isolated as an orange gum. The HRESIMS of 65 showed an 

[M  H]- ion at m/z 366.1219 (calcd for C17H20NO8 366.1220), corresponding to the 
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molecular formula C17H21NO8 with eight degrees of unsaturation. The IR spectrum 

showed characteristic absorptions for OH (3305 cm-1), aromatic ring (1650, 1453, 769 

cm-1), carboxylic acid (1715 cm-1) and CO (1081, 1017 cm-1) groups. In the case of the 

glycoside with the odd mass number at m/z 367 clearly indicating it was a nitrogenous 

compound. This was further confirmed by the TLC which gave an intense orange color 

with the Dragendorff reagent.  

The 13C NMR and gHSQC spectra revealed 17 carbon signals including five sp2 

methines, six sp3 methines, two sp3 methylenes and four quaternary carbons. Among 

them, the signals at C 103.0, 76.1, 76.0, 73.3, 69.7 and 61.6 were characteristic for a -

glucopyranosyl moiety,48 Which was further confirmed by the coupling constant (J = 8.0 

Hz) of the anomeric proton and the signals observed for the other protons of the sugar 

moiety were in good agreement with data previously published for -D-glucopyranosyl 

moiety.27 The presence of a 3-substituted indole ring system suggested by: a) the four 

aromatic protons’s coupling patterns at H 7.49 (1H, d, J = 7.6 Hz, H-4), 7.25 (1H, d, J = 

6.7 Hz, H-7), 7.03, 6.96 (each 1H, t, J = 7.2 Hz, H-6, H-5) and six aromatic carbons at C 

136.6 (C-8), 127.8 (C-9), 121.9 (C-6), 119.4 (C-5), 118.4 (C-4) and 111.6 (C-7); b) a 

broad signal at H 8.11 (s) for NH measured in CD3OD, which disappeared in CDCl3 and 

the signals at H 7.06 (H-2, s, in CDCl3), C 123.8 (C-2); c) the absence of a high field 

aromatic signal near H 6.40 indicated that the indole nucleus was substituted at position 

3.52 The 1H, 13C NMR, HSQC and HMBC spectra of 65 also showed: one oxygenated 

methine [H 4.28 (1H, dd, J = 7.6, 4.8 Hz, H-11), C 79.0 (C-11)]; one deoxymethylene 
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carbon [H 3.12 (2H, dd, J = 15.0, 7.8 Hz, H-10), C 28.8 (C-10)]; one downfield 

quaternary carbon at C 174.4 (C-12, in Table 2.9). 

Table 2.9 NMR data of compound 65, measured at 400 MHz (1H) and 100 MHz (13C) in 

CDCl3,  in ppm, J in Hz.. 

no. δC δH  COSY HMBC(HC) 
1  8.11 (1H, s)a   
2 123.8 7.06 (1H, s)  C-3, C-8, C-9 
3 109.1    
4 118.4 7.49 (1H, d, 7.6) H-5 C-8, C-6, C-3 
5 119.4 6.96 (1H, t, 7.8) H-4, H-6 C-7, C-9 
6 121.9 7.03 (1H, t, 7.8) H-5, H-7 C-4, C-8 
7 111.6 7.25  (1H, d, 6.7) H-6 C-5, C-9 
8 136.6    
9 127.8    

10 28.8 3.12 (2H, dd, 15.0, 7.8) H-11 C-12, C-9, C-2, C-3, C-11 
11 79.0 4.28 (1H, dd, 7.6, 4.8) H-10 C-12, C-3, C-1, C-10 
12 174.4    
1 102.9 4.14 (1H, d, 8.0) H-2 C-11 
2 73.3 3.18 (1H, overlapped) H-1  
3 76.1 3.19 (1H, overlapped)   
4 69.7 3.24 (1H, m) H-5  
5 76.1 3.04 (1H, m) H-4, H-6b  
6a 61.6 3.60 (1H, dd, 12.0, 2.8)   
6b  3.54 (1H, dd, 12.0, 5.2) H-4,  

    aMeasured in CD3OD 

 

Figure 2.37 Isolated 1H spin systems (A  C) of cornoside B (65). 
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Interpretation of the 1H  1H COSY spectrum coupled with the gHSQC spectrum 

indicated the presence of three isolated spin systems as drawn with bold lines in Figure 

2.37: A) the ortho-disubstituted benzene ring was confirmed by the COSY correlations 

from H-5 (H 6.96) to H-4 (H 7.49) and H-6 (H 7.03), from H-6 to H-7 (H 7.25); B) the 

-glucopyranosyl moiety was indicated by COSY correlations from H-1 (H 4.14) to H-

2 (H 3.18), from H-6a (H 3.60) to H-5 (H 3.04) and from H-5 to H-4 (H 3.24); and 

C) H-10 (H 3.12) to H-11 (H 4.28). 

 

Figure 2.38 Key 1H  1H COSY and HMBC correlations of cornoside B (65). 

Further detailed HMBC correlations (in Figure 2.38) analysis allowed the full 

connection of these three fragments and established the gross structure of 65 to be indole-

3-lactic acid glucoside bearing a -D-glucopyranosyl moiety at C-11. The distinct three 

bonds HMBC correlations from the aromatic proton at H 7.49 (H-4) to C-6 (C 121.9), 

C-8 (C 136.6) and C-3 (C 109.1) was in agreement with those from H-7 (H 7.25) to C-9 

(C 127.8) and C-5 (C 119.4), as well as the correlations between H-2 (H 7.06) and C-8, 
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C-9 and C-3 leading to the formation of the indole ring system. In addition, the 

significant three bond HMBC correlations between H-10 (H 3.12) and C-2 (C 123.8), C-

9, C-12 (C 174.4) resulted in the linkage between fragment C and A through the 

quaternary carbon C-3 and the placement of a carboxylic acid group at the C-11 (C 79.0) 

position. This was further confirmed by the HMBC correlations between H-11 (H 4.28) 

and C-3 and C-12. Finally, the clear HMBC correlations from H-1’ (H 4.14) to C-11 and 

from H-11 to C-1 (C 103.2) confirmed the glucosylation at C-11 and established the 

planar structure of 65 as depicted. The absolute configuration of C-11 was not 

successfully determined for the limited quantity of sample. 
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Figure 2.39 1H NMR spectrum of cornoside B (65), 400 MHz, in CDCl3 and CD3OD 
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Figure 2.40 13C NMR spectrum of cornoside B (65), 100 MHz, in CDCl3 and CD3OD
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2.3 PPAR  and LXR agonistic activities and cytotoxicity  

Compounds 59, 60, 63, 64 and three known compounds cornin (4), dihydrocornin 

(10), cornalternoside (58) were selected to evaluate for agonistic activity for PPAR- and 

cytotoxicity against the MCF-7 and MDA-MB-231 (breast cancer cell lines). 

Unfortunately, all the compounds revealed no agonistic activity for PPAR- and no 

cytotoxicity for both MCF-7 and MDA-MB-231 cells lines, except compound 64 

exhibiting slight activity at 100 M against MDA-MB-231, but no EC50 could be reached. 

However, previously in Dr. Mark T. Hamann’s laboratory at the University of 

Mississippi cornoside A (59) and cornin (4) were tested for their agonistic activity for 

Liver X receptors (LXR). The results indicated that cornoside A exhibited potent LXR 

agonistic activity with the EC50 value of 0.9 M. Cornin (4) showed moderate LXR 

agonistic activity with the EC50 value of 9.8 M. 

2.4 Conclusions 

In a continuing exploration of natural products for nuclear receptor activators as 

leads with potential anti-diabetic drug candidates from genus Coruns, a proton NMR-

guided fractionation of the ethanol extract of Cornus controversa leaves reulted in the 

isolation of seven new compounds, including one new iridoid glucoside, cornoside A 

(59), and five new iridoid aglycones, cornolactones A  E (60  64), and an indole-3-

lactic acid glucoside, cornoside B (65), together with 10 known compounds. Cornoside A 

(59) is one of a small number of C10 iridoid glucosides where the -lactone is ring-opened 

between the C-1 and O-2 position and contains a -lactone linkage between C-6 and C-

11. Others reported include gelsemiol 3-O-β-d-glucoside,49 gelsemiol 6-trans-caffeoyl-1-
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glucoside53 and verbenabraside A and B.54 Cornolactone B (61) is the first natural cis-

fused tricyclic dilactone iridoid containing both a five- and six- membered lactone ring.  

Interestingly, cornolactone D (63) and E (64) have opposite configuration at C-6 

compared to that of compounds 5961. This suggests that rather than cleavage of the -

lactone in 61 by methanolysis at C-11, to give the C-6 epimer of 63 (6-epi-63) with 

retention of configuration, an alternative biosynthetic pathway is necessary (Figure 

2.41). A possible pathway leading to inversion of configuration at C-6 could occur 

through the SN2 hydrolysis of 61 at C-6, followed by either methylation to give 

cornolactone D (63) or decarboxylation to give cornolactone E (64). Considering the 

broad fascinating bioactivities of iridoids and the pharmaceutical values of genus Cornus 

used as Chinese tradtional medicine to treat diabetes, further study and more attention are 

needed from the related scientific communities. 

methylation

Figure 2.41. Possible biosynthetic route to inversion of configuration at C-6 in 63 and 

64.



   

75 
 

3. DELPHATISINE D AND CHRYSOTRICHUMINES A  B, THREE NEW 

DITERPENOID ALKALOIDS FROM DELPHINIUM CHRYSOTRICHUM 

3.1 Background 

The genus Delphinium, like the genus Aconium and Consolida, is a rich source of 

diterpenoid alkaloids. They exhibit complex structures and a broad range of bioactivities 

including anti-inflammatory, analgesics, anti-arrhythmic, curariform, arrhythmogenic, 

hypotensive, neurotropic, local anesthetic, spasmolytic, and psychotropic. Diterpenoid 

alkaloids have attracted considerable interest of medicinal chemists for decades.55-58 

Crude preparations from Delphinium plants have been widely used as cardiotonics, 

febrifuges, sedatives, and anodynes in folklore and traditional medicine.57 There are about 

350 species of Delphinium distributed mainly in the northern hemisphere, of which 173 

are endemic to mainland China.59 

Delphinium chrysotrichum Finet et Gagnepain, mainly distributed in northwest of 

Sichuan and the eastern district of the Tibetan region of mainland China, has been used in 

Tibetan folk medicine for the treatments of rheumatism and neuralgia for a long time.59,60 

Our previous chemical investigation on this plant has resulted in the isolation of three 

diterpene alkaloids delphatisine A  C (7173)61,62 together with delpheline (74),62 

delbrunine (75),63 and delectinine (76)64 as shown in Figure 3.1. As part of an ongoing 

phytochemical investigation of the chemistry and anticancer activities of diterpenoid 

alkaloids from Aconitum and Delphinium plants, we have investigated the whole plant of 
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D. chrysotrichum, which led to the isolation of three novel compounds, including a new 

C20-diterpenoid alkaloid, delphatisine D (77), and two new C19-diterpenoid alkaloids,  

chrysotrichumines A and B (78 and 79), as well as 11 known compounds: isodelpheline 

(80),60 delphatisine A (81),61 delpheline (74),62 3β,6α-dlphydroxysclareollda (82),65 

lycoctonine (83),66 davidisine B (84),67 delsemine A (85),68 delavaine A (86),69 delcorine 

(87),70 delbrusine (88)63 and sharwuphinine A (89),71 as shown in Figure 3.2. 

