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METHODS AND COMPOSITIONS FOR WOUND HEALING 

Field of the Invention 

5 The present invention relates to epoxy-liglianc compounds and their use in promoting wound 

healing. In particular embodiments, the epoxy-tigliane compounds are epoxy-tigliaen-3-one 

compounds. Methods of inducing of promoting wound healing as well as methods of reducing 

scarring and 'improving cosmetic outcomes upon healing of a wound are described, Compounds 

and compositions for use in wound healing are also described. 

Background of the Invention 

Wound healing is an intricate process in which the skin or another organ or tissue, repairs itself 

after injury. In norma! skin, the epidermis {outermost layer) and derails (inner or deeper layer) 

exists in a steady-state equilibrium, forming a protective barrier against the external. 

15 environment. Once the protective barrier is broken, the normal physiologic process of wound 

healing is immediately set in motion. The classic model of wound healing is divided into three 

sequential, yet overlapping phases, namely: inflammatory, proliferative and finally remodelling. 

During the inflammatory phase of wound healing there is active recruitment of neutrophils and 

20 then monocytes from surrounding vasculature into the wound. Neutrophils are essential to the 

initial control and destruction of bacterial and fungal infections in the wound. Monocytes mature 

into macrophages as they enter the wound where they have numerous roles during the course of 

wound resolution including the initial phagocytosis and clean-up of matrix and cell debris. The 

release of enzymes* cytokines and growth factors by both neutrophils and macrophages in the 

25 wound can then exert a profound influence on other cells within the wound and surrounding 

tissue. For example, macrophages secrete collagenases which debride the wound; interleukins 

and tumor necrosis factor (TNF), which stimulate fibroblasts and promote angiogenesis; and 

transforming growth factor (TGFJ, which stimulates keratinocytes. They also secrete platelet-

derived growth factor and vascular endothelial growth factor which initiate the formation of 

30 granulation tissue and thus initiate the transition into the proliferative and remodelling phases. A 

rapid and robust* but transient, inflammatory phase is often associated with good wound healing 

outcomes. 
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The second stage of wound healing involves cell, proliferation and migration and wound 

contraction. This involves actions taken by cclls within the wound to achieve closure of the 

wound gap and replenish lost tissue. Migration and proliferation of kerati.oocytes is fundamental 

to achieve re-epithelialisation of the wound, while ^constitution of the underlying dermis results 

5 from migration, proliferation and differentiation of fibroblasts which help draw the wound closed 

and contribute to the synthesis, bundling and alignment of collagen fibres. 

In the final remodelling stage, migrating and. proliferating keratinocytes at the wound edge re-

stratify to seal the wound and form a continuous epidermis. During this stage many changes also 

10 occur in the dermis involving remodelling of the extracellular matrix to restore a normal dermal 

architecture and vasculature. 

In certain cases, wounds may be slow to heal or not heal at all. Many factors affect the healing 

of a wound, for example, the general health of the wounded subject, the age of the wounded 

15 subject, diseases such as diabetes, or other diseases that may affect circulation, the presence of 

infection, foreign objects or necrotic tissue, or in some instances, medication may affect the rale 

of wound healing. 

Furthermore, in some wounds imperfect regulation of wound resolution can result in fibrosis and 

20 excessive scar formation to leaving scar tissue that is functionally and cosmetically inferior to 

normal tissue. 

There is much research into improving wound healing and reducing scar tissue. However, there 

is a need to find agents that are. capable of promoting wound healing, for example, increasing the 

25 rate of wound healing, particularly in chronic wounds. There is also a need for agents that allow 

a wound to heal with reduced scarring than would occur naturally. 

Summary of the Invention 

The present invention is predicated, at least in part, on the discovery that extracts from plants 

30 that contain epoxy-tigliane compounds are able to promote wound healing and also reduce scar 

tissue formed upon healing of the wound. 
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la a first aspect of the invention there is provided a method of promoting wound healing in a 

subject comprising administering to the subject an epoxy-tigliane compound or a 
pharmaceutical!)/ acceptable sail thereof. 

In some embodiments, the epoxy-tigliane compound is in the form of a plant extract, especially 
an ethanolic extract. In some embodiments, the plant extract is. obtainable from or obtained from 
a plant which is a Fontainea species or a Hylan&a species. In some embodiments, the epoxy-

tigliane compound is isolated from the plant extract. In other embodiments, the epoxy-tigliane 
compound is a synthetic or semi-synthetic derivative of an isolated tigliane compound. 

In some embodiments, the promoting wound healing comprises increasing the rate of wound 

healing. In some embodiments, the promoting wound healing comprises reducing scarring in the 

wound tissue. In some embodiments, the promoting wound healing comprises both increasing 
the rate of wound healing and reducing scarring in wound tissue. In some embodiments, the 
wound is a chronic wound, acute wound or existing wound. 

In yet another aspect of the invention, there is provided a method of treating or preventing 

excessive scarring comprising appying to the wound or scar an epoxy-tigliane compound or a 
pharmaceutically acceptable salt: thereof. 

In some embodiments, the excessive scarring is keloid or hypertrophic scarring. 

In another aspect of the invention there is provided a use of an epoxy-tigliane compound or a 

pharmaceutical!}' acceptable salt thereof in the manufacture of a medicament for promoting 
wound healing in a subject. 

In yet another aspect of the invention, there is provided a. use of an epoxy-tigliane compound or a 

pharmaeeutieally acceptable salt thereof for promoting wound healing in a subject. 

Description of the Invention 

Definitions 
Unless defined -otherwise, all lech meal, and scientific terms used herei n have the -same meaning 

as commonly understood by those of ordinary skill in the art to which the invention belongs. 
Although any methods and materials similar or equivalent to those described herein can be used 
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in the practice or testing of the present invention, preferred methods and materials are described. 

For the purposes of the present, invention, the following terms arc defined below, 

The articles "a" and "an" are used herein to refer to one or to more than one (i.e. to at least one) 

5 of the grammatical object of the article. By way of example, "an clement" means one element or 

more than one element. 

As used herein, the terra "about" refers to a quantity, level value, dimension, size, or amount that 

varies by as much as? 30%, 25%, 20%., 15% or 10% to a reference quantity, level, value, 

10 dimension, size, or amount. 

Throughout this specification, unless the context requires otherwise, the words "comprise", 

"comprises" and "comprising" will be understood to imply the inclusion of a stated step or 

element or group of steps or elements but not the exclusion of any other step or clement or group 

15 of steps or elemen ts. 

The term "alkyl" refers to optionally substituted linear and branched hydrocarbon groups having 

1 to 20 carbon atoms. Where appropriate, the alkyl group may have a specified, number of 

carbon atoms, for example, -Ci-Cd alkyl which includes alkyl groups having 1, 2, 3, 4, 5 or 6 

20 carbon atoms in linear or branched arrangements. Non-limiting examples of alkyl groups 

include methyl, ethyl, propyl, isopropyl, butyl s- and t-butyl pentyl 2-mctliyl.butyl, 

3-methylbutyl. hcxyl, 2-methylpentyl 3-methylpcntyT 4-racthylpentyl, 2-ethylbuiyl 

3-ethyibutyl, heptyl, octyl, nouyl, decyl undecyl, dodecyl, trideeyl, tetradecyl and pentadeeyl, 

25 The term, "alkenyl" refers to optionally substituted, unsaturated linear or branched hydrocarbons, 

having 2 to 20 carbon atoms and having at least one double bond. Where appropriate, the 

alkenyl group may have a specified number of carbon atoms, for example, Ca-C-6 alkenyl which 

includes alkenyl groups having 2, 3, 4, 5 or 6 carbon atoms in linear or branched arrangements. 

Non-limiting examples of alkenyl groups include, ethenyl, propenyl isopfopenyl, butenyl s- and 

30 t-butenyl, pentenyl, hesenyl, hept-l,3-diene, hex-l ,3-diene, non-l,3,5-triene and the like. 

The term "alkynyl" refers to optionally substituted unsaturated linear or branched hydrocarbons, 

having 2 to 20 carbon atoms, having, at least one triple bond. Where appropriate, the alkvnyl 

group may have a specified number of carbon atoms, for example, C2-C& alkynyl which includes 



WO 2014/169356 PCT/AU2014/050018 

5 

alkynyl groups having 2, 3, 4, 5 or 6 carbon atoms in linear or branched arrangements, 

Non-limiting examples include cthynyl. propynyL butynyk pentynyl and hexynyl. 

The terms "cycloalkyl" and "carbocyclic" refer to optionally substituted saturated or unsaturated 

mono-cyclic, bicyclic or tricyclic hydrocarbon groups. Where appropriate, the cycloalkyl group 

may have a specified number of carbon atoms, for example, CrC& cycloalkyl is a carbocyclic 

group having 3, 4, 5 or 6 carbon atoms. Non-limiting examples may include cyelopropyk 

eyclobutyl, eyclopeotyl, cyclopentcnyl, cyclohexyl, cyclohexenyl, cyclohexadienyl and the like. 

"Aryl" means a Q-CM membered monocyclic, bicyclic or tricyclic carbocyclic ring system 

.having up to 7 atoms in each ring, wherein at least one ring is aromatic. Examples of ary l groups 

include, but are not limited to, phenyl, naphlhyh tetrahydronaphthyl, indanyl and biphenyl The 

aryl may comprise 1-3 benzene, rings. If two or .more aromatic rings are present, then the rings 

may be fused together, so that adjacent rings share a common bond. 

Each alkyl, alkenyl, alkynyl, eycloalkyl and aryl, whether an individual entity or as part of a 

larger entity may be optionally substituted with one or more optional substitnents selected from 

the group consisting of Cr/,alkyl, Qs^alkenyl, Qj^cycloalkyl, oxo (=0), -OH, -SH, Ci-dalkylCh 

C2-fialkenyiO-, C^cycloalkylO-. C^lkylS-, Ca^alkenylS-, C^cycloalkylS-, -C02H, 

-COjCij-.alkyl. -NH2. -NH(C,_6alkyl), -N(CM,alkyl)2, -NH(phenyl), -N(phenyl)2t -CN. -N()2. 

-halogen, -CFif -OCF3» -SCF3> -CHF2, -OCHF2( -SCHF2s -phenyl, -Gphenyl, -C(0)phenyls -

C(0)Ci-6alkyl. Examples of suitable substituents include, but are not limited to, methyl, ethyl, 

propyl, isopropyl., butyl, see-butyl, /e/t-butyl, vinyl, melhoxy, elhoxy, propoxy, isopropoxy, 

butoxy, methylthio, elhylthio, propylthio, isopropylthio, butylthio, hydroxy. hydroxymethyL 

hydroxyelhyl, hydroxypropyl, hydroxybutyl, fluoro, ehloro, bromo, iodo, eyano, nitro, -C02H, 

-CO2CH3, triftuoromethyl, trifluoromethoxy, trifluoromethylthio, difluoromethyl, 

difluoromethoxy, di ft u or omet hyllhio. moipholino, amino, inethylainino, dimelhylairiino. phenyl, 

phenoxy, phenylcarbonyl, benzyl and acetyl. 

The compounds of the invention may be in the form of pharmaceutically acceptable salts. It will 

be appreciated however that non-pharmaceutically acceptable salts also fall within the scope of 

the invention since these may be useful as intermediates in the preparation of pharmaceutically 

acceptable salts or may be useful during storage or transport. Suitable pharmaceutically 

acceptable salts include, but are not limited to, salts of pharmaceutically acceptable inorganic 
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acids such as hydrochloric, sulphuric, phosphoric, nitric, carbonic, boric, sulfamic, and 

.hydrobromic acids, or salts of phannaccutieally acceptable organic acids such as acetic, 

propionic, butyric, tartaric, maleic, hydroxymaleie, fumaric, malejc, citric, lactic, mucie, 

gluconic, benzoic, succinic, oxalic, phenylacetie, methanesulphomc. toluenesulphonic, 

5 benezenesulphonie, salicyciic sulphanilic, aspartic, glutamic, edetic. stearic, palmitic, oleic, 

lauric, pantothenic, tannic, ascorbic and valeric acids. 

Base salts include, but are not limited to, those formed with pharmaceutically acceptable cations, 

such as sodium, potassium, lithium, calcium, magnesium, ammonium and alkylammonium, 

Basic nitrogen-containing groups may be quarternised with such agents as lower alkyl halide. 

such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dtalkyl sulfates, like 

dimethyl and diethyl sulfate; and others. 

15 It will also be recognised that compounds of the invention may possess asymmetric centres and 

are therefore capable of existing in more than one stereoisomerie form. The invention thus also 

relates to compounds in substantially pure isomeric form at one or more asymmetric centres e.g., 

greater than about 90% ee, such as about 95% or 97% ee or greater than 99% ee, as well as 

mixtures, including racemic mixtures, thereof. Such isomers may be obtained by isolation from 

20 natural sources, by asymmetric synthesis, for example using chiral intermediates, or by chiral 

resolution. The compounds of the invention may exist, as geometrical isomers. The invention 

also relates to compounds in substantially pure cis (Z) or irans (E) forms or mixtures thereof. 

The compounds of the present invention may be obtained by isolation from a plant or plant part. 

25 or by derivatisation of the isolated compound, or by deri.vatisati.on of a related compound. 

As used herein, the terra "wound" refers to physical disruption of the continuity or integrity of 

tissue structure. Wounds include may be acute or chronic and include cuts and lacerations, 

surgical incisions or wounds, punctures, grazes, scratches, compression wounds, abrasions. 

30 friction wounds, decubitus ulcers (e.g. pressure or bed sores); thermal effect wounds (burns from 

cold and heat sources),, chemical wounds; (e.g. acid or alkali bums) or pathogenic infections (e.g. 

viral, bacterial or fungal) including open or intact boils, skin eruptions, blemishes and acne, 

ulcers, chronic wounds, (including diabetic-associated wounds such as lower leg and foot ulcers, 

venous leg ulcers, and pressure sores), skin graft/transplant donor and recipient sites, immune 
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response conditions, eg psoriasis and eczema, stomach or intestinal ulcers, oral wounds, 

including a ulcers of the mouth, damaged cartilage or bone, amputation wounds and corneal 

lesions. 

5 As used herein, the term "chronic wound" refers to a wound that has not healed within a normal 

time period for healing in an otherwise healthy subject. Chronic wounds may be those that do 

not heal because of the health of the subject, lor example, where the subject has poor circulation 

or a disease such as diabetes, or where the subject is on a medication that inhibits the normal 

healing process. Healing may also be impaired by the presence of infection, such as a bacterial, 

10 fungal or parasitic infection. In some instances a chronic wound may remain unhealed for 

weeks, months or even years. Examples of chronic wounds include but are not limited to* 

diabetic ulcers, pressure sores and tropical ulcers. 

The term "promoting wound healing" as used herein, refers to improving wound healing 

15 compared to the wound healing that would be observed in an untreated wound. Promoting 

wound healing includes increasing the rate of wound healing, for example, the wound may heal 

at a rate that is hours, days or weeks faster than if the wound was left untreated. Promoting 

wound healing may also encompass the reduction of scar tissue in the healing or healed wound 

compared to that expected when a wound is left untreated. 

20 

The term "wound healing" refers to the restoration of the tissue integrity, either in part or in full. 

The term "reducing scarring" or "reducing sear tissue" as- referred to herein relates to an 

improved cosmetic result and/or reduced abnormal tissue caused by the healing of the wound 

25 compared to if the wound was left untreated. In some embodiments, reducing scar tissue 

includes reducing or minimising abnormal tissue, reducing or minimising changes in skin 

pigmentation and/or improving hair regrowth compared to when the wound is left untreated . 

The term "epoxy-tigliane compound" refers to a compound having one of the following basic 

30 carbon cyclic structures:: 
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The compounds have a tricyc]o[9.3.0.QJtetradecane system, with a fused cyclopropane ring 

appended to the six membered ring. The epoxide is fused to the seven membered ring in the 5,6-
or 6,7-position. 

The term "epoxy-tiglien-3-one compound" refers to a compound having an epoxy-tigliane 
Structure defined above where the live membered ring has a 1,2-ene-3-one structure: 

10 Methods of wound healing 
fa a first aspect of the invention there is provided a method of promoting wound healing in a 

subject comprising administering to the subject, an epoxy-tigliane compound or a 
pharmaceutical!}7 acceptable salt thereof. 

15 The wound to be healed may be present in any organ or tissue, including internal organs or 
tissues or external tissues, such as skin. The wound may be the result of an injury, bite or burn. 

The organ or tissue may be any one or more of skin, muscle, liver, kidneys, lungs, heart,: 
pancreas, spleen, stomach, intestines bladder, ovaries, testicles, uterus, cartilage, tendon, 

ligament, bone and the like. In particular embodiments, the wound is in the skin and/or muscle. 

In some embodiments, the epoxy-tigliane compound is administered soon after the wound is 
incurred. In other embodiments, the wound is a chronic wound that has failed to heal over days, 

weeks, months or years. In yet other embodiments, the wound is an existing wound which has 
failed to heat at a normal rate or has failed to respond to other therapies. 

25 
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The compounds of the invention may also be applied to a wound which is healing or has healed 

with excessive scarring. Examples of such wounds arc those that are producing or have 

produced keloid sears or hypertrophic scars. 

5 In some embodiments, the wound is infected with a bacterial infection. The bacterial infection 

may be caused by a Gram positive or Gram negative bacteria, especially a Gram positive 

bacteria. Non-limiting examples of bacteria that are controlled by the compounds of the 

invention include bacteria of the Genus Bacillus* such as B. mhtilis. B. anthmcis, B. cere-us> B. 

firmis, B. Uchenifbrmis, B. megalerium,. B. pumilus, B. coagulans, B. pantoihenticus, B, alvei, B. 

10 brevis, B. circitbim, B. laierosporus, B. macerans, B. polymyxa, B. steurothennophilus, 

B. thurbtgtensis and B. sphaericus; Staphlococcus such as S. aureus, S. epidetmidis, 5. 

haemotytk-uSi S. mprophyticus; Streptococcus, for example,: S. pyrogenes, S. pneumoniae, S. 

aiagaeliae, S. dysgalactiae, S. eqvisimilis, S. &qui, S. zooeplde.mic.us, S. mginosus, S. salwarms, 

S. milleri, S. sanguis, S. mitior, S. mutatis, S.faecalis, S.faecium, S. bovis, $, eqiunus, S. uterus 

15 and S. avium; Aerocaccus spp., Gemella spp., Corynebacteriitm spp., Listeria spp., Kurthkt spp., 

Lactobacillus spp., Erysipelothrix spp., Arachnid Spp., Actinomyces spp., Propionibacieriuni 

spp., Rothia spp., Bifidobacterium spp... Clostridium spp., Eubacterium spp., Scrrqfia spp., 

Klebsiella spp., Proteus spp., Enterococcus spp., Pseudomonas spp., Nocardia spp. and 

Mycobacterium spp. 

In some embodiments, the wound is infected with a fungal infection. The fungal infection may 

be caused by filamentous fungi or yeasts. Non-limiting examples of fungi, that arc controlled by 

the compounds of the invention include fungi of the Genus such as Aspergillus spp., Mucor spp.. 

Trichophyton Spp,, Ckidosporium spp., Uloclmttum spp., Curvularia spp., Aureobasidium spp., 

25 Candida albicans, Candida spp,, CryptococCUs spp.. Malessezia pachydermatis, Malessezia spp. 

and Trichosporon spp. 

In some embodiments the wound is infected by both bacterial and fungal infections, including in 

biofdms. 

The subject having a. wound to be healed may be any subject including mammals, birds, fish and 

reptiles. In some embodiments, the subject is a hu man, a companion animal, a laboratory animal, 

a farming ox working animal, a farmed bird, a racing animal or a captive wild animal such as 

those kept in zoos. Examples of suitable subjects include but are not limited to humans* dogs. 
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cats, rabbits, hamsters, guinea pigs, mice, rats, horses, cattle, sheep, goats, deer, pigs, monkeys, 

marsupials:, chickens, geese, canaries, budgies, crocodiles, snakes, lizards and the like. In 

particular embodiments, the subject is a mammalian subject such as a human, dog, cat, horse, 

cattle, sheep, goat, pig, deer, rat, guinea pig, kangaroo, rabbit or mouse. 

in some embodiments, the administration of epoxy-tigliane compound promotes the healing of a 

wound by increasing the rate of healing of the wound. In some embodiments, the administration 

of the epoxy-tigliane compound promotes healing by reducing scarring or the amount of sear 

tissue that would form in the absence of treatment. In some embodiments, the treatment 

10 improves the cosmetic result: or outcome or appearance of the wound once it has healed 

including improving skin pigmentation and improving hair regrowth compared to a wound that 

has not been treated. 

In particular embodiments of the promotion of wound healing, the therapy is preferably topical at 

15 or around the site or administered intra-lesiortally to provide a localised effect. 

An "effective amount" means an amount necessary at least partly to attain the desired response, 

for example, to initiate healing of a wound or to increase the rate of healing of a wound. The 

amount varies depending upon the health and physical condition of the individual to be treated, 

20 the taxonomie group of individual to be treated, the formulation of the composition, the 

assessment of the medical situation, and other relevant factors. It is expected that the amount 

will fall in a relatively broad range that can be determined through routine trials. An effective 

amount in relation to a human patient, for example, may lie in the range of about 0.1 ng per kg of 

body weight to 1 g per kg of body weight per dosage. The dosage is preferably in the range of 

25 1.jag: to .1 g per kg of body weight per dosage, such as is in the range of 0,5 rng to 1 g per kg of 

body weight per dosage. In one embodiment, the dosage is in the range of 1 rng to 500 trig per 

dosage, !n another embodiment,: the dosage is in the range of 1 nig to 250 mg per dosage. In yet 

another embodiment, the dosage is in the range of 1 mg to 1.00 mg per dosage, such as up to 50 

mg per dosage. In yet another embodiment, the dosage is in the .range of 1. jig to 1 mg per kg of 

30 body weight per dosage. Dosage regimes may be adjusted to provide the optimum therapeutic 

response. For example, several divided doses may be administered daily, weekly, monthly or 

other suitable time intervals, or the dose may be proportionally reduced as indicated by the 

exigencies of the situation. 1 v 
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la some embodiments, the epoxy-tigliane compound ox a plant extract containing at least one 

epoxy-tigliane compound may be adnrini stored separately, either simultaneously or sequentially, 

or in the same composition as another pharmaceutically active agent that is useful in wound 

healing. For example, the epoxy-tigliane compounds may be administered in combination with 

5 an antibiotic and/or an anti-inflammatory agent. Suitable antibiotics include beta-lactam 

antibiotics such as penicillin, ampicillin, amoxycillin, flucloxacillin, dicloxacillin. methaeillin, 

earbenieillin and norocillin; cephalosporins such as cephalexin, cefaeetrile, cefadraxil, 

eefaloglycin, cefalonium, ccfalordidinc,. celatrizine, ceaclor, cefproxiL cefuxonam, ceftncUwoIe, 

loracarbef, cefmmox, eefdinir, cefpodoxime, and cefpirome; earbapenems such as imi.pen.em, 

10 meropenem, ertapenem. daripenem, panipenem and biaponem; aminoglycoside such as 

gentamiein, streptomycin, neomycin, katiamycin. vancomycin, erythromycin and azithromycin; 

oxamlidinones such as linezoiid and posizolitj. lincosaniides such as clindamycin, qui.nolines 

such as oxolinic acid, ciprofloxacin, enoxacin, ofloxacin, lomefioxacin, levofioxaciii and 

difloxacin; and sulfonamides such as sulfamethoxazole, sulfoadiazinc and sulfacetamide, or 

15 mixtures such as amoxyelav (amoxycillin and clavulinic acid). Suitable anti-inflammatory 

agents include non-steroidal anti-inflammatory drugs such as meloxieam, piroxicam, oxicam, 

aspirin, difunisal, ibuprofen, dexibuprofen, naproxen, ketoprofen, indomethacin, tolrnetin, 

mefenam.ic acid, numi.suli.de and the like and corticosteroids such as hydrocortisone, 

prednisolone,, inethylprednisoione, prednisone, budesonide, betamethasone and dexatnethasone. 

20 

The epoxy-tigliane compounds can be used in combination with other wound healing therapies 

such as dressings and ointments, lotions and gels, For example, the epoxy-tigliane compounds 

may be used in combination with silver dressings and dressings, ointments, lotions and gels 

comprising therapeutic agents such as iodine, aloe vera, paw paw, or medically active honeys 

25 such as manuka honey or other biologically or physiologically active agents such as antiviral 

agents, antibacterial agents, antifungal agents, and vitamins, such as A, C, D and E and their 

esters. The epoxy-tigliane compounds may also be used in combination with dressings that 

provide molecular structure for the wound. Such dressings may include polymeric films and 

cross-linked polymeric films, such as hyaluronic acid and related structures, including cross-

30 linked hyaluronic acid. 

In some, embodiments, the epoxy-tigliane compound is a compound of formula (J): 



WO 2014/169356 PCT/AU2014/050018 

12 

"OR i s (J) 
wherein 

R] is hydrogen and R2 is -OR1.7; or R? and R2 together form a carbonyl group (=0); 

Rs is hydrogen of C|.(,alkyl: 

5 R4 and R5 arc independently hydrogen or -OR 17; or R4 and Rj together form a double bond or an 

epoxide (-0- ): 

Re is hydrogen or Cu.ulkyl; 

R? is -OH or -OR is; 

Rs is -OH or -ORig; provided that R? and Rg are not botli -OH; 

10 and R.u> are independently selected from hydrogen and Q-ealkyl; 

Ru and RI2 or Ru and R, J together form an epoxide and the remaining group of Ru and Rj| is 

hydrogen, -OH or -OR] 7-

Rj4 is hydrogen or R!7; 

R15 is hydrogen or -R17: 

15 Ri,-f is hydrogen or -R ?: 

R.17 is hydrogen, -Cr^alkyi, -Ca^fltony], -C^alkynyl, -C(D)Ci^alkyl» -C(0)C?2,$aJ.kenyl or — 

C( 0)CVfta!kyn yi; 

RJ8 is C^alkyl,. -C2.2oalkenyl, -Ca-^alkynyl, -C(0)Ci-2«alkyl. -CfOjCi-aoalkenyl, -C(0)C2-

2(jalkynyi, -C(0)cyeloalkyls -C(Q)C}-wa]kylcycl0alkyl; -C(0)C2-i(talkeiiylcyc]oalkyL -C(0)Cji-

20 Hjalkynyieycloalkyl, -C(Q)aryh -C(0)Ci-.iottlkylaryl, -C(0)C2,iaalkenylaryi, -C<0)C2-

loalkynylaryl, -C(0)CWoa1kylC(0)Ri% -C(0)C2,iQa]kenylC(0)Rf9, -C(0)CMivalkynylC(0)Ri9, 

-CCOCj-ioalky nylCHCOR IQ)(OR i 9), -C(0)Cwfla]kylSR^ -C(0)C2.»,alkenylSR,9, -C(0)C2. 

toafkynylSRfi), -C(D)CMr,alkylC(0)0Rl9» -C(p)CVioalkenyiaO)ORl9, -C(0)C2. 

-C (O)C f - KsalkylC H (OR i<j)(0R 19) -C (O)C?, 1 oalkenylCH {OR 1 <>){ OR 19), 
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10alkynylC(p)OR|<j, -C(0)CnaalkylC(0)SR,9, -CXO)C4.Sal:kcnyiC(0)SR|^ -QO'iCV 

ioalkyiiylC{0)S R19, 

—C(0)C2.t&alkyny< 1 V Rn I 

and 

5 Rif is hydrogen, -Ci-toalkyL -Ca-ioalkenyl. -Cj-ioalJcynyl, cycloalkyl or aryl; 
wherein each alkyl alkenyl, alkynyl, cycloalkyl or aryl group is optionally substituted; or a 
geometric isomer or stereoisomer or a pharmaceutically acceptable salt thereof . 

In some embodiments, the compound of formula (I) is an epoxy-tigliaen-3-one compound of 
10 formula (11): 

—CfQ)C-MOalkyi—R19 

O 
'G(D)C^„ioalkenyl-~-^—R19 

or 
O 

•13 

OR-ig (II) 

wherein R,v, Rf). R?. Rs, R«. Rj®, Rn. Rl2, R13 and Rja are as defined for formula (I). 

In some embodiments, the compound of formula (I) or (II) is a compound of formula fill): 



In particular embodiments of formula (1), formula (II) or formula (III), one or more of the 

5 following applies: 

Ri is hydrogen and R2 is OH or -0C(0)Ci^alkyl, -OC(Q)C2..6alkenyl or -0C(0)C2^alkynyl» or 

Ri and Ri together form a carbon yl group; especially where Rt and R3 together form a carbonyl 

group: 

Rj Is hydrogen of -Gi-jalkyl, especially -Cj.jalkyl, more especially methyl; 

10 R, is hydrogen or -OH, -0C(O)CW)alkyk -0C(0)Gw,alkenyl or -0C(0)C2-6alkynyl and 

Rs is hydrogen or -OH, -Q€(0)Ct-6aIkyl -OC(Q)Ca^alken.yl or -0C(O)Ca-6alkynyl; or R4 and 

Rs together form a double bond or an epoxide; especially where R,4 and R5 together form a 

double bond; 

R^ is hydrogen or -Ci-salkyl, especially -C1-3 alkyl, more especially methyl; 

15 Rv is -OR -0C(0)C,.J?alkyl. -0C(0,)C2.)5alkenyl -()C(().)C;,|,alkynyl -0C(0)aryl wherein the 

aryl group is optionally substituted, -QC(Q)Ci.i5&lkylaryl» -OC(0)Ci-ioalkylC(0)H, -OCiOjCa-

10alkenyiC(O)H. -OCi 0)CL| 0alkylCtOjC^ 6aIk yl -OC(O)C,_10alkenylC(O)Ci-6aikyl, 

-0C(0)C.t-itjalkylCH(OCl-salkyl)(OCi-:?aiky I), -OC(O)C2-i0alkenylCH(.OCj-aalkyJ)'(OCi-jalkyl). -

OQ'(.))Cr-ioalkylSCj-galkyl, -OCCOjC^-joalkeHylSCi^alkyl -0C(O)Cw<>alkylC{O)OC).6alkyl. or 

20 -0C(0)C2-igalkyIC{0)0Ci-6alkyl; especially -OH, -0C{0;alkyl -0C(0lC2.l2alkeayk -

0C(0)C2 i2alkynyl, -0C(0)auryl wherein the aryl group is optionally substituted, -OCiOJCj 

nalkylaryl, -0C(0)C1.flalkylC(0)H: -QC(0)C2_AalkenylC{0)R -0C{0)C1.6alkylC(0)C].Aalkyl. 

-0C(0)C2..6alkenyIC(0)C,..6alkyi, -0C(O)C).6alkylCH(0C1..3alkyi)(0Cl..5alkyl), -0C(0)C2. 

ealkenylCH(OC i-3al.kyl)(OC,oalkylk -0C(0)C 1-fialkyISCi^alkyl -0C{0)C^alkenylSCi^alkyk 

25 -0C(0)C^alkylC(0)0Cwa1ky1 or T)0(0)C2.(,alkylC(0j0C{_3alkyl 
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Rg is ~0C(03Cn salkyl, -0C(0)C2-isalkenyl, -0C(0)C2.j 5alkynyl, or -0C(0)aryi where the aryl 
group is optionally substituted, especially -OC(0>Ci-ioalkyl, -OCfOjCi-joalkenyi, -0C(0)C2-
iijalkyayl or -0C(0)aryl where the aryl group is optionally substituted; more especially 

-OOOCf.KsUlkyl. -C(0)C;.®^Ikcnyl and -0C(0)aryl where the aryl group is optionally 
5 substituted; 

R>» and Rio are independently -ChalkyI. especially where R9 and Rio are both methyl; 

R11 and RJ3 together form an epoxide and Ry is -OH, -0C(0)Ci-salkyh -0C('0)C2^alkeny.l or -
OCiOiC: !salkynyi. especially -OH or ~C<0)Ct.->al.kyl: or 
R12 and R^ together form an epoxide and Rn is OH. 0C(0)C|.f,ulkyl, -OC(O)Ca^aIkenyI or -

10 OC'((J)C2 e.alkynyl. especially -OH; and 
Rj4 is hydrogen, -C(0)Ci-salkyls -CfOjCj-fialkenyl or-C(0)C;>-&alkynyls especially hydrogen; 

R15 is hydrogen, -C(0)Ci_6alkyl. -C(0)C^alkenyl or -C(0)Cs<,alkynyl, especially hydrogen or-

C(0)C i_3alkyl; and 

Ri6 is hydrogen, *C(Q)C«aIkyL -CCOKVsalkenyl or -CCOCj^alkynyk especially hydrogen. 

hi particular embodiments, the epoxy-tigliane compound is selected from one of the following 

compounds in Tables 1 to 6: 

Compound Ri R> Ri 

1 0 "Y^CH3 H H 
CH3 

CH3 
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2 0 

CH3 

CH3 

H H 

3 0 ^Y^XHs H H 
CH3 

4 o Y^H3 
CH3 

II l-I 

5 0 Y"^CH3 H H 
CH3 

6 0 

-^CHa 
^CH3 

CH3 

H H 

7 Y^CHS 
0 

^y^GHs 
CH3 

H H 

S 

0 
Y"~^CH3 

CH3 

H H 

9 OCH3 

o 

Y^CHs 
CH3 

H H 

10 0 

0 

"Y^CH3 
CHJ 

J! H 

11 OH 

0 OH 

"Y^CHa 
CH3 

H H 

12 OH 

0 OH 

Y^CH3 
CH3 

H H 

13 0 CH3 H H 

-^Y^CH3 CH3 

CH3 

14 
VY^:^SXH3 6 

Y^CH3 
CH3 

H H 

15 o 
A^CH3 

CH2 

YV°H3 
CH3 

R H 
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42 0 H H 

43 0 H H 

44 0 

CH3 

Y^CH3 
CH3 

II II 

45 Q 

-^y^cn3 
^Y^CH3 

CH3 

0 

^CH3 

0 
A CHj 

CH3 

46 0 H H 

47 0 

H^H! 

H H 

4B 

r̂> X
 

o 

HN'CH> H H 

49 IP H B 

50 \^(CH2>12CH3. 

0 

-CH3 H H 

51 "\^(CH2)i2CH3 

0 
Y^CH3 H H "\^(CH2)i2CH3 

0 CH3 

52 0 

CH3 

-CH3 H H 

53 -OH ^"^CH3 H H 

60 x^-L, H H 
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Table 2: 

Compound R i R2 

24 
o 

"Y^CH 3 
CH3 

5 Table 3; 

Compound Ri R2 

54 CH3 yCH3 
\ CH3 

O p 

55 0 

0 
CH3 
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56 
IS 
0 

57 °w 
/~XJ XVCH3 

Table 4: 

Compound Ri R2 

29 0 Yf*^CH3 
CH3 

CH3 

30 ^Y^CH3 
-H CH3 

31 

0 

•^CH3 

"Y^CH3 
CH3 

32 0 u "V^CH3 
CH3 

CH3 

33 Y^CH3 
0 a—

/ 
x 

\ o
 

X
 

34 o Y^CHJ 
CH3 

35 o 

CH3 

CO 
f; 

X
 

X
 

Y
 



WO 2014/169356 

21 
PCT/AU2014/050018 

36 

0 
Y"CH3 

CH3 

39 0 0 
11 II AAS^H| GH3 

40 0 0 
II 1! "Y^CHS 

/kAQ.GH3 c Ha 

Table 5: 

Compound Rj R2 

37 0 

CH3 

"Y^"CH3 
CH3 

5 Table fit 
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Compound Ri Ri 

38 o "Y^CH3 
/^Y^CH3 CH3 

CH3 

58 O 0 
II II 

*^3'-C'H3 CH;J 

59 0 0 
11 It Y^CH3 A^AaXH3 CH3 

The compounds of the present invention may be in the form of a pure compound or in the form 
of a plant extract . 

Where the compounds arc depicted as having stereochemistry, the stereochemistry depicted is 

relative stereochemistry and is based on knowledge of biosynthesis pathways and chemical 
analysis. 

10 In some embodiments, the plant extract is from a plant of the genus Fontainea or Hykmdki,. 
especially the species is Fontainea paneheri, Fontainea australis, Fontainea barealis, Fent&inea 
fitgax, Fontainea oraria, Fontainea picrospenna, Fontainea rostrata, Fontainea suhpapuana, 
FonMmea venom or'Hyiandia datikriltiL especially Fontainea picrospernm, Fontainea australis, 
Fontainea rostrata or Hylandla dockrilUi, 

The parts of the plant may include fruit, seed, bark, stem, leaf, flower, roots, endosperm, exocarp 

and wood, especially where the extract is obtained from the seed. 

