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ABSTRACT

The present invention relates to 5,6- and 6,7-epoxy-tigliane compounds of formula (I) and
pharmaceutically acceptable salts thereof and their use in promoting wound healing, preventing
excessive scarring and reducing changes in skin pigmentation and/or improving hair regrowth.

The 5,6- and 6,7-epoxy-tigliane compounds of formula (I) have the general structure:

OR;s (I)
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USE OF AN EPOXY-TIGLIANE COMPOUND FOR WOUND HEALING

Field of the Invention

The present invention relates to epoxy-tigliane compounds and their use in promoting wound
healing. In particular embodiments, the epoxy-tigliane compounds are epoxy-tigliaen-3-one
compounds. Methods of inducing or 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 normal skin, the epidermis (outermost layer) and dermis (inner or
deeper layer) exists in a steady-state equilibrium, forming a protective barrier against the
external 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 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 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 (TGF), which
stimulates keratinocytes. They also secrete platelet-derived growth factor and vascular
endothelial growth factor which initiate the formation of 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.

Date Regue/Date Received 2020-08-17
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The second stage of wound healing involves cell proliferation and migration and wound
contraction. This involves actions taken by cells within the wound o achieve closure of the
wound gap and replenixh lost tissue. Migration and proliferation of keratinoeyles is fundamental
{0 achieye re-epithelialisation of the wound, while reconstitution of the underlying dermis results
from migration, proliferation and differentiation of fibroblasts which help draw the wound closed

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

In the Hnal remodelling stage. migrating and proliferating keratinocyies at the wound edge re-
stratify to seal the wound and form a continuous epidermis. During this stage many changes also
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
suhject, diseases such as diabetes, or other diseases that may allect circnlation, the presence of
infection, forgign objects or noerolic tissue, or in some instances, medicaiion may affect the rate

of wound healing.

Furthermore, in some wounds imperfect regulation of wound reselution can resull in fihrosis and
excessive scar Tormation 10 leaving sear tssue that is functionally and cosmctically inferior 1o

normal tissue,

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

15 aneed to find agents that are capable of promoting wound healing. for example, inercasing the

rate of wound healing, particolarly in chronic wounds. Thete is also a need for agents that allow

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

Sumnwary of the Inventign
The present inverttion 15 predicated, at least in part, on the discavery that extracts from plants
that contain epaxy-tigliane compeunds are able to promote wound healing and also reduce scar

tissue formed upon healing of the wound.
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In a first aspect of the invention there is provided a method of promoting wound healing in ¢
subject comprising administering to  the sobject an  epoxy-tigliane compound or a

pharmaceutically aceeplable salt thereof.

In some cmbodiments, 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 Forgainea spucies or a Hylandia species. Tn some embodiments, the epoxy-
tigliane compound s isolated from the plant extract. In other embodiments, the epoxy-tighiane

compound is a synthetic or semi-synthetic derivative of an isolated tigliane compound.

fn seme embadiments, the promoting wound healing comprises increasing the rate of wound
healing, In some embodiments, the promoting wound healing comprises reducing searring in e
wound tissue. In some embodiments, the promoting wound healing comprises both increasing
the ratc of wound healing and reducing scarring in wound tissue. In some embodiments, the

wound is a chronie wound, acute wound or existing wound.

in vet another aspect of the invention, there is provided a method of treating or preventing
gxcessive scarting 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
pharmaceutically aceceptable salt thereof in the manofacture of a medicament for promoting

wound healing in a subject.

In yet anether agpect of the invention, there is provided a use of an epoxy-tigliane compound or a

pharmaceutically scceptable salt thereof for promoting wound healing in a subject.

Description of the Invention

Definitions

Unlesy defined otherwise, all technical and scientilic terms used herein have the same meaning
as commonly understood by those of ordinary skill in the art to which the invention belongs,

Although any methods and raaterials 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 deseribed.

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

The articles "a" and “an” are used herein to refer to one or to more than one (i.e. to at least ong)
of the gramimatical object of the wticle. By way of example, “an element”™ means one element of

more than one element,

As used herein, the term "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,

dimension, size, or amount.

Throughoutl this specilication, unless the context requires otherwise, the words "comprise”,
"compriscs” and "comprising” will be understeod to bmply the inclusion of a stated step or
element or group of steps or elements but not the cxclusion of any other step or clement or group

of steps or elements.

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, -C;-Cq alkyl which includes alkyl groups having 1. 2,3, 4, Sor 6
carbon atoms in linear or branched arrangements. Non-limiting examples of alkyl groups
include methyl, eothyl, propyl, isopropyl, butyl, s and t-butyl, pentyl, 2-methvlbutyl,
3-methylbutyl,  hexyl, Z2-methylpentyl, 3-methylpentyl. 4-methylpentyl, 2-cthylbutyl,

3-ethylbutyl, heptyl, octyl, nonyl, decyl, pndecyl, dodecyl, tridecyl, tetradecyl and pentadecyl.

The term "alkenyl” refors to oplionally substituted, unsaturated lincar or branched hydrocarbons.,
having 2 to 20 carbon atoms and having at least onc double bond. Where appropriate, the
glkenyl group may bave a specified number of carbon aloms, for example, Co-Cy alkenyl which
includes alkenyl groups having 2, 3, 4, § or 6 carbon atoms 10 linear or braoched arrangements,
Non-limiting examples of alkenyl groups include, ethenyl, propenyl, isopropenyl, batenyl, s- and

-butenyl, pentenyl, hexenyl, hept-1,3-diene, hex-1.3-diene. non-1.3,5-triene and the like.

The term "alkyoyl” refers o optionally substitoted unsaturated linear or branched hydrocarbons,
having 2 to 20 carbon atoms, having at least one triple bond. Where appropriate, the alkvayl

group may have a specilied number of carbon atoms, Tor example, Co-Cy alkynyl which includes
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alkynyl groups having 2, 3, 4, 5 or & carbon atoms in linear or branched arrangements.

Non-limiting examples include ethynyl, propynyl. butynyl, perntynyl and hexynyl.

The terms "eyeloalkyl™ and “carbocyclic” refer to optionally substituted saturated or unsaturated
mono-cyelic, bicvelic ar tricyelic hydrocarbon groups. Where appropriate, the eycloaliyl group
may have a specified number of carbon atoms, for example, C3-Cs cycloalkyl is a carbocyelic
group having 3, 4, § or 6 carbon atomy.  Non-limiting examples may inelude eyelapropyl

eyelobutyl. cyclopentyl, cyclopentenyl, eyclohexyl, eyclohexenyl, eyclohexadienyl and the like.

"Aryl” means a Cp-Ciq membered monocyclic, bicyelic or tricyclic carbocyclic ring system
having up te 7 atoms in each ring, wherein at least one ring is aromatic. Examples of aryl groups
include, bt are not Hmited o, phenyl, naphthyl, tetrahydronaphthyl, indanyl and biphenyl. The
aryl may comprise -3 benzene rings. If two or more aromatic rings are present, then the rings

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

Each alkyl, alkenyl, alkynyl, cycloalkyl and aryl, whether an individuad enlity or as part of a
larger entity may be optionally substituted with one or more optional substituents sclected from
the group consisting of Cgalkyl, Cysalkenyl, Cigeyeloalkyl, oxe (=Q). -OH, -SH, Cj¢alkylO-,
CopalkenylO-,  CugoycloalkylO-,  CipalkylS-,  CaogalkenylS-,  CigeycloalkylS-,  -COsH,
-COCgatkyl, -NHz, -NH{Cygalkyl). -N(Cjgalkyl)z. -NH(phenylj, -N(phenyl)s. -CN, -NQy,
-halogen, -CFs, -OCFE,, -SCFs, -CHF;, -OCHFE,, -SCHF,, -phenyl, -Ophenyl, -C({O)phenyl, -
COYCpalkyl, Examples of suitable substitucnts include. but are not limited to, methyl, cthyl,
propyl, isopropyl, butyl, sec-butyl, rert-buiyl, vinyl, methoxy, ethoxy, propoxy, isopropoxy,
butoxy, methylthio, ethylthio, propylthie, isopropylthio, butylthio, hydroxy. hydrexymethyl.
hvdroxyethyl, hvdroxypropyl, hydroxybutyl, fluots, chlors, bromo, iodo, eyane, nitro, -CO:-H,
-COCH, trifluoromethyl, triflueremethoxy, triflunromethylthie, difluoromethyl,
dilluoromethexy, diftnoromethylihio, merpholine, amino, methylamino, dimethylamino, phenyl,

phenoxy, phenylearbonyl, beneyl and acetyl.

The compounds of the invention may be in the form of pharmaceutically acceptable salts. Tt will
be appreciated however that non-pharmaceutically acceptable salts alse fall within the scope of
the invention since these may be useful as intermediates in the preparation of pharmaceutically
acceptable salts or may he useful during storage or transport.  Suitable pharmaceutically

ascceptable salts inclode, but are not hmiled 1o, salis of pharmaceutically acceptable inorganic
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acids such as hydrochlorie, sulphutic, phosphoric, nitric, carbonic, boric, sulfamic. and
hvdrobromic acids, or salts of pharmaceutically acceptable organic acids soch as acetie,
propionic, butyric, tartarie, maleic, hydroxymaleic, lumaric, maleic, ciiric, lactic, mucic,
gluconic, benzeic, succinie, oxalic, phenylacetic, methanesulphonie,  loluenesulphonic,
benezenesulphonic, salicyclic 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, caleivm, magnesium, ammonium and alkylammeonium,

Basic nitrogen-containing groups may be gquarternised with such agents as lower alkyl halide.
such ag methyl, ethyl, propyl, and butyl chlorides, bromides and jodides; dialkyl sulfates like

dimethyl and diethy! sulfate; and others.

it will also be recognised that compounds of the invention may possess asymmetric centres and
are therefore capable of existing in more than one stereoisomeric forny. 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 93% or 97% ce or greater than 99% ce, as well as
mixtures, including racemic mixtures, thereof. Such isomers may be obtained by isolation from
natural sources, by asymmetric synthesis, for example using chiral intermediates, or by chira
resolution.  The compounds of the invention may exist as geometrical isomers. The invention

also relates to compounds in substantially pure ¢is (Z) or trans (E) forms or mixtures thereof.

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

or by derivatisation of the isolated compound, or by derivatisation of a related compound.

As used herein, the term “wound”™ refers to physical disruption of the continuily or integrity of
tissue structure. Wounds include may be acute or chronic and include cuts and lacerations,
surgical incisions or wounds, punctures, grazes, scrafches, compression wounds, abrasions,
friction wounds, decubitus nleers (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.
vival, bacterial or fungal) including open or intact hoils, skin cruptions, blenuishes and acne,
ulcers. chronic wounds, {including diabetic-associated wounds such as lower leg and foot ulcers.

venous leg uleers and pressure sores), skin graft/transplant donoer and recipient sites, immune
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response conditions, eg psoriasis and cerzema, stomach or intestinal uleers. oral wounds,
including a vleers of the mouth, damaged cartilage or bone, amputation wounds and corneal

lesions,

As used herein, the terin “chronic wound™ refers to a wound that has not healed within a normal
time period for healing in an otherwise healthy subject. Chronic wounds nmisy be those that do
not heal because of the health of the subject, Tor example, where the sobject has poor circulation
or a discase 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,
funngal or parasitic infection. In some instances a chronic wound may remain unhealed for
weeks, months or even years. Examples of chronic woonds include but are not limited to.

diabetic uleors, pressure sores and tropical uleers.

The term “promating wound healing” as used hercin, refers to improving wound healing
compared to the wound healing that would he ohserved in an untremied wound.  Promoting
wound healing includes inereasing the rate of wound healing, for example, the wound may heal
at a rate that is hours, days or wecks faster than if the wound was feft untreated. Promoting
wound healing may alse encompass the reduction of scar tissue in the healing or healed wound

e
compared to that expecled when a wound is left untreated.
The term "wound healing” refers to the restoration of the tissoe integrity, either in part or in full.

The term “reducing scaming” or “reducing scar tissue™ as referred to herein relates to an
improved cosmetic result andfor reduced abnormal tissue caused by the healing of the wound
compared. to if the wound was left nntreated. In some embodiments, reducing scar tissue
includes reducing or minimising abnornsal tissue, reducing or minimising changes in skin

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

The term "epoxy-tigliane compound” refers 10 & compound baving ene of the following basic

carbon cyelic siructures;
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The compounds have a tricyclo]9.3.0.0]tetradecane system with a fused cyclopropane ting
appended 1o the six membered ring. The epoxide 1s 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 five membered ring has a 1,2-ene-3-one structure:

Methods of wound healing
fu a first aspect of the jnvention there is provided a method of promaoting wound healing in a
subject comprising  administering to the subject, an cpoxy-tigliane compound or a

pharmaccutically acceptable salt thercol,

The wound to be healed may be present 1o 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 burm.
The organ or tissuc may be any one or more of skin, muscle, liver, kidneys, lungs, heart,
pancreas, spleen, stomach, intestines bladder, ovaries, testicles, oterus, cartilage, tendon,

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

In some embodiments, the epoxy-tighane compound is administered soon affer 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 1o heal at & normal rate or has failed to respond to other therapies.
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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 are those that are producing or have

produced keleid scars or hypertrophic scars.

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
bacleriz. Non-limiting examples of bacteria that are controlled by the compounds of the
invention include bacteria of the Genus Bacillus. such as B, subfilis. B. anihracis, B. cerens, B.
Jirmis, B. licheniformis, B. megatertum, B. purnilus, B. voagrlans, B. parniothenticus, B. alvel, B.
brevis, B. circubins, B. laterosporus, B. mucerans, B polvmyxa, B. stearothermophilus,
B. thuringiensis and B. sphaericus; Staphlococcus such as S awreus, S epidernidis, 5.
haemolyiices, S, saprophytivis; Steplococeus, for example, S pyrogenes, S prewnondae, 8.
alagactine, 8. dyspalactiae, 8. equisimilis, 5. egui, S. zocepidemicus, §. anginosus, S. salwarius,
8. milleri, S. sanguis, 8. mitior, 8. nugans, 8. faecalis, S. faecium, S. bovis, S. equiniss, . uberiss
and S. avimm; Aerococcus spp., Gemella spp., Corvnebacterivm spp., Listeria spp., Kurthia spp.,
Lactobacillus spp.. Erysipelothriy spp., Avachnda spp., Actinomwyces spp., Propionibacterium
spp., Rothia spp., Bijidobacterinvm spp., Clostridium spp., Eubacterismn spp., Serratia spp.,
Kiebsiella spp., Proteus spp., Enterococcus spp., Pseudomonas spp., Nocardia spp. and

Myeobacrerium spp.

In some embodinents, the wound is infected with a fungal infection. The fungal infection may
be caused by filamentous fungi or veasts. Non-limiting examples of fungi that are controlled by
the compounds of the invention include {ungi of the Genus such as Aspergillus spp.. Mucor spp.,
Trichiophvion spp.. Cladosporium spp., Ulcladium spp., Curvedaric spp.. Aureobasidiim spp.,
Candida atbicans, Condida spp., Cryprococeus spp.. Mufessezia pachyvilermaris, Malessesia spp.

and Frichosporom spp.

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

biofilms,

The subject having a wound to be healed may be any subject including manumals, birds, fish and
reptiles. In some embodiments, the subject 15 a human, a companion animal, a laboralory animal,
a farming o working animal, 4 farmed bird, a racing animal or a captive wild antmal such as

those kept in zoos. Examples of suitable subjects inclode bui are nol limited to humans, dogs,
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cats, rabbits, hamsters. goinea 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 iy 2 mammialian subject such as a human, dog, cat, horse,

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

In sonte embodiments, the adiministration of epoxy-tighane compound prometes the healing of a
wound by increasing the rate of healing of the wound. In some embodiments, the administration
ol the epoxy-tighiane compound promofes healing by reducing scarring or the amount of scar
tissuc that would form In the absence of treatment. In some cmbodiments, the treaiment
improves the cosmetic result or ontcome or appearance of the wound once it has healed
including improving skin pigmentation and impreving hair regrowth compared te a wound that

hias not heen treated.

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

or around the site or administered intra-lesionally 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 {o increasc the rate of healing of a wound. The
amount varies depending upon the health and physical eondition of the individual to be treated,
the taxonomic group of individual 0 be treated, the formulation of the composition. the
asscssment of the medical sitwation, and other relevant factors. I is expected that the amount
will fall in a relatively broad range that can be determined through routine trials. An cffective
amound in relation to a human patient, for example, may lie in the range of about 1.1 ng per kg of
body weight to 1 g per kg of body weight per dosage. The dosage is preferably in the range of
g o 1 g per kg of body weight per dosage. such as is in the range of 0.5 mg to 1 g per kg of
body weight per dosage. In one embodiment, the dosage is in the range of 1 mg to 500 myg per
dosage. In another embodiment, the dosage is in the range of 1 mg to 250 mg per dosage. In yet
another embodiment. the dosage is in ihe range of 1 mgto 100 mg per dosage. such as up to S0
mg per dosage. In yet another embodinent, the dosage is in the range of 1 ug to 1 mg per kg of
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
othor suitable time intervals, or the dose may be proportionally reduced ax indicated by the

exigencies of the situation.
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In some embodiments, the epoxy-tigliane compound or 4 plant exiract containing at least ong
epoxy-tigliane compound may be administered separately, cither stmultaneously or sequentially,
or in the same composition as another pharmaceutically active agent that 15 uselul in wound
healing. For example, the cpoxy-ligliane compounds may be adminisiered in combination. with
an antibiotic and/or an anti-inflammatory agent.  Suitable antibiotics include beta-lactam
antibiotics such as penicillin, ampicillin, amoxycillin, flucloxacillin, dicloxacillin, methacillin,
carbeniclllin. and norocilling cephalosporing  such  us  cephulexin, celacetrile, cefadroxil,
cefaloglyein, cefalonium, cefalordidine. cefatrizine. ceaclor, cefproxil. cefuzonam, celmclozole.,
loracarbef, cefminex, cefdinir, cefpedoxime, and cefpirome; carbapenems such as imipenem,
meropenem, ertapenem. daripenem, panipenem and  biapenem: aminoglycosids such as
gentamicin, streptomycin, neomycin, kanamyein, vancomycin, erythromycin and asithremycin:
oxazolidinones such as Hnczolid and posizolid, lincosamides such as clindamycin, quinolines
such as oxelinic acid. ciprofloxacin, enoxacin, oflexacin, lomelloxacin, levollexacin and
difloxacin; and sulfonamides such as sullamethoxazole, sulfoadiazine and sulfacetamide, or
mixtures such as amoxyclay (amoxycillin and clavalinic acid).  Suitable anti-inflammatory
agents include non-sleroidal anti-inflammatory drugs such as meloxicam. piroxicam, oxicam,
aspirin, difunisal, ibuprofen, dexibuprofen, naproxen, ketoprofen. indomethacin, tolmetin,
mefenamic acid, numisulide and the like and corticostercids such as  hydrocortisone,

prednisolone, methylprednisolone, prednisone, budesonide, betamethasone and dexamethasone.

The epoxy-tigliane compounds can be used in combination with other wound healing therapics
such as dressings and ointments, lotions and gels. For example, the cpoxy-tigliane compounds
may be wvsed in combination with silver dressings and dressings, ointments, lotions and gels
comprising therapeutic agents such as jodine, aloe vera, paw paw, or medically active honeys
such as manuka honey or other biologieally or physiologically active agents smch as antiviral
agents, antibacterial agents, antifungal agents, and vitamins, such as A, ©. D and E and their
esters. The epoxy-tighane compounds may alse be used in combination with dressings that
provide molecular structure for the wound. Such dressings may include polymeric [lms and
crogs-linked polymeric films, such as hyaloronic acid and related structures, incloding cross-

linked hyaluronie acid.

In some embodiments, the epoxy-tighane compound is a compound of formula (1)
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wherein

Ry is hydrogen and Rs is -OBy4; or Ry and R together form a carbonyl group (=01

R is hydrogen or Cygalkyl;

B4 and Rs are independently hiydrogen or ~OR7: or Ry and Rs together form a double bond or an
epoxide (-O-%

Rg 18 hydrogen or O galkyl;

Ry i5-OH or -OR&

Ry is -OH or —ORyg; provided that BR; and Ry are not both -0OH;

Ry and Ry are independently selected from hydrogen and Cjpalkyl;

Ry and Ry or Ry and Ry together form an epoxide and the remaining group of Ry and Rys is
hydrogen, -OH or ~OR 5.

R4 is hydrogen or —Ryz

Risis hydrogen or -Ryy;

Ry 18 hydrogen ar -Ry+;

Ry7 is hydrogen, -Ugalkyl. -Cogalkenyl, -Crgallkeynyl, -C{OYC L galkyl, -C{OXqalkenyl or —
OO galkynyl;

Ris 18 Crapalkyl, -Cogalkenyl, ~Coanalkynyl, ~C{OCiapulkyl, -C{O Crapalkenyl, -C{OXCs.
walkynyl, -C(Q)eveloalkyl, -CINC palkyleyeloalkyl; -COCs ralkenyleveloalkyl, -C(OC,
walkyvayleyveloalkyl,  -C{iaryl, -COYCypalkylaryl,  -COYWCo galkenylaryl, -C(nHC,
walkynylaryl, -ClOMC LpalkyICIOIR 0, -CIOCH palkenylC{ONR g, -CIOYCo palkynylC{ONR 5,
-CHONCy0alkyECH{OR 19 WOR 103, -COYC 2 palkenylCH{OR 19 {OR 19),
“CONC.10alkynVICH(OR 14 OR 1),  ~CLOIC 1 ypalk ISRy, -C(ONC o galkenyISR g, ~C{OYC:.
walkynylSR g, COC L palkyICTONOR g, -C{ONCapalkenyl CIOYOR 5, -CLOCs
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nmlkyﬂ‘j/lC(Q}ORm, ~CLONC L 1palkyIC{O)SR g0, -C{ONC palkenylCO)S Ry, O,
alkynyICENSR 4.

O O
—C{OIC qoalkyi—=—Ryg _ ~T(O)C,rgakenyl—L-R g

or

= C{OYCs palkynyl Ryg

ard

Ryg is hydrogen, -Cy.oalkyl, -Cagpalkenyl, -Cagealkynyl, cycloalkyl or aryl;

wherein cach atkyl, alkeovl, alkvoyl, eycloalkyl or arvl group is optionally substituted; or a

geonetric isomer or stereoisotmer or a pharmaceutically acceptable salt thereof,

In some embodiments, the compound of formula () is an epoxy-ligliaen-3-one compound of

formula (H):

(In

wherem Ra, Re. Ro, Ry Re, Rin. Ryp. Ria, Ris and Rys are as deflined for formula (1)

In some embodiments, the compound of formula (1) or (1} is & compound of formula (1H):
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wherein Ry, Rs, Ryj. Ry, Ryg and Rs are as defined for formula (I}

In particular embodiments of formula (1), formula {II) or formula (I}, one or more of the
following applies:

Ry is hydrogen and R; is OH ar —~OC(QIC 1 galkyl, -OCO) 2 palkenyl or -OCIOYChagalkynyl, or
Ry and Ry together form a carbonyl group; especially where Ry and Rs together form a carbonyl
group;

R; is hydrogen ot -C_zalkyl, especially —Cy_zalkyl, more especially methyl;

R4 18 hydrogen or -OH, —OC(O)C ealkyl, -OCIOCagsalkenyl or —OCO)C salkynyl and

Ry is hvdrogen or -QH, —QC(O)Cgalkyl., -QCINCsalkenyl or ~OC{NCasalkynyl: or Ry and
Rs together form a double bond or an epoxide: especially where Ry and Rs together form a
double bond:

Re is hydrogen ot -Caalkyl, especially —-Chaalkyl, more especially methyl;

Ry is —OH, -OC(O )Xy salkyl, -OCNCsalkenyl, -QC{O)Co. salkynyl, -OC{Naryl wherein the
aryl group is optionally substituted. -OC{ONC | salkylaryl, -OCOYC ypalkyICOH, -OCNC,.
alkenyC{O)H. AOCEONC | 10alkyl CIONC galkyl, DCIHC palkenylCIONC  galkyl,
-QCONC 1 palkyICH{OC 5alkyD{OC salkyl), ~OCOYC 1 nalkenylCHIOC LaalkyDOC alkvi). -
OCOIC 1palkyISChgalkyl, ~-OCIONCq palkenylSCgalkyl, -OCOIC 1ypalkyICIOYOC, galkyl or
OOV gl VICTONOC  galkyl; especially —OH, -OC{O)C| qsalkyl, -OCIONC, aalkenyl, -
OCO)YCo zalkynyl, -OC(Oyaryl wherein the aryl group is optionally substituted, -OC(ONC
palkylaryl, -OC(OC 4alkyICIOMH, -OC(OYCogalkenylCIOM, -OCOYC, ulkylC(ONTC, galkyl.
~OCOIC realkenylCONCrgalkyl,  ~OCOYC,4alkyICH(OC LaalkyD(OC salkyl),  -OCOYCs.
salkenylCH(OC 1 3alky1)(OC  aalkyl), -OCIO)CLgalkylSCzalkyl, -OC{OC salkenylSCaalkyl,
~OCOIC L palkyICION0OC salkyl or ~-QCOC . calkyICOYOC  zalkyl;
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Ry is —-OC(OC ysalkyl, -OC(O)Cyysalkenyl, -OC{OYCaysalkynyl, or ~OC{OYryl where the aryl
group is optionally substituted. especially -~OC{OXC | oalkyl, -OC(OXCa palkenyl, -OC{OYC,.
walkynyl or ~OC{Oary]l whers the aryl group is optionally substituted; more especially
-OC(ONC alkyl, -CCopalkenyl and -OC(Oaryl where the aryl group is optionally
substituted:
Ry and Ry are independently -Cqsalkyl, especially where Ry and Ry are both methyl;
Ry and Ry, together form an epoxide and By s -OH, -QCO)C 1 salkyl, -QUIOW 2 malkenyl ar —
OCINCsadkynyl, especially ~OH or ~C(O)Cyaalkyl; or
Ry; and Ry; together form an epoxide and Ry is -OH, -OC{OYC gatkyl, -OC{ONC . salkenyl or —~
QU0 2 salkynyl, especially -OH: and
R4 18 hydrogen, -C{OMC galkyl, ~C(OYCagalkenyl or -CIOYCosalkynyl, especially hydrogen:
Ris 18 hydrogen, -COO¥Cgalkyl, -COY qaalkenyl or —CIONCogalkynyl, especially hydrogen or -
CEOC qalkyl; and
Rig is hydrogen, -C(O)C1salkyl, -CIONC s salkenyl or —C{OIC; salkynyl, cspecially hydrogen.

In particular c;ibodiments, the epoxy-tigliane compound is sclected from one of the following

compounds in Tables 1 to 6

Table 1

Compound | Ry Rs Rs Ry

] o Sy cH, H H

&\CH3 CHg

GHy
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2 O \l/’"'“‘(;H3 H H
CH, CHa
CH;
3 g “CH H H
S
4 o CHa H H
/U\/?\»/f\vf’\/\cm CHs
5 Q CH; H H
/WCH s CHs
6 )CE)\ CHq H H
: CH‘} CH3
7 " TCHs CHs H H
0 CHs
8 CHjy Y\GHS H H
\([)l//\/ CH3
9 OCH; CHs H H
MOC H; CH3
O
10 O CHy H H
@)
11 o on CHy H H
o BH 3
12 QOH CHy H H
Y%/H/\/\"CHB CH3
O OH
3 O CH 1
1 ! 3 H H
. <2 CHB GH3
CHy
14 Y\\N/S‘CHg CHy H H
O CHa
153 O CHs H H
,JHT—C Hy CHs
CHax
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17
16 MC Hs \l//\‘c Hq H H
5 GHg

17 CHq H H

Q

18 = Y’\C Hs H H

o CHy

0
L
&

19 N cH, H H
CHg

2

—H
20 \I'E/\\\\\/CH 3 Y\CHZ« H H
O CHg
O

_ H H
)J\K\CHs At

21

[N
b3
o.ﬂ§
\S
Q2
T
[N g
o
Xz

e W N
23 CHy H H
CHy
25 CHy H H
CH;
26 TCHg H H
CHay
27 ety H H
41 O H H

./u\w\fﬂ% N




42 (0] H H
/U\/\/\CH3 \/\/\CH3
43 0] ~_~_-CHs H H
/U\/\/CH3
44 0o Z CH, H H
/JL\F4>\CH3 CH,
CHj
45 (@) CHs (0] (¢]
/u\/\ CH /U\CH )J\CH
CHj, 3 3 3
CH,
46 (¢] H H
)I\MCHE' \N\CH3
Y )?\/\/\ HN/CHS i !
CHy \©
48 /?J\ HN/CHa H H
CH3
49 \7r/\\//\V/A\CH3 H H
o /\/\/\CH3
50 \n/(CHz)mCHa -CH3s H H
0]
51 (CH2)12CH3 CH H H
r Yo
(@] 3
52 (0] -CH;3 H H
)H/\CH:;
CHsy
53 -H \/\/\CH3 H H
AL a T
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Table 2:

Compound

24

5  Table 3:

Compound R, R
54 C-Ha G HS
:CHg
Pt

1A
tn
L

CH
T \c@\ 3
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36 WCHS

Q o BHs
57 Q C

o CHs
Table 4:
HeC
Compound Ry
29

30

d
21
of o |7
d g
oo P
X P
£3
I
f 3

¥
Lt
O o=(/
Y
4
]
T
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fa¥
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36 WS\ CH, CHg
5 CHs
39 o0 “CHy
/M s,CH 3 CHa
40 0 0 CHy
/'LI\\/U\QJCHQ CH’j
Table 5:
Compound Ry B
37 ) Y\CHS
)\f\em CH;
CHs
Table 6:

OR

-
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Compound Ry Raz
38 O 7 oM
CH3 CH3
CHq
38 o 0 \(’\CHS
M O,,GHg CHs

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 are depicted as having stercochemistry, the stereochemistry depicted is
relative stereochemistry and is based on knowledge of biosynthesis pathways and chemical

analysis.

in some cmbodiments, the plant extract is from a plant of the genus Fomainea or Hvlandia,

especially the species is Fortainea pancheri, Fontainea australis, Fontainea borealis, Fontaineu

fugex, Fomainea oraria, Fontaines picrosperma, Fontainea rasirata, Fontainea subpapuana,

Fontdinea venosa or Hylandio dockritlii, especially Foniainea picrosperma, Fomtainea australis,

Fontainea rostrata or Hylandia deckeillii,

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

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

Extracts of the plants may be obtained by standard methods, for example, the biomass obtained
from seeds. leaves, fruit, endosperm. exocarp, stem or bark of the plant i subject to initial
solvent extraction, such as with a polar solvent for example. ethanol. The initial extraction is
then concentrated and diluted with water and subject to extraction with a secand solvent, for
example, ethyl acetate. The solvent samples from the second extraction are pooled and subject
to scparation by preparative HPLC fractionation. The fractions are analysed by analytical HPLC
and pooled according io the retention ime of compounds {ound in the samples. The pooled

fractions are weighed. bicassayed 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

bioassayed and its structure identified by UV, NMR and mass spectrometric techniques.

Other compounds of the invention may be obtained by derivatising compounds isolated from
plants or parts of plants, especially from the genus Fontainea, especially from the species

Fontainea picrosperma, especially the seeds of Fontainea picrosperma.

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 carboxylic acids by exposure
to oxidising agents such as chromic acid, Jones' reagent, KMnOs, peracids such as mCPBA
(metachloroperbenzoic 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 carboxylic acid in the presence of secondary
alcohols using reagents such as RuClx(PPhs)s-benzene. Secondary alcohols may be selectively
oxidised to ketones in the presence of a primary alcohol using Clz-pyridine or NaBrO;-ceric-
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 at more than one functional group.