Delphatisine D (77) is a rare atisine-type alkaloid from genus Delphinium and is the C-15 

epimer of spiramine C (90) which bears an internal carbinolamine ether linkage 

(NCOC) between C-7 and C-20. Chrysotrichumine A (78) is a rare natural C19-

diterpenoid alkaloid possessing a nitrone group between C-17 and C-19. We present 

herein the isolation and structural elucidation of these new diterpenoid alkaloids. 
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Figure 3.1 Compounds previously isolated from Delphinium chrysotrichum. 
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Figure 3.2 Chemical structures isolated from Delphinium chrysotrichum. 
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3.2 Structure Elucidation of Delphatisine D, Chrysotrichumines A and B 

A 90% ethanol extract of the dried whole plants of D. chrysotrichum (10 kg) was 

extracted with CHCl3 at pH 10 to give 210 g of a crude alkaloids fraction. This residue 

was sequentially separated on silica gel eluted by a gradient of petroleum ether (PE)-

acetone-diethylamine (100:10:2, 80:20:5, 60:40:5, 50:50:5, 40:60:5, 20:80:5 and 10:90:5) 

to afford seven fractions (A  G). Bioassay-guided fractionation of fractions F and G 

were further chromatographed over a silica gel column and then a series of HPLC 

separations (prep. and semi-prep.) with columns supported on C18, C8 and PRP-1 to 

yield compounds (77  79) and other known compounds (see Figure 3.3 and 3.4) . 

Delphinium chrysotrichum (10 kg)

EtOH (3 25 L)

crude extract 300 g

Treated with 5 % HCl, filtered,
Then, basified with 25 % NH4OH to pH 10
extracted with different solvents

petroleum ether 10g chloroform 210 g ethyl acetate 45 g n-butanol 10 g

Isolated on silica gel (10 60 cm)
Eluted with petroleum ether (PE)-acetone

A 50 g B 20 g C 30 g D 5 g E 60 g F 0.3 g G 36 g

71 (5 mg)
72 (8 mg)

74 (6 mg) 73 (7 mg) 76 (7 mg) 75 (12 mg)

Silica gel Silica gel Silica gel Silica gel

77 (6 mg), 80 (19 mg), 81 (18 mg),
82 (30 mg), 87 (26 mg), 88 (4 mg)

C18 MeCN/H2O

 

Figure 3.3 Isolation scheme for Delphatisine D (77). 
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Figure 3.4 Isolation scheme for compounds 78 and 79. 
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Delphatisine D (77) was obtained as a white amorphous powder, and the 

molecular formula C22H31NO3 was suggested on the basis of HRESIMS for the [M + H]+ 

at m/z 358.2377 (calcd 358.2377), which indicated 8 degrees of unsaturation. The IR 

spectrum showed characteristic absorptions for hydroxyl (3443 cm-1), exomethylene 

(1640, 911 cm-1) and simple ether (1031 cm-1) groups. The 13C NMR and DEPT revealed 

22 carbon signals including one sp3 methyl, nine sp3 and one sp2 methylenes, seven sp3 

methines and four quaternary carbons. The 1H, 13C NMR (Figures 3.7 and 3.8) and 

HSQC (Appendix 2.2) spectra of 77 indicated signals at H 1.05 (3H, s, H-18), C 23.1 

for a tertiary methyl group; four methine signals at H 4.61 (1H, s, H-20), 4.15 (1H, s, H-

15), 3.90 (1H, s, H-19), 3.51 (1H, d, J = 4.4 Hz, H-7), C 86.3, 75.6, 95.6, 71.6, 

respectively; an oxygenated methylene signal at H 3.68 (1H, dd, J = 14.4, 8.4 Hz, H-

22α), 3.45 (1H, ddd, J = 9.2, 6.4, 2.8 Hz, H-22β), C 63.3, one nitrogen-substitituted 

methylene H 3.34 (1H, ddd, J = 10.8, 7.6, 2.4 Hz, H-21α), 3.21 (1H, dt, J = 11.6, 8.8 Hz, 

H-21β), C 51.3, and two broad singlets at H 5.09, 4.98, each 1H; C 157.4, 108.2 (see 

Table 3.2) indicated the presence of an exocyclic methylene group. 

Interpretation of the 1H  1H COSY spectrum coupled with the g-HSQC and 

HMBC spectra led to the assignment of six isolated spin systems (A  F, in Figure 3.6). 

The connectivity of the linear fragment A was determined through COSY correlations 

observed between the methylene signals at H 2.02 (H-2α) to H-1α (H 1.55) and H-3α 

(H 1.40). HMBC correlations from H-2α to C-1 (C 30.1) and C-3 (C 41.0) and from H-

1α to C-2 and C-3 confirmed the connectivity of C-1 to C-3 and the establishment of 

substructure A.  
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Figure 3.5 Substructures (A  F) of delphatisine D (77). 

A linear fragment comprised of two methines one substituted by oxygen and 

another by nitrogen (C-19, C 95.6 and C-20, C 86.3), two quarternary carbons (C-4 and 

C-10), a methine and a tertiary methyl group (fragment B) was determined through 

COSY correlations. The obviously long range W-COSY correlations observed from the 

methine, H-5 (H 1.12) to both methines H-19 (H 3.90) and H-20 (H 4.61) as well as H-

19 to Me-18 (H 1.05) allowed the establishment of the linear spin system of B. In 

addition, three bond HMBC correlations between C-5 and both H-19 and H-20 allowed 

the connectivity between C-10C-5C-4, which provided further evidence for the 

existence of the linear substructure B. HMBC correlations between a tertiary methyl 

resonance (H 1.04, s, H-18) and carbons C-3, C-4, and C-19 served to place it on C-4. 
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Substructure C was established by COSY correlations observed from a methylene signal 

at H 2.41 (H-6α) to  H-5 (H 1.12) and H-7 (H 3.51), and it was further confirmed by the 

HMBC correlations between H-6α and C-7 and between H-7 and C-5. The COSY 

correlation between a methylene signal at (H 2.10) of H-14 and the signal at H 1.58 (H-

13) along with comparison of the chemical shifts with those isoatisine (91)72 allowed for 

the establishment of the fragment D (see Table 3.1). The connectivity of the substructure 

E was readily determined through long range COSY correlations observed between both 

singlets of the exocyclic methylene group (H2-17) at H 5.09, 4.98 and H-15 (H 4.14) 

along with the HMBC correlations from H2-17 to C-15 (C 75.6). The substructure of F 

was established through COSY correlations observed between the methylene signal of H-

22α at H 3.66 to H2-21 (H 3.32, 3.21). 

Table 3.1 Comparison of 13C NMR data of compounds 77a and 90b. 
compounds 77 90  77 90 

position C position C 
1 30.1 40.8 12 37.0 37.0 
2 26.5 23.0 13 25.4 19.9 
3 41.0 29.9 14 26.7 20.4 
4 35.6 35.4 15 75.6 74.3 
5 43.1 45.5 16 157.4 155.3 
6 20.6 25.2 17 108.2 112.0 
7 71.6 69.0 18 23.1 26.4 
8 35.1 41.5 19 95.6 95.3 
9 40.8 43.1 20 86.3 85.9 
10 42.0 34.1 21 51.3 51.0 
11 27.1 23.5 22 63.3 63.1 

aMeasured in CDCl3; 
bMeasured in C6D6,  in ppm. 
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Figure 3.6 The chemical structure of isoatisine (91) 

Table 3.2 NMR Data of compound 77. Measured in CDCl3 at 400 MHz (1H) and 100 
MHz (13C),  in ppm, J in Hz. 

no. H C HMBC (HC) NOESY 
1α 1.55 (1H, overlapped)  30.1 C-20 H-20 
1β 1.09 (1H, overlapped)    
2α 2.02 (1H, m) 20.6 C-1, C-3 H-3α, H-19 
2β 1.33 (1H, overlapped)    
3α 1.40 (1H, m) 41.0 C-1, C-2, C-5, C-18, C-19 H-19 
3β 1.10 (1H, overlapped)    
4  35.7   
5 1.12 (1H, m) 43.1 C-7, C-9, C-19, C-20 H-9 

6α 2.12 (1H, t, 12.4) 26.5 C-4, C-5 H-7 
6β 2.41 (1H, dt, 13.6, 4.4)  C-7, C-8, C-10 H-7 
7 3.51 (1H, d, 4.4) 71.6 C-5, C-9, C-15, C-20 H-7 
8  42.0   
9 1.46 (1H, dd, 12.0, 8.0) 40.8 C-5, C-15, C-20 H-5 

10  35.1   
11a 1.58 (1H, overlapped) 27.0   
11b 1.30 (1H, overlapped)    
12 2.36 (1H, dt, 4.3, 8.6) 37.0 C-9, C-14, C-15, C-17 H-17b 
13a 1.58 (1H, overlapped) 25.4   
13b 1.33 (1H, overlapped)    
14a 2.10 (1H, m) 26.7 C-15  
14b 1.32 (1H, overlapped)    
15 4.14 (1H, br s) 75.6 C-9, C-14, C-16 H-7, H-17a 
16  157.4   
17a 5.09 (1H, br s) 108.2 C-12, C-15, C-16  H-15 
17b 4.98 (1H, br s)  C-12, C-15 H-12 
18 1.08 (3H, s) 22.8 C-3, C-4, C-19  
19 3.90 (1H, s) 95.6 C-3, C-5, C-20 H-2α, H-3α, H-

21β, H-22β 
20 4.61 (1H, s) 86.3 C-1, C-5, C-7, C-9, C-10, C-

19, C-21 
H-1α, H-14α, H-

21α 
21α 3.34 (1H, ddd, 2.7, 7.8, 11.0) 51.3 C-20 H-21β 
21β 3.21 (1H, dt, 8.6, 11.4)  C-19, C-20 H-19, H-21α 
22α 3.68 (1H, dd, 7.0, 14.1) 63.3 C-19, C-21 H-21α, H-22β 
22β 3.45 (1H, ddd, 3.1, 6.3, 9.0)   H-19, H-22α 
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Figure 3.7 1H NMR spectrum of delphatisine D (77), 400 MHz, in CDCl3 
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Figure 3.8 13C NMR spectrum of delphatisine D (77), 100 MHz, in CDCl3 
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Figure 3.9 Key 1H 1H COSY and HMBC correlations of delphatisine D (77). 