Extracts of the plants may be obtained by standard methods, for example, the biomass obtained 
20 from seeds, leaves, fruit, endosperm, exocarp, stem or bark of the plant is subject to initial 

solvent extraction, such as with a polar solvent for example, ethanoS. The initial extraction is 
then concentrated and diluted with water and subject to extraction with a second solvent, for 
example, ethyl acetate. The sol vent samples from the second extraction are pooled and subject 

to separation by preparative HPLC fractionation. The fractions are analysed by analytical HPLC 

25 and pooled according to the retention time of compounds found in the samples. The pooled 
fractions are weighed, bioassayed and analysed by analytical. HPLC. Further fractionation using 
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one or more preparative HPLC is performed to isolate specific compounds. Each compound is 

bioassaycd and its structure identified by UV, NJMR and mass spectrometric techniques. 

Other compounds of the invention may be obtained by derivatising compounds isolated from. 

5 plants or parts of plants, especially from the genus Fontainea, especially from the species 
Fontainea picrosperma, especially the seeds of Fontainea picrospernm. 

Derivatives of the natural compounds can be obtained by techniques known in the art. For 
example, hydroxy groups may be oxidised to ketones, aldehydes or earboxylic acids by exposure 

10 to oxidising agents such as chromic acid, Jones' reagent, KM11O4, peraeids such as mCPBA. 
(metachloroperben/oie acid) or dioxiranes. such as dimethyldioxirane (DMDO) and 

methyl(trifluoromethyl)dioxirane (TFDO). Oxidising agents may be chosen such that other 

functional groups in the molecule are or are not also oxidised. For example, a primary alcohol 
may be selectively oxidised to an aldehyde or earboxylic acid in the presence of secondary 

15 alcohols using reagents .such as RuCI^PPh^-benztaie. Secondary alcohols may be selectively 
oxidised to ketones in the presence of a primary alcohol using Cla-pytidine or NaBrOs-cerie-

ammonium nitrate. Alcohols may be oxidised in the presence of double and triple bonds and 

without epimerisation at adjacent stereocentres using Jones' reagent with, or without Celite (or 
ammonium chloride). Alternatively, reagents chosen may be less selective resulting in oxidation 

20 at more than one functional group. 

Hydroxy groups may also be dcrivatised by etherification or aeylation, For example, ethers may 
be prepared by formation of an alkoxide ion in the presence of base and reacting the alkoxide 

with an appropriate alkyihalide, alkenylhalide. alkynylhalide or arylhalide. Similarly aeylation 
25 may be achieved by formation of an alkoxide ion and reaction with an appropriate earboxylic 

acid or activated earboxylic acid (such as an anhydride or acylchloride). 

Aeyl groups may be hydtolysed to provide alcohols by acid or base hydrolysis as known in the 
art and those alcohols can be derivatised further as above. 

Ketones may be reduced to secondary alcohols by reducing agents such as lithium aluminium 

hydride and other metal hydrides without reducing double bonds, including «-unsaturated 

ketones. 
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Double bonds and triple bonds may be reduced to single bonds using catalytic reduction, for 

example, fb/Pd. Double bonds may also be oxidised to epoxides using oxidising agents such as 

peraeids, for example mCPBA or dioxiranes, such as DSV1DG and TFDO. Double bonds may 

also be subject to addition reactions lo introduce substituents such as halo groups, hydroxy or 

5 alkoxy groups. 

A person skilled in the art would be able to determine suitable conditions for obtaining 

derivatives of isolated compounds, for example, by reference to texts relating to synthetic 

methodology, examples of which are Smith MJB. and March L, March's Advanced Organic 

10 Chemistry7, Fifth Edition, John Wiley & Sons Inc., 2001 and Larock R.C., Comprehensive 

Organic Transformations, VCH Publishers Ltd., 1989. Furthermore, selective manipulations of 

functional groups may require protection of other functional groups. Suitable protecting groups 

to prevent unwanted side reactions are provided in Green and Wuts, Protective Groups in 

Organic Synthesis, John Wiley & Sons Inc.. 3TU Edition, 1999. 

Compounds of the Invention 

In another aspect of the invention, there are novel compounds including: 

12-hexanoyl-13 -(2-methylbutanoyl)-6,7-epoxy-4,5.9.12,13,20-hexahydroxy-1 -tigliaen-3-one 

(Compound 5); 

20 {2-acetyi-i3-(2-.methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one 

(Compound 6); 

12-propanoyl-13-(2-methy lbutanoyl)-6,7-epoxy-4,5.9.12,13.20-hexahydi oxv- l-tigliaen-3-one 

(Compound 7); 

12-butanoyl 13-(2-mcthv lbutanoy l)-6,7 -epoxy -4,5,9.12,13,20-hexabydroxy-1 -tigJiacn-3-onc 

25 {Compound 8); 

12- [ (2£'.4t)-(6.6-dimcthox yijcx a-2,4-dienoyl] - 13-(2-iuethylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-

hexahydroxy-1 -tigliaen-3-one (Compound 9); 

12-[ :(2E,4jB)-6-oxohcxa-2,4-dicnoyl J-13-(2-mcthylbulanoyl)-6,7-epoxy-4,5,9,12,13,20-

hexahydroxy-1 -tigliaen-3-one (Compound 10); 

30 12-[(2ii,4Ej-6,7-dihydroxydodeea-2,4-dienoyl|-13-(2-methylbutanoyI)-6,7-epoxy-

4,5,9.12J3,20-hexahydroxy-l-tigliaen-3-one (Compound 11); 

12-[(2.E)-4,5-dihydroxy-deca-2-enoyI]-13-(2-methylbutanoyl)-6,7-cpGxy-4,5,9,12,13,20-

hexahydroxy-1 -tigliaen-3-one. ̂ Compound 12); 
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12-tigloyI- l3-(2-melhyipropanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1 -tigliaen-3-one 

(Compound. 13); 

12-[(2£)-3-melhylth.iop.TOp-2-enoyl]-13-(2-niethylbulanoyl)-6,7-epoxy-4,5f9,12,13.20-

hexahydroxy-1 -tigIiaen-3-one (Compound 1.4); 

5 12-(2-methyI:prop-2-cnoyl-13-(2-mc.diylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1 -

tigliacn-3-one (Compound 15); 

.12-[(2£,4fe,)-liexa-2,4-die:noyl]-r3-(2-melJTy1butanoyl)-6J-epoxy-4,5,951.2513520-3iexahydroxy-l-

tigIiacn-3-one (Compound 16); 

12- [(2£.4£)~8-oxododeca-2,4-dienoyl|-l3-(2-mediyihi:itanoyi)-6,7-epoxy-4,5,9, 12,13,20-

10 hexahydroxy-1 -ti.gliacn-3-o.ne .(Compound 17); 

12-f(2Z,4£')-deca-2,4-dienoyl]-13-(2-mel.hy I bula.noyl)-6,7~epox.y-4,5 X12, .13,20-hexahydroxy-1 -

tigliaen-3-one (Compound 18); 

13-(2-meihyibutanoyl)-6,7-epoxy~4.5,9,12,1.3,20-hexahydroxy-l-tigliaen-3-Qne (Compound 19); 

12-[(2Zi)-but-2-enoyl]-13-(2-m.efhylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-liexahydroxy-l-tig]iaen-

15 3-one (Compound 20); 

.f2-tig:loy]-13-butanoy]-&J-epoxy-4,5,9,1.2, .13,20-hexahydroxy-1-tigliaen-3-one (Compound 21); 

12-(3-butenoyi)-13-nonanoyl-6,7-epoxy-4,5.9,12,13,20-liexahydimy-l-ligliaen-3-one 

(Compound 22); 

12-benzoy l-.l3-{2-tnetby lbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1 -tigiiaen-3-one 

20 (Compound 23); 

12-[(2Z,4£')-deca-2,4-dienoylJ-13-(2-methylpropanoyl)-6,7-epoxy-4?5,9,12s13,20-hexaliydi'Oxy-

Higliacn-3-oae (Compound 25); 

l2~[(2E,4i^-&,7-(arUi)-epoxy-dodeea-2,4-di.enoyi]-13-(2-methylbutanoy1)-6,7-epoxy-

4,5.9,12,13,20-hexahydroxy-1 -tigllaen-3-0ne (Compound 26); 

25 12,13-di.butanoy!-6,7-epoxy-4,5,9,12,1.3,20-hexahydroxy-l-dgliaen-3-one (Compound.27); 

12-bcn/.oyl-13-bu(anoyl-6,7-cpoxy-4>5,9.12,13,20-hcxahydroxy-1 -tigliaeti-3-one (Compound 

28); 

12-tig!oyl-13-(2-methyl.butanoy!)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-l-ligliaen-3-one 

(Compound 29); 

30 13-(2-methytbutanoy l)-5,6-epoxy-4,7,9,l 2, .13,20-hexahydi'oxy-1 -tigliaei.i-3-one (Compound 30); 

12-acetyl-r3.-(2-methylbutanoyl)-5.6-epoxy-4,7,9,13,20-hexahydroxy- l-tigliaen-3-one 

(Compound 3.1); 

12,13~di-(2-melhylbutanoy])-5,6-epoxy-4,7,9,13,20-hexahydroxy-l-tigliaen-3-one (Compound 
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12-propanoyI-l3-{2-methylbatanoyl)-5,6-epoxy-4,7,9512,13,20-hexahy<troxy-i-tigUaen-3-one 

(Compound. 33); 

l2-hexanoyi-13-(2-methylbulanGyl.)-5.6~qx>xy~4,7,9,12,l3,204iexahyd.roxy-{-tigjiaen-3-one 

(Compound 34); 

5 12-tigloyl-13-(2-mcthylpi»panoyl)-5»6-cpoxy-4 12,13,20-hcxah.ydroxy-1 -tigliacn-3-onc 

(Compound 35); 

12- [(2ii)-3-methy ltliiop.rop-2-enoyl]- 13-(2-methy lbutanoyl)~5,6-epoxy~4,7,9,12,13,20-

hexahydroxy-1. -ttglmen-3-<me (Compound 36); 

].2~{[2-(methylmtfenyi)carbanyi]~acetoyl}-i3-(2~methylbutanoyl)-5,6-epoxy-4,7.9,12,13,20-

10 hexahydroxy-1 -tigliaen-3-one (Compound 39); 

12-[(2-methoxycarbonyr)-aGetoyl]-13-(2-melhy!butanoyl)-5.6-epoxy-4,7,9512,13,20-

hexahydroxy- 1 -(igliacn-3-oiic (Compound 40); 

12,13-di-n.oiioyl-6,7-epoxy-4,5,9,1.2,13,20-hexahydroxy- l-tiglia.en-3-one (Compound 41); 

12,13-di4iexanoyl-6,7-epoxy-4!5,9,12,13(20-licxaliydroxy~i.~tigliaen-3-oiie (Compound 42); 

15 12,13-di-pentanoyl-6 J-:epoxy-4,5.9J2,13,20-hexahydroxy-l~l:ig]iaen-3-one (Compound 43); 

12,13-di-tigloyI-6.7-epoxy-4,5,9,12,1.3,20-hexahydmxy-1 -tigllaen-3-oiie (Compound 44) 

5,20-diacetyl-12-tigloyl-i3-(2-mediylbuta.noyl)-&.7-epoxy-4,5,9,12,i3,20-hexahydroxy-l-

ti:g,liaen-3-on.e (Compound 45): 

12,13-di-(2£",4£)-hex-2,4-enoyl-6,7-epoxy-4,5,9,1.2, ] 3,20-hexahydroxy-1 -tigliaen-3-one 

20 (Compound 46); 

12-lKxanoyl-l 3-|2-(N-mcthylar!tlira.niloyl)]-6,7-cpoxy-4,5,9,12.13,20-hexahydroxy-l-tigliacn-3-

one (Compound 47) 

12-aeetyi-13-f2-(N-inethyland"iraniloyl)]-6.7-epoxy-4,5,9,12,13,20-hexa.liydroxy-l-dgIiaen-3-

one (Compound 48); 

25 12,13-di-heptanoyl-6,7-epoxy-4,5,9,r2,13,20-hexahydroxy- l-tigliaen-3-onc (Compound 49); 

12-myrlstQyl-13-acetyl-6>7-epoxy-4,5,9,12,13s20-hexaliydroxy-l-tigliaen-3-one (Compound 50); 

12-myristoyl-13-(2-melhylbuf.anoyl)-6,7-epoxy-4,5,9,12;f13,20-hexahydroxy-l-liglia.en-3-orie 

(Compound 51); 

12-(2-methyl.but.anoyl)- 13-acetyl-6,7-epoxy-4,5,9.12.13,20-hexahydroxy-l-tigliaen-3-one 

30 (Compound 52); and 

13-hexanoyl-6,7-epoxy-4.5,9,12,13,20-hexahydroxy~l-(igliaen-3~one (Compound 53); 

1.2,.1.3-di-C3-nieihylbutanoyl)-6,7-epoxy-4,5.,9,12,13,20-hexahydroxy-1 -l.igliaen-3.one (Compound 

60) 

or a pharmaceutically acceptable salt (hereof. 
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In yet another aspect of the invention, any one of the compounds 5 to 53 or 60 or a 
pharmaceutically acceptable .salt thereof may be in the form of a pharmaceutical composition 

together with a pharmaceutically acceptable carrier, diluent and/or excipient. 

Compositions 
While the epoxy-tigliane compounds or a pharmaceutical!y acceptable salts thereof, may be 

administered neat, it may be more convenient to administer the epoxy-tigliane compounds in the 
form of a pharmaceutical composition together with a pharmaceutically acceptable carrier, 

10 diluent and/or excipient. 

Dosage form and rates for pharmaceutical use and compositions are readily determinable by a 
person of skill in the art. 

15 Dosage forms include tablets, dispersions, suspensions, injections:, solutions:, syrups, troches, 
capsules, suppositories, aerosols, transdermal patches., impregnated (occlusive) dressing, creams, 

gels and the like. These dosage forms may also include injecting or implanting devices designed 

specifically for, or modified to, controlled release of the pharmaceutical composition. Controlled 
release of the therapeutic agent may be effected by coating the same, for example, with 

20 hydrophobic polymers including acrylic resins, waxes, higher aliphatic alcohols, polyactic and 
polyglycolic acids and certain cellulose derivator such as hydroxypropylmethyl cellulose. In 

addition, the controlled release may be affected by using other polymer matrices, liposomes 
and/or mierospheres. 

25 Pharmaceutical!.}' acceptable carriers and acceptable carriers for systemic administration may 

also be incorporated into die compositions of this invention. 

Suitably, the pharmaceutical composition comprises a pharmaceutically acceptable excipient or 
an acceptable excipient. By "pharmaceutically acceptable excipient" is meant a solid or liquid 

30 filler, diluent or encapsulating substance that may be safely used. Depending upon the particular 
route of administration, a variety of carriers, well known in the art may be used. These carriers or 
excipients may be selected from a group including sugars, starches, cellulose and its derivaies, 

matt, gelatine or other gelling agents, talc, calcium sulphate, vegetable oils, synthetic oils. 
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alcohols and/or polyols, alginic acid, phosphate buffered solutions, emulsifiers, isotonic saline, 

and pyrogcn-free water. 

Any suitable route of administration may be employed for providing a human or non-human 

5 patient with the pharmaceutical composition of the invention. For example, oral, topical, rectal, 

parenteral, sublingual, buccal, intravenous, intraarticular, intra-muscuiar, intra-dermal, 

subcutaneous, mhalationuL intraocular, intraperitoneal, intracerebroycntriciilar, transdermal and 

the like may be employed. 

10 Pharmaceutical compositions of the present invention suitable for administration may be 

presented in discrete units such as syringes, vials, tubes, capsules, sachets or tablets each 

containing a predetermined amount of one or more pharmaceutically active compounds or 

extracts of the invention, as a powder or granules or as a solution or a suspension in an aqueous 

liquid, a cyclodextrin solution, a non-aqueous liquid, an oil-in-waier emulsion or a water-in-oil 

15 emulsion or as a solution or suspension in a cream or gel or as a suspension of micro- or nano-

patfiGl.es incorporating a compound of the invention, including but not limited to silica or 

polylactide micro- or nano-particles,. Such compositions may he prepared by any of the method 

of pharmacy but all methods: include the step of bringing into association one or more 

pharmaceutically active compounds of the invention with the carrier which constitutes one or 

20 more necessary ingredients. In general, the compositions are prepared by uniformly and 

intimately admixing the agents of the invention with liquid earners or finely divided solid 

carriers or both, and then, if necessary, shaping the product in to the desired presentation. 

In powders, the carrier is a finely divided solid which is in a mixture with the finely divided 

25 acti ve component. 

In tablets, the active component is mixed with the carrier having the necessary binding capacity 

in suitable proportions and compacted in the shape and size desired. 

30 Suitable carriers for powders and tablets include magnesium carbonate, magnesium stearate, talc, 

sugar, lactose, pectin, dextrin, starch, gelatin, tragaeanth, methylcelhilose, sodium 

carboxymethylcellulo.se, a low melting wax, cocoa butter, and the like. The term "preparation" is 

intended to include the formulation of the active compound with encapsulating material as 

carrier providing a capsule in which the active component, with or without carriers, is 
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surrounded by a carrier, which is thus in association with it. Similarly, cachets and lozenges are 

included. Tablets, powders, capsules, pills, cachets, and lozenges can be used as solid forms 

suitable for oral administration. 

5 For preparing suppositories, a low melting wax, such as admixture of Fatty acid glyeerides or 

cocoa butter, is first melted and the active component is dispersed homogeneously therein, as by 

stirring. The molten homogenous mixture is then poured into convenient sized molds, allowed 

to cool, and thereby to solidify. 

10 Formulations suitable for vaginal administration may be presented as pessaries, tampons, 

creams, gels, pastes, foams or sprays containing in addition to the acti ve ingredient such earners 

as are kno wn in the art to he appropriate.. 

Liquid form preparations include .solutions, suspensions, and emulsions, for example, water or 

15 water-propylene glycol solutions. For example, parenteral injection liquid preparations can be 

formulated as solutions in aqueous 1.2-propanediol, dimethyl sulfoxide (D'MSO), aqueous 

solutions of gamma cyclodextrin or 2-hydimyprQpyI-beta-cyclodextrin, saline solution or 

polyethylene glycol solution, with or without buffer. A preferred range of pH is 3.5-4.5. Suitable 

buffers buffer the preparation at pH 3.5 -4.5 and include, but are not limited to, acetate buffer and 

20 citrate buffer. 

The compounds according to the present invention may thus be formulated for parenteral 

administration (e.g. by injection, for example bolus injection or continuous infusion) and may be 

presented in unit dose form in ampoules, pre- filled syringes, small volume infusion or in mulfi-

25 dose containers with an added preservative. The compositions may take such forms as 

suspensions, solutions, or emulsions in oily or aqueous vehicles, and may contain forniulatory 

agents such as suspending, stabilising and/or dispersing agents. Alternatively, the active 

ingredient may be in powder form, obtained by aseptic isolation of sterile solid or by 

lyophilisation from solution, for constitution with a suitable vehicle, e.g. Sterile, pyrogen-free 

30 water, before use. 

Aqueous solutions suitable for oral use can be prepared fey dissolving the active component in 

water and adding suitable colorants, flavours, stabilizing and thickening agents, as desired. 
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Aqueous suspensions suitable for oral use can be made by dispersing the finely divided active 

component in water with viscous material, such as natural or synthetic gums, resins, 

methylcellulose, sodium carboxymethyleeUulose, or other well known suspending agents. 

Also included are solid form preparations which are intended, to be converted, shortly before use, 

to liquid form preparations for oral administration. Such liquid forms include solutions, 

suspensions, and emulsions. These preparations may contain, in addition to the active 

component, colorants, flavours, stabilizers, buffers, artificial and natural sweeteners, dispersants, 

thickeners, soiubilizing agents, and the Like. 

For topical administration to the epidermis or other organ, the compounds according to the 

invention may he formulated as gels, ointments, emulsions, pastes, creams or lotions, or as a 

transdermal patch, Gels may be prepared using suitable thickening agents and adding them to 

aqueous/alcoholic compositions of compound. Suitable thickening or gelling agents arc known, 

in the art, such as the poly vinyl carboxy polymer, Carbomer 940. Ointments and creams may, for 

example, be formulated with an aqueous or oily base with the addition of suitable thickening 

and/or gelling agents. Lotions may be formulated with an aqueous or oily base and will in 

general also contain one or more emulsifying agents, stabilising agents, dispersing agents, 

suspending agents, thickening agents, or colouring agents. 

Formulations suitable for topical administration also include solutions or suspensions that may 

be administered topically in the form of a. bath or soak solution or a spray. These formulations 

may be suitably applied to combat skin irritations, insect bites and foot wounds. 

Formulations suitable for topical administration in the mouth include lozenges comprising active 

agent in a. flavoured base, usually sucrose and acacia or tragacanth; pastilles comprising the. 

active ingredient in an inert base such as gelatin and glycerin or sucrose and acacia; and 

mouthwashes comprising the active ingredient in a suitable liquid carrier. 

Solutions or suspensions are applied directly to the nasal cavity by conventional means, for 

example with a dropper, pipette or spray. The formulations may be provided in single or 

multidose form. In the latter case of a dropper or pipette, this may be achieved by the patient 

administering an appropriate, predetermined volume of the solution or suspension. In the ease of 

a. spray, this may be achieved for example by means of a metering atomising spray pump. To 
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improve nasal delivery and retention the compounds according to the invention may be 

encapsulated with cyclodextrins, of formulated with their agents expected to enhance delivery 
and retention in the nasal mucosa. 

5 Administration to the respiratory tract may also be achieved by means of an aerosol formulation 
in which the active ingredient is provided in a pressurised pack with a suitable propeiiant such as 
a ehlorofhiorocarhon (CFC) for example, diehlorodifluoromethane, triehlorofiuoromelhane. or 

dichlorotctraiTuoroethane, carbon dioxide, or other suitable gas. The aerosol may conveniently 
also contain a surfactant such as lecithin. The dose of drug may be controlled by provision of a 

10 metered valve. 

Alternatively the active ingredients may be provided in the form of a dry powder, for example a 
powder mix of the compound in a suitable powder base such as lactose, starch, starch derivatives 
such as hydroxypropylmethyl cellulose and polyvinylpyrrolidone (PVP). 

Conveniently the powder earner will form a gel in the nasal cavity. The powder composition 

may be presented in unit dose form for example in capsules or cartridges of, e.g., gelatin, or 

blister packs from which the powder may be administered by means of an inhaler. 

20 In formulations intended for administration to the respiratory tract, including intranasal 
formulations, the compound will generally have a small particle size for example of the order of 

1 to 10 microns or less. Such a particle size may be obtained by means known in the art, for 
example by mieroni/alion. 

25 The invention will now be described with reference to the following Examples which illustrate 

some preferred aspects of the present invention. However, it. is to be understood that the 
particularity of the following description of the invention is not to supersede the generality of the 

preceding description of the invention, 

30 Brief Description of the Figures 
Figure 1 is a photographic representation of scratch closure in human neonatal fibroblast cells 
treated with the vehicle-only control, 24 hours post scratch. 
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Figure 2 is a photographic representation of scratch closure in human neonatal fibroblast cells 

treated with 30 ng/mL-Compound 1,24 hours post scratch. 

Figure 3 is a graphical representation of matrigel invasion assay of human neonatal fibroblast 
5 cells treated with 10 ng/mL or 30 ng/mL Compound 1 compared to vehicle-only control. Cells 

were counted after 24 hours incubation. * p< 0.05; •*** p < 0.001. 

Figure 4 is a Western blot analysis of human neonatal fibroblast cells treated with Compound 1 
and shows activation and subsequent downregulation of key signalling molecules involved in 

10 wound repair and healing. 

Figure 5 is a photographic representation of the effects of exposure of fibroblasts (cultured in the 

presence of TGF-pI) to a range of concentrations of Compound 1 on the differentiation to 
myofibroblasts, characterised by the increased expression of a-smooth muscle actio, and stress 

15 fibre formation. 

Figure 6 is a photographic representation of the effects of exposure of fibroblasts (cultured in the 

presence of TGF-fH) to a range of concentrations of Compound 37 on the differentiation to 
myofibroblasts, characterised by the increased expression of a-smooth muscle aetin and stress 

20 fibre formation . 

EXAMPLES 
Example I: Plant extracts 
AH plant extracts were prepared by chopping the plant material and extracting with ethanol in an 

25 approximate ratio of 1 part plant material to between 2 to 5 parts of ethanol ( w/'w). The extract, 

was allowed to stand overnight at 4"C and then the supernatant as decanted and stored at 4°C 
until, use, 

The presence of epoxy-tigliane compounds in the plant extracts was confirmed by LC.MSMS 

30 using a. Shimadxu HPLC coupled to an AB13200 triple quadrupole mass spectrometer. A halo 
amide C18 column was employed to separate the compounds in the mixtures, using 

acetonitrile/water mixtures as the solvent system. 
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Most of the samples were run with the KinClBGen method, using a CIS Kinelix 4.6 mm xlOO 

mm 2.6 micron CIS column: 
Aceionitriie: 55% 60% 75% 100% 100% 55% 

Minutes:. 0 2.5 15 15.1 17.5 17.6 

Some of the samples were run with the Amide Long method using a Halo amide column RP' 4.6 
mm x 150 mm, 2.7 micron, from Advanced Materials Technology; 

Acetonitriie: 45% 58% 95% 95% 45% 45% 
Minutes: 0 13 20 24 24.1 27 

Example 2; Isolation and elucidation of epoxy-tigliane compounds 
Compounds were purified from the seeds of Fontainea ptcrosperma by extraction, and 

chromatography on silica gel followed by preparative HPLC (CI 8 Column, inethanol/water 
solvent combinations) using the general methods described below. 

Approximately 1-2 kg of plant material (leaves, fruit, seed, stems, roots flowers, bark or wood) is 
finely chopped, extracted with 2 parts of ethanol (w/v) three times, the extracts combined, 

evaporated and the residue partitioned between water and an immiscible organic solvent 
(typically petroleum spirit hp 40-60 (PE) or ethyl acetate ElOAe). The residue from evaporation 

20 of the organic solvent is chfofflatographed on silica gel in solvent mixtures of increasing polarity, 
commencing with PE or heptane and progressing to EtOAe and then methanol. The fractions 

from silica gel are then further purified by preparative HPLC on CIS columns typically using 
meihanol-water gradients. The latter fractions are analysed for bioaclivity, pooled according to 

the retention time of compounds found by analytical HPLC, and subjected to further preparative 
25 HPLC to obtain pure compounds. Each compound is bioassayed and its structure, confirmed by 

UV, NMR and mass speetrometric techniques. 
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Compound 1: 12-lielovl-13-(2 -methylbutanoy I)-(».?•cpoxy-4.5,9.12.13,20-hcxahydroxv-1 • 

tigliaen-3-onc 

5 'H NMR (500 MHz, CDClj) 8 ppm: 0.84 (3H (18), d. 7=6.4 Hz), 0.92 (3H (4"), t, 7=7.3 Hz), 

1.11 (3H (5"). d, J=6.8 Hz), 1.21 (311 (16),. s), 1.24 (3H (17), s), 1.2:6 (1H (14), d, .7=6.8 Hz), 

1.43 (J H (3"), m, 7=14,1, 7.3. 7.2 Hz), 1.69 (111 (3"), m), 1.73 (3H (19). dd, 7=2.9, 1.5 Hz), 1.77 

C3H (4*), dd. .7=7.1, 1.2 Hz), 1.8 (3H (5*), d, 7=1.5 Hz). 1.94 (1H (11), m), 2.37 (1H (2*'). qt, 

7=7.0, 6.8 Hz), 3.17 ( 111 (8). d), 3.26 (111 (7), s), 3.69 i 111. 011. br.s), 3.80, (1H (20), d, 7=12.7 

10 Hz), 3.83 (1H (20), d..7=1.2.2Hz), 4.06 (111 (10), C, 7=2.7 Hz), 4.22 (1H (5), s), 5.42 (111 (12), d, 

7=9.8 Hz), 6.02 < 1H OH, br.si. 6.79 (1H 0% m. 7=7.2, 7.0, 1.2 Hz). 7.71 (1H, (1), dd). 
l-C NMR (125 MHz, CDCU) 5 ppm: 9.7 (1.9), 11.6 (4"), 12.2 (5% 14,4 (4'>, 15.1 (18), 16.1 (5'% 

17.2 (1.6), 23.6 (17), 26.1 (3M), 26.6 (15), 36.0 (8), 36.1 (14), 41.2 (2"), 45.9 (11). 48.9 (10,) 61.8 

(61 64.6 (20), 65.2 (7), 65.5 (13), 71.3 (5), 72.4 (4), 76.7 (12), 77.2 (9), 128.4 (2% 133.4 (2), 

15 137.6 (T), 164.7 (1), 167.4 (1'), 178.9 (1"), 209.9 (3). 

Compound 2: 12,13<H-(2-meibylbutanoyr)-6,7-eposy-4,5,9,r2,13,20-hexaliydrosy-l-tigliacn-3-

CH 
rtiG 

one 

o 
SI 

20 
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'il NMR (500 MHz, CDClj) 5 ppm; 0.85 (3H (18), d, 7-6.4 II/;), 0.89 (311 (4"), 7=7.3Hz), 0.91 

(3H (4'). f, 7=7.8 Hz), 1.11 (3H (5"), d. 7=6.8 Hz), 1.12 (3H (5'), d. 7=6.8 Hz), 1.21 (3H (17), si 

1.22 (3H (16), s), 1-26 (IH (14). d, 7=6.8 HA 1.44 (1H (3'). td. 7=13.9, 7.3 H/.X 1.44 (IH (3"). 

id. 7=13.9, 7.3 Hs& 1.63 (1H (3"). <14 7=7.8, 5.9 Hz), 1.69 (IH (3"). dd. 7=13.9. 7.1 Hz). 1.74 

5 (3H (19). dd, 7=2.7, 1.2 Hz), 1.90 (1H (11), dd. 7=10.0, 6.6 Hz), 2,36 (111 (2'), q. 7=7.0 Hz), 2.36 

(3H (2"), q, 7=7.0 Hz). 3.16 (1H (8), d, 7=6.8 Hz), 3.26 (Hi (7), s), 3.61 (LH (OH), m)» 3.78 (IH 

(20), ra, 7=127 Hz), 3.85 (IH (20), d, 7=12.2 Hz), 4.06 (1H (10), 1,7=2.7 Hz), 4.22 (1H (5), s), 

5.40 (1H (12), d. 7=10.3 Hz), 5.98 (1H (9-QH), m), 771 (111 (I), dd, 7=2.4. 1.5 Hz). 
nC NMR (125 MHz, CDCl;,) 8 ppm: 9.7 (19), 11.6 (4), 11.6 (4"), 15.0 (18), 16.1 (5"), 17.0 (5% 

10 17.2 (17), 23.7 (16), 26.2 (3"), 26.5 (15), 26.7 (3*), 36.0 (.8), 36.0 (14), 41.2 (2"), 41.8 (2% 45.5 

(11), 48.9 (10). 61.7 (6), 64.5 (20), 65.2 (?), 65.5 (13), 71.5 (5). 72.4 (4), 76.2 (12), 77.2 (9), 

133.5 (2), 164.7 (I), 175.9 (!'). 178.8 (1"), 209.9 (3), 

Compound 3: 12- [ (2£,4£,6£)-dodcca-2,4,6-trienoy IJ -13-(2-met.hylbutanoyl.)-67-epoxy-

15 4,5,9,12.13,20- hexahydroxy- 1-tigliaen-3-one 

lH NMR (500 MHz. CDCl,) 8 ppm: 0.86 (3H (18). d, 1=7.0 Hz). 0.87 (3H (12% m. 7=7.0 Hz). 

0.92 (3H (4"). t. 7=7.5 Hz), 1.12 (3H (5"), d, 7=7.0 Hz). 1.22 (3H (17), s), 1,24 (3H (16), s), 1.26 

20 (2H (10), m), 1.27 (1H (14), m), 1.29 (2H (11%. in), 1.39 (2H (9'), m)f 1.45 (IH (3"), dd, 7=14.1, 

7,0 Hz), 1.71 (IB (3"), ro), 1.74 (3H (1.9), dd, 7=2.8, 1,2 Hz). 1.95 (1H (11), dq), 2,12 (2H (8'X 

q), 2.38 (IH (2"), sxt, 7=7.0 Hz), 3.17 ( IH (8), d, 7=6.7 Hz), 3.27 (IH (7). s), 3.57 (1H, (4-OH), 

s), (3.78 (1H (20), m), 3.86 (IH (20), m), 4,06 (111 (10), d, 7=2.7 Hz), 4.22 (IH (5), s), 5.41 (IH 

(12), d), 5.79 (IH (2% d, 7=15.2 Hz), 5.92 (IH (7'), dt, 7=15.2, 7.2 Hz), 6.04 (IH (Oil), m). 6.1.1 

25 (IH (6% dd, 7=15.1, 10.7 Hz), 6,19 (IH (4'), dd, 7=14,8, 11.2 Hz), 6.51 (IH (5% dd, 7=14.9, 

1.0.7 Hz), 7.23 (IH (3% dd, 7=15.5, 1.0.9 Hz). 7.72 (1 H (1), dd, 7=2.4,1.3 Hz). 



WO 2014/169356 PCT/AU2014/050018 

36 

°C NMR (125 MHz, CDCl;,) 6 ppm; 9.7 (19), 11.6 (4"), 14.0 <12*), 15.1 (IB), 16.2 ($% 17.2 

(16), 22.5 (11!). 23.6 (17), 26,2 (3"), 26.7 (15), 28,6 (9*), 31.4 (10% 33.0 (8% 36.0 (8), 36.2 (14), 

41.2 (T), 45.9 (11), 48.9 (10), 61.6 (6), 64.5 (20), 65.3 (7), 65.5 (13), 71.6 (5), 72.4 (4), 76.7 (9% 

77.1 (12), 119.5 (2% 127.5 (4'), 129.7 (6'). 133.5 (2), 141.1 (7% 141.7 (5"), 145.3 (3% 164.8 (1), 

5 166.6 (1% 170.0 (1"), 210.0 (3). 

Compound 4; 12-[(2E,42)-deea-2,4-dienoyl]- 13-(2-:melhylbutanoyl)-6,7-eposy-4r5,9J2,13,20-

hexahydroxy-1 -ttglmen-3-one-

lH NMR (500 MHz, CDCh) 6 ppm: 0.87 (3H (18:), d. .7=64 Hz.), 0.87 (3H (10'), s), Q.93 (3H 

(4'% t, 7=7.5 Hz). 1.13 (3H (5'% d. 7=7.1 Ha), 1.23 (3H (16), s), 1.25 (3H (17), s), 1.27 (IH (14), 

d. 7=1.6 Hz), 1.27 (211 (9% tn), 1.30 (211 (8'), m), 1.40 (211 (7% m), 1.46 (111 (3"), dd, 7=14,2, 

6.9 Hz), 1.71 (IH (3"), ra), 1.75 (3H (19), dd, J=2.9, 1,3 Hz), 1.95 (IH (11), d, /= 3-3 Hz), 2.11 

15 (IH (2G-OH), in), 2.26 (2H (6"), m), 2.38 (IH (2"), q, 7=7.0 Hz), 3.18 (IH (8). d, 7=6.6 Hz), 

3.28 (IH (7), s), 3.53 (IH (4-011). d. 7=0.9 Hz). 3.77 (IH (20). m), 3.81 (IH (5-OHJ, d. 7=2.8 

Hz), 3.87 (IH (20), dd, 7=12.4,7.6 Hz), 4.06 (IH (10), d, 7=2.7 Hz), 4.22 (IH (5), d. 7=1.7 Hz), 

5.43 (IH (12), 4 7=9.9 Uzh 5-83 (1H (2'). d, 7=15.2 Hz), 5.86 (IH (5% ddd, 7=10.8, 7,9, 7,8 

Hz), 6.03 (IH (9-OH), m), 6,10 (IH (4'), Id, 7=11.2,0.7 Hz), 7.56 (IH (3% ddd, 7=15.3. .11.7, 1.1 

20 Hz), 7.72 (1H (1), dd. 7=2.5,1.4 Hz). 
BC NMR (125 MHz, CDCl,) 8 ppm; 9.7 (19), 11.6 (4'% 14.0 (10% 15,2 (18), 16.2 (5"), 17,2 

(17), 22.5 (9% 23.7 (16), 26.2 (3"). 26.7 (15), 28.3 (6%, 29.0 (7% 31.4 (8% 36.1 (8), 36,2 (14), 

41.2 (2"), 45.9 (11), 49,0 (10), 61.6 (6), 64.5 (20), 65.3 (7), 65.5 (13). 71.7 (5), 72.3 (4), 76.8 

(12), 77.1 (9), 120.8 (2% 126.4 (4% 133.5 (2), 140.0 (3% 142,2 (5r), 164.8 (1), 166.6 (1% 179.0 

25 (1"), 210.0 (3). 