Hydroxy groups may also be derivatised by etherification or acylation. For example, ethers may
be prepared by formation of an alkoxide ion in the presence of base and reacting the alkoxide
with an appropriate alkylhalide, alkenylhalide, alkynylhalide or arylhalide. Similarly acylation
may be achieved by formation of an alkoxide ion and reaction with an appropriate carboxylic

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

Acyl groups may be hydrolysed 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 o-unsaturated

ketones.

CA 2909653 2020-02-11
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Double bonds and triple bonds may be reduced to single bonds using catalytic reduction, for
example, Hx/Pd. Double bonds may also be oxidised to epoxides using axidising agents snch as
peracids, for example mCPBA or dioxiranes, such as DMDO and TFDO. Doubde bonds may
also be subject 1o addition reactions o introduce substituents such as balo groups, hydroxy or

atkoxy groups.

A person skilled in the art would be able to determine suitable conditions for obtaining
derivatives of isolated compounds, for example, by reference (o texts relating to synthetic
methodology, examples of which are Smith M.B. and March J., March's Advanced Organic
Chemistry, Fifth Edition, John Wiley & Sens Inc., 2001 and Larock R.C.. Comprehensive
Organie Transfarmations, VOH Publishers Lid., 1989, Fuarthermore, seleciive manipolations of
functional groups may require prolection of other functional groups, Suilable profecting groups
io prevent unwanted side reactions are provided in (reen and Wauts, Protective Groups in

Organic Synthesis, John Wilcy & Sons Inc., 3 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-hexahydrox y- 1 -tigliaen-3-one
{Compound 5};

[2-acetyl-13-(2-methylbutanoy])-6.7-cpoxy-4.5,9,12.13,20-hexahydroxy- | -tigliacn-3-onc
{Compound 63;

1 2-propanoyl- 13-(2-methylbutanoyh-6,7-cpoxy-4,5,%.12,13,20-hexahydroxy-  -tighiaen-3-one
{Compound 7};

12-butanoyl-13-(2-methylbutanoyl}-6,7-cpoxy-4,5,9.12,13,20-hexabydroxy- 1 -tigliacn-3-one
{Componnd &),

12-[{2E 4E)-(6.6-dimethoxyhexa-2,4-dienovl - 13-(Z-methylbutanoyl -6, 7 -cpoxy-4,5,9,12,13,20-
hexahydroxy-1-tighaen-3-one (Compeund 9);

12-[(2E 4 E)-6-oxohexa-2.4-dienovl]-13-(2-methylbutanoyl)-6,7-epoxy-4.5,9,12,13.20-
hexahydroxy-1-tighiaen-3-one (Compound 10);

12-[(2E 4E)-6.7-dihydroxydodeca-2 4-dienoyl |- 13-(2-methylbutanoyl 6.7 -epoxy-
4,5.9.12.13,20-hexahydroxy-1-tigliaen-3-ane (Compound 11}

12-{(2 E)-4 5-dihydrox y-deca-2-cnoyl]-13-(2-methylbulanoyl})-6.7-epox y-4,5.9,12,13.20-

hexahydroxy-1-tigliacn-3-one (Compound 12);
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12-tigloyl-13-(Z-methylpropanoyl)-6,7-epoxy-4,5,9.12,13,20-hexahvdroxy- 1 tigliaen-3-one
(Campouond 13);
12-[{(2E)-3-methylthioprop-2-enoyl}- 13-(2-methylbutanoyl}-6. 7 -epox y-4.5,9,12,13.20-
hexahydroxy- 1 -tigliaen-3-one (Compeund 14);
12-(2-methylprop-2-enoyl-13-(2-methylbutanoyl)-6.7-epoxy-4,5.9,12,13,20-hexahydroxy-1-
tizliaen-3-one {Compound 153
12-(2E 4B -hexa-2 4-dienoyl]-13-2-methvlbutanoyly-6,7-epoxy-4.8,9, 12,13 20-hexabydroxy-1-
tighiaen-3-one (Compound 16);
12-[(2E 4E)-§-oxododeca-2 4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxv-4,5,9,12,13,20-
hexahydroxy--tigliacn-3-one {Compound17);
12-[(2Z 4 E)-deca-2 4-dienoyl]- 1 3-(2~-methylbutanoy}-6,7-epoxy-4,5,9,12,13,20-hexahydrox y-1-
tighaen-3-one {Compound 18);
13-(2-methylbutanoyl)-6,7-epoxy-4.59.12,13,20-hexahydroxy-1-tigliacn-3-one (Compound 19);
12-[2E)-but-2-cnoyl]-13-(2-methylbutanoyli-6,7-cpoxy-4.5,9,12,13,20-hexahydroxy-1-tiglisen-
3-one (Compound 20);
P2+tigloyl-13-butanoyl-6,7-cpoxy-4,5.9,12,13.20-hexahydroxy- 1 <tigliacn-3-one (Compound 21},
12-(3-butenoyh-13-nonanovl-6,7-cpoxy-4,5.9,12,13,20-hexah vdroxy- 1 -tigliaen-3-one
(Compound 22
12-benzoyl-13-(2-methylbutanoyl)-6.7-epoxy-4,5.9,12.13 20-hexahydrox y-1-tigliaen-3-one
{Compound 23);
12-[(2Z AE)-deca-2 d-dienoyl]-13-(2-methylpropanoyl)-6,7-epoxy-4,3.9,12,13,20-hexah ydroxy-
I-tighiaen-3-one (Compound 25);
12-[2E 4E)-6,7-{anti }-epoxy-dodeca-2 4-dienoyl]-13-(2-methylbutanovl)-6,7-epux y-
4.5.9,12,13.20-hexahydroxy-1-tigliaen-3-one {Compound 26);
12, 13-dibutanoyl-6,7-cpoxy-4. 5.9, 12,13, 20-hexabydroxy-1-tigliaen-3-one {Compound, 27};
12-benzoyl-13-butanoyl-6,7-cpoxv-4,3,9,12, 13, 20-hexahydroxy- 1-tigliaen-3-one  {Compound
28)%
12-tigloyl- 1 3-(2-methylbutanoyl)-5.6-epoxy-4,7.9,12,13,20-hexahydroxy- 1 -tighaen-3-one
{Campeungd 29);
13-(Z-methylbutanoyl-5.6-epoxy-4.7.9,12,13.20-hexahydroxy-1-tigliaen-3-one (Compound 30},
12-acetyl-13-(2-methylbutanoyl}-5.6-epoxy-4,7.9,13,20-hexahydrox y- 1 -tigliaen-3-one
(Compound 31y
12,13-di-(2-methylbutanoyl}-53.6-epoxy-4,7,9,13,20-hexah vdroxy- I-tighiacn-3-one  {Compound

32y
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12-propanoyl-13-(2-methylbutanoyl)-5.6-epoxy-4,7.9,12,13.20-hexahydroxy-1-tigliaen-3-one
(Campouond 33);
12-hexanoyl-13-{Z-methylbulanoyl)-5.6-epoxy-4,7.9.12,13,20-hexahydrox y-1tighiaen-3-one
(Compound 34);
12-tigloyl-13-(Z-methylpropanovl)-5,6-epoxy-4,7.9,12,13 20-hexabydroxy- 1 tigliaen-3-one
{Compound 35,
12-[2E}-3-methylthioprop-2-enoyl |- 13-(2-methylbutanoyl}-5.6-epox y-4.7.9,12,13.20-
hexahydroxy-1-tighaen-3-one (Compound 36);
12-{[2-(methylsulfanylDcarbonyl]-acetoyl } - 13-(2-methylbutanoyl}-5,6-epoxy-4,7.9,12,13,20-
hexahydroxy-I-tigliaen-3-one {Compound 39);
12-[{2-methoxycarbanylj-acetoyl]-13-(2-methylbutanoy}-3.6-epoxy-4.7.9,12,13,20-
hesahydroxy-1-ighiaen-3-one (Compound 405,
12,13-di-nonoyl-6.7-cpoxy-4.5,9.12,13.20-hexahydroxy- I -tigliaen-3-one (Compound 413
12,13-di-hexanayl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1 -tigliaen-3-one {Compound 42);
12,13-di-pentanoyl-6.7-epoxy-4.5.9,12,13 20-hexahydroxy-1-tighiaen-3-one (Compound 43);
12,13-di-tigloyl-6,7-¢poxy-4.5.9,12.13.20-hexahydroxy- L -igliaen-3-one (Compound 44)
5.20-diacetyl-12-tigloyl-13-{2-methylbutanoyl}-6,7-cpoxy-4.5,9,12.13.20-hexahydroxy-1-
tigliaen-3-one (Compound 43);
12,13-di-(2E AE)-hex-2 4-enoyl-0,7-epoxy-4,5.9,12,13 20-hexahydrox y- 1 -tigliaen-3-one
{Compound 46};
12-bexanoyl-13-[2-(N-methylanthraniloyl}]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-
one (Compound 47)
12-acetyl-13-[2-(N-methylanthraniloyl)]-6.7-epoxy-4.5.9,12,13.2(-hexahydroxy-1-tigliaen-3-
one (Compound 48);
12,13-di-heptanoyl-6,7-epoxy-4,5,9,12,13 20-hexahydroxy- 1 -tigliaen-3-one (Compound 49);
12-myristoyl-13-acetyl-6,7-cpoxy-4.3,9.12,13,20-hexahydroxy- 1-tigliacn-3-one (Compound 503;
12~-myristoyl-13-(2-methylbutanoy)-6.7-epoxy-4,5.9,12,13 .20 - hexahydrox y- 1 -tigliaen-3-one
{Compound 51y
[2-2-methylbutanoyl)- 13-acetyl-6,7-cpoxy-4,5.9,12.13,20-hexah ydroxy- [ -tigliaen-3-one
{Compound 52); and
13-hexanoyl-6.7-epoxy-4,5.9,12,13 20-hexahydroxy- 1-tigliaen-3-one (Compound 53);
12,13-di-3-methylbutanoyl-6,7-epoxy-4,5.9.12,13.20-hexahydroxy- | -tigliacn-3one {Compound
60)

or a pharmaceutically acceptable salf thereof.
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In vel another aspect of the invention, any one of the compounds § to 533 or 60 or a
pharmacentically accepiable salt thereo! may be in the form of a pharmaceutical composition

{ogether with a pharmaceutically acceptable carrier, diluent and/or excipient,

Compositiony

While the epoay-tiglisne compeunds or a pharmaceutically acceptable salts thereof, tmay he
administered acat, it may be more convenient to administer the epoxy-tighane compounds in the
form of a pharmaceutical composition together with a pharmaceptically acceplable carrier,

diluent and/or excipient.

Dosage form and rates for pharmaccutical use and compositions are readily detcrminable by a

person of skill in the art.

Dosage forms include tablets, dispersions, suspensions, injections, solutions, syrups, troches,
capsules, supposilories, aerosols, transderimal paiches, 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 eifected by coating the same, for example, with
hyvdrophobic polymers including acrylic resing, waxes, higher aliphatic alcohols, polyvactic and
polyalyeolic acids and cerain cellulose derivates such as hydroxypropylmethyl cellulose. In
addition, the controlled relcase may be affected by using other polvmer matrices, liposomes

and/or microspheres.

Pharmaceuiically acceptable carriers and acceptable carricrs for systemic adminisiration may

also be incorporated into the 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
filler, diluent or encapsulating substance that may be safely used. Diepending upon the paddicular
rowte of administiation, a variety of carricrs, well known in the art may be used. These carriers op
excipients may be selected from a group including sugars, starches, cellulose and its derivates,

mall, gelatine or other geliing agents, tale, calcium sulphate, vegetable oils, synthetic oils,
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aleohols andfor polyels, alginic acid. phosphate buffered solutions, emulsifiers, isotonic saline,

and pyrogen-free water.

Any suitable route of administration may be employed for providing a human or non-human
patient with the pharmaceutical composition of the invention. For example, oral, topical, rectal,
parenteral,  subdingual, buccal,  intravenous, intraartcular, infra-nuscular,  intra-deemal,
snbeotancous, inhalational, intraocular, intraperitoneal, infracerebroventricular, transdermal and

the like may be employed.

Pharmaceutical compositions ol the present investion suilable for administration may be
presented in discrete units such as syringes, vials, tubes, capsules, sachets or tablets each
containing 2 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 selution, a non-agueous liguid, an oil-in-water emulsion or a water-in-oil
emulsion or ag a solution or suspension in a cream or gel or as & suspension of micro- or nuno-
particles Incorperating a compound of the inveniion, including but not limited to silica or
polylactide micro- or nano-particles.. Such compositions may be prepared by any of the method
ol 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
more necessary ingredients. In general, the compositions are prepared by uniformly and
intimately admixing the agents of the invention with liguid carcers or fincly 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

active component.

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

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

Suitable carriers for powders and tablets include magnesinm carbopate, magnesium stearate, tale,
sugar, lactose, pecting  dextrin,  starch, gelating  trapacanth,  methyleellulose,  sodium
carboxymethyleellulose, a low melting wax, cocoa butter, and the like. The term "preparation” is
intended 1o include the formulation of the active compound with encapsulating material as

carrier providing a capsule in which the active component, with or without cargiers. 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

sultable fororal adwinistration.,

For preparing suppositories, a low melting wax, such as admixture of fatty acid glycerides or
cocoa butter, 1s first melted and the active component is dispersed homogencously therein, as by
stirting.  The maolten homogenous mixtore i3 then poured into convenient sived molds, sllowed

to cool, and thereby to solidify.

Formulations suitable for vaginal administration may be presented as pessaries, tampons,
creanis, gels, pasies, Toams or sprays conlaining in addition 0 the active ingredient such camiers

as are known in the art (o be appropriate,

Liquid form preparations include solutions, snspensions, and emulsions, for example, water or
water-propylene glyeol solutions. For example, parenteral injection liquid preéparations can be
formulated as solutions in aqueous 1 2-propanediol, dimethylsulfoxide (DMSO), aqueous
solutions of gamma cyclodextrin or 2-hydroxypropyl-beta-cyclodextrin, saline selution or
polyethylenc glveol solution, with or without buffer. A preferred range of pH is 3.5-4.3. Suitable
buffers buller the preparation at pH 3.5-4.5 and include, bot are not limited to, acetate buffer and

citrate buffer.

The compounds according to the present invention may thus be formulated for parenteral
adrunistration (e.g. by injection, for example bolus injection or continuous infusion) and may be
presented 1n unit dose form in ampoules, pre-filled syringes, small volume infusion or in multi-
dose containers with an added preservative. The compositions may take such forms az
suspensions, solutions. or emwlsions in oily or aqucous vehicles, and may contain formulatory
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
Iyophilisation from solutien, for constitution with a suitable vehicle, e.g. sterile, pyrogen-fice

water, belore use.

Agueous solutions suitable for oral wse can be prepared by dissolving the aclive component in

wiater and adding suitable colorants, flavours, stabilizing and thickening agents, as desired.
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Agqueouns suspensions suitable for oral use can be made by dispersing the finely divided active
component in water with wviscous material, such as natnral or synthetic gums, resins,

methyleellulose, sodium carboxymethyleellulose, or other well known suspending agents,

Alse included are solid form preparations which are intended te be converted. shortly before use,
to liquid form preparations for orgl administration.  Such liquid forms include solutions,
suspensions, and emulsions.  These preparations may eontain, in addiion o the active
camponent, colorants, favours, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like,

For topical administtation to the epidermais or other orgin, the compounds according to the
invention may be Tormulated as gels, omtments, amulsions, pastes, creams or lotions, or as a
transdermal patch. Gels may be prepared using suitable thickening agents and adding them to
aqueons/alcoholic compositions of compound. Suitable thickening or gelling agents arc known
in the art, such as the polyvinyl carboxy polymer, Carbomer 940, Ointments and creams may, for
cxample, be formulated with an aqueous or oily base with the addition of suilable 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 @ spray. These formulations

may be suitably applied lo combat skin irritations, insect hites and foot wounds.

Farmulations 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
getive ingredient o ap inert base such as geladin and glycerin or sucrose and acaciy; and

mouthwashes compriging 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 vase of a dropper or pipette, this may be achieved by the patient
administering an appropriate, predetenmined volume of the solution or suspension. In the case 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, or formulated with their agents expected to enhance delivery

and retention in the nasal mucosa.

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 propellant such as
a chlorofluorocarbon (CFC) for example, dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluoroethane, 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

metered valve.

Altematively 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 carrier 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.

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 micronization.
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Accordingly, in one aspect of the present invention there is provided a use of a 5,6- or 6,7-
epoxy-tigliane compound or a pharmaceutically acceptable salt thereof for promoting wound

healing; wherein the 5,6- or 6,7-e¢poxy-tigliane compound is a compound of formula (I):

wherein

R1 is hydrogen and R» is -OR17; or Ry and R» together form a carbonyl group (=0);

R3 is hydrogen or Cisalkyl;

R4 and Rs are independently hydrogen or -OR17; or R4 and Rs together form a double bond or an
epoxide (-O-);

Re is hydrogen or Cisalkyl;

R71s -OH or -ORg;

Rsg is -OH or -OR;s; provided that R7 and Rg are not both OH;

Ro and Ry are independently selected from hydrogen and Cisalkyl;

Ri1 and R12 or Ri2 and Ris together form an epoxide and the remaining group of R11 and Ris is
hydrogen, -OH or -OR17;

Ri4is hydrogen or -R17;

Ris is hydrogen or -R17;

Ri¢ is hydrogen or -Ry7;

Ri7 is hydrogen, -Ciealkyl, -Ca-salkenyl, -Ca.ealkynyl,
-C(0)Ci-salkyl, -C(O)Caalkenyl or -C(O)Cz.-salkynyl;

Ris is Ciaealkyl, -Czaealkenyl, -Coopalkynyl, -C(O)Cizealkyl, -C(O)Cs-20alkenyl,
-C(0)Ca-20alkynyl, -C(O)cycloalkyl, -C(O)Ci-10alkylcycloalkyl; -C(O)Cs.10alkenylcycloalkyl,
-C(0)Csz-10alkynylcycloalkyl, -C(Ojaryl, -C(O)C1-10alkylaryl, -C(O)Cxz-10alkenylaryl,
-C(O)Cz-10alkynylaryl, -C(0)C1-10alkylC(O)R1o, -C(0)Cz-10alkenylC(O)R19,

Date Regue/Date Received 2020-08-17
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-C(0)Ca-10alkynylC(O)R 1o, -C(0)C1.10alkylCH(OR19)(OR1o),
-C(0)Cx-10alkenylCH(OR19)(OR10), -C(O)Ca-10alkynylCH(OR19)(OR19), -C(O)Ci.10alkylSRyo,
-C(0)C2-10alkenylSRo, -C(0)Cs-10alkynyISR o, -C(0)Ci-10alkylC(O)OR o,
-C(0)Ca-10alkenylC(O)OR o, -C(0)C2-10alkynylC(O)OR s,

-C(0)C1-10alkylC(O)SR19, -C(O)Ca-10alkenylC(O)SR 19, -C(O)Ca-10alkynylC(O)SR 10,

O

0
—C(O)Cq108lky—L—"—Rys . —C(0)C,.10alkeny——Ryq

)

or
—C(O)Cz_malkynyl—&—Rm
and
Rio is hydrogen, -Ci-10alkyl, -Co.10alkenyl, -Co-10alkynyl, cycloalkyl or aryl;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl or aryl group is optionally substituted; or a

geometric isomer or stercoisomer or a pharmaceutically acceptable salt thercof.

According to another aspect of the present invention there is provided a use of a 5,6- or 6,7-
epoxy-tigliane compound or a pharmaceutically acceptable salt thercof for preventing excessive
scarring; wherein the 5,6- or 6,7-epoxy-tigliane compound is selected from the group consisting
of:

12-tigloyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one (Compound 21);
12-(3-butenoyl)-13-nonanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 22);
12-benzoyl-13-(2-methylbutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 23);

12,13-dibutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one (Compound 27);
12-benzoyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaecn-3-one

(Compound 28);

12,13-di-nonoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one (Compound 41);
12,13-di-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 42);
12,13-di-pentanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 43);
12,13-di-tigloyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one (Compound 44);
5,20-di-acetyl-12-tigloyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 45);

12,13-di-(2F 4F)-hex-2 4-enoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 46);
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12-hexanoyl-13-[2-(N-methylanthraniloyl)}-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-
one (Compound 47);
12-acetyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-
one (Compound 48);
12,13-di-heptanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 49);
12-myristoyl-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 50);
12-myristoyl-13(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaecn-3-one
(Compound 51);
12-(2-methylbutanoyl)-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 52);
12-hydroxy-13-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one ~ (Compound
53); and
12,13-di-(3-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one
(Compound 60); or

a pharmaceutically acceptable salt thereof.

According to yet another aspect of the present invention there is provided a use of a 5,6- or 6,7-
epoxy-tigliane compound or a pharmaceutically acceptable salt thereof for reducing changes in
skin pigmentation and/or improving hair regrowth; wherein the 5,6- or 6,7-epoxy-tigliane

compound is a compound of formula (1):

OR1s M
wherein
R1 is hydrogen and R» is -OR17; or Ry and Ro together form a carbonyl group (=0);
R3 is hydrogen or Cisalkyl;
R4 and Rs are independently hydrogen or -OR17; or R4 and Rs together form a double bond or an
epoxide (-O-);
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Rs is hydrogen or Cisalkyl;
R71s -OH or -ORg;
Rg is -OH or -OR1g; provided that R7 and Rg are not both OH;
Ry and Rio are independently selected from hydrogen and Ci-salkyl;
Ri1 and R12 or Ri2 and Ris together form an epoxide and the remaining group of Ri11 and Ris is
hydrogen, -OH or -OR17;
Risis hydrogen or -Ri7;
Ris is hydrogen or -R17;
Ris is hydrogen or -R17;
Ri7 is hydrogen, -Cisalkyl, -Cosalkenyl, -Casalkynyl, -C(O)Cisalkyl, -C(O)Co.salkenyl or
-C(O)Caalkynyl;
Ris is Ciaealkyl, -Coaealkenyl, -Caaealkynyl, -C(O)Cizealkyl, -C(O)C:-20alkenyl,
-C(O)Cz20alkynyl, -C(O)cycloalkyl, -C(O)Ci-ialkylcycloalkyl; -C(O)Cs-10alkenylcycloalkyl,
-C(O)Cz-10alkynylcycloalkyl, -C(O)aryl, -C(O)C1-10alkylaryl, -C(O)Cxz-10alkenylaryl,

-C(0)Ca-10alkynylaryl, -C(0)C1.10alkylC(O)Ryo, -C(0)C2.10alkenylC(O)Ryo,
-C(0)Cz-10alkynylC(O)R 1o, -C(0)C1.10alkylCH(OR19)(OR1o),
-C(0)Cz-10alkenylCH(OR 19)(OR19), -C(O)Cz-10alkynylCH(OR19)(OR19), -C(O)C110alkylSRyo,
-C(0)Cz-10alkenylSR1o, -C(0)Cs-10alkynylSR 1o, -C(0)C1.10alkylC(O)OR,
-C(0)Cz-10alkenylC(O)ORu, -C(0)Cz-10alkynylC(O)OR o,
-C(0)C1-10alkylC(O)SR 19, -C(0)Ca-10alkenylC(O)SR 1o, -C(O)Ca-10alkynylC(O)SR o,

O O

—C(0)C11paky—L—R1g | —C(0)Cy.1palkeny—L—Riq

2

or
—C(O)Cz_malkynyl—&—Rw
and
Rio is hydrogen, -Ci-10alkyl, -Co-10alkenyl, -Ca-10alkynyl, cycloalkyl or aryl;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl or aryl group is optionally substituted; or a

geometric isomer or stercoisomer or a pharmaceutically acceptable salt thercof.

According to still yet another aspect of the present invention there is provided a 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 in a subject; wherein the 5,6- or 6,7-cpoxy-tigliane

compound is a compound of formula (I):
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R1 is hydrogen and R2 is -OR17; or R1 and R» together form a carbonyl group (=0);

R3 is hydrogen or Cisalkyl;

R4 and Rs are independently hydrogen or -OR17; or R4 and Rs together form a double bond or an
epoxide (-O-);

Rs is hydrogen or Cisalkyl;

R71s -OH or -ORg;

Rg is -OH or -OR1g; provided that R7 and Rg are not both OH;

Ry and Ry are independently selected from hydrogen and Ci-salkyl;

Ri1 and R12 or Ri2 and Ris together form an epoxide and the remaining group of Ri1 and Ris is
hydrogen, -OH or -OR17;

R4 is hydrogen or -Ry7;

Ris is hydrogen or -R17;

Ris is hydrogen or -R17;

Ri7 is hydrogen, -Cisalkyl, -Cosalkenyl, -Casalkynyl, -C(O)Cisalkyl, -C(O)Co.salkenyl or
-C(O)Caalkynyl;

Ris is Ciaealkyl, -Coaealkenyl, -Caaealkynyl, -C(O)Cizealkyl, -C(O)C:-20alkenyl,
-C(O)Cz20alkynyl, -C(O)cycloalkyl, -C(O)Ci-10alkylcycloalkyl; -C(O)Cs-10alkenylcycloalkyl,
-C(O)Cz-10alkynylcycloalkyl, -C(O)aryl, -C(O)C1-10alkylaryl, -C(O)Cxz-10alkenylaryl,

-C(0)Ca-10alkynylaryl, -C(0)C1-10alkylC(O)R 5, -C(0)Ca-10alkenylC(O)R 1,
-C(0)Cx-10alkynylC(O)R 5, -C(0)C1-10alkylCH(OR 15)(OR19),
-C(0O)Cz-10alkenylCH(OR19)(OR19), -C(O)Cz-10alkynylCH(OR19)(OR19), -C(O)Ci-10alkylSR1o9,
-C(0)Ca-10alkenylSR1o, _C(0)Ca-10alkynylSR1o, -C(0)C1-10alkylC(O)OR 9,
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-C(O)Cor-10alkenylC(O)OR 9, -C(0)Ca-10alkynylC(O)OR 19,
-C(0)C1-10alkylC(O)SR 19, -C(O)C2-10alkenylC(O)SR 19, -C(O)C2-10alkynyl C(O)SR 19,

O

0
—C(0)Cy.qpalky—L"—Rig _ —C(0)C,.qpalkeny—L R,

>

or
—C(O)Cz_malkynyl—&—Rm

and

Ris is hydrogen, -Ci-0alkyl, -Cz-10alkenyl, -Co-10alkynyl, 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.

According to still yet another aspect of the present invention there is provided a use of a 5,6- or
6,7-epoxy-tigliane compound or a pharmaceutically acceptable salt thereof in the manufacture of
a medicament for reducing changes in skin pigmentation and/or improving hair regrowth;

wherein the 5,6- or 6,7-epoxy-tigliane compound is a compound of formula (I):

wherein

R1 is hydrogen and R» is -OR17; or Ry and R» together form a carbonyl group (=0);

R3 is hydrogen or Cisalkyl;

R4 and Rs are independently hydrogen or -OR17; or R4 and Rs together form a double bond or an
epoxide (-O-);

Re is hydrogen or Cisalkyl;

R71s -OH or -ORg;

Rg is -OH or -OR1g; provided that R7 and Rg are not both OH;

Ro and Ry are independently selected from hydrogen and Ci_salkyl;
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Ri1 and Ri2 or R12 and Ri3 together form an epoxide and the remaining group of Ri1 and Ris is
hydrogen, -OH or -OR17;
Ri4 is hydrogen or -R17;
Ris is hydrogen or -Ri17;
Ris is hydrogen or -R17;
Ri7 is hydrogen, -Cisalkyl, -Cosalkenyl, -Casalkynyl, -C(O)Cisalkyl, -C(O)Co.salkenyl or
-C(0)Co.salkynyl;
Ris is Ciaealkyl, -Coaealkenyl, -Cioealkynyl, -C(O)Cioealkyl, -C(O)Cs-20alkenyl,
-C(O)Cz20alkynyl, -C(O)cycloalkyl, -C(O)Ci.10alkylcycloalkyl; -C(O)Cs-10alkenylcycloalkyl, -
C(0)Cs-10alkynylcycloalkyl, -C(Ojaryl, -C(0)Ci-10alkylaryl, -C(O)Caz-10alkenylaryl,

-C(0)Ca.10alkynylaryl, -C(0)Cr.10alkylC(O)R1o, -C(0)Ca-10alkenylC(O)R 1,
-C(0)Ca-10alkynylC(O)R 5, -C(0)C1.10alkylCH(OR15)(OR1o),
-C(0)Cz-10alkenylCH(OR19)(OR19), -C(O)C2-10alkynylCH(OR19)(OR19), -C(O)Ci-10alkylSR19, -
C(0)Cx2-10alkenyISR 1o, -C(0)Ca.10alkynylSR o, -C(0)C1.16alkylC(O)OR o,
-C(0)Cz-10alkenylC(O)OR 19, -C(0)C2-10alkynylC(O)OR o,

-C(0)C1-10alkylC(O)SR 10, -C(O)Ca-10alkenylC(O)SR 19, -C(O)Ca-10alkynylC(O)SR 10,

O 0
—C(O)C1_10alkyI—A—R19 —C(O)CZ_1Qalkenyl—g—&9

El

or
—C(O)Cz_malkynyl—&—Rm ;

and

Rio is hydrogen, -Ci-10alkyl, -Co.10alkenyl, -Ca-10alkynyl, cycloalkyl or aryl;

wherein each alkyl, alkenyl, alkynyl, cycloalkyl or aryl group is optionally substituted; or a

geometric isomer or stercoisomer or a pharmaceutically acceptable salt thercof.

According to still yet another aspect of the present invention there is provided a use of an 5,6- or
6,7-epoxy-tigliane compound or a pharmaceutically acceptable salt thereof in the manufacture of
a medicament for preventing excessive scarring; wherein the 5,6- or 6,7-epoxy-tigliane
compound is selected from the group consisting of:
12-tigloyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one (Compound 21);
12-(3-butenoyl)-13-nonanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 22);
12-benzoyl-13-(2-methylbutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 23);
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12,13-dibutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaecn-3-one (Compound 27);
12-benzoyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaecn-3-one
(Compound 28);
12,13-di-nonoyl-6,7-cpoxy-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-1-tigliaen-3-one (Compound 42);
12,13-di-pentanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 43);
12,13-di-tigloyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 44);
5,20-di-acetyl-12-tigloyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 45);
12,13-di-(2FE 4F)-hex-2 4-enoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one
(Compound 46);
12-hexanoyl-13-[2-(N-methylanthraniloyl)|-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-
one (Compound 47);
12-acetyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-
one (Compound 48);
12,13-di-heptanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 49);
12-myristoyl-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 50);
12-myristoyl-13(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 51);
12-(2-methylbutanoyl)-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 52);
12-hydroxy-13-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one ~ (Compound
53); and
12,13-di-(3-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one
(Compound 60); or

a pharmaceutically acceptable salt thereof.