The connectivities of all these substructures with the remaining carbons were 

established by 2J, 3J 1H 13C coupling observed in the HMBC spectrum (Figure 3.9 and 

Appendix 2.5) and by the comparison of NMR data with that of the known compound 

spiramine C (90) as shown in Table 3.1.73 Accordingly, the obvious HMBC correlations 

observed from H-1α at H 1.55 to C-5 and from H-3α at H 1.41 to C-1 and C-5 allowed 

for the connectivity between fragments A and B through quaternary carbons C-4 and C-

10 to form the first six-membered ring A containing C-1, C-2, C-3, C-4, C-5 and C-10 

(Figure 3.9). Further correlations from both H-22α and H-21α to C-19 (C 95.6) 

established the connectivity of substructures F to B through oxygen and nitrogen and 

confirmed the presence of an oxazalidine ring F, which could be linked to C-20 and 
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confirmed by further correlations between H2-21 and C-20. Thus a six-membered 

piperidine E ring containing C-4, C-5, C-10, C-20, N, C-19 was confirmed through 

HMBC correlations from H-20 to C-5 and C-19 and from H-19 to C-5 and C-20. Clearly 

three bond correlations from H-7 to C-5, C-9 and C-20 and from H-9 to C-5 and C-20 

served to link subfragments C to B and to support the establishment of a six-membered 

ring B (from C-5 to C-10) and an ether linkage between C-7 and C-20 in delphiatisine D 

(77) similar to that in spiramine C, which was further supported by the correlation 

between H-20 and C-7. In addition, HMBC correlations from H-12 to C-14, C-15, C-16 

and C-17 established C-12C-13 and C-12C-16 bonds,  together with the correlations 

from H-15 to C-14 and C-16 determined the connectvity of subfragments D and E, thus, 

allowing the six-membered ring D containing C-9, C-14, C-13, C-12, C-16 and C-15 to 

be formed. Finally, the unification of rings D to B was assigned on the basis of HMBC 

correlations from both H-12 and H-15 to C-9, thus allowing for the remaining methylene 

signal at C 27.0 to be incorporated into the molecular structure to complete the six-

membered ring C containing C-8, C-9, C-11, C-12, C-16 and C-15. This assignment was 

further supported by the HMBC correlations between both H-9 and H-7 and C-15, 

carrying a hydroxyl group. This was further confirmed by acetylation carried out with 

acetic anhydride in pyridine for 48 h at room temperature as shown in Scheme 3.1.  

The proton NMR spectrum of the acetate ester (77a) is consistent with that of the 

delphatisine D (77) except that the chemical shifts of H-15 (H 4.79) and H-17a (H 5.41) 

were shifted downfield by 0.64 and 0.32 ppm (see Figure 3.10), respectively, as 

compared with that of delphatisine D (77). Furthermore, there is only one acetyl group at 

H 2.12 (3H, s) in 1H NMR spectrum further confirmed that only one hydroxyl group at 
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C-15 was esterified. In addition, the ESIMS peak at m/z 400.2 of the ester ([M + H]+) was 

consistent with the above conclusion (see Appendix 2-8). Thus, the planar structure of 

delphatisine D (77) with a highly fused heptacyclic system bearing an ether linkage 

between C-7 and C-20 was established. 

 

Scheme 3.1 Estification reaction of delphatisine 77. 

 

Figure 3.10 1H NMR spectra of delphatisine D (77) and its acetic ester (77a). 
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The relative configuration of compound 77 was determined by analysis of 

NOESY correlations (in Figure 3.11), and by comparison of chemical shifts to the 

literature data. In the NOESY spectrum, the cross-peak between H-9 and H-20 was not 

observed, indicating that the H-20 was in α-orientation, assuming the usual β-H 

stereochemistry at C-9 as observed in all previously reported atisine-type diterpene 

alkaloids.73,74 In addition, the resonances for the exocyclic methylene group observed at 

δH 5.09 and 4.98 were shifted downfield by 0.16 and 0.08 ppm, respectively, as compared 

with that of spiramine C, indicating the presence of a β-hydroxy group at C-15.75 This 

assignment was further supported by the upfield shifts of C-7 (9.6 ppm) and C-15 (2.2 

ppm) as compared with that of 15-epi-dihydroajaconine which exhibited the 1,3-diaxial-

like interaction between H-7β and H-15.73 Moreover, the chemical shift at C 95.6 

confirmed the S-form of C-19 (C 96.3 for 19S epimer and C 91.5 for 19R epimer as 

observed in spiramines C and D.73 Therefore, the structure of 77 was determined as 15-

epi-spiramine C and a trivial name delphatisine D was given to 77. 
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Figure 3.11 Key NOESY correlations of delphatisine D (77). 

Chrysotrichumine A (78) was isolated as colorless gum and its molecular formula 

C27H39NO10 was established on the basis of HRESIMS for the [M + H]+ at m/z 538.2665 

(calcd 538.2647), which indicated 9 degrees of unsaturation. The IR spectrum showed 

characteristic absorptions for OH (3412 cm-1), C=N (1643 cm-1), carbonly (1733 cm-1) 

and simple ether (1044 cm-1) groups.  

The 13C NMR and gHSQC revealed 27 carbon signals including one sp2 

azomethine, nine sp3 methines, five sp3 methylenes and four quaternary carbons, two 

acetyl groups, along with four methoxyl groups. The 1H (in Figure 3.14), 13C NMR (in 

Figure 3.15) and gHSQC spectra of 78 afforded signals at H 4.16 (2H, d, J = 6.0 Hz), C 
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66.7, for an oxymethylene, H  3.26 (1H, overlapped), 3.42 (1H, overlapped), 3.65 (1H, t, 

J = 4.8 Hz), 3.80 (1H, s), 4.54 (1H, s), C 80.2, 82.0, 84.1, 78.1, 83.1, for five 

oxymethines, H 6.79 (1H, s), C 137.1, for an imino group, H 3.25, 3.35, 3.42, 3,44 

(each 3H, s), C 56.7, 57.2, 58.1, 58.2 four methoxyl groups, two quaternary oxygenated 

carbon signals at C 92.8, 79.3, two acetyl groups at H 2.08, 2,16 (each 3H, s), C 20.9, 

170.5, 22.8, 171.5 (Table 3.3). However, the NMR spectra did not show signals for the 

angular methyl and N-ethyl groups. Since three of the degrees of unsaturation were 

occupied by two carbonyls and an imino group, the remaining 7 degrees of unsaturation 

indicated that 78 possesses a hexacyclic skeleton.  

All of this evidence, along with a careful inspection of the HMBC spectrum 

indicated that the structure of 78 is similar to that of the sharwuphinine A (89)71 except 

for the presence of the two acetyl groups described above (Table 3.4). An acetyl group 

was attached to C-18 to account for its chemical shift (C = 66.7 ppm), and based on 

HMBC correlations between H2-18 and a carbonyl carbon observed at C = 170.5 ppm. 

This was further supported by the signal at H 4.16 in the 1H NMR spectrum which 

appeared to move downfield 0.38 ppm, when compared with the analogous signal of 

sharwuphinine A [H 3.78 (H2-18)]. In addition, the assignment of the second acetyl 

group (H 2.16; C 22.8, 171.5) was initially hampered by the lack of protons at C-7 and 

C-8. However, the resonances of C-7 (C 92.6) and C-6 (C 83.0) were shifted downfield 

and upfield by 5.7 and 8.0 ppm, respectively, in comparison with those of sharwuphinine 

A [C 86.9 (C-7) and C 91.0 (C-6)] suggesting that the hydroxyl group at C-7 in 
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sharwuphinine A (89) was also esterified by an acetyl group in 78. The structure of 

compound 78 was further confirmed by extensive analysis of the 2D NMR data. 

Table 3.3 NMR Data of compound 78. Measured in CDCl3 at 400 MHz (1H) and 100 
MHz (13C),  in ppm, J in Hz.. 

no. H C HMBC (HC) NOESY 
1 3.42 (1H, overlapped) 80.2  H-9, H-1, H-10 
2a 1.92 (1H, m) 20.8   
2b 1.43 (1H, overlapped)    
3 1.70 (2H, m)  26.6   
4  42.1  H-10 
5 2.03 (1H, d, 4.8) 47.0 C-6, C-7, C-11, C-17, C-19 H-6, H-9 
6 4.54 (1H, br s) 83.0 C-4, C-5, C-8, C-11  H-5, H-18 
7  92.6   
8  79.2   
9 3.03 (1H,t, 4.7) 43.2 C-8, C-10, C-12, C-13,  H-10, H-14 

10 2.12 (1H, overlapped) 42.8  H-1, H-4, H-7, H9 
11  50.6   
12a 2.10 (1H, overlapped) 30.8   
12b 1.39 (1H, overlapped)    
13 2.38 (1H, t, 3.5) 38.7 C-10, C-16 H-14 
14 3.65 (1H, t, 4.8) 84.1 14-OMe, C-8, C-16 H-9, H-10, H-13 
15a 2.80 (1H, dd, 15.2, 8.4) 33.1 C-7, C-8, C-9, C-13, C-16 H-15b, H-17 
15b 1.82 (1H, dd, 15.6, 8.0)  C-7, C-8, C-16 H-15a 
16 3.26 (1H, overlapped) 82.0   
17 3.80 (1H, s) 78.1 C-5, C-6, C-7 H-5, H-15a, H-16 
18 4.15 (1H, d, 6.0) 66.7 C-3, C-4, C-5 C-19, OAc H-3, H-5 
19 6.74 (1H, s) 137.2 C-4, C-5, C-17, C-18  H-3, H-18 

7-COCH3  171.5   
7-COCH3 2.16 (3H, s)  22,8   

18-COCH3  170.5   
18-COCH3 2.08 (3H, s)  20.8   

OMe-1 3.25 (3H, s) 56.7   
OMe-6 3.44 (3H, s) 58.0   

OMe-14 3.42 (3H, s) 58.2   
OMe-16 3.38 (3H, s) 57.2   
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Table 3.4 Comparison of 13C NMR data of compounds 78a and 89b. 
position   78    89 position  78   89 

1 80.2 82.1 14 84.1 85.6 
2 20.8 21.0 15 33.0 34.3 
3 26.6 26.3 16 82.0 84.1 
4 42.1 45.7 17 78.1 79.0 
5 47.0 46.1 18 66.7 65.0 
6 83.1 91.0 19 137.2 144.1 
7 92.6 86.9 1-OCH3 56.7 57.0 
8 79.2 78.8 6-OCH3 58.0 59.3 
9 43.2 44.4 14-OCH3 58.2 58.1 
10 42.8 43.7 16-OCH3 57.2 56.6 
11 50.6 53.0 7-COCH3 171.5  
12 30.8 32.0 18-COCH3 170.5  
13 38.7 39.4    

aMeasured in CDCl3 at 100 MHz (13C),  in ppm.  
bMeasured in CD3OD at 125 MHz (13C),  in ppm.  

 

Figure 3.12 Substructures (A  D) of chrysotrichumine A (78). 
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Figure 3.13 Key 1H  1H COSY and HMBC correlations of chrysotrichumines A (78). 