/ 
H3Vn. 

I?-

/ 

\ 

10 
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Compound 5: 124iexafloyl-13-(2-methylbutanoyl)-6,7-epoxy^T5,9',12 J3,20-hexahydroxy-l-

tigliaen-3-onc 
HX rH 

H>C \ 
®'V—4; 

\ 0 CH, 

ft 
/ 14 

H,C—1\ / " V\ rv i> .2' / V 
u XL 20 
^ IU I M W OH HO 

5 [H NMR (500 MHz, CDClj). 5 ppm: 0.84 (3H (1.8), d, J=6.5 Hz). 0.87 (3H (6'), t, 7=7.0 Hz), 0.91 

(3H (4"), i. /=7.5 Hz). LI I (3H (5"), d, 7=7.0 Hz),. 1.21, (3H (1,6), s), 1.21, (3H (17), s), 1.25 

(IH (14). d, 7= 6,6 l!z). 1.43 (IH 0% ni, 7=14.1, 7,4, 7.1 Hz), 1.60 (2H 0% quia, 7=7.4 Hz), 

1.70 (IH (3"), ddd, 7=13.9, 7.3, 7.1 Hz), 1.74 (3H (19), dd, 7=2.9, 1.3 Hz), 1.9 (IH (1.1). dq, 

7=10,0, 6.5 Hz), 2.27 (2H (2\ di, 7=7.4, 3.7 Hz), 1.29 (2H (4), m, 7=7.5, 7.2, 3.9 Hz), 1.29 (2H 

10 (5'), m, 7=7.5, 7.2, 3.9 Hz), 2.36 (IH (2"), sxl. 7-7.0 Hz), 3.14 (IH (8), d. 7-6.6 Hz), 3.25 (IH 

(7), s), 3.64 (IH, (OH), s), 3.83 (IH (OH), dd, 7=12.5. 7.9 Hz), 3.79 (2H (20), dd, 7=12,5, 5.7 

Hz), 3.94, (IH (OH), d, 7=2.5 Hz), 4.06 (IH (10), t, 7=2.6 Hz), 4.22 (IH (5), s), 5.37 (IH (12), d, 

7=10.0 Hz), 5.95 (IH (OH), hr. s.) 7.7 (IH (1), dd, 7=2.4. 1.3 Hz). 
yiC NMR (125 MHz, CDCl?) 5ppm: 9.7 (19). 11.6 (4"), 13.9(6'), 15.0(18), 16.1 (5"), 17.1 (16), 

15 22.3 (5% 23.6 (17), 24,9 (3'j, 26.2 (3"), 26.6 (15), 31.1 (4'), 34,5 (2% 35.96 (8), 36.04 (14). 41.2 

(2'!), 45.6 (11), 48.9 (10), 61.8 (6), 64.6 (20), 65.2 (7), 65.5 (13). 71.4 (5), 72.4 (4), 76.5 (12), 

77.1 (9), 133.4(2). 164.6 (1), 173.3 (l.')„ 178.8 (1"), 209.9 (3), 
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Compound 6: 12-acetyl-13-(2-methyrbutanoyi)-6,7-epoxy-4,5,9-i2,l3,2tVhcxdiydroxy-l-

tigliaen-3-onc 

5 lH NMR (500 MHz, CDC! ,) 5 ppm; 0.85 (3H (.18), d, 7=6.4 Hz), 0.92 (3H (4"), t, 7=7.6 Hz), 
1.12 (3H (5"). d. 7=6.B Hz), 1.21 (3H (16), s). 1.23 (3H (17), s)s 1.25 OH (14), d, 7=6.8 Hz), 
1.44 {] H (3"). m. 7=14.1. 7.3. 7.2 H/,). 1.71 i 1II (3"). dd), 1.75 (3H (19), dd, 7=2.9, 1.0 Hz), 1.91 

(IH (11), m), 2.04 (3H (2% s), 2.36 (IH (2"), m, 7=7,0, 6.8 Hz), 3.14 (IH (8), d. 7=6.8 Hz), 3.26 

(IH (7), 4 3.78 (IH (20), d. 7=12.7 Hz), 3,85 (IH (20), d, 7=12,7 Hz). 4.04 (IH (10). t. 7=2,7 
10 Hz), 4.21 (IH (5), 4 5..33 (IH (12), d, 7=9.8 Hz), 7.7 (HI (1 r, s). 

J*€ NMR (125 MHz. CDCIJ S ppm: 9.7(19), 11.6(4"). 15.1 (18), .16.2(5"), 171 (16). 21.0 (2'). 
23.7 (17), 26.2 (3"), 26.7 (15), 36.0 (8), 36.1 (14}, 41.2 (2"), 45.7 (11), 48.9 (.10), 61.7 (6), 64.5 

(20), 65.2 (7). 65.4 (13). 71.5 (5). 72.4 (4), 76.8 (9), 77.1 (1.2), 133.5 (2), 164.6 (IK 170.6 (T), 
178.9 (1"), 209.9 (3). 

Compound 7: 12-propanQyl-1.3-(2-.methylbiit;anoyl)-6.7-cpoxy-4,5,9,12)13,20-hexahydi'oxy-l-
ligliaen-3-one 

/ 

15 

H3< 

20 "H NMR (500 MHz, CDClj) 5 ppm; 0.85 (311 (18), d. 7=6.8 Hz), 0.92 (3H (4"). t, 7=7.6 Hz), 
1.12 (3H (5"), d, 7=7.3 Hz), 1.13 (3H (3'), l), 1.21 (3H (16), s), 1.22 (3H (17), s), 1.25 (IH (14), 



10 
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dd. 7-10.3. 6.8 Hz), 1.44 (IH (3"), m 7-14.0, 7.0, 6.6 Hz), 1.70 (111 (3"), dd, 7=14.2, 6.8 Hz), 

1.74 (3H<19X dd, 7=2.9, 1,5 Hz), 1.91 (IH (11), ni), 2.31 (2H (2), m), 2,37 (111 (2"), dd, 7=13.7, 

6.8 H», 3.15 (IH (8), d, 7=6.8 Hz), 3.26 (IH (7), s), 3.78 (1H (20), d, 7=12.2 Hz), 3.84 (1H (20). 

d, 7=12.7 Hz), 4.05 (IH (10), m), 4.21 (IH (5), s). 5.35 (IH (12), d. 7=9.8 Hz), 5.92 (IH (OH), 

br.s.), 7.71 (IH(l).m). 
BC NMR (125 MHz, COCK) 6 ppm: 93 (3*), 9.7 (19). 11.6 (4"), 15.1 (18), 16.1 (5"), 17.1 (16), 

23.7 (17), 26.2 (3"), 26.7 (15)., 27.8 (2% 36.0 (8), 36.1 (14), 41.2 (2"), 45.7 (.11), 48,9 (10), 61.7 

(6), 64.6 (20), 65.2 (7), 65.4 (13). 71.5 (5), 72.4 (4), 76.8 (12), 77.1 (9), 133.5 (2), 164.6 (1), 

173.9 (1% 178.9 (1"). 209.9 (3). 

Compound §: 12-butaiioyH 3-(2~:meLhylbutanoyr)-6,7-epoxy-4,5,9,12,13,20-h£xahydroxy-1 -

iigliaen-3-onc 
CH, 

T /3* 3 

H-,C \_ 
*V-Z *•" /' 

\ O CH, 
1'—O i ni-
' V , . ] (3.—t. . 

V / 15 // J, V. H3C\ / 
18 \—{ 

A \ 
1—10 OH 
// \ " V JC 

H3.C Vi^r f 19 |1HO i I » OH HO 

15 'H NMR (500 MHz, CDC1S) 5 ppm: 0.85 (3H (18), d, 7=6.4 Ha), 0.92 (3H (4"), t, 7=7.6 Hz), 

0.94 (3H (4T), t, 7=7.3 Hz), 1.12 (3H (5"), d), .1.22 (3H (16), s), 1.23 (3H (1.7), s), 1.26 (IH (14), 

d, 7=6.8 Hz), 1.45 (I H. 0% dq, 7=14.0, 7.1 Hz) 1.64 (2H 0\ m, 7=14.6, 7.2, 7.1 Hz), 1.71 (IH 

(3"X dd, 7=13.7, 6.8 Hz), 1.75 <3H (19), d, 7=2.9 Hz), 1.90 (IH (11). dd, 7=10.0, 6.6 Hz), 2.27 

(2H (2), m% 2.37 (IH (2"), qt, 7=7.0, 6,8 Hz), 3.15 (IH (8), d, 7=6.4 Hz), 3.27 (IH (7), s), 3.77 

20 (IH (20), m, 7=12.2 Hz), 3.86 (IH (20), m, 7=12.7 Hz), 4.05 (IH (10). d, 7=2,4 Hz), 4.21 (IH 

(5), 4 7,7.1 (IH (1), dd, 7=2,4, 1.0 Hz). 

°C NMR (125 MHz. CDC.li) S ppm: 9.7 (19), 11.6 (4" ). 13.5 (4'), 15.1 (18), 16.1 (5"). 17.1 (16), 

18.7 (3"), 23,7 (1.7), 26.2 (3"), 26.6 (15), 36.0 (8), 36.1 (14), 36.4 (2), 41.2 (2"), 45,6 (11), 48.9 

(10), 61,6 (6), 64.5 (20), 65.2 (7), 65.5 (13), 71.7 (5), 72.3 (4), 76.6 (12). 77,1 (9), 133.5 (2), 

25 164.7 {II 173.1 (1% 178.8 (1"), 209.9 (3). 
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Compound 9: 12-((2£.4ii)-(6,6-dimethoxyhcxa-2,4-dienoylj-13-(2-methyibutanoyl)-6j-epoxy-

4,5,9,12,13,20-hcxahydfdx y-1 -f igiiaen- 3 -one 

5 lH NMR (500 MHz, CDCla) 5 ppm: 0.86 (3H (IS), d. 7=6.4 Hz), 0.92 (3H (4"), l, 7=7.3 Hz), 

1.12 (3H (5"), d. 7-6.8 Hz), 1.22 (3H (17), s), 1.24 (3H (16), s), 1.27 (IH (14), dd. 7-11.2, 6.8 

Hz), 1.44 (IH, (3"), m), 1.72 (IH (3"). m), 1.75 (311 (19), dd, ./=2.9, 1.5 Hz), 1.96 (IH (11), dd, 

7=10.0, 6.6 Hz), 2.37 (IH (2"). m.), 3.17 (IH (8), d, 7=6.8 H% 3.27 (IH (7), x), 3.31 (3H (T), s), 

3.31 (3H (8'), 3.19, (IH (20), in, 7=12.2 Hz), 3.86 {IH (20), m), 4.06 (IH (10). br, &.), 4.22 

10 (IH (5), d, 7=2.4 Hx>, 4.89 (IH (6'), dd. 7=4.4, 1.0 H/,), 5.42 (IH (12), d. 7=9.8 H/). 5.91 (IH 

(2% d, 7-15.7 H/j. 5.98 (IH (5'), dd, 7=15.7, 4.4 Hz), 6.47 (IH (41, dd, 15.6, 11.2 Hz), 7.21 (111 

(3% dd, 7=15.6,11,2 il/ i. 7.71 (IH (1), s). 
BC NMR (125 MHz, CDC la) 5 ppm: 9.7 (19), 11.6 (4"), 15.1 (18). 16.2 (5"), 17.2 (17), 23.6 

(16), 26.2 (3"), 26.8 (15). 36.0 (8), 36.2 (14), 41.2 (2"), 45.8 (11), 48.9 (10), 52.7 (7'), 52.7 (8% 

15 6,1.7 (6), 64.5 (20), 65.2 (7), 65.4 (13), 7.1,6 (5), 72.4 (4), 77.1 (9), 77.1 (.12), 101.3 (6'), 122.8 

(2"), 131.0(4'). 133.5 (2), 1.37,9(5'), 143.4.(3"), 164.7 (1), 166.1 (1% 178.9(1"), 209.9 (3). 

& % 
3" 

/ 

o 
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Compound ID: 12-|(2£!4£)-6-oxohexa-2,4-die.noylj -13-(2-methylbutanoyL)-6j-epoxy-

4,5.9,12,13,20-hcxahydfdx y-1 -tigllaen-3 -one 
H,C 
•4" t v 

0 s f \ I 
ot-,/ *' <SJ 1 CH, 

H3C-^(/ 
HO4 

\ 
19 V7\ /\ // / V—-v—O //HO / V 6H0 / . 

HO ao- -OH 

5 'H NMR (500 MHz, CDC13) 6 ppm: 0.88 (3H (18), d, 7-6.4 His), 0.93 (3H (4"), t, 7=7.5 Hz), 

1,13 C3H (5"), d, 7-7.1 Hz), 1.24 (3H (17), s), 1.25 (3H (16), s), 1.28 (IH (14), raj. 1.46 {IH 

(3"). id, 7=14.1, 7.3 Hz), 1.70 (IH (3"), m), 1.75 (3H (19), dd. 7=2.9. 1.2 Hz), 1.99 (IH (11), 

dddd, 7=9.8, 6.5, 6.4, 6.1 Hz), 2.38 (IH (2"), d, 7=6.8 Hz), 3.19 (LH (8), d, 7=6.8 Hz), 3.28: (IH 

(7), s), 3.77 (1H (20), m. 7=12.5 Hz), 3.87 (IH (20), d. 7=13.0 Hz), 4.06 (IH (10), d, 7=2.7 Hz), 

10 4.22 (IH (5), s), 5.46 (IH (12), d, 7=9.8 Hz), 6.28 (1H (2% d. 7=15.4 Hz), 6.40 (IH (5'), dd, 

7-15.4, 7.8 Hi), 7.14 () H (4'), dd, 7=14.9, 11,2 Hz), 7,36 (IH (3% dd, 7=15.4, 11.2 Hz), 7.71 

(IB (1), dd. 7=2.6,1.3 Hz), 9.66 (IH (6'), d, 7=7.6 Hz). 
,3C NMR (125 MHz, CDCl*) 5 ppm: 9.7 (19), 116 (4"), 15.2 (18:), 16.2 (5">, 17.2 (16), 23.6 

(17), 26,2 (3"), 26,9 (15), 36.0 (8), 36.3 (14), 41,2 (2"), 45,8 (11), 48.9 (10), 61.7 (6), 64.5 (20). 

15 65.1 (7), 65.3 (13), 71.6 (5), 72.3 (4), 77.1 (9), 78.2 (12), 129.4 (2r), 133.6 (2), 137.2 (5'), 140.8 

(3'), 146.9 (4\ 164.4 (I), 165.0 (!'), 178.9 (1"), 192.8 (6;), 209,8 (3). 
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Compound 11: 12-l(2£,4£')-6,7-dihydroxydodeca-2,4-dienoylJ- 13-(2-m.ethyibutanoyi)-6,7-

cpoxy-4,5,9.12,13,20-hexahydroxy-1 -tigliacn-3-onc 
HaC, 

—.10' CH 

V-PH f ' 
"V7r_J . O \ - ORs 

Z W f HO — \ , ^,'r 
\ \> CH, ruf O /' \ / 

f 14 
H c—11 j 

15 X •( 
t„/0H K // \ L*"° 

^W\ 23—OH 

5 0H 6H 

'H NMR (500 MHz, CDC 10 5 ppm: 0.87 (3H (18), d. 7=2.0 H/). 0.87 (3H (12% d. 7=2.0 Hz). 

0.92 (311 (4"), t, 7=7.3 Hz% 1.12 (3.H (5"), d. 7=6.8- Hz), 1.22 (3H (17% s), 1.24 (3H (16), s), 1.28 

(IH (14), d, 7=6.4 Hz), 1.28 (2H (11% d, 7=6.4 Hz), 1.44 (2H (8%d, 7=6.8 Hz), 1.46 (IH (3'% d, 

7=6.8 Hz), 1.47 (2H (9% d, 7=2.9 Hz), 1.69 (IH (3'% m), 1.76 (3H (19), mi. 1.95 (IH (11), dd, 

7=9.5, 6.6 Hz). 2.38 (IH (2"), dq, 7=13.7. 6.8 Hz), 3.17 (IH (8). d, 7=6.4 Hz), 3.27 (IH (7). s). 

3.49 (IH (7'), br. s.)? 3.60 (IH (OH), s), 3.82 (2H (20), % 4.03 (IH (6% m), 4.06 (IH (10), br. s% 

422 (I H (5), d, 7=2.9 Hz), 5.42 (IH (12), d, 7=9.8 Hz) 5.88 (IH (2% d, 7=15.2 Hz), 6.08 (IH 

% t. 7=6.1 Hz), 6.11 (IH (5% t. 7=6.1 Hz), 6.43 (IH (OH), m), 6.47 (IH (4% m), 7.21 (IH 

), dd, 7-13.2. 2.0 Hz), 7.24 (IH (3% s), 7.71 (IH (1), «% 

°C NMR (125 MHz, CDCh) 8 ppm: 9.7 (19), 11.6 (4"). 14.0 (12% 15.1 (18). 16.2 (5*% 17.2 

(16), 22.6 (11% 23.6 (17), 25.3 (9% 26.2 (3"), 26,8 (15), 31.7 (10% 33.1 (8% 36.0 (8), 36.2 (14% 

41.2 (2'% 45.8 (11), 48.9 (10), 61.7 (6). 64.5 (20), 65.2 (7). 65.4 (13). 71.6 (5), 72.4 (4), 74.5 

(7% 75.1 (6"), 77.1 (9), 77.1 (12), 133.5 (2), 121.8 (2% 129.7 (4'), .141.6 (5% 143.8 (3% 164,6 

CI), 166.2 (1% 178.9 (D, 209.9 (3). 
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Compound 12; 12-{(2£)-4,5-dihydroxy-deea-2-enoyl] -13-(2-mcthylbutaiioyl)-6;7-epoxy-

4,5.9,12,13,20-hcxahydfdx y-1 -tigliaen-3 -one 
H,C 
" iff 

OH 

H.,G 
. 

3" 

HftG—\ "y \ 

H0' V. .0 o 

\_./ 
/" \ 

// ' 
0 r \ / "^XH, 
HSC— % /* " 19 \ J 

vo-f—1\_ 
I 1T 

// \ /> 
H3C-"~ yiN ̂  

16 II OH j \ 
H OH OH 

JH NMR (500 MH/.. CDCl3) 5 ppm; 0.86 (3H (18), d), 0.87 (3H (10*), 0- 0.93 (3H (4"), t, 1=1.5 
Hz), 1.12 (3H (5"),;d, J—7.0 Hz), 1.22 (3H (17), s), 1.23 (3H (16), s), 1.26 (2H (9% m), 1.27 (IH 

(14), m), 1.28 (2H C8'), m). 1.30 (IH (7'), m). 1.42 (2H (6'), m), 1.44 (IH (3'% m), 1.46 (IH (7'). 
m), 170 (IH (3'% m), 1.74 (311 (19), d, 7=1.6 Hz), 1,95 (IH (11), m), 237 (IH (2"), m), 3.16 
(IH (8), d, 7-6.5 Hz), 3.27 (1H (7), s), 3.75 (IH (5*), m), 377 (IH (20), m). 3.85 (IH (20). d, 
7-19.3 Hz). 4.05 (1H (10), br. s.), 4.21 (IH (5), s), 4.32 (IH (4'),, m). 5.41 (IH (12), d, 7-9.5 Hz). 
6.11 (IH (2'), dd, 7=8.8, 1.8 Hz). 6.92 (IH (3% dd, 7=4.9, 1.6 Hz), 771 (IH (1), dd). 

°C NMR (125 MHz, CDCh! 8 ppm: 9.7 (19), 11.6 (4"), 14 <10*), 15.1 (18), 16.2 (5"), 17.2 (16). 

22.5 (9% 23.7 (17), 25.5 (7% 26.2 (3"), 26.8 (15). 31.7 (81), 32.0 (6% 36.0 (8), 36.2 (14), 412 
(2"), 45.8 (11), 48.9 (10), 617 (6), 64.5 (20), 65.2 (7), 65.4 (13), 71,6 (5), 72.3 (4), 73.9 (4% 
74.1 (5% 77.1 (12), 77.3 (9), 122.5 (2% 133.6 (2), 145.9 (3'% 164.6 (i), 165.5 (1), 179 (1"), 
209.9 (3). 

Compound 13: l24%loyl-l.3-(2-roeihylpropanQyl)*67-epoxy-4,5,9,l2,l3,20-hexahydroxy*1 -
tigliacn-3 -one 

HsQ. XCH;:(. <%_?•'T 
'"A °f' ~-0 CH, X—° | /IT 3 

ft X,o_- 3—/s—GHfl o p \/ « 
H,C— << 

j\ // \ l> 
« O 1 »-OH 

o OH 
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lH NMR (500 MHz, CDCh) 6 ppm: 0.84 {311 (18), d, 7-6.4 Hz), 1.14 (3H (4") d: 7= 7.3 Hz, 1.17 

(3H 13"), d. 7=6.8 Hz), 1.22 (3H (16), s), 1.24 (3H (17). s). 1.28 (IH (8), m), 1.74 (3.H (19), s), 

1.77 <3H (4*), d, 7=7.3 Hz), 1.95 (IH (11), dd, JMO.O, 6.6 Hz), 2.56 (IH, (2"), m, 7=7.3. 7.1,7.0 

Hz), 3.16 (IH (14), d. 7=6.4 Hz), 3.26 (IH (7). s), 3.82 (2H (20). m). 4.06 (1H (10), br. &.% 4.22 

(IH (5), d, 7=2.4 Hz), 5.41 (11! (12), d, 7=9.8 Hz), 6.80 (111 (3), in). 771 (111 (1), s). 

°C NMR (125 MHz, CDCI3) 5 ppm: 9.7 (19). 12.2 (5% 14.4 (4'), 15.1 (18), 17.2 (17), 18.5 (3"), 

18.6 (4"), 23.7 (16), 26.5 (15), 34.1 (2"), 36.0 (8), 36.1 (14), 45.8 (1.1), 48.9 (.10), 63.7 (6), 64.6 

(20). 65.2 (7). 65.5 (13), 71.4 (5), 72.4 (4), 76.6 (12), 77,2 (9). 128.4 (T), 133.4 (2). 137.6 (3% 

164.7 (1). 167.5 (I1), 179.3 (1."), 209.9 (3). 

Compound 14: 1.2-[(2£)-3-methyll'hioprop-2-enoyl]-13-(2-melhylbu(,anoyl)-657-epoxy-

4.5.9,12,13.20-hcxahydroxy-1 -iigliaen-3-one 

HgD S / 
V QH, 

\ CH \wO 0 /if3 

// \ 
Q / \ / 18 

' M 
HX—•-"3lk \ 

HO-

15 'H NMR (500 MHz, CDCl.# § ppm: 0.86 (3H (1.8),. d, 7=6.4 Hz), 0.92 (3H (4".|. t, 7=7.3 Hz), 

1.12 (3H (5"), d, 7=6.8 Hz), 1.23 (3H (17), s), 1.24 (3H (16), s), 1.27 (IH (14), d. 7=6.8 .Hz), 

1.44 (IH (3"), m). 1,71 (IH (3"). m). 1.75 (3H (19), $). 1.94 (IH (11), m), 2.14 (IH (OH), l, 

7=5.9 Hz), 2.32 (311 (4"). s), 2,38 (1H (2"), m), 3.16 (HI (8), d. 7=6.8 Hz), 3.27 (111 (7), s), 3.5.5 

(IH (4-QH), s), 3.78 (IH (20), dd, 7=12.7, 5.9 Hz), 3.84 (IH (5-OH), s). 3.85 (IH (20), s), 4.05 

20 (IH (10),- m), 4.21 (IH (5), d. 7=2.4 Hz), 5.41 (IH (12), d, 7=9.8 Hz), 5.61 (IH (2% d, 7=14.7 

Hz), 6.02 (IH (9-OH), m), 7.69 (IH (3), d, 7=14.7 Hz), 7.71 (IH (1), s), 
13C NMR (125 MHz. CDCh) 5 ppm: 9,7 (19), 11.6 (4"). 14,3 (4% 15,1 (18), 16.2 (5"), 17.2 (16). 

23.7 (17), 26.2 (3"), 26,7 (15), 36.1 (8). 36.2 (14), 41.2 (2"), 45.9 (11), 49.0 (10). 61.6 (6), 64.5 

(20), 65.2 (7), 65.5 (13), 71.7 (5), 72.4 (4), 76.8 (12), 77.1 (9), 112.8 (2% 133.5 (2), 147.5 (TX 

25 1.64,5 (I*), 164.8 (1), 178.9 (h). 210.0 (3). 
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Compound 15: l2-(2-molhylprop-2-cnoyl-13 ••(2-mcthylbutanoyl)-6J-epoxy-4,5,9.12.13,20-

hexahydroxy- 1 - tigli. acn-3-onc 

Ol-u i. 

X „ O GHS ,}—0 I f\7 * 
// \ 2_—13—'19— 

O j- \ / • 
i 14 

H-.C-
' 4' 

H3C— 
V, * 

HO-^r \ 
1 :t0 i V J-° 

H»5, VI 1 «-OH l-IO 1 . VM 8" 0" 

lH NMR (500 MHz, CDC13) 6 ppm: 0.86 (311 (18), d), 0.92 (3H (4"), t, J=7.3 Hz), 1.12 (3H (5"), 

d, J=6.8 Hz), 1.23 (3H (17), br. s.). 1-25 (3H (16), s), 1.27 ( IH (1.4), dd, .£=1.1.2, 6.4 Hz), 1.45 

(IH (3"), m), 1.72 (IE (3"). m), 1.75 (3H (19), dd. J=2.9, 1.0 Hz), 1.92 (3H (4'), s). 1.95 (IH 

(11), m), 238 I! H (2"i. m), 3.18 (IH (8), d). 3.28 (1H (7), s), 3.54 (IH (OH), d, 7=1.0 Hz). 3.78 

(IH (20), m), 3.87 (1B (20), dd), 4.06 ,(1H (10), m), 4.22 (10 (5), d, 7=2.0 Hz), 5.42 (IH (12), s), 

5.56 (1H (30, dt, 7=2.9, 1.5 Hz), 6.05 (IH (3 K m), 7.72 (IH (1), dd, 7=2.4, 1.5 Hz). 
l3C NMR (125 MHz, CDCl?) 5 ppm; 9.7 (19). 11.6 (4"), HI (18), 16.2 (5"), 17.2 (1.7), 1.8.5 

(4'L 23.7 (16). 26.2 (3% 26.7 (15), 36.1 (8% 36.2 (14), 41.2 (2"), 45,9 (11), 49.0 (10), 61.6 (6), 

64,5 (20), 65.2 (7), 65.5 (13), 71,7 (5), 72.3 (4), 77.1 (9), 77.3 (12), 125.8 (3'), 133.5 (2), 136.2 

(2'), 164.7(1), 166.8 (T). 178.9(1"), 209.9(3), 

Compound 16: 12-[(2E.4£)4K^a-2,4-dienoyl]-13-(2-meth\'lbutan.oyl.)-6,7-epoxy-4,5,9J2,13,20-

hexahyd.roxy-1,-tlgliaen-3-one 
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'ii NMR (500 MHz, CDCU) 5 ppm; 0,87 (311 (18), d, J-6.5 Ilz), 0.93 (311 (4"), t). 1.13 (311 (5"), 

m, 7=6.8 Hz), 1.23 (3.H (16), br. s.), 1.26 (311 (17), s), 1.27 (111 (14), m). 1.45 nil (3"), s), 1.70 

(IH (3"), m), 1.75 (3H (19), dd. 7=2.8, 1.2 Hz), 1.86 (3H (6'), dd. 7=7.3, 1.7 Hz), 1.96 (IH (11), 

dd, 7=9.8, 6.2 Hz). 2.37 {IH (2"), m), 3.18 (IH (8), d. 7=6.7 Hz), 3.28 (IH (7), s), 3.78 (IH (20), 

5 m), 3.87 (IH (20), m), 4.06 (IH (10), br. s.), 4.21 (IH (5), br. $.), 5.44 (IH (12), d, 7=10.1 Hz), 

5.83 (IH (2% d, 7=15.0 Hz), 5.94 (IH (5*), m), 6.14 (IH (4'), in), 7.59 (IH (3'X ddd. 7=15.3, 

1J.7. 1.2 Hz), 7.72 (IH (1), dd, 7=2.2,1.3 Hz), 
,3C NMR (125 MHz, CDCls) 5 ppm; 9.7 (19). 11.6(4",), 14,1 (6'), 15,2 (18). 16.2(5"), 17.2(17), 

23.7 (16), 26.2 (3"), 26.7 (15), 36.1 (8), 36,2 (.14), 4.1.2 (2"), 45.9 (11), 49.0 (10), 61.6 (6), 64.5 

10 (20), 65.3 (7), 65.5 (1.3), 71.7 (5), 72,4 <4), 76.8 (12), 77.1 (9), 120.7 (2% 127.3 (4'), 133.5 (2), 

136.2 (5*), 139.6 (3% 164.8 (1), 166.6 (1'}, 179,0 (1 "X 210.0 (3). 

Compound 17: i2-['(2£)4£>8-oxododeca-2,4-«lienQyl]-13-{2-methylbotanoyl)-6J-epoxy-

4,5.9,12,1.3,20-hexahydroxy-1 -tigliaen-3-one 

lH NMR (500 MHz, CDCl.?) 5 ppm: 0.85 (311 (18), d, 7=5.3 Hz), 0.88 (311 (12'), t 7=7.3 Hz), 

0.92 (3H (4"), t, 7=7.4 Hz), 1.12 (3H (5"), d, 7=7.0 Hz), 1.22 (3H (16), br, s.), 1.23 (3H (17), s), 

1.26 (IH (14), d. 7=5.4 Hz), 1.28 (2H (11'), d. 7=2,8 Hz). 1.43 (IH (3"), br. s.), 1.53 (2H (1(F). 

20 m), 1.71 (IH (3"), m), 1.75 (3H (19), dd, 7=2.9. 1,3 Hz). 1.95 (IH (11), m). 2,37 (iH (2"), m), 

2.38 (2H (9'), d, 7=7.2 Hz), 2.42 (2H (&), m), 2.52 (2H (7'), s), 3.17 (l.H (8), d, 7=6.6 Hz), 3.27 

(IH (7). s), 3.53 (IH (OH), s), 3.81 (IH (20). br, s..), 3.86 (IH (20), m), 4.05 (IH (10). m), 4.22 

(IH (5), d, 7=2.4 Hz), 5.41 (IH (12), d, 7=9.8 Hz). 5.76 (111 (2% d, 7=15.4 Hz). 6.09 (IH (5% 1. 

7=6.8 HZ), 6.15, OH (4*>, d, 7=10.6 Hz), 7.16 (IH (3'), dd, 7=15.4, 10.6 Hz), 7.71 (IH (1), dd, 

25 7=2.6, 1.3 Hz). 
BC NMR (125 MHz, CDCl;) 6 ppm: 9.7 (19), 11.6 (4"), 13.8 (1.2'), 15.1 (18), 16.2 (5"), 17.2 

(17), 22.3 (11% 23.7 (16), 25.9 (10'), 26.2 (3"), 26.7 (.15), 26,9 (6% 36.1 (8),. 36.1 (14), 41,2 

15 

\ 

o 
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(2"), 41,3 (7'), 42,7 (9% 45.9 (11), 49.0 (10), 61.6 (6), 64.5 (20), 65.3 (7), 65.5 (13), 71.7 (5), 

72.3 (4), 77.1 (J.2), 77.2 (9), 119.6 (2'), 129.1 (4'), 133.5 (2), 142.8 (5*). 145.0 (31, 164.8 (1), 

166.6(1% 179.0(1'% 209.7(8% 210.1 (3). 

5 Compound 18: 12-[(2Z,4£')-dcca-2,4-dicnoyl|-13-(2-mcthyibutanoyI)-6>7-epoxy-4,5,9,12.13,20-

hexahydimy-1 -tigiiaen-3-one 

'H NMR (500 MHz, CDC13) 6 ppm: 0.86 (3H (10'), t, 7=6.9- Hz). 0.87 (3H (18). d. 7=6.6 Hz). 

10 0.94 (3H (4"), t, 7=7.5 Hz), 1.14 (3H (5"). d, 7=7.1 Hz). 1.22 (3H (16), s), 1.23 (3H (17), s), 1.25 

(IH (14), br. s% 1.27 (2H (8% br. s\), 1.28 (2H, (9'), br. s% 1.41 (2H (7% m), 1.46 (1H (3"), m), 

1.71 (IH (3"), m), 1.75 (3H (19), dd, 7=2.9, 1.3 Hz), 1.94 (IH (11), dd, 7=10.0, 6.4 Hz), 2.16 

(2H (6% s), 2.39 (IH (2"), m, 7=7.2. 7.0 Hz). 3.16 (IH (8). d, 7=6.8 Hz), 3.27 (IH (7), s), 3.53 

(IH (4-OH), d, 7=0.6 Hz), 3.77 (IH (20), dd, 7=12,7, 5.7 Hz), 3.83 (IH (5-QH), d, 7=3.1 Hz), 

15 3.86 (IH (20), ra, 7=12.6, 7.7 Hz). 4.05 (IH (10). I, 7=2.7 Hz), 4.21 (IH (5), d. 7=2.9 Hz), 5.43 

(IH (12), d, 7=9.9 Hz), 5.51 (IH (2'), d, 7=11.4 Hz), 6.06 (IH (5'), ddd, 7=15.1, 7.2, 6.8 Hz), 

6.55 (IH (3'), t, 7=11.6 Hz). 7.29 (IH (4'), ddd. 7=15.1. 7.2. 6.8 Hz). 7.72 (IH (1). dd. 7=2,3, 1,3 

Hz), 
13C NMR (125 MHz, CDCI3) 5 ppm: 9.7 (19), 11.6 (4"), 14.0 (10% 15.1 (18), 16,2 (S'% 17.1 

20 (16). 22.5 (9). 23,7 (17), 26.2 (3"), 26.6 (15% 28.3 (7% 31.4 (8'), 33.0 (6% 36.0 (14), 36,1 (8), 

41.2 (2'% 45.8 (I I), 49.0 (10). 61.6 (6), 64.5 (20), 65.3 (7), 65.5 (13), 71.7 (5), 72.3 (4), 76.1 

(12), 77.1 t.9% 115.0 (2% 126.9 (4% 145.9 (3% 146.1 (5% 133.5 (2), 164,8 (1), 165.9 (1% 178.9 

(l'%210.0 (3). 

OH HO O 
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Compound 19: 13-(2-methylbutanoyl)-6.7-cpoxy-4,5,9,i2,l3,20-hexahydroxy-l-tigliacn-3-one 

HA •fV. 
/ gH» 

CH-o V"3 
H{\ OIS-?PHB 

I > 

^ i> rvA 0H cA/r\ a'oH 
19 \\ OH OH 

0 

L J=7,6 Hz), 1.07 (311 (18), d. 7=6.4 IIz), 1.16 

5 (3H (5'). (I 7=6.8 Hz), 1.20 (3H (16), s), 1.24 (IH (14). m), 1.26 (3H (17), s). 1 -45 (IH (3'), ddd, 

7=13.8, 7.1, 7.0 Hz),. 1.71 (IH (3'). dt, 7=13.7, 7.3 1.76 (IH (11), d, 7=15.7 Hz), 1.77 (3H 

(19), dd. 7=2,7, 1.2 IIz), 2.41 (IH (2'), m. 1=7.0, 6.8 Hz), 3.08 (111 (8). d, 7=7.3 Hz), 3.27 (11.1 

(7), s), 3.79 (IH (10), d, 7=2.9 Hz), 3.81 (2H (20).. m), 3.90 (IH (12), d, 7=9.8 Hz), 4,20 (IH (5). 

s), 7.70 (IH (1), dd, 7=2A 3.5 Hz). 

10 13C NMR (125 MHz, CDCh) 5 ppm: 9.8(19). 11.7(4'), 16.6(5'), 16.2(18), 17.2 (17). 23.4 (16). 

26.5 (3'f, 27.9 (15), 34.8 (14), 36.5 (8), 41.0. (2'), 47.3 (11), 50.7 (10), 62.4 (6), 65.0 (20), 66.0 

(7), 68.4 (13). 71.5 (5), 72.1 (4), 77,6 (9), 78.3 (12), 133.9 (2), 163.8 (1), 180.1 (V)k 209.7 (3). 