According to still yet another aspect of the present invention there is provided a compound or a
pharmaceutically acceptable salt thereof selected from the group consisting of:
12-hexanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one
(Compound 5);
12-acetyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 6);
12-propanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 7);
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12-butanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one
(Compound 8);
12-|(2E,4F)-(6,6-dimethoxyhexa-2 4-dienoyl }-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 9);
12-|(2E,4F)-6-oxohexa-2 4-dienoyl}-13-(2-methylbutanoyl)-6,7-cpoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 10);
12-[(2E 4E)-6,7-dihydroxydodeca-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-cpoxy-
4,5.9,12,13,20-hexahydroxy-1-tigliacn-3-one (Compound 11);
12-[(2FE)-4,5-dihydroxy-deca-2-enoyl}-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 12);
12-tigloyl-13-(2-methylpropanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one
(Compound 13);
12-[(2E)-3-methylthioprop-2-enoyl}-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaecn-3-one (Compound 14);
12-(2-methylprop-2-enoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 15);
12-|(2E,4F)-hexa-2,4-dienoyl}-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 16);
12-|(2E,4F)-8-oxododeca-2,4-dienoyl}-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound1 7);
12-|[(2Z,4E)-deca-2 ,4-dienoyl}-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 18);
13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 19);
12-[(2E)-but-2-enoyl}-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-
3-one (Compound 20);
12-[(2Z,4E)-deca-2 4-dienoyl]-13-(2-methylpropanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-
1-tigliaen-3-one (Compound 25);
12-[(2E,4F)-6,7-(anti)-epoxy-dodeca-2.4-dienoyl]}-13-(2-methylbutanoyl)-6,7-epoxy-
4.5.9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 26);
12-tigloyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-1-tigliacn-3-one
(Compound 29);
13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-1-tigliacn-3-one (Compound 30);
12-acetyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,13,20-hexahydroxy-1-tigliacn-3-one
(Compound 31);
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12,13-di-(2-methylbutanoyl)-5,6-epoxy-4,7,9,13,20-hexahydroxy-1-tigliacn-3-one  (Compound
32);
12-propanoyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 33);
12-hexanoyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy- 1-tigliaen-3-one
(Compound 34);
12-tigloyl-13-(2-methylpropanoyl)-5,6-cpoxy-4,7,9,12,13,20-hexahydroxy-1-tigliacn-3-one
(Compound 35);
12-[(2E)-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-1-tigliaen-3-one (Compound 39); and
12-[(2-methoxycarbonyl)-acetoyl]-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 40); or

a pharmaceutically acceptable salt thereof.

According to still yet another aspect of the present invention there is provided a compound or a
pharmaceutically acceptable salt thereof selected from the group consisting of:
12-tigloyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one (Compound 21);
12-(3-butenoyl)- 13-nonanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1 -tigliaen-3-one
(Compound 22);
12-benzoyl-13-(2-methylbutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 23);

12,13-dibutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one (Compound 27);
12-benzoyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaecn-3-one

(Compound 28);

12,13-di-nonoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one (Compound 41);
12,13-di-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 42);
12,13-di-pentanoyl-6,7-epoxy-4,5,9,12,13 20-hexahydroxy-1-tigliaen-3-one (Compound 43);
12,13-di-tigloyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one (Compound 44);
5,20-di-acetyl-12-tigloyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 45);

12,13-di-(2F 4F)-hex-2 4-enoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 46);
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12-hexanoyl-13-[2-(N-methylanthraniloyl)}-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-
one (Compound 47);
12-acetyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-
one (Compound 48);
12,13-di-heptanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 49);
12-myristoyl-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 50);
12-myristoyl-13(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one

(Compound 51);
12-(2-methylbutanoyl)-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 52);
12-hydroxy-13-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one ~ (Compound
53); and

12,13-di-(3-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one
(Compound 60); or

a pharmaceutically acceptable salt thereof.

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.
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/mE Compounnd 1, 24 hours post scratch,

Figure 3 15 a graphical representation of matrigel invasion assay of human neonatal fibroblast
celis treated with 10 ng/mL or 30 ng/mbL Compound 1 compared to vehicle-only contral. Cells

were connted atter 24 hours incubation. * p < 0.05; *%* p < (LUOL.

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

wound repair and healing.

Figure 3 is a photographic representation of the effeets of exposure of fibroblasts (cultured in the
presence of TGF-P1) to a range of concentrations of Cempound 1 on the differentiation to
myofibroblasts, characterised by the increased expression of a-smooth muscle actin and siress

fibre formation.

Figure 6 is a photographic representation of the effects of exposure of fibroblasts {cultured in the
presence of TGE-BL) to a range of concentrations of Compound 37 on the differentiation to
myofibroblasts, characterised by the increased expression of g-smooth muscle actin and siress

fibre formation.

EXAMPLES

Example 1; Plant extracts

All plant extracts were prepared by chopping the plant material and extracting with ethanol in an

approximate ratio of 1 part plant material to between 2 to 5 parts of ethanol (w/w). The extract
as allowed to stand overnight at 4°C and then the supernatant as decanted and stored at 4°C

untl use,

The presence of epoxy-tigliang compounds in the plant extracts was conflirmed by LCMSMS
using a Shimadzu HPLC coupled 10 an ABI3200 wriple guadrupole mass spectrometer. A halo
amide C18 column was emploved to separate the compounds in the mixtures, using

acclonitrile/water mixtures as the solvent system.
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Muost of the samples were run with the KinC18Gen method, using a €18 Kinetix 4.6 aum x100
nun 2.6 micron C18 columi:

Acstoniuiler  85% 60% 75% 100% 100% 55%

Minutes: ¢ 25 15 151 175 176

Some of the samples were run with the Amide Long method using a Halo amide column RP 4.6
mm x 180 mm, 2.7 micron. from Advanced Materials Technology:

Acetonitrile: 45% 58% 95% 95%  45% 45%

Minutes: 0 13 20 24 241 27

Example 2: Isolation and c¢lucidation of epoxy-tigliane compounds
Compounds were purified from the sceds of Fomfainea picrosperma by cxtraction, and
chromatography on silica gel followed by preparative HPLC (CI18 Column, methanol/water

solvent combinations) using the general methods described below.

Approximately 1-2 kg of plant mailerial (leaves, Truit, sced, stems. roots {lowers, bark or wood) 1s
finely chopped, extracted with 2 parts of cthanol (w/v) three times, the extracts combined,
evaporated and the residue partitioned between water and an imomiscible organic solvent
{typically petroleum spirit bp 40-60 (PE) or ethyl acetate F1OAc). The residue from evaporation
of the organic solvent is chromatographed on silica gel in solvent mixtures of increasing polarity,
cotunencing with PE or heptance and progressing to EtOAc and then methanol. The fractions
from silica gel arc then further purified by preparative HPLC on C18 columns typically using
methanol-water gradients. The latter fractions are analysed for bioactivity, pooled according to
the retention time of compounds found by analytical HPLC, and subjected to further preparative
HPLL to obtain pure compounds. Each compound is bioassayed and its structure confinmed by

UV, NMR and mass spectrometric techniques.
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Compound 1t 12-tigloyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13.20-hexahydroxy-1-

tigliagn-3-one

A

"H NMR (500 MHz, CDCL3) § ppm: 0.84 (3H (18). d. J=6.4 Hz), 0.92 (3H (4" t, J=1.3 Hz),
111 GH (5", d, /=68 Hz). 1.21 U (16), s), 1.24 (3L (17), s, 1.26 (111 (14), d, J=6.8 1z),
143 (1H (3", m, J=14.1. 7.3, 7.2 Hy), 1.69 (10 (3"), m), 1.73 (3H {19). dd, /=29, 1.5 Hz). 1.77
(3H (4, dd, J=7.1. 1.2 He), 1.8 (3H (5. d. J=1.5 Hx). 1.94 (1H (11), m), 2.37 (1H (2", qt,
J=7.0, 6.8 Hz), 3.17 (1H (8). d3, 3.26 (11 (7), s}, 3.69 {111, O br.s), 3.80. (1H (20), d. J=12.7
10 Hz), 3.83 (1H 20), d. J=12.2 Hz), 4.06 (1H (10), t, J=2.7 Hz), 422 (1H (5). s), 5.42 (1H (12), .
J=9.8 Hz), 6.02 (1H, OH, br.s). 6.79 (1H (3), m, J=7.2, 7.0, 1.2 He), 7.71 (1H, (1), dd).
3O NMR {125 MHz. ©DCly) § ppm: 9.7 (19), 11.6 {4, 12.2 (5, 14.4 (49, 15.1 (IR), 16.1 (5"),
17.2(16), 23.6 (17), 26.1 (3"). 26.6 (15), 36.0 (8], 36.1 {14), 41.2 (27}, 45.9{11), 48.9 (10,) 61.8
(63, 64.6 (203, 65.2 (7), 65.5 (13), 71.3 (5). 724 (4), 76.7 (12). 77.2 (9). 128.4 (2). 133.4 (2),
15 137.6439, 1647 (1), 167.4 (17, 178.9 {1"), 209.9 (3).

Compound 2: 12,13-di-(2-methylbutanoyl)-6.7-cpox y-4,5.9,12,13,20-hexahydroxy- | -tigliaen-3-

One
SHy
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TN i
i o
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"H NMR (500 MHz. CDCL) & ppm: 0.85 (3H (18), d, J=6.4 Hz), 0.89 (3H (4"), J=7.3Hz), 0.91
(GH (4. t. J=7.8 Hz), 111 (3H (5”), d. J=6.8 Hz), 1.12 (3H (5'). d. /=68 Hz), 1.21 (3H (17), s)
1.22 GH (16), 8), 1.26 (1H (1), d, J=6.8 Hz), 1.44 (1H (3, o, J=13.9. 7.3 He), 1.44 (1H 3").
id, J=13.9, 7.3 He), 1.63 (1H (39, dd, J=7.8, 5.9 He), 1.69 (1H (3", dd. J=13.9, 7.1 Hz}, 1.74
(3H (199, dd, /=2.7, 1.2 Hz), 1.90 (1H (11}, dd, J=10.0, 6.6 Hz), 2.36 (1H (2, q, J=7.0 Hz), 2.36
(1H (2", q. J=7.0 Hz). 3.16 (1H (8). d. J=6.8 Hz), 3.26 (1H (75, 8), 3.61 (1H (OH). m), 3.78 (1H
(20), m, J=12.7 Hz), 3.85 (1H (20). d, /=12.2 Hz), 4.06 (1H (10}, L /=2.7 Hz). 422 (1H (5). $),
540 (1H (120, d, /=103 Hz), 5.98 (1H (9-OH), m), 7.71 (1H (1). dd. J=2.4, 1.5 Hz).

3O NMR {125 MHz. CDCLy) & ppm: 9.7 (19), 11.6 (47, 116 (4", 15.0 (18, 16.1 (5", 17.0 (5,
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
(113, 48.9 (10). 61.7 (6), 64.5 (20), 65.2 (7). 65.5 (13}, 715 (5). 72.4 (4), 76.2 (12), 77.2 (9.
133.5(2), 164.7 (1), 175.9 (1), 178.8 (1), 209.9 (3),

Compound 3: 12-[(2EAE 6E)-dodeca-2,4,6-tricnoyl |- 13-{2-methylbutanoyl)-6,7-cpoxy-

4.5,9.12.13,20- hexahydroxy-1-tigliaen-3-one

§
HiGa
o
ket | ‘2?1 ~o 1G#H3
55:’1 CI;') >12—!3"“‘5"‘CH3
ki\ H,o—Y *
At \ 8’]
S
j—10 ‘H\
g // [ 0
L wg ST,
N F e b
/11 & DHHO
G

"H NMR (500 MHx, CDCls) & ppm: 0.86 (3H (18). d, J=7.0 Hx). 0.87 (3H (12, m. J=7.0 Hx.
0.92 (3H (4™, t. J=7.5 Hi), 112 (3H (5", d, J=7.0 Hz). 1.22 (3H (173, 83, 1.24 (3H (16), 53, 1.26
2H (107, my, 1.27 (1L (14), m), 1.29 (21 (11", m), 1.39 2IL{9"), my. 1.45 (11 (3"), dd. J=14.1,
7.0 Hz), 171 (1H (3, m). 1.74 GH (19, dd. /=2.8, 1.2 Hz), 1.95 (1H (113, dg, 2.12 (2H 39,
q), 2.38 (TH (27), sxt, J=7.0 Hz), 3.17 (1H (8). d, J=6.7 Ha), 3.27 (1H (75, s). 3.57 (1H, (4-OH),
8), (378 (1H (20), m), 3.86 (1H (20, m). 4.06 {1H (10), d. J=2.7 Hz), 4.22 (1H (5), s). 5.41 (1H
(123, d), 5.79 (LH (2, o, J=15.2 Hz), 5.92 (1H (7)), dt, J=152, 7.2 Hz), 6.04 (11 (OH), 1), 6.11
(1H (6. dd. J=15.1, 10.7 Hz). 6.19 (1H (4", dd, /=14.8, 11.2 Hz). 6.51 (1H (5", dd. J=14.9,
10.7 Hz), 7.23 (1H (3%, dd, J=15.5, 10.9 Hy), 7.72 (1H (1), dd, J=2.4. 1.3 Hz).
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PC NMR (125 MHz. CDCLy) 8 ppm: 9.7 (19), 11.6 (4%), 14.0 (129, 15.1 (18), 162 (3. 17.2
(163, 22.5 (117, 23.6 (17), 26.2 (3", 26.7 (15), 28.6 (9, 31.4 {10, 33.0 (8, 36.0 (8). 36.2 {14},
412027, 45.9 (11), 48.9 (10), 61.6 (6), 61.5 (20), 63.3 (7). 65.5 (13). 71.6 (5), 72.4 {4), 76.7 (%),
770 (12), 119.5 (29, 127.5 (49, 129.7 (67, 133.5 (2), 1411 (7). 1417 (5%, 145.3 (37, 164.8 (1),
166.6 (17, 170.0 (17, 210.0 (3).

Componnd  4: 12-[(2E. 45 -deea-2 4-dignoy]]-13-(2-methylbuianayl 6,7 -epoxy-4,5,9.12. 13,20

hexabydroxy-1-tigliaen-3-one

-
) Ha&"\f"’é.
e
/ \';ﬂ’ O—":-‘i ok
R o) O
\-7 Ofi' N __,,_;%.mé—-%Hs
3/ H Cf"/‘f /'{
\ 11r:o—-“ﬂ’“'s
a o,
/ ‘““{ ™
H3(§G' \\4 /O
H*‘:'szf \3‘/'\ d A—(H
w4, ©
0

"H NMR (500 MHz, CDCly) & ppm: 0.87 (3H (18), d. J=6.4 Hz), 0.87 (3H (10'), s). 0.93 (3H
(4", L J=7.5 Hz). 113 (3H (53", d. J=7.1 Hi), 1.23 (3H (16), 83, 1.25 GH (17). 5}, 1.27 (1H {14},
d. J=1.6 He), 1.27 (ZH (9, m). 130 (2H (8), m), 140 (2H (7). m), 1.46 (1H (3"}, dd, /=142,
6.9 Hz), 171 (1H (3™, m). 1.75 (3H {19}, dd. J=2.9. 1.3 Hz). 195 (1H (1D, d. J=3.3 Hz), 2.11
{(1H (20-OH). m), 2.26 (2H (6, m), 238 (1H (2"}, . J=7.0 Hz), 3.18 (1H (8). d, J=6.6 Hz),
328 (1H (7). §) 3.53 (1H (4-OH), d. J=0.9 Hy), 3.77 (1H {20, m), 3.81 (1H (5-OH), d. /=2.8
Hz). 3.87 (1H (203, dd, J=12.4. 7.6 Hz), 4.06 (1H (10}, d, J=2.7 Hz), 4.22 (1H (%), d, /=1.7 Hz),
543 (1H (12), d. /=9.9 Hz), 5.83 (IH (2). d. J=15.2 Hz), 5.86 (1H (5). ddd, J=10.8, 7.9, 7.8
Hz), 6.03 (1H (9-OH3, m3, 6.10 (1H (&), wl, J=11.2, 0.7 Hz), 7.56 (1H (31, ddd, /=153, 11.7. 1.1
Hz), 7.72 (1H (1), dd. J=2.5, 1.4 Hx).

C NMR (125 MEz CDCls) & ppm: 9.7 (193, 11.6 (4. 14.0 (10, 15.2 (18), 16.2 (3", 17.2
(17), 22.5 (99, 23.7 (16), 26.2 (3", 26.7 (151, 28.3 (6), 29.0 (7)), 314 (8), 36.1 (8), 36.2 (14},
41.2 (271, 45.9 (11), 49.0 (10), 61.6 (6), 64.5 (20), 65.3 (7), 65.5 {13), 717 (5), 72.3 (d), 76.8
(123, 77.1 (9). 120.8 (2). 126.4 (4%, 133.5 (), 140.0 (3. 142.2 (55, 164.8 (1), 166.6 (1), 179.0
(1), 210.0 (3).
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Compound 5 12-hexanoyl-13-(2-methylbutanoyl)-6.7-epoxy-4,5,9,12,13,20-hexahydroxy-1-

tigliagn-3-one

'H NMR (300 MHz, CDCls) § ppr: 0.84 (3H (18), d, J=6.5 Hz). 0.87 (3H (6, 1, J=7.0 Hz}, 0.91
(3H (4"), t. J=7.5 Hz), 111 (3H (37), &, J=7.0 Hz). 1.21, GH (16, 8). 1.21, GH (17), 53, 1.25
(1H (14). d, J=6.6 Hz), 1.43 (1H (3" m, J=14.1, 7.4, 7.1 Hz). 1.60 (2H (3"}, quin. J=7.4 Hz),
1.70 (1H (3", ddd, J=13.9, 7.3, 7.1 Hz), 1.74 (3H (19), dd, J=2.9, 1.3 Hz). 1.9 (1H (11). dg.
J=10.0, 6.5 Hz), 2.27 (2H (2, dt, J=7.4, 3.7 He). 1.29 (2H (47, m. J=7.5, 7.2, 3.9 Hx). 1.29 (2H
(59 m, J=7.5, 7.2, 3.9 Hz). 2.36 (1H (2", sxt, J=7.0 Hz). 3.14 (1H (8), 4, J=6.6 Hz). 3.25 (1H
(7). $) 3.64 (1H, (OH), &), 3.83 (1H (OH), dd, J=12.5, 7.9 Hz), 3.79 {2H (20), dd, J=12.5, 5.7
Hz), 3.94, (1H (OH), d, J=2.5 Hz). 4.06 (1H (10), 1, J=2.6 Hz), 422 (1H (5). &), 5.37 (1H (12). .
J=10.0 Hx), 5.95 (1H (OH), br. s.3 7.7 (1H (1), dd, J=2.4. 1.3 Hz).

"¢ NMR (125 MHz, CDClz) & ppra: 9.7 (193, 116 (4, 13.9 (6), 15.0 (18), 16.1 (57, 17.1 {16),
22.3 (5. 23.6 (17), 24.9 (3, 26.2 (3"), 26.6 (15), 3L.1 (4, 34.5 {2, 35.96 (), 36.04 (14). 41.2
(21, 45.6 (11}, 48.9 (10}, 61.8 (6). 64.6 (20), 65.2 (7). 65.5 (13). 71.4 (5), 72.4 (43, 76.5 (12),
77.149). 133.4 (23, 164.6 (1), 1733 (1", 178.8 (17). 209.9 (3),
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Compound 6 12-aceryl-13-(2-methylbutanoyl)-6,7 -epoxy-4,5,9,12,13,.20-hexahydroxy-1-
tigliagn-3-one

Mol
sl .

5 'H NMR (500 MHz, CDCl2) & ppm: 0.85 (3H (18), d, J=6.4 Hz), 0.92 (3H (4", t, J=7.6 Hz),
112 (3H (5"). 4. J=6.8 Ho), 1.21 GH (163, %), 1.23 (3H (17). ). 1.25 (1H (14), d, /=6.8 Hx),
144 {TH (3"), m, J=14.1, 73, 7.2 Hey, 171 (TH (3", ddi, 1.75 (3H (19), dd, J=2.9, 1.0 Hz), 1.91
(IH (11), m), 2.04 {(3H (29, 8), 2.36 (1H 2", m, J=7.0, 6.8 Hz), 3.14 (1H (8), d. J=6.8 Hz), 3.26
(IH (7), 8). 3.78 (1H (20Y, d, J=12.7 Hz), 3.85 (1H (20), d, J=12.7 Hz), 4.04 (1H (10), t. J=2.7

10 Hz). 421 (1TH(5), 5), 5.33 (1H (12), d. J=9.8 Hx). 7.7 (1H (1), 5).

BC NMR (125 MHz CDCly) 8 ppm: 9.7 (19), 11.6 (4", 15.1 (183, 16.2 (3"), 17.1 (16). 21.0 (2%,
23.7 (175, 26.2 (37, 26.7 (15), 36.0 (8), 36.1 (143, 41.2 (2"), 45.7 (11), 4%.9 (10), 61.7 (6, 64.5
{200, 63.2 (7). 65.4 (13). 715 (5). 724 (4), 76.8 (9). 77.1 (12), 133.5 (2), 164.6 (1), 170.6 (1,
178.9 (1), 209.9 (3).

Compound  7:  12-propanoyl-13-(2-methylbutanoyl-6,7-epoxy-4,5.9,12,13,20-hexahydroxy-1-

tigliaen-3-one

20 TH NMR (500 MHz, CDCls) § ppm: 0.85 (3H (18), d. J=6.8 Hz), 0.92 (3H (4", t, J=7.6 Hz),
112 (BH (5"), d, J=7.3 Hzy, 1.13 (3H (3"), ©), 1.21 (3H {16), ). 1.22 (3H (17}, ), 1.25 (1H {14},
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dd, /=103, 6.8 Hz). 1.44 (1H (3"), m J=14.0, 7.0, 6.6 Hz), 1.70 (1H (3"}, dd, /=142, 6.8 Hz).
£74 (3BH (19, dd, J=2.9, 1.5 Hz), 1.91 (1H {11}, m), 2.31 {2H (2, m), 2.37 (1H (2"}, dd, J=13.7.
6.8 Hz), 3.15 (1H (83, d, J=6.8 Hz), 3.26 (1H (7), ), 278 (1H (20, d. /=12.2 Hz), 3.84 (1H (205,
d, J=12.7 Hz), 4.05 (1H 00y, m), 4.21 (1H (5), 8). 5.35 (1H {12). d, J=9.8 Hz), 5.92 (1H {QH),
bra, 770 (IH (1), m).

PO NMR (125 MHz, CDCl) & ppim: 9.3 (37, 9.7 (193, 11.6 (4", 15.1 (18), 16.1 (33, 17.1 {16).
23.7 (173, 26.2 (3™, 26.7 (1), 27.8 {270, 36.0 (8), 36.1 (14), 41.2 (2"), 45.7 (11), 48.9 (10, 61.7
{6). 64.6 (20, 63.2 (7). 63.4 (13), 71.5 (5), 724 {4), 76.8 (12). 77.1 (9, 133.5 (2), 164.6 (1),
173.9 (11, 178.9 {1, 209.9 (3).

Compound 87 12-batanoyl-13-(2-methylbutanoyl}-0,7-¢poxy-4.5.9,12.13,20-hexahydroxy-1-

tighaen-3-one

"H NMR (500 MHz, CDCls) & ppro: 0.85 (3H (18). d, J=6.4 Hz). 0.92 (3H (4"), t, J=7.6 Hz),
0.94 (3H (49, 1, J=7.3 Hz), 1.12 (3H (5", d), 1.22 (3H (16), 5), 1.23 (BH (17), ), 1.26 (1H (14},
d. J=6.8 Hz), 1.45 (1H (3"), dg, J=14.0. 7.1 Hz) 1.64 (2H (3, m, J=14.6, 7.2, 7.1 Hz), 1.71 (1H
(3%, dd, /=13.7, 6.8 He), 175 (3H (19), d, /=2.9 Hz), 1.90 (1H (11). dd, /=10.0, 6.6 Hz), 2.27
(2H (2'), m), 2.37 (1H (2, qt. J=7.0, 6.8 Hz), 3.15 (1H (8), d. J=6.4 Hz), 3.27 (1H (7). 8), 3.77
(1H (20), m, J=12.2 Hz), 3.86 (1H (200, m, J=12,7 Hz), 4.05 (1H (10), d, J=2.4 Hz), 4.21 (I1H
(53, 8), 771 (1H (1), dd, J=2.4, 1.0 Hz).

BC NMR (125 MHz. CDCl) & ppme 9.7 (19), 11.6 (4", 13.5 (4, 15.1 (18), 16.1 (5. 17.1 {16},
187 430 23.7 (170, 26.2 (371, 26.6 {15), 36.0 (8}, 36.1 (14}, 36.4 (21, 41.2 (2"}, 45.6 (11). 48.9
{10) 61.6 (6), 64.5 (20), 63.2 (7), 65.3 (13). 717 (5), 72.3 (4), 76.6 (12). 77.1 (9). 133.5 (2),
164,7 (13, 1731 (19, 178.8 (1), 209.9 {3).
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Compound 9 12-[(2£,4E)-(6,6-dimethoxyhexa-2.4-dienoyl|-13-(2-methylbutanoyl)-6.7-epoxy-
4,5.9,12,13.20-hexahydroxy-1-tigliaen-3~one
H{&
8%
H,C ¥ S
\17‘\(‘}_”;}/ /
k. \ A

i

5 'H NMR (500 MHz CDCly) 8 ppm: 0.86 (3H (18), d, J=6.4 Hz), 0.92 (3H (4", t, /=7.3 Hx),
112 (3H (5"), d. 7=6.8 Hz). 1.22 3H (17), 8), 1.24 (3H (16}, s). 1.27 (1H (14), dd. J=11.2, 6.8
Hz), 1.44 (1H, (3"), m), 1.72 (1H (3"), m), 1.75 (3H (19), dd, J=2.9, 1.5 Hz), 1.96 (1H (11}, dd,
J=10.0, 6.6 Hz), 2.37 (1H (2™, my. 3.17 (1H (&), d. /=6.8 Hz), 3.27 (1H (7). s). 3.31 (3H (7, »).
331 (3H (8, v), 3.79, (TH (20}, m, J=12.2 Hz), 3.86 (1H (20), m). 4.06 (1H (10), br. s.), 4.22
10 (1H (5). d, J=2.4 Ha), 4.89 (TH (6, dd, J=1.4, 1.0 Hz}, 5.42 (1H (12), d, J=0.8 Hz), 5.91 (IH
21, d, J=15.7 Hz). 5.98 (1L (5), dd. J=15.7, 4.4 Hz), 6.47 (1H (4. dd, 15.6, 11.2 Hz), 7.21 (11
(3. dd, J=15.6, 11.2 Hz), 7.71 (1H (1), 5.
BC NMR {125 MHz, CDCly) 8 ppm: 9.7 (19), 11.6 (4™, 15.1 (18). 16.2 (3"), 17.2 (17}, 23.6
(16), 262 (3), 26.8 (15). 36,0 (8), 36.2 (14), 41.2 (2", 45.8 (11). 48.9 (10}, 52.7 (77, 52.7 (8.
61.7 (63, 64.5 (203, 65.2 (7). 65.4 (13), 716 (5), 724 (4), 77.1 (9), 77.1 (12), 101.3 (6, 122.8
(29, 131.0 (4 133.5 (2), 137.9(5), 143.4{3). 164.7 (1), 166.1 (1"}, 178.9 (1), 209.9 (3).

oy
LA
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Compound 10: 12-[(2E 4E)-6-0xohexra-2 4-dienovl |- 13-(2-methylbutanoyl}-6,7-epaxy-
4,5.9,12,13.20-hexahydroxy-1-tigliaen-3~one
HG

Chly
<
7 T

"H NMR (500 MHz, CDClz) § ppm: 0.88 (3H (18), d, J=6.4 He). 0.93 (3H (4", . J=7.5 Hy),
113 (3H (5", d. J=7.1 Hy), 1.24 (3H (17, 8), 1.25 (3H (16), s). 1.28 (1H (14), m). 146 (IH
(3" td, J=14.1, 7.3 Hy). 1.70 (1H (3"), m), 1.75 (3H (19), dd. J=2.9, 1.2 Hz), 1.99 {1H {11),
dddd, /=9.8, 6.3, 6.4, 6.1 Hz), 2.38 (1H (2", d, J=6.8 Hz), 3.19 (1H (8}, d. J=6.8 Hz), 3.28 (1H
(7). 3. 3.77 (1H (20), m. J=12.5 Hz), 3.87 {1H (20), d, J=13.0 Hz), 4.06 (1H (103, d, /=2.7 Hz),
422 (1H (5), s), 5.46 {1H (12), d. J=9.8 Hz), 6.28 {1H (2, d, /=15.4 Ha), 640 (1H (5}, dd,
J=153.4, 7.8 Hz), 7.14 (JH 4", dd, J=14.9, 11.2 He), 7.36 (1H (3. ad, /=154, 11,2 Hz), 7.71
(1H (1), dd. 7=2.6, 1.3 Hz), 9.66 (1H (6"), d, J=7.6 Hz).

BeONMR (125 MHz, CDCLY) & ppm; 9.7 (19), 116 (47, 152 (18), 16.2 (57, 17.2 (16), 23.6
(170, 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),
65.1 (7, 65.3 (13) 716 (5), 72.3 (4%, 77.1 (9), 78.2 (12, 129.4 (2, 133.6 (2), 137.2 (57, 140.8
(39, 146.9 (47, 164.4 (1), 165.0 (1), 1789 {1™), 192.8 (6:). 209.8 (3).
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Compound 11t 12-[(ZE4£)-0,7-dihydroxydadeca-2 4-dieneyl]-13-(2-niethylbutanoyl)-6,7-

epoxy-4,5.9.12,13,20-hexahvdroxy- [ -tigliacn-3-one

HaC
Eeis 3
'n'w‘&i\ CH,

"H NMR (500 MHz, CDCls) & ppr: 087 (3H (18}, d, J=2.0 Hz3, 0.87 (3H (12, d. J=2.0 Hy),
0.92 (3H (4", t, J=7.3 Hzy, 1.12 (3H (5"). d. J=6.8 Hz), 1.22 (3H (17), s, 1.24 (3H (16), s}, 1.28
(1H (14), d, J=6.4 Hzy, 1.28 (2H (11", d, J=6.4 Hz). 1.44 (2H (8), d. J=6.8 Hz), 1.46 (1H (3"), d.
J=6.8 Hz), 1.47 (2H (9", d, /=29 Hz), 1.69 (1H (3"), m), 1.76 (3H (19). m), 1.95 (1H (11), dd,
J=95. 6.6 Hz). 238 (1H (2", dg, J=13.7. 6.8 Hz), 3.17 (1H (8). d. J=b.4 Hz), 327 (1H (7). 5.
349 (1H (7). br. 5.3, 3.60 (1H (OHD), s), 3.82 (2H {20}, ), 4.03 (1LL (6", m), 4.06 (1L (10), br. 5.),
422 (1H (5), d, J=2.9 Hz), 5.42 (1H (12). d. /=9.8 Hz), 5.88 {1H (2", d, /=15.2 Hz), 6.08 (IH
(OH), t, J=6,1 Hz), 6.11 {1H (5'). . J=6.1 Hz). 6.43 (1H (OH), m), 647 (1H (43, m). 7.21 (I1H
(OH), dd, /=132, 2.0 Hz). 7.24 (TH (30, 53, 7.71 (1H (1}, 5.