Detailed analysis of the 1H  1H COSY spectrum combined with the gHSQC and 

HMBC spectra of 78 led to the formation of four substructures (A  D) as seen in Figure 

3.12. The connectivity of the linear fragment A was determined on the basis of a COSY 

correlation between methylene H-2α (H 1.92) and H2-3 (H 1.70). HMBC correlations 

(in Figure 3.13) between H-3 and C-2 (C 20.8) and C-1 (C 80.2) further confirmed the 

connectivity of C-1 to C-3 and the establishment of substructure A. The connectivity of 

the tetra-substituted cyclopentane group (substructure B) was determined by COSY and 

HMBC correlations. The COSY correlation from H-9 (H 3.03) to H-14 (H 3.64) and 

from H-14 to H-13 (H 2.37), along with the HMBC correlations from H-9 to C-10 (C 
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42.9), C-12 (C 30.8) and C-13 (C 38.7), and from H-13 to C-10 and C-12 allowed for 

the establishment of substructure B. The fragment C was readily determined through 

COSY correlations observed from both signals of the methylene group (H2-15) at H 2.80, 

1.82 to H-16 (H 3.23). The linear fragment D was determined by a weak COSY 

correlation between H-5 (H 2.03) and H-6 (H 4.52) and a long-range W interaction 

between H-17 (H 3.80) and H-5. This was further confirmed by HMBC correlations 

from H-5 to C-6 (C 83.0) and C-11 (C 50.6) and from H-17 to C-5 and C-6 (C 92.6). 

On the basis of the HMBC experiment, those four fragments could be completely 

connected by inserting the remaining tertiary and quaternary carbon atoms of C-4, C-8 

and C-10. Firstly, the presence of an imino group at C-19 was verified by the IR 

absorption (1650 cm-1) and its chemical shift at C 137.2 ppm. In addition, the HMBC 

correlations from H-19 (H 6.74) to C-3 (C 26.6, a weak signal), C-4 (C 42.1), C-5 (C 

47.0), C-17 (C 78.1) and C-18 (C 66.7) was in agreement with those from H2-3 (H 1.70), 

H-5, H-17 and H2-18 to C-19 (C 137.2) further confirming the imino group to be located 

at C (19)=N. The HMBC correlations from H-19 to C-17 and from H-18 to C-4, along 

with the UV absorption (max = 250 nm) corroborated the presense of a nitrone group71 

located between C-17 and C-19 and an oxymethylene at C-4. The HMBC cross-peaks 

from H-6 and H2-3 (H 1.70) to C-4, and from H-1, H-5 and H-6 to C-11 allowed the 

connectivity of substructures of A and D through the quaternary carbons C-4 and C-11. 

Furthermore, HMBC correlations from H-5 to C-10, from H-6 to C-7 and C-8, from H-

15α (H 2.80) to C-7, C-8, C-9 and C-13, from H-9 to C-15 and from H-13 to C-16 lead 

to the linkage of the cyclopentane ring (fragment B) to D through C-7, C-8 and C-11, and 
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lead to the connectivity of fragments C to B through quaternary carbon C-8 and tertiary 

carbon C-13 to form a cyclohexane ring containing C-9, C-10, C-14, C-13, C-16 and C-

15. Finally, the location of four methoxyl groups at C-1, C-6, C-14 and C-16 was 

confirmed by the HMBC correlations between OCH3-1 (δH 3.25) and C-1 (δC 80.2), 

OCH3-6 (δH 3.44) and C-6 (δC 83.0), OCH3-14 (δH 3.42) and C-14 (δC 84.1), and  

between OCH3-16 (δH 3.26) and C-16 (δC 82.0), respectively. 

The relative configuration of 78 was deduced as shown in Figure 3.16 by ROESY 

correlations combined with the analysis of the coupling patterns in the 1H NMR spectrum. 

Clear ROE correlations between H-5 and H-9, and between H-19 and H2-3 indicated that 

there is no doubt that one relative stereochemistry existed for the fused-tetracyclic ring 

system (from C-1 to C-11, C-17-N-C-19) without strain.71 The twisted boat conformation 

of the cyclohexane ring from C-1 to C-11 was confirmed by the ROESY correlation 

between H-2 (H = 1.92 ppm) and H-5. In addition, ROESY correlations between H-1 

and H-5 suggested that proton H-1 shared a -configration with H-5. The correlation 

between H-6 and H2-18 and H-19 indicated H-6 was -oriented. Moreover, the relative 

configuration of H-14 was determined to be in -orientation based on the ROESY 

correlation between H-14 and H-13 and H-9, along with its small coupling constant at J = 

4.4 Hz.75 The relative configuration of H-16 was not able to be determined due to 

overlapping signals observed around H = 3.26 ppm, however, the similarity of the 

chemical shifts of C-15 and C-16 (in Table 3.2) with that of sharwuphinine A, as well as 

the comparable optical rotation values ([α] 18
D  + 5.9 (c 0.008, MeOH) for 78,  [α] 18

D  + 10.9 

(c 0.018, MeOH) for 89) indicated that compound 78 has the same pattern of 
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stereochemistry as 89, having a H-16 in -orientation. Therefore, the structure of 78 was 

determined as shown and given the trivial name chrysotrichumines A. 

      
Figure 3.14 1H NMR spectrum of chrysotrichumine A (78), 400 MHz, in CDCl3 
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Figure 3.15 13C NMR spectrum of chrysotrichumine A (78), 100 MHz, in CDCl3 



   

100 
 

 

Figure 3.16 Key ROESY correlations of chrysotrichumines A (78). 

Compound 79 was obtained as an amorphous powder. Its molecular formula 

C37H51N3O11 was assigned from the HRESIMS of 737.3268 for [M + Na]+ (calcd 

737.3256), which indicated 14 degrees of unsaturation. The IR spectrum showed 

characteristic absorptions for OH (3337 cm-1), carbonyl (1733, 1710 cm-1), aromatic ring 

(1643, 764 cm-1) and simple ether (1075 cm-1) groups. The 1H, 13C NMR and gHSQC 

spectra of chrysotrichumine B (79) showed the presence of a N-ethyl group [H 4.05 (1H, 

qd, J = 16.0, 8.0 Hz), 3.00 (1H, qd, J = 16.0, 8.0 Hz), 1.08 (3H, t, J = 8.0 Hz); C 44.4, 

12.8], four methoxyl groups [H 3.19, 3.30, 3.41, 3.35 (each 3H, s); C 55.9, 59.1, 58.6, 

56.9], four oxygenated methine [H  3.24 (1H, overlapped), 3.83 (1H, br s), 3.65 (1H, t, J 

= 4.0 Hz), 3.17 (1H, d, J = 2.0 Hz), C 81.4, 92.1, 84.0, 82.2], an oxymethylene [H  4.80 

(1H, d, J = 12.0 Hz), 4.49 (1H, d, J = 12.0 Hz), C 67.4] and a substituted anthranoyl 

group [H 11.1 (1H, s, NH), 7.06, 7.52 (each 1H, t, J = 8.0 Hz), 7.90, 8.67 (each 1H, d, J 
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= 8.4 Hz, Ar-H), 1.29 (3H, d, J = 8.0 Hz); C see Table 3.5]. The data summarized above 

suggested that 79 is a lycoctonine-type C19-diterpenoid alkaloid.57 

Table 3.5 NMR Data of compound 79. Measured in CDCl3 at 400 MHz (1H) and 100 
MHz (13C),  in ppm, J in Hz.. 

no. H C HMBC (HC) NOESY 
1 3.24 (1H, overlapped) 81.4   
2a 2.00 (1H, overlapped) 25.3   
2b 1.55 (1H, m)    
3a 2.02 (1H, overlapped)  29.7   
3b 1.70 (1H, m)    
4  47.8   
5 1.99 (1H, overlapped) 50.1   
6 3.83 (1H, br s) 92.1 C-7, C-8, C-11, OCH3-6 H-17, H-18b 
7  86.2   
8  77.2   
9 2.94 (1H, overlapped) 42.9  H-14 

10 2.13 (1H, overlapped) 45.2  H-14 
11  49.2   
12 1.95 (2H, overlapped) 28.6   
13  2.42 (1H, t, 8.0) 37.7 C-15 H-14 
14 3.65 (1H, t, 4.0) 84.0  H-9, H-10, H-13 
15a 2.57 (1H, dd, 16.0, 8.0) 33.5 C-7, C-8, C-13  
15b 1.75 (1H, dd, 16.0, 4.0)  C-8, C-16  
16 3.17 (1H, overlapped) 82.2 C-12, C-14  
17 3.29 (1H, s) 63.8 C-5, C-19  
18a 4.80 (1H, d, 12.0) 67.4 C-5  H-18b 
18b 4.49 (1H, d, 12.0)  C-3 H-6, H-17  
19  170.3   
21a 4.05 (1H, qd, 16.0, 8.0) 44.4 C-22  
21b 3.00 (1H, qd, 16.0, 8.0)  C-17, C-19  
22 1.08 (3H, t, 8.0)  12.8 C-21  

OMe-1 3.19 (3H, s) 55.9   
OMe-6 3.30 (3H, s) 59.1   

OMe-14 3.41 (3H, s) 58.6   
OMe-16 3.35 (3H, s) 56.9   
OCO-18  167.8   

1'  115.1   
2'  141.8   
3' 8.66 (1H, d, 8.0) 121.0 C-1', C-5'  
4' 7.53 (1H, dt, 8.0, 4.0) 134.6   
5' 7.09 (1H, dt, 8.0, 4.0) 122.9   
6' 7.93 (1H, d, 8.0) 130.3   
1"  175.0   
2" 2.95 (1H, overlapped) 39.0 C-4"  
3"a 2.83 (1H, dd, 16.8, 8.4) 37.8 C-1", C-2"  
3"b 2.48 (1H, dd, 16.8, 5.2)  C-1"  
4"  174.5   
5" 1.31 (3H, d, 8.0) 18.3 C-1", C-3"  

NH-C-2' 11.2 (1H, s)  C-1", C-3'  
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Figure 3.17 Substructures (A  D) of chrysotrichumine B (79). 

Interpretation of the 1H  1H COSY spectrum coupled with the gHSQC spectrum 

led to the assignment of five isolated spin systems (A  D, in Figure 3.17). The linear 

fragment A was determined on the basis of COSY correlations from a nitrogen-

substituted methylene H2-21 (H 4.05, 3.00) to a methyl group at H 1.02 (H3-22). The 

clear correlations from H-9 (H 2.94) to H-10 (H 2.13) and H-14 (H 3.65) and from H-

13 (H 2.41) to H-12 (H 1.95) and H-14 in the COSY spectrum along with comparison of 

the NMR data with that of delsemine A (85) allowed for establishment of the substructure 

B. The fragment C was determined on the basis of COSY correlations observed from 

both singlets of the methylene group (H2-15) at H 2.57, 1.75 to H-16 (H 3.17). The 

COSY correlations from H-5' (H 7.09) to H-4' (H 7.53) and H-6' (H 7.93) and from H-

4' to H-3' (H 8.66) confirmed the presence of the ortho-substituted aromatic fragment D. 
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Figure 3.18 Key 1H  1H COSY and HMBC correlations of chrysotrichumines B (79). 