Compound 20: 12-[(2£)-bul-2-enoyl]-13-(2-methylbutanoy])-6,7-epoxy-4,5,9,12,13,20-

15 hcxahydroxy 1 (igliacn 3- one 
H,C 

5\ /4 

:n-\ on, 
J -O. O /i? 

L s 
18 
HO'-"/" \ 

ir\ i> Jl 4-
H3C^ V * JHA iH 

'H NMR (500 MHz, CDC13) 5 ppm: 0.85 (3H. (18). d, 7=6,4 Hz), 0.92 (3H (4"), 1. 7=7.5 Hz). 

1.12 (3H (5"), d. 7=7.1 Hz), 1.22 (3H (17), s), 1.24 (3H (16). s), 1.26 (IH (14), d, 7=6.7 Hz), 

20 1.45 (IH (3"), dd, 7=14,5, 6.4 Hz), 1.72 (IH (3"). dd, 7=14.1, 6.8 Hz), 1.75 (3H (19), dd, 7=2.8, 

1.3 Hz), 1.87 (3H (4'), dd, 7=6.9, 1.7 Hz), 1.94 (IH (11), dd, 7=9.8, 6.4 Hz), 2,37 (IH (2"), dd. 
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7- 13.8, 6.8 Hz), 3.16 (111 (8), d. 7=6.5 Hz), 3.27 (111 (7), s), 3.78 (111 (20), d, 7=12.2 Hz), 3.87 

(IK (20). m), 4.05 (III (10), mi, 4.21 (111 (5), s), 5.40 (IH (12). d. 7=9.9 Hz), 5.81 (IH (2% 

dddcl 7=15.5, 1.6, 1.5,1.2 Hz), 6.92 (IH (3*), dd, 7=15.5, 7.0 Hz), 7.71 (IH (1), ni). 
BC NMR (125 MHz* CDC13) 8 ppm: 9.7 (19). 11.6 (4"), 15.1 (18). 16.2 (5"), 17.2 (17), 18.1 (4'), 

5 23.7 (16), 26.2 (3"), 26.7 (15), 36.1 (8), 36.2 (14). 41.2 (2"), 45.9 (11), 49.0 (10), 61.6 (6). 64.5 

(20), 65.3 (7), 65.5 (13), 71.7 (5), 72.3 (4), 76.7 (12), 77.1 (9), 122.6 (2'), 133.6(2), 145.0 (3'L 

164.8 (1), 166,1 d 'S. 178.9 (1"). 210.2 (3). 

Compound 24: 12-[(2£,4£)-deca-2,4-dienoyl]-13-(2-me(hylbutiaioyl)-6,7-epoxy-4,5,9;,12.13,20-

10 hexahydroxy-1 -ti.gIiacn-3-o.ne 
-CH: / * 

.9" 
\ 

:3 

CH3 

{ H4yJ 
-—\ 0^'\ r.j_ 

r—-O P ?r 3 
if \2.—/:—Jf>—CH 
O P \ / 

/ a 
\ j 

16 
14 

is \ -3"™1 

HO—/' \ 

in i> 
H3C^\,/K/\ 18 fl HQ I M-°H 

o OH 

'H NMR (500 MHz, CDCIj) 5 ppm: 0.86 (3H (18), d, J=5.6 Hz), 0.87 (3H (Iff), d 7=11.7 Hz), 

0,93 (3H (4"), 17=7.5 Hx), 1-1-2 (3H (5"), d, 7=7.0 Hz), 1.22 (3H (16), s), 1.-24 (3H (17), s), 1.26 

15 (IH (14), lit), 1.26 (2H (8% br. s.), 1.29 :.2H (9% m), 1.45 (IH (3"), m), 1.41 (2H (7f)s m), 1.73 

(IH (3"), m), 1.75 (3H (19), dd, 7=2.9,1.3 Hz), 1.95 (IH (11), dd, 7=9.7, 6.4 Hz), 2.15 (2H (6% 

ml 2.38 (IH (2"),m), 3,17 (IH (8), d, 7=6.6 Hz), 3.27 (1H (7), s), 3.55 (IH (OH), m), 3.78 (1.H 

(20), dd, 7=12.0, 4.6 Hz), 3.87 (IH (20), m), 4.05 (IH (10), m). 4.22 (IH (5), tn>, 5.41 (IH 02), 

d, 7=9.9 Hz), 5.75 (111 (T), d, 7=15.4 Hz), 6.13 (IH (5*), dd, 7=6.7, 6.2 Hz), 6,16 (111 (4% s), 

20 7.20 (IH (3% dd, 7=15.5, 9,9 Hz), 7.72 (IH (1), dt, 7=2.5, 1.3 Hz). 

°C NMR (125 MHz, CDCIV) 6 ppm: 9.7 (19), 11.6 (4"). 14.0 (1.0% 15.1 (18). 16.2 (5"). 17.2 

(17), 22.4 (9% 23.6 (16), 26.2 (3"), 26.7 (15), 28.4 (T), 31.3 (8"), 33.0 (6'). 36.1 (8), 36.2 (14), 

41.2 (2"), 45.9 (11), 49.0 (10), 61.6 (6), 64,5 (20), 65.3 (7). 65.5 (13), 71.7 (5), 72.3 (4), 76.7 

(12), 77.1 (9), 118.8 (2'), 128.3 (4'), 1.33.5 (2), 145.3 (5*), 145.6 <3'). 164.8 (1), .166.6 11\ 178.9 

25 (1"), 210.0 (3). 
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Compound 25: 12-[(2Z,4i?)-dcca-2.4-dicnoyJ]-13-(2-mct.hylpropajio>i)-6,7-epoxy-

4,5,9,12,13,20-hex'ahydroxy-l-tig).iaen'-3-OT)e 

lH NMR (500 MHz, CDCh) 5 ppm: 0.85 (3H (18), d). 0.86 (3H (10'), t), 1.16 (3H (4"), d), 1.19 

(3H (3"), d, 1-7.0 HxX .1 -22 (3H (16), s), 1,22 (3H (17), s), 1.25 (2H (8*), m), 1,27 (IH (14),d, 

7=3J Hz), 1.29 (2H (9'), m), 1.41 (2H (7'), br. s.). 1.75 (3H (19), s), 1.94 (IH (i 1), dd, 7=10.0, 

6,4 Hz), 2.16 (2H (6'). s), 2,58 (IH (2"% dt, 7=14.0, 7.0 Hz), 3.16 (IH (8), d, 7=6.7 Hz), 3.27 (1H 

10 |7), s), 3.55 (IH (OH), br. s), 3.78 (lH (20), d, 7=12.5 Hz). 3.86 (IH (20), d, 7=13.1 Hz), 4.05 

(IH (10). d. 7=5.4 Hz). 4.21 (IH (5), s). 5.41 (IH (12). <L 7=9.9 Hz), 5.51 (IH (2'), d, 7=11.2 

Hz), 6.06 (IH 0% dd, 7-15.3, 7.0 Hz). 6.55 (IH (3'), 1, 7=11.4 Hz), 7.29 (IH (4% dd, 7=15.3, 

7.0 Hz). 7.71 (III (1), s). 
13C NMR (125 MHz. CDCU) 8 ppm: 9.7 (19), 14,7 (10'), 15.1 (18), 17.1 (16), 18.6 (3'% 18.6 

15 (4"X 22.5 (9% 23.7 (17), 26.6 (15), 28.4 (7'), 31.4 (8*), 33.0 (6'), 34.2 (2"), 36,0 (14), 36.1 (8), 

45.7 (11), 49.0 (10). 61.6 (6). 64.5 (20). 65.3 (7), 65.5 (13). 71.7 (5). 72.3 (4). 76.0 (12), 77.2 (9). 

115.0 (2% 126.9 (4!). 133.5 (2), 145.9 (3'), 146.2 (5*>, 164.8 (1), 165.9 (1% 179.3 (I"), 210.0 (3). 
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Compound 26: 12-[(2£,4£)-657-(anti)-epoxy-dodeca-2,4-dienoyij-13-(2-methylbnt£moyl)-6,7-

cpoxy-4,5,9.12,13.20-hexahydroxy-1 -tigliacn-3-one 

5 'H NMR (500 MHz. CDC13) 8 ppm: 0.87 (3H (1.8), d, 7=4.4 Hz), 0.86 (3H (12% br. s.), 0.92 (3H 

(4"). I, 7-7.3 Hz), 1.12 (3H {5"), d, 7=6.8 Hz). 1.22 (3H (17). br. s.). 1.24 (3H (16). s). 1.27 (IH 

(14), d, 7=7.3 11/K 1.28 (2H <11% m), 1.29 (2H (10'), m), 1.44 (2H (9r), m), 1.57 (2H <S'), m). 

1.72 (2H (3'% dd, 7=13-9,7.1 Ha% 1.75 <3H (19), d, 7=1.5 Hz), 1.95 (IH (11), m), 2.37 (IH (T% 

m), 2.85 (.1H (7% It, 7=5.6, 2.0 Hz), 3.15 (IH (6% d, 7=7.8 Hz), 3.17 (IH (8), s), 3.28 (IH (7), s), 

10 3.52 (111 (Oil), d, 7=2.9 Hz), 3.76 (111 (Gil), m), 3.79 (111 (20), d, 7=2.9 Ilz), 3.87 {ill (20), m). 

4.05 (IH (.10), d, 7=2.0 Hz), 4.22 (1.H (5). d), 5.42 (IH (J2), d, 7=10.3 Hz), 5.83 (IH (5% d. 

7=15.2, 7.8 Hz), 5,87 (1H(2%, d. 7=15.7 Hz), 6,00 (IH (OH), m), 6.47 (IH (4'), dd, 7=14.7, 11.2 

Hz), 7.20 (IH (3% dd, 7=15.2, .11.2 Hz), 7.71 (IH (1), br. s,). 
13C NMR (125 MHz, CDCl ;) 5 ppm: 9.7 (19), 11.6 (4"), 14.0 (12% 15.1 (I S), 16.2 (5"), 17.2 

15 (16), 22.5 (11% 23.7 (17), 25,5 (9'), 26.2(3'% 26.8 (15), 31.5 (10% 31.9 (8% 36.1 (8), 36.2 (14). 

41.2 (2"), 45.9 (11), 49.0 (10), 57.5 (6% 61.6 (7% 61.7 (6), 64.5 (20), 65.2 (7). 65.4 (13), 71.7 

(5). 72.3 (4). 77.1 (9), 77.1 (12), 121.6 (2% 130.9 (4% 133.5 (2), 139.7 (5% 343.3 (3% 164.7 (1), 

166.2(1% 179.0 (1™%. 210.1 (3). 
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Compound 29: 12-tigloyl-13-(2-mediylbutanoyr)-5,6-epoxy-4,5,9,12.13,20-hexahydroxy-1-

tidiaen-3-onc 
CH., 

up CHo f 9^3 % p / 
i •. o—-: 

\ n \ CH, y -O Q ,n 3 
// 12-— i—"P 0 f Xl 16 
H«?r\ / 

HO /" '\.^CH 

r\ i 
H3C-^ \ 3« j|i o OH 

5 'H NMR (500 MHz, CDC13) S ppm: 0.83 (3H (18), d, 1=6.8 .Hz), 0,92 (3H (4").. t, J=7.6 Hz), 

1,13 (3H (5"), d. J-6.'A Hi 1,20 (IH (14), d, 1=5.9 H/h 1.22 (3H (17), s), 1.23 <3H (16). s)? 

t.45 (IH (3"), IL 1=14,2, 7.3 Hz), 1.72 (IH (3"),dd), 1.77 (3H (5'h dd, 1=7.1, 1.2 Hz), 1.80 (3H 

(4'), d. 7=1.5 Hz), 1.81 (3H (19), dd, 1=2.9, 1.5 Hz)* 2.11 (IH (11), dq), 2.29 (IH (8). d. 1=5.4 

Hz), 2.38 (IH (2"j, m. 1=7.0, 6.8 Hz), 2.47 (IH (20-OH), I, ,7=6.8 Hz), 2.98 (IH (4-OH), s), 3.53 

10 (IH (10), m). 3.73 (IH (5), d, 1=1,0 Hz), 3.S1 (IH (20), dd, 1=12.7, 6.8 Hz), 3.92 (IH (20), m, 

1=12.7, 6.8 Hz), 4.46 (LH (7), d, 7=5.4 H/.), 5.10 (IH (7-OH). d. 7=5.4 Hz), 5.39 (IH (12), d, 

1=10,3 Hz), 6.55 (IH (9-OH),. m), 6.80 (1H (3'i. m, 1=7.1, 6.8, 1.5 Hz), 7.58 (IH (1), *% 

°C NMR (125 MHz, CDCI3) 5 ppm: 10.3 (19). 11.6 (4"), 12.2(4'), 1.4.0(18), 14,4(5'), 16.2 ($'% 

17.0 (17), 23.5 (16), 26.2 (15), 26.2 {3"), 34.7 (14), 35.2 (8), 41.3 (2"), 43.7 (11). 57.3 (10), 62.6 

15 (5)» 64,2 (20), 67.0 (6). 67.0 (13), 71.3 (4), 75,8 (12), 77.3 (7), 79.1 (9), 1.28,3 (2% 134.7 (2), 

137.8 (3% 159,7 (1), 167.4 (!'), 179.7 (F), 205.7 (3% 

Compound 30: 13-(2~metliy ifsutanoy l)~5,6~epoxy-4,7,9,I % 13,20-hexahydroxy-l -tiglia,en~3-oiie 

11 C"' 

CH3 
no I 

}*-" \ / « 
/ u 

OH ri i 
H,C" \JH *10 ft Q.^ 0 

o 

20 
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lH NMR (500 Mill. CDC la) 6 ppm: 0.91 (3II (4'j, t. / 7.6 Hz), 1.02 (31.1 (IB), d, 7 6.4 Il/ j, 1.15 

(IH (14), d, 7=5.9 Hz), 1.15 (3H (5% d, 7=7.3 Hz), 1.19 (3H (16), s), 1.22 (3H (1.7), s). 1.46 (IH 

(3'). ddd, 7=14.1, 7.0, 6.8 Hz), 1.70 (1H (3'), dt, 7-13.7, 7.3 Hz), 1.81 (3H (19), dd, 7=2.9, 1.5 

Hz), 1.93 (IH (11), dq, 7=9.8. 6.6. 6,5 Hz), 2.24 (IH (8), d. 7=5.9 Hz). 2.40 (IH (2% m, 7=7.0, 

5 6.8 Hz), 2.84 (1.H (20-OH), br. s.), 3.44 (IH (4-OH), &), 3.50 (IH (10), t, 7=2.4 Hz), 3.76 (IH 

(5), s), 3.84 (IH (20), dd, 7=12.2. 3.9 Hz), 3.88 (IH (12), dd, 7=10.0, 3.7 Hz), 3,92 (IH (10), d, 

7=12,2, 5.9 Hz), 4.46; flH (7), d, 7=4.4 Hz), 4.57 (IH (OH), nt), 5.20 (IH (OH), 7.60 (IH 

CD, s), 
% NMR (125 MHz, CDCl*) 5 ppm: 10.3 (19), 1.1,7 (4'), 14.6 (IS), 16.5 (5'), 16.7 (16), 23.6 

10 (17), 26.4 (15), 26.5 (3'), 33.8 (14), 35.5 (&). 41.1 (2% 45.5 (11), 57.8 (1.0), 62.6 15), 64.1 (20), 

66.9 (6), 68.0 (13), 71.3 (4), 76.8 (12), 77.3 (7), 78.8 (9), 134.4 (2), 160.2 (1), 180.0 (1% 206.2 

(3). 

Compound 31: 12-acet.yl- 13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,l 3,20-hexahydroxy-l-tigliaen-

15 3-ofte 

V l_» r\ / """CH.-, "4 o / «> 
O \ 
\2_is—ft— CH3 P \ / « 
./ 14 

H-C—\ / 
is \ J 
HO~~~"f \_„„OH 

10 1 // \ I 
J1 \ A—20 

|| HO O OH 
0 

*H NMR (500 MHz, CDCI3) 5 ppm: 0.84 (3H (18). d. 7=6.6 Hz). 0.92 (3H (4"). t, 7=7.5 Hz), 

1.12 (3H (5K), d, 7=7.0 Hz), 1,17 (3H (16), »),. 1.18 (IH (14), s), .1.22 (3H (1.7), s), 1.44 (IH (3"), 

20 m. 7=14.1. 7.3, 7.1 Hz), 1.81 (3H (19), dd, 7=2.8. 1.2 Hz), 2.04 (3H (2'), s). 2.09 (IH (11), dq, 

7=10.2. 6.5 Hz), 2.31 (IH (8), d, 7=5.6 Hz), 2.37 (IH (2"), sxl, 7=7.0Hz), 2.88 (IH (20-OH). m), 

3.52 (IH (10), d, 7=2.6 Hz), 3,59 (IH (4-OH), s), 3.81 (IH (5), d, 7=0.9 Hz), 3.83 (IH (20), d, 

7=12.4 Hz), 3.96 (IH (20), d), 4.39 (IH (7). d, 7=5.1. Hz), 5.04 (IH (7-OH), d, 7=5,5 Hz), 5.3 

(IH (12). d. 7-10,1 Hz), 6.48 (Hi (9-OH), br. s.). 7.58 (IH (1), s). 

25 UC NMR (125 MHz, CDCI3) 5 ppm: 10.3 (19), 11.6 (4"). 14.0 (18), 16.2 (5"), 16.7 (16). 20.9 

(2% 23.5 (17), 26.1 (3"), 26.2 (15), 34.6 (14), 35.1 (8), 4.1.3 (2% 43.4 (1.1), 57.3 (10), 62.4 (5), 

63.7 (20), 65,6 (13). 67.3 (6), 71.3 (4), 76.1 (12), 77,2 (7), 79.0 (9). 134.6 (2), 159.8 (1), 170.6 

(T), 179.7(1"), 206.1 (3). 
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Compound 32; 12J3-di-(2-mctliyibut£moyl)-5,6-cpox.y-4.7,9.13,20-hcs.ahydroxy-l-tigliacn--3-

'H NMR (500 MHz, CDCh) 8 ppm: 0.84 (3H (18), d. 7=6.6 Hz), 0.89 (3H (4s), m. .7-7.6 Hz), 

0.91 (3H (4"), d, 1=7.5 Hz), 1,11 (3H (5"), d, 1=7.0 Hz), L12 (3H (5*), d, 1=7.0 Hz), 1.17 (3H 

(16). u M8 (IH (14), d, 1-5.7 Hz), 1.19 (3H (17), s), 1.42 (IH (3'), m), 1.46 (IH (3"), dt, 

1=6.8, 3.3 Hz:), 1.62 (IH (3% dt, 1=8.2, 6.9 Hz), 1.68 (IH (3"), d, 1=7.1 Hz), 1.80 (3H (19), dd, 

1=2.8, 1.3 Uz% 2-10 (IH (11). dd, 1=10.2, 6. Hz), 2.33 (IH (8). d, 1=5.4 Hz), 2.35 (1H (2'), m). 

2.38 (IH (2"), d, 1=4.3 Hz), 3.14 (IH (20-GH), br. &), 3.54 (IH (10), dd, 1=2.4, 2.2 Hz). 3.83 

(IH (20), d, 1=13.0 Hz), 3,85 (IH (5), d, 1=1.0 Hz), 3.96 (IH (4-OH), s). 3.98 (IH (20), m, 

1=12.8 Hz), 4.37 (IH (7), d, 1=5.3 Hz), 5.03 (IH (7-OH), d, 1=5.5 Hz), 5,36 (IH (12), d, 1=10.3 

Hz), 6.46 t ill (9-OH), s), 7.59 (IH (1) s). 
aC NMR (125 MHz, CDC13) 5 ppm: 10.3 (19). 11.6 (4"), 11.6 (4% 13.9 (18). 16.1 (5% 16.8 p'X 

16.9 (16), 23.5 (17), 26.0 (15), 26.2 (3"), 26.7 (3'), 34.6 (14), 35.1 (8), 41.3 (2"). 41.7 (2% 43.3 

(II). 57.2 (10), 62,2 (5), 63.2 (20), 65.6 (13). 67.6 (6), 71.3 (4), 75.4 (12), 77.2 (7), 79.1 (9), 

134.6 (2), 160.0 (1), 175.9 (.1% 179.6 (17). 206.3 (3). 

H,C 

HO 
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Compound 33: 12-propanoyl-13-(2-methylbuianoyl)-5.6-epoxy-4,7,9,l2,13,20-hcxahydroxy-1 -

tigliaen-3-onc 

5 'H NMR <500 MHz, CBCI3) 6 ppm: 0.83 (3H (18), d). 0.92 <3H (4"), U M7.5 Hz). 1.12 <3H 

(5"), d, J-7.0 Hz), 1.13 (3H (3% t. 7=7.6 Hz), 1.18 (3H (16). s), 1.19 (IH (14), s), 1.22 (3H (17), 

s), 1.44 (IH (3")~ m, 7=14.1, 7.5. 7.1 Ik). 1.71 (111 (3"), ddd. 7= 13.9, 7.3. 7.1 II/), 1.81; (3H 

(19), dd, 7=2.8, 1.3 Hz). 2.0B (1H (11), dd, 7=10.2, 6.5 Hz), 2.29 (IH (8), m),2.31 (2H (2'), m), 

2.37 (IH (2"). d, 7=7.0 Hz), 2.72 (IH (20 OH). I, 7-6.7 Hz), 3.34 (IH (4-OH), s), 3.53 (IH (10), 

10 d, 7=2.4 Hz), 3.78 (IH (5% d), 3.82 (1.H (20), dd. 7=12.7, 5.9 Hz). 3.94 (IH (20), dd, 7=12.7, 5.9 

Hz), 4.42 (IH (7), d, 7=5.6 Hz), 5.06 (IH (7-OH). d, 7=5.6 Hz), 5.32 (IH (12), d, 7=10.3 Hz), 

6.49 (1 H (9-OH), s), 7.58 (1H (1), d, 7=1.3 Hz). 

"C NMR (125 MHz. CDCI3) 5 ppm: 9.3 (3% 10.3 (19), 11,6(4"). 14.0(18), 16.2(5"). 16.8 (16). 

23.5 (17), 26.1 (3"), 26.2 (.15), 27.8 (2'), 34.6 (14), 35.1 (81. 41.3 (2"), 43.4 (11), 57.3 (10), 62.5 

15 (5), 63.8 (20), 65.6 (13), 67.2 (6), 71.3 (4), 75.9 (12), 77.3 (7), 79.1 (9), 134.6 (2), 159.8 (I), 

173.9(1'), 179.7(1"). 206.0(3). 

Compound 34: 12-hexanoyL-13-(2-.mcthylbutanoyl)-5.6-epoxy-4,7,9J.2.13,20-hexaliydi'Oxy-l-

tigliaen-3-one 

0 

H,C H3C 3<S\ 

HO-7 
•i. 1'fi J 

// \ 

20 0 
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Hi NMR (500 MIIz, CDCli) 5 ppm; 0.83 (311 (If), d), 0.88 (3H (€), t, 7-6,9 Hz), 0,92 (311 (4"), 

L J=1.5 Hz), 1.12 OH (5"). d, 7=7.1 Hz), 1.18 (ill (16), s), 1.19 (IH (14), s). 1.21 (3H (17), s), 

1.29 (2H (4'), m). 1 -30 (2H (5% m, .7=7.6, 7.3, 3.6 Hz), .1.44 (IH, (3"), dt, 7=14.1, 7.0 Hz), 1.61 

(2H (3% m). 1.70 (IH (3"), m, 7=14.1, 7.3. 7.1 Hz). 1.81 (3H (19), dd. 7=2.8. 1.3 Hz). 2.08 (IH 

5 (11), dq, 7=10.3, 6.5 Hz), 2.3 (IH (8), d, 7=3.8 Hz), 2.28 (2H (2*). m), 2.37 (IH (2"), q. 7=7.0 

Hz), 2.73 (IH (20-OH), m), 3.35 (IH (4-OH), br. s.), 3.53 (IH (10), t, 7=2.5 Hz), 3.7-8 (IH (5), d, 

7=1.1 Hz), 3-82 (IH (20). d, 7=12.6 Hz), 3.94 (IH (20),: d, 7=12,5 Hz), 4.42 (IH (7), d, 7=3.9 

Hz), 5.06 (IH (7-OH), d. 7=5.4 H/). 5.34 (IH (12), d. 7=10.3 Hz), 6.48 (IH (9-OH), 7.58 (IH 

(1), d. 7=1.5 Hz). 

10 BC NMR (125 MHz. CDCl3) 5 ppm; 10.3 (19), 11.6 (4"), 13.9 (18), 13.9 (6'), 16.1 (5"), 16.8 

(16), 22.3 (5'), 23.5 (17), 24.9 (3% 26.1 (15), 26.2 31.1 (4% 34.5 (2'), 34.6 (14), 35.2 (8), 

41,3 (2"), 43.3 (1.1), 57.3 (10), 62.5 (5), 64.0 (20), 65.6 (13), 67.1 (6), 71.3 (4), 75.6 (12), 77.2 

(7), 79.1 (9), 134.6 (2), 159.8 (IX 173.3 ().'), 179.6 (T% 206.0 (3). 

15 Compound. 35: 12-tigloyl-13-(2-methylpropanoyl)-5,6-epoxy-4,7,9,l 2,13,20-hexahydroxy-1 -

tigliaen-3-one 

>H NMR (500 MHz, CDCl,) 6 ppm; 0.84 (3H (18), d), 1.15 (3H (3"), d. 7=7.0 Hz), 1.17 (3H 

20 (4"j, d, 7=7.0 Hz), 1.21 (IH (14), m), 1.21 (3H (16), s), 1.21 (311 (17), s), 1.77 (3H (4% dId, 

7=7.1, 1..1 Hz), 1.80 (3H (5')„ d, 7=1.3 Hz), 1.81 (3H (19), dd. 7=2.9, 1.4 Hz), 2.13 (I H (11), dd. 

7=9.6. 6.3 Hz), 2.32 (IH (8), d, 7=6.1 Hz), 2.58 (IH (2"), spt, 7=7.0 Hz), 3.46 (IH (4-OH), s), 

3.54 (IH (10), d, 7=2.5 Hz). 3.81 (111 (5), d, 7=1.2 Hz). 3.82 (111 (20), m), 3.96 (IH (20), d, 

7-13.0 Hz). 4.42 (IH (7), d, 7=4.9 Hz), 5.07 (IH (7-OH). d. 7-5.5 Hz), 5.37 (IH (12), d, 7-10.2 

25 Hz), 6.52 (IH (9-OH), s), 6.80 (1H (3% dq, 7=7.0, 1.4 Hz), 7.58 (IH (1), dd, 7=2.0, 1.4 Hz). 

°C NMR (125 MH^. CDCh) 5 ppm: 10.3 (19), 12.2 (5'), 14.0 (18), 14.4 (4'), 16,9 (16), 18.5 

(3"), 18.6 (4"), 23.5 (17), 26.0 (15), 34.2 (2"), 34.6 (14), 35.2 (8), 43.6 (11), 57.3 (10), 62,4 (5), 
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63.7 (20), 65.7 (13). 67.3 (6), 71.3 (4), 75.7 (12), 77.2 (7), 79.1 (9), 128.3 (2% 134.6 (2), 137.8 

{3'), 159.9 (J), 167.5 (1% 180.1 (1"). 206.0 (3). 

Compound 36: 12-[(2£)-3-mcthyI.t]iioprop-2-enoylJ-13-(2-methy:Ibutanoyl)-5,6-epoxy-

5 4.7.9,12,13,20-hexairydrox y-1 -tiglkcn-3-onc 

lH NMR (500 MHz, CDC%) 5 ppm: 0.92 (3H (4"), t, 7=7.0 Hz), 0.84 (3H (18), d, 7=6.5 Hz), 

1.13 ( 311 (5") d, J—"7.0 I I/), 1.18 (IH (14), s>, 1.20 (3H (16), s>, 1.22 (3H (17), s), 1.44 (IH (3"), 

10 dt, 7=13.9, 7.0 Hz), 1.72 (LH (3"), d, 7=13.8 Hz), l.Sl (3H (19), dd, J=2,7, 1.2 Hz), 2.12 (IH 

(11). dd, 7=9.4, 5.6 Hz), 2.31 (IH (8). d, 74=6.0 Hz), 2.32 (3H ($% s), 2,38 (IH (2"). q, 7=7.0 H/), 

3.36 (IH (4-OH), »), 3.53 <1H (10). d, 7=2.3 Hz), 3.78 (1H (5), d, ,/=0.9 Hz), 3.82 (IH (20), d, 

7=12.6 Hz), 3.94 (IH (20). d), 4.43 (IH (7). d, 7=4.6 Hz). 5.08 (IH (7-OH), d), 5.37 (111 (12). d, 

7=10.2 Hz), 5.61 (IH (2\ d, 7=14.9 Hz), 6.53 (IH (9-OH), s), 7.58 (IH (1). d, 7=1.9 Hz), 7.68 

15 (IH (3'),<L 7=14.9 Hz), 
l-C NMR (125 MHz, CDCh) 6 ppm: 10.3 (19). L1.6 (4"), 14.0 (18), 14.3 (5% 16.2 {5% 16.9 

(16), 23.5 (17), 26.2 (15), 26.2 (3"), 34.7 (14), 35.2 (8), 41.3 (2"), 43.6 (11), 57.3 (10), 62.5 (5), 

64.0 (20), 65.6 (13). 67,1 (6), 71.3 (4), 75.8 (12), 77.3 (7), 79,1 (9), 112.7 (2% 134.6 (2), 147.7 

(3% 159.8 (1), 164.5 (!'), 179.8 0% 206.0 (3). 

O / \ / 16 

HsC-{ / Y J 
HO-*7 
tr\ i r V. A 

O 

20 
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Compound 37: 12-tigloyL-13-(2-methylbuianoyl)-5,6-6poxy-4,5>.9»12,13^0-hexahydroxy-l-

tidiaen-3-onc 

19 

1Q-' 

HaC 

0=:/ \ 
9 \ 9^ L ° 

/y ̂  
" V \ 

/H\ /?^0H 
/HO 

0 ! 
HO 

5 'H NMR (500 MHz, CDCi.i) 5 ppm: 0.84 (2H (18), ds 7=6.6 Ik), 0.92 (3fi (4"), t, Jh7.5 II/). 

1.12 (3H (5"). 4 7=6.9 Hz), 1.19 (IH (14), s), 1,20 (IH (16), s), 1,21 (IH (17), s), 1.44 (IH (3"), 

dt, 7=14.1, 7.0 Hz), 1.72 (IH (3"), dq), 1,77 (3H (4'), dd. 7=7.1, 1.1 Hz), 1.8 (3H (5'), I. 7=1.3 

Hz), 1.8) (3H (19), dd, 7=2.9. 1.5 Hz), 2.13 (IH (11). q, 7=2.9 Hz), 2.33 (1H (8), d, 7=5.7 Hz). 

2.38 (IH (2"), q, 7=7.0 Hz), 2.99 (1H (20-OH), br; s.), 3.55 (IH (10), t, 7=2.6 Hz), 3.70 <1H (4-

10 OH), br. »,), 3.83 (IH (20), dd, 7=12.8, 4.9 Hz), 3.84 (IH (5)4. 7=1.1 Hz), 3.98 (IH (20), dd, 

7=12.8, 7.3 Hz), 4.39 |1H (7), d, 7=5.5 Hz). 5.06 (IH (7-OH). d. 7=5.5 Hz), 5.39 (IH (12), d, 

7=10.2 Hz), 6.53 (IH (9-OH), br. s,), 6.8 (IH (3*), dd, 7=7.1, 1.5 Hz), 7.59 (IH (l). dd, 7=2,0,1.5 

Hz). 
13C NMR (125 MHz, CDCh) 5 ppm: 10.3 (19), 11.6 (4"), 12.2 (5'). 14.0 (18). 14.4 (4'). 16.2 (5'% 

15 1.7,0 (16), 23.5 (1.7), 26.1 (15), 26.1 (3"), 34.7 (14), 35.2 (8), 41.2 (2"), 43.7 (11), 57.2 (10), 62,3 

(5), 63.5 (20), 65.7 (13). 67.5 (6), 71.3 (4), 75.9 (12). 77.2 (7), 79.1 (9), 128.3 (2% 134.6 (2). 

137.7 (3'), 159.9 (11 167.4 (1% ,179.7 (1"), 206.1 (3). 
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Compound 38: 12.13-di-(2-methylbutan©yl)-5,6-epoxy-4,7,9.13,20-hexahydroxy-l-tigliaen-3-

H3C $ ̂  
CH, 

GH 
*W\ 1 

H3C 

,1—0, O d 

If 
O I \( 16 

A 14 
H3C—/ 

is V / 
HO-y^ \ .^,-OH 

1 1(! ! 

!j \ f 
'! *4. A—m 

H.,C- \ 
w fl HO ^ ' 

o 
OH 

5 [H NMR (500 MHz-, CDCh) 5 ppm: 0,84 (3H (18), d, 7=6.6 Hz), 0.89 (3H (4'X t, 7=7.4 Hz), 

0.92 (3H (4"), t. .7=7.5 Hz), 1.12 (3H (5% d. 7=7.0 Hz), 1,12 (3H (5"), d, 7=7.0 Hz), 1.19 {IH 

(14), d, 7=1.5 Hz), 1.20 (3H (16) s), 1.21 (3H (17), s), 1.45 (IH (3'), dd, 7=14.1, 6.8 Hz), 1.45 

(IH (3"), dd, jf—14.1, 6.8 Hz), 1.62 (IH (3*), dd, 7=8.3. 7.5 Hz), 1.68 (IH (3"), dd, 7=14.1, 6.9 

Hz), 1.8! (3H (19). dd, 7=2.8, t.3 Hz), 2.08 (IH (11), dd, 7=10.3, 6.5 Hz), 2.30 (IH (8). d, 7=5.5 

10 Hz), 2.36 (IH (20, m). 2.36 (IH (2"), m). 2.62 (IH (lO-OH), t, 7=6.8 Hz), 3.22 (IH (4-OH), s), 

3.53 (IH (10), br. s,), 3.76 (IH (5), d, 7=1.1 Hz), 3.82 (IH (20), dd, 7=12,5, 6.3 Hz),, 3.93 (IH 

(20), dd, 7=12.6, 7.0 Hz), 4.44 (IH (7), d, 7=5.5 Hz), 5.06 (IH (7-OH), d, 7=5.6 Hz), 5.36 (1H 

(12), d, 7=10.3 Hz), 6.48 (1H (9-OH), s). 7.58 (111 (1), d, 7=2.0 Hz). 
nC NMR (125 MHz, CDCl;,) 5 ppm: 10.3 (19). 11.6 (4'), 11.6 (4"), 13,9 (18), 16.1 (5"), 16.9 (5'), 

15 "17.0 (16), 23.5 (17), 26.0 (15), 26.2 (3"), 26.7 (3'), 34.6 (14), 35,2 (8). 41.3 (2'), 41.8, (T). 43.3 

(11), 57.3 (10), 62.5 (5), 63.9 (20), 65.6 (13), 67.2.16), 71.3 (4), 75.4 (12), 77.3 (7), 79.1 (9), 

134.7 (2), 159.8 (1). 175.9 (T), 179,6 (I"), 205.9 (3). 
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Compound 39: 12~{ |2-(methylsulfanyl)carbonyl]-acetoyL}-13-(2-methylbutanoyl)-5,6-epoxy-

4,7,9,12,13,20-hcxahydfdx y-1 -tigllaen-3 -one 
H3C 

S*\ 
0 r—\ 
W. , { CH3 / \ °-\ 4* 

H3c—s q P GH, 4 // \ I iffJ 
0 12 13—jll OH 

/ \/ 
DW I W 
IS \ / 

16" •3 

HO' 
-1Q / V —-OH 

// \ / 

II HO o OH 
O 

5 'H NMR (500 MHz, CDCIj) 8 ppm: 0.87 (3H (18), d, 7=6.6 Hz. 0.92 (3H (4"), t, 7=7.5 Hz), 

1.13 (3H (5")s d. 7=7,0 Hz), 1.16 (;3H (16). s), 1.20{1H (14). d, 7=5.9 Hz), 1.23 (17). br. s.), 1.45 

(IH (3"), td, 7=14.1, 7.2 Hz), 1.7(1 (IH (3"), (d, 7=14.0, 7.2 Hz), 1.82 (3H (19), dd, 7=2.8, 1.3 

Hz), 2.05 (IH (OH), d, 7=3.40 Hz), 2,09 (IH (11), dd. 7=10.3, 6.5 Hz), 2.27 (1H (8), d, 7=5.9 

Hz), 2.34 (3H (4% s), 2.38 (IH (2"), L 7=7.0 Hz), 2.85 (IH (4-OH), s), 3.52 (IH (10), dd, 7=2.6, 

10 2.3 Hz), 3.57 (2H (2'). d, 7=4.5 Hz), 3.70 (IH (5), d, 7=1.1 H/i. 3.81 (IH (30), dd, 7=12.2, 6.2 

Hz), 3.89 (IH (20). m). 4.46 (IH (7), d, 7=5.7 Hz,), 5.02 (IH (7-OH), d. 7=5.9 Hz). 5.35 (IH 

>), d, 7=10.3 Iiz), 6.47 (III (9-OH). m), 7.56 ( 111 (1), dd, 7=2,0, 1,3 Ilz). 
I3C NMR (125 MHz, CDCl?) 6 ppm: 10.3 (19). 11.6 (4% 12.1 (4'), 14.0 (18), 16.2 (5"), 16.6 

(16), 23,5 (17), 26.2 ("3"), 26.5 (15), 34.8 (14). 35.2 (8). 41.3 (2"), 43.3 (11), 49.5 (2% 57.4 (10), 

15 62.7 (5). 64.4 (20). 65.3 (13). 66.8 (6). 71.3 (4), 77.2 (7), 77.9 (12). 79.1 (9). 134.7 (2). 159.5 (1). 