BC NMR (125 Miz. CDCls) & ppm: 9.7 (193, 11.6 (47, 14.0 (129, 15.1 (18). 162 (53M). 17.2
(16}, 22,6 (11), 23.6 (173, 25.3 (9), 26.2 (3", 26.8 (15), 31.7 {10, 33.1 (8"}, 36.0 (8). 36.2 {14},
41.2 (27, 45.8 (113, 48.9 (10), 61.7 (6), 64.5 (201, 65.2 (7), 65.4 (13), 71.6 (5), 724 (4), 74.5
(7). 75.1 (69, 77.1 (93, 77.1 (12), 133.5 (2), 121.8 (2, 129.7 (47}, 141.6 (5, 143.8 (3, 164.6
(13, 166.2 (13, 178.9 (1"). 209.9 (3),
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Compound 12: 12-[(2E¥4.5-dihydroxy-deca-2-enoyl |- 13-(2-methylbutanovl)-6,7-cpoxy-

4,5.9,12,13.20-hexahydroxy-1-tigliaen-3-one

HL H5
10 s ey .
- OH /
P
N HG—R
/ \mz E /1:-::@
HG \« o O H:
NN
(4 S 1”71 ~gu
H C—’-’{ i+ 1o
N 8/
Hpme “
1---—f( ?\
/i \4 ,j D
HS N e

5 'H NMR (500 MHz, CDCls) 8 ppm: 0.86 (3H (18), ), 0.87 (3H (107, 1, 0.93 (3H (4"), (, J=7.5
Hi), 112 (3H (5, d. J=7.0 Hz), 1.22 (3H (17). s). 1.23 (3H (16), 8}, 1.26 (ZH (9. m), 1.27 {IH
(14), m). 1.28 (2H (8, m). 1.30 (TH (77, m). 1.42 (2H (57, m). 1.44 (1H (3", m), 1.46 (1H (7).
m). 170 (1H (3", m), 1.74 (3H (19), d. J=1.6 Hz), 1.95 (1H (113, m), 2.37 (1H (2"}, m), 3.16
(1H (8), d, J=6.5 Hz), 3.27 (1H (7). 5). 3.75 (1H (59, m), 3.77 (1H (20}, m). 3.85 (1H (207. d,
10 J=19.3 Hz), 4.05 (TH (100, br. 5.3, 4.21 (1H (5), ), 4.32 (1H {4, m), 5.41 (1H (12). d, J=9.5 Hz),
6.11 (111 (2), dd, J=8.8, 1.8 Hz). 6.92 (1H (3). dd, J=4.9, 1.6 Hz), 7.71 (1H (1}, dd).
B¢ NMR (125 MHz, CDCly) § ppm: 9.7 (19), 11.6 (4*), 14 (10, 15.1 {18). 16.2 (5"}, 17.2 (16
22.5 (99, 23.7 (17), 25.5 (7)., 26.2 (3"). 26.8 (15), 31.7 (8, 32.0 (67, 36.0 (8), 36.2 (14), 41.2
{27y, 45.8 (11). 48.9 (10}, 61.7 (6), 64.5 (20), 65.2 (7), 65.4 (133, 716 (3), 72.3 (4), 73.9 (4",
15 74.1 (5. 771 (12), 77.3 (9, 1225 (29, 133.6 (2). 145.9 (3). 164.6 (1), 165.5 (1), 179 (1),
209.9 (3).

Compound  13:  12-igloyl-13-(2Z-methylpropanoyl)-6.7-epoxy-4,5.9,12,13,20-hexahydroxy-1-
tigliaen-3-one

e,
HaG CH i
3 i v-——~2fh

O,
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"H NMR (500 MHz, CDCly) & ppox 0.84 (3H (18), d, J=6.4 Hz), 1.14 (3H (4") d, /=7.3 Hz, 1.17
(3H (3"}, d, J=6.8 Hz), 1.22 (3H (16), &3, 1.24 (3H {17). ). 1.28 (1H (8), mvy, 1.74 (3H (19}, s}
1.77 (3H (47, d, J=7.3 Hi), 1.95 (1H (11), dd, I=10.0, 6.6 Hey, 2.56 (1H, (2", m. J=7.3. 7.1, 7.0
Hz), 3.16 (1H (14), d, J=6.4 Hz), 3.26 (LH (7), 8), 3.82 (ZH (205, m)., 4.06 (1H (10), br. &), 4.22
(1H (5), d. J=2.4 Hz), 5.41 (1H (12), d, J=9.8 Hz), 6.80 (1H (39, m), 7.71 (1H (1), 8).

PC NMR (125 MHz, CDCls) § ppm: 9.7 (19). 12.2 (5", 14.4 (4, 15.1 {18, 17.2(17), 18.5 (3").
8.6 (4"), 23.7 (16), 26.5 (15), 34.1 (2™, 36.0 (R), 36.1 (14), 45.8 (11). 48.9 (10), 61.7 (6), 64.6
{20), 632 (7). 65.5 (133, 71.4 (5), 72.4 (4), 76.6 (12), 77.2 (9). 128.4 (21, 133.4 (2), 137.6 (3,
1647 (1), 167.5 (1%, 179.3 (1™, 209.9 (3).

Compound 14: 12-[(2£)-3-methylthioprop-2-enayl]- 13- 2-methylbutanoy -6, 7-cpoxy-

4.5.9.12,13 20-hexabydroxy-1-tigliacn-3-one
H:?“ﬂs\zr’CHq

HEE"'S ;o

2 Qi O...": 1:\

Mo o B

1‘?’ \12,‘.1{;“.-!4-—*8}‘13
¢ N
HaC

RS o

AN

e 403 ] \
/R o
Mot N
Yig l“ HO ‘1 QO_OH
4 OH

'H NMR (500 MHz, CDCls) § ppm: 0.86 (3H (18). d, J=6.4 Hz), 0.92 (3H (4"), 1, J=7.3 Hz),
112 (3H (5", d. J=6.8 H), 1.23 GH (17), s), 1.24 (3H (16), 5), 1.27 (1H {14}, d, J=6.8 Hz),
L4 (TH (3", m). 171 (IH 3", my. 1.75 GH (193, s). 194 (1H (11), m), 2.14 (1H (OH), t.
J=5.9 ), 2.32 (3HL (47, 83, 2.38 (1EL{2™), m). 3.16 (1L (8), d. J=6.8 Hz), 3.27 (1H (73, 83, 3.55
(1H (4-OH), s), 3.78 (1H (203, dd, J=12.7, 5.9 Hz), 3,84 (1H (5-OH3}, s). 3.85 (1H (20), s}, 4.05
{(1H (10), ), 421 (1H (5). d, /=24 Hz). 541 (1H (12), d, J=9.8 Hz), 5.61 (1H (2, d, J=14.7
Hzy, 6.02 (1H (9-OH3, m). 7.69 (1H (39, d, J=14.7 Hzy, 7.71 (1H (1), 8).

B NMR (125 MHz, CDCLy) 8 ppm: 9.7 (199, 11.6 (4"). 14.3 (4, 15.1 (18), 16,2 (5"). 17.2 (16
23.7 (175, 262 (371, 26.7 (15). 36.1 (8). 36.2 (14), 41.2 (2"}, 45.9 (11), 49.0 (10), 61.6 (6), 64.5
(200, 632 (7). 65.5 (13), T1.7 (5), 72.4 (4), 76.8 (12), 77.1 (9), 112.8 (29, 133.5 (2), 147.5 (3,
164.5 (17, 164.8 (13, 178.9 (1), 210.0 (3).
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Compound 15 12-Z2-methylprop-2-enoyl-13-(2-methylbutanovh-6,7-epoxy-4,5,9,12.13.20-

hexahydroxy-1-igliaen-~-3-one

'H NMR (500 MHz, CDCly) 6 ppm: 0.86 (3H (18). d), 0.92 (3H (4"), 1, J=7.3 Hz), 1.12 (3H (5"),
d, J=6.8 Hr), 1.23 (3H (17), br. s). 1.25 BH (16), %), 1.27 (1H (14). dd, J=112, 6.4 Hz), 1.45
(1H (3"), m), 1.72 (1H (3", m), 1.75 3H (19), dd, J=2.9, 1.0 Hx), 1.92 (3H (4", &), 1.95 (1H
(LD, m), 2238 (TH (2, m), 3.18 (1H (8), d). 3.28 (1H (7). ), 3.54 (1H (OH). d, J=1,0 Hx). 3.78
(LH (200, m}, 3.87 (1 (20), dd3, 4.06 (1H (10), m), 4.22 (1H {5). d, J=2.0 Hz), 542 (1H (12), s),
5.56 (1H (3%, dt, J=2.9, 1.5 Hz), 6.05 (1H (3", m), 7.72 (1H (1), dd, J=2.4, 1.5 Hz).

PC NMR (125 MHz, CDCL) 8 ppm: 9.7 (19), 11.6 (47, 15.1 {18). 16.2 (5", 17.2 {17). 18.5
{49, 23.7 (163 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), 63.2 (73, 65.5 (13), TL.7 (3), 72.3 (4), 77.1 (9), 77.3 (12, 125.8 (3", 133.5 {2), 136.2
(2, 164.7 (1), 166.8 (1%, 178.9 (1), 209.9 (3),

Compound 10; 12-[(2F 4E})-hexa-2.4-dienoyl ]« 13- 2-methylbutanoyl 3-8, 7-epox y-4,5.9,12,13.20-

hexahydroxy-1-tigligen-3-one
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"H NMR (500 MHz. CDCL) 6 ppm: 0.87 (3H (18). d, /=6.5 Hz), 0.93 (3H (4", 1), 1.13 (3H (5",
m. J=6.8 Hz), 1.23 (3H (16), br. £.), 1.26 (3H (17). s}, 1.27 (1H (14, m). 1.45 (1H (3", €3, 1.70
CLH (370 ), 175 (3H (19), dd, J=2.8, 1.2 Hz), 1.86 (3H 6", dd. J=7.3, 1.7 Hz), 1.96 (1H (11).
dd, J=9.8, 6.2 Hy), 2.37 (1H (27, m), 3,18 (1H (%), d. J=6.7 Hz), 3.28 (1H (7). &), 3.78 (1H (20).

3.83 (1H (2%, d. J=15.0 Hz), 5.94 {1H (8% m), 6.14 (1H (4}, m), 7.39 (1H (3"}, ddd, J=15.3,
TR7. 12 He), 772 (AH (1), dd, /=22, 1.3 Hz).

M NMR (123 MHz, CDCL) 8 ppr: 9.7 (195, 11.6 (4, 14,1 (6'), 15.2 (18). 162 (37), 17.2(17),
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 (), 64.5
(20), 65.3 (7). 65.5 (13), T1.7 (51, 724 (4), 76.8 (12), 7T7.1 (9), 1207 (27, 127.3 (4", 1335 (2},
136.2 (59, 139.6(3"), 164.8 (1), 166.6 (10, 179.0 (1"), 210.0 (3.

Compound 17 12-[{2EAE)-8-oxododeca-2 4-dienoyl]-13-(2-methylbutanoy])-6, 7-cpox y-

4,5.9.12,13,20-hexahydroxy-1-tigliacn-3-one

2 4 "
HG= SN

ig i ) W GH
QHO l}H

'H NMR (500 MHz, CDCly) 5 ppm: 0.85 (3H (18), d. J=5.3 Hz), 0.88 (3H (12), . /=7.3 Hz),
0.92 (3H (4™, 1. J=7.4 Hz), 1.12 (3H (5", d, J=7.0 Hyz), 1.22 (3H (16}, br. 8.3, 1.23 3H (17), 5.
1.26 (1H {14), d, J=5.4 Hz), 1.28 (2H (119, d. J=2.8 Hy). 1.43 (1H (3"). br. 5.3, 1.53 (2H (10,
), 171 (TH (3", m). 175 (3H (199, dd, /=29, 1.3 Hx). 1.95 (1H (113, m), 2.37 (1H 2%, m).
238 (21 (9, d, J=7.2 Hz), 242 (21 (&), m). 2.52 (2H (7, 83, 3.17 (1H (8), d. J=6.6 Hz), 3.27
(TH (7). 8), 3.53 (1H {OH), s), 3.81 (1H (20), br. s.). 3.86 (1H (20), m), 4.05 (1H (10). m), 4.22
(IH (5), d, #=2.4 Ha). 5.41 (1H (12), d, /=9.8 Hz). 576 (1H (2). d. J=15.4 Hz). 6.00 (1H (5. 1.
J=6.8 Hz), 6.15, (1H (4", d, J=10.6 Hz), 7.16 (1H (39, dd. J=15.4, 10.6 Hx). 7.71 (1H (13, dd,
J=2.6, 1.3 Hz).

BC NMR (125 MHz, CDCly) 8 ppm: 9.7 (19), 11.6 (47), 13.8 (129, 15.1 (18), 16.2 (5", 17.2
(173, 223 (117, 23.7 (16). 25.9 (107, 262 (3"), 26.7 (13), 26.9 (6, 36.1 (8), 36.1 {14), 41.2
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(2", 41.3 (7)), 42.7 (9, 45.9 (11D, 49.0 (10), 61.6 (6), 64.5 (203, 65.3 (7). 65.5 (13). 71.7 (5).
723 (4%, 7.1 (12). 77.2 (93, 119.6 {2 129.1 (49, 133.5 (23, 142.8 (5). 145.0 (3, 164.8 (1},
166.6 (17, 179.0 (1), 209.7 (%7, 210.1 (3).

Compound 18: 12-[(2Z.4E)-deca-2,4-dienoyl |-13-(2-methylbutanovi)-6,7-cpoxy-4.5,9,12,13.20-

hexahydroxy-1-tigliacn-3-one

"H NMR (500 MHz, CDCl3) & ppm: 0.86 (3H (109, (. J=6.9 Hz). 0.87 (3H (18), d. /=6.6 Hz),
0.94 (3H (4™), 1, J=7.5 Hz). 114 (3H (5.4, /=7.1 Hz), 1.22 (3H {16). ¢), 1.23 (3H (17), s}, 1.25
(IH (14}, br.s.), 1.27 (2H (87, br. &), 1.28 (ZH, (9%, br. &3, 141 (2H (7)), m), 1.46 (1H (3"}, m),
L7T (IH €37, m), 1.75 (3H (19}, dd, J=2.9, 1.3 Hz), 1.94 (1H (11}, dd., /=1008. 6.4 Hz}, 2.16
(2H (67, 9, 239 (1H (2™, m, J=7.2, 7.0 Hz), 3.16 (1H (8). d, J=6.8 Hz), 3.27 (1H (7). 5), 3.53
(1H (4-0OHy}, d. /=0.6 Hz), 3.77 (1H (20), dd, J=12.7. 5.7 Hz). 3.3 {1H {5-OH), d, J=3.1 Hz),
3.86 (1H (20), m, J=12.6, 7.7 Hz). 4.05 (1H (10). . /=2.7 Hz), 421 (1H (5}, &. J=2.9 Hz), 5.43
(1H (12). d, /=9.9 Hz), 5.51 (IH (27, d, J=11.4 Hz), 6.06 (1H (5'). ddd, /=151, 7.2, 6.8 Hz),
635 (IH (3. 6. J=11.6 Hx), 729 (1H {47, ddd, J=15.1. 72, 6.8 Hz). 7.72 {1H (1). dd, /=23, 1.3
Hi.

B NMR (125 MHz, CDCls) § ppme: 9.7 (193, 11.6 (47), 14.0 (109, 15.1 (18), 16.2 (3™, 17.1
{(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),
412 (2", 458 (11), 49.0 (10, 61.6 (6), 64.5 (20), 65.3 (7), 655 {(13), 71.7 (53. 72.3 (4). 76.1
(12), 77.1 (9, 115.0 (27, 1269 (4'), 145.9 (3%, 146.1 (30, 133.5 (2), 164.5 (1), 16539 (1. 178.9
(1), 210.0 (3).
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Compound 19: 13-(2-methylbutanoyl)-6.7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliacn-3-one

"H NMR (300 MHz, CDCls) § ppm: 0.92 (3H {4). t. J=7.6 Hz). 1.07 (3H (18), d, J=6.4 Hz), 1.16
(3H (5%, d, J=6.8 Hed, 1.20 (3H (16). %), 1.24 (1H (14), m), 1.26 (3H (171, s}, 1.45 (1H (3, ddd,
J=13.8, 7.1. 7.0 Hz), 171 (1H (3. dt, J=13.7, 7.3 Hao), 1.76 (1H (1 1), d, J=15.7 Hz), 1.77 (3H
(1), dd, J=2.7. 1.2 Hz), 241 (1H (29, m. J=7.0. 6.8 Hz), 3.08 (1H (8), d. J=7.3 Hz), 327 (1H
(7). %), 3.79 (1H (10). d, J=2.9 Hz), 3.81 (2H (200, m), 3.90 (1H (12), d, /=9.8 Hx), 4.20 (1H (5},
$). 770 (1H (11, dd, J/=2.4. 1.5 Hz).

B NMR (125 MHz. CDCls) 5 ppm: 9.8 (19). 11.7 (49, 16.6 (57, 16.2 (18), 17.2{17). 23.4 (16).
26.5 (3, 27.9 (15), 34.8 (14), 36.5 (8), 41.0 (20, 47.3 (113, 50.7 (103, 62.4 (6), 65.0 (20), 66.0

(1. 684 (13).71.5(5), 72.1 {4}, 77.6 (93, 78.3 (12, 133.9 (23, 163.8 (1), 1801 {1, 209.7 (3).

Compound 20 12-1(2E)-but-2-cnoyl |-13-(2-methylbutanoyl)-6,7-epoxy-4.5,9,12.13.20-

hexahydroxy-1-tigliacn-3-one

HC ;
4\3, :.:__2\ J 00:::1;\ :
1w [8) 17
4 R
(_{ 12 \/ 16 -
e
e \c..-—-ﬁ
HO™ 7 N,
S N
o\ Lo
i T g
M \ﬁ’}: é 1 \en—oH
& QH

"H NMR (500 MHz, CDCLy) & ppm: 0.85 (3H, {18}, d, J=6.4 Hz), 0.92 (3H {4™), t, J=7.5 Hz),
P12 GH 5", &, =70 Hen 122 GH (17, ), 1.24 (3H (16), s), 126 (1H (14), d, /=67 Hz),
145 (JH (3", dd, J=14.5, 6.4 Hz), 1.72 (1H (3"). dd, /=14.1, 6.8 Hz), 1.75 (3H (19), dd, J=2.8,
1.3 Hz), 1.87 (3H (4" dd. 7=6.9, 1.7 Hry, 1.94 {1H (11), dd, /=9.8, 6.4 Hz). 2.37 (1H (2"), dd,



10

CA 02909653 2015-10-16

WO 2014/169356 PCT/AU2014/050018
49

J=13.8, 6.8 Hz), 3.16 (1H (8), d, J=6.5 Hz). 3.27 (1H (7). s). 3.78 (1H (20), d, J=12.2 Hz), 3.87
(1H (209, my, 4.05 (1H (10), m), 4.21 (1H (5%, €). 540 (1H (12}, d. J=9.9 Hz), 5.81 (1H (2%
dddd, J=15.5. 1.6, 1.5, 1.2 Hzx), 6.92 (1H (), dd, J=15.5, 7.0 Hx), 7.71 (1H (1), m).

3O NMR (125 MHz. CDCls) 8 ppm: 9.7 (19), 116 (4", 15.1 (18). 16.2 (5™, 17.2 (173, 18.1 (4).
237 (16), 262 (3", 26,7 (15, 36.1 (8). 36.2 (14), 41.2 (2"), 45.9 (113, 49.0 (101, 61.6 (6), 64.5
(203, 65.3 (7). 65.5 (133, 717 (5), 72.3 (4), 76.7 (12), 77.1 (9). 122.6 (2. 133.6 (2), 145.0 (3.
164.8 (1), 166.1 (1), 178.9 (1"). 210.2 (3).

Compound 24: 12-[(2E 4E)-deca-2 4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4.5,9,12,13.20-

hexahydroxy--tigliacn-3-one

'H NMR (500 MHz, CDCl3) & ppm: 0.86 (3H (18), d, J=5.6 Hz). 0.87 (3H (10"), d J=11.7 Hz),
0.93 (3H (4™, 1, J=7.5 Hz), 1.12 (3H (5", d. J=7.0 Hz), 1.22 (3H (16). 3}, 1.24 3H (17). 5), 1.26
(1H (14), m), 1.26 (2H (8%, br. s.), 1.29 (2H (9, m), 1.45 (1H (37}, m), 1.41 (2H (7"}, m), 1.73
(TH (3"), m), 175 (3H (19), dd. /=29, 1.3 Hz), 1.95 (1H (11), dd, /=9.7, 6.4 Hz), 2.15 (2H (6%
), 2.38 (1TH (2", m), 3.17 (1H (8), . J=6.6 Hx), 3.27 (1H (7). s). 3.55 (1H (OH), m), 3.78 (IH
{200, dd, J=12.0, 4.6 Hx), 3.87 (1H (20). m), 4.05 (1H (10), m), 4.22 (1H (5), m), 5.41 (1H (12),
d, J=9.9 Hz), 5.75 (1H (2), d, J=15.4 Hz), 6.13 (1H (5), dd, J=6.7, 6.2 Hz), 6.16 (1H (4, s),
720 (1H (39, dd, J=15.5, 9.9 Hz). 7.72 (1H (1), dt, /=2.5, 1.3 Hz).

B¢ NMR (125 MHz, CDCls) 8 ppm: 9.7 (19), 11.6 (4", 14.0 (107, 15.1 (18), 162 (3"). 17.2
(17). 22.4 (99, 23.6 (16), 26.2 (3", 26.7 (15), 28.4 {T), 31.3 (8, 33.0 (&', 36.1 (8), 36.2 (14),
41.2 (270, 45.9 (11), 49.0 (10}, 61.6 (6). 64.5 (20, 63.3 (7). 63.5 {13). 717 (5), 723 (4), 76.7
(12), 77.1 (9), 118.8 (21, 128.3 (4)). 133.5 (2), 145.3 (57, 145.6 (3, 164.8 (1), 166.6 (19, 178.9
(1™, 210.0 (3).
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Compoungd 25: 12-[(2Z.4E)y-deca-2 4-dienoyl}-13-(2-methylpropanoyl)-6,7-¢poxy-

4.5,9,12.13.20-hexahydroxy-1-tiglisen-3-one

GH,
bt
Hy o5
_ 4 \/1 ==
5‘*‘4'} ~Q g\ HS%
/ - ‘{ \12..;13“1':
& ,/ \. / CHg
14 18
\ HyG"
/v? 318 \'\ Bj
8 HQ*-;,*"'" “
AN p— N
7 2'{/ \4 ‘!/O
H.L HE N A |
o 12 i i 2
|| OHl A
o OH oM

'H NMR {500 MHz, CDCl3) 6 ppm: 0.85 (3H (18), d), 0.86 (3H (10, 0, 1.16 (3H (4"). d), 1.19
(3H (3"). d, J=7.0 He) 1.22 (3H (16), 5), 1.22 3H (17), <% 1.25 (2H (87, m). 1.27 (1H (14}, d.
J=3.1 Hd, 129 (ZH (9, m), 141 (2H (7, br. s.), 175 (3H (19), 52, 1.94 {1H (11}, dd. J=10.0,
6.4 Hz), 2.16 (2H (6%, ), 2.58 (1H (2, dt, J=14.0, 7.0 Hz), 3.16 (1H {8), d, J=6.7 Hz), 3.27 {1H
10 (7). s). 3.55 (1H {OH), br. &), 3.78 (1H (20, d, J=12.5 Hx), 3.86 (1H (20), d, J=13.1 Hz), 4.05
(1H (10), d. J=5.4 Hz), 421 (1H (5), s). 541 (1H (12). d. J=9.9 Hz), 5.51 (1H 29, 4, J=11.2
Hzj, 6.06 (1H (5, dd, J=153. 7.0 Hz). 6,55 {1H (3", . J=11.4 Hz), 7.29 (1H (4", dd. J=153.
7.0 Hz), 7.71 (1H (1), ).
B NMR (125 MHz, CDCL) § ppm; 9.7 (19), 14,7 (100, 15.1 (18), 17.1 (16), 18.6 (3", 18.6
15 @™ 225 (9, 23.7 (17), 26.6 (15), 28.4 (79, 31.4 (£), 33.0 (6), 34.2 (2, 36.0 (14), 36.1 (8},
45.7 (110, 48.0 (10). 61.6 (6). 64.5 (20). 65.3 (7). 65.5 (13). 71.7 (3). 72.3 (). 76.0 {12). 77.2 (9.
50020, 126.9 (49, 133.5 (2), 145.9 (31, 146.2 (59, 164.8 (1), 165.9 (1), 179.3 1", 210.0 (3.
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Compound 260 12-[(2E4E)-6,7-(anti)-epoxy-dodeca-2 4-dienoyl}-13-(2-methylbotanoyl)-6.7-

epoxy-4,5.9.12,13,20-hexahvdroxy- [ -tigliacn-3-one

Hql
G
)
. HyG— *\;}“::D
\"\\\1'—*0 Q Hd??
N
o=t /'Sw‘i “NCH
—d we—  S"
/5 Yo Do
im0 /N,
N/ }—10 N
/T ﬁ// \ 6’/0
{ eSO
\ G N i e
- H OHL S
/ s} OH “gH
o
\1,
;
’ /
3%,

5 "HNMR (500 MHz, CDCl3) 5 ppm: 0.87 (3H (18), d, J=2.4 Hz), 0.86 (3H (12, br. 5.), 0.92 (3H
(4", 1, J=7.3 Hzj, 1.12 (3H (5", d, J=6.8 Hz). 1.22 (3H (17). br. 5. 1.24 (3H (16), ). 1.27 (IH

(14), d, J=7.3 Hz), 1.28 (2H (11", m), 1.29 (2H (10", m3, 1.44 (2H (9, m), 1.57 (2H (8", m).

172 (2H (3", dd. J=13.9, 7.1 Hz), 1.75 (3H (193, d. J=1.5 Hx). 1.95 (1H (113, m}. 2.37 (1H (2"},

m), 2.85 (1H (7). 1, J=5.6, 2.0 Hz), 3.15 (1H (6"). d, 7=7.8 Hx), 3.17 (1H (8). 8}, 3.28 (1H (7). 5),

10 3.52{(1H(OH), d, J=2.9 Hz). 3.76 (1H (OH), m), 3.79 (1H (20}, d, J=2.9 Hz), 3.87 (1H {20). m),
4.05 (1H (10). d, J=2.0 Hz), 4.22 (1H (5). d). 5.42 (1H (12), d, J=10.3 Hz), 5.83 (1H (5" d.
J=15.2,7.8 Hz), 5.87 (1H (2", d, J=15.7 Hz). 6.00 (1H (OH), m), 6.47 (1H (4", dd, /=14.7, 11.2

B¢ NMR (125 MHz, CDCly) 8 ppm: 9.7 (19), 11.6 (4%), 14.0 (129, 15.1 (18), 16.2 (3™, 17.2

15 €16), 225 (110, 23.7 (17), 25.5 (9, 26.2 {3™), 26.8 (153, 31.5 {10). 31.9 (8", 36.1 (8}, 36.2 (14),
4122, 459 (11), 49.0 (10), §7.5 (67, 61.6 (7). 61.7 (6). 64.5 (20). 65.2 (7). 65.4 (13), 71.7
(51, 723 (4). 7.1 (9), 77.1 (12), 121,6 (27, 130.9 (4", 133.5 (2), 139.7 (). 143.3 (3), 164.7 (1},
166.2 (17, 179.0 (1", 210.1 (3.
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Compound 29 12-tigloyl-13-(2-methylbutanoyl)-5,6-epoxy-4,5,9,12,13.20-hexahydroxy-1-

tigliagn-3-one

/‘;3,“-3
HG ;EHG R
— o=V
TN N o
e ® O 4570
/SR U S S
e ra \1,4/ g
™ i 11 !
Hi%l&lti)——la-—v-f‘j
“__ 6/ N OH
4 B 20
Ha?/ o f\s’( y
” Hi O OH
&

'H NMR (500 MHz, CDCl) & ppm: 0.83 (3H (18), d, J=6.8 Hz). 0.92 (3H (4", 1, J=7.6 Hz),
113 (3H (5"), d, /=6.8 Hz). 1.20 (IH (14), d. J=5.9 Hy), 1.22 3H (17). ), 1.23 (3H (16), s),
145 (1H (3", W, J=14.2, 7.3 Hz), 1.72 (1H (3", dd). 1.77 (3H (5", dd, J=7.1, 1.2 Hz). 1.80 (3H
(49, d. J=1.5 Hz), 1.81 (3H (19), dd, /=2.9, 1.5 Hi), 2.11 (1H (11). dg). 2.29 (1H (8). d. J=5.4
Hz). 2.38 (1K (2"}, m, J=7.0, 6.8 Hz), 2.47 (1H (20-OH), t, J=6.8 Hz), 2.98 (1H (4-OH), 5), 3.53
(1H (10y. m), 3.73 (1H (5, d, J=1.0 Hz), 3.81 (1H (20). dd, /=12.7, 6.8 Hz). 3.92 (1H (20), m.
J=12.7, 6.8 Hz), 446 (1H (7). d. J=5.4 He), 5.10 (1H (7-OH). d, /=5.4 Hz), 5.39 (1H (12), d,
J=10.3 Hz), 6.55 (1H (9-OH), m). 6.80 (1H (39, m. J=7.1, 6.8, 1.5 Hz), 7.58 (1H (1), s).

B NMR (125 MHz, CDCLy) 6 ppm: 103 (190, 11.6 ¢4™), 12.2 (4%, 14.0 (18), 14.4 (5, 16.2 (5").
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
(5). B4.2 (200, 67.0 (6). 67.0 (13). 713 (43 75.8 (120, 77.3 (73, 79.1 (9. 128.3 (21, 134.7 (2),
137.8 (3. 159.7 (13, 167.4 (1. 179.7 (1"}, 205.7 (3).

Compoond 30: 13-(2-methylbutanoyl)-5.6-epoxy-4.7.9,12,13,20-hexahydrox y-1-tigliasen-3-one

3,
HG™ el
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"H NMR (500 MHz. CDCLy) & ppm: 0.91 (3H (4, t, J=7.6 Hz). 1.02 (3H (18). d, J=6.4 Hz), 1.15
(IH (1), d, =59 Hz), L1S BH (5", d, J=7.3 Hz), 1.19 (3H {16). s}, 1.22 {(3H (17}, ). 1.46 {1H
(3, ddd, =141, 7.0, 6.8 Hx)y, 1.70 (0H (39, d1, =137, 7.3 Hz), 1.81 (3H (19), dd, /=29, 1.5
Hz), 193 (1H (11}, dq. J=9.8, 6.6. 6.5 Hz), 2.24 (IH (8), d. J=5.9 Hx), 2.40 (1H (29, m. J=7.0.
6.8 Hz), 2.84 (1H (20-OH), br. s.), 3.44 (1H (4-OH), ). 3.50 (1H (10}, t. J=2.4 Hz), 3.76 (IH
{(5), ), 3.84 (IH (20), dd. J=12.2, 3.9 Hz), 3.88 (1H {12). dd, J=10.0, 3.7 Hz). 3.92 {1H (20), d.
J=122, 59 Hzy, 446 (1TH (7). d, #=4.4 Hey 457 (1H {OHY m), 5.20 (OH {(QOH}, ny), 7.60 (1H
{138

Be NMR (125 Mz, CDCLs) & ppou 103 (19), 117 (49, 14.6 (18), 16.5 (5), 16.7 (16), 23.6
{(17), 26.4 {15), 26.5 (37, 33.8 (14), 353.5 {8). 41.1 (27, 45.5 (11, 57.8 (10}, 62.6 (5), 64.1 (20),
66.2(6), 68.0 {13}, 71.3 4, 76.8 (12), 77.3 (7). 78.8 (9), 134.4 (2), 160.2 (1). 180.0 (17, 206.2

Compound 31: 12-acetyl-13-(2-methylbutanoyl}-5.6-cpoxy-4.7,.9,13,20-hexahydroxy- I -tigliaen-

3-one

'H NMR (500 MHz, CDCly) & ppm: 0.84 (3H (18). d, J=6.6 Hx). 0.92 (3H (4", 1, J=7.5 Hz),
L2 GBH (5™, d, J=7.0 Hy), 117 3H (16), ), 118 {1H (143, %), 1.22 (3H (17). 8), 1.44 (LH {3"),
m, J=14.1, 7.3, 7.1 He) 181 (3H (199, dd, J=2.8, 1.2 Hz). 2.04 (3H (2), 5). 2.09 (1H (11), dg,
J=10.2, 6.5 Hzy, 2.31 (1H (), d, J=5.6 Hz), 2.37 (1H (2", sxt, J=7.0 Hz), 2.88 (1H (20-OH). m).
3.52 (1H (10), d, J=2.6 Hx), 3.59 (1H (4-OH). %), 3.81 (1H {5). d, J=0.9 Hz), 3.83 (1H (20). d,
J=12.4 Hz), 3.96 (1H (200, d), 4.39 (1H (7). d, J=5.1 He), 5.04 (1H (7-OH), d, J=5.5 Hz), 5.3
(IH (120, d, J=10.1 Hz), 6.48 (1H (9-OH), br. 5.3, 7.58 (1H (1), ).