The planar structure of 79 was determined by extensive analysis of HMBC 

correlations as well as the comparison of its NMR data with that of the similar known 

compound delsemine A (85).68 The HMBC correlations between H-15 (H 2.57) to C-7 

(C 86.2), C-8 (C 77.2) and C-13 (C 37.7) and between H-16 (H 3.17) to C-12 (C 28.6) 

and C-14 (C 84.0) allowed for the connectivity between substructures C and B. Further 

HMBC correlations from H-6 (H 3.83) to C-4 (C 47.8), C-5 (C 50.1), C-7 and C-8 were 

similar to that observed in compound 78, indicating that 79 had the same carbon skeleton 

as that of 78. HMBC correlation from a methylene signal at H 2.97 (H-21b) to C-17 
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allowed for the subfragment A to be incorporated into the molecular structure. In 

addition, HMBC correlations from H-5" (H 1.31) to C-1" (C 175.0) and C-3" (C 37.8), 

from the methylene signals of H2-3" at H 2.83, 2.48 to C-1", from a methine signal of H-

2" (H 2.96) to C-4" (C 174.5) and from the imino (-NH-) at H 11.1 to C-1" and C-3' (C 

121.0), along with the comparison of the similarity of the chemical shifts of C-18 (C 

67.4) and the carbonyl group at C 167.8 with those of delsemine A (85) (see Table 3.6) 

confirmed the presence of an ortho-substituted anthranoyl group at C-18.67 This was 

further confirmed by the weak HMBC correlations from both H2-18 at H 4.80, 4.49 to C-

3 (C 29.7) and C-5 (C 50.1), respectively. 

                  Table 3.6 Comparison of 13C NMR data of compounds 79a and 85a. 
position   79    85 position  79   85 

1 81.4 83.9 21 44.4 50.9 
2 25.3 26.1 22 12.8 14.0 
3 29.7 32.2 1-OCH3 55.9 55.7 
4 47.8 37.6 6-OCH3 59.1 57.8 
5 50.1 50.5 14-OCH3 58.6 58.1 
6 92.1 91.0 16-OCH3 56.9 56.3 
7 86.2 88.6 OCO-18 167.8 168.1 
8 77.2 77.5 1' 115.1 114.7 
9 42.9 43.3 2' 141.8 141.9 
10 45.2 46.1 3' 121.0 120.7 
11 49.2 49.1 4' 134.6 134.9 
12 28.6 28.7 5' 122.9 122.5 
13 37.7 38.2 6' 130.3 130.3 
14 84.0 83.9 1" 175.0 174.1 
15 33.5 33.7 2" 39.0 39.3 
16 82.2 82.6 3" 37.8 39.0 
17 63.8 64.5 4" 174.5 172.4 
18 67.4 69.8 5" 18.3 18.0 
19 170.3 52.4    

aMeasured in CDCl3 at 100 MHz (13C),  in ppm.  
The molecular formula of C37H51N3O11 suggested that 79 has one more oxygen 

than delsemine A. In comparision with their 13C NMR data, the absence of the chemical 
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shift of C-19 at C 52.6 in delsemine A (85) and the presence of a carbonyl group at C 

170.3 in 79 indicated that this carbonyl group is located at C-19. This was further 

supported by the HMBC correlation between H-17 (H 3.27) and C-19. The other 1H and 

13C NMR data for 79 are similar to those of delsemine A (85).  

The relative configuration of 79 was assigned as shown in Figure 3.2 by the 

coupling patterns in the 1H NMR spectrum and the key NOE correlations observed in the 

NOESY spectrum as shown in Figure 3.18, and by comparing the NMR data with that of 

delsemine A (85). First of all, a triplet signal at H 3.65 (J = 4.0 Hz) indicated the β-

orientation of H-14.75 This assignment was further supported by the NOE correlations 

from H-14 (H 3.65) to H-9 (H 2.94), H-10 (H 2.13) and H-13 (H 2.41), which 

indicated that all of those protons shared -orientation. The JH-5,H-6 value of 0 Hz 

suggested that H-6 was in α-orientation.76 The similarly small coupling constants of JH-

16,H-15ax = 8.8 Hz and JH-16,H-15eq = 6.4 Hz observed in 79 with that of the known 

compounds shawurensine77 allowed to assign H-16 in α-orientation. The relative 

configuration of H-1 could not be definitively determined due to the limited NOE data 

and the overlapping signals around H = 3.25 ppm. However, the chemical shift of C-1 

(C 81.4) is consistent with the assignment of the MeO-1 being α-orientated as observed 

in all previously reported C19-diterpene alkaloids with a metylsuccinimide moiety at C-

18.68,78,79 In addition, the stereochemistry of the metylsuccinimide moiety in 

methyllycaconitine has been assigned to be “S” by Bladbrough.80 Therefore, the chemical 

shift at C 39.0 confirmed the S-form of C-2 in 79.75,80 Thus, the structure of 

chrysotrichumine B was determined as 19-carbonlydelsemine A (79). 
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Figure 3.19 Key NOESY correlations of chrysotrichumines B (79). 
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Figure 3.20 1H NMR spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 
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Figure 3.21 13C NMR spectrum o chrysotrichumine B (79), 100 MHz, in CDCl3 
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3.3 Cytotoxic Activity 

The new compound 77, and the known compounds delpheline (74), 

isodelphatisine (80), delphatisine A (81), 3β,6α-dlphydroxysclareollda (83), delsemine A 

(85), delavaine A (87) and delcorine (88) were evaluated for their cytotoxic activities 

against the MCF-7 and MDA-MB-231 (breast cancer cell lines). Unfortunately, all of the 

compounds revealed no cytotoxicity for either MCF-7 or MDA-MB-231 cell lines, except 

compound 87 which exhibited slight activity at 100 M against MDA-MB-231, but had 

not reached the EC50. 

3.4 Conclusions 

In a continuing exploration of natural products as the potential anti-cancer drug 

candidates from the genus Delphinium, the ethanol extract of Delphinium chrysotrichum 

resulted in the isolation of delphatisine D (77), a rare atisine-type alkaloid from genus 

Delphinium. It is the C-15 epimer of spiramine C (90) which bears an internal 

carbinolamine ether linkage (NCOC) between C-7 and C-20. Also found with two 

new C19-diterpenoid alkaloids, chrysotrichumines A and B (78 and 79), together with 11 

known compounds. Among them, 3β,6α-dlphydroxysclareollda (82) is a sesquiterpenoid 

first isolated from the genus Delphinium. The new compounds were identified and 

assigned by extensive spectroscopic analysis using NMR and high resolution mass 

spectrometry. The known compounds were identified by comparison of their 1H, 13C 

NMR and MS data with those reported in the literature. 
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4. EXPERIMENTAL PROCEDURES 

 

4.1 General Experimental Procedures 

Optical rotations were measured on a JASCO P-1010 polarimeter (c g/100 mL) 

equipped with a halogen lamp (589 nm) and a 10 mm microcell. CD spectra were 

recorded with a JASCO J-810 spectropolarimeter by using a 2 mm cuvette with methanol 

and acetone as the solvent. IR spectra were recorded on a Nicolet Magna- IR 750 

spectrophotometer. All NMR spectra were recorded on a Varian Unity-INOVA 400 

spectrometer. All chemical shifts () were referenced internally to the residual solvent 

peak (CD3OD: 1H, H 3.31 ppm; 13C, C 49.15 ppm; CDCl3: 
1H H 7.24 ppm; 13C C 

77.23 ppm; d6-DMSO: 1H H 2.50 ppm; 13C C 39.50 ppm). Short-and long-range 1H  

13C correlations were determined with gradient-enhanced inverse-detected HSQC and 

HMBC experiments, respectively. NOE correlations were detected by 2D NOESY 

experiments with a 0.5 s mixing time. ESIMS data were recorded on a Bruker Esquire 

3000 plus spectrometer, and HRESIMS data were obtained using Bruker APEX III 7.0T 

and APEXII FT-ICR spectrometers, respectively. Preparative HPLC was carried out 

using Shimadzu-20A with Shim-park RP-C18 column (20 × 200 mm), hemi-RP-C18 

column (10 × 200 mm), RP-C8 (20 × 200 mm), RP-PRP-1 (20 × 200 mm) and SPD-

M20A and ELSD-LTII detectors. 
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4.2 Plant Material Collections 

4.2.1 Collection for Cornus controversa 

The leaves of Cornus controversa were collected in Oxford, Mississippi, in 2011 

by Dr. Mark. T. Hamann of the University of Mississippi. The voucher specimens are 

kept in the Department of Pharmcognosy at the University of Mississippi. 

4.2.2 Collection for Delphinium chrysotrichum 

The aerial part of the plants Delphinium chrysotrichum were collected in the 

Lhasa area, Tibet Autonomous Region, People’s Republic of China, in August 2009. 

Voucher specimens (2009D026) were deposited at the Department of Applied Chemistry, 

Xi’an University of Technology, Xi’an, China and were identified by Prof. Ping Tian. 

4.3 Extraction and Isolation of Cornosides A, B and Cornolactones A E 

The leaves of C. controversa (15.0 kg, dry weight) were extracted with 95% 

ethanol (3  25 L, 48 h each), and dried in vacuo to give the crude extract (900 g). The 

crude extract (400 g) was first separated on a silica gel column (20  70 cm) eluted by 

step gradients of hexanes-EtOAc (100:0, 80:20, 50:50 and 0:100, v/v, each 3 L) and 

EtOAc-CH3OH mixtures (80:20, 60:40, 50:50 and 0:100, v/v, each 3 L) to afford eight 

fractions. Fraction E (20% CH3OH in EtOAc) has been initially found to exhibit 

moderate anti-fungal activity. Fr. E (90 g) was eluted on HP-20 (8  50 cm) with a 

gradient of acetone in water (90:10, 80:20, 50:50, 40:60, 20:80 and 0:100, v/v, each 2 L) 

to give six sub-fractions (Fr. E1- E6). Then, Fr. E2 (44.0 g) was repeatedly separated on 

preparative RP MPLC ( packed with C18 column; 20 × 250 mm; step gradient from 20% 

CH3OH in H2O to 35% CH3OH in H2O for 40 min, and followed by 35-65% CH3OH in 
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H2O for 20 min, 12 mL/min) to afford eight sub-fractions (Fr. E2aE2i). Fraction Fr. E2d 

(4.0 g) was further repeatedly chromatographed over RP MPLC (C18 column; 20 × 250 

mm with gradient elution from 8% to 45% of CH3CN in H2O in 120 min to yield eight 

sub-fractions (Fr. E2d-1 to Fr. E2d-8). Fraction Fr. E2d-2 (50.0 mg) was separated on RP 

HPLC (Shim-park RP-C18; 5 m; 10 × 250 mm; 10-40% CH3OH in H2O for 90 min, 7 

mL/min) to yield compounds 4 (9.7 mg, tR 31.62 min) and 10 (2.0 mg, tR 34.38). 