165.7 (1'). 179,8 (1"), 190.9(3'), 205.6 (3). 

Compound 40; 12-[ 

4,7,9,12,13,20-hexahydroxy-1 -ligliaen-3-onc 
H3C 

5"V j, V 
4' - 1 i r* 

S / VV o / > 
14 / 

HO / t 
| ..m I! Wl 

H,C O OH 

'aV9 U OH 
20 I 
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lH NMR (500 MHz, CDCh) 5 ppm; 0.88 (3H (18), di. 0.92 (311 (4"). t, 7=7.6 Hz). 1.13 <311 

(5"), d, 7=6.8 Hz), 1,1:7 (3H (16), 1.21 (IH (14), (1. 7=5,9 Hz), 1.23 (3H (17), s), 1.45 (IH 

(3"), dt. 7=1.4.2, 6.8 Hz). 1.70 (IH (3"). dd, 7=14.2. 6.8 Hz). 1.82 (3H (19), dd. 7=2.7, 1.2 Hz). 

5 2.09 (IH (11), dd. 7=10.3, 64 Hz),2.27 (IH (8), d, 7=4.9 Hz), 2.38 (IH (2'%m, 7=14.1, 7.0, 6.8 

Hz), 2.72 (IH (4-OH), s), 3.37 (2H (2'), s), 3.53 (IH (10), d, 7=2.4 Hz), 3.70 (1H (5), d, 7=1.0 

Hz), 3.72 (3H <4% s), 3.80 (IH (20), USX 3.90(IH (2(3), m), 4.46 (IH (7), d, 7=2.4 Hz). 5.02 (IH 

(7-OH). d, 7=5.9 Hz), 649 (IH (9-OH), s), 7.56 (1H (1), d. 7=2.0 Hz). 
nC NMR (125 MHz, CDC13) 6 ppm: 10.3 (1,9), 11.6 (4"), 13.9 (18), 16.2 (5"), 16.7 (16), 23.5 

10 (3.7), 26.2 (3")» 26.5 (15), 34.8 (14), 35.2 (8), 41.3 (2"), 41.4 (2% 43.3 (11), 52.5 (4% 57.4 (10), 

62:7 (51 64:7 (20). 65.3 (13). 66.6 (6). 71.3 (4). 77.2 (7), 77.7 (12). 79.1 (9). 134.8 (2). 159.4 (1), 

166.1 (l')# 166.1 (3*). 179.8 (1"), 205.5 (3). 

Example 3: Preparation of Tigliane derivatives 

15 A number of compounds were prepared seml-synthelically by hydrolysis of the C-12 and C-13 

esters of a mixture of the 5,20-aeetonides of tigliane compounds such as Compound ! and 

related compounds, followed by rc-esterification at C-12 and C-13 with standard reagents using 

the following methods. 

20 The crude mixture of tigliane esters for synthesis of tigliane analogues was prepared by coarsely 

powdering 150 g of seed of Fontaines picrospernm which was then extracted by stiering with 

acetone in a 1L flask. After 4 hr, this suspension was vacuum-filtered, and the filtration cake 

was washed with acetone until TLC (PE:ElOAc : 4:6") showed the absence of tigliane esters. The 

pooled filtrates were evaporated, affording a crude mixture of esters. Fats were then removed by 

25 a short gravity column chromatography on silica gel (petroleum ether/ethyl acetate; PE/EtOAc 

8:2—*4:6 as eluent) to yield 8.2 g (5.5%) of crude esters mixture. 

The mixture of esters was then protected, de-esterified and re-esterified at the C-12 and C-13 

positions as illustrated in the following reactions using varying acyl groups to provide 

30 Compounds 21, 22, 23, 27. 28, 41, 42,43, 44, 45,46, 47, 48. 49, 50. 51, 52, 53 and 60. 
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OR OR 

"OH 

DMP, PPTS 

DMF 

B A 

A. 10 mL solution of the esters mixture A in dimethyl fomamide (DMF) was added to a 50 mL 

solution of pyridinmm-/?-l'oIuensuIpJionate- (PPTS, 4,1 g, excess) in DMF (10 mL) and stirred at 

5 room temperature for 2 minutes. 120 mL of 2,2-dimethoxypropane (DMP) was then added and 

(he solution stirred for 24 hr. The reaction was diluted with NaCl solution (150 mL) and washed 

with ethyl acetate (EtOAc, 50 mL). The organic phase was washed with NaCl solution, dried 

(NaaSCVk filtered and evaporated. The residue was purified by gravity column chromatography 

on. silica gel (PE/EtOAc 8:2—»6:4 as eluent) to afford 5.2 g (3.5%) of 5.20-acetonide esters 

10 mixture B. Unreacted starting material was reacted again under the same conditions to afford 

additional ester mixture B. 

A 0.21N NaOMe solution was freshly prepared by slowly adding small pieces of sodium (9.7 g) 

15 to stirred methanol (HPLC grade, 2 L). Under vigorous stirring, 128 mL of this solution was then 

quickly added to 6,4 g of 5,20-acetonide esters mixture B. The pH of the resulting solution must 

be maintained in the range of 11.5-12,0 by judicious additon of 0.21 M NaOMe, taking care not 

to exceed pH 12.5. After stilting at room temperature for 24 hours, the reaction was neutralized 

with acetic acid, filtered and evaporated to ca. 1/20 of the original volume. EtOAc (20 mL) was 

20 added and the. solution washed with 2N H2SO4 (1.00 mL). The acidic, washing was counter-

extracted with EtOAc, and the pooled EtOAc solutions were washed with NaCl solution (2 x 300 

mL). After drying filtration and evaporation, the residue was purified by gravity 

column chromatography on silica gel (PE/EtOAc 6:4—+4:6 as eluent) to afford 1.4 g of white 

powder. 

OR OH 

NaOMe, MeOH 

11.5 < pH < 12 
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Synthesis of tigliane analogues with symelrical esterification pattern; Exemplary Methods 
Modified StegHch. esterificatiori 

DCC, DMAP, 
JtXXX Acid 

THf,et>'-e 

OH 
T PR 

~ ' 'H FH 
°'H<5 

/•t-Q 

To a solution of deacyl-tigliane acetonide (100 mg; 0,23 raMoi) in THF (5 mL), 4-
d i met h y la mi nop yrid in e (DMAP) (15 mg; 0,12 mMol) was added and the solution was heated 
to 60°C (oil bath temperature). Separately, to a soh.il.ion of the esterifymg earboxylic acid (10 

Eq) in THF (10 mL/g), .ACA/'-dieyelohexylcarbodiimide (DCC, 10 Eq) was added; after stirring 

,10 for about 15 minutes, the suspension was filtered though a cotton wad, and added dropwise to 

the THF solution of deacyl-tigliane acetonide. After stirring 24 hours at 60°C, the reaction was 

worked up by dilution with EtOAc (~200 mL) and washing with 2Ar H2.SO4 (~50 mL), brine (2 

x -50 mL), and next with sat. NaHCCfe mL) and brine (2 x~50 mL), After drying 
(NaaSO*), filtration and evaporation, the residue was purified by gravity column 

15 chromatography on silica gel (PE/EtOAc 9:1—*6:4 as eluent) to afford 111 mg (80%). of a 
white powder. 

3.2 Deprotection 

20 METHOD A (TFA in CH2CL) 

The acetonide diester (100 mg) was added to a freshly prepared solution of trifloroacetic acid 

(TFA) in CH2CI2 (2% V/V; 200 pL, 2 jjL/mg), After stirring 6-12 h at room temp., the reaction 

was worked up by washing with a mixture of sat. NaHCOs{~'10 mL) and brine (=40 mL), and 

next with brine alone (2x «40 mL). After drying (NaaSCk), filtration and evaporation, the residue 
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was purified by gravity column chromatography on silica gel (PE/EtOAc 8:2^2:8 as eluent) to 

afford the tigliane analogues (yield ca: 60-70%)* 

METHOD B (HCIO4 in MeOH) 
The acetonide diester (100 mg) was added to a freshly prepared solution of BC!.Q4in MeOH [pH 

5 range: 1,5-2,0]. After stirring at room. temp, for 6-24 hours, the reaction was worked up by 
neutralization with sodium, acetate, filtration and evaporation to ca. 1/20 of the original volume, 

EtOAe (10 mL) was next added, and the solution was washed with 2/V H2SO4 (30 mL) and then 
with brine (30 mL). After drying (Na2S04), filtration and evaporation, the residue was purified 

by gravity column chromatography on silica gel (PE/EtOAc - —»4;6 as eluent) to afford the 
10 diester in ca, 60-70% yield. 

This method was. used to produce Compounds 27,4L 42, 43,44,. 46, 49 and 60. 

Synthesis of unsymetrieal diesters, Exemplary Methods: 
15 i. 

To a solution of 12,1..3-deacyl-5,20-acetonide (C) (1.4 g; 3,4 mMol) in 1.0 mL tetrahydrofuran 
(THF), 740 mL of 34 mMol trielhylamine (TEA) was added, and the solution was heated to 60°C. 

Separately, to a solution of (S)-(+)-2-methy]butyric acid (3,702 mL; 34 mMol) in THF (20 mL), 
20 jV,A''-dicydohexylcarbodiirnide (DCC, 7,015 g; 34 mMol) was added. After stirring for about 15 

minutes, the suspension was filtered and added, to the warmed solution of the starting dial (€). 
After stirring 24 hours at 60°C, the reaction was diluted with EtOAc («200 mL) and washed with. 
2N H2SO4 (»50 mL), NaCl solution (2 x *50-mL),. and then with NaHCOj solution(«50 mL) and 
NaCl solution (2 x~50 mL), After drying (N&2SQ4), filtration and evaporation, the residue was 

25 purified by gravity column chromatography on silica gel (PE/EtOAc 9:1—*6:4 ass eluent) to 
afford 12-deacyl-5t20-acetonide-13-[(S)-(-i-)-2-methyl.butyrate (D) as white powder. 
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DOC, (DMAP), 
2-maiiiylbutyris seld 

THF, WC 

To a solution of 12,I3-deaeyI-S,2Qracctomde C (100 mg; 0,25 mMol) .in THF (5 mL), (SM+)-2-

methyl butyric acid (100 pL; 1,00 mMol] and iV,^'-dieyclohexylcarbodiimide (DCC, 206,33 mg; 
5 L00 mMol) were added. The solution was stirred at 60°C (oil bath temperature) for 24 h, and 

then worked up by dilution with EtOAc (®20 mL) and washing with 2N H2SO4 (-50 mL), brine 
(2 x ss50 mL), sat, NaHCOl (-50 mL), and brine (2 x~50 mL). After drying (Na2S04), filtration 
and evaporation* the residue was purified by gravity column chromatography on silica gel 
(PE/EtOAc 9:1—>6:4 as eluent) to afford 106.2 mg (60%) of 12-dea€yl-5,20-acetonide-13-((5)-2-

10 methyl but yrate) D as white powder. 

To a solution of 12,13-deacyl-5,20-acotonide C (100 mg; 0,25 mMol) in TUP (5 mL). 
15 diispropylelhylamine (DTPEA) (131 pL; 0,75 mMol) and acetic anhydride (94 pL; 0,75 mMol) 

were added. Alter stirring for 72h at room temp,, EtOAc (10 mL) was added, and the solution 
was washed with 2N 1LSO4 (2 x 20 mL) and brine (20 mL), After drying (NTa2S04), filtration 
and evaporation, the residue was purified by gravity column chromatography on silica gel 
(PE/EtOAc —*4:6 an eluent) to afford 12-deacyl-13-acetyI-5,20-acetonide 104 mg (87%) as a 

20 white powder. 

3 
OH 
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4. 

o W 

To a solution of dcacyi-5,20-acctonide (100 mg; 0.25 mMol) in toluene (5 mL) / 

dimedrylformamide (2 mL), A?~methyiisatoic anhydride (266 mg; 1,50 mMol) and 

5 dimelhylaminopyridine (DMAP) (31 mg; 0,25 mMol) were added. After slitting 24 h at 8(.)'"C, 

the reaction was worked up by dilution with EtOAc (~10 mL) and sequential washing with |2A' 

H2SO4 (=20 mL) + brine (---60 mL)] (x2)> and [sat. NaUCCL (-20 mL) + brine (-60 mL)] (x2). 

After drying {NJES04)» filtration and evaporation, the residue was purified by gravity column 

chromatography on silica gel (PE/EtQAc 9:1—*>7:3 as eluent) to afford 12-dcacyl-13-[(N-

10 m£tfayl)-anthranilate-5,20-aeetonide, 114 nig (80%) as a white powder. 

Aeylation of 13-monoesters: Exemplary Methods 

15 To a solution of 12-deaeyl-5,20-acetonide- 13-[(S)-(+)-2-iTiethylbuiyrate (D) (1062 mg; 2,04 

mMol) in toluene (10 mL), dimethylammopyridine (DMAP) (249 mg; 2.04 mMol) was added. 

Separately, to a solution of the benzoic acid 1224 mg; 10.02 mMol) in toluene (20 mL), 

triethylamine (1.397 mL; 10.02 mMol) was added and the solution stirred for about 2 minutes to 

complete dissolution; 2,4,6-irichlorobenxoyl chloride (1,566 inL; 10,02 mMol) was than added 

20 (Solution 1), After stirring the composition containing compound D for 6 hours, the suspension 

was filtered and poured into Solution 1. After stirring for 24 to 48 hours at 60°C, the reaction 

was diluted with EtOAc (»t0 mL) and washed with NH3SO4 solution («40 mL), NaCl solufion(2 

I 

D 

trichlorobenzoyl chloride 
Benzoic acid 

Toluene, 60°C 
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x -40 mL), and then with NallCOj solution(«40 mL) and NaCl solution (2 x~40 mL). After 

drying (NasSO^. filtration and evaporation, the residue was purified by gravity column 
chromatography on silica gel (FE/EtOA.c 9:1—•7:3 as eluent) to afford the 5,20-acetoni.de-12-

benzoate-13-l(vS)-(+)-2-methylbui.yrate E as a white powder. 

To a solution of deacyl-13-(JV-niethya.Bthranoyl)-5^0-acetonide (100 mg; 0»18 mMol) in 
telrahydrofuran (THF, 5 mL), acetic anhydride (51 nig; 0,54 mMol) and dimelhylaminopyridine 

10 (DMAP) (2,2 mg: 0,018 mMol) were sequentially added. After stirring 6 h at 50°C, the reaction 

was worked up by dilution with EtOAc (ca. 10 mL) and sequential washing with 2N H2SO4 (2x 
ca. 40 mL), sat. NaHC03 (2x ca. 40 mL), and brine (2x. ca. 40 niL). After drying (NaaS04), 
filtration and evaporation, the residue was purified by gravity column chromatography on silica 
gel (PE/EtQAc 95:05 -*7:3 as eluent) to afford J 2-acetyl-l3-(N-mettiyl)anthr<utylatc-5v20-

15 acetonide, 105 mg (95%) as a white powder. 

.1. 

XXX Acid, TEA, 
Trichlorobenzoyl C h loride, VMAP 

Tol, fiCfC 

To a solution of 12-deacyl-5,20-acetonide-13-[(S)-2-mcthylhutyrateJ (100 mg; 0,19 mMol) in 

20 toluene (5 mL), dimethylaminopyridine (DMAP) (23 mg; 0,19 mMol) was added. Separately, to 
a solution of tiglic acid (95 mg; 0,95 mMol) in toluene (5 mL), triethylamine (132 pL; 0,95 

mMol) was added, and the solution stirred for about 2 min to complete solution; 2,4,6-
triehlorobenzoyl chloride (148 pL; 0,95 mMol) was then added, and, after stirring for 6 h at 
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room temp., the suspension was filtered (cotton wad) and added dropwise to the solution of the 

diterpenoid monoestcr In toluene. After stirring 24-48 h at 60°C, the reaction was worked up by 

dilution with EtOAc (ca.. 10 mL) and washing with 2N IPSO.) (ca. 40 mL), brine (2 x -40 mL), 
and next with NaHCCL (ca. 40 mL.) and brine (2 x"-"40 mL). After drying (N82SO4). filtration and 

5 evaporation, the residue was purified by gravity column chromatography on silica gel 
(PE/EtQAc 9:1—»7:3 as eluent) to afford 12-tigloyl-13-methylbuty.ry 1-5,20-acetonide, 59 mg 
(50%) as a white powder. 

4. 

10 A solution of 12-deacyl-5,20-aeetonide-l 3-(S)-2-methyIbutyrate (100 mg; 0,19 mMol) ill toluene 

(10 mL) was heated to 6Q:'C and myrislic acid (217 mg; 0,95 mMol), N,N'-
dicycIohexylcarbodiimi.de (DCC) (196 mg; 0,95 mMol) and dimethylaminopyridine (DMAP) 

(23 mg; 0,19 mMol) were sequentially added. After stirring 12 .hours at 60°C, the reaction was 
worked up by dilution with EtOAc (=10 mL) and washing with 2N H2SO4 (2s «40 mL)» sat. 

15 NaHCCte (2s ~40 mL), and brine (2x ~40 mL). After drying (NaaSCk), filtration and evaporation, 
the residue was purified by gravity column chromatography on silica gel (PE/EtQAc 9:1—*7:3 as 
eluent) to afford 12-myi.istoyl-13-(2-methylbutanoyl)-5,20-acetonide, 121 mg (70% ) as. a white 
powder. 

20 5. 

A solution of 12-deacyl-5,20-ac.etonide-13-aeetate (100 rng: 0,25 mMol) in toluene (10 mL) was 

heated to 60°C (oil bath temperature), and myrislic acid (286 mg; 1,00 mMol), N,N'-

dieyclohexylcarbodiimide (DCC) (206 mg; 1,00 mMol) and dimethylaminopyridine (DMAP) 
25 (31 mg; 0,25 mMol) were then added. After stirring 12 hours at 6D°C, the reaction was worked 
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up by dilution with EtOAc (ca. 10 mL) and washing with 2N H2SO4 (2.x ca. 40 mL), sat 

NaHCO.3 (2x ca.40 mL), and brine (2x ca. 40 mL). After drying (NaaSCto), filtration and 
evaporation, the residue was purified by gravity column chromatography on silica gel 
(PE/EtOAe 9:1—>7:3 as eluent) to afford l2-myristy1~l3-acelyL5,20-acetonide, 121 mg (70%) 

as a white powder. 

6. 

To a heated (60 °C, oil bath temperature) solution of deaeyi-13-(jV-methylanthranoyl)-5,20-
acetomde (100 mg; 0.18 mMol) in toluene (10 mL), hexanoic aeid (84 mg; 0,72 mMol), 

dicyelohexylearbodiimide (DCC, 149 mg; 0,72 mMol), and dimethylaminopyridine (DMAP 22 

rag; 0,1.8 mMol) were sequentially added. After stirring 12 h at 60°C» the reaction was worked 
up by dilution with EtOAc (ca. 10 mL) and sequential washing with 2N H2SO4 (2x ca. 40 mL), 

sat. NaHCOi ,(2x ca. 40 mL), and brine (2x ca. 40 mL). After drying (NaiSCM), filtration and 
evaporation, the residue was purified by gravity column chromatography on silica gel 

(PE/EtOAe 9:1—^7:3 as eluent) to afford 12-hexanoyl-13-(N-methylanthranoyl)-5,20-acetonide, 

108 mg (90%) as a white powder. 

Depro lection 

L 

HCIO4 
^ 

MeOH 

The 5,20-acetonide-12-benzoate-J3-[(S)-(+)-2-melhyibutyrate E (637 mg; 1.02 mMol) was 

added to a freshly prepared solution of HCIO4 in MeOH [1.5 < pH < 2.0]. After stirring for 6-24 
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hours, the reaction was neutralized with sodium acetate. Filtered and evaporated to ca. 1/20 of the 

original volume. EtOAc (10 mL) was added, and the solution was washed with 2N H2SO4 (30 

mL) and then with NaCl solu(io.n.(30 mL). After drying (Na2.SQ.4X filtration and evaporation, the 

residue was purified by gravity column chromatography on silica gel (PE/EtOAc - —*4:6 as 

5 eluent) to afford the 12-ben/oatc-! 3-l<S)-(H-)-2-inethy!butyrate F {Compound 23) as white 

powder. 

10 Reaction with 12-aeetyl-13-A'-methylanthranoyl-5,20-acetonide as representative: To a solution 

of 12-aeetyi-Ll-AMnethy!anthranoyL5;20-acetouide (100 mg; 0,16 mMol) in CH2CI2 (10 mL), 

triflaoroacetic acid (TFA) (300 p.L; 3% V/V) was added. After stirring about 12 hours, the 

reaction was worked up by washing with [NaHCO? (~10 mL) + brine (~40 mL)] and next and 

brine {2x ~40 mL). After drying (NasS.Ck), filtration and evaporation, the residue was purified by 

1.5 gravity column chromatography on silica gel (PE/EtQAc 8:2—*2:8 as eluent) to afford .12-acelyl-

13-(N-methylanthranoyl)-t!gliane, 69 nig (75%) as a white powder. 

Compounds 21,22, .23, 28,45» 47,48.50, Si, 52 and 53 were prepared by these methods. 

20 Compound 23 
lH NMR (500 MH«, CDCL) 5 ppm: 0.84 (3H. d, 7=6.6 Hz), 0.93 (3 H, t, 7=7.4 Hz), 1.21 (3 H. 

s), 1.23 (3 H, s), 1.29 (1 H. d, 7=6.7 Hz), 1.64 (2 H. sxt, 7=7.6 Hz), 1.73 (3 H, dd. 7=2,9, 1,3 Hz), 

1.77 (3 H, dq, 7=7,2, 1.2 Hz), 1.79-1.81 (3 H, m), 1.95 (1 H, dd, 7-9.9, 6.5 Hz), 2.24-2.38 (2 H, 

m), 3.16 (1 H, d. 7=6.7 HxJ, 3.26 (1. H, d, /=)0,5 3.65 (1 H, s), 3.83 (2H, dd, 7=13,3, 12,5 

25 Hz), 3.94 (1 H, d, 7-3,1 Hz. OH), 4.06 (1 H, t, 7=2.6 Hz), 4.22 (1 H, s), 5.41 (1 H, d, 7=9.9 Hz), 

5.82-6.00 (1 H, br. s., OH), 6.80 (1 H, qq, 7=7.1, 1.4 Hz), 7.71 (1 H, dd, 7=2.6, 1.3 Hz). 
13C NMR (125 MHz, CDC 1.0 6 ppm: 9.72, 12.20. 13.62, 14.43, 15.07, 17.12, 18.03, 23.66, 

26.35, 35.98, 36.03, 36.13, 45.76, 48.92. 61.77. 64,56, 65.23, 65.65, 71.36, 72,41, 76.74, 77.20, 

128.38, 133.46, 137.73, 164.63, 167.62, 176.12, 209.88. 

2. 

30 
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Compound 22 

']{ NMR. (500 MHz, CDC1$) 5 ppm: 0.85 (3 I I, d. 7=7.3 Hz). 0.86 (3 R t, 7=7 A Hz). 1.20 (3 H,. 

s). 1.21 (3 R »), 1,20-1,40 (10 H. in), 1,29 (1 R d. J-\6.8 Hz). 1.67 (2 H. d, 7=1.3.7 Hz), 1.75 (3 

H. dd, .1-23, 1.0 Hz), 1.88-1.92 (2R m) 1.89-1.95 (IH, m), .1,07 (2H. dd, 7=6.8, 1.5 Hz), 3.15 (1 

5 H, d. 7=6.4 Hz), 3.26 (I H, s), 3.85 (2 H, dd, 7=12,7,4,4 Hz), 4.04 (1 H, d, 7=2.9 Hz). 4.21 (1 H. 

s), 5.13-5.15 (1 H, m% 5.16-5.18 (1 R m), 5.35 <1 R d, 7-9.8 Hz), 5.82-5,92 (3 R m). 7.70 (1 

H. dd, 7=2.4,1.0 Hz), 
l3C NMR (125 MHz, CHLOROFORM-^) 8 ppm; 9,74,14.08, 15.12, 17.03, 22.63, 23,69, 24.48, 

26.51, 29,07, 29.08, 29.19, 31.81, 34.25, 36.01, 36.04, 39.29, 45.50, 48.94, 61.69, 64.54, 65.21, 

10 65.49, 71.58,72.35,77.1.7,77.41,118.62,130.03, 133.55,164.54,171.11, 176.25, 209,86. 

Compound 23 
lH NMR (500 MHz, CDCL) 5 ppm: 0.90 (3 R d, 7=6.5 Hz), 0.94 (3 H, t, 7=7.5 Hz), 1.14 (3 R 

d,7=7.1 Hz). 1.22(3 H, s), 1.32(1 H, d. ,'=6.6 Hz), 1.35 (3 H, sO, 1.41-1.51 O R m, 7=14.1,7.5, 

15 7.0 Hz), 1.69-1.79 (1 H, m), 1.73 (3 H, dd, 7=2.9. 1.3 Hz), 2.08 (1 H, dq, 7=9.9, 6.5 Hz), 2.39 (1 

H, sxt, 7=7.0 Hz). 3.24 (1 H, d, 7=6.6 Hz). 3,29 (1 R si, 3.84 (2 11, dd, 7=12.8. 1.3 Hz), 4.10 (1 

H, f, 7=2.5 Hz), 4.24 (1 H. d, 7=0.7 Hz), 5.62 (1 H, d, 7=9.9 Hz), 6.07 (1 H, br. a, OH), 7.43 (2 

H, t, 7=7.7 Hz), 7,55 (1 H, tt, 7=7,5, 1.3 Hz), 7.72 (1 R dd, 7=2.6, 1.3 Hz), 7.99 (2. H, dm, 7=8.4, 

1J Hz) 

20 nC NMR (125 MHz, CDCL) 6 ppm: 9.73. 11.61, 15.14, 16.14, 17.32. 23.63, 26.18, 26.82, 

36.03, 36.34,41.22, 45.92, 48.92, 61.86, 64.59. 65.20, 65.48. 71.27, 72.46, 77.23, 77.60, 128.44 

(2 C), 129.70 (2 C), 130.02, 133.07. 133.52, 164.54, 165.94, 179.00.209.84. 

Compound 27 

25 lH NMR (500 MHz, CDCL) 3 ppm: 0.85 (3 H, d. 7=6.5 Hz), 0.93 (6 H. t, 7=7,4 Hz), 1.20 (6 H. 

s), 1.28 (1 H. d, 7=6.6 Hz), 1.58-1.68 (4 R m), 1.74 (3 H. d, 7=1.8 Hz), 1.91 (1 R dq, 7=10.0, 

6.4 Hz), 2.20-2,36 (4 H, m), 3.14 (1 H, d. 7=6.6 Hz). 3.25 (1 H, s), 3.63 <1 R s, OH), 3.76-3.86 

(1 H. m). 3.93 (1 H. d. 7=3.1 Hz, OH), 4.05 (1 R d, 7=2.4 Hz,), 4,21 {1 H, d, 7=2,4 Hz), 5.36 (1 

R d, 7=10,0 Hz), 5.84 (l R br. OH), 7.70 (1 H, s). 

30 13C NMR (125 MHz, CHLOROFORM-^) 8 ppm: 9,72, 13.46, 13.62. 15.04, 17.02, 18.01, 18.61, 

23.66, 26.34, 35.90, 35.95, 36.14, 36.38, 45.42, 48.90, 61.79, 64.58, 65.21, 65,60, 71.34, 72.40, 

76.59.77.18.133.49, 164.54, 173.30, 176.05. 209.85. 
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Compound 28 
lHNMR (500 MHz, CDC1$) 5 ppm: 0.91 (3 II, d. 7=6.6 Ilz), 0.96 (3 H, t, 7=7.4 Hz). 1.21 (3 H,. 

%% 1.34 (3 H, s% 1.36 (1 H, d, 7=3.4 Hz), 1.60 - 1.72 (2 H, ml 1.74 (3 H, d, 7=2,1 Hz), 2.09 (1 H, 

dd, 7=9.8, 6.5 Hz), 2.31 (1 H, t, 7-15.9, 7.6 Hz), 2.38 (l H, t, 7=15.9, 7.6 Hz), 3.24 (1 H, d, 

5 7=6.7 Hz), 3,29 (1 H, s), 3.80 (1 H, d, 7=12.4 Hz), 3,87 (1 H, d, 7=12.4 Hz), 4.09 (1 H, d, 7=2.7 

Hz), 4.24 (1 H, D, 5.62 <1 H, d, 7-9.9 Hz), 7.43 (2 H, 1,7-7.7 Hz), 7.56 (1 H, t, 7=7.4 Hz), 7.73 

0 H, s), 7.99 (2 H, d, 7=7.3 Hz) 
l3C NMR (125 MHz, CDC);«) 5 ppm: 9.73, 13.65. 15.16, 17.25, 18.07, 23.66, 26.59, 36.07, 

36.18, 36.23, 45.80, 48.95, 61.74, 64.55, 65.23. 65.62, 71,54, 72,40, 77.21, 77.63, 128,46 (2 C), 

10 129.72 (2C), 129.98,133.12, 133.56, 164.57, 166.15.176.19,209.88. 

Compound 41 

'H NMR (500 MHz, CDCI3) 8 ppm: 0.85 (3H (18), d, 7=7.3 Hz). 0.85 (3H (9'), t, 7=7.3 Hz), 0.86 

(3H (9"), t, 7-6.8 Hz), 1.20 (3H {16), s), 1.20 (3H (17), s), 1.22-1.30 (10H (4', 5", 6*, 7, 8'), m)„ 

15 1.22-1.30 (10H, 4", 5", 6", 7", 8"), m), 1.28 {IH (14). d, 7-6.8 Hz), 1.53-1.62 (2H (3"), m). 1.56-

1.63 (2H (3'), m), 1.74 (3H (19), dd, 7=2,9, 1.3 Hz), 1.90 (IH (1 L), dq, 7=10.1, 6.5 Hz), 2.19 (IH 

(20-QH), t, 7=6.8 Hz), 2,24-2.32 (2H (2'), m), 2,29-2.37 (2H (2"), m), 3.14 (IH (8), d, 7=6.8 Hz), 

3.26 (IH (7), s), 3.59 (IH (4-OH), s), 3.78 (,1H (20), dd, 7=12.5, 5.2 Hz), 3.82-3.87 (IH (20), m, 

7=12,5. 7.3 Hz), 3.89 (IH (5-OH), d, 7=3,1 Hz), 4.05 (IH (10), dq), 4.21 (IH (5), d, 7=2.6 Hz), 

20 5.36 (1H (12), d, 7=10.4 Hz), 5.86 (1H 9-OH), br. #.), 7.70 (IH (1), dd, 7=2.6, 1.6 Hz). 

°C NMR (125 MHz, CDCI3) 8 ppm: 9.7 (19), 14.1 (9"), 14.1 (9f), 15.1 (18), 17.0 (16), 22,6 18"). 

22.6 (8'),, 23.7 (17), 24.5 (3"), 25.2(3'), 26.3 (15), 28.99 (4"), 29.07 (6"), 29.07 (6"), 29.15 (41), 

29.18 (5"). 29.2 (4'), 29.22 (5'), 31.78 (7"), 31.80 (7), 343 (2"). 34.5 (2*), 35,9 (14), 36.0 (8), 

45.4 (11), 48.9 (10), 61.7 (6), 64.5 (20), 65.2 (7), 65.6 (13), 71.5 (5), 72.4 (4), 76.5 (12), 77.2 (9), 

25 133.5 (2), 164.6 (1). 173.5 (1'), 176.2 (1"), 209,9 (3). 

Compound 42 

'H NMR (500 MHz, CDCl3) 5 ppm: 0.84 (3H (18), d, 7=6.2 Hz), 0.87 (3H (6'), t, 7=7.0 Hz), 0.88 

(3H (6"), t 7=7.0 Hz), 1.20 (3H (17). s), 1.21 (3H (16), s), 1,25-1.31 (2H (4'), m), 1.25-1,31 (2H 

30 (4"),m), 1.26-1.32 (2H (5"). m), 1.26-1.32 (2H (5'),m). 1.27-1.29 (IH (14), m. 7=6.8 Hz), 1.57-

1.62 (2H (3"), m), 1.58-1.63 (2H (3'), m), 1.74 (3H (19). dd, 7=2.9. 1,3 Hz), 1.91 (IH (11), dq, 

7=10.1, 6.5 Hz). 2.20 (IH (20-GH), t. 7=6.8 Hz), 2.26-2.30 (2% m), 2.29-2.34 (2H (2">, m), 3.14 

(IH (8), d, 7=6.8 Hz), 3.26 (IH (7), s), 3.59 (IH (4-OH), d, 7=1.0 Hz), 3.78 (IH (20), dd, 7=12.5, 

5.2 Hz), 3.82-3.87 (IH, (20), m), 3.88 (IH (5-OH), d, 7=3.1 Hz), 4.05 (IH (10), t, 7-2.6 Hz), 
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4.21 (111 (5). d, M3.6 IIz), 5.36 (111 <12), d. 7-9.9 11/), 5.86 (IH, (9-OH). br.s.), 7.70 (HI (1), 

dd, 7=2/3, 1.3 Hz), 
nC NMR (125 MHz, CDClj) 5 ppm: 9.7 (19), 13.8 C6"), 13.9 15.1 (18), 17.0 (16), 22.26 

($% 22.3 (5'). 23.7 (17), 24.1 (3"). 24.8 (3*), 26.3 (15). 31.1 (4B). 31.2 (4"), 34.2 (2"). 34,5 (2\ 

5 35.9 (14), 36.0 (8), 45.4 (11), 48.9 (10). 61.7 (6), 64.5 (20), 65.2 (7). 65.6 (13), 71.5 (5), 72.4 (4), 

76.5 (12), 77.2(9), 133.5 (2), 164.6 (I), 173.5 (1% 176.2 {1"), 210.0 (3). 

Compound 43 

'li NMR (500 MHz, CDCl-,) § ppm: 0.85 (3H (18), d, 7=6.5 Hz), 0.89 (311 (5'), t. 7=7.2 Hz), 

10 0.90, (3EE (5*0, I 7=7.3 Hz), 1.21 (3H (16), s), 1.21 <311 (17), s), 1.28 (IH (14), d, 7=6.6 Hz), 

1.29-1.37 (211 (4"), ra), 1.29-1.38 (2H (4')f m), 1.55-1.59 (2H (3"). m), 1.56-1.62 (2H (3"), m), 

1.75 (3H119), dd, M2.9, 1.2 Hz), 1.91 (1H (11), dq, 7=10.1, 6.5 Hz), 2.19(1 H (20-OH), t, 7=6.6 

Hz), 2.24-2.32 (2H (27. m), 2.30-2,38 (2H (2"), m), 3,15 (IH (8), d, 7=6,6 Hz), 3,25 (IH (7), $), 

3.59 (111 (4-OH), s), 3.78 (IH (20), dd, 7=12,6, 5.2 Hz), 3.85 (111 (20), dd, 7=12.6, 7.4 Hz), 3.88 

15 (IH (20-OH), d, 7=3.1 Hz), 4.05 (IH (10), i. 7=2,6 Hz), 4.21 (IH (5), d, 7=2.3 Hz), 5.36 (LH 

(12), d, 7=10,0 Hz), 5.85(IH (9-OH), br, s.), 7.70 (IH (1);dd, 7=2.3, 1.4 Hz). 
I3C NMR (125 MHz. CDCl.,) 5 ppm: 9.7 (19), 13,65 (5"), 13.68 (3*), 15.1 (18), 17.0 (16), 22.1 

(4"), 22.2 (4!), 23.7 (17), 26.4 (15), 26,5 (3"), 27.2 (3% 34.0 (2"), 34.2 {2'). 35.9 (14), 36.0 (8), 

45.5 (11), 48.9 (10), 61.7 (6), 64.6 (20), 65.2 (7), 65.6 (13), 71.5 (5), 72.4 (4), 76.6 (12), 77.2 (9), 

20 133,5 (2), 164.6 (1), 173.5 (1% 176.2 (1"). 209.9 (3). 