BC NMR (125 MHz, CDXCls) 8 ppme 10.3 (199, 11.6 (4", 14.0 (18), 16,2 (5", 16.7 {16). 20.9
{27, 23.5 (17), 26.1 (3"), 26.2 (15, 34.6 {14), 35.1 (R}, 41.3 (2"), 43.4 (11}, 57.3 (101, 62.4 (%),
3.7 (200, 65.6 (13}, 67.3 (6), 71.3 (4), 76.1 {12), 77.2 (1), 79.0 (9, 134.6 (2, 159.8 (1}, 170.6
{1 179.7 (1), 206.1 (3).
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Compound  32¢  12,13~di~(2~-methylbutanoyl}-3,6-epoxy-4,7,9.13.20-hexahydroxy-1-tigliaen-3-

one

& “\ o ol
3 EN
& g
e~ 1/ \33\1“;%!4"
1 Ha w:-‘lf Q\CH
HyBo o i i
19 / R
o/f / \ ""“OH
Lmrmmanna 8
\0/ o

HQ

"H NMR (500 MHz, CDCls) 8 ppm: 0.84 (3H (18), d, J=6.6 Hyz), 0.89 GH (49, m. J=7.6 Hy),
0.91 (3H (4", d. J=7.5 Hz), 1.11 (3H (3"), d, J=7.0 Hz), 1.12 (3H (5", d, J=7.0 Hz), 1.17 (3H
{16, s), 118 (1H (14, d, J=5.7 Hz), 1.19 3H (17), &), 1.42 (1H (3%, m), 1.46 (1H (37, dt,
J=6.8, 3.3 Hy). 1.62 (1H (37, dt, J=8.2. 6.9 Hx), 1.68 (IH (3"). d, J=7.1 Hz), 1.80 (3H (19), dd,
J=2.8, 1.3 Hz), 2.10 (1H {11}, dd, J=10.2, 6. Hz). 2.33 (1H (8). d, /=5.4 Hz), 2.35 (1H (2}, m).
238 (1H (2"). d, /=4.3 Hz), 3.14 (1H (20-OH), br. s.), 3.54 (1EL (103, dd, J=2.4, 2.2 Hz), 3.83
(1H 20), d, J=13.0 Hz), 3.85 (1H (5), d, J=1.0 Hx), 3.96 (IH (4-OH). s). 3.98 (1H (20}, m,
J=12.8 He), 4.37 (1H (7), 4. J=5.3 Hz), 5.03 (1H (7-OH), d, J=5.5 Hz), 5.36 (1H {12). d. J=10.3
Hz), 6.46 (LH (9-OH3, §), 7.59 (1H (1) s).

BC NMR (125 MHz, CDCL) 8 ppm: 103 (19). 11.6 (47), 11.6 (4, 13.9 (18), 16.1 (5"). 16.8 (5"
16.9 (163, 23.5 (17), 26.0'(15). 26.2 (3"), 26.7 (3, 34.6 (14), 35.1 (8}, 41.3 (2"). 41.7 (2. 433
(110 57.2 (10), 62.2 (3). 63.2 (20), 65.6 (13), 67.6 (6}, TL.3 (4). 754 (12, 77.2 (), 79.1 (9).
134.6 (2), 160.0 (1), 175.9 (1%, 179.6 (173, 206.3 (3).
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Compound 33: 12-propanoyl-13-(2-methylbutanoyl)-5.6-epoxy-4,7.9,12,13,20-hexahydroxy-1-

tigliagn-3-one

O/x( \12*16\-‘7')’{‘\%{3
14
TN/
HO‘“‘U}’ M, DH
J v
-
HaG ™ e ™
1 (| o Q  OH
0

s 'H NMR (500 MHz, CDCl3) 8 ppm: 0.83 (3H (18], dJ, 0.92 (3H (4"}, . J=7.5 Hz). 1.12 (3H
&™), d. /=70 Hzx), 1.13 GH (39, t. J=7.6 Hz), 1.18 (3H {16}, 5), 1.19 (JH (14), ), 1,22 (3H {17,
$h 144 (1H (3"). m, J=14.1, 7.5, 7.1 Hz), 1.71 (I1H (3", ddd, /=139, 7.3, 7.1 Hz), 1.81, (3GH
(19), dd, J=2.8, 1.3 Hzy, 2.08 (1H (11). dd, 4=10.2, 6.5 Hz), 2.29 (1H (8), m), 2.31 (2H (2}, m),
237 (H 2N d, J=7.0 Hz), 272 (1H (20-0OH). {, J=6.7 Hz), 3.34 {1H {(4-QH). ), 3.53 (1H (1M,

10 d,J=2.4 Hz), 3.78 (1H (5), d), 3.82 (1H (201, dd, /=12.7, 5.9 Hz), 3.94 (1H (20}, dd, J=12.7, 5.9
He), 4.42 (1H (7). d. J=5.6 Hz), 5.06 (1H (7-OH), d. /=5.6 Hz). 5.32 (1H (12), 4. J=10.3 Hz},
6.49 (1H (9-OH). s}, 758 (1H (1). d, J=1.3 Hz).
YO NMR (125 MHz, CDCLa & ppm: 9.3 (37, 10.3 (19), 11.6 (4", 14.0 (18), 16.2 (53", 16.8 (16).
235 (17, 26.1 (3™, 262 (15), 27.8 (2. 34.6 (14), 35.1 (8), 41.3 (2", 434 (11), 57.3 {103, 62.5
15 (5). 63.8 (20), 65.6 {13}, 67.2 (6), 71.3 (4), 759 (12), 77.3 (7, 79.1 {9y, 134.6 (2). 1598 (1),
173917, 179.7 (1™, 2060 (3).
Compound  34:  12-hexanoyl-13-(2-methylbutanoyl)-5,6-cpoxy-4,7.9.12,13,20-hexahydroxy-1-

tiglinen-3-one

20 o)
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"H NMR (500 MHz. CDCLy) & ppm: 0.83 (3H (18), d), 0.88 (3H (67, t, J=6.9 Hz), 0.92 (3H (4",
t, J=7.5 Hz), 112 (3H (5"), d. J=7.1 Hz), 1.18 (3H (16), 5). 1.19 (1H {14). s}, 1.21 (3H (17). s},
1.29 2H (4, m). 1.30 H (39 m, J=7.6, 7.3, 3.6 Hx), 1.44 (1H, (3"), di. /=14.1, 7.0 Hz), 1.61
(2H (3. m), 170 (1H (3", m, J=14.1, 7.3. 7.1 Hz). 181 (3H (19), dd. J=2.8. 1.3 Hz), 2.08 (1H
(11), dg. J=10.3, 6.5 Hz), 2.3 (1H (8). d, J=3.8 Hz), 2.28 (2H (2. m), 2.37 (1H 2"}, q. J=7.0
Hz), 2.73 (1H (20-OH), m). 3.35 (1H (4-OH), br. s.), 3.53 (LH (103, t, /=25 Hz), 3.78 (1H (5). d.
J=1.1 Hz), 3.82 (1H (20). d, J=12.6 Hr), 3.94 (1H (20), d, J=12.5 Hz), 442 (1H (7). d, J=3.9
Hz). 5.06 (1H (7-OH), d. /=54 Hz), 534 (1H (12). d. J=10.3 Hz), 6.48 {1H (9-OH), 5). 7.58 { IH
(1), d. J=1.5 Hz).

B NMR (125 MHz. CDCly) & ppm: 103 (19), 11.6 (4, 139 (18), 13.9 (6), 16.1 (5"). 16.3
(163, 223 (5, 23.5 (17), 24.9 (3, 26.1 (15), 26.2 (3"), 31.1 (47, 34.5 (2, 34.6 (14), 352 (8).
41.3 (2, 43.3 (113, 57.3 (10). 62,5 (5). 64.0 (20). 65.6 (13), 67.1 (61, 71.3 (4), 75.6 (12), 77.2
(7). 79.1 (9). 134.6 {2), 159.8 (1), 173.3 (1. 179.6 (1"}, 206.0 (3),

Compound 35 12-tigloyl-13-(2-methylpropanoyl)-5,6-epoxy-4.7.9.12 13, 20-hexahydroxy-1-

tigliaen-3-one

"H NMR (500 MHz, CDCls) & ppm; 0.84 (3H (18), d), 1.15 (3H (3"). d. J=7.0 Hz}, 1.17 (3H
(4", d, J=79 Hey. 121 (UH (14), my, 121 (3H (16), s). 1.21 (3H (17), ), 1.77 (3H (4", dd,
J=7.1, 1.1 Hz), 1.80 (3H (5", d, J=1.3 Hz), 1.81 (3H (19), dd, J=2.9, 1.4 Hz}, 2.13 {1H (11}, dd.
0.6, 6.3 Hz), 2.32 (1H (8), d. J=6.1 Hz), 2.58 (1H (2", spt, J=7.0 Hz), 3.46 (1H (4-OH), ).
354 (1H (10), d, J=2.5 Hz), 3.81 (1H (5), d. J=1.2 Hz). 3.82 (1H (20, m), 3.96 (1H (20), d.
J=13.0 Hz), 442 (TH (7), 4. J=4.9 Hz), 5.07 (1H (7-OH), d. J=5.5 Hz), 5.37 (1H (12), d, /=102
Hz), 6.52 (1H {9-OH). 8), 6.80 (1H (37, dg, /=7.0, 1.4 Hz), 7.58 (1H (1), dd. J=2.0, 1.4 Hzl.
“C NMR (125 MHz, CDCly) & ppoe 10.3 (19). 122 (39, 14.0 (I18), 14.4 (4), 169 (16). 18.5
(37, 18,6 (4, 23.5 (17). 26.0 (153 342 (2"), 34.6 (14), 35.2 (8). 43.6 (11), 57.3 (10), 62.4 (5),



10

20

CA 02909653 2015-10-16

WO 2014/169356 PCT/AU2014/050018
57
63.7 (20), 65.7 (13). 67.3 (6), 71.3 (4), 757 (12), 77.2 (7). 79.1 (9), 128.3 (2), 134.6 (2), 137.8
(3, 159.9 (11, 167.5 (1%, 180.1 (1", 206.0 (3).

Compound 36 12-[(ZE)-3-methylthioprop-2-enovl]- 1 3-(2-methylbutanoyl)-3,6-epoxy-

4,7.9.12,13,20-hexahydroxy- 1 -tigliaen-3-one

&6‘

HG—$, JF

"H NMR (500 MHz. CDCls) & ppm: 0.92 (3H (4", 1, J=7.0 Hz), 0.84 (3H (18), d, /=6.5 Hx).
113 (3H (57 d, J=7.0 Hz), L1& (TH (143, 83, 120 (GH (16), $), 1.22 (3H (17), ), 144 (LH 3",
dt. J=13.9, 70 Hz), 172 (1 (3"). d, J=13.8 Hz), 1.81 (3H (19), dd, /=2.7. 1.2 Hzy, 2.12 (IH
(11).dd. J=9.4,5.6 Hz), 2.31 (TH (8). d. J=6.0 Hz), 2.32 (3H (5, ). 2.38 (IH (2"). ¢, /=7.0 Hz),
3.36 (1H (4-OH), 8), 3.53 (TH {100, d, J=2.3 Hz), 3.78 (1H (5), d, /=0.9 Hz), 3.82 (1H (20), d,
J=12.6 Hz), 3.94 (LH (20, d), 4.43 (1H (7). d, J=4.6 Hz). 5.08 (11 (7-OH), d). 5.37 (1H (12). d.
J=10.2 Hz), 5.61 (1H (2}, d, J/=14.9 Hz), 6.53 (11 (3-OH), ), 7.58 (1H (1), d. J=1.9 Hz), 7.68
(1H (39, d, J=14.9 Hz).

HC NMR (125 MHe, CDCL) & ppm: 10.3 (19). 116 (47, 140 (18), 14.3 (5, 162 (5"), 16.9
(161, 23,5 (17), 26.2 (15). 26.2 (3"), 34,7 {14), 35.2 (8), 413 (2", 43.6 (11), 57.3 (10, 62.5 (5.
64,0 (20), 65.6 (13}, 7.1 (6), 713 (43, 75.8 (12), 77.3 {7), 79.1 (9), 112.7 (), 134.6 (2). 147.7
(3. 159.8 (11, 164.5 (17, 179.8 (1", 206.0 (3).
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Compound  37:  12-tigloyl-13-(2-methylbutanoyl)-5,6-epoxy-4,5,9,12,13.20-hexahydroxy-1-

tigliagn-3-one

“
3{‘\""2'/ QH:" Hgg"
iy
| VA
S Qe
/1\ Poceg |
& 0T\ o
L
Ha‘}';\v/’ \'f\ﬁ/%Hs
HE " GH
1‘\\>Q\3-'/ " % 1
HSCN—.E"/// io
CHY

"H NMR (500 MHz, CDCLy) & ppm: 0.84 (2H (18), d, J=6.6 Hz), 0.92 (3H (4", t, /=75 Hz),
112 GH (5", d. J=6.9 Hz}, 1.19 (1H (14), 5). 1.20 (1H (16), 8), 1.21 (1H (17), 53, 1.44 (1H (3"},
dt, J=14.1, 7.0 Hz), 1.72 (1H (3", dq), 1.77 (3H (49, dd, 4=7.1, 1.1 Hz}, 1.8 (3H (5, 1. J=1.3
Hzj, 1.81 (3H (19), dd, /=2.9. 1.5 Hz), 2.13 (1H (11}, q. J=2.9 Hx), 2.33 (1H (8), d, J=5.7 He),
2.38 (1H (2", g, J=7.0 Hz), 2.99 (1H (20-OH), br. 8.), 3.55 (1H (10), t, J=2.6 Hz), 3.70 (1H (-
OH), br. 5.0, 3.83 (1H (20, dd, /=128, 4.9 Hz), 3.84 (1H (5).d. J=1.1 Hz), 3.98 (1H (20, dd,
J=12.8, 73 Hz), 439 (1H (7). d, J=5.5 Hz). 5.06 (1H (7-OH3, d. /=55 Hz), 539 (1H (12), d,
J=10.2 Hz), 653 (1H (9-OH). br. 8.0, 6.8 (1H (39, dd, J=7.1, 1.5 Hz). 7.59 {1H (1), dd, J=2.0, 1.5
Hz).

B¢ NMR (125 MHy, CDCI3) & ppm: 10.3 (19, 11.6 (4, 12.2 (57, 14.0 (18), 14.4 (41, 16.2 (5%),
170 (16), 23.5 (17), 26.1 (153, 26.1 (3™, 34.7 (14), 35.2 (8, 41.2 (2", 43.7 (113, 57.2 (1), 62.3
(5), 63.5 (200, 65.7 (13). 67.5 (6), 713 (4), 75.9 (12). 77.2 (7). 79.1 (9), 128.3 (2). 134.6 (2).
137,703, 159.9 (1), 167.4 (17, 179.7 (1), 206.1 (3).
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Compound 38 12,13-di-(2-methylbutanoyl)-5,6-epoxy-4,7,9.13.20-hexahydroxy-1-tigliaen-3-

One

5 'HNMR (500 MHz, CDCl) 8 ppm: 0.84 (3H (18), d, J=6.6 Hz), 0.89 (3H (4'), 1, J=7.4 Hz),
0.92 (3H (4", t J=7.5 Hz), 112 (3H (39, d. J=7,0 Hz), 1,12 (3H (3"}, d, /=7.0 Hz), 1.19 (1H
(14), d, J=1.5 Hz), 1.20 H (16) s), 121 (3H (17), s). 1.45 (LI (3), dd, J=14.1, 6.8 Hz), 1.45
(1H (3"). dd. J=14.1, 6.8 Hz), 1.62 (1H (3. dd, J=8.3. 7.5 Hz), 1.68 (1H (3"}, dd, /=14.1, 6.9
Hzj, 1.81 (3H (19). dd, J=2.8, 1.3 Hz), 2.08 (1H (11}, dd. J=10.3, 6.5 Hz), 2.30 (1H (8), d. J=5.5
10 Hz). 236 (TH (2, m). 2.36 (TH (2, m), 2.62 (JH (10-OH), £, J=6.8 Hz), 3.22 (1H (4-OH), 5.
3.53 (1H (10), br. s.). 3.76 (1H {5). d, J=1.1 Hz), 3.82 (1H (20, dd, J=12.5, 6.3 Hz), 3.93 (1H
(200, dd, J=12.6, 7.0 Hz). 4.44 (1H (7). d. J=5.5 Hy), 5.06 (1H (7-OH). d. J=5.6 Hz), 5.36 (I1H
(123, d. J=10.3 He). 6.48 (1H (9-OH), ). 7.58 {1H (1), d, J=2.0 Hz).
e NMR (125 MHz, CDCL) 3 ppm: 103 (19), 11.6 (49, 11.6 (4", 13.2(18), 16.1 (5"). 16.9 {5,
15 17.0¢16), 23.5 (175, 26.0 (15), 26.2 (37), 26.7 (3", 34.6 (14), 35.2 (8). 41.3 (2), 418 (2", 43.3
(11), 57.3 (10}, 62.5 (5), 63.9 (201, 65.6 (13), 67.2 (6). 71.3 (4), 75.4 (12), 773 (7). 79.1 (9),
134.7 (20, 159.8 (1), 175.9 (19, 179.6 (1), 205.9 (3).
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Compound 3% 12-{[2-(methylsulfanyl)carbonyl|-acetoyl}-13-(2-methylbutanoyl)-5,6-epoxy-

4,7.9,12,13.20-hexahydroxy-1-tigliaen-3~one

5 'H NMR (500 MHz, CDCI5) § ppm: 0.87 (3H (18), d. J=6.6 Hz, 0.92 (3H (4", t, J=7.5 Hz),
1.13 (3H (5", d. J=7.0 Hz), 1.16 (3H (16). s}, 1.20 (1H (14), d, J=5.9 Hz3, 1.23 (17). br. s.), 1.45
(1H (3*), td, J=14.1, 7.2 Hed, 170 (1H (3%, (d, J=14.0, 7.2 Hz), 1.82 (3H (193, dd. J=2.8, 1.3
Hz), 2.05 (1H (OH}. d, /=3.40 Hz), 2.09 (1H (11}, dd, J=10.3, 6.5 Hz), 2.27 (1H (§), d, J=5.9
Hz), 234 (3H (49, 8), 2,38 (1H (2%), t, J=7.0 Hz), 2.85 (1H (4-OH), ), 3.52 (1H (10), dd, /=2.6,

10 2.3 Hz), 3.57 QH (2). d, J=4.5 Hz). 3.70 (1H (5), d, J=1.1 Hx). 3.81 (1H (20). dd, /=122, 6.2
Hzj. 3.89 (TH {20 m), 4.46 (1H (7), d, J=5.7 Hz). 5.02 (1H (7-OH), d, J=5.9 Hz). 5.35 (IH
(12}, d, J=10.3 Hz), 6.47 {1H {9-OH), m), 7.56 (1H (1), dd, J=2.0, 1.3 Hz).
B NMR (125 MHz, CDCLy) & ppme 103 (19), 116 (4", 12.1 (), 14.0 (18), 16.2 (37, 16.6
(16), 23.5 (177, 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 2.7 (5), 64.4 {203, 653 (13), 668 (6). TL3 (), 77.2 (N, 729 (120, 79.1 (93, 134.7 (20, 1595 (1)
165.7 (1, 179.8 (1), 190.9 {3}, 205.6 {3).

Compound 40 12-[(2-methox ycarbonyl)-acetoyl]-13-(2-methylbutanovl)-5.6-epoxy-

4,7.9.12,13,20-hexahydroxy-1-tighaen-3-one

He
E) 2"/&\
/ CH;
i &
OFN e
N ]
H:;%‘: \3_/,2 i8]

20
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' NMR (500 MHz, CDCLy) & ppm: 0.88 (3H (183, d1, 0.92 (3H (4", t, /=7.6 Hz). 1.13 (3H
(3", d, J=6.8 Hz), 1.17 (3H (16), 8), 1.21 (1H (14, d. J=5.9 Hz), 1.23 GH (17), s), 1.45 (1H
(3", dt, =142, 6.8 Hz), 170 (1H (3"). dd, J=14.2, 6.8 Hz), 182 (3H (19}, dd. /=27, 1.2 Ha),
2.00 (1H (1), dd, J=10.3, 6.4 Hz), 2.27 (1H (8), d, J=4.9 Hz}, 2.38 (1H (2. m, /=14.1, 7.0, 6.8
Hz), 2.72 (1H (4-OH), 8), 3.37 (QH {2'). ), 3.53 (1H (10}, d., /=24 Hz), 3.70 (1H (5). d. J=1.0
Hiy, 3.72 (3H (47, %), 3.80 (TH (20). m). 3.90 (1H (20}, m), 4.46 (1H (7). d, /=24 Hz). 5.02 (10
(7-OH). d, J=5.9 Hz), 6.49 (1H (9-OH), 8, 7.56 (1H (1), d, J=2.0 Hz).

BC NMR (125 MHz, CDCL) & ppm: 10.3 (19, 116 (4™, 13.9 (18), 16.2 (5"}, 16.7 (16), 23.5
(17), 26.2 (3"). 26.5 (15). 34.8 {14). 35.2 (8), 41.3 (2"), 41.4 (2}, 433 (113, 52.5 (4"). 57.4 (10},
62.7 (5), 64.7 (200, 65.3 (13), 66.6 (63, 713 (4). 77.2 (7). 77.7 (12). 79.1 (9). 134.8 (2). 159.4 (1),
166.1 (1), 166.1 (31, 179.8 (1"}, 205.5 (3).

Example 3: Preparation of Tigliane derivatives

A number of compounds were prepared semi-synthetically by hydrolysis of the C-12 and €-13
csters of @ mixture of the 5.20-acctonides of tighant compounds such as Compound 1 and
related compounds, followed by te-esterification at C-12 and C-13 with standard reagents using

the following methods.

The crude mixture of tigliane esters for synthesis of tighane analogues was prepared by coarsely
powdering 130 g of seed of Fortainea picrosperma which was then extracted by stirring with
gcetone in a 1L flask, After 4 hr, this suspension was vacupm-filtered, and the filtration cake
wag washed with acetone nntil TLC (PE:EtOAc : 4:6) showed the absence of tigliane esiers. The
pooled filtrates were evaporated, alfording a crude mixture of esters, Fats were then removed by
a short gravity column chromatography on silica gel (petroleun ether/ethyl acetale; PE/EOAC

8:2-»4:6 as cluent) to yield 8.2 g (5.5%) of erude esters wiixture.

The mixture of esters was then protected, de-esterified and re-esterified at the C-12 and €-13
positions as illustrated in the following reactions using varving acyl groups o provide

Compounds 21, 22, 23, 27. 28, 41, 42, 43, 44, 45 46, 47, 48, 49, 50, 51, 52, 533 and 60.
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A 10 mL solution of the esters mixture A in dimethylformamide (DMF) was added te a 50 mL
solution of pyridinium-p-toluensulphonate (PPTS, 4.1 g, excess) in DMF (10 mL) and stivred at
room temperatwe for 2 minutes. 120 mbL of 2.2-dimethoxypropane (DMP) was then added and
the solution stivred Tor 24 hr. The reaction was diluted with NaCl solution (150 mL) and washed
wilh ethyl acetate (EtQAc, 50 mL). The organic phase was washed with NaCl solution, dried
(Nap304), filtered and evaporated. The residue was purilied by gravity column chromatography
on silica gel (PE/EtOAc 8:2—0:4 as cluent) to afford 5.2 g (3.5%) of 53.20-acctonide csters
mixture B. Unredcted starting material was reacted again under the same conditions to afford

additional ester mixture B.

A 021N NaOMe solution was freshly prepared by slowly adding small pieces of sodium (8.7 g)
to stirred methanol (HPLC grade, 2 L). Under vigorous stirring, 128 mL of this solution was then
quickly added to 6.4 g ol 5.20-acelonide esters mixture B. The pH of the resuling solution must
be maintained in the range of 11.5-12,0 by judicious additon of .21 M NaOMe, taking care not
to exceed pH 12,5, After stirring at room temperature for 24 howrs, the reaction was neutralized
with acetic acid, filtered and evaporated to ca. 1/20 of the original volume. EtOAc (20 mL) was
added and the solution washed with 2N H3SO, (100 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 (NazSQg). filtration and evaporation, the residue was purified by gravity
column chromatography on silica gel (PE/EtQAc 6:4—4:6 as eluent) to afford 1.4 g of white

powder.
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Svnthesis of tigliane anglegues with symetrical esterification pattern; Exemplary Methods

Modified Steglich esterification

1.
- [
g :“OH 73, N
|E:2) lf:
A A DEE, DMAE, A
Kf/\’"ﬁ nY RRAK Acid C Tt
Fnd Sz —_—— Ly
>° THF, G0°C: d @
/)fﬂo e

To a sclution of deacyl-tigliune acetonide (100 mg; 0,23 mMbol) in THF (5 mL), 4-
dimethylaminopyridine (DMAP) {15 mg; 0,12 mMol) was added and the solution was heated
1o 60°C (oil bath temperature). Separately, 10 a solution of the esterifying carboxylic acid (10
Lqy in THE (10 mL/g), NN -dicvelohexylearbodiimide (DCC, 140 Eq) was addedy after stirring
for dboul 15 minutes, the suspension was filtered though a cotton wad, and added dropwise to
the THLE solution of deacyl-tiglianc acctonide. After stirring 24 hours at 60°C, the rcaction was
worked up by dilution with BI(OAc (=200 mL) and washing with 2N Ha804 (=50 mL}, brinc (2
x =530 mL). and next with sat. NaHCOs (=50 mL) and brine (2 x=50 mL}). After drying
(Na:80w), filtraton and evaporation, the residue was purified by gravity column
chromatography on silica gel (PE/EIQAe 21164 as eluent) to afford 111 myg (80%) of a

white powder,

3.2 Deprotection

oR
' oR ok
Pty TFA ,\Oa><
PO D v oo
e i e _"y '
TP e
d ) HE
r’)r\g HO

METHOD A (TFA in CH:Cly)

The acetonide dicster (100 mg) was added to a {reshly prepared solution of trifloroacetic acid
(TEAY in CH2CL2 (29 VIV 200 uL, 2 pL/mg). After stirring £-12 ki at room temp., the reaction
was worked up by washing with a mixture of sat. NaHCO: (=10 mLj and brine (=40 mlL), and

next with brine alone (25 =40 mL). After drying (NaeSQa4), filiration and evaporation. the residue
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was purified by gravity column chromatography on silica gel (PE/EtOAc 8:2-2:8 as cluent} to

afford the tigliane analogues (vicld ca: 60-70%).

METHOD B (HC1O4in MeOH)

The acetonide diester (100 mg) was added to a freshly prepared solution of HCIOwin MeOH [pH
range: 1.5-2.0]. After stirring at room temp. for 6-24 howrs, the reaction was worked up by
newtralization with sodium acetate, filtration and evaporation to ca. 1/20 of the original volume.
EtQAe (10 ml) was next added, and the solution was washad with 28 H>850,4 (30 mL) and then
with brine (30 mL). After drying (Na2804), filtration and evaporation, the residue was purified
by gravily column chromatography on silica gel (PE/EIOAC - —4:6 as cluent) to afford the

diester in ca. 60-70% vicld.

This method was used to produce Compounds 37, 41, 42, 43, 44,46, 49 and 6(.

Synthesis of unsymetrical diesters, Exemplary Methods:
L

DCC, DMAP
{8)(+)-2-methylbutyric acid

e

THF, 80°C

To a solution of 12,13-deacyl-5.20-acetonide (C) (1.4 g 3.4 mMol) in 10 mL tetrahydroluran
{THE), 740'mL of 34 mMal tricthylamine (TEA) was added and the solution was heated to 60°C,
Separately, to a solution of (8)-(+)-2-methylbutyric acid (3,702 mL: 34 mMol) in THEF (20 mL).
N.N'-dicyelohexylearbodiimide (DCC, 7,015 g; 34 mMol) was added. Afier stirring for about 15
aiinutes, the suspension was filtered and added to the warmed solution ol the starting diol {C}.
After stirring 24 hours at 60°C, the reaction was diluted with EtOAc (=200 mL.) and washed with
2N Hz280)4 (=50 mL}. NaCl solution (2 x =50 mL), and then with NaHCO; solution{=50 mL.} and
NaCl solution (2 x=50 mL). After drying (NaaSOy), filtration and evaporation, the residue was
purified by gravity column chromatography on silica gel (PE/EiOAc 9:1—6:4 as eluent) to

afford 12-deacyl-5,20-acetonide- 13-[(§)-(+3-2-methylbutyrate (D) as white powder,
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ta

GGG, (AMAR),
2-meihylbuyriz acid

THE, 50°C

To a solation of 12, 13-deacvl-3,20-seetonide C {100 mg .25 mMol) in THF (5 miLl), (5)-{+1-2-
methylbutyric acid (109 uL; 1,00 mMol} and N, N -dicyclohexvicarbodiimide (DCC, 206,33 mg;
1.00 mMol) were added. The solution was stirred at 60°C (oil bath temperature) for 24 h. and
then worked up hy dilution with EtOAc (=20 mL) and washing with 2N H:S0, (=50 mL), brins
(2 % =50 mL), sat. NaHCOQ3 (=30 mL), and brine (2 2=30 mL). After deving (Na:50s4), Gltration
and evaporation, the residue was purified by gravity column chromatography on silica pel
(PE/FIQACc 9:1—6:4 as eluent) to aflord 106.2 mg (60%) of 12-deacyl-5,20-acetonide-13-({5)-2-

methylbutyrate) D as white powder.

Acelic Anfivdride, DIPES

o

THF., 50°C

To 4 solulion of 12,13-dedacyl-520-acetonide C (100 mg; 0,23 mMoaly in THF (5 mlL).
diispropylethylamine (DIPEA) (131 ulL; 0,75 mMol) and acetic anhydride (94 uL; 0.75 mMolb)
were added. After stirring for 72h at voow temp., EtOAc (10 mL) was added, and the solution
was washed with 2N HaSO4 (2 x 20 mL) and brine (20 mL). After drving (Nax54). filtration
and evaporation, the residue was purified by gravity column chromatography on silica gel
{(PE/EtQAc - —4:6 ax eluent) to afford 12-deacyl-13-acetyl-5,20-acetonide 104 mg (87%) as a

white powder.
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N-methylisatoic Anhydride, DMAP

Tal, DMF, 80°03

To a selution of deacyl-5.20-acclonide (100 mg; 025 mMol) in toluene (5 mL) /
dimethylformamide (2 wl), N-methylisatoic anhydride (266 mg, 1,50 mMol} and
dimethylaminopyridine (DMAPY (31 mg: 0.25 mMol) were added. After stirring 24 h at 80°C,
the reaction was worked up by dilution with EtOAc (=10 mL) and sequential washing with |24
H2804 (=20 mL) + brine (=60 mL)] (x2), and [sat. NaHCQO3 (=20 mL) + brine (=60 mL}] {(x2).
After drying (NaxS0O4), filtration and evaporation, the residue was porified by gravity colwmn
chromatography on silica gel (PE/EiOAc 9:1-7:3 as cluent) to afford 12-deacyl-13-[{N-

methyl)-anthranilate-5.20-acetonide, 114 mg (80%) as a white powder.