Compound 17 (3.5 mg, tR 34.26) was purified from fraction Fr. E2d-3 (30.0 mg) by RP 

HPLC C18 column with gradient eluted with 15-45% CH3OH in H2O for 50 min, 7 

mL/min. Sub-fraction Fr. E2d-4 (500 mg) was further purified by RP HPLC (Shim-park 

RP-C18; 5 m; 20 × 250 mm; 15-45% CH3OH in H2O for 90 min, 7 mL/min) to produce 

two interesting fractions with tR at 35.35 and 37.14 min, based on their 1H NMR spectra. 

The first fraction was purified by RP HPLC (Polar- C8; 5 m; 20 × 250 mm; 15-45% 

CH3OH in H2O for 130 min, 5 mL/min) to yield 59 (5.0 mg tR 76.2` min) and 58 (10.2 

mg, tR 80.4 min). The second fraction was further separated on RP HPLC (Shim-park 

RP-PRP; 5 m; 20 × 250 mm; 15-45% CH3CN in H2O for 70 min, 7 mL/min) to yield 

compound 65 (2.2 mg, tR 36.20). Then, Fr. E2d-6 (832 mg) was subjected to silica gel 

column (6  70 cm) chromatography using CH2Cl2-MeOH (90:10 to 0:100, v/v, each 500 

mL) to afford nine fractions (Fr. E2d-6-a to Fr. E2d-6-h). Then, fraction Fr. F2d-6-a (320 mg) 

was further purified by RP HPLC (Polar- C8; 5 m; 20 × 250 mm; 20-65% CH3OH in 

H2O for 70 min, 5 mL/min) to yield three interesting fractions based on their 1H NMR 

spectra with tR at 36.15, 41.79 and 52.25 min. The first fraction was further purified on 

PRP-1; 5 m; 10× 250 mm; 5-25% CH3CN in H2O for 50 min, 4 mL/min) to yield 62 
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(2.0 mg, tR 38.18 min). The second fraction was purified on PRP-1 column; 5 m; 20× 

250 mm; 10-40% CH3CN in H2O for 50 min, 7 mL/min) to yield 63 (8.0 mg, tR 41.52 

min). The third fraction was separated on PRP-1; 5 m; 20× 250 mm; 15-45% CH3CN in 

H2O for 70 min, 7 mL/min) to yield 61 (4.0 mg, tR 37.89 min). 

In order to collect more of compound 59, using the same procedures mentioned 

above, the rest of the crude extract (500 g) was loaded on a silica gel column (20  70 

cm) again, and eluted by step gradients of hexanes-EtOAc (100:0, 80:20, 50:50 and 

0:100, v/v, each 4 L) and EtOAc-CH3OH mixtures (80:20, 60:40, 50:50 and 0:100, v/v, 

each 4 L) to afford eight fractions. Fraction E (320 g) was fractionated on HP-20 (20  70 

cm) with a gradient of acetone in water (95:5, 90:10, 85:15, 80:20, 70:30, 60:40, 50:50, 

40:60, 20:80 and 0:100, v/v, each 3 L) to give ten sub-fractions (Fr. E1- E10). Then, Fr. E2 

and Fr. E3, combined together (40 g), was sequentially separated on HP20SS (10  70 

cm) by a gradient elution of acetone in water (95:5, 90:10, 85:15, 80:20, 75:25, 70:30, 

60:40, 40:60, 20:80 and 0:100, v/v, each 1 L) to give ten sub-fractions (Fr. E3a- Fr. E3j). 

Compounds 68 (3.0 mg) and 69 (2.5 mg) were directly purified from fraction Fr. E3e (120 

mg) by loading on a silica gel column (6  60 cm) and eluted by step gradients of 10% 

MeOH in CH2Cl2 to 100% MeOH. Then, sub-fraction Fr. E3b (9.9 g) was further 

separated under regular pressure on a C18 column (4  60 cm) and eluted by step 

gradients of MeOH in H2O (95:5, 90:10, 85:15, 80:20, 70:30, 60:40, 50:50, 40:60, 20:80 

and 0:100, v/v, each 500 mL) to afford ten fractions (Fr. E3b-A to Fr. E3b-I). The first two 

fractions had similar 1H NMR spectra and combined together to form Fr. E3b-A+B (1.2 g). 

This fraction was further separated on Lipophilic Sephadex column (4  60 cm) and 

eluted by methanol to give four sub-fractions (Fr. E3b-A+B-1 to Fr. E3b-A+B-4). Fraction Fr. 
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E3b-A+B-2 (960 mg) was repeatedly separated by RP HPLC (Shim-park RP-C18 column; 5 

m; 20 × 250 mm; step gradient from 5% to 50% of CH3CN in H2O for 50 min, and 

followed from 50% to 100% for 10 min, 7 mL/min) to yield five fractions (Fr. E3b-A+B-2-a 

to Fr. E3b-A+B-2-e) with tR at 33.91, 35.98, 36.84, 38.66 and 39.60 min, respectively. Fr. 

E3b-A+B-2-a (97.5 mg) was sequentially purified by RP HPLC (Shim-park RP-C18 

column; 5 m; 20 × 250 mm; step gradient from 5% to 40% of CH3CN in H2O for 70 

min, and then from 50% to 100% for 10 min, 7 mL/min) to yield compound 64 (12 mg, tR 

51.7 min). E3b-A+B-2-b (71.4 mg) was first purified by RP HPLC (RP-C18, 5 m; 20 × 250 

mm) column, followed by Polar- C8 column ( 5 m; 20 × 250 mm) with the same 

gradient from 10% to 40% of CH3CN in H2O for 70 min, and then from 50% to 100% for 

10 min, 7 mL/min) to yield compound 55 (5.0 mg, tR 11.8 min). Compounds 60 (15.0 

mg, tR 51.1 min) and 66 (5.6 mg, tR 63.8 min) were obtained from fraction E3b-A+B-2-c 

(51.0 mg) with gradient elution of 20-60% CH3OH in H2O for 70 min, 5 mL/min by RP 

HPLC (Polar- C8; 5 m; 20 × 250 mm). From the fraction E3b-A+B-2-d (632 mg) we 

obtained compound 59 (60.0 mg, tR 44.0 min) again and compound 67 (20.0 mg, tR 55.1 

min), by RP HPLC (Polar- C8; 5 m; 10 × 250 mm; 10-20% CH3OH in H2O for 70 min, 

5 mL/min). Compound 37 (5.2 mg) was yielded from fraction Fr. E3 (20 g), after it was 

fractionated on a silica gel column (5  60 cm) eluted by step gradients of CH2Cl2-MeOH 

(90:10 to 0:100, v/v, each 500 mL) to afford nine fractions (Fr. E3-a to Fr. E3-h). Then Fr. 

E3 -b (30 mg) was further purified by RP HPLC (Polar- C8; 5 m; 10 × 250 mm; 10-65% 

CH3CN in H2O for 70 min, 5 mL/min) to yield 37 (tR 60.6 min). 
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Cornoside A (59): colorless gum; [α]18
D  - 13.8 (c 0.013, CH3OH); UV (CH3OH) 

λmax (log ) 230 (3.4) nm; IR (KBr) νmax: 3355, 2922, 1730, 1073, 1020 cm-1; 1H and 13C 

NMR data (Table 2.1). HRESIMS m/z 413.1417 [M + Na]+ (calcd for [M + Na]+ 

413.1418). 

Cornolactone A (60): colorless gum; [α] 18
D  + 3.27 (c 0.2, CH3OH); UV (CH3OH) 

λmax (log ) 237 (3.2) nm; IR (KBr) νmax: 3355, 2922, 1730, 1073, 1020 cm-1; 1H and 13C 

NMR data (Table 2.6). HRESIMS m/z 171.1010 [M + H]+ (calcd for [M + H]+ 171.1016). 

Cornolactone B (61): colorless gum; [α] 18
D  - 7.46 (c 0.015, CH3OH); UV 

(CH3OH) λmax (log ) 243 (3.1) nm; IR (KBr) νmax: 2944, 1658, 1023 cm-1; 1H and 13C 

NMR data (Table 2.2). HRESIMS m/z 197.0811 [M + H]+ (calcd for [M + H]+ 197.0808).  

Cornolactone C (62): colorless gum; [α] 18
D  - 11.4 (c 0.002, CH3OH); UV 

(CH3OH) λmax (log ) 201 (3.1) nm; IR (KBr) νmax: 2960, 1774, 1733, 1086, 886 cm-1; 1H 

and 13C NMR data (Table 2.3). HRESIMS m/z 198.0869 [M - H2O + H]+ (calcd for [M - 

H2O + H]+ 198.0871). 

Cornolactone D (63): colorless gum; [α] 19
D  + 13.3 (c 0.027, CH3OH); UV 

(CH3OH) λmax (log ) 241 (3.1) nm; IR (KBr) νmax: 3337, 2952, 2937, 1733, 1650, 1017 

cm-1; 1H and 13C NMR data (Table 2.4). HRESIMS m/z 215.0884 [M + Na]+ (calcd for 

[M + Na]+ 215.0890). 

Cornolactone E (64): colorless gum; [α] 18
D  + 18.5 (c 0.021, CH3OH); UV 

(CH3OH) λmax (log ) 240 (2.8) nm; IR (KBr) νmax: 3401, 2952, 1733, 1089, 1068 cm-1; 

1H and 13C NMR data (Table 2.5). HRESIMS m/z 193.0834 [M + Na]+ (calcd for [M + 

Na]+ 193.0835). 
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Cornoside B (65): colorless gum; [α]18
D  - 29.2 (c 0.2, CH3OH); UV (CH3OH) λmax 

(log ) 254 (2.7) nm; IR (KBr) νmax: 3305, 2970, 1715, 1650, 1453,1081, 1017 cm-1; 1H 

and 13C NMR data (Table 2.7). HRESIMS m/z 366.1219 [M  H]- (calcd for [M  H]- 

366.1220). 