Compound 44 
lH NMR (500 MHz, CDCl.) § ppm: 0.86 (3H (18), d. 7=6.2 Hz), 1.24 (3H (16), s), 1.26 (3H 

(17), s), 1.33 flH (14), d, 7=6,8 Hz). 1.74 (3H (19), dd, 7=2.9. 1.3 HJS), 1.76-1.78 (2H (4% in). 

25 1.77-1.79 (211 (4"). m), 1.78-1.79 (3H (5"), m), 1.80-1.81 (3H (5'), m). 1.97 (HI (11). dq, 7=9.9, 

6.4 Hz), 2.19 (IH (20-OH), br.s.), 3.18 (IH (8), d, 7=6.8 Hz), 3.27 (IH (7), s), 3,60 (IH (4-OH), 

s). 3.74-3.81 (IH (20), m), 3.86 (IH (20), br. s.). 3.89 (IH (5-OH), br. %), 4.04-4.11 (IH (10), 

m), 4.22 (IH (5), s). 5,45 (IH (12), d, 7=9.9 H/), 6.28 (IH (9-OH), br. s.), 6.75-6.83 OH (3*), m), 

6.85-6.94 (IH (3"). m), 7.72 (IH (1). dd, 7=2.6, 1.6 Hz). 

30 BC NMR (125 MHz, CDCl3) I ppm: 9.7 (19). 11,8 (5"), 12,2 (5')« 14.4 (4'), 14.7 (4"), 15.2 (1.8), 

17.3 (16), 23.7 (17), 26.8 (15). 36.1 (8), 36.2- (14), 45.9 (11), 49.0 (10). 61.6 (6), 64.5 (20), 65.3 

(7), 65.6 (13), 71.7 (5), 72.4 (4), 77.0 (1.2), 77.2 (9), 128.2 (Z). 128.5 (2"), 133.4 (2), 137.6 (3'\ 

139.8 (3"), 164.9 (1), 167.5 (t% 169.7 (1"), 210.0 (3).. 
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Compound 45 
lH NMR (500 MHz, CDCL,) 6 ppm: 0.79 (3H (18), d, 7= 6.6 Hz), 0.93 (3H {4'"), l. 7=7,5 Hz). 

1.13 (3H (5"% d, 7=7.0 Hz). 1.24 (3H (17). s), 1.28 (3H (16), s), 1.28 (1H (14), d, 7=6.7 H/.), 

1.45 (IH (T'% -dq, 7=14.1, 7,3 Hz). 1.69-1.76 (IH (3"'). m), 1,71 (3H (19), dd. 7=2.8, 1,4), 1.77 

5 (3(1 (4"), dq, 7=7.1, J.l Hz), 1.79-1.81 (3H (5"), m), 1.90 (IH (11), dq, 7=9.8. 6,5 Hz), 2.01 (3H 

(2"% s), 2.18 (3H (2% s). 2,38 (IH {T% sxt. 7=7.0 Hz). 2.99 (IH (4-OH), s), 3.15 (IH (7). s), 

3.26 (IH (8), df /=6.8 Hz), 3.54 (IH (20), d, 7=12.1 Hz), 4,14-4.17, (IH (10), m), 4.69 (IH (20), 

d, 7=12.1 Hz), 5.42 (IH (12). d,7=9,9 Hz), 5.52 (IH (5), s), 5.98 (IH (9-OH), br.s,), 6.80 (IH 

i.3"), qq, 7=7.1, 1.3 Hz), 7.62 < 11f (1), dd, 7=2.3, 1.2 Hz). 

10 t3C NMR (125 MHz, CDCh; 5 ppm: 9.8 (19), 11.6 <4"!), 12.2 (5"), 14.4 (4"), 15.0 (18). 16.2 

(5"'). 17.3 (16), 20.7 (2""). 20.8 (2% 23.7 (17), 26.2 (3"% 26.7 (15), 36.0 (14), 36.1 (8). 41.2 

(2"\). 45.8 (11). 49.4 (10), 60.4 (6), 65,4 (7), 65.6 (13), 66.3 (20), 68.1 (5), 71,8 (4), 76.7 (12), 

76.9 (9), 128.5 (2"). 133.8 (2). 137,6 (3"), 162.5 (1), 167.4 (1"), 168,8 (1% 170,6 {!"")• 178.9 

(1"*). 206.3 (2). 

Compound 46 

'H NMR (500 MHz, CDCb) 5 ppm: 0.87 (3H (18), d. 7=6.6 Hz), 1.23 (3H (16), s), 1.25 (311 

(17), s), 1.34 (IH (14), d, 7=6.8 Hz), 1.75 (3.H (19), dd, 7=2,6, 1.0 Hz), 1,82-1.85 <311 (6'), m), 

1.82-1.85 (3H (6"), ta% 1.93-1.99 (IH (11), m), 3,17 (IH (8), d, 7=6.8 Hz), 3.27 (IH (7), hr,s,), 

20 3.78 (1H (20), d, 7=12.6 Hz), 3.85 (IH (20), d, 7=12.2 Hz), 4.05-4.08 (1H (10). m). 4.22 (IH (5), 

d, 7=1.6 Hz), 5.47 (IH (12), d, 7=9.9 Hz), 5.73 (IH (2')> d, 7=15.2 Hz), 5.75 (IH (2"), d, 7=15.1 

Hz), 6.08-6.19 (IH (4'j, m). 6.08-6,19 (IH (4"). m). 6.14-6.19 (IH (5% m), 6.15-6.18 (IH (5"), 

m), 7.16-7.23 (IH (3'), m), 7.26-7.33 (IH (3"), m), 7.71-7,73, (1H(1), m). 
HC NMR (125 MHz, CDCl A) 5 ppm: 9.7 (19). 15.2 (18), 17.2 (16), 18.7 (6'), 18.7 (6"), 23.6 (17), 

25 26.7 (15), 36.1 (8), 36.2 (14). 45.9 (11), 49.0 (10), 61.6 (6), 64.6 (20), 65.3 (7), 65.6 (13), 71.7 

(5), 72.4 (4), 77.0 (12), 77.1 (9), 117.7 (2"), 118.7 (2'), 129.7 (4% 129.7 (4"), 133.4 (2), 139.7 

(5% 141.0 (5"), 1,45.5 (3% 147.3 (3"), 164.8 (1), 166-8(1*), 169.2. (1")., 210.0 (3). 

Compound 47 

30 1H NMR (500 MHz, CDCL) 8 ppm: 0.89 (3H (18), d. 7=6.7 Hz), 0.90 (3H (6'), I, 7=6.7 Hz), 1.28 

(3H (16), s), 1.29-1.34 (2H (4'). m), 1.30-1.35 (2H (5!), m), 1.31 (3H (17), s), 1.40 (IH (14), d, 

7=6.6 Hz). 1.60-1,65 (2H (3\ m). 1.77 (311 (19), dd, 7=2.7, 1.2 Hz). 1.97 (HI (11), dq, 7=9.9, 

6.5 Hz), 2.14 (LH (20-OH), dd. 7=7.4, 6,4 Hz), 2.30 (2H, (2'), td, 7=7.4, 7.3 Hz), 2.87 (3H 

(MeNH), d, 7=4.8 Hz), 3.22 (IH (8)< d, 7=6,6 Hz), 3.29 (LH (7), s), 3,80 (LH (20), dd, 7=12,5, 
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5.7 11/). 3.86 (lit (20), dd. 7-12.9. 7.8 Hz), 4.08-4.i 1 (IH (10), m), 4.24 (111(5), d, J=2.5 Hz). 

5.53 (IH (12). d, J=9.9 Hz). 6.30-6.37 (IH (9-OH), m). 6.52 (IH (6"), ddd, 7=7,9, 7.0. 0.9 Hz). 

6.64 (IH (4'\), d. 7=8.4 Hz), 7.36 (IH (5"), ddd, 7=8.4, 7.1, 1.4 Hz), 7.56 (IH (3"NH), q. 7=4.8 

Hz), 7.75 (IH. 7"), dd, 7=8.2, 1.6 Hz). 7.72-7.76 (IH (1). m). 

5 °C NMR (125 MHz, CDClg) 3 ppm: 9.8 (19). 14.0 (6% 15.2 (18), 17.2 (1.6),. 22.4 (5% 23.9 (17), 

24.9 <3\i, 27.0 (15), 29.5 (MeNH). 31.2 (4*), 34.5 (2'). 36,1 (8), 36,2 (14). 45,7 (11), 49.0 (10), 

61.8 (6), 64.6 (20), 65.4 (7), 65.5 (13). 71.6 (5), 72.4 (4), 76.8 (12), 77.4 (9), 108.6 (2"% 11.1.0 

(4"), 114.5 (6"), 131,8 (7"), 133.6 (2), 1,35.6 (5"), 152.7 (3"), 164.4 (1), 170.2 (1"), 173.2 (1% 

209.9 (31. 

Compound 48 

'H NMR (500 MHz, CDCh) § ppm: 0.9 (3H (18), d. 7=6.6 Hz), 1.27 CM I (16), s), 1.32 (3H (17), 

s), 1.4 (IH (14), d, 7=6,6 Hz), 1,77 (3H (19), dd, 7=2,7, 1.0 Hz), 1.98 (IH (11), dq, 7=9.9, 6.5 

Ilz), 2,05 (311 (2'X s), 2.88 (311 (MeNH), d. 7=5.1 Ilz), 3,22 (HI (8), d, 7=6.6 Hz), 3.29 (IH (7), 

15 a), 3.80 (IH (20), dd, 7=12.2, 5.2 Hz), 3.83-3.88 (IH (20), m), 4,09 (IH (10), br.s.), 4.24 (IH (5), 

d, 7=2.9 Hz), 5.49 (IH (12), d, 7=9.9 Hz), 6.53 (IH (6"), 1, 7=7.6 Hz), 6,64 (IH (4"), d, 7=8.6 

Hz), 7.36 (HI 15"),. ddd, 7=8.4, 7.0, 1.6 Hz), 7.55 (III (3"-NH), q, 7=4.6 Hz), 7.73 (HI (1), s), 

7.78 (IH (7"), dd, 7=8.0, 1,6 Hz), 
13C NMR (125 MHz, CDCh) 5 ppm: 9.8 (19), 15.3 (18), 17.2 (16), 21.0 (2% 23.9 (17), 27.1 (15), 

20 29.5 (MeNH), 36.1 (8), 36.3 (14), 45.8 (11), 49.0 (10). 61.8 (6). 64.6 (20). 65.3 (7). 65.4 (13), 

71.6 (5), 72.4 (4), 77.3 (9), 77.4 (12), 108.6 (2% .1.1.1,0 (4")s 114.5 (6"), 131.9 (7"), 133.6 (2), 

135.6 (5"), 152.7 (3"), 164.4 (1), 170.3 (1"), 170.4 11209.9 (3). 

Compound 49 

25 1H NMR (500 MHz, CDCh) 5 ppm: 0.84 (3 H (18), d, 7=6.8 Hz), 0.86 (311 (7), t, 7=6.7 Hz), 0.86 

(3H (7"), t 7=6.7 Hz), 1.20 (3H (16),«), 1.20 (3:H (17), s), 1.22-1.32 (1.2 H, (4', 5', 6', 4", 5", 6"), 

ml 1,28 (IH (.14), d, 7=6.7 Hz), 1,55-1,63 (4H (3', 3"), m), 1.74 (3H (19), dd, 7=2,6, 1.0 Hz), 

1.90 (IH (11), m). 2.28 (2H (2"). m), 2.32 (2H (2'i. m% 3.14 (IH (8). d. 7=6.7 Hz), 3.25 (IH (7), 

s), 3.65 (IH (4-OH). s), 3.81 (2H (20), br.s.), 3.97 (IH (5-OH). br.s.), 4.05 (IH (10). t, 7=2.6 

30 Hz), 4.21 (IH (5), ft), 5.35 (IH (12), d, 7=9.9 Hz), 5.85 (IH (9-OH), br.s.). 7.70 (IH (1), dd, 

7=2,6, 1,6 Hz), 
BC NMR (1.25 MHz, CDCh,) 6 ppm: 9.7 (1.9), .14.0 (7% 14.0 (7"), 15.0 (18), 17.0 (16). 22.4 (6"), 

22.5 (&), 23.7 (17), 24.4 (3'), 25.1 (3")? 26.3 (15), 28.7 (4"), 28,7 (4"), 31.4 (5% 31,4 (5"), 34.3 
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(2'), 34.5 (2"), 35.9 (8), 35.9 (14), 45,4 (11), 48.9 (10), 61.8 (6), 64.6 (20), 65.2 (7), 65,6 (13), 

71.3 (5), 72.4 (4), 76.5 (9), 77.2 (9), 133.5 (2), 164.5 (1), 173.5 (1'), 176.2 (l'% 209.8 (2). 

Compound 50 

5 lH NMR (500 MHz, CDC13) 5 ppm: 0.84 (3H (18), d. 7=6.8 tlx), 0.85 (3H (14r), L 7=6.8 Hz), 

1.20 (3H (16), s), 1.20 (3H (17), s), 1.21-1.28 (20H (4', 5', 6', T, 8\ 9», 10', 11',: 12', 13% m), 1.30 

(IH (14), d, 7=6.8 Hz), 1.60 (2H (3% quin, 7=7.3 H*),. 1.74 (3H (19), dd, 7=2.9. 1.3 Hz). 1.91 

(IH (11), dq, 7=10.1, 6.5 Hz), 2.07 (3H, (2"), s). 2.23-2.34 (2H (2% 3.14 (IH (8k d, 7=6.8 

Hz), 3,24 (iH (7), s), 3.46 (1H (5-OH), s), 3.65 (IH (4-OH), s), 3.77-3.83 (2H (20), m, 7=3.1 

10 Hz), 3.97 (IH (20-011), d, 7=3.1 Hz), 4.04 (IH (10), t. 7=2.6 Hz), 4.21 (IH (5), d, 7=2.1 Hz), 

5.36 (IH(12). d, 7=10.4 Hz). 5.70 (IH (9-OH), br.s.), 7.69 (IH (1), dd, 7=2.6, 1.6 Hz). 
,3C NMR (125 MHz, CDCW) 5 ppm: 9.7 (19), 14-1 (14% 15.0 (18), 17.0 (16). 21.0 (2"), 22.7 

(13% 23.6 (17), 25.1 (3% 26.2 (15),. 29.0 (4% 29.2 (5% 29.3 (6% 29,5 (7% 29.6 (8% 29.6 (8% 

29,6 (9*), 29.6 (10'), 29.6 (11% 31.9 (12% 34.5 (2% 35.8 (14), 35,9 (8), 45.3 (11). 48.9 (10), 61.8 

15 (6), 64.6 (20), 65.2 (7), 65.8 (13), 71.2 (5), 72.4 (4), 76.5 (12), 77.2 (9), 133.5 (2), 164.4 (1), 

173.6 (F), 173.6(1"), 209.8 (3). 

Compound 51 
lH NMR (500 MHz, CDCh) 5 ppm: 0.84 (3H (18), d, 7=6.8 Hz), 0.86 (3H (14% i. 7=7.0 Hz), 

20 0.92 (3H (4"), l, 7=7.5 Hz), 1.12 (3H (5'% d, 7=6.8 Hz). 1.21 (3H (16), s). 1.22 (3H (17), s), 

1.21-1.31 (20H (4', 5\ 6\ 1\ 8', 9', 10', 11', 12', 13% m), 1.25 (IH (14), d, 7=6.2 Hz), 1.44 (IH 

(3"), ddq, 7=14,0, 7.1, 7.1 Hz), 1.60 (2H (3% m), 1.71 (IH (3'% ddq, 7=14.0, 7.5, 7,5 Hz), 1.75 

(3H (19), dd, 7=2.9, 1.3 Hz), 1.90 (3H (11), dq, 7=10-1, 6.5 Hz), 2.18 (I H (20-OH), HI, 7=6.8, 

4.7 Hz). 2.28 (2H (2% m. 7=11.4, 7.4 Hz). 2.36 (2H (2"), sxt, 7=7.3 Hz), 3.15 (IH (8), d. 7=6.8 

25 Hz), 3.26 (IH (7), s), 3.57 (IH (4-OH), d. 7=1.0 Hz), 3.78 (IB (20), dd, 7=12.5, 4,2 Hz). 3.86 

(IH (20), dd, 7=12,5, 6.8 Hz), 3.87 (,1H (5-OH). d. 7=3,1 Hz), 4.05 (IH (10), in, 7=2.6 Hz), 4.21 

(IH (5), d, 7=2.6 Hz), 5-37 (IH (12), d, 7=9.9 Hz), 5-98 (IH (9-OH), br.s.), 7.71 (IH (1), dd, 

7=2.6, 1.6 Hz). 
UC NMR (125 MHz, CDCi3) 6 ppm: 9,7 (19), 11.6 (4"). 14.1 (14% 15.1 (18), 16.1 (5"). 17.2 

30 (16), 22.7 (13% 23.7 (17), 25.2 (2'), 26.2 (3"), 26.6 (15), 29,0 (5% 29.3 (4% 29.3 (4% 29.5 (6% 

29.6 (8% 29.6 (9% 29.6 ("10% 29.7 (11% 31.9 (12% 34.6 (2'), 36.0 (8). 36.1 (14), 41.2 (2"), 45.6 

(11), 48.9 (10). 61.7 (6), 64.5 (20), 65.2 (7), 65.5 (13). 71.6 (5), 72.4 (4), 76.5 (12), 77.2 (9), 

133.5(2), 164.7 (1). 173.3 (1% 178,8 (1"),209.9 (3% 
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Compound 52 

'll NMR (500MHz, CDCI3)8 ppm: 0.85 {3.11 (18),4 J-6.8 Hz), 0.90 (311 (4% t, 7=7.5 Hz), 1.11 

(3H (5'). d, 7=7.3 Hz), 1.19 (3H (16), s), 1.21 (3H (17). S). 1.31 (IH (14),. d, 7=6.8 Hz), 1.44-1.56 

(iH (3'),m). 1.58-].67 (IH (3% m), 1,74 (3H (19), dd, 7=2.9. 1.3 Hz), 1.88-1.96 (IH (11). m), 

5 2.08 (3H (2"), s), 2.33-2.43 (2H (7), m), 3.15 (IH (B), d, 7=6.2 Hz), 3.25 (IH (7), s), 3.59 (IH 

(4-OH), br.s.), 3.78 (IH (20), d. 1=13.0 Hz), 3.85 (IH (20), d. 7=12,5 Hz), 4.05 (IH (10), t, 7=2.9 

H/.), 4.21 (IB (5), s), 5.38 (IH (12), d, y=.10.4 His), 5.74 (IH (9-OH), br.s.),.7.71 (1.H (1), dd. 

7=2,3,1,3 m). 
BC NMR (125 MHz, CDC13) 6 ppm: 9.7 (19). 11.3 (4'), 15.0 (18), 16.5 (5*), 17.0 (16). 21.0 (2"), 

10 23.6 (17), 26.1 (15), 26.9 (3'), 35.7 (14), 35.9 (8), 41.2 (2% 45.3 (11), 48.9 (10), 61.7 (6), 64,5 

(20), 65.2 (7), 65.8 (13). 71.5 (5), 72,4 (4), 76.2 (12), 76.9 (9). 133.5 (2). 164.6 (l.)f .173.6 (1"), 

176.4(1'}. 209.9(3). 

Compound 53 

15 lH NMR (500 MHz, CDCl 5) 5 ppm: 0.88 (3H (6'), m, 7=7.3 Hz), 1.06 (3H (18), d. 7=6.2 Hz), 

1.18 (3H (16), s), 1.25 (3H (17), s). 1.25 (IH (14), d, 7=7.3 Hz), 1.27-1.33 (4H (4', 5T). m), 1.59-

1.65 (2H(3'), m). 1,74-1.80 (IH (11) , m), 1.76 (3H (19), dd, 7=2.9, 1,3 Hz), 2.23 (111 (20-011), t, 

7-6.2), 2,35 (211 (2% td, 7=7.5,1.6 Hz), 3.06 (IH (8), d, 7=7,3 Hz), 3.26 (IH (7), s), 3.57 (IH (4-

OH), s), 3.77 (IH (10), I 7=2.6 Hz), 3.81 (2H (20), dd, 7=7.3, 4.7 Hz), 3.94 (IH (12), dd, 7=9.1, 

20 1.3 Hz). 4.2 (1H (5). s), 7.69, (IH (1), dd, 7=2.3. 1.3 Hz). 
I3C NMR (125 MHz, CDCI3) 5 ppm: 9.8 (.19), 13.9 (6').- 16.3 (.18), 17.2 (16), 22.3 (5% 23.3 (17), 

24.5 (3'i, 28.0 (15), 31.3 (4% 34.0 (2*), 34.8 (14), 36,5 (8), 47,2 (11), 50,8 (10), 62.5 (6), 65.0 

(20), 66.0 (7). 68.6 (13), 71.4 (5), 72.1 (4), 77.7 (9), 78.2 (12), 134.0 (2), 163.7 (1), 177.3 (1% 

209.6 (3). 

Compound 60 

HPLC: Kinetex CIS column 4,6 mm. 0.8 mL/miri, methanol-water (70:30). Retention time: 10.9 

minutes. 

30 Examples of in vitro effects on cell types involved in wound healing 

Example 4: Scratch closure mid fibroblast migration in vitro 

The ability of early passage neonatal foreskin fibroblasts (NFF) cultured in RPM1 1640- 10% 

fbelal calf serum to migrate across a scratch wound made in a confluent monolayer following 
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treatment with purified compounds or plant extracts was determined using one or more of the 

following three methods. 

Method t 

5 Cells were seeded in 16-mm diameter wells (24-well plates), allowed to become confluent and 2 

scratches made in each well using a sterile plastic pipette tip. The medium was removed, the 

wells washed with phosphate-buffered saline pH '7.2 (PBS) to remove dislodged cells, fresh 

medium added followed by serial 10-fold dilutions of pure compound or plant extract (2pL). 

Incubation was continued for 16 to 30 hr. The experiment was terminated when the scratch 

10 edges of untreated cultures had closed approximately 25% of the initial gap. The monolayers 

were washed with PBS, fixed with ethanol and stained with 0.05% crystal violet. 

Photomicrographs of each well (EVOS microscope) were printed and each scratch measured at 3 

places to determine the mean width. Accelerated wound closure was considered to be significant 

if the remaining gap was <40% of the gap of the untreated controls. 

Method 2 

Cells were seeded in 6 mm wells (96-well plates) or 16 mm (24-well plates), with 2 to 6 replicate 

wells/dilution., and treated as in Method 1. Immediately after treatment the scratch edges were 

outlined on the underside of the well with a line point fell pen. After fixing and staining, 

20 migration was assessed under the microscope with the aid of a graticule, scoring migration as 0, 

25, 50, 75 or 100% (total closure) of the initial width. Accelerated wound closure was considered 

to be significant if mean quartile of replicates was less than that of untreated controls (p<0.Q5, t-

lesi). In addition, "wound" areas were created by seeding cells in the presence of 3 mm Stainless 

steel pins {96-well plate), or by inserting flat-edged Teflon rings. These devices were removed 

25 after overnight incubation of the N FF cells . 

Method 3 

Cells were seeded and treated in 96-well plates as in Method 2 (5 replicate wells per dilution), 

except that the scratches were made in one action with a tool having 96, 1mm thick teflon coated 

30 pins (Essen Bioscience Woundmaker). The plate was then placed in a 37°C, 5% CO* humidified 

atmosphere in an IncuCyte FLR instrument programmed to photograph each well under phase 

contrast at 3 hr intervals for 42 hours. The software determined the initial scratch boundaries 

and. their rate of closure. Accelerated wound closure was considered to be significant if the 

initia l rate of closure was >10% of the untreated controls. 
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The results are shown in Tables 7 to 9. 

Table 7: Rates of Scratch Closure- in human neonatal fibroblasts following treatment with pure 
5 compounds 

Compound Method 1 Method 2 Method 3 

Test Cone 

(ng/mL) 
% closure 

compared 

to control 

Test Cone 

.(ng/mL). 

% closure 

compared 

to control 

Test Cone 

(ng/mL) 

% closure 

.compared 

to control 

1 30 166 200 180 30 ISO 

1 too 146 100 160 

2 30 130 30 147 

z. 100 129 

3 200 270 

5 30 209 

5 200 300 

8 200 190 

11 200 270 

18 200 220 

27 1000 158 2000 130 

28 200 140 

21 200 2(H) 

22 200 400 

23 200 130 

Grey shading with bold indicates scratch closure rate is significantly higher than control 

treatment 

All pure compounds were demonstrated to have Significantly enhanced rates of scratch closure 

10 compared to vehicle-only control treatments. 
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Table 8: Rates of Scratch Closure in human neonatal fibroblasts following treatment with 

mifraetionatcd ethaiioiie extracts of different plant parts of Fontainea picrmperma 

Plant Part Method 1 Method 2 Method 3 Plant Part 

Extract 

dilution 

% closure 

compared 

to control 

Extract 

dilution 

% closure 

compared 

to control 

Extract 

dilution 

% closure 

compared 

to control 

leaf 5000 268 5000 300 5000 220 

stem 5000: 367 

bark 500 397 500 200 

endosperm 500 128 500 270 

exoearp 500 167 

Immature 

fruit 

5 x 104 300 

Grey shading and bold indicates scratch .closure rate is significantly higher than control treatment 

5 Et'hanolic crude extracts of all plant parts of Fontainea picrosperma that were tested had 
significantly enhanced rates: of scratch closure compared to. vehicle-only control treatment. 

Table 9: Rates of Scratch Closure in human neonatal fibroblasts following treatment with 
unfractioilated ethanolic extracts of different, plant parts of three different plant species 

Plant part Method 1 Method 2 Method 3 Plant part 

Extract 

dilution 

% closure 

compared 

to control 

Extract 

dilution 

% closure 

compared 

to control 

Extract 

dilution 

% closure 

compared 

to control 

Fammnea amt.ra.lis 

leaf 500 163 

stem 5000 203 

Fori tainm mstrata 

leaf 500 101 500 141 

Hytemdia d&ckrillii 

leaf 5000 187 

stem 500 390 500 129 

bark 500 192 5000 .121 
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fruit 500 385 

Grey shading and bold indicates scratch closure rate Is significantly higher than control treatment 

Extracts from plant parts of two other species of Fontainea, f. mtstralis and F. rostrata, and the 

closely related species Hykindia dockriUU demonstrated significantly increased rates of scratch 

5 closure compared to the vehicle-only control treatment. 

Additionalty, observations of test plates under the microscope (Method 1) suggested that the 
fibroblasts displayed a gross difference in staining pattern following treatment with Compound 

J. Closer investigation revealed this was due to the cells apparently growing in a multilaycred 
10 fashion, potentially indicating a loss of contact inhibition, an increase in proliferation, or 

remodelling capability. Examples of scratch closure in the control and Compound 1 treatment: at 
24 hours post scratch are illustrated in Figures 1. and 2 respectively. 

Example 5: MiitrigeI invasion assay for migratory ability of human neonatal fibroblasts 
15 Matrigel invasion chambers provide cells with the conditions that allow assessment of their 

invasive property in vitro. The Matrigel invasion chambers consists of a cell culture companion 

plate with cell culture inserts containing an 8 micron pore stee PET membrane with a thin layer 

of Matrigel Basement Membrane Matrix. The Matrigel matrix serves as a reconstituted basement 
membrane in vitro. The layer occludes the pores of the membrane, blocking non-invasive cells 

20 from migrating through the membrane. In contrast, invasive cells are able to: detach themselves 

from and invade through the Matrigel matrix and the 8 micron membrane pores. The membrane 
may be processed for light and electron microscopy and can be easily removed after staining. 

The chambers were used according to the manufacturer's instructions, as described below in two 
25 studies, to assess the effects of Compounds 1, 2, 5 and 42 on migration of human neonatal 

fibroblasts, The first study assessed effects of three concentrations (0. 10 and 30 ng/mL) of 

Compound 1 on neonatal fibroblasts in wells containing media with 10% foetal calf serum. The 
second study used two concentrations (0 and 30ng/mL) for each of Compounds 1. 2, 5 and 42 to 

examine effects on migration of neonatal fibroblasts starved for 2 days prior to treatment and 
30 then transferred.to media with 1% foetal calf serum. 
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Rehydration 

The package containing the chambers was removed from -20°C storage and allowed to come to 
room temperature. Warns (37 °C) bicarbonate based culture medium was added to the inferior of 

the inserts (500 jiL) and bottom of wells (750 pL). The chambers containing the Matrigel were 
5 allowed to rchydrale for 2 hours in humidified tissue culture incubator, 3:7°C, 5% CO? 

atmosphere. After rehydration, the medium was carefully removed by aspiration without 
disturbing the layer of Matrigel™ Matrix on the membrane. 

Invasion Studies 

10 Cells were harvested, and resuspended at 20.000 cells per mL, A total of 250 pL of the cell 
suspension was placed into the interior of the insert (5.000 cells). An extra 250 pL media 

containing the respective Compounds was then added to the interior of the insert to give the 

desired final concentrations for each of the two studies. A total of 750 pL of media containing 
appropriate concentrations of each compound in each treatment were placed in the well under the 

15 appropriate insert. The Matrigel chambers were then incubated for 24 hours in a humidified 
tissue culture incubator, at 37°C, 5% C02 atmosphere. 

Measurement of cell invasion 
Non-invading cells were removed from the upper surface of the membrane by ".scrubbing". A 

20 cotton tipped swab was dipped into the insert after removal of the media, and firm pressure 
applied while the tip was moved over the membrane surface. The scrubbing was repeated with a 

second swab moistened with PBS. Ceils that had invaded to the external surface of the insert 
were then fixed by placing in 500 pL of 100% methanol for at least 5 mins. Inserts were then 

transferred to a companion plate containing 500 pL of 0.HI crystal violet in methanol, and 
25 stained for at least 15 mins. Inserts were destained by passage through 3 companion plates 

containing 500 pL water, before being air dried. 

The following day, the membrane was removed from the insert housing by inverting the insert 
and inserting the tip of a sharp scalpel blade through the membrane at the edge adjacent to the 

30 housing wall. The insert housing was. rotated against the stationary blade and the membrane was 
released. The membrane was picked out of the housing with forceps, and placed face down on 

10 pL of Kaiser's glycerol solution and covered with a eoversl.ip. Slides were allowed to dry 

overnight, before counting of the invading cells. 
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Results 

In the first study, fibroblasts treated- with cither 10 or 30 ng/mL Compound 1 showed .increased 
migratory ability in the Matrigel invasion chamber system compared to cells treated with vehicle 

alone (Figure 3), The second study confirmed the results of the first study with Compound I and 
5 demonstrated similar levels of enhanced in migratory ability for Compounds 2, 5 and 42 (Table 

10). 

Table 1.0: Matrigel invasion assay of human neonatal fibroblast cells treated with 30 ng/mL of 
each compound. Data are expressed as a % increase in membrane invasion compared to vehicle-

10 only control, plus or minus standard deviations from -two replicate experiments. Cells were 
counted after 24 hrs incubation. 

Compound Cell count as % of control (Control = no compounds added) 

1 356 ±141 

2 366 ±122 

5 218 ± 21 

42 350 i101 

Example 6: Scratch repopulation and closure mth immortalised human kemtinoeyies 
(HaCaT) in vitro 

15 The ability of immortalised human keratinocyte cells (HaCaT) to migrate across a scratch wound 
made in a confluent monolayer following treatment with either Compound 1 or Compound 37 

was determined by the following method. 

Trypsins sedHaCaT cells were seeded at a cell density of 7.4x104 cells/mL in 24-wel.I BD Falcon 
20 flat-bottomed, tissue culture plates (VWR. International, UK) in 1. mL Dulbeceo's Modified Eagle 

Medium (DMEM), supplemented with L-glutamine (2 mM), antibiotics (100 U/mL penicillin G 

sodium, 100 pg/rnL streptomycin sulphate and 0.25 pg/mL amphotericin B); and 10% foetal calf 
< » . 4 serum (all Invitrogen Ltd., IJE) to give a cell density of 7.4x10 cells seeded in each well. The 

cells were then maintained at 37°C in a 5% COa/95% air atmosphere overnight. The following 
25 morning, the 10% foetal calf serum-containing DMEM was replaced with serum-free DMEM 

and the HaCaT cells were subsequently serum-starved in DMEM for 48h:r. 

After 48hr, the serum-free DMEM. was removed and a single scratch 'wound" made with a 
sterile pipette across each cell layer. Following washing twice in ImL PBS, Compound 1- or 
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Compound 37-containing medium (ImL) was added to each well. This medium consisted of 

DMEM, supplemented with L-ghitamiiie (2mM), antibiotics (as above) and 1% foetal calf 
serum, in addition to Compound 1 or Compound 37 at final concentrations of 0, 0.00 L 0,0.1., 0.1. 

1.0, 10 or lOOpg/mL. There were three replicate wells per concentration for each compound. 

The HaCaT cultures were maintained at 37^0 in a 5% COj/95% air atmosphere and the 
repopulation of the denuded 'wound' areas monitored by Time-Lapse Confocal Microscopy 

(Lcica TCS. SP5 Confocal Microscope, Lcica Microsystems UK Ltd,, UK) at lOOx. 
magnification, with digital images captured at fixed positions every 20 min over a. 48h period. 

10 The digital image sequences were exported and prepared as .avi movie files, using LAS AF 
Software (Lcica Microsystems) .The rates of HaCaT wound closure in vitro were quantified using 

image,! Software (Image! 1.3.7 v.; http://rsb.info.nih.gov/i j/).The data was analysed by One Way 
Analysis of Variance with post-test Tukev analysis. Each experiment was performed on: 3 

separate occasions. 

AL 48 hrs alter application. Compound 1 significantly: increased the rate of scratch closure 

(pcO.Ol) compared to the control treatment at concentrations of 0.001. 0.01 and 0.1 ng/ml (Table 

11). At 48 hours Compound 37 also increased the rate of scratch closure (pcO.Ol) compared to 
the control treatment at concentrations of 0.001, 0.01, 0.1 and LO pg/ml (Table 1 j). 

Table 11: Extent of scratch repopulation and closure by immortalised human keratinocyte 

(HaCaT) cells at 48 hours after treatment, over a range of concentrations of Compound 1 and 
Compound 37. Data are for % of scratch wound area remaining open after treatment (+ standard 

errors). 
Compound Concentration of compoun d (fig compound/ml growth medium) 

0 0.001 0.01 0,1 1.0 10 

1 43.8+3.6 8.6+9.4 19.7+9.3 21.4+5.8 35.4+7.9 45.5+7.3 

37 49.5+5.4 4.3+4.1 0.9+1.5 2.2+3.4 30.0+5.3 37.1+7.1 

25 
To determine whether the effects of Compound 1. and Compound 37 in enhancing scratch 
repopulation and closure as shown in Table 1.1 were mediated by cell proliferation or migration 

two further experiments were conducted. The first of these experiments- addressed migration 

aspects and repeated the scratch repopulation study but with the addition of ljig/m-L of 
30 Mitomycin C to the medium at the same time that the compounds were applied. Mitomycin C is 
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known to inhibit cellular proliferation, including that of HaCaT cells; and was determined t© not 

be cytotoxic in the culture system at the Ipg/mL concentration. The results of this migration 
study found enhanced (p<0.05) scratch repopulation and closure at concentrations between 0.001 

and 1.0 |.i g/rnL for both Compound 1 and Compound 37. 

The proliferation experiment assessed the effects of the two compounds on HaCaT proliferation 
(as measured by MTT) In the culture system at 4 time periods (24, 48, 120 and 168hrj. Both 

Compounds 1 and 37 had a significant effect (p<0.01) in increasing proliferation of HaCaT cell 
across a range concentrations between 0.001 and lOpg/mL in comparison to the control. 

10 treatment with no compound added. 

These results demonstrate that both proliferation and enhanced cell migration are involved in the 

scratch.repopulation and closure process with Compounds I and 37. 