Acylation of 13-monoesters: Exemplary Methods

trichlorghenzoy! chioride
Benzoic acid

Y

Toluene, 60°C

To a solution of 12-deacyl-5.20-acetonide-13-[(S)-(+)-2-methylbutyrate (D) (1062 mg; 2,04
mMol) in toluene (10 mL), dimethylaminopyridine (DMAP) (249 mg; 2.04 mMal) 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 solufion stirved o about 2 mainutes
complete dissolution; 2.4.6-trichlorobengoyl chloride (1.566 mL: 10.02 mMol) was than added
{Solution 1), After stirring the composition containing compoeund D for & hours, the suspension
was filtered and poured into Solution 1. After stirring for 24 to 48 hours at 60°C, the reaction

was dituted with BtOAce (=10 mL) and washed with NH-80 solution (=40 mL), NaCl solution(2
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x =40 mL), and then with NaHCO, salution(=40 mL) and NaCl solution. (2 x=40 mL). After
drving (Na:SOy), filtration and evaporation, the residue was puorified by gravity column
chromalography on silica gel (PE/EOAe 9:1—-7:3 ag eluent) 1o afford the 5,20-acetonide-12-

benzoate-13-[(8)-(+)-2-methylbutyrate E as a white powder,

t

Acetic Anhydridae, DMAP

THF, 80°C

To a solution of deacyl-13-(N-methyanthranoyl)-5,20-acctonide {100 mg; 0,18 mMol) in
tetrahydrofuran (THF, § mL), acetic anhydride (31 mg; 0,54 mMol) and dimethylaminopyridine
(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 scquential washing with 2N Ha850,4 (2x
ca. 40 mL), sat. NaHCO: (2x ca. 40 mL), and brine {2x ca. 40 ml). After drying (NasSOs),
filtration and evaporation, the residue was purified by gravity column chromatography on silica
gel (PEEOAC 95:05-73 ay cluent) to afford [2-acetyl-13-(N-methyDanthranyviate-3,20-

acctonide, 105 mag (95%) as a white powder.

o3

OO deid, TEA,
‘Tricklorobenzoy! Chipride, DMAR

Tol, 80°C

To a solution of 12-deacyl-5.20-acetonide-13-[(S)-2-methylbutyrate] {100 mg; 0,19 mMol} in
toluene (5 mL), dimethylaminopyridine (DMAP) (23 mg; 0,18 mMbol) wis added. Scparately, to
a solution of tiglic acid (95 mg: 0.95 mMol) in teluene (3 mL), tiethylamine (132 pl; 0,95
mMol) was added, and the solution stivred for about 2 min to complete solution; 2.4.6-

trichlorobenzoyl chloride (148 pl; 0.95 mMol)y 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 monoester in toluene. After stitring 24-48 h at 60°C, the reaction was worked up by
dilution with EtQAc (ca. 10 mL) and washing with 2N HzS0y (ca. 40 mL), brine (2 X =40 mlL),
and nex!t with NgHCOa (ca. 40 mL) and brine (2 x=40 mL). Afier drying (NazSO4). filiration and
gvaporation, the residue was purilied by gravity column chromatography on silica  gel
(PE/EtOAc 9:1 73 as cluent) to afford 12-tigloyl-13-methylbutyryl-5.20-acetonide. 59 wmg

{509%) ay a white powder.

4,
e N o] \5
L Q
OH .;}—Z‘a, PN "»«'&‘\-"’A\fﬂ\ﬂ I
oy, ;;:? e i l ;}f é
OH e
~ CEPa Ao & o .
e 0 erH Myilstic Acld, DGC, DMAP P H’H
ohd h 7 Tol, §0°¢: o
d \° o g 0

A solution of 12-deacyl-5,20-acctonide-13-(5)-2-methylbutyraie (100 mg: 0,19 mMol) is toluene
(10 mL) was heated to 60°C, and myristic acid (217 mg; 095 mMol), NN-
dicyclobexylearbodiimide (DCC) (196 img; 0,95 mMbol) and dimethylaminopyridine (DMAP)
{23 mg; 0,19 mMol} were sequentially added, Afier stirring 12 hours at 60°C, the reaction was
worked up by dilution with EtQAc (=10 mL) and washing with 2N H804 (2x =40 ml), sai.
NaHCO2 (2x =40 mL), and brine {2x =40 mL). After drying (Na2SO4), filtration and evaporation,
the residue was purified by gravity column chromatography on silica gel (PE/EtOAc %:1—7:3 as
chient) to afford 12-myristoyl-13-(2-methylbatanayl}-5,20-acctonide, 121 mg (V0% ) as a white

powder.

LA

Mytistic: Acid, DCS, DMAP
| H

(' ’& & Tol, 507G chd'y \/10
S 7

)" © 4— o

A solation of 12-deacyl-5,20-aceionide- | 3-acetate {100 myg: (1,25 miMol} in ioluene {10 mL was

heated to 60°C (oil bath temperature), and myristic acid (286 mg: 1,00 mMol), MN-

dicyelohexylearhodiimide (DCC) (206 mg; 100 wmMel) and dimethylaminopyridine (BMAP)

(31 mg: 0.25 mMal) were then added. After stirring 12 hours at 60°C, the reaction was worked
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up by dilution with EtOAc {ca. 10 mL} and washing with 28 H;504 (2x ca. 40 mL), sat
NaHCOs (2x ca 40 mL), and brine (2x ca. 40 mL). After drying (Na:SOs), filtration and
evaporation, the residue wus purificd by gravity column chromatography on silica gel
(PE/EOAC 9173 ay eluent) to afford 12-myristyl-13-acetyl-5,20-acetonide, 121 myg (70%)

as a white powder.

o

Hexanoic Acid. DOC, DMAP

THF, 50°C

To a heated (60 “C, oil bath temperature) solution of deacyl-13-(N-methylanthranoyl)-3.20-
acetonide (100 myg: 018 mMuol) in wluene {10 mly, hexancic acid (84 myg 0,72 mMaol),
dicyelohexylearbodiimide (DCC, 149 mg: 0,72 mMol). and dimethylaminopyridine (DMAP 22
mg: (.18 mMol) were sequentially added. After sturing 12 b at 60°C, the reaction was worked
up by dilution with EtOAc {ca. 10 mL) and sequential washing with 2N HzS04 (2x ca. 40 mL},
sat. NaHCO3 (25 ca. 40 ml), and brine (2x ca. 40 mL). After drying (Na:804), filtration and
cvaporation, tht residuoe was porilied by gravity column chromatography on silica gel
(PE/EtQOAe 9173 as cluent) o afford 12-hexanoyl-13-(N-methylanthranoyl)-3,20-acetonide,
108 mg (90%) as a white powder.

Deprotection

HEIO,

¥

MeCOH

The 35,20-acetonide-12-benzoate-13-[(S)-(+)-2-methylbutyrate E (637 mg; 1.02 mMol) was

added 1o a freshly prepared solution of HCIO4 10 MeOH [1.5 < pH < 2.0]. After stirming for 6-24



10

20

30

CA 02909653 2015-10-16

WO 2014/169356 PCT/AU2014/050018
70

hours, the reaction was neutralized with sodium acctate, filtered and evaporated to ca. 1/20 of the
original volome. EtOAc (10 mL) was added. and the solution was washed with 2N Ho80G, (30
ml) and then with NaCl solutiond30 nil). After drying {Nax804). filtration and evaporation, the
restdue was purified by gravity column chromatography on slica gel (PE/EIOAC - —4:6 ay
eluent) to afford the 12-benzoate-13-[(5)-(+)-2-methylbutyrate F (Compound 23) as white

powder,

Reaction with 12-acetyl-13-N-methylanthranoyl-5,20-acctonide as representative: To a solution
of 1Z-acetyl-13-X-methylanthranoyl-320-scetonide (100 myg; 0,16 mMoly in CHxCly (10 mL),
irifluoroacetic acid (TFA) (300 ul; 3% V/V) was added. Afler stirring about 12 hours, the
reaction was worked up by washing with [NaHCQ3 (=10 mL} + brine (=40 mL}] and next and
brine (2x =40 mL). After drying (Na2SO4), filtration and evaporation, the residuc was purified by
gravity column chromategraphy on silica gel (PE/EIOAc 8:2—2:8 as eluent) to afford 12-acetyl-

E3-(N-methylanthranoyl)-tigliane, 69 mg (75%) as a white powder.
Compounds 21, 22, 23, 28, 45,47, 48, 50, 51. 52 and 53 were prepared by these methods.

Compound 21

"H NMR {500 MHz, CDCly) § ppm: 0.84 (3H. d, J=6.6 Hz), 0.93 (3 H, 1, J=7.4 Hx), 1.21 (3 H.
s, 1.23 (3H. $), 1.29 (1 H, d. J=6.7 Hz), 1.64 {2 H, sxt, J=7.6 Hz), 1.73 (3 H, dd. /=2.9. 1.3 Hx).
1.77 (3 H, dyg, /=7.2, 1.2 Hz), 1.79-1.81 (3 H. m), 1.95 (1 H, dd, /=9.9, 6.5 Hx), 2.24-2.38 (2 H,
), 306 (1 H, do J=6.7 Hzl, 3.26 (1 H, d, J=0.5 Hz), 3.65 (1 H, s), 3.83 (2H. dd. J=13.3, 12.5
Hz). 3.94 (1 H, d, J=3.1 Hz, OH), 4.06 (1 H, t, J=2.6 Hz), 4.22 (1 H, &), 5.41 (1 H, d, 7=9.9 Hz),
5.82-6.00 (1 H. br. 5., OH). 6.80 (1 H, qg. /=7.1, 1.4 Hz). 7.71 (1 H, dd, J=2.6, 1.3 Hz).

BC NMR (125 MHz, CDCly) & ppm: 972, 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.
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Compourd 22

'"H NMR (500 MHz, CDCL) 8 ppm: 0.85 (3 H, d. J=7.3 Hz), 0.86 (3 H, 1, /=7.2 Hz), 1.20 (3 H,
sh, 121 (3 H, s), 1.20-1.40 (10 H, m), 1.29 (1 H, 4, /=6.8 Hz), 1.67 (2 H, d. J=13.7 Hz), 1.75 (3
H. dd, /=29, 1.0 Hz), 1.88-1.92 (ZH. m) 1.89-1.95 (1H, m). 3.07 (2H, dd, /=6.8. 1.5 Hz). 3.15 (1
H, d. /=64 Hz), 326 (1 H,s). 3.85 (2 H. dd, /=12.7. 44 Hz), 4.04 (1 H. d, /=29 Hz). 421 {1 H,
s}, 5135050 H, ;). 5.16-5.18 (1 H. m), 535 (0 H. d, J=9.8 Hz), 5.82-5.92 (1 H, m), 7.70 (1
H. dd, /=24, 1.0 Hz).

PCNMR (125 MHz, CHLOROFORM-4) 8 ppi: 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, 30.01, 36.04, 39.29, 45.50, 48.94, 61.69, 64.54, 65.21,
63.49, 71.58,72.35, 77.17,77.41, 118.62, 130.03, 133.55, 164.54, 171.11, 176.25, 209.86.

Compourud 23

'"H NMR (500 MHz, CDCly) 8 ppm: 0.90 (3 H, d. J=6.5 Hz), 0.9¢ 3 H. t, /=7.5 Hz), 1.14 3 H,
d, /=71 Ho). 1.22 (3H, 5), 132 (1 H, d. J=6.6 He), 1.35 G H, 5), 1.41-1.51 (1 H. m, J=14.1, 7.5,
7.0 He), 1.69-1.79 (1 H, m), 1.73 {3 H., dd, J=2.9, 1.3 Hz), 2.0& (1 H, dq. /=99, 6.5 Hz), 2.39 (1
1L sxt, J=7.0 liz). 3.24 (1 [, d. J=6.6 11z). 3.29 (1 [L, &), 3.84 (2 11, dd, J=12.8. 1.3 Hin), 4.10 (1
H, b, /=25 He), 424 (1 H. d, /=0.7 Hz), 5.62 (1 H, d, J=9.9 Hz), 6.07 (1 H, br. s, OH), 7.43 (2
H, t. J=7.7 Hr), 7.55 (1L H, 1, J=7.5, 1.3 Hi). 7.72 (1 H, dd, J=2.6, 1.3 Hz), 7.99 (2 H, dm., J=8.4,
1.3 Ha

BC NMR (125 MHz, CDCly) § ppm: 9,73, 11.61, 15.14, 16.14, 17.32, 23.63, 26.18, 26.82,
36.03, 3634, 41.22, 4592, 48.92, 61.86, 64.59, 63.20, 65.48, 71.27, 72.46, 77.23, 77.60, 128.44
(2C), 129.70 (2 C). 130.02, 133.07. 133.52, 164.54, 165.94, 179.00, 209.84.

Compound 27

"H NMR (3500 MHz, CDCls) 8 ppit 0.85 (3 H, d, J=6.5 Hz), 0.93 (6 H. t. /=74 Hz), 1.20 (6 H,
s), L2B (1 H, d, J=6.6 Hx), 1.538-1.68 (4 H. m). 1.74 (3 H. d, J=1.8 Hz), 1.91 (1 H, dq, /=100,
6.4 Hzy, 2.20-2.36 (4 H, m), 3.14 (1 H, d, J=6.6 Hz). 3.25 (1 H, &), 3.63 {1 H, 5, OH), 3.76-3.80
(1 H, m). 3.93 (1 H, d. J/=3.1 Hz, OH). 4.05 (1 H, d, J=2.4 Hz), 421 (1 H, d, /=24 Hx). 536 (1
H, d, J=10.0 Hz), 5.84 (1 H, br. 5. OH), 770 {1 H, s).

BC NMR (125 MHz, CHLOROFORM-4) 8 ppm: 9.72, 13,46, 13.62, 15.04, 17.02, 1801, 18.61,
23.66, 2634, 35.90, 35.95, 36.14, 36.38, 45.42, 4890, 61.79, 64538, 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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Compourdd 28
'H NMR (300 MHz, CDCly) 8 ppm: 0.91 (3 H. d, J=6.6 Hz), 0.96 (3 H, 1, /=74 Hz), 1.21 3 H,
sEIZL G H 8L 1360 H, 4. /=34 Hx, 1.60- 1722 H, m) 1.74 G H, d, 4=2.1 Hz}, 206 {1 H,
dd, /=9.8, 6.3 He). 231 {1 H. t, J=159, 7.6 Hz), 2.38 {1 H. t. /=159, 7.6 Hz), 3.24 (1 H, d,
J=0.7THz), 329 {1 H, s, 3.80(1 H. d. /=12.4 Hz), 3.87 (1 H, d, /=124 Hz), 4.09 (1 H. d. /=2.7
Hyd, 424 (1 H. %), 5.62{1 H. d, /=99 He), 743 (2 H, 1. J=7.7 He), 7.56 (1 H, t. J=7.4 Hys}, 7.73
(1 H,5). 7992 H,d. J=73Ha
PCONMR (125 MHe, CDCly) 8 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, 63.62, 71.54, 72.40, 77.21, 77.63, 128.46 (2 ),
12972 (2C), 129.98, 133.12, 133.56, 164.57, 166.15, 176.19, 209.88.

Compound 41

'H NMR (500 MHz, CDCls) & pprix (L85 (3H (18), d, /=7.3 Hz). 0.5 (3H (¥}, 1, J=7.3 Hz), 0.806
(3H (9, t. J=6.8 Hz), 1.20 (3H {16). s). L2O-3H (17), 83, 1.22-130(10H (4", 5. 6., 7", 8, m),
1.22-1.30 (10H, 4", 5%, 6". 77, §")om), L28 (1H (14), 4, /=6.8 Hz). 1.53-1.62 {ZH (3"), m). 1.536-
1,63 (2H (3", m), 1.74 (3H (19}, dd, J=2.9, 1.3 Hz). 1.90 (1H {11), dq. J=10.1, 6.5 Hz), 2.19 (1H
(20-0H), t, /=6.8 Hz}, 2.24-2.32 (2H (2", m), 2.29-2.37 {(ZH (2"), m), 3.14 (1H (8), d. /=6.8 Hz),

J=12,5. 7.3 Hz), 3.89 (1H (5-OH). d. J=3.1 Hz), 4.05 (1H (10), dg). 4.21 (1H {5). d. J=2.6 Hz).
5.36 (1H (12), d, J=10.4 Hz). 5.86 (111 9-OID), br. 5.). 7.70 (LH (1), dd, J=2.6, 1.6 Lz).

B0 NMR (125 Miz, CDCly) 6 ppm: 9.7 (19), 14.1 (9%, 14.1 (9%, 15.1 {18), 17.0.(16), 22.6 (8"),
226 (89, 23.7 (173, 24.5 (3"), 25.2 (37, 26.3 (15). 28.99 (4", 29.07 (6), 29.07 (6"). 29.15 (4",
20.18 (5). 29.2 (47, 29.22 (3, 3178 (7", 3180 (79, 34.3 (27). 34.5 (27, 35.9 (14), 36.0 (8).
45.4 (113, 48.9 (10), 61.7 (6), 64,5 (20), 65.2 (7), 65.6 (13), 715 (3), 72.4 (4, 76.5 (12, 77.2 (9),
133.5 (21, 164.6 (1), 173.5 (1), 176.2 (17, 209.9 (3).

Compound 42

"H NMR (500 MHz, CDCls) 8 ppm: 0.84 (3H (18). d, /=6.2 Hz). 0.87 (3H (6", t. J=7.0 Hx), 0.88
QH (6", . /=70 Hzy, 1.20 GH (17), 8). 1.21 (BH (16), 8), 1.25-1.31 2H (4, my. 1.25-1.31 2H
4"y, m), 1.26-1.32 (2H (3"). m), 1.26-1.32 (2H (5%, m), 1.27-1.29 (1H {14), m. /=6.8 Hz), 1.57-
1.62 (2H (3"}, m), 1.38-1.63 (2H (3", m). 1.74 (3H (19), dd, /=29, 1.3 Hz), 1.91 {IH (11}, dq.
J=10.1, 6.5 Hz). 2.20 (1H {20-OH}, 1, J=06.8 Hz), 2.26-2.30 (29, n), 2.29-2.34 2H (2"). m), 3.14
(JH (8), d, /=6.8 Hz), 3.26 (1H (7). %), 3.59 (1H (4-OH). d, J=1.0 Hz), 3.78 (1H (20). dd. /=12.5,
5.2 Hz). 3.82-3.87 (1H, (20), m), 3.88 (1H (5-0H), d, J=3.1 Hx), 4.05 (1H (10), 1, J=2.6 Hz),
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421 (1H (5). d, /=3.6 Hz). 5.36 (1H (12), d. /=0.9 Hz), 5.86 {1H, (9-OH). br.s.3, 7.70 (1H (1),
dd, /=2.3, 1.3 Hz),

FCNMR (125 MEz, CDCL) 5 ppm: 9.7 (19), 13.8 (6%, 13.9 (6), 15.1 (18). 170 (16), 22.26
(3" 22.3 {50, 23.7 (17, 241 (3), 24.8 (3, 263 (15), 311 (47), 31.2 (4), 34.2. (2%), 345 (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), 715 (5), 72.4 (4).
76.5 (12). 77.2 (9, 133.5 (). 164.6 (1), 173.5 (1%, 176.2 (1™, 210.0 (3).

Compound 43

'H NMR (500 MHz, CDCL) & ppm: 0.85 (3H (18), d, /=6.5 Hz), 0.89 H (3, t, J=7.2 Hz),
0.90, (3H (3", t, /=7.3 Hz), 1.21 (3H (16), 5). 1.21 (3H {17), ), 1.28 (1H (14}, d, /=6.6 Hz),
129-1.37 (ZH (4", m), 1.29-1.38 (2H (4%, m). 1.55-1.59 (2H (3"), m}, 1.56-1.62 (2H (3%, m).
L7535 (3H (193, dd, J=2.9, 1.2 Hz) 1.91 (1H €11}, dg. /=10.1, 6.5 Hz), 2.19 {1H (20-OHJ. 1, /=6.6
Hz), 2.24-2.32 (2H {27, m), 2.30-2.38 (ZH (2"}, oy, 3.15 (1H (8). d, /=6.6 Hz), 3.25 (1H {7}, s},
3.59 {1H {4-O11), ), 3.78 (1H (201, dd, J=12.6, 5.2 Hz), 3.85 {(1H 2(0), dd, J=12.6, 7.4 Hz), 3.88
(1H (20-0OH), d. J=3.1 Hx), 4.05 (iH (10), t. J=2.6 Hz), 4.21 {1H {5), 4, /=2.3 Hz), 536 (IH
(123, d, 7=10.0 Hz). 5.85 {1H (9-OH), br. s.), 270 (1H (1). dd, /=2.3, 1.4 Hz}.

e NMR (125 MHz, CDCly) & ppm: 9.7 (19), 13.65 (5"), 13.68 (5, 15.1 (18), 17.0 {16, 22.1
(4™, 22.2.(47), 23.7 {17y, 264 {15), 26.5 (3", 27.2 (3%, 34.0 (2"), 34.2 (27, 35.9 {14), 36.0 (8),
455 (11), 489 (10), 61.7 (6), 64.6 (20), 652 (7), 65.6 (13). 71.5 (5), 724 (4), 76.6 (12), 77.2 (9),
133.542) 164.6 (10 1735 (1) 1762 (1), 2009 (3).

Compound 44

'"H NMR (500 MHz, CDCl) & ppm: 0.86 (3H (18), d. J=6.2 Hz), 1.24 (3H (16). s), 1.26 (3H
(173, 51, L33 (1H (14). d. J=6.8 Hz). 1.74 (3H (19), dd, J=2.9, 1.3 Hz). 1.76-1.78 (2H (4'), m).
177-1.79 (ZH (4™, m), 1.78-1.79 (3H (5"), m), 1.80-1.81 (3H (59, m), 1.97 (1H (11). dg, /=9.9.
6.4 Hzy, 2.19 (1H (20-OH), br.s.), 3.18 (1H (8), d, J=6.8 Hz), 3.27 (1H (7). 8), 3.60 (1H (4-OH),
§), 3.74-3.81 (1H (20}, m), 3.86 (1H (200, br. s.). 3.89 (1H (5-OH). br. s.), 4.04-4.11 (1H (10y,
m), 4.22 (1H (5), 5% 5.45 (1H (12), d, J=9.9 Hz), 6.28 (1H (9-OH), br. 8.), 6.75-6.83 (1H (3"}, m),
6.85-6.94 {1H (3™, m), 7.72 (1H (1). dd, J=2.6, 1.6 Hz).

Be NMR (125 MHz, CDCls) 6 ppi 9.7 (193, 11.8 €5™), 12,2 (59, 14.4 (49, 14.7 (4", 15.2(18),
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
(T), 65.6 (133, 71.7 (3). 72.4 (4), 77.0 (12), 77.2 (9), 128.2 (2. 128.5 (27, 133.4 (2), 137.6 (3",
139.8 (3"), 164.9 (1), 167.5 (19, 168.7 (1), 210.0 (3)..
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Compourd 45

'"H NMR (500 MHz, CDCls) & ppm: 0.79 (3H (18), d, J=6.6 Hz), 0.93 (3H (4™, 1, /=7.5 Hz).
113 (3H (5™). d, J=7.0 Hzy, 1.24 (3H (17). s}, 1.28 (3H (16), &), 1.28 (1H (14), d, J=6.7 Hz).
1,45 (LH (3™, dq, J=14.1, 7.3 Hz), 1.69-1.76 (1H (3", m), 1.71 (3H (19), dd, J=2.8, 1.4), 1.77
C3H (47, dg. J=7.1, 1.1 Hz), 1.79-1.81 (3H (5", m). 1.90 (1H (113, dq, /=9.8. 6.5 Hz), 2.01 (3H
27, 5), 218 (3H {27, ), 2.38 (1H (2™, sxt, J=7.0 Hz). 2.99 (1H (4-OH), 8), 3.15 (1H (7). ).
3.26 (1H (8), d, J=6.8 Ha). 3.54 (1H (20), d, J=12.1 Hz). 4.14-4.17. (1H (10, m), 4.69 (1H (20},
d, J=12.1 He), 5.42 (1H (12). d, /=9.9 Hz), 5.52 (1H (5), §), 5.98 (1H (9-OH), br.s.), 6.80 {IH
(3%, qq. 4=7.1, 1.3 H2), 7.62 (1H (1), dd, J=2.3, 1.2 Hz).

B NMR (125 MHz, CDCly) 6 ppm: 9.8 (19), 11.6 (4™, 12.2 (3", 14.4 (4", 15.0 (18}, 16.2
(5™, 17.3 (16), 20.7 (2" 20.8 (2. 23.7 (17), 262 (3", 26.7 (15). 36.0 (14), 36.1 {8). 412
(27), 45.8 (11), 49.4 (10), 604 (6), 65.4 {7), 65.6 (13), 66.3 (20), 68.1 (5), 718 {4), 76.7 {12).
76.9 (9). 128.5 (2. 133.8 (2), 137.6 (3"), 162.5 (1), 1674 (17, 168.8 (1), 170.6 (1", 178.9
(1™, 206.3 (2).

Compound 46

"H NMR (500 MHz, CDCly) & ppm: 0.87 (3H (18), d. J=6.6 Hz), 1.23 (3H (16}, ). 1.25 (3H
{(17). 8), 1.34 (1H (14), d. J=6.8 Hzj, 1.75 (3H (19), dd. J=2.6, 1.0 Hz), 1.82-1.85 (3H (6. m),
1.82-1.85 (3H (6™), m), 1.93-1.99 (1H (11), o), 3.17 (1H &), d, J=6.8 Hz), 3.27 (1H (71, brs.),
378 {TH (20, d, J=12.6 Hz), 3.85 (1H (200, d, J=12.2 Hz), 4.05-4.08 (1H (10, m). 422 (1H (5},
d. J=1.6 Hz), 5.47 (1H (12), d, /=9.9 Hz), 5.73 (1H (29, d. /=152 Hez, 5.75 (1H (2°). d, J=15.1
Hz), 6.08-6.19 (11 (4"), m), 6.08-6.19 (1[I (4"), m), 6.14-6.19 (111 (3}, m), 6.15-6.18 (LIL (3"),
my, 7.16-7.23 (1H (3", m). 7.26-7.33 (1H {3"), m), 7.71-7.73, (1H (1}, m).

YO NMR (125 MHz CDCly) & ppm: 9.7 (19, 15.2 (18), 17.2 (16), 18.7 (67, 18.7 (6", 23.6 (17),
26.7 (153, 36.1 (8), 36.2 (14). 45.9 (11), 49.0 (10), 61.6 (6), 64.6 (20, 63.3 (7), 65.6 (13}, 717
(5). 72.4 ¢4, 77.0 (123, 77.1 (9), 117.7 (23, 118.7 (2, 129.7 (41, 1297 (4™, 1334 (2), 139.7
(5. 141.0 (5", 145.5 (3), 147.3 (3", 164.8 (1), 166.8 (19, 162.2 (1", 210.0 (3.

Compound 47

"H NMR (500 MHz, CDCl3) § ppm: 0.89 (3H (18). d, J=6.7 Hz). 0.90 (3H (6", 1, J=6.7 Hz), 1.28
(3H (16). 5). 1.29-1.34 (2H (4", m). 1.30-1.35 (2H {5), m), 1.31 (3H (17}, 82, 1.40 (1H (14}, d,
J=6.6 He), 1.60-1.65 (2H (39, m), 177 (3H (19}, dd, /=27, 1.2 He), 1.97 (1H {11), dq. J=9.9,
6.5 Hz), 2.14 (1H {20-0OH), dd, /=74, 64 Hz), 2.30 (2H. 2), W, J/=74, 7.3 Hz), 2.87 (3H
{MeNH), d. J=4.8 Hz), 3.22 (1H {8}, d, f=6.6 Hz), 3.29 (1H (7), s). 3.80 (1H (20}, dd, /=12.5,
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5.7 Ha), 3.86 (LH (20), dd, J=12.9, 7.8 Hz), 4.08-4.11 {IH (10), myj, 4.24 (1H (5). d, J=2.5 Hz),
5.53 (1H {12), d, J=9.9 Hz), 6.30-6.37 (1H (9-OH), m). 6.52 (1H (6"). ddd. J=7.9, 7.0, 0.9 Hz),
6.64 (1H (47). d. J=8.4 Hz), 7.36 (1H (57, ddd, J=8.4, 7.1, 1.4 He), 7.56 (1H (3"NH). ¢, J=4.8
H, 7.75 (1H, 7%, dd. J=8.2, 1.6 Hz), 7.72-7.76 (1H (1), m),

B¢ NMR (125 MHz, CDCL) & ppm: 9.8 (193, 14.0 (67, 15.2 (18), 17.2 (16), 22.4 (3. 23.9 (17).
24.9 (39, 27.0 (15), 29.5 (MeNH). 31.2 (47, 34.5 (29, 36.1 (8), 36.2 (14), 45,7 (11), 49.0 {10},
61.8 (63, 64.6 (200, 65.4 (7). 65.5 (13). 716 (5), 72.4 (4), 76.8 (12), 774 (9}, 108.6 (2", 111.0
(47, 114.5 (6™, 1318 (7"). 133.6 (2), 135.6 (5"), 152.7 (3"), 1644 (1), 170.2 (1"). 173.2 (1),
209.9 (3.

Compound 48

"H NMR (500 MHz, CDCI) 8 ppm: 0.9 (3H (18), d. J=6.6 Hz), 1.27 (3H (16). s). 1.32 (3H (17).
$), 1.4 (1H {(14), d, J=6.6 Hz), 1.77 (3H (19), dd, J=2.7, 1.0 Hz), 1.98 (1H (11), dq. J=9.9, 6.5
Hz), 2.05 (31 {2, ), 2.88 (30 (MeNID), d, J=5.1 Hz), 322 (1H (8), d, J=6.6 [z), 3.29 (1H (7),
53, 3.80 (1H (20), dd, J=12.2, 5.2 Hz), 3.83-3.88 {1H {20). m), 4.09 (1H {10). br.s.3, 4.24 (1H (5).
d, J=2.9 Hy), 549 (1H (12), d, J=9.9 Hz), 6.53 (1H (6"), 1, J=7.6 Hz), 6.63 (1H (4"). d, J=8.6
Hz), 7.36 (1H (5"), ddd, /=84, 7.0, 1.6 Hz), 7.55 (1H (3"-NH). q. /=4.6 Hz), 7.73 {1H (1), s),
7.7% (1H (7", dd, J=8.0, 1.6 Hz).

B NMR (125 MHz, CDCl) 8 ppm: 9.8 (193, 15.3 (18), 17.2 (161, 21.0 (2, 23.9 (17), 27.1 (15),
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},
TLO (53, 72.4 (4). 77.3 (9, 77.4 (12), 108.6 (2, 111.0 (4"), 114.5 (67), 131.9 {7, 133.6 (2),
135.6 (3™, 132.7 (3"), 164.4 (1), 170.3 (1™, 170.4 (1), 209.9 (3).

Compound 49

'H NMR (300 MHz, CDCly) § ppm: 0.84 (3H (18), d, /=6.8 Hz). 0.86 (3H (7, 1, J=6.7 Hz), 0.86
GH(77), £, /=67 Hz), 1.20 (BH (16), 8), 1.20 GH (17}, 8), 1.22-1.32 (12 H, (4. 5, 6. 4", 5", 6"),
m), 1.28 (1H (14), d, J=6.7 Hz), 1.55-1.63 (4H (3, 3", m), 1.74 (3H (19). dd, J=2.6, 1.0 Hz),
190 (1H (1), m), 2.28 (2H (2). m). 232 (2H (2. m). 3.14 (1H (8). d. /=6.7 Hz). 3.25 (1H (7),
$). 3.65 (IH (4-OH). s), 3.81 (2H (20%, br.s.). 3.97 (IH (3-OH). br.s.), 4.05 (1H (10}, €, J=2.6
Hz). 4.21 (IH (5), 8). 5.35 (1H (12). d, J=9.9 Hy), 5.85 (1H (9-OH), brs.). 7.70 (1H (1), dd.
J=2.6, 1.6 H2),

BC NMR (125 MHz, CDCls)  ppm: 9.7 (19), 14.0 (7). 14,0 (7", 15.0 (18). 17.0 (16), 22.4 (6"},
22.5(6), 23.7 (17), 24.4 (3), 25.1 (37), 26.3 (15), 28.7 (47, 28.7 (4"). 314 (59, 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),
713 (5), 72.4 (4), 76.5 (9), 77.2(9), 133.5 (2), 164.5 (1), 173.5 (1), 176.2 {1"}, 209.8 (2.