4.4 Extraction and Isolation of Delphatisine D (77), Chrysotrichumine A (78) and B (79) 

The dried aerial part of Delphinium chrysotrichum (10.0 kg) were extracted with 

90% ethanol (3  20 L, 48 h each), and dried in vacuo to give the crude extract. The 

EtOH extract was treated with 5 % HCl, and then the acidic solution was basified with 26 

% NH4OH to pH 10 and extracted with CHCl3 (3  2 L) to give crude alkaloids (210 g) 

after removing the solvent. This residue was fractionated on a column packed with silica 

gel (100-200 m, 12 × 90 cm) and eluted by a step gradients of petroleum ether (PE)-

acetone-diethylamine (100:10:2, 80:20:5, 60:40:5, 50:50:5, 40:60:5, 20:80:5 and 10:90:5, 

each 3 L) to afford 7 fractions (A  G). Fractions F and G exhibited moderate inhibitory 

effects on growth of human tongue cancer Tb cells. Fraction F (320 mg) was repeatedly 

separated by RP HPLC [Shim-park RP-C18 column; 5 m; 20 × 250 mm; step gradient 

from 20% MeCN in H2O (0.02% diethylamine) to 40% MeCN in H2O (0.02% 

diethylamine) for 40 min, and followed by 40-100% MeCN in H2O for 50 min, 8 

mL/min] to give compounds 83 (29.6 mg, tR 41.4 min ), 88 (18.7 mg, tR 54.3 min), 82 

(26.0 mg, tR 60.9 min ), 80 (19.0 mg, tR 68.2 min ), 74 (4 mg, tR 77.4 min) and a major 

sub-fraction (90 mg) between the tR from 62.2 to 66.7 minute. The major sub-fraction 

was further purified by RP HPLC (C18 column; 5 m; 20 × 250 mm; 25-100% MeCN in 

H2O for 80 min, 8 mL/min) to give compounds 77 (6.6 mg, tR 32.8 min) and 81 (18.0 mg, 
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tR 38.6 min). Fraction G (36 g) was chromatographed over a silica gel column (100-200 

m, 6 × 50 cm) by eluting with chloroform/methanol (5:1, 4:1, 3:1, 2:1 and 1:2, v/v, each 

2L) to give five sub-fractions (Fr. G1-G5). Sub-fraction G3 (28 g) was further 

chromatographed on reversed-phase C18 silica gel (6 × 50 cm) eluted with a gradient of 

H2O/MeCN (100% H2O, 80:20, 60:40, 50:50, 40:60, 20:80 and 100% MeCH, each 2L) to 

obtain seven sub-fractions (Fr. G3a-G3g). Fraction G3d (6.7 g) was further separated on a 5 

× 60 cm column packed with HP-20 and eluted by a step gradients of acetone-water 

(100:10, 80:20, 60:40, 50:50, 40:60, 20:80 and 100%, each 500 mL) to give 7 fractions 

(G3d-1 to G3d-7). Sub-fraction G3d-4 (320 mg) was separated by reversed-phase HPLC 

[Shim-park RP-C18 column; 5 m; 20 × 250 mm; step gradient from 10% MeCN in H2O 

(0.02% diethylamine) to 40% MeCN in H2O (0.02% diethylamine) for 40 min, followed 

by 40-100% MeCN in H2O (0.02% diethylamine) for 25 min, 8 mL/min] to give 

compounds 85 (25.0 mg, tR 38.6 min ) and 84 (24.0 mg, tR 55.3 min). Sub-fraction G3d-3 

(2.7 g) was repeatedly chromatographed over RP MPLC (C18 column; 20 × 250 mm 

with gradient elution from 10% to 100% of CH3CN in H2O in 120 min) to yield seven 

sub-fractions (Fr. F3d-3-A to Fr. F3d-3-G). Fractions F3d-3-C and F3d-3-D were combined 

together (1.1 g) and separated over a silica gel column (100-200 m, 3 × 60 cm) by 

gradient elution with methylene chloride /methanol (5:1, 4:1, 3:1, 2:1 to 1:2, each 400 

mL) to give 100 sub-fractions (Fr. F3d-3-C 1- F3d-3-C100, each collected around 20 mL). 

Fraction Fr. F3d-3-C 45 and Fr. F3d-3-C 55 were already pure and elucidated as compounds 

86 (30 mg) and 87 (25 mg). Fraction Fr. F3d-3-C 57 (120 mg) was repeatedly purified by 

RP HPLC [(PRP-1 column; 5 m; 20 × 250 mm; from 15% MeCN in H2O (0.02% 

diethylamine) to 40% MeCN in H2O (0.02% diethylamine) for 40 min, and followed by 
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40-100% MeCN in H2O (0.02% diethylamine) for 20 min, 8 mL/min)] to give compound 

79 (4.1 mg, tR 41.8 min). Fraction Fr. G3c was repeatedly separated by reversed-phase 

HPLC [Shim-park RP-C18 column; 5 m; 20 × 250 mm; step gradient from 20% MeCN 

in H2O (0.02% diethylamine) to 40% MeCN in H2O (0.02% diethylamine) for 60 min, 

and followed by 40-100% MeCN in H2O for 10 min, 7 mL/min] to give 89 (60.8 mg, tR 

48.8 min ) and a major sub-fraction (70 mg) from tR 70.2 to 72.5 min. This major fraction 

was further purified by RP HPLC (C18 column; 5 m; 20 × 250 mm; 15-50% MeCN in 

H2O for 80 min, and followed by 50-100% MeCN in H2O for 10 min, 7 mL/min) to give 

compound 78 (5.0 mg, tR 71.6 min). 

Delphatisine D (77): white amorphous powder; [α] 18
D  - 50.0 (c 0.37, MeOH); UV 

(CH3OH) λmax (log ) 242 (3.1) nm; IR (KBr) νmax: 3443, 2919, 1640, 1031, 911 cm-1; 1H 

and 13C NMR data (Table 3.1). ESI-HRMS m/z 358.2377 [M + H]+ (calcd for C22H32NO3, 

358.2377). 

Chrysotrichumines A (78): colorless gum; [α] 18
D  + 5.9 (c 0.008, MeOH); UV 

(CH3OH) λmax (log ) 250 (4.1) nm; IR (KBr) νmax: 3412, 2941, 1643, 1116, 1044 cm-1; 1H 

and 13C NMR data (Table 3.4). ESI-HRMS m/z 538.2665 [M + H]+ (calcd for C25H40NO6, 

538.2647). 

Chrysotrichumines B (79): colorless amorphous powder; [α] 18
D  + 12.0 (c 0.02, 

MeOH); UV (CH3OH) λmax (log ): 321 (3.4), 268 (3.4), 252 (3.6) and 220 (3.6) nm; IR 

(KBr) νmax: 3337, 1631, 1173, 1075, 764 cm-1; 1H and 13C NMR data (Table 3.5). ESI-

HRMS m/z 737.3271 [M + Na]+ (calcd for C37H51N3O11Na, 737.3256). 

2.5.4 Acid Hydrolysis and Determination of the Sugar Configuration 
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Cornoside A (59) (2 mg) was hydrolyzed by using 1 M HCl (0.4 mL) at 100 ºC 

for 2 h under the argon and neutralized with Amberlite IR 400. After drying in vacuo, the 

residue was dissolved in pyridine (0.4 mL) containing L-cysteine ethyl ester 

hydrochloride (2 mg) and heated at 60 ºC for 1 h. A 0.4 mL solution of 3, 5-

dichlorophenyl isothiocyanate (2 mg) in pyridine was added to the mixture, which was 

heated to and held at 60 ºC for 1 h. The reaction mixture was directly analyzed by 

analytical HPLC on a Shim-park RP-C18 column; 5 m; 4.6 × 250 mm column by 

eluting with a gradient of 30-80% CH3CN in H2O with 0.02% HCOOH for 40 min and 

subsequent washing of the column with 100% CH3CN at a flow rate 0.8 mL/min. In the 

acid hydrolysate of 59, D-glucose was confirmed by comparison of the retention times of 

their derivatives with those of D-glucose and L-glucose derivatives prepared in the same 

way, which showed retention times of 34.8 and 34.0 min, respectively.  

4.5 Determination of PPAR and LXR Agonistic Activities 

Cell-based luciferase reporter gene assay was used to evaluate PPARγ and LXR 

agonistic activities of compounds.  Human hepatoma (HepG2) cells and Chinese hamster 

ovary cells (CHO) cells were cultured in DMEM/ Ham’s F12 medium which was 

supplemented with FBS (10%) and antibiotics (penicillin G sodium 100 U/mL and 

streptomycin 100 lg/mL) at 37 ºC in an atmosphere of 95% humidity and 5% CO2. At 

about 75% confluence, cells were harvested by trypsinization and transfected with firefly 

Luc reporter gene constructs containing PPARγ and peroxisome proliferator response 

element (PPARE) in HepG2 cells and CHO cells, respectively. Briefly, 25 μg of DNA 

was added to 500 μL cell suspension (5  106 cells) and incubated for 5 min at room 
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temperature in BTX disposable cuvettes. The cells were electroporated at 150 V and a 

single 70 ms pulse in a BTX Electro Square Porator T 820 (BTX I, San Diego, CA (4 

mm)). Transfected cells were plated in 96-well plate at a density of 5  104 cells/well and 

grown for 24 h. The cells were treated with different concentrations of test compounds 

for 24 h, followed by addition of 40 L 1:1 mixture of Luc-Lite reagent and PBS 

containing 1 mM calcium and magnesium. Luciferase activity was determined in terms of 

light output measured on a TopCount microplate reader (Packard Instrument Co. 

Meriden, CT) in a single photon counting mode.  

For LXR agonistic activity, 5  106 of CHO cells were harvested and transiently 

transfected with the reporter gene constructs LXR and LXRE using electroporation (155 

V, 70 mV, 1 pulse). After transfection, cells were transferred into 96 well microtiter 

plates and cultured for 24 h. Cells were washed once with Ham’s F12 basic medium and 

cultured in Ham’s F12 medium with 5% NCLDS serum and 20 μg/mL of LDL or without 

LDL. Drug treatment and luciferase assay were the same as PPAR assay. The ciglitazone 

and 25-hydroxyl-cholesterol were used as positive control for PPAR and LXR, 

respectively. 

4.6 MTT Cytotoxicity Assay 

Cell viability was assessed using Human breast cancer cell lines MCF-7 and 

MDA-MB-231 were cultured in DMEM medium, supplemented with 10% fetal bovine 

serum, 100 units/mL penicillin, and 100 g/mL streptomycin. The cell cultures were 

incubated at 95% relative humidity, 5% CO2, and 37C. Cytotoxicity was measured by a 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromine) (MTT) colorimetric 
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asssay with minor modification as described in the reference procedure.52 In short, cells 

were seeded in 96-well microculture plates at 2  104 cells per well and allowed to adhere 

for 24 h before drug addition. Then, each tumor cell was treated with various 

concentrations of compounds 4, 10, 58, 59, 62  64 and 74, 80, 81, 83 and 86  88 for 48 

h at 37C. After the incubation, 20 L 5 mg/mL MTT was added to each well and 

incubation was continued for 4h at 37C. After 4 h, the culture medium supernatant was 

removed from wells by slow aspiration using a multichannel pipet and replaced with 150 

L DMSO. Cell viability was measured using a microculture plate reader (Dynatech 

MR600, Alexandria, VA) at 540 nm (single wavelength, calibration factor = 1.00). 