15 Example 7: Differentiation of monocytes into macrophages by the compounds 
Macrophages play numerous roles in wound healing, including clearing cellular debris and 

necrotic tissue in the early, inflammatory stage followed by the support of cell proliferation and 

tissue restoration during the later stages of healing. The Ml phenotype is considered to be 
associated with the early inflammatory stage and the M2 phenotype with the healing stage. 

To determine potential effects of of Compound 1 and fifteen other epoxy-tigliane compounds in 

the array on monocyte differentiation, human peripheral blood mononuclear cells (PBMCs) were 
isolated by Fieoll-Paque sedimentation of heparin! sed blood from a 72-year old male human 

donor, and plated at 100,000 cells/well in RPMI-1640 10% FCS. Duplicate wells were treated 
25 with 10-fold dilutions of the compounds and incubated at 37°C for 4 days. The wells were scored 

visually for cell attachment and morphology, then washed twice with PBS, stained with 
sulfurhodairane and the incorporate stain quantitated in an ELISA reader. The plates were then 

washed, with water and stained with !.%• crystal violet in methanol for photography and scoring 
of adherent cell morphology. 

The results from a dose-response experiment with human PBMCs (Table 12) showed that all 
sixteen epoxy-tigliane compounds tested differentiated peripheral blood monocytes into 

macrophages at ng concentrations, as judged by adherence and morphology which was a mixture 
of dendritic cells typical of the M2 phenotype, and rounded cells typical of the Ml phenotype. 
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Table 12: End point concentrations: in dilution series for induction of macrophage phenotype in 

human peripheral blood monocytes by epoxy-tigliane compounds in the array. 

Differentiation endpoint 

Compound (ng/mL) 

1 1 

2 1 

3 10 

5 1 

8 10 

21 10 

22 100 

23 1 

24 1 

41 0,1 

42 I 

49 1 

50 1 

51 1 

52 10 

53 100 

Example 8: Effects of compounds t and 37 on differentiation of adult dermal fibroblasts 

into myofibroblasts 

Fibroblasts play a central in the wound healing process and when activated, they differentiate 

into a myofibroblastie phenotype which is characterised by the expression of a-smooth muscle 

actio (a-S'MA). While myofibroblasts contribute to tissue repair and closure of wounds, their 

over-expression is associated with impaired healing and excessive scarring. 

The effects of Compounds 1 and 37 on dermal fibroblast, differentiation to myofibroblasts was 

examined by the extent of a-SMA expression by T-GF-|3 i-stimulated dermal fibroblasts. 
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Methods 

Following trypsinization, fibroblasts were seeded in 8-wcli,Pcrmanoxehamber slides {VWR 
International) in DMEM medium, containing antibiotics, 2 mM L-glulamioe and 10% foetal calf 

serum (250 uL, all purchased from Invitrogen); at a cell density of 2,5x10 cells/Well and 
5 maintained at 37°C in 5% CO05% air for 48h. 

At 48hf, fibroblasts were growth-attested in serum-free DMEM for 48hr arid then replaced with 

scrum-free DMEM (250 pL)» containing Compounds j or 3? at concentrations of 0. 0.001, 0.01, 

0.1, 1,0 and 10.0 ug/mL (3 wells/concentration/ compound) and TGF-pj (lOng/mi, Peprotech). 

10 Fibroblasts were maintained at 37°C in 5% C02/95% air for 72hr. 

At 72hr, chamber slide wells were washed with PBS (si, 250 ,uL) and fixed in 4% 
paraformaldehyde (100 pL/well) for lOmin. The chamber slide wells were then washed again 
with PBS (xl. 250 j.il), treated with 0.1% Triton X-100 in PBS (100 pL, Sigma) for 5min and re-

15 washed with PBS (xl, 250 uL). Wells were blocked with 1% BSA in PBS (250 pL, Sigma) for 

Vh and washed (x3) in 0.1% BS A/PBS. 

Weils were incubated with monoclonal mouse anti-human: a-SMA,. clone 1A4 (1:100, 150ul, 
Sigma) at 4'C overnight, washed (x6) in 0.1% BS A/PBS and incubated with Alexa Fluor 488 

20 goat anti-mouse IsG antibody (1:1000, 250 p.L„ Invitrogen), at room temperature for Ih, under 

darkness. Chamber slides were washed (x6) in 0,1% BSA/PBS and coimterstained with Hoescht 
33258 solution for 30 min under darkness (1:2000, 250 pL, Sigma). Chamber were subsequently 
removed for slides and treated with Fluorsave (Santa Cruz) for lOmin tinder darkness. Slides 

were viewed by fluorescence microscopy (Leica Microsystem), with digital images being 

25 capturedat x200 magnification, Digital images were processed using HC Image J Software. 

Results 
In the control treatment, with TGF-pj but no Compounds added, the adult dermal fibroblasts 

differentiated into myofibroblasts, typically charcaterized by increased a-SMA expression, ec-

30 SMA stress fibre assembly and the overall development of an. enlarged, polygonal cellular 
morphology. In contrast, exposure of adult dermal fibroblasts treated with TGF-£j to Compound 

1 and Compound 37 affected differentiation into myofibroblasts in a concentration-dependent 
manner. In the case of Compound 1 at. a concentration of 0.1 pg/mL, the Fibroblast cultures 

lacked the a-SMA stress fibre formation and the typical polygonal cellular morphology, 
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representative of myofibroblast differentiation (Figure 5), With Compound 37 there was a 

disruptive effect on a-SMA stress fibre formation and polygonal morphology development at a 

10 ug/mL concentration (Figure 6). 

Furthermore, there appear to be other subtle alterations in myofibroblast morphology across the 
range of concentrations between 1 and 10 pg/mL of Compound 1 and between 0.1 to 1.0 pg/tmL 
for Compound 37 (Figures 5 and 6). 

Specific effects of the compounds on fibroblast/ myofibroblast differentiation may be relevant to 
the minimal sear formation observed in wounds treated in vivo with Compound 1 (Examples .16 
and 17). 

Example 9: Induction of reactive oxygen burst by neutrophils in response to Compound 1 
Neutrophils are dedicated phagocytic cells of the innate immune system and (heir influx and 

acti vation i s essential for the clearance of bacteria, fungi and cellular debris during early stages 

of wound healing. The broad antimicrobial activity of neutrophils is based on several strategies 
including bursts of reactive oxygen species (ROS), 

A study was undertaken to assess the potential effects of Compound I in inducing reacti ve 

oxygen burst by neutrophils. 

Neutrophils were isolated from fresh blood of a healthy human donor by lysis of a red blood cell 
pellet that had been obtained by Ficoll-Paquesedimentation. The neutrophils 4 x 10"cells/ml) 
were incubated with 10 pg/rnl dlhydroethidium (DHE) (Sigma-Aldrich) incomplete culture 
medium at 37°C for 15 min alongside an aliquot of unstained cells to be tested as unstained 
control. This incubation was followed by treatment with Compound 1 at a range of 

concentrations (0, 1 ng/ml, 10 ng/ml, 100 ng/ml, 1 pg/ml, 10 pg/ntl, 1.00 tug/ra5) for 15 min. The 
generation of reacti ve oxygen species following Incubation was determined using a FACS Canto 
flow eytometer to measure fluorescence due to oxidation of DHE to the ethidium ion. 

This study found no production of ROS in the control treatment without Compound 1 present, in 

contrast. Compound 1 .induced the significant production of reactive oxygen species (ROS) in a 

dose-dependent manner, with ROS production increasing with concentrations of Compound 1. 
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Examples of effects of compounds on proteins, genes and cytokines relevant to improved 

wound healing outcomes 

Example 10: Molecular analysis of human neonatal fibroblasts treated with Compounds 1 and 
5 42 

The Western Blot method was used to identify effects of Compounds 1 and 42 on proteins 
relevant to would repair and healing in human neonatal fibroblast cells (NFFs). Two studies 

were conducted. In the first study, NFFs were treated with either 10 or 30 ng Compound l/nvL 
for 6 or 24 hours, before 'harvesting, and protein extraction. In the second study NFFs were 

10 treated individually with 30 ng/mL concentrations of Compounds 1 and. 42 respectively for 6 
hours. The resulting lysates from both studies were subjected to western blot analysis, and 

probing with specific antibodies to key signalling molecules involved in wound repair and 

healing, 

15 Preparation of protein samples for Western blotting. 

The medium from adherent human neonatal fibroblasts grown in 75 cm" plates was removed and 
the cells were washed twice in ice cold PBS. The attached cells were harvested in 10 mL of ice 

cold PBS using a cell scraper (Costar©, Corning) pelleted by cemniugation for 5 min (1,500 
rpm, RTemp), resuspended in 1 mL of ice-cold PBS, and transferred to a 1.5 mL microfuge tube, 

20 The cells were collected by centrifugation (13.200 rpm. RTemp, 2 s), the PBS removed add the 
pellets stored at -20°C until required. 

The frozen pellets were thawed on ice, and resuspended in a volume of cell, lysis buffer 3-4 times 
the volume of the pellet by pipetting up and down. The cell suspension was sonicated 60 s at 

25 4°C and. centrifuged for 20 min (.13,200 rpm, 4°C) and the Interphase, containing the protein 

transferred to a fresh 1,5 ml microfuge tube. The protein was stored at -20°C. 

Determination of protein concentration 

Protein concentrations were determined using the BCA Protein Assay kit (Pierce). This method 

30 is based on the reduction of Cur* to Cu1+ by protein in an alkaline solution. The Cu1+ formed is 
subsequently chelated with hieinehromc acid (BCA) forming a purple reaction product. 
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Protein samples were diluted 1/10 and 1 /20 (v/v) in MilliQ water and 10 ,uL was plated out in 

duplicate in a flat-bottomed 96-well plate (Costar®, Corning). Stock solutions of bovine serum 
albumin (RSA) were prepared at 100, 200, 400, 600, 1,000, and 1,200 pg/mL and 10 pL/well 

plated out in duplicate and assayed alongside the samples. The BCA working reagent was 
5 prepared by mixing 50 parts of reagent A with 1 part of reagent B and aliq noting 100 pL to each 

well. The plate was incubated at 37°C for 30-45 min to allow the reaction to occur. The raw 

absorbances were read at A590 am on a mieroplate reader (VERS Amax., Molecular Devices) and 

a standard curve produced using SGFTmax PRO software (Molecular Devices). Concentrations 
of unknown samples were estimated from the curve. 

SDS polyacrylanritk gel electrophoresis (SDS-PAGE). 

Protein samples were prepared by mixing with an appropriate volume of 2 x SDS loading buffer 

mid denatured by heating for 10 min at l(fC. The SDS-PAGE gel was performed using the 
Mini-Protean II dual slab gel apparatus (Bio-Rad Laboratories) as described by Laemmli (6). 

15 The resolving gel consisted of 0.275 M Tris-HCl (pH 8.8), 0.1% (w/v) SDS, 0.05% (w/v) freshly 
made-up ammonium persulphate, 1% (v/v) TEMED and between 7.5-12% (w/v) 
acrylamide/bisacrylamide (29:1). The solution was made up to 5 mL in MilliQ HgQ, and 

allowed to set for at least 30 min (RTemp) while ovetiayed with water-saturated butanol. Before 
pouring the stacking gel, the water-saturated butanol was tipped off. The stacking gel consisted 

20 of 0.125 M Tris-HCl (pH 6.8), 0.1% (w/v) SDS, 0.05% (w/v) freshly made-up ammonium 

persulphate, 0.1% (v/v) TEMED and 4% (w/v) aery 1 amidc/bisacrylamide (29:1). The solution 
was made to 2,5 mL per gel in MilliQ ICQ. poured on top of the resolving gel and allowed set 

with a. 10-well comb (Bio-Rad Laboratories) for at least 30 min. Electrophoresis was performed 
for approximately 1 h or until the dye from had run off the bottom of the gel (200 V, RTemp) in 

25 1 x SDS running buffer, 

Western transfer 

Following SDS-PAGE electrophoresis the gel plates were carefully separated, the stacking gel 
cut off and transferred to the Mini Trans-Blot Cell (Bio-Rad Laboratories). A "transfer 

30 sandwich" was assembled as follows: a porous sponge, two sheets of blotting (Whatmann) paper, 
nitrocellulose membrane, the gel, two more pieces of blotting of blotting paper and another 

porous sponge and inserted into the transfer apparatus. The sponges, membrane and blotting 
paper were pre-wet in cold electroblot buffer and care was taken to prevent any air bubbles to 
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form as this would result in inconsistent transfer of proteins. The proteins were transferred at 

100 V for 1 h (constant: voltage) in ice-cold transfer buffer at 4°C- with the nitrocellulose 

membrane (Hybo.nd™-C, Atnershaoi 'Biosciences) closer to the anionic side, and an ice pack arid 

magnetic stirrer added. 

Probing protein membranes 

Once transferred, the membrane was incubated in 5% (w/v) Blotto in 0,1% (v/v) Tween 20/TBS 

at. RTemp for at. least 30 min with gentle orbital shaking to block non-specific binding sites. The 

primary antibody was diluted in 5% (w/v) BSA as recommended by the manufacturer (see Table 

10 13 below) to a final volume of 2 mL. A plastic envelope containing the membrane and antibody 

was made and heat-sealed, removing as many air-bubbles possible. The envelopes were rotated 

on a custom made rotor overnight (approximately 16 h) at 4tlC. 

The membrane was removed from the bag, placed in a plastic tray with 0,1% (v/v) Tween 

15 20/TBS and washed four times at room temperature with vigorous orbital shaking for 15 min per 

wash. The appropriate secondary antibody conjugated to horseradish peroxidase (HRP) was 

probed to the membrane by diluting it 1/1,000 in 5% (w/v) Blotto in 0.1% (v/v) Tween 20/TBS 

and placing it in a fresh plastic envelope which was rotated at room temperature for 2 hr, 

20 Immuno-deteetion of proteins 

In order to remove any unbound or non-specifically bound antibody, the membrane was washed 

in 0.1% (v/v) Tween 20/TBS/ at room temperature four times for 15 min each. The Western 

Lighting™ Chemiluminescence Reagent Plus (PerkinElmer Life Sciences) was used to generate 

detectable signal from secondary antibodies labelled with HRP. The reagent relies on the 

25 oxidative degradation of luminal catalysed by HRP, resulting in the emission of light which is 

detectable 420 ran and can be captured on film. Equal volumes from bottle 1 and bottle 2 were 

mixed just prior to detection, A total volume of 2 mL per membrane was applied and incubated 

at room temperature for 1 min. Care was taken to ensure that the whole membrane was equally 

exposed. The membrane was removed, dried quickly on some blotting paper, inserted between 

30 two pieces of polypropylene sheet protectors into a film cassette (Hypercassette™, Amersham 

Biosciences) and exposed to piece of film. (SuperRX, Fujifilrtt). An initial exposure of 2 min 

was used to judge optimal detection time. The film was developed in a Kodak Image Station 

(Kodak). 
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Table 13: Antibodies used in this study were: 

Antibody Host 
Dilution 

Used 
Manufacturer 

Anti-pan phospho 

PKC 

Rabbit 1:1.000 Cell Signalling 

Anti-Pliospho-ERK 

(Thr202/Tyr204) 

Rabbit 1:1,000 Cell Signalling 

Anti-ERK Rabbit 1:1,000 Cell Signalling 

Anti-Phospho-

MEKl/2 

(Ser217/221) 

Rabbit 1:1,000 Cell Signalling 

And-MEK 1/2 Rabbit 1:1,000 Cell Signalling 

And -MMP9 Rabbit 1:1,000 Cell Signalling 

Anti-Rabbit Ig HRP-

Conjugated 

Sheep 1:1,000 Cell Signalling 

In the first study with Compound 1, Western blot analysis a transient activation of both MEK1/2 

5 and LRKl/2 following 6 hours of treatment with either 10 or 30 ng/mL of Compound I, and a 

subsequent down-regulation of activation following 24 hours treatment. Activation of the MEK 

/ ERK branch of the MAP Kinase pathway in known to influence the migratory phenotype of 

many cellular types, .including fibroblasts. No difference in levels of MMP9 was detected. 

10 Similar patterns of phosphorylation of phospho-ERK were found on Western Blots in the second 

study with 30 ng/mL concentrations of Compounds I and 42 on the NFFs. 

Example 11: Effect of Compound 1 on expression of genes involved in wound healing 

The effects of Compound 1 on expression of genes associated with wound healing were 

15 examined in two situations (a) human PBMCs and (b) mouse stroma of human tumour 

xenografts. 

20 

Materials and Methods 

Human peripheral blood mononuclear cells (PBMCs) were isolated by Ficolj-Paque 

sedimentation of heparin! sed blood from a 68-year old male human donor, and cultured in 



WO 2014/169356 PCT/AU2014/050018 

93 

RPMi-1640 10% FCS. Following treatment with Compound 1 at 30 ng/mL. the monolayer was 

washed once with phosphate buffered saline (PBS) and the cells harvested with sterile scrapers 

and stored as pel lets at -80° C. 

5 Mouse stroma in human tumour xenografts were obtained from mice in which the Sk-Mel-28 

human melanoma cell line was injected suhcutaneously into 2 sites on the flanks of each 

BALB/c Fomlnu mouse (2 x 106eells/,site) and allowed to grow to approximately 7 mm 

diameter. Each tumour was then injcctcd with 50 ,uL of 20% propylene glycol containing 30 pg 

Compound 1 or with 50 pL of 20% propylene glycol. At different times after injection a mouse 

10 was euthanased and the tumours harvested, the skin covering removed, and the intact tumours 

stored at -80' C 

RNA was extracted from 30 mg of frozen tumour or 1 x 107 cells using the QiagenRNeasyPlus 

Mint Kit. according to manufacturer's instructions, then quantitated with a NanoDrop instrument 

15 and integrity confirmed on denaturing agarose gels bearing a 1 kb DNA marker and stained with 

ethidium bromide. 

RNA imptificmlm and labelling. 

Approximately 500 ng of total unlabel led RNA was adjusted to a final volume of 11 pL with 

20 nuclease-free water. The RN A was incubated with 9 pL of the reverse transcriptase master mix 

(1 pL of T7 Oligo (dT) Primer, 2 pL of 1 OX first strand buffer, 4 pL of dNTP mix, 1 pL of 

RNase inhibitor and 1 pL of ArraySeript) at 42 CC for 2 hr. This was followed by the second 

strand cDNA synthesis step which involved a further incubation at 16 "C for 2 hr with 80 pL of 

the second strand master mix (63 pL nuclease-free water, 10 pL 1 OX second strand buffer. 4 pL 

25 dNTP mix, 2 p.L DN A polymerase and 1 uL RNase HJ. The eDNA was purified by filtering 

through a cDNA Filter Cartridge with 250 pL of cDNA binding buffer and washing with 500 pL 

of the wash buffer provided in the kit, Purified cDNA was eluted with 20 uL of 55 C nuclease-

free water. Each eDNA sample was incubated with 7,5 pL of the IVT master mix (2.5 pL of T7 

10X reaction buffer. 2.5 pL of T7 enzyme mix and 2.5 pi biotin-NTP mix) at 37 "C for 16 hr. 

30 The reaction was stopped with the addition of 75 pL of nuclease-free water to each cRNA 

sample. The biotinylated, amplified RNA was purified by filtering the cRNA samples through 

cRNA Filter Cartridges with 350 pL of cRNA binding buffer and 250 pL of 100 % ethanol 

mixed together prior to loading onto the filters. The cRNA filter cartridges with attached RNA 
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were then washed with 650 pL of wash buffer before eluting purified cRNA with 200 pL of 55 

"C nuc lease-free water. 

lilumina Expression BeadChip Hybridizali-on.The cRNA samples were heated at 65 "C for 5 min 
5 and collected by pulse ccntrifugation. After heating at 65 degrees for 5 min. approximately 750 

ng of the cRN A sample was aliquoted into separate tubes to which were added - 5 pL of RNase-
free water and 10 uL of Hyb Mix. Approximately 15 pL of the prepared cRNA mix was loaded 

onto the lilumina Expression BeadChips, Subscqont steps of hybridisation and washing were 
carried out. according to the Whole-Genome Gene Expression Direct Hybridization Assay Guide 

10 supplied: by lilumina. 

The Human HT-12 v4 Expression BeadChips cover more than 47,000 transcripts and known 
splice variants across the human transcriptome, The MouseRef-8 v2.0 Expression BeadChips 
cover approximately 25,600 well-annotated RefSeq (Reference Sequence) transcripts, 

15 comprising Over 19,000 unique genes.. 

Data analysis-. BeadChips were read by the iScan System, and transferred via GenomeStudio 

into GeneSpring GX ¥12,5 (Agilent Technologies, Santa Clara, CA, USA). The expression 
values were normalized using quantile normalization with default settings. The entities were 

20 filtered based on the detection score calculated by GenomeStudio where p < 0.05 was considered 
significant. 

Wound healing-relevant gene expression changes induced in human PBMCs by Compound 
I. 

25 Human peripheral, blood mononuclear cells (PBMCs) are rich in. lymphocytes and macrophage 

precursors (monocytes) involved in the production of cytokines and tissue remodelling enzymes 
relevant to the wound healing process. Table 14 lists gene expression changes induced by 30 

ng/mL Compound 1 that were >2 times higher or >2 times lower than control, untreated PBMCs, 
and .had a known link with wound healing. Wound healing is a complex, multistage sequence in 

30 which processes such as inflammation subsequently need to be down-regulated. It. should 

therefore be noted that the genes shown in Table 14 illustrate the range of relevant molecules 
regulated by Compound 1 in a mixed lymphoid population in vitro, without specifying the order 

of tissue-specific expression in vim. 
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The genes included pro-inflammatory cytokines (IL-Ttx, IL-1J3 and IL-6) involved in protection 

from infection, cytokines to moderate the inflammatory response (IL-10 and IL-24), growth 

factors (GMCSF, CSF1 and HBEGF), and a range of chemokines and matrix metaUopeplidases 
for tissue remodelling (the latter facilitated by down-regulation of TIMP2), Down regulation of 

5 THBS1. which suppresses granulation tissue formation, is also a positive factor in wound 
healing. Op-regulation of KLF10 should facilitate angiogenesis and is indicative of induction of 
TGF-p. Transglutaminases (TGM) stabilise proteins by cross linking them and have other 

beneficial effects in wound healing. 

10 Table 14. Changes in expression of genes relevant to improved wound healing outcomes that are 
induced in human PBMCs by Compound I 

Gene Gene Name (Homo sapiens) 
Time 

(h) 

Fold change 

in expression 

Direction of 

regulation 

ILlo infci'lcukin I, alpha (iLle), inRNA. 24 14.6 Up 

ILlp InterleuMn 1, beta i ll. 1 |\i. mRNA. 24 15.4 Up 

1L6 
fnterleukin 6 (Interferon 2, beta) (IL6), 

mRNA. 
24 33.1 Up 

11,10 IntetleuMn 10 01-10). mRNA. 24 2.1 up 

1L24 
Inrcrleukin 24 (11.24). transcript valiant 1, 

mRNA.. 
24 4.6 Up 

GM-CSF 
GM colony-stimulating factor (GM-CSF), 

mRNA 
4 4.3 Up 

24 34.6 Up 

96 6 Up 

CSF1 
Colony stimulating factor, transcript variant 

4, mRNA. 
24 5.1 Up 

HBEGF 
Hcparin-binding. BGF-like growth factor 

(HBEGF), mRNA. 
4 2.7 Up 

24 5.1 Up 

CXC1.1 
Chemokine (C-X-C motif) ligand 1. 

(CXCLl), mRNA. 
24 .1.3,5 Up 

CXC1..2 
Chemokine (C-X-C motif) ligand 2 

(CXCL2), mRNA. 
4 3,5 Up 

24 73.5 Up 

CXCL5 Chemokine (C-X-C motif) ligand 5 24 8.1 Up 
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(CXCL5), mRNA. 

96 15.) up 

CXCL7 
Chemokine (C-X-C motif) ligand 7 

(CXCL7). mRNA. 
24 17.5 tJp 

96 37.4 Up 

CXCLl 3 
Chemokine (C-X-C motif) ligand 13 

(CXCLl3), mRNA. 
24 2,2 Up 

96: 23.5 Up 

(XI. t 
Chemokine (C-C motif) ligand J, (CCL1), 

mRNA. 
24 39.8 Up 

96 42.6 Up 

CCL3 
Chemokine (C-C motif) ligand 3 (CCL3), 

mRNA, 
24 56.9 Up 

CCL7 
Chemokine (C-C motif) ligand 7 (CCL7), 

mRNA. 
4 9.4 Up 

24 54.5 up 
96 4.8 Up 

CCL3L1 
Chemokine (C-C motif) ligand 3-like 1 

(CCL3L1), mRN A. 
4 5.3 Up 

24 72.3 Up 

96 4.2 Up 

MM PI Matrix, metallopeptidase.l (MMPI), mRNA.. 4 3,1 Up 

24 4,2 Up 

MMP7 Matrix metaUopeptidase? (MMP7), mRNA. 4 3.5 Up 

24 7.4 Up 

96 1.17.3 Up 

MMP9 
Matrix metaUopeptidase 9 (MMP9), 

mRNA. 
24 -22,9 Down 

MM'PIO 
Matrix metaUopeptidase 10 (stromeljsin 2) 

(MMPI0). mRNA. 
4 3.2 Up 

24 52 Up 

MMP19 
Matrix metaUopeptidase.19, transcript var. L 

mRNA. 
4 11.6 Up 

24 2.6 Up 

TIMP2 
TIM.P metaUopeptidase inhibitor 2 

(T1M.P2), mRNA, 
24 -.10.9 Down 
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TUBS 1 Thromhospondin 1 (TUBSi), mRNA. 4 -47.8 Down 

24 -101,5 Down 

KLFfO 
Kruppel-like factor .10 (KLFI0), transcript 

variant 1, mRNA. 
4 5.9 Dp 

24 9.3 Up 

TGM3 Transglutaminases (TGM3), mRNA. 4 2.3 Up 

24 28.4 Up 

TGM2 
Transglutaminase 2 (TGM2), transcript 
variant 1, mRNA. 

24 12.2 Up 

96 4.4 Up 

TOMS 
Transglutaminase 5 (TGM5), transcript 
variant 2, inRN A. 

24 •;o Down 

Wound healing-relevant gene expression changes induced in the mouse stroma of human 

tumour xenografts by Compound 1 

5 Excellent healing of tumour sites in mice and companion animals, evidenced by restoration of 

hair and hair color as well as minimal scarring, is a notable feature of Compound 1 treatment by 

intratumoural injection (Examples 16 and 17). Changes in gene expression relevant to wound 

healing were therefore assayed in the mouse-deri ved stroma of human tumour xenografts at early 

times after injection while the tumour was still intact. 

Expression data using mouse gene-specific microarrays were performed for 2-3 individual 

human S.K-Mel-28 xenografts treated by intratumoural injection with 30 pg of Compound L 

along with 3 vehicle-only sites, the data combined. Only those mouse genes for which 

expression in the Compound 1 treated site was >2 times higher or >2 times lower than in the 

15 vehicle-injected site were examined for relevance to wound healing. 

Table 15 lists genes selected by the above criteria and with known links to wound healing, 

A number of genes with known favourable outcomes for wound healing were up-regulated by at 

20 least 2-fold by Compound 1. These were genes involved in muscle contraction (ACTA1), 

growth (EGR1), modulation of inflammation (CXCLl), keratins for renewal of keratinoeytes 

(krtS, 10, 14,15, 17. 71, krtdap), keratinocyte migration (Co07al), epidermal differentiation and 

cell communication (lor, Tgm2, Itga7). 



WO 2014/169356 

98 
PCT/AU2014/050018 

One wound healing related gene, Thfombospondin 2 (Thbs2), was down-regulated, Down-
regulalion of this gene is associated with increased vascular density and increase in fibronectin in 

early stages of wound healing. 

Table 15. Changes in expression of genes relevant to improved wound healing outcomes that are 
induced in mouse stroma of human tumour xenography by Compound 1 

Gene 

code 
Gene name (Musmusculus) Time (h) 

Fold change in 

expression 

Direction of 

regulation 

Acta! 
aetin, alpha 1, skeletal muscle 

(Acta I >. mRNA. 
0.5 9.3 Up 

4 30.3 Up 

8 8.5 Up 

Pert 
early growth response 1 (Egrl), 

mRNA. 
4 4.7 Up 

8 5.34 Up 

CXCLl 
chemokine (C-X-C motif) ligand 1 

(Cxcll). mRNA. 
4 12,1 Up 

kit 1.4 keratin 14 -.Kit 14). mRNA. 1 9.4 Up 

2 5 6 Up 

4 9.7 up 
Kit 10 keratin 10 (Kit.10), mRNA. I 7 Up 

2.4 Up 

4 8.6 Up 

8 2.1 Down 

Kni7 keratin 17 (Krtl'7), mRNA. 1 2.9 Up 

4 10 Up 

8 3 Down 

Kit 15 keratin 15 (Kit 15), mRNA. 1 J ^ Up 

Krt5 keratin 5 (Kil5). mRNA. 1 2.8 Up 

Krt71 keratin 71. (Krt71), mRNA. 4 3.2 Up 

Coil 7a 1 
collagen, type XV If. alpha 1. 

(Col 17a 1), mRNA. 
1 2.7 Up 

2 2 Up 
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4 3.2 Up 

Krtdap 
keratinocyte differentiation assoc. 

(Krtdap), mRNA. 
1 7 up 

4 3.8 Up 

Lee 1 m 
lateeornified envelope LM (Lee 1 m), 

mRNA. 
1 4.9 Up 

Lee lb 
lateeornified envelope IB (Lee 1 b). 

mRNA. 
1 4,8 Up 

Lee Id 
lateeornified envelope ID (LeeId), 

mRNA. 
1 3.3 Up 

LCelal 
lateeornified en velope IA1 

(Lcelal), mRNA. 
1 2,7 Up 

4 2.8 Up 

Lcela2 
lateeornified envelope 1A2 

ii.ee 1 a2), mRNA. 
1 3 Up 

Lor foricrhi (Lor). mRNA. 1 11.6 Up 

2 2,8 Up 

Tgm2 
transglutaminase 2, C polypeptide-

(Tgm2). mRNA. 
0.5 2.67 Up 

4 2 Down j 

Thbs2 thrombospondin 2 (Thbs2), mRNA. 0.5 3.98 Down j 

Itga7 intcgrin alpha 7 (Itga7), mRNA. I 2.1 Up 

Example 12; Effect of compounds on cytokine production 
Specific cytokines play critical roles in wound healing processes, and agents that modulate these 

substances may be useful in treating wounds and/or improving the cosmetic outcomes of healing 
{e.g. reduced scarring).- The effects of Compounds 1.2. 5 and 42 on regulation of four cytokines 
{IL-1(3, IL-6, IL-8 and TNFa) known to be critical in early stages of the wound healing process 
were investigated in human peripheral blood mononuclear cells (PBMCs). 

PBMCs were isolated bv Picoll-Paque sedimentation of heparimsed blood acquired from both a 

72-year old male (Donor 1) and 34-year old (Donor 2) male human donor. All cells were 
cultured in 10% FCS, RPMI as detailed previously. 

PBMCs were seeded at a density of 1.5x10s cells per well in 10% FCS, RPMI. Stimulation of 
these cells with the four compounds was performed at four concentrations (0 ng/mL, 3 ng/mL, 
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30 ng/mL, 300 ng/mL) in duplicate for 24h in a humidified incubator at 37°C, 5% CO2. Media 

samples were taken from each of the required welis and frozen at -80°C until use. 

Cytometric Bead Array (CBA.) assays were used to measure the results. CBA assays provide a 

5 method for capturing a soluble analyte or set of analytes using antibody coated beads of known 

sizes and fluorescence. Detection is then performed using another fluorescein! v labelled 

secondary antibody to form a sandwich complex. Each media sample was assayed for the 

presence of soluble IL-lp, IL-6, IL-B. IL-10, "IL~12p70 and TNFa using a BD (Becton 

Dickinson) CBA Human Inflammatory Cytokine Detection Kit according to manufacturers' 

10 instruction^. Mean fluorescence intensity values from each sample were compared against a 

standard curve to determine cytokine concentrations tpg/mL), 

The results of the CB A assay for each compound are shown in Table 16. 

15 All four compounds significantly increased levels of the four cytokines (TNFa, IL-1|3, IL-6, JL-

8) that were detected in supematants assayed from the treated PBMCs, with trends consistent 

between PBMCs from the two donors. Highest cytokine levels generally occurred at the two 

highest, concentrations (30 and 300 ng/mL) of the compounds. 

20 Table 16. Production of cytokines from PBMCs after incubation for 24 hr at concentrations of 0, 

3, 30 and 300 ng compound/ml for Compounds 1, % 5 and 42. Cytokine levels are expressed in 

pg/nttl ± standard deviation and are presented for each of two donors. 



WO 2014/169356 PCT/AU2014/050018 

101 

o cs 

59
2.

2+
24

.7
 

| 
<3 
H"S 
-H 
NO 

cl 

o. 
c< +1 
GO 
cd 
m 

32
02

11
11

56
 !

 
O 
CT; 

20
9.

6+
7.

5 r-
41 o 
3 

0s-. 
o +1 
'*D 
r-4 

24
07

§±
81

5 
Ol 

s 

c« 

L 1
.2

+0
.3

 

1 
cri 

-4 

$ cn 
od 

41 
c-n 
Cv 
2 

a 

J p 
•a 

r~ 

in 
o. 
+l 
rn 
*o 

Cv 
o +1 
rri 

41 <n 
o 

C*"J 
OO 
41 
•n 
oo 

*73 
C 
3 
O-
CL 
E c 
B 

rn 

PO 
^4 
41 
O 
in 
ur, 
r*i 

CI 
o 
r^i 

so: 
o*-i 

41 
ITi 
cK so 

O 
•*4 
41 
2 
SO 

O 
O 

11
,9

+0
,8

 

34
,2

+1
, 1

 oo 

41 

•vd 
u 
C 

•cf r-i CI 
r-
V"> a 

41 

"4 r>i 
ca 41 rs 

cK 
3 C4 
l> 

oo 
O Ti 

l> 
r*"i 

O +1 oo 
O 

O 
41 
ic 
S 

Tt 
4J v-> 
C3 
^4 

5 3 c 

.55 

&5 
.<y\. 

> 
d 

sD > 
d 

oo <. 
d 

o 

O o rc 

rK 
^£S 
41 

00 s 

O 

41 

C-l 41
.4

+2
.3

 o 
C*. 
so 
41 
r* 
*-H 
"4 m 

o on 

"4 
oS 
4i iry 

ri 

o 
in 
4J 
ca >n 

iTi 
r>rj 
41 »n 
^4 

26
40

1+
27

1 

C4 
fe w 

rn 
3© 
4{ 
tr\ 

?5 

<n 
41 o 
so 

41 cr-
2 

8 
41 
00 o 
><0 
CI 

O 
P 

1 C
om

po
un

d 
21

 n
g/

m
L 

o 

OV 
rS 
CS 
41 
fsj s 
Ci 

ci 
41 m 
V'i 

0s-

ti o 
pr>; 

so 
OO rr» 
4] 
r-s 
o •^4 

1 C
om

po
un

d 
21

 n
g/

m
L 

O 
rn 

33
0.

0+
28

.7
 

NO 

[>• 

m 

"O 
CV 
41 

"=4 
00 

i/'i 

41 
^"4 rr> 
<2 
vO 

O cn 

QS 
f-,' cr\ 
41 
£ 
*4 

R 

o 
41 

C-3 

Ol 
c~l 
41 
0c 
rn 

<N 
C3^ »n 
rs( 
4^ &. r-i c-i ao 

'ri 

0*. 
sd 
41 v> 

rn 

<N ci 
O 
41 
o< 

OO >n 
4J 
OS 
O^1 
o 
ci 

K a 

o 41 
CO 
c^i 

O 
41 
CT* 
o 

r^i 

4i 
OO 

sO 
so S cr, 
-4 

o 
£3 
5 o 
% 
U 

.<•? 
g. 

+T:. 

-J 
i—J 

so 
d 

00 

d 



WO 2014/169356 PCT/AU2014/050018 

102 

CD o 
or-

\c5 
+l 

$3 \C 

"4* 4t 

»o 

ri 
f Tj 
in 
n 
,4! 
r~-
'50 
r^-
m 

« 

5 bj 
•sd 
4E 

•fo -=rf-

p* 

+i 
•n 
ri 

ys 
cs 
41 
20 
so. 

CM «N 

s 
O-

+1 
C* 

y™)' 

CX5 

3 
v<? 