Compound 50

'H NMR {500 MHz, CDCly) & ppm: 0.84 (3H {18), d, J=6.8 Hz), 0.85 (3H (14", t, J=6.8 Hz),
120 (3H (16), €. L203H (17). ), 1.21-1.28 (20H (4, 5,6, 7, &, 9, 10, 11", 12, 13), ay, 1.30
(IH (14), d. J=6.8 Hxz), 1.60 2H (3", quin, J=7.3 Hz), 1.74 (3H (19}, dd, /=29, 1.3 Hz), 1.91
{1H (11}, dg. J=10.1, 6.3 Hz), 2.07 (3H, (27). 8), 2.23-2.34 (2H (2'), m), 3.14 (IH {8). d, J=6.8
Hz). 3.24 (1H (7). s), 346 {IH (5-CH), 5). 3.65 {1H (4-OH), s), 3.77-3.83 (2H (20}, m, J=3.1
Hz), 3.97 (1H {(20-0H), d, J=3.1 Hz), 4.04 {IH (10}, t, /=26 Hzy, 421 {IH (53, d, /=2.1 Hz),
5.36 (1H (12), d, J=10.4 Hz), 5.70 (1H (9-OH), br.s.), 7.69 (1H (1), dd, J=2.6. 1.6 Hz).

e NMR (125 MHz, CDCls} & ppmi: 9.7 (19), 14.1 (14, 15.0 (18), 17.0 {16y, 210 (2™, 22.7
(139, 23.6 (170 25.1 (3", 26.2 (153, 290 (43, 29.2 {87, 29.3 (6", 29.5 (7). 29.6 (8"}, 29.6 (8"},
29.6 (0, 29.6 (107, 29.6 (11", 31.9 (127, 34.5 (2, 35.8 (14), 35.9(8), 45.3 (11), 48.9 (10), 61.8
(6), 64.6 (200, 652 (7, 658 (13), 71.2 (5), 724 (4), 76.5 {12, 77.2 (%), 133.5(2), 1644 (1),
173.6 {17, 173.6 (1), 209.8 (3).

Compound 51

'H NMR (500 MHz, CDCL) § ppm: 0.84 (3H (18), d, J=6.8 Hz), 0.86 (3H (14), t. J=7.0 Hy),
0.92 (3H (4™, t, J=7.5 Hzl, 112 {(3H {537}, d, J=06.8 Hz), 1.21 (3H (18), ¢), 1.22 (3H (17), s},
L2I-1.31 Q0H 4, 5,0, 7, 8, 90 10, 110, 12 137, m), 1.28 (1H (14), d, /=6.2 Hz), 1.44 (1H
{3"), ddq, /=140, 7.1, 7.1 Hz), 1.60 (2L (3", m), L.71 (111 (3"), ddq, /=140, 7.5, 7.5 Hz), 1.75
(3H (19), dd, /=29, 1.3 Hx), 1.90 3H (11). dg. J=10.1, 6.5 Hz), 2.18 (IH (20-0H). m, J=6.8,
4.7 Hi), 2.28 2H (2, m, J=11.4, 7.4 Hz). 2.36 (ZH (2", sxt, J=7.3 Hz), 3.153 (1H (8), d. J/=6.8
Hzy, 3.26 {1H (7), «), 3.57 (1H (4-OH), d. J=1.0 Hy), 3.78 (1H (203, dd, /=12.5, 4.2 Hz), 3.86
(1H (20), dd, J=12.5, 6.8 Hz), 3.87 (14 (5-OH). d. J=3.1 Hz), 4.05 (1H (10), o1, J=2.6 Hz}, 421
{(TH (5), d, J=2.6 Hz), 5.37 (1H (12}, d, J=9.9 Hx), 5.98 (1H (9-OH). br.s.), 7.71 (1H (1), dd,
J=2.06, 1.6 Hx).

B¢ NMR (125 MHz, CDClyy 8 ppm; 9.7 (199, 11.6 (47 14.1 (147, 15.1 (18), 16.1 (3"), 17.2
(16}, 22.7 (13, 23.7 {17}, 252 (27, 26.2 (3", 26.6 (15), 29.0 (57, 29.3 (4. 29.3 (4", 29.5 (6",
29.5 (8, 29.6 (9, 29.6 (109, 297 (11", 31.9 (12", 34.6 (27, 36.0.(8), 36.1 (14). 41.2 (2"}, 45.6
(113, 48.9 (10), 61.7 (6), 64.5 (200, 65.2 {7), 65.5 {13). 71.6 (5}, 724 (4). 76.5 (12), 77.2 {9),
1335 (2, 1647 (10 1733 (10, 1788 (17), 2099 (3).
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Compourd 52
'H NMR (500 MHz, CDCls) & ppin: 0.85 (3H (18}, d, J=6.8 Hz), 0.90 (3H (4, t, /=7.5 Hz), 1.11
(BH (8, d. J=73 He), 119 BH (16), ), 1.21 (SH (17), #), 131 (1H {14). d, /=6.8 Hx), 1.44-1.56
(IH (3am), L38-1.67 (1H (3). m), 1.74 (3H (19), dd. /=2.9, 1.3 Hz), 1.88-1.96 (1H (11). m},
ZO08 (3H 2"}, &), 2.33-2.43 (2H (27, m), 3.15 {1H {§), d. /=62 Hz}. 3.25 (1H (7), 3), 3.59 (IH
(4-OH), brs.), 3.78 (1H (200, d. J=13.0 Hz), 3.85 (1H (20), d. /=12.5 Hz), 4.05 (1H (10}, 1. /=2.9
Hzy, 4.21 (UH (5), 8), 5.38 (OH (12), d, /=104 Hey, 5.74 (1H (9-0OH), br.s), 7.71 (1H (1), dd.
=23, 1.3 Hz).
BC NMR (125 MHz, CDCLy) & ppm: 9.7 (199, 11.3 (47, 15.0 (18). 16.5 (39, 17.0 (16), 21.0 (2"},
236 (17), 26.1 (15), 26.9 (31, 35.7 (14), 35.9 (), 41.2 (27, 453 (11), 48.9 (10}, 61.7 {6). 64.5
(20), 652 (N, 658 (13, 715 (8), 724 (4), 76.2 (12), 76.9 (9}, 133.5 (2). 164.6 (1), 173.6 (1"%
176.4 (1), 209.9 (3).

Compound 53

"H NMR (500 MHz, CDCl3) § ppm: 0.88 (3H (6), m. J=7.3 Hx), 1.06 (3H (18). d. /=62 Hx),
L8 (RH (16), 3, 1.25 (3H (173, ). 1.25 (1H (14), d, J=7.3 Hz), 1.27-1.33 (4H (&', ). ), 1.59-
1.65 (2H (373, m), 1.74- .80 (1H (11), m), 1.76 (3H (19, dd, /=29, 1.3 Hz), 2.23 (1H (20-QH}, 1,
J=6,2), 2.35 2H {2, td, /=7.5, 1.6 Hz), 3.06 (1H (8), d, J=7.3 Hz), 3.26 (1H (7}, 5), 3.57 (1H (4-
OH), 8). 3.77 (1H (103, 1, J/=2.6 Hz), 3.81 (2H (20), dd, /=7.3, 4.7 Hz), 3.94 (1H (12), dd, 4=9.1,
1.3 He). 4.2 (1H (5), s, 7.69, (TH (1), dd, J=2.3, 1.3 Hx).

B¢ NMR (125 MHz, CDCLy) § ppm: 9.8 (19), 13.9 (6, 16.3 (18}, 17.2 (16), 22.3 (3, 23.3 (17),
24.5 (30, 28.0 (15), 31.3 (4, 34.0 (29, 34.8 (14), 36.5 (8). 47.2 (11), 50.8 (10), 62.5 (6), 65.0
(200, 66.0 (7). 68.6 (13), 714 (5), 72.1 (4), 77.7 (9). 78.2 (12), 134.0 (2), 163.7 (1), 177.3 {19,
209.6 (3).

Compound 60
HPLC: Kinetex C18 colurmm 4.6 mm., 0.8 mL/min, methanol-water (70:30). Retention time; 10.9

minutes.
Examples of in vitre effects on cell types involved in wound healing
Example 4: Scratch closure and fibroblast migration in viiro

The ability of carly passage agonatal foreskin fibroblasts (NFF) cultured in RPMI 1640- 10%:

foetal call sernm 1o migrate across 4 scratch wound made in a confluent monolayer following
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treatiment with purified compounds or plant extracts was determined using one or maore of the

fallowing three methods.

Method 1

Cells were seeded in 16-mm diameter wells (24-well plates), allowed to become confluent and 2
scratches made in cach well using a sterile plastic pipette tip. The medivm was removed, the
wells washed with phosphate-buffered saline pH 2.2 (PBS) to remove dislodged cells, frash
medium added Tollowed by serial 10-Told dilutions of pure compound or plant extract (2ul).
Incubation was continued for 16 to 30 hr. The experiment was terminated when the scratch
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 cach well (EVOS microscope) were printed and cach serateh measured at 3
places to determine the mean width, Accelerated wound closure was considered to be significant

if the remaining pap was <40% of the gap of the untreated controls.

Method 2

Cells were seeded in & 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 felt pen. After fixing and staining,
migration was asscessed under the microscope with the @id of a graticule, scoting 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<0.03. t-
test). In addition, “wound” areas were creaied by seeding cells in the presence of 3 mm stainless
steel ping (96-well plate), or by inserting flai-edged Teflon rings. These devices were removed

after overnight incubation of the NFE cells.

Method 3

Cells were sceded and treated in 96-well plates as in Method 2 (5 replicate wells per dilution),
cxcept that the scratches were made in ong action with 4 tool having 96, 1mm thick twflon coated
pins (Essen Bioscience Woundmaker). The plate was then placed in a 37°C, 5% €O, humidified
astmosphere in an InecaCyte FLR instrument programmed to photograph each well under phase
contrast at 3 hr intervals Tor 42 howrs. The soltware determined the initial scratch boundaries
and their rate of closure. Accelerated wound closure was considered 1o be significant if the

mnitial rate of closure was >10% of the unireated controls.
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The results are shown in Tables 7 to 9,

Table 7: Rates of Seratch Closure in human neonatal fibroblasts following {reatment with pure

5 compounds
Compound | Method | Method 2 Method 3
Test Conc | % closure | Test Cone | % closwre | Test Cone | % closure
(ng/mlL)y | compared | (ng/mL) | compared | (ng/mL)} | compared
to control Lo control to control
i 30 166 200 180 30 150
i 100 146 100 160
2 30 130 30 147
2 1O 129
3 200 270
5 30 209
5 200 300
E 200 190
11 200 270
18 200 220
27 1000 158 2000 130
28 2043 140
21 200 200
22 200 400
23 200 130
Grey shading with beld indicates scrateh closure rate is significantly higher than control
Ireatment
All pure compounds were demonstrated (o have significantly enhanced rates of scratch closure
1¢ compared to vehicle-only control treatments.
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Table 8: Rates of Scratch Closure in human nconatal fibroblasts following treatment with

unfractionated ethanolic extracts of different plant parts of Fontainea picraspering

Plagit Part | Method 1 Metheod 2 Method 3
Extract % closure | Extract % closure | Extract % closure
dilution cotnpared | dilution compated | dilution compared

{0 conirol to contral to control

leal 000 258 5000 300 5000 220

stem 5000 367

bark 300 397 500 200

endosperm | 300 128 500 270

exocarp 300 167

Immature | 5 x 107 360

Truit

Grey shading and bold indicates scratch closure rate is significantly higher than control treatment

Ethanolic crude extracts of all plant parts of Fonitainea picrospersue that were tested had

significantly enhanced rates of seratch closure compeared to vehicle-only control treatiment.

Table ¥ Rates of Scratch Closure in human neonatal fibroblasts following treatment with

unfractionated ethanolic extracts of different plant paris of three different plant species

Plant part | Method 1 Method 2 Method 3
Extract 96 closure | Bxtract % <losure | Extract % closure
dilution compared | dilution compared | dilution compargd
to control to control to contrel
Fontainea australis
leaf 500 163
stem 5000 203
Feostainea rostrata
leaf 500 1)1 500 141
Hylandia dockrillii
leaf 000 187
stem 500 3% 500 129
bark 500 192 3000 121
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fruit 500 385

Grrey shading and bold indicates scrateh closure vate is significantly bigher than control treatrent
Extracts from plant parts of two other species of Fomrainea, F. ausiralis and £ rostrara. and the
closely related species Hilondia dackrillii demonstrated signilicantly increased rates of seratch

closure compared to the vehicle-only control treatment.

Additionally, observations of test plates under the microscope (Method 1) suggested that the
fibroblasts displaved a gross difference in staining patiern following treatment with Compound
. Closer investigation revealed this was due to the cells apparently growing in a multilayered
fashion, potentially indicating a loss of contact inhibition, an increase in proliferation, or
remodelling capability. Examples of scraich closure in the control and Compound 1 freatment at

24 hours post scratch are illustrated in Figures 1 and 2 respectively.

Example 5: Matrigel invasion assay for migratory ability of human neonatal fibroblasts

Matrigel invasion chambery provide cells with the conditions that allow assessment of their
invasive property {r virro. The Matrigel invasion chambers consists ol a cell culture companion
plate with celt culture inserts containing an 8 micron pore size PET membrane with 4 thin layer
of Matrigel Basement Membrane Matrix. The Matrigel matrix scrves as a4 reconstituted basement
membrane in vitro. The layer occludes the pores of the membrane, blocking non-invasive cells
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 membrange

may be processed for light and electron microscopy and can be casily removed after staining.

The chambers were used according (o the manulacturer’s instructions, ay described below in two
studies, to assess the effects of Compounds 1. 2, 5 and 42 on migration of human neonatal
fibroblasts. The first study assessed cffects of three concentrations (0. 10 and 30 ng/ml)y of
Compound 1 on neonatal fibroblasts in wells containing media with 10% foetal calf serum. The
second study used two concentrations (0 and 30ng/mbL) for cach of Compounds 1, 2. 5 and 42 o
examine effects on migration of nconatal fibroblasts starved for 2 days prior to treatment and

then transferred to media with 1% {oetal calf serum.
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Rehydration

The package containing the chambers was removed from -207C storage and allowed to come to
room temperature. Warm (37°C) bicarbonale based culture medium way added o the interior of
the inserts {500 Ly and bottow of wells (750 pL). The chambers containing the Matrigel were
allowed to rehydrate for 2 hours in humidified tissue culture incubator, 37°C, 5% CO,
atmosphere.  After rehydration, the medium was carefully removed by aspiration without

disturbing the layer of Matrigel™ Mairix on the membrane.

Invasion Stodies

Cells were harvested, and resuspended at 20,000 cells per mL. A total of 250 uL of the cell
suspension was placed inle the interior of the insert {5,000 cells). An extra 2530 yL media
containing the respective Compounds was then added (o the interior of the insert o give the
desired final concentrations for each of the two studies. A total of 750 uL of media containing
appropriate concentrations of each compound in each treatment were placed in the well under the
appropriate insert. The Matrigel chambers were then incubated for 24 hours in a hunudified

tissue culture incubator, at 37°C, 3% COa atmosphere.

Measurement of eell invasion

Non-invading cells were removed {rom the upper surface of the membrane by “scrubbing”. A
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. Cells that had invaded to the external surface of the insert
were then fixed by placing in 300 pL of 100% methanol for at least 5 mins. Inserls were then
transferred to a companion plate containing 500 pL of 0.1% crystal violet in methanol, and
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 {rom the insert housing by inverting the insert
and inserting the Up of a sharp sealpel blade through the membrane at the edge adjacent to the
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 lace down on
1y ple of Kaiser's glveerol solution and covered with a coverslip.  Slides were allowed 1o dry

avernight, before counting of the invading ¢clls.
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Results

In the first study, {ibroblasts treated with either 10 or 30 ng/mL Compounnd 1 showed increased
migratory ability in the Matrigel invasion chamber system compared to cells treated with vehicle
glone (Figure 3), The second study confizmed the results of the first study with Compound 1 and
demonstrated similar levels of enhanced in migratory ability for Compounds 2, 5 and 42 {Table
10y

Table 10: Matrigel invasion assay of human neonatal fibroblast cells treated with 30 ng/mL of
cach compound. Data arc expressed as a % increase in membrane invasion compared to vehicle-
only control, plus or minus standard deviations from two replicate experiments. Cells werp

counted after 24 hrs incubation.

Compaund Cell count as % of control {Contrel = no compounds added)
1 356 + 141
2 366 £ 122
5 218+721
42 350 £101

Example 6: Scratch repopulation and closure with immoriatised human keratinocyies
(HaCal) in vitro

The ability of immaortalised human keratinoeyte cells (HaCaT) to migrate across a seratch wound
made in a confluent monolayer [ollowing treatment with either Compound 1 or Compound 37

wag determined by the following method.

TrypsinisedHaCaT cells were seeded at a cell density of 7.4x10" cells/mL in 24-well BD? Falcon
flat-boltomed, tissne culture plates (VWR International, UK} in 1 mL Dulbecea’s Modified Eagle
Medium (BMEM}), supplemented with L-glutamine (2 mM), antibiotics (100 U/mL penicillin G
sodium, 100 yg/mL streptomycin sulghate and 0.25 pg/ml amphofericin B); and 10% focetal calf
serum {all hivitrogen Lid., UK} 1o give a cell density of 7.4x 10% cells seeded in each well. The
cells were then maintained at 37°C in a 5% CO/95% air atmosphere overnight. The following
morning, the 0% foetal calf serum-containing DMEM was replaced with serumi-free DMEM

and the HaCaT cells weore subsequently serum-starved in DMEM for 48hr.

After 48hr, the serum-free DMEM was removed and a single scratch ‘wound’ made with a

sterile pipette acrass each cell layer. Following washing twice in ImL PBS, Compound 1- or
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Compound 37-containing miedium (1mb) was added to cach well. This medium consisted of
DMEM, supplemented with L-ghutamine (2mM3, antibiotics (as above) and 1% foetal calf
serum, in addition to Compound 1 or Compound 37 at final concentrations of 0, 0.001, 0.01. 0.1,

LG, 10 or 100pg/ml. There were three replicate wells per concentration for each compound.

The HaCaT cultures were mmaintained at 37°C in a 5% CO0u/95% air atmosphere and the
repopulation of the denuded “wound” areas menitored by Time-Lapse Confocal Microscopy
{(Leica TCS SP3 Confocal Microscope, Leica Microsystems UK Lul. UK) at 100x
magnification, with digital images captured at fixed positions every 20 min over a 48h period.
The digital image sequences were cxported and prepared as .avi movie files, using LAS AF
Software {Leica Microsystems). The mates of HaCaT wound closure in vitra were quantified using

Imagel Software (Imagel 1.37v; httpdrsboanto.ntb.gov/iy). The data was analysed by One Way

~y

Analysis of Variance with post-test Tukey analysis. Each experiment was performed on 3

separate occasions.

At 48 hrs after application, Compound 1 significantly increased ithe rate of scratch closure
{p<0.01) 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 (p<0.01) compared to

the control treatment at concentrations of .001, 0.01, 0.1 and 1.0 pg/ml {Table 11}.

Table 11: Extent of scraich repopulation and closure by immertalised human keratinoeyte
(I1aCaT} cells at 48 hours after {rcatment over a range of concentrations of Compound 1 and
Compound 37. Data are for % of scraich wound area remuining open after treatment (+ standard

CITOTS ).

Compeund | Concentration of cormpound (ug compound/ml growth mediom)

0 (0.001 0.01 01 1.0 10
1 43.843.6 §.6+9.4 19.749.3 21458 354479 45.5473
37 495454 4.34+4.1 0.9+£1.5 2.2+34 30.0+5.3 371471

To determine whether the effeets of Compound 1 and Compound 37 in enhancing scraich
repopulation and closure as shown in Table 11 were mediated by cell proliferation or migration
two furiher experiments were conducted. The first of these experiments addressed migration
gspects and repeated the seratch repopulation stody but with the addiion of Ilpg/ml of

Mitomycein 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 to not
be eytotoxic in the culture system at the Ing/mL conceniration. The resnlts of this migration
study found enhaneced {p<0.05) scratch repopulation and closure at concentrations between 0.001

and 1.0 pg/mL for both Compound 1 and Compound 37,

The proliferation experiment assessed the effects of the two conpounds on HaCaT proliferation
(as measured by MTT) in the culture system at 4 time periods (24, 48, 120 and 168hry. Both
Compounds 1 and 37 had a significant effect (p<0.01) in increasing proliferation of HaCaT cell
across a range concenfrations between 0.001 and 10ug/mL in comparison to the control

treatrnent with no comipound added.

These results demonstrate that both proliferation and enhanced cell migration are mnvolved m the

scratch repopulation and closure process with Compounds 1 and 37.

Example 7: Differentiation of monocytes inte 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
tissuc restoration during the later stages of healing, The M1 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 f{ifteen other epoxy-tigliane conpounds in
the array on monocyte differentiation, human peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll-Pague sedimentation of heparinised 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
with 10-fold dilutions of the compounds and incubated at 37°C for 4 days. The wells wore scored
visually for cell attachment and morpholegy, then washed twice with PBS, stained with
sulfurhedamine and the incorporate stain quantitated in an ELISA reader. The plates were then
washed with water and stained with 1% crystal violet in methaool 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-tighane compounds (ested differentiated penpberal blood monoovies into
macrophages at ng concentrations, as judged by adherence and morphology which was a mixture

ol dendritic cells typical of the M2 phenotype, and rounded cells typical of the M1 phenotype.
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Table 12: Endpoint concentrations i dilution series for induction of macrophage phenotype in

human peripheral blood monocytes by epoxy-tigliane componnds in the array.

Differentiation endpoint
Compound (ng/mlL.)
1 1
2 1
3 10
3 1
8 10
21 10
22 100
23 |
24 1
4] 0.1
42 1
49 l
50 1
51 1
52 10
33 100

Example 8: Effects of compounds 1 and 37 on differentiation of adult dermal fibroblasts

into myofibroblasts

Fibroblasts play a central in the wound healing process and when activated, they differentiale
mto a myolibroblastic phenotype which is characterised by the expression of o-smooth muscle
actin {(-SMA). While myofibroblasts contribute to tissue repair and closure of wounds, their

over-expression is associaled with impaired healing and excessive scarring.

The effects of Compounds 1 and 37 on dermal {ibroblast differentiation to myofibroblasts was

examined by the extent of o-8MA expression by TGF-§ -stimulated dermal fibroblasts.
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Methods
Fellowing trypsinization, fibroblasts were seeded in 8-well,Permanoxchamber slides (VWR
Internationaly in DMEM medivn, containing antiliotics, 2 mM L-glutamine and 10% foetal calf
sorum (250 ul, all purchased from Invitrogen); at a cell density of 2.5x10%cells/well and

maintained at 37°C in 3% CO»/95% air for 48h.

At 48hr, fibroblasts were growth-arrested in seram-free DMEM {or 48hr and then replaced with
serum-free DMEM (230 ul), containing Compounds 1 or 37 at concentrations of . 0.001, 0.01,
0.1, 1.0 and 10.0 pgial. (3 wells/concentration/ comapound) and TGF-; {10ng/ml. Peprotech).

Fibroblasils were maintained at 37°C in 5% CO»/95% air for 72hr.

At 72hr, chamber slide wells were washed with PBS (x1, 250 pl) and bOxed in 4%
paratormaldehyde {100 pLiwell) for 10min. The chamber slide wells were then washed again
with PBS (x1. 250 ul}, treated with 0.1% Triton X-100 in PBS (100 plL., Sigma) for Smin and re-
washed with PBS {x1, 250 yL}. Wells were blocked with 1% BSA in PBS (250 uL, Sigma) for
th and washed (x3) in 0.1% BSA/PBS.

Wells were incobated with monoeclonal nibuse anti-human o-SMA, clone 1A4 {1100, 150ul,
Sigma) at 4%C ovemnight, washed (x6) in 0.1% BSA/PBS and incubated with Alexa Fluor 488
goat anti-mouse IgG antibody {1:1000, 250 pL, Invitrogen), at room temperature for Th, under
darkness. Chamber slides were washed (x6) In (:19% BSA/PES and counterstained with Hoescht
33258 solution for 30 min under darkness (1:2000, 250 pL., Sigma). Chamber were subsequently
removed for slides and treated. with Floorsave (Banta Croz) for 10min under darkness. Slides
wereg vigwed by fluorescence microscopy (Leica Microsystens), with digifal images being

capturedat x200 magnification. Digital images were processed using HC Image J Software.

Results

I the control treatment with TGF-P; but no Compounds added, ihe adult dermal fibroblasts
differentiated into myofibroblusts, typically charcaterized by increased w-SMA expression, o-
SMA siress fibre assembly and the overall development of an enlarged, polygonal cellular
merphology. In contrast, exposure of adult dermal fibroblasts treated with TGE-By to Compound
1 and Compound 37 affected differentiation into myofibroblasts in a concentration-dependent
mamer. In the case of Compound 1 at 2 congentration of 0.1 pg/ml., the fhroblast culiures

lacked the u-SMA stress fibve formalion and the typical polygonal ceflular morphology,
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representative of myofibroblast differentiation (Figure 3), With Compound 37 there was a
disruptive effect on o-SMA stress fibre formation and polygonal morphology development at a

10 pgdml. concentration {Figure 6).

Furthermore, there appear to be other subtle alterations in myofibroblast morphelogy across the
range of concentrations belween 1 amd 10 pghml. of Compound 1 and between 0.1 o 1.0 pg/ml.

for Compound 37 {Figures 5 and 6).

Specific effects of the compounds on fibroblast/ myofibroblast differentiation may be relevant to
the minimal scar formation observed in wounds treated i vive with Compound 1 (Examples 16

md 17,

Example 9: Induction of reactive oxygen burst by neutrophils in response to Compound 1
Neutrophils are dedicated phagocytic cells of the innate immune sysiem and their influx and

activation is cssengial for the clearance of bacieria, fungi and cellular debris during early stages
of wound healing. The broad antimicrobial activity of neutrophils is based on several strategics

including bursts of rcactive oxygen species (ROS).

A study was andertaken Lo assess the potential effeets of Compound 1 in inducing reactive

axveen burst by neutrophils.

Neutrophils were isolated from fresh blood of a healthy humean donor by lysis of a red blood cell
pellet that had been obtained by Ficall-Paque sedimentation. The neutrophils (~ 4 x 10° cells/ml)
were incubated with 10 pg/ml dihyvdroethidium (DHE) (Sigma-Aldrich in complete culture
medimm at 37°C for 15 min alongside an aliquot of unstained cells to be tested as unstained
conirol. 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 ug/ml, 10 pg/mi, 100 ng/mi) for 13 min. The
generation of reactive oxygen species following incubation was determined nsitg a FACS Canto

flow cytometor to measure fluorescence due te oxidation of DHI to the cthidiuoy 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) ina

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 o improved

wound healing outcomes

Example 10; Molecular analysis of human neonatal fibroblasts treated with Compounds I and
42

The Weastern Blot method was used 1o 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
for 6 or 24 hours, hefore harvesting and protein extraction. In the second study NFFs were
freated individually with 30 ng/mL concentrations of Compounds 1 and 42 respectively for 6
hours. The resalting lysates from both studies were subjecied (o western blot analysis, and
probing with specific antibodies to key signalling molecules iovolved i wound repair and

healing.

Preparation of protein samples for Western blotting,

The medium from adherent human neonatal Gbhroblasts grown in. 75 em? plates was removed and
the cells were washed twice in ige cold PBS. The attached cells were harvested in 10 mL of ice
cold PBS using a cell seraper {Costar®, Corning) pelleted by centrifugation for § min (1,500
rpm, RTemp), resuspended in 1 mL of ice-cold PBS, and transferred to a 1.5 mL microfuge tube,
The cells were collected by centrifugation (13,200 rpm. RTemp, 2 ). the PBS removed and the

pellets stored at -20°C until required.

The frozen pellets were thawed on 1ce, and resuspended in a volume of cell lysis butfer 3-4 times
the volume of the pellet by pipetting up and down. The cell suspension was sonicated 60 s at
4°C and centrifuged for 20 min (13,200 rpm, 4°C) and the interphase containing the protein

transferred 1o a fresh 1.5 ml microfluge tube. The protein was stored at -20°C.

Determination of protein concentration

Protein concentrations were determined vsing the BCA Protein Assay kit {Pierce). This method
. R ) . e e . . - .
is based on the redoetion of Cu™ to Cu'™ by protein in an alkaline solution. The Cu'* formed is

subsequently chelated with bicinchronic acid (BCA) forming & purple reaction product.
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Protein samples were dituted 1/10 and 1 /20 (v/v) in MilliQ water and 10 gL was plated out in
duplicate in a {lat-bottomed 96-well plate (Costar®, Corning). Stock solutions of bovine seram
atbumin (BSA)Y were prepared at 100, 200, 400, 600, 1,000, and 1,200 pg/ml. and 10 pLiwell
plated out in duplicate and assaved alongside the samples. The BCA working reagent was
prepared by mixing 50 parts of reagent A with 1 part of reagent B and aliquoting 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 AS90 nm on a migroplale reader (VERSAmuax, Muolecular Devices) and
a standard curve produced using SOFTmax PRO software (Molecular Devices). Concentrations

of unknown samples were estimated from the curve.

S5 polyacrylamide gel electrophoresis (SDS-PAGE),

Protein samples were prepared by mixing with an appropriate volume of 2 x SDS loading buffer
and denatured by heating Tor 10 min at 70°C. The SDS-PAGE gel was performed using the
Mini-Protean II dual slab gel apparatus (Bio-Rad Laboratories) as described by Lacmmli (6).
The resolving gl consisted of 0.275 M. Tris-HCI {pH 8.8). 0.1% (wiv) SDS, 0.05% (w/v) freshiy
made-up  ammoniom  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 MiliQ H:O. and
allowed  set for at least 30 min (RTemp) while overlayed with water-saturated butanol. Before
pouring the stacking gel, the water-saturated butanol was tipped off. The stacking gel consisted
of 0.125 M Tris-HCI (pH 6.8), 0.1% (w/v) SDS. 0.05% (w/y) freshly made-up ammoniam
porsulphate, 0.1% (v/v) TEMED and 4% (w/v) acrylamidefbisacrylamide (29:1). The solution
was made to 2.5 mL per gel in MilhQ H2Q, poured on fop 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 rom had ran off the bottom of the gel {200 V. RTemp) in

13 B8 running bufler.

Western transfer

Following SDS-PAGE electrophoresis the gel plates were carcfully separated, the stacking gel
ent off and transferred to the Mind Trans-Blot Cell (Bio-Rad Laboratories). A “transfer
sandwich™ was assembled as follows: a porous sponge, two sheets of blotting (Whatmann) paper,
nitrocellulose membrang, the gel, two more pieces of bloding of blotting paper and another
porous sponge and inserted into the transfer apparatus. The sponges, membrane and hlotting

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 transterred at
100 V for 1 h (constant voltage) in ice-cold transfer buffer at 4°C with the nitracellulose
membrane (Hybond™-C, Amersham Biosciences) closer (o the anionic side, and an ice pack and

magnetic stigrer added.

Probing protein membrames

Onee transferred, the membrane was incubated in 5% (w/v) Blodto in 0.1% (v} Tween 20/TB3
al RTemp for at least 30 min with gentle orbital shaking to block non—specific binding sites. The
primary antibody was diluted in 3% {w/v) BSA as recommended by the manufacturer (see Table
13 below) 10 a (inal volume of 2 ml. A plasiic envelope contaimning the membrane and antibody
wus made and heat-sealed, removing as many air-bubbles possible. The envelopes were rotated

on a custom made rotor overnight (approximately 16 h) at 4°C.