Assays were run in duplicate and vincristine (Sigma) was used as a positive control.
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APPENDIX 1 

ISOLATION AND STRUCTURAL ELUCIDATION OF SEVEN NEW COMPOUNDS 

FROM CORNUS CONTROVERSA  

A1-1 HRESIMS spectrum of cornoside A (59) 

A1-2 1H  1H COSY spectrum of cornoside A (59), 400 MHz, in d6-DMSO 

A1-3 HSQC spectrum of cornoside A (59), 400 MHz, in d6-DMSO 

A1-4 HMBC spectrum of cornoside A (59), 400 MHz, in d6-DMSO 

A1-5 NOESY spectrum of cornoside A (59), 400 MHz, in d6-DMSO 

A1-6 1DNOESY spectrum of Cornoside A (59) in d6-DMSO (irridated H-6) 

A1-7 1DNOESY spectrum of Cornoside A (59) in d6-DMSO (irridated H-4) 

A1-8 1DNOESY spectrum of Cornoside A (59) in d6-DMSO (irridated H-7α) 

A1-9 1DNOESY spectrum of Cornoside A (59) in d6-DMSO (irridated H-8) 

A1-10 HRESIMS spectrum of cornolactone A (60) 

A1-11 1H  1H COSY spectrum of cornolactone A (60), 400 MHz, in CDCl3 

A1-12 HSQC spectrum of cornolactone A (60), 400 MHz, in CDCl3 

A1-13 HMBC spectrum of cornolactone A (60), 400 MHz, in CDCl3 

A1-14 NOESY spectrum of cornolactone A (60), 400 MHz, in CDCl3 

A1-15 HRESIMS spectrum of cornolactone B (61) 

A1-16 1H  1H COSY spectrum of cornolactone B (61), 400 MHz, in CDCl3  

A1-17  HSQC spectrum of cornolactone B (61), 400 MHz, in CDCl3 
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A1-18 HMBC spectrum of cornolactone B (61), 400 MHz, in CDCl3 

A1-19 NOESY spectrum of cornolactone B (61), 400 MHz, in CDCl3 

A1-20 HRESIMS spectrum of cornolactone  C (62) 

A1-21 1H  1H COSY spectrum of cornolactone C (62), 400 MHz, in CD3OD 

A1-22 HSQC spectrum of cornolactone C (62), 400 MHz, in CD3OD 

A1-23 HMBC spectrum of cornolactone C (62), 400 MHz, in CD3OD 

A1-24 NOESY spectrum of cornolactone C (62) after estification, 400 MHz, in CD3OD 

A1-25 1H NMR spectrum of cornolactone C (62) after estification, 400 MHz, in CDCl3 

A1-26 HRESIMS spectrum of cornolactone D (63) 

A1-27 1H  1H COSY spectrum of cornolactone D (63), 400 MHz, in CDCl3 

A1-28 HSQC spectrum of cornolactone D (63), 400 MHz, in CDCl3 

A1-29 HMBC spectrum of cornolactone D (63), 400 MHz, in CDCl3 

A1-30 NOESY spectrum of cornolactone D (63), 400 MHz, in CDCl3 

A1-31 1DNOESY spectrum of Cornolactone D (63) in CDCl3 (irridated H-1α ) 

A1-32 1DNOESY spectrum of Cornolactone D (63) in CDCl3 (irridated H-4) 

A1-33 1DNOESY spectrum of Cornolactone D (63) in CDCl3 (irridated H-8) 

A1-34 HRESIMS spectrum of cornolactone E (64) 

A1-35 1H  1H COSY spectrum of cornolactone E (64), 400 MHz, in CDCl3 

A1-36 HSQC spectrum of cornolactone E (64), 400 MHz, in CDCl3 

A1-37 HMBC spectrum of cornolactone E (64), 400 MHz, in CDCl3 

A1-38 NOESY spectrum of cornolactone E (64), 400 MHz, in CDCl3 

A1-39 HRESIMS spectrum of cornoside B (65) 

A1-40 1H NMR spectrum of cornoside B (65), 400 MHz, in CD3OD 
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A1-41 13C NMR spectrum of cornoside B (65), 100 MHz, in CD3OD 

A1-42 1H  1H COSY spectrum of cornoside B (65), 400 MHz, in CDCl3 

A1-43 HSQC spectrum of cornoside B (65), 400 MHz, in CDCl3 

A1-44 HMBC spectrum of cornoside B (65), 400 MHz, in CDCl3 
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A1-1 HRESIMS spectrum of cornoside A (59) 
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A1-2 1H  1H COSY spectrum of cornoside A (59), 400 MHz, in d6-DMSO 
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A1-3 HMQC spectrum of cornoside A (59), 400 MHz, in d6-DMSO 
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A1-4 HMBC spectrum of cornoside A (59), 400 MHz, in d6-DMSO 
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A1-5 NOESY spectrum of cornoside A (59), 400 MHz, in d6-DMSO 
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A1-6 1D NOESY spectrum of Cornoside A (59) in d6-DMSO (irridated H-6) 
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A1-7 1D NOESY spectrum of Cornoside A (59) in d6-DMSO (irridated H-4) 
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A1-8 1D NOESY spectrum of Cornoside A (59) in d6-DMSO (irridated H-7α) 
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A1-9 1D NOESY spectrum of Cornoside A (59) in d6-DMSO (irridated H-8) 
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A1-10 HRESIMS spectrum of cornolactone A (60) 
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A1-11 1H  1H COSY spectrum of cornolactone A (60), 400 MHz, in CDCl3 
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A1-12 HSQC spectrum of cornolactone A (60), 400 MHz, in CDCl3 
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A1-13 HMBC spectrum of cornolactone A (60), 400 MHz, in CDCl3 
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A1-14 NOESY spectrum of cornolactone A (60), 400 MHz, in CDCl3 
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A1-15 HRESIMS spectrum of cornolactone B (61) 
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A1-16 1H  1H COSY spectrum of cornolactone B (61), 400 MHz, in CDCl3 
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A1-17 HSQC spectrum of cornolactone B (61), 400 MHz, in CDCl3 
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A1-18 HMBC spectrum of cornolactone B (61), 400 MHz, in CDCl3 
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A1-19 NOESY spectrum of cornolactone B (61), 400 MHz, in CDCl3 
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A1-20 HRESIMS spectrum of cornolactone C (62) 
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A1-21 1H  1H COSY spectrum of cornolactone C (62), 400 MHz, in CD3OD 
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A1-22 HSQC spectrum of cornolactone C (62), 400 MHz, in CD3OD 
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A1-23 HMBC spectrum of cornolactone C (62), 400 MHz, in CD3OD 
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A1-24 NOESY spectrum of cornolactone C (62) after estification, 400 MHz, in CD3OD 

 



   

149 
 

A1-25 1H NMR spectrum of cornolactone C (62) after estification, 400 MHz, in CD3OD 
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A1-26 HRESIMS spectrum of cornolactone D (63) 
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A1-27 1H  1H COSY spectrum of cornolactone D (63), 400 MHz, in CDCl3 
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A1-28 HSQC spectrum of cornolactone D (63), 400 MHz, in CDCl3 
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A1-29 HMBC spectrum of cornolactone D (63), 400 MHz, in CDCl3 
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A1-30 NOESY spectrum of cornolactone D (63), 400 MHz, in CDCl3 

 



   

155 
 

A1-31 1D NOESY spectrum of Cornolactone D (63) in CDCl3 (irridated H-1α) 
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A1-32 1D NOESY spectrum of Cornolactone D (63) in CDCl3 (irridated H-4) 
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A1-33 1D NOESY spectrum of Cornolactone D (63) in CDCl3 (irridated H-8) 
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A1-34 HRESIMS spectrum of cornolactone E (64) 
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A1-35 1H  1H COSY spectrum of cornolactone E (64), 400 MHz, in CDCl3 
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A1-36 HSQC spectrum of cornolactone E (64), 400 MHz, in CDCl3 
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A1-37 HMBC spectrum of cornolactone E (64), 400 MHz, in CDCl3 
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A1-38 NOESY spectrum of cornolactone E (64), 400 MHz, in CDCl3 

f1 (ppm)



   

163 
 

A1-39 HRESIMS spectrum of cornoside B (65) 
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A1-40 1H NMR spectrum of cornoside B (65), 400 MHz, in CD3OD  
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A1-41 13C NMR spectrum of cornoside B (65), 100 MHz, in CD3OD 
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A1-42 1H  1H COSY spectrum of cornoside B (65), 400 MHz, in CDCl3 
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A1-43 HSQC spectrum of cornoside B (65), 400 MHz, in CDCl3 
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A1-44 HMBC spectrum of cornoside B (65), 400 MHz, in CDCl3 
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APPENDIX 2 

DELPHATISINE D AND CHRYSOTRICHUMINES A  B, THREE NEW 

DITERPENOID ALKALOIDS FROM DELPHINIUM CHRYSOTRICHUM 

A2-1  HRESIMS spectrum of delphatisine D (77) 

A2-2  DEPT spectrum of delphatisine D (77) 

A2-3  1H  1H COSY spectrum of delphatisine D (77), 400 MHz, in CDCl3 

A2-4  HSQC spectrum of delphatisine D (77), 400 MHz, in CDCl3 

A2-5  HMBC spectrum of delphatisine D (77), 400 MHz, in CDCl3 

A2-6  NOESY spectrum of delphatisine D (77), 400 MHz, in CDCl3 

A2-7  1H NMR spectrum of 77 after estification, 400 MHz, in CDCl3 

A2-8  ESIMS spectrum of 77 after estification 

A2-9  HRESIMS spectrum of chrysotrichumine A (78) 

A2-10  1H  1H COSY spectrum of chrysotrichumine A (78), 400 MHz, in CD3OD  

A2-11 HSQC spectrum of chrysotrichumine A (78), 400 MHz, in CD3OD  

A2-12  HMBC spectrum of chrysotrichumine A (78), 400 MHz, in CD3OD 

A2-13  EXPENDED NOESY spectrum of chrysotrichumine A (78) in CD3OD 

A2-14  NOESY spectrum of chrysotrichumine A (78), 400 MHz, in CD3OD 

A2-15  HRESIMS spectrum of chrysotrichumine B (79) 

A2-16 1H  1H COSY spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 

A2-17 HSQC spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 
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A2-18  HMBC spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 

A2-19 NOESY spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 
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A2-1  HRESIMS spectrum of delphatisine D (77) 
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A2-2  DEPT spectrum of delphatisine D (77) 
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A2-3  1H  1H COSY spectrum of delphatisine D (77), 400 MHz, in CDCl3 
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A2-4  HSQC spectrum of delphatisine D (77), 400 MHz, in CDCl3 
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A2-5  HMBC spectrum of delphatisine D (77), 400 MHz, in CDCl3 
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A2-6  NOESY spectrum of delphatisine D (77), 400 MHz, in CDCl3 
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A2-7  1H NMR spectrum of 77 after estification, 400 MHz, in CDCl3 
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A2-8   ESIMS spectrum of 77 after estification. 
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A2-9  HRESIMS spectrum of chrysotrichumine A (78) 
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A2-10  1H  1H COSY spectrum of chrysotrichumine A (78), 400 MHz, in CDCl3 
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A2-11  HSQC spectrum of chrysotrichumine A (78), 400 MHz, in CDCl3 
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A2-12  HMBC spectrum of chrysotrichumine A (78), 400 MHz, in CDCl3 
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A2-13  EXPENDED ROESY spectrum of chrysotrichumine A (78) in CDCl3 
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A2-14  ROESY spectrum of chrysotrichumine A (78), 400 MHz, in CDCl3 
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A2-15  HRESIMS spectrum of chrysotrichumine B (79) 
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A2-16  1H  1H COSY spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 
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A2-17  HSQC spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 



   

188 
 

A2-18  HMBC spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 
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A2-19  NOESY spectrum of chrysotrichumine B (79), 400 MHz, in CDCl3 
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