5 
s 

3v 0> & 
4! in 

W5 
IS 
rt 

o 

>-3 
p ^1 \g' 

4 r; 

Cv 

O +1 
sc -+ 

mi +[ 
*n 
3s 

CM 
41 
§ 
rCi 

~o: 

5 
3 
CL 
£ 

•U 
o *4 

vC 

iO 

4E 
C7"s 
4f 
*1 
f-. 

in r> ri 
r--' 

O 

v£> 
OC 

<5jj: 
iN 

wft 

4E 

*n 

VC? 
a 
>c-
rr; 
tr} 

•n 
i/*; 

41 
c£ 
S 

C« 

T:t 
qp 
sb; 
iri 
oO 

f 
ri 

r-j s 
tsr 

'O 

1 
*4 

JS 

O" 

••a. 
Ti 
m 
^4 

HTE •<G 5 rx 

ri a 
Jo 

C
yt

ok
in

e 

U. 
% • *c 

00 

\p 

4} 
xC 

<*"; 
sQ 

d 
41 

OO 

m 
«—i 

OQ 

41 

cr^. 

r4 
u~, 
m 
41 
!C} 
& 
OS 
r^i 

cn 
"I 
«NJ 

m, r*% 

© 
o 
+1 
<N 

r-~ 

41 
\C 

n 

r-
41 
NO 
IS 

so «tN 

O 

C"i 

r<~, 
o< <N 
41 
o< o 

*n 

is 

<s 

oc 

41 
•*t 

r> 

sCf 
in 

1 in 
OC 
{s 

c o a 

J s 
*Sb 

F7 

r> 
IS 
4i 
vC 
fN 

C*t 

1—t +1 
i> 

5 
r> 
00. m 
4i 
-4 
r>3 
oi 

T3 
£ 
3 
O tx 
B o 

U 

T3 
£ 
3 
O tx 
B o 

U 26
7.

5+
11

.9
 

TN 

+1 
^4 

so 
^4* 41 
r-

O oo 
v£. 
41 
m 
-4 r-

r*S 

27
1.

9+
22

.4
 

#w*l-

+1 
AC 
'NC 

•^4 oc 
SO-
4! 
Xt rn 
vD 

u> 
O c 

m 

fN} 
*n 
$ 
OC 
V; 

•>o 
ci 

"•4 
.sC 
41 

cso 

S-s-
4i rr, 
O 
r**. 

6 

© 

p 

3 
in 

d +1 
JS 
H 

vr; 
ci 
41 

in 

SO' 

4! 

C
yt

ok
in

e a f-: J 

d 
V A\ < 
d 

OC 

d 



WO 2014/169356 PCT/AU2014/050018 

103 

Examples of in vivo activity 

Example 13; Acute inflammatory response in mouse skin 

An acute inflammatory response is an important initial phase of the wound healing process. Pro­

inflammatory cells, primarily neutrophils and macrophages, migrate to the site and protect it 

5 from infection and release cytokines and chemokines involved in the initiation and regulation of 

subsequent tissue repair. 

Male nude mice were injected suhcutaneously on each flank with 50 JJL of solutions of 100 

ug/mL of Compounds 1, 2, 5 and 42 respectively in 20% propylene glycol. Each site reddened 

10 within 4 hr and by 24 hr the affected area covered approximately 1 cm diameter of skin. 

Induration formed over the next 6 days and by 14 days the site had completely healed with 

minimal scarring. 

The acute inflammatory response initiated by the compounds in mouse skin, followed by rapid 

15 resolution, is consistent wit h the observed direct effects o f the compounds on pro-inflammatory 

cells (Examples 7 and 9) and on gene expression and cytokine profiles in PBMCs (Examples 11 

and 12). Such a robust but transient proinflammatory response has often been associated with 

good -in vim wound healing outcomes. 

20 Example 14; Gel formulation of Compound 1 

Either 30 mg or 50 rng of Compound 1 {>97% purity by HPLC) was dissolved in 5 mL of 99.5% 

isopropyl alcohol (Biotech Pharmaceuticals) and allowed to stand overnight. A solution of 0.6% 

Carbomer 940 (Snowdrift Farms) was prepared as the gelling agent in 5mL of sterile water. The 

Compound 1 concentrate and the 0.6% Carbomer 940 solution were then added together in a 20 

25 mL syringe and thoroughly mixed, 20 pL of 100% triethanolamine (Sigma-Aldrich) was then 

added and mixed rapidly, The resulting Compound 1 gel was then dispensed into individual 1 

mL insulin syringes to produce doses of 3 mg Compound 1/mL and 5mg Compound 1/raL 

Example IS: Injectable formulation of Compound I 

30 20mg of Compound 1 (>97% purity by HPLC) was dissolved in 8 niL of 1,2 propanediol 

(Sigma-Aldrich) in a 20 mL capacity glass scintillation vial and allowed to stand overnight, at 

room temperature. 12 mL of either 30 mM acetate buffer at pH 4-2 or saline (sodium chloride 

for injection BP 0,9% - AstraZeneca) was then added to the solution and thoroughly mixed. The 



WO 2014/169356 PCT/AU2014/050018 

104 

solution was then filler sterilised and dispensed into 1 mL dose of 1 mg/mL concentration of 
Compound 1. 

Example 16: Veterinary clinical treatment of non-healing wounds and wounds that do not 
5 respond to current standards of care 

Compound 1 has been used, to treat to heal difficult wounds in 10 pet (i.e. privately owned and 
cared for) animals with the aim of improving second intention wound healing. 

Seven dogs {Cants lupus familiarlx) and one tree kangaroo {Dendrolagus lumhvhz.ii) with 
10 chronic, non-healing wounds that were unresponsive to current veterinary standards-of-care for 

these indications were treated with Compound 1 by independent veterinarians. A second tree 
kangaroo and a spectacled flying fox (Pteropus conspicHkitus) with wounds unsuiled for initial 

treatment with current standards-of-care were also treated with Compound 1. All cases were 
managed as open wounds without the use of dressings or other bandaging during the course of 

15 treatment with Compound 1 and the subsequent period of wound resolution. Unless stated in 

individual case studies, no concomitant medications were used over the course of treatments 
with Compound i. 

Case and treatment notes for each of these patients are summarised below. Note that the return 

20 presentation of these animals to the treating veterinarians was often irregular and wound heating 
outcomes may have occurred well before the return assessment visits. 

Treatment, with Compound 1 resulted in effective wound resolution with minimal scarring in the 
eight completed eases. Wound resolution was well progressed in the two on-going case studies 

25 thai were most recently treated (Case studies 8 and 10), 

Case Studies 1 to 8: Non-healing wounds 
Case Study 1; Non-healing deep necrosing facial wound, 3 year old Bernese mountain dog 

Case notes; 

30 • Large, oval shaped facial wound 7cm long x 4e.m wide x up to 2cm deep on the left hand 

side of the patient's nuzzle. 

• Wound was crusted with patches of necrotic pustulant discharge, 
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• Histopafhology: deep necrosing injury possibly associated with a spider bite and 

characterised by the presence of coceoid bacteria and suppurative inflammation. 

• Wound had not responded to standard wound treatment protocols involving antibiotics 

(cephalexin, amoxyclav, gentamicini and antiinflammatories (macrolone) over a period 
of 3 months. 

• Wound was gradually increasing in size, causing eye closure and significantly affecting 
patient's vision and general demeanour. The patient's mandibular lymph nodes had 
become enlarged. 

• Remaining standard-of-care option was for aggressive facial surgery and reconstruction. 

• Initial treatment involved 5 applications (totalling 5.3mL) of Compound 1 gel (3 mg/mL) 
over an initial 1.4 day period (Compound 1 applied on days 1, 2, 6. 10 and .14). 

• After partial resolution of the wound at 28 days, the patient was treated with a single 1 
mL dose of Compound 1 (0,5 mg/mL) injected just under the surface at multiple 

locations throughout the wound area. 

• At 35 days following injection with Compound 1 the wound had infilled with healthy 
differentiating granulation tissue and there was no evidence of infection. 

• Concomitant medications over the course of the treatment with Compound 1 were 

temgesic and iignocaine at time of the first treatment with gel formulation, temgesie and 

tramadol at the time of and on the day immediately after the in jection treatment (i.e. days 
28 and 29) and then a supportive cover of low dose oral corticosteroid (macrolone) daily 

from day 42, 

• At 76 days following the final treatment the wound had healed and was infilled with 

normal tissue minimal scarring and also hair regrowth covering greater than 95% of the 
original wound area. 

Case Study 2; Burst, infected abdominal cyst, 13 year old Boxer 

Case notes: 

• Frail patient with severe osteoarthritis, considered a high anaesthetic risk for any surgical 

intervention. 

• Patient had persistent infected cyst; on the back proximal to the tail that had not responded 

to regular draining and injection of the cyst with antibiotics (gentamycin, enrofloxacin, 

norocillin) over a 5 month period. 
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• Patient presented with the burst cyst and elevated temperature. The cyst was cleaned Co 

remove dead skin and then flushed with saline and chlorhexidcne, The patient was treated 

with antibiotics (clindamycin and norocillin) and antiinflammatories (metacam). 

• After 5 days the wound associated with the burst cyst showed no signs of resolving and 

was surrounded by significant local inflammation. The exposed area of fhe wound 

(approximately 5cm long x 3 cm wide by up to 2,5cm deep) was then flushed with saline 

and 0.5 mL of Compound 1 gel (3 mg/mL) was applied evenly over the wound area. 

• By 5 days post treatment with the Compound 1 gel the wound had significantly 

contracted to less than 30% of the area of the original wound (approximate dimensions 

3cm long x 1.5cm wide x lem deep) and was comprised of healthy granulation tissue. 

• At 30 days: the wound had resolved with normal tissue and greater than 70% hair 

re growth over the original wound area. 

« Concomitant medications for this patient over the course of the treatment with 

Compound 1 were, an injectable non-steroidal anti-inflammatory (metacam) at time 

treatment. 

Case Study 3: Non-healing infected puncture wounds, It year old Chow Chow 

Case notes: 

• The patient presented with two large bite wounds (each approximately 4cm long x 1.5cm 

wide x 2cm deep) on the ramp from a dog fight, 

• Wounds were washed and the patient treated with antibiotics (amoxyclav tablets and 

injectable norocillin) 

• After 8 days the wounds were persistent, not. closing up and infected. 

• The wounds were cleaned and 0.4 mL of Compound 1 gel (3 mg/mL) applied evenly to 

each wound. 

• By 1.5 days post treatment with Compound 1 the wounds had significantly contracted to 

less than 40ft of their original size, formed eschars and there was no evidence of 

infection. 

• At 46 days following treatment with Compound 1 the wounds had completely resolved 

with normal tissue, no scarring and complete hair regrowth over the wound area. 

• No concomitant medications were with this patient over the treatment with Compound 1. 
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Case Study 4: Non-healing infected wounds on the face and metatarsals of a canine (II 
year old Boxer) 

Case notes: 

• The patient presented with two areas of non-healing infected and inflamed wounds, one 
on the left hand side of the face and one on the left hind metatarsals that had not 

responded to a prolonged 8 week course of antibiotics (cephalexin, doxycycline) and 

corticosteroids (macrolone). 

• A single treatment of a 5 mg/mL gel formulation of Compound 1 was applied to wound 

on the face (0.4 mL) and to the wound on the leg (0.6 mL). 

• The facial wound responded rapidly to treatment with Compound 1 with a small eschar 

present at 7 days and complete wound closure, including significant hair regrowth 
evident toy .14 days after treatment. 'The- wound area was fully healed by 63 days after 
treatment. 

• The wound on leg also responded quickly with eschar present in localised areas. By 14 
days the eschar had hugely shed and healthy underlying granulation tissue was observed. 
The wound area, had completely closed and had greater than 95% hair cover at 63 days 

after treatment. 

• Concomitant medications for this patient over the course of the treatment with 
Compound 1 were an on-going daily course of low dose corticosteroids (macrolone) for 

treatment of canine atopic dermatitis syndrome. 

Case Study 5: Non-healing infected wound on the ear of a canine (4 year old Bull Arab) 

Case notes: 

• Patient presented with a non-healing laceration due to a hunting accident that had been 
present oil the left ear for more than 6 weeks. 

• Three treatments, each of 0.1 mL of 5 mg/mL gel formulation of Compound !.» were 
applied to the affected area at 8 day intervals. No concomitant medications were used 

during the course of treatment of the patient: with Compound 1.. 

• By 41 days after the first treatment with Compound 1 the wound had fully closed. A 
further assessment at 152 days after the initial treatment showed complete wound 

resolution, minimal scarring with greater than 80% hair coverage over the original wound 
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Case Study 6: Non-healing infected wound on ear of a canine (11 year old Boxer) 

Case notes: 

• The patient: presented with non-healing (infected- and inflamed) sore on upper part of left 

ear and was treated for 10 weeks with standard-of-eare protocols involving regular 

application of (i) a topical dermatologieal formulation (Neotopie) combining antibacterial 

(neomycin sulphate), anti-inflammatory (hydrocortisone) and anti-praritie (lignocainc) 

agents, and (b) a commercial suspension (Auraeol) with antiinflammatory 

(prednisolone), antifungal (miconazole nitrate) and antibacterial (polymixia B sulphate) 

components. Prior to these treatments the patient was on an on-going course of low dose 

oral corticosteroids (macrolone) for treatment of chronic canine atopic dermatitis 

syndrome, 

• After 10 weeks of the standard-of-care protocol there was no sign of wound resolution. 

• A single treatment of 3 mL of a 5 mg/mL gel formulation of Compound 1 was applied to 

the affected area and within 15 minutes of application of Compound 1 there was 

discemable reddening of the treated area, 

• From 4 days after treatment with Compound I the patient recommenced low dose daily 

corticosteroids (macrolone) for treatment of the severe atopic dermatitis. This treatment 

continued through the full course of wound healing and resolution. 

• At 17 days after treatment with Compound 1 there was no sign of infection or 

inflammation and a well granulated wound bed had developed at the treated site. 

• At 83 days after treatment there was complete wound closure and hair regrowth had 

occurred over more than 90% of the original wound area. 

• By 139 days after treatment it was not possible to discern the site of the original wound, 

there was no evidence of scarring and or differences in skin pigmentation or apparent 

thickness in and surrounding the treated area. 

Case Study 7: Non-healing infected wounds on the ears and face of a canine (8 year old 

Jack Russell terrier) 
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• The patient presented with two non-healing wounds at the tip and base of the right ear 

and. a non-healing wound on the snout that owner had observed present for more than 4 

weeks. Possible origin was infected spider or other insect bites. 

• Two treatments, each of 0.1 mL of 5 mg/mL gel formulation of Compound 1, were 

applied to both affected areas on the ears at a 5 day interval, A single treatment of 0.1 mL 

of 5mg/mL gel formulation of Compound 1 was applied to the facial lesion, 

• By 1.3 days after the first treatment with Compound 1 both wounds on the ear had 

contracted significantly and had formed eschars. By 29 days the wound had fully closed 

and with complete cover of hair growth 

• At 16 days after treatment, the wound on the snout had fully resolved. 

• Concomitant medication for this patient was a 5 day course of the oral antibiotics 

amoxicillin and elavulanic acid (amoxyclav)' at the time of the i nitial treatment. 

Case Study 8: Infected bone wound on the leg of a tree kangaroo (Marsupialia, 

Deiidrolagus lumholtzi) 

Case notes: 

• The patient presented as a wild tree kangaroo injured in a dog attack that resulted in 

lacrosaeral luxation and osteomyelitis. The patient was treated for 1 month with 

injectable antibiotics ceftazidime (Fortum) and trimethoprim sulphamcthoxazole (TMS). 

While inflammation had been reduced bacterial swab revealed Gram negative bacteria 

and Serratiamarcesem were still present. The affected limb was not weight bearing. 

• Treatment with ceftazidime for a further 2 weeks resulted in no improvement in condition 

and veterinarian advised poor prognosis for clearing of infection from the bone and likely 

significant mechanical disruption to bone structure which would comprise future gait. A 

new bacterial swab taken from discharging sinuses on the hock and pad at that time 

revealed mixed anaerobe species and Gram positive Actinomyces species so a single slow 

IV infusion of sodium iodide (Sodide) was deli vered. 

• Because of the lack of response to other treatments and the overall poor prognosis with 

these standards of care, rescue treatment involving 4 applications of 5 mg/mL gel 

formulation of Compound 1 was commenced 2 weeks later. 

• For the first application 0.1 mL of the Compound 1 gel was applied to each of three 

lesions on the right hock (one over the ankle joint, one underneath the foot pad and a 

small lesion at the base of the heal) and a slow IV infusion of sodium iodide commenced. 
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'Within 10 minutes of the application of Compound 1 gel there was a purulent discharge 

from the- treated area. 

• On presentation 8 days after the first treatment' a purulent discharge was oozing from 2 of 
the 3 wounds on the leg. The other wound (smallest lesion on the heal) had contracted 
and commenced healing. A further treat merit of 0.15 mL of 5 mg/mL gel formulation of 
Compound 1 was used to treat each of the two open wounds (one over the ankle joint, the 
other on the base of the foot pad). A slow IV infusion of sodium iodide was also given. 

• A.further 15 days later (23 days after initial treatment) several txiLs of thick purulent pus 
was squeezed from the wound on the pad of the foot before forcing 0.15 mL of 5 mg/mL 
gel formulation of Compound 1 into the drained wound sinus. 

• One week later there was. significant improvement in the infection, A small piece of 
bone was removed from the hole in the foot pad. There was no pus evident but there was 

a serous discharge. A further 0.2 mL of the Compound 1 gel was applied to each of 
lesions, one oyer the ankle, the other underneath the foot. A slow IV infusion of sodium 

iodide was also delivered. Limb is now weight bearing, but the heal and loot pad is still 
very firm with inflammation and the animal's gait, is very uneven and strongly favouring 

the undamaged hind leg. 

• A further 15 days later the wound over the ankle joint had fully closed and hair was 
growing back. The wound on the heal of the foot pad had contracted to less than 50# of 
its; size at the previous visit and (he .surrounding skin and tissue is soft, pliable and 
normal. The limb was now fully weight bearing and there is no unevenness in the. 
animal's gait. 

• Other than the injectable sodium iodide, no other concomitant medications were 
administered to the patient over the course of treatment with Compound 1. 

Case Studies of difficult wounds not suited to current standards of care 

Case Study 9: Infectious vasculitis in the ear of a tree kangaroo (Marsupialia, Dendrolagus 
lumholtzi) 

Case notes: 

• The patient presented as a young injured animal found in the wild. 

• Patient was very weak, dehydrated and anaemic. Urine sample revealed blood and 

bacterial infection, likely septicaemia. Patient was placed on fluid therapy and medicated 
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with anti-nausea drug maropitant citrate (cerenia) and two injectable antibiotic 

formulations Tribacteral (trimethoprim., sulfadiazine) and ceftazidime (fortum). 

• After 9 days on a fluid drip the patient's condition had improved but there was trauma to 
the right ear and likely infectious vasculitis and gangrene. Surgery was not possible 

5 because of significant anaesthetic risk due to the patient's highly compromised condition. 

Instead, treatment with a gel formulation of Compound 1 was initiated. 

• Three treatments of 0.5 mL of 5 mg/mL strength Compound 1 gel were applied to the 

affected area at 7 day intervals. The only concurrent medication during this time was the 
cephalosporin antibiotics ceftazidime (fortum). 

10 • At 7 days after the first treatment of Compound 1 gel, a lightly adhering eschar covered 
the wound surface. This eschar lifted at 10 days to reveal a well-developed, pink 
granulation bed. 

» By the time of the third and final treatment application at 14 days after initial treatment 

the wound area had reduced by approximately 50% and at 25 days healthy tissue was 
15 present over the entire area of the wound.. 

• At 67 days the lesion had totally resolved and there was full hair coverage over the ear. 

Case Study 10: Severe lacerated wound on the head of a spectacled flying fox (Mammalia, 
Ptempm eompicitiatm) 

Case notes; 

20 * The patient presented as a 4 month old flying fox with a deep penetrating wound on the 
head of a 4-month old flying fox caused by entanglement in barbed wire, 

• In the opinion of the treating veterinarian who had extensive experience in wildlife 
injuries (including flying foxes) normal standard of care treatments were likely to. be 
highly problematic in causing the right eye to lose shape and not be able to close, either 

25 due to excessive sear tissue formation associated with surgery or the extent of granulation 
required if wound healing dressings were applied. 

• Compound 1 was applied to the wound in 3 applications of 0.1 mL of 5 mg/mL gel 
formulation over a 28 day period (Days L 10 and 28). No other sconce mitant 
medications or interventions were used during the course of treatment. 

30 • At 14 days after the initial treatment there was significant tissue infill and remodeling and 
by 28 days the eye was capable of fully closing. By 38 days an eschar covered the entire 

wound area and this began to slough at 49 days to reveal a good granulation bed. 
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• By 55 days after the initial treatment there was good tissue infill over the entire area of 

the original wound and the right eye was returning to its original position. A very healthy 

granulation bed was present. 

Example 17; Resolution and cosmetic outcome of wounds generated following necrosis and 
5 sloughing of spontaneous tumours in companion animals treated with Compound 1 

Veterinary clinical data on speed of resolution of wounds that formed following necrosis and 

sloughing of spontaneous tumours that had been treated by intratumoural injection of Compound 
1 (30% 1,2 propanediol formulation at either 0.5 or L0 mg/mL concentration) in twenty-four 
companion animals are summarised in Table 17, 

10 
Note that all wounds were managed as open wounds and no bandaging, dressings, lotions or 

concomitant medications were used in any of these cases. 

Table 17: Wound size and speed of resolution (time to closure) in companion animals followed 

15 sloughing of spontaneous tumours that had been treated with an injectable formulation of 
Compound 1. 

Canine 

Wound size 

class 

Number 

ol cases 

Average 

wound area 

(em") 

Average 

wound depth 

(mm) 

Average days from 

tumour slough to wound 

closure 

0.25 to 9 cm" 7 3.6 + 2,7 6.7 + 2,8 24 ± 16 

9 to 50 cnr" 5 30.4 + 16.1 14.0 + 5.5 40+ 15 

>50 to .130 cm" 3 95.3 + 35.0 13.3 + 5.8 62 + 18 

Equine 

Wound size 

class 

Number 

of cases 

Average 

wound area 

(cm2} 

Average 

wound depth 

(mm) 

Average days from 

tumour slough to wound 

closure 

0.25 to 9 cm" 4 2.9 + 1.4 7.5 + 2,9 20 + 12 

9 to 50 cm2 2 J 9.5 ± 14.5 10.0 ±0 53 ± 22 

Feline 

Wound s&se Number Average Average Average days from 
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class of cases wound area 

(cm2) 

wound depth 

(mm) 

tumour slough to wound 

closure 

0.25 to 12cm~ 3 4.8 ± 6.3 5.0 ± 4.3 17 ± 10 

The data from these cases also show good cosmetic outcomes for wound resolution with minimal 
scarring and normal half regrowth in the majority of patients (Table 18). In the few eases where 
scarring did occur, these usually coincided with areas of normally thin skin (e.g. on limbs of 

horses and dogs). 

Table 18: Tissue, skin and hair features of healed wound sites in companion animals following 

sloughing of spontaneous tumours that had been treated with an injectable formulation of 
Compound L 

Tissue, skin and hair features of wound site following resolution 

Wound site feature and outcome category No. of dogs No. of .horses No. of cats 

Tissue deficit at 

wound site1 

Nil or minimal 15 6 3 Tissue deficit at 

wound site1 Minor 0 0 0 

Tissue deficit at 

wound site1 

Substantial 0 0 0 

Scarring & skin 

thickening" 

Nil or minimal 13 4 3 Scarring & skin 

thickening" Minor 1 1 0 

Scarring & skin 

thickening" 

Substantial 1 1 0 

Hair regrowth on 

wound area5 

Full 12 5 2 Hair regrowth on 

wound area5 Partial 1 1 1 

Hair regrowth on 

wound area5 

Sparse 2 0 0 

Change in hair colour No 15 3 2 Change in hair colour 

Yes 0 3 1 

Skin pigmentation Normal 1.1 3 3 Skin pigmentation 

Patchy 1 1 0 

Skin pigmentation 

H ypopi gment ation 3 1 0 

Skin pigmentation 

Hyperpigmentation 0 1 0 

1 Tissue deficit categories 

Nil or minimal: <5% tissue deficit across the original wound area 
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Minor: 5 to 1.0% tissue deficit across the original wound area 

Substantial: >10% tissue deficit across the original wound area 
*" Scarring and skin thickening categories; 

Nil or minimal: Scarring not obvious visually or by touch 
5 Minor: Localised scar covering < 10% of original wound area 

Substantial: Scarring covering >10% of original wound area 
3' Hair regrowth on wound area categories 

Full: Hair covers >95% of original wound area 
Partial: Hair covers >50% of original wound area 

10 Sparse: Lialr covers <50% of original wound area 



115 

The claims defining the invention are as follows: 

1. Use of a 5,6- or 6,7-epoxy-tigliane compound or a pharmaceutically acceptable salt 
thereof in the manufacture of a medicament for promoting wound healing of an existing wound 
in a subject. 

2. Use according to claim 1 wherein the promoting wound healing comprises increasing 
the rate of wound healing of an existing wound. 

3. Use according to claim 1 wherein the promoting wound healing comprises reducing 
scarring in the wound tissue of an existing wound. 

4. Use according to any one of claims 1 to 3 wherein the promoting wound healing 
comprises both increasing the rate of wound healing and reducing scarring in wound tissue of an 
existing wound. 

5. Use according to any one of claims 1 to 4 wherein the promoting wound healing 
comprises improving the cosmetic outcome of the existing wound upon healing. 

6. Use according to any one of claims 1 to 5 wherein the wound is a chronic wound or an 
acute wound. 

7. Use according to any one of claims 1 to 6 wherein the epoxy-tigliane compound is in 
the form of a plant extract. 

8. Use according to claim 7 wherein the plant extract is obtainable from a plant which is a 
Fontainea species or a Hylandia species. 

9. Use according to any one of claims 1 to 8 wherein the epoxy-tigliane compound is a 
compound of formula (I): 
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wherein 

Ri is hydrogen and R2 is -OR17; or Ri and R2 together form a carbonyl group (=0); 

R3 is hydrogen or Ci^alkyl; 

R4 and Rs are independently hydrogen or -OR17; or R4 and R5 together form a double bond or an 

epoxide (-0-); 

Ra is hydrogen or Ci^alkyl; 

R7 is -OH or -ORig; 

Rg is -OH or -ORis; provided that R7 and Rs are not both OH; 

R9 and Rio are independently selected from hydrogen and Ci-^alkyl; 

R11 and R12 or R12 and R13 together form an epoxide and the remaining group of Rn and R13 is 

hydrogen, -OH or -OR17 

R14 is hydrogen or -R17; 

R15 is hydrogen or -R17; 

Ri6 is hydrogen or -Rn; 

R17 is hydrogen, -Ci-galkyl, -C^ealkenyl, -C2-6alkynyl, -C(0)Ci-6alkyl, -C(0)C2-6alkenyl or -

C(0)C2-ealkynyl; 

Ris is Ci-2oalkyl, -C2.20alk.enyl, -C2-2oalkynyl, -C(0)Ci-2oaIkyl, -C(0)C2-2oalkenyl, -C(0)C2-

2oalkynyl, -C(0)cycloalkyl, -C(0)Ci-ioalkylcycloalkyl; -C(0)C2-ioalkenylcycloalkyl, -C(0)C2-

loalkynylcycloalkyl, -C(0)aryl, -C(0)Ci-ioalkylaryl, -C(0)C2-ioalkenylaryl, -C(0)C2-

loalkynylaryl, -C(0)Ci-ioalkylC(0)Ri9, -C(0)C2-ioalkenylC(0)Ri9, -C(0)C2-ioalkynylC(0)Ri9, 

-C(O)Ci-i0alkylCH(ORi9)(ORi9), -C(O)C2-i0alkenylCH(ORi9)(ORi9), 

-C(O)C2-i0alkynylCH(ORi9)(ORi9), -C(0)Ci-ioalkylSRi9, -C(0)C2-ioalkenylSRi9> -C(0)C2-

ioalkynylSRi9, -C(O)Ci-i0alkylC(O)ORi9, -C(O)C2-i0alkenylC(O)ORi9, -C(0)C2-

i0alkynylC(O)ORi9, -C(0)Ci-ioalkylC(0)SRi9, -C(0)C2-ioalkenylC(0)SRi9, -C(0)C2. 

ioalkynylC(0)SRi9, 
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O O 
—CCOlC^oalkyl / N R19 , —C(O)C2.10alkenyl—R19 

or 
O 

—C(0)C2-ioalkynyl—^—R19 : 

and 
R19 is hydrogen, -Ci-ioalkyl, -C2-ioalkenyl, -C2-ioalkynyl, cycloalkyl or aryl; 
wherein each alkyl, alkenyl, alkynyl, cycloalkyl or aryl group is optionally substituted; or a 
geometric isomer or stereoisomer or a pharmaceutically acceptable salt thereof. 

10. Use according to claim 9 wherein the compound of formula (I) is a compound of formula 
(n): 

•ORIS (n) 
wherein R3, Rg, R7, Rs, R9, Rio, R11, Ri2, R13 and R15 are as defined for formula (I). 

11. Use according to claim 9 or claim 10 wherein the compound of formula (I) or (II) is a 
compound of formula (HI): 
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12. Use according to any one of claims 9 to 11 wherein Ri is hydrogen and R2 is OH or -

0C(0)Ci-6alkyl, -0C(0)C2-6alkenyl or -0C(0)C2-6alkynyl, or Ri and R2 together form a carbonyl 

group. 

13. Use according to any one of claims 9 to 12 wherein R3 is hydrogen or -Ci-aalkyl. 

14. Use according to any one of claims 9 to 13 wherein R* and R5 are independently 

hydrogen or -OH, -0C(0)Ci-6alkyl, -0C(0)C2-ealkenyl or -0C(0)C2-6alkynyl or R4 and R5 

together form a double bond or an epoxide. 

15. Use according to any one of claims 9 to 14 wherein Rs is hydrogen or -Ci-3alkyl. 

16. Use according to any one of claims 9 to 15 wherein R7 is -OH, -0C(0)Ci-isalkyl, -

0C(0)C2-isalkenyl, -0C(0)C2-isalkynyl, -0C(0)aryl wherein the aryl group is optionally 

substituted, -0C(0)Ci-i5alkylaryl, -OC(O)Ci-i0alkylC(O)H, -OC(O)C2-i0alkenylC(O)H, 

-OC(O)Ci-i0alkylC(O)Ci-6alkyl, -OC(O)C2-i0alkenylC(O)Ci-6alkyl, -OC(O)Ci-i0alkylCH(OCi-

3alkyl)(OCi-3alkyl), -OC(O)C2-i0alkenylCH(OCi.3alkyl)(OCi-3alkyl), -OC(O)Ci.i0alkylSCi-6alkyl, 

-OC(O)C2-i0alkenylSCi-6alkyl, -OC(O)Ci-i0alkylC(O)OCi^alkyl or -OC(O)C2-i0alkylC(O)OCi. 

6alkyl. 
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17. Use according to any one of claims 9 to 16 wherein Rs is -0C(0)Ci-i5alkyl, -0C(0)C2-

lsalkenyl, -0C(0)C2-i5alkynyl or -C(0)aryl where the aryl group is optionally substituted. 

18. Use according to any one of claims 9 to 17 wherein R9 and Rio are independently -Ci-

3alkyl. 

19. Use according to any one of claims 9 to 18 wherein Rn and R12 form an epoxide and R13 

is -OH, -0C(0)Ci-6alkyl, -0C(0)C2-6alkenyl or -0C(0)C2-6alkynyl. 

20. Use according to any one of claims 9 to 18 wherein R12 and R13 form an epoxide and Rn 

is -OH, -0C(0)Ci-6alkyl, -0C(0)C2-6alkenyl or -0C(0)C2-6alkynyl. 

21. Use according to any one of claims 9 to 20 wherein R15 is hydrogen, -C(0)Ci^alkyl, -

C(0)C2-6alkenyl or-C(0)C2-6alkynyl. 

22. Use according to any one of claims 9 to 21 wherein R14 is hydrogen. 

23. Use according to any one of claims 9 to 22 wherein Ri6 is hydrogen. 

24. Use of a 5,6- or 6,7-epoxy-tigliane compound in the manufacture of a medicament for 

preventing excessive scarring in a healing wound. 
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25. A compound selected from the group consisting of: 

12-hexanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 5); 

12-acetyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 6); 

12-propanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 7); 

12-butanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 8); 

12-[(2£',4ii)-(6,6-dimethoxyhexa-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-

hexahydroxy-l-tigliaen-3-one (Compound 9); 

12-[(2£',4£)-6-oxohcxa-2,4-dicnoyl]-13-(2-mcthylbutanoyl)-6,7-cpoxy-4,5,9,12,13,20-

hexahydroxy- 1 -tigliaen-3-one (Compound 10); 

12-[(2£',4E)-6,7-dihydroxydodeca-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-

hexahydroxy-l-tigliaen-3-one (Compound 11); 

12-[(2£)-4,5-dihydroxy-deca-2-enoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-

hexahydroxy-l-tigliaen-3-one (Compound 12); 

12-tigloyl-13-(2-methylpropanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 13); 

12-[(2£)-3-methylthioprop-2-enoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-

hexahydroxy- 1 -tigliaen-3-one (Compound 14); 

12-(2-mcthylprop-2-cnoyl-13-(2-mcthylbutanoyl)-6,7-cpoxy-4,5,9,12,13,20-hcxahydroxy-l-

tigliaen-3-one (Compound 15); 

12-[(2£',4£)-hexa-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-

tigliaen-3-one (Compound 16); 

12-[(2£,4£)-8-oxododeca-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-

hexahydroxy- 1 -tigliaen-3-one (Compoundl 7); 

12-[(2Z,4£T)-dcca-2,4-dicnoyl]-13-(2-mcthylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-

tigliaen-3-one (Compound 18); 

13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 19); 

12-[(2E)-but-2-enoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-

3-one (Compound 20); 

12-tigloyl-13-butanoyl-6,7-epoxy-4>5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 21); 

12-(3-butenoyl)-13-nonanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 22); 
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12-benzoyl-l 3-(2-methylbutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1 -tigliaen-3-one 

(Compound 23); 

12-[(2Z,4£)-deca-2,4-dienoyl]-13-(2-methylpropanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-

l-tigliaen-3-one (Compound 25); 

12-[(2£",4ii)-6,7-(anti)-epoxy-dodeca-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-

4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 26); 

12,13-dibutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l -tigliaen-3-one (Compound 27) 

12-benzoyl-13 -butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1 -tigliaen-3-one (Compound 

28); 

12-tigloyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 29); 

13-(2-mcthylbutanoyl)-5,6-cpoxy-4,7,9,12,13,20-hcxahydroxy-l-tigliacn-3-onc (Compound 30); 

12-acetyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 31); 

12,13-di-(2-methylbutanoyl)-5,6-epoxy-4,7,9,13,20-hexahydroxy-1 -tigliaen-3-one (Compound 

32); 

12-propanoyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 33); 

12-hexanoyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 34); 

12-tigloyl-13-(2-methylpropanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 35); 

12-[(2^)-3-methylthioprop-2-enoyl]-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-

hexahydroxy- 1 -tigliaen-3-one (Compound 36); 

12-{[2-(methylsulfanyl)carbonyl]-acetoyl}-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-

hexahydroxy-l-tigliaen-3-one (Compound 39); and 

12-[(2-methoxycarbonyl)-acetoyl]-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-

hexahydroxy-l-tigliaen-3-one (Compound 40); 

12,13-di-nonoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1 -tigliaen-3-one (Compound 41); 

12,13-di-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 42); 

12,13-di-pentanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 43); 

12,13-di-tigloyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 44) 

5,20-di-acetyl-12-tigloyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-

tigliaen-3-one (Compound 45); 
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12,13-(ti-(2is,4ir)-hex-2,4-enoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 46); 

12-hcxanoyl-13-[2-(N-mcthylanthraniloyl)]-6,7-cpoxy-4,5,9,12,13,20-hcxahydroxy-l-tigliacn-3-

one (Compound 47) 

12-acetyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 48); 

12,13-di-heptanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 49); 

12-myristoyl-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 50); 

12-myristoyl-13(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l -tigliaen-3-one 

(Compound 51); 

12-(2-methylbutanoyl)-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 52); and 

12-hydroxy-13-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one (Compound 

53); 

12,13-di-(3-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-l-tigliaen-3-one 

(Compound 60'); 

or a pharmaceutically acceptable salt thereof. 

26. A pharmaceutical composition comprising a compound of claim 25 or pharmaceutically 

acceptable salt thereof and a pharmaceutically acceptable carrier, diluent or excipient. 