The membrane was removed from the bag, placed in a plastic tray with 0.1% (v/v) Tween
2O/TBS and washed four times at room temperature with vigorous orbital shaking for 13 min per
wash., The appropriate secondary antibody conjugated to horseradish peroxidase (HRP) was
probed to the membrane by diluting it 171,000 in 5% (w/v) Blovo in 0.1% {v/v] Tween 200TBS

and placing it in a fresh plastic envelope which was retated at room temperature for 2 hr,

Immuno-detection 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/ al room temperature four times for 15 min each. The Western
Lighting™ Chemiluminescence Reagent Plus (PerkinElmer Lile Sciences) was used to generate
detectable signal from secondary antibodics labelled with HRP. The reagent relics on the
oxidative degradation of lumino! catalysed by HRP. resulting in the emission of Hght which is
detectable 420 nm and can be captured on film. Egqual volumes from hottle 1 and boitle 2 were
mixed just prior to detection. & total volume of 2 mL per membrane was applied and incubated
at room emperature Tor 1 min, Care was taken (o ensure that the whele membrane was equally
exposed. The membrune was removed, dried quickly on seme blotting paper. inserted between
two picces of polypropylene sheet protectors into a [ilm cassette (Hypercassette™, Amersham
Biosciences) and exposed to piece of (ilm (SuperRX, Fyjifilnry. An inftidd exposure of 2 min
was used to judge optimal detection time. The film was developed in @ Kodak Image Station
{Kodak).
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Table 13: Antibodies used in this study were:

Antibody Host Pilution Manufacturer
Used

Anti-pan  phospho | Rabbit | 111,000 Cell Signalling

PKC

Anti-Phospho-ERK | Rabbit | 1:1.000 Cell Signalling

{Thr202/Tyr204)

Anti-ERK Rabbit | 1:1,000 Cell Signalling

Ant-Phospho- Rabbit | 1:1.000 Cell Signalling

MEK1/2

(Ker217/221)

Anti-MEK 1742 Rabbit | 1:1,000 Cell Signalling

Anti-MMPY Rabbit | 1:1,000 Cell Signalling

Anti-Rabbit Ig HRP- | Sheep | 111,000 Cell Signalling

Conjugated

in the first study with Compound 1, Western blot analysis a transient activation of both MEK1/2

and ERK1/2 following 6 hours of treatment with either 10 or 30 ng/mL of Compound 1, and a
subsequent down-regulation of activation following 24 hours treaument. Activation of the MEK
{ ERK branch of the MAP Kinase pathway in known to influence the migratory phenatype of

many cellular types, including fibroblasts, No difference in levels of MMPQ was detected.

Similar patterns of phosphorylation of phospho-ERK were Tound on Western Blots in the second

study with 30 ng/mL concentrations of Compounds 1 and 42 on the NFFs.

Example 11: Effect of Compound I on expression af penes involved in wound healing
The effects of Compound 1 on expression of genes associated with weund healing were
examined in two sitwations {a) human PBMOCs aond () mouse stroma of human tomour

xenografts.

Materials and Methods
Human peripheral blood menonuclear cells (PBMCs) were isolated by Ficoll-Paque

sedimentation of heparinised blood from a 68-year old male human donor, and  cultured in



Lh

10

CA 02909653 2015-10-16

WO 2014/169356 PCT/AU2014/050018
93

RPMI-1640 10% FCS. Following treatment with Compound 1 at 30 ng/mlL., the monelayer was
washed once with phosphaie buffered saline (PBS) and the cells harvested with stetile scrapers

and stored as pellets @t -80° C.

Mouse stroma in human tumour xenografts were obtained from mice in which the Sk-Mel-28
human melanoma cell line was injected subcutaneously inte 2 sites on the flanks of each
BALR/c Fosnlnu mouse {2 x 10%ellsfsite) and allowed 1o grow to approximately 7 mm
diameter. Each tumour was then injected with 50 pL of 20% propylene glyeol containing 30 ug
Compound 1 or with 50 yL of 20% propylene glycol. At diffcrent times after injection a mouse
was cuthanased and the tumours harvested, the skin covering removed, and the intact tumours

stored at -80° C

RNA was extracted from 30 mg of frozen tomour or 1 x 107 cells nsing the QiagenRNeasyPlus
Mini Kit, according to manufacturer’s instructions, then quantitated with a NanoDrop instrument
and integrity confirmed on denaturing agarose gels hearing a 1 kb DNA marker and stained with

cthidium bromide.

RNA amplification and labelling.

Approximately 500 ng of total unlabelled RNA was adjusted to a final volume of 11 pL with
nuclease-[ree water. The RNA was incubated with 9 uL of the reverse transeriptase master mix
{1 yL of T7 Oligo (dT) Primer. 2 pyL of 10X first strand buffer, 4 pl. of ANTP mix, 1 yL of
RNase inhibitor and 1 pLl of ArrayScript) at 42 °C for 2 hr. This was followed by the second
strand ¢DNA synthesis step which involved a further incobation at 16 “C for 2 hr with 80 yL of
the second strand master mix (63 pL nuclease-free water, 10 pL 10X second strand buffer, 4 plL
dNTP mix, 2 ub. DNA polymerase and 1 ul. BNase H). The eDNA was purified by filtering
through a ¢cDNA Filter Cartridge with 250 uL of cDNA binding buffer and washing with 500 pL.
of the wash buffer provided in the kit, Purified ¢cDNA was eluted with 20 yl of 55 "C noclease-
free water. Each cDNA 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 cnzyme mix and 2.5 pL. biotin-NTP mix}) at 37 °C for 16 hr.
The reaction was stopped with the addition of 75 pl of nuclease-freg water to gach cRNA
sample. The biotinylated, amplified RNA was purified by filtering the ¢cRNA samples through
¢RNA Filter Cartridges with 350 pL of ¢cRNA binding buffer and 25 ylL of 100 % ethanol

mixed together prior o loading onto the filters. The cRNA filter cartridges with attiched RNA
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were then washed with 630 yL of wash buffer before eluting purified cRNA with 200 pL of 535

“C nuclease-free water,

Muminag Expression BeadChip Hybridization. The cRNA samples were heated at 65°C for § min
and collected by pulse centrifugation. After heating at 635 degrees for 5§ min. approximately 750
ng of the cRNA sample was aliguoted into separate tubes to which were added ~ 5 pL of RNuase-
free water and 10 pl. of Hyb Mix. Approximately 15 yl of the prepared ¢RNA mix was loaded
onto the Hlumina Expression BeadChips, Subsegent steps of hybridisation and washing were
carried out according to the Whole-Genome Gene Expression Direct Hybridization Assay Guide

supplied by Humina.

The Human HT-12 v4 Expression BeadChips cover more than 47,000 transeripts and known
splice variants across the human transcriptome. The MouscRel-8 v2,0 Expression BeadChips
cover approximately 25600 well-annotated RefSeq  (Reference  Sequence)  transcripts,

comprising over 19,000 unique genes.

Data analyvsis. BeadChips were read by the iScan System, and transferred via GenomeStudio
into GeneSpring GX v12.5 (Agilent Technologies, Sanla Clara, CA, UBA). The expression
values were normalized using quantile normalization with default settings. The entities were
filtered based on the detection score calculated by GenomeStudio where p < (005 was considered

significant.

Wound healing-relevant gene expression changes induced in human PBMCs by Compound
1.

Human peripheral blood monenuclear cells (PBMCs) are rich. in lymphoeyies and macrophage
precursors {monocytes) involved in the production of cytokines and tissue remodelling enzymes
relevant to the wound healing process. Table 14 lisis gene expression changes induced by 30
ng/mL Compound 1 that were >2 times bigher or 2 times lower than eontrol, unteeated PBMCs,
and .had a known link with wound healing, Wound healing is a complex, multistage sequence in
which processes such as inflammation subsequently need to be down-regulated. It should
therefore be noted that the genes shown in Tuble 14 illustrate the range of relevant molecules
regulated by Compound 1 in a mixed lymphoid population in wvitro, without specilying the ovder

of tissuc-specific expression in vivo.
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The genes included pro-inflammatory cytokines (IL-1w, IL-1f and IL-6) involved in protection

from infection, ¢ytokines to moderate the inflammatory response (IL-10 and IL-24), growth

factors (GMTSF, {8F1 and HBEGF), and 4 range of chemokines and mawix metallopeptidases

for tissue remodelling (the latter facilitated by down-regulation of TIMP2). Down regulation of

THBS1, which suppresses granulation tissue formation, is also a positive factor in wound

healing. Up-regulation of KLF10 should facilitate angiogenesis and is indicative of induction of

TGE-B. Transglotaminases (TGM) stabilise proteins by crosslinking them and have other

beneficial effects in wound healing.

Table 14. Changes 1n expression of genes relevant to improved wound healing outcomes that are

induced i human PBMCs by Compound 1

X Time | Fold change  Direction  of
{ene Gene Name (Homo sapiens) ,
{h) in expression | regulation
Lo Interteukin 1, alpha (IL1g), mRNA, 24 14.6 Up
1IL1p Interteukin 1, bota (IL1[), mRNA, 24 154 Up
Interleukin 6 (Interferon 2, beta) (1L6), ;
IL6 24 331 Up
mRNA.
.10 Tterletkin 10{IL10Y, mRNA. 24 2.1 Up
Intetleukin 24 (IL24). transeript varaot 1,
.24 24 4.6 Up
mRENA.
GM colomy-stimulating factor (GM-CSFE),
GM-CSF 4 4.3 Up
mRNA
24 34.h Up
96 o Up
Colony stimulating factor, transceipt variant
CSF1 ' 24 Al Up
4, mRNA.
3 Heparin-binding EGF-like growth factor
HBEGE | , 4 2.7 Up
(HBEGE), mRNA.
24 5.1 Up
Chemokine (C-X4C motif)  ligand 1
CXCLI 24 15.5 Up
{CXCLD), mRNA.
Chemokine  (C-X-C motif)  ligand 2
CXCL2 4 3.5 Up
(CXCL2), RNA.
24 735 Up
CXCLY | Chemokine  (C-X-O motfy  ligand 5|24 ¥.1 Up
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{CXCLS), viRNA.
96 15.1 Up
) Chemoking  (G-X-C motify  lgand 7
CHCLT _ 24 17.5 Up
(CXCLT), mRNA,
G 374 Lip
Chemokine (C-X-C  motf) ligand 13
CXCLL3 24 2.2 Lip
{CXCL13), mRNA.
b 23.3 Up
Chemokine (C-C motif) ligand 1 (QCLL, v
CCLI 24 398 Up
mRMNA.
96 42.6 Up
Chemokine {(C-C motif)y ligand 3 (CCL3),
CCL3 ‘ 24 560 Up
mRNA.
Chemokine {(C-C wmotif) ligand 7 (CCL7),
CCLY 4 9.4 Up
mRNA,
24 54.5 Up
96 4.8 Up
Chemokine (C-C mortif) ligand 3-like 1
CCLALL , 4 3.3 Up
{CCLALT), mRNA.
24 72.3 Up
41 4.2 Up
MMP1 Matrix metallopeptidasel (MMP1), mRNA. | 4 3.1 Up
24 4.2 Lp
MMP7 Matrix mietallopeptidase? (MMPT), mRNA. | 4 3.3 Up
24 74 Up
96 1173 Up
Matrix  metallopeptidase 9 (MMPO},
MMPQ ' 24 -22.4 Down
mRNA.
o Matrix metallopeptidase 10 (stromelysin 2) ,
MMP1D 4 3.2 Up
(MMP10). mRNA.
24 52 Up
Matrix metallopeptidase19, transcript var. 1,
MMPTY 4 118 Up
mRNA.
24 2.6 g
TIMP  metallopeptidase  inhibitor 2
TIMP2 24 ~10.9 Down
{TIMP2), mRNA,
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THBES1 Thrombospondin 1 {THBST), mRMNA. 4 ~47.8 Doran
24 ~101.5 Dewn

—_— Kroppel-like factor W) {KLF1D), tragscopt A 59 Up

variant 1, mRNA.

24 9.3 Lip

TGM3 Transglotaminase3 (TGM3), mRNA. 4 23 Lp
24 284 Up

Trapsglutaminase 2 (TOM2), transeript
TGM2 o _ ' 24 122 Up
variant 1, mRNA,

9% 44 Up

, Transglutaminase 3 (TGM2),  transcript )
TGMS 24 3.3 Down

variant 2, mRNA.

Wound healing-relevant gene expression changes induced in the mouse stroma of human

tumour xenografts by Compound 1

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 treatinent by
intratumoural injection (Examples 16 and 17). Changes in gene expression relevant to wound
healing were therefore assayed in the mouse-derived stroma of human tumour xenografts at early

times after injection while the tumour was still intact.

Expression data wsing mouse gene-specific microarrays were performed for 2-3 individual
himan SK-Mel-28 xenogralts ireated by intrafumoural injectien with. 30 pg of Compound 1.
along with 3 vehigle-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

vehicle-injected site were examined for relevance to wound healing.

Table 15 lists genes selected by the above eriteria and with koowo links to wound bealing.

A number of genes with known favourable outcomes for wound healing were up-regolated by at
least 2-fold by Compound 1. These were genes involved in muscle contraction (ACTAT),
growth {EGRD), modulation of mflammation (CXCLI), keratins for renewal of keratinocyies
(krt5, 10, 14, 15, 17, 71, ketdap), keratinocyte migration (Coll7al}. epidermal differentiation and

cell communication (lor, Tem2, Tiga7).
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One wound healing related gene, Thrombospondin 2 (Thbs2), was down-regulated. Down-

early stages of wound healing.

regulation of this gene is associated with increased vaseuldr density and inerease in (ibrenectin in

Table 15. Changes in expression of genes relevant to improved wound healing cutcomes that are

induced in mouse stroma of human lumour xenographs by Compound 1

Gene , Fold ¢change in | Direction of
Gene name (Musmusculus) Time ¢h) .
code expression regulation
actin, alpha 1, skeletal muscle
Axtal 0.5 9.3 Up
{Actal), mRNA
4 30.3 Lip
8 8.5 Lp
carly growth response 1 (Egrl),
Egrl Y & P & 4 47 Lp
mRNA,
8 534 Lp
chemokine (C-X-C motif)y ligand 1
CXCL1 ) 4 12.1 Up
(Cxicll), mRNA,
krtl4 kerativy 14 (Krt14), mRNA, 1 5.4 Up
2 5.0 Up
4 9.7 Up
Krtl0 keratin 10 (Ket10), mRNA. 1 7 Up
2 24 Up
4 8.6 Lp
8 2.1 Down
Keel7 keratin 17 (Ker 177, mRNA. 1 2.9 Up
4 10 Up
8 2 Dovan
Krtls keratin 15 (Ketl8), mRNA. 1 23 Up
Kit3 keratin 3 (Krt3). mRNA. 1 2.8 Lip
K71 keratin 71 (Ket71), mRNA. 4 32 Up
collagen, tvpe XVH, alpha 1
Caoll7al i . bl P 1 2.7 Up
{Coll7al), mENA.
2 2 Up
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4 3.2 Up
- keratinocyte  differentiation  assoe, v
Kredap 1 7 Up
{Krtdap), mRNA.
4 348 Lip
fatecornified envelope 1M {Leelm),
Leatm 1 4.9 Up
mRNA,
""""""""""" latecornitied envelope 1B (Leedb. | | |
Leetb | 4.8 Lp
mRNA.
latecornified envelope 1D {Leedd),
Leetd ' 1 33 Lp
mRNA.
_ latecornitied envelope 1Al
LCelal ) | 2.7 Rlp
{Leelal). mRNA.
4 28 Lip
fatecornified envelope 1A2
Leela2 | 3 Lp
{Leela), mRNA.
Lor torieri (Lor), mRNA. 1 11.6 Up
2 2.8 Up
transglutaninase 2, C polypeptide ‘
Tem2 ) 0.5 2.67 Up
{Tem2), mRNA.
4 2 Down
Thhs2 thromhospondin 2 (Thhs2), mRNA. | 0.5 3.98 Down
Trga? infeprin alpha 7 (Tga7h, mRNA. 1 21 Up

Example 12: Effect of compounds on cytokine production

Specilic cytokines play eritical roles in wound healing processes, and agents that modulate these

substances may be useful in treating wounds andfor improving the cosmetic outcomes of healing

{c.g. reduced scarring). The effects of Compounds 1, 2, 5 and 42 on regulation of four cytokines

(IL-1p. IL-6, IL-8 and TNFu) known to be critical in early stages of the wound healing process

were investigated in human peripheral blood mononuclear cells (PBMCx).

PBMCs were isolaied by Ficoll-Paque sedimentation of heparinised blood acquired from both a

72-year old male (Donor 1} and 34-vear old {Donor 2) male human donor. All cells were

cultured in 10% FCS, RPMI as detailed previously.

PBMCs were seeded at a density of 1.5x10° cells per well in 10% FCS, RPMI. Stimulation of

these celly with the four compounds was perfonmed al four concentrations (0 ng/mL., 3 nghnl,
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30 ng/mal., 300 ng/mL) in duplicate for 24h in a humidified incubator at 37°C, 5% COs,. Media

samples were taken from each of the required wells and frozen at -80°C until use.

Cytometric Bead Array (CBA) assays were used to measure the results. CBA assays provide a
miethod for capturing a soluble analyte or set of analvies using antibody coated beads of known
sizes and [luprescence. Detection s then perfommed psing another [loorescently labelled
secondary antibody to form a sandwich complex. Each media sample was assayed for (he
presence of soluble IL-1B, 1L-6, IL-8, IL-10, IL-12p70 and TNFu using a BD {Becton
Dickinson) CBA Human Inflammatory Cytokine Detection Kit according to manufacturers”

instructions. Mean fluorescence intensity values from each sample were compared against a

standard curve to determine cviokine concentrations {pg/ml.).

The results of the CBA assay for each compound dre shown in Table 16,

All four compounds signiflicantly inercased levels of the {our eytokines (TNFq, 1L-18, IL-6, IL-
8) that were detected. in supernatants assayed. from the treated PBMCs, with trends consistent
between PBMUCs {rom the two donors. Highest cyvtokine levels generally occurred at the two

highest concentrations {30 and 300 ng/ml.) of the compounds.

Table 16 Production of eytokines from PBMCs after incubation for 24 hr al concentrations of 0,
3, 30 and 300 nz compound/md for Compounds 1, 2, 5 and 42, Cviokinge levels are expressed in

pg/mi + standard deviation and are presented for each of two donors.
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Examples of in vive aclivity

Example 13: Acute inflammatory response in mouse skin

An geute nflammatory résponse 1s an important initial phase of thee wound healing process. Pro-
inflammatory cells, primarily neutrophils and macrophages, migrate to the site and proteet it
from infection and release eytokines and chemokines involved in the mitiation and regulation of

subsequent tissue repair.

Male node mice were injected subeutaneously on each flank with 50 gL of solutions of 100
ug/mL of Compounds 1, 2, 5 and 42 respectively i 20% propylence glycol. Each site reddened
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

mininal scarring.

The acute inflammatory response initiated by the compounds in mouse skin, followed by rapid
resolution, is consistent with the observed direct effects of the compounds on pro-inflammatory
cells (Examples 7 and 9) and on gene expression and cytokine profiles in PBMCs (Examples 11
aod 12). Such a robust but transient pro-inflammatory response has often been associated with

zood i vive wound healing outcomes.

Example 14: Gel formulation of Compound 1

Either 30 mg or 50 mg of Compound 1 (>97% purity by HPLO) was dissolved 10 5 mL of 99.5%
isopropyl alcohol {Biotech Pharmaceunticals) and allowed to stand overnight. A solotion of 0.6%
Carbomer 940 (Snowdrift Farms) was prepared as the gelling agent in SmL of sterile water. The
Compound 1 concentrate and the {.6% Carbomer 940 solution were then added together in a 20
mL syringe and thoreughly mixed. 20 pL of 1009 tricthanolamine (Sigma-Aldrich) was then
gdded 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 Smg Compound T/mL.

Exwmple 15: Injectable formulation of Compound 1

20mg of Compound [ (>97% purity by HPLC) was dissolved in 8 ml of 1.2 propancdiol
{Sigma-Aldrich} in a 20 ml. capacity glass scintillation vial and allowed to stand ovemight at
room temperatare. 12 mL of either 30 mM acetate buffer at pH 4.2 or saline (sodium chloride

for injection BP 0.9% - AstraZencea) was then added to the solulion and thoroughly mixed. The
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solution was then filter sterilised and dispensed into 1 ml. dose of | mg/mL concentration of

Compound 1.

Example 16: Veterinary clinical treatment of non-healing wounds and wounds that do not
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) animaly with the aim of improving second intention wound healing.

Seven dogs (Cunis lupus familiarisy and one tree kangaroo (Dendrelages lunholizily with
chronic, non-healing wonnds 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 {lying fox (Preropus conspicillatus) with wounds unsuited 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
treatment with Compound 1 and the subsequent period of wound resolution. Unless stated in
individual case studies, no concomitani medications were used over the course of treatments

with Compuound 1.

Case and treatmeni notes for each of these patients are summarised helow. Note that the retum
presentation of these animals o the treating veterinarians was often irregular and wound healing

outcomes may have occutred well before the réturn dssessment visits.

Treatment with Compound 1 resulied in effective wound resolution with minimal scarring in the
eight completed cases. Wound resolution was well progressed in the two on-going case studies

that were most recently treated (Case studics 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 notew;
& Large, oval shaped facial wound 7em long x dem wide R up to 2em deep on the left hand
side of the patient’s nuzzle.

¢ Wound was crusted with patches af necrotic pustulani discharge.
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Histopathology: deep necrosing injury possibly associated with a spider bite and
characterised by the presence of coctoid bacteria and suppurative inflammation.

Wound had not responded (o standard wound freatment protocols iovolviog antibiotics
{cephalexin, amoxyclav, gentamicin) and anti-inflammatorics (macrolone) over a period
of 3 months.

Wound was gradaally increasing in size, causing eve closure and significanty alfecting
patient’s viston and general demeanowr. The patient’s mandibullar lymph nodes had
becomie enlarged.

Remaining standard-of-care option was for ageressive facial surgery and reconstruction.
Initial treatment involved 3 applications (totalling 5.3mL) of Compound 1 gel (3 mg/mL)
over an initial 14 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
mLl dose of Compound 1 (0.5 mg/mL) injected just under the surface at wltiple
locations throughout the wound arca.

At 35 days following injection with Compound 1 the wound had infilled with heaithy
difforentiating granuiation tissue and there was no evidence of infection.

Concomitant medications over the course of the treatment with Compound 1 were
temgesic and lignocaine at time of the {irst treatiment with gel formulation, temgesic and
tramadol at the time of and on the day immediately after the injection treatment (Le. days
28 and 29) and then a supportive cover of low dose oral corticosteroid (macrolone) daily
from day 42,

At 76 days following the {inal (reaiment the wound had healed and was infilled with
nornal tissue minimal scarring and alse hair regrowth covering greater than 95% of the

original wound arca.

Case Study 2; Burst, infected abdominal cyst, 13 year old Boxer

Case notes:

N
S
.
&
16 v
.
15 .
»
20
»
25
»
30 .

Frail patient with severe ostecarthritis, considered a high anaesthetic risk for any surgical
ntervention.

Patient had persistent infeeted oyst on the back proximal to the tail that had not respended
to regular draming and injection of the cysl witly antihiotics {(gentamyeimn, enrofloxacin,

norocillin) over a 5 month peried.
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Patient presented with the hurst eyst and clevated temperature. The evst was cleaned o
remove dead skin and then Mushed with saline and chlorhexidene. The paticnt was treated
with antibiotics {clindamycin and norocillin) and anti-inflammaiories (metacam).

After 5 days the wound associated with the burst cyst showed no signs of resolving and
was swrounded by significant local inflammation. The exposed area of the wound
(approximately Scm long x 3 em wide by up 0 2.5¢m deep) was then flushed with saling
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 o less than 30% of the area of the original wound {approximate dimensions
Fem long x L.3cm 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
regrowth over the original wound area.

Concomitant mcdications for this patieni over the couise of ihe treatment with
Compound 1 were an injoctable non-steroidal anti-inflammatory (metacanm) at time

treatment.

Case Study 3: Non-healing infected puncture wounds, 11 year old Chew Chow

Case notes:

The patient presented with two large bite wounds {each approximately 4cm long x 1.5cm
wide % 2em deep) on the rump from a dog fight.

Wounds were washed and the patient treated with antibiotics {amoxyclayv tablets and
injectable noroeitlin}

After 8 days the wounds were persistent, not closing up and infected.

The wounds were cleaned and 04 mL of Compound 1 gel (3 mg/mL) applied evenly to
gach wound.

By 13 days post treatment with Compound 1 the wounds bad significantly contracted to
lesy than 40% of their original size, formed eschars amd there was no evidence of
infection.

At 46 days Tollowing treatment with Compound 1 the wounds had completely resolved
with normal tissue, no searring and complete hair regrowth over the weund arca.

Na concomitant medications were with this patient over the treatment with Compound 1.
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Case Stody 4: Non-healing infected wounds on the face and metatarsals of @ canine (11

year old Boxer)

Case notes;

The patient presenfed 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, doxyeyeline) and
carticosterpids (macralone).

A single treatment of 2 5 mg/ml gel Tarmulation of Compound 1 was applied to wound
an 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 4 small eschar
present at 7 days and compleie wound closure. including significant hair regrowth
evident by 14 days atier freatmeot. The wound arca was fully healed by 63 days after
treatnent.

The wound on leg alse responded quickly with eschar present in localised arcas. By 14
days the eschar had largely shed and healthy underlving granulation tissue was observed.
The wound area had completely ¢losed and had greater than 95% hair cover at 63 days
afier treatment,

Concomitant medications for this patienl over the course of the ireatment with
Compound 1 were an on-going daily course of low dose corticosteroids {macrolone) for

treatment of canine atopic dermatitis syndrome.

Case Study 5: Nen-healing infected wound on the ear of a cunine (4 year old Bull Arab)

Case notes:

Paticnt presented with a non-healing laceration due to a hunting accident that had been
present an the left car for more than 6 weeks.

Three treatments, cach of 0.1 mL of 5 mg/ml gel formulation of Compound 1, were
applied 1o the affected area at 8 day inlervals. No concomitant medications were used
during the course of ireatment 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
reselution, minimal scarring with greater than 80% hair coverage over the original wound

site,
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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-ol-care protocols involying regular
application of () 4 topical dermatolegical formulation (Neotopic) combining antibacterial
(necomycin sulpbate), anti-inflammatory (hydrocortisone) and anti-praritic (lignocaine)
agents, and (b} a commercial suspension {Auracol) with anti-inflammatory
(prednisolone), antifungal (miconazole nitrate) and antibacterial {polymixin B sulphate)
components. Prior to these treatments the patient was on an on-going course of low dose
oral corficostersids  (macrolone) for trcalment of chronic canine atopic dermatifs
syndrome.

After 10 weeks of the standard-of-care protocol there was no sign of wound resolotion.

A single treatment of 3 mL of a § mg/ml. gel formulation of Compound 1 was applied to
the affected area and within 15 minuies of application of Compound 1 there was
discernable reddening of the treated area.

From 4 days after freatment with Compound | the patient recommenced low dose daily
corticosteroids {macrolane) for treatment of the severe atopic dermatitis. This troatmoent
continued through the full course of wound healing and resolution.

At 17 days after treatment with Compound 1 there was wvo sign of infection or
inflammation and a well granulated wound bed had developed af the treated site.

Al B3 days after treatment there was complete wound clesure and hair regrowth had
sccurred over more than 90% of the original wound area.

By 139 days after treatment it was not possible (o discern the site of the original wound,
there was no evidence of scarring and or differences in skin pigmentation or apparent

thickness in and swrounding the treated atea.

Case Study 7: Non-healing infected wounds on the cars and face of a canine (8 year old

Jack Russell terrier)

Case notes;
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The paticnt presented with two non-healing wounds at the tip and base of the right car
and a nop-bealing wound on the snout that owner had observed present for mere than 4
weeks. Possible origin was infected spider or other insect bites.

Two treatments, each of 0.1 mbL of 5 mg/mL gel formulation of Compound 1, were
applied to both affected areas on the ears at a d day interval. A single treatment of 0.1mL
of Smg/mL gel formulation of Compound 1 was applied (o the facial lesion,

By 13 days after the first treatment with Compound 1 both wounds on the ear had
contracted significantly and had formed egchars. 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 clavolanic acid ¢amaoxyelav) at the time of the inital treatment.

Case Study 8: Infected bone wound on the leg of a tree kangaroo (Marsupialia,

Dendrolagus lumhiolizi)

Casc notes:

L

The patient presented as a wild tree kangaroo injured in a dog attack that resulted mn
lacrosacral luxation and osteomyelitis. The patient was treated for 1 month with
injectable antibioties ceftazidime (Fortum) and trimethoprim sulphamethoxazole (TMS).
While inflammation had been reduced bacterial swab revealed Gram negative bacteria
and Serravicomarcesens were siill present, The affected limb was not weight hearing.
Treatmen! 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 Nuture gait. A
new bacterial swab faken from discharging sinuses on the hock and pad at that time
revealed mixed anaerobe species anid Gram positive Actingmyces species 5o a single slow
IV anfusion of sodium 1edide {Sodide) was delivered.

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 Cempound 1 was commeneed 2 weeks Iater,

For the first application 0.1 mL of the Compound 1 gel was applied to each of three
fesions on the right hock (one over the ankle joint, one underneath the foot pad and a

small lesion at the base of the healy and a slow IV infusion of sodinm jodide commaenced,
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Within 10 minules of the application of Compound 1 gel there was a purulend discharge
from the treated area.

On presentation 8 days after the first treatment a purnlent discharge was oozing from 2 of
the 3 wounds on the leg. The other wound (smallest lesion en the heal) had contracted
and commenced healing, A further treatment of 0.15 ml of 5 mgfml gel formulation of
Compound 1 was used (o treat cach of the two open wounds {one over the ankle joint, the
other on the base of the foot pad). A slow IV infusion of sodivm lodide was alse given.
A further 15 days later (23 days after initial treatment) several mls of thick purulent pus
was squeezed from the wound en the pad of the foot before forcing (.15 mL of 5 mg/mL
gel formulation of Camponnd 1 into the drained wound sinus.

One week laier there was significant improvement in the infection, A small picce of
bone was removed from the hole in the foot pad. There was no pus evident but there was
a scrovs discharge. A futther 0.2 mL of the Compound 1 gel was applied to each of
fesions. one over the ankle, the wher undermeath the foot. A slow TV infusion of sodium
todide was also delivered, Limb is now weight bearing. but the heal and {oot pad is sill
very tirm 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 contracied to less than 506 of
s size at the previous visit and the sucounding skin and ssue is seft, pliable and
notmal.  The Hmb was now fully weight bearing and there i8 no onevenness 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 carrent standards of eare

Case Study %: Infectious vasculitis in the ear of a tree kangaroo (Marsupialia, Dendrolugus

Iumholizi)

Case notes:

The patient presented as a young injured animal fonnd in the wild.
Patient was very weak, dehydrated and anaemic. Urine sample revealed blood and

bacterial infection, likely septicaecmia. Patient was placed on fluid therapy and medicated
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with anti-nansea drug maropitant  citrate (cerenda) and  two  Ingectable  antibiotic
formulations Tribacteral {trimethoprim, sulfadiazine) and ceftazidime (fortum).

After O days on a fluid drip the patient’s condition had improved but there was tranma to
the right ear and likely infections vasculitis and gangrene. Surgery was ot possible
because of significant anaesthetic risk due to the patient’s highly compromised condition.
Instead, treatment with a gel formulation of Campound 1 was initiated.

Three treatments of 0.1 mL of 5 mg/mL strength Compound 1 gel were applied 1o the
affected area at 7 day intervals. The only concurrent medication during this time was the
cephalogparin antibiotics celtazidime {(fortum).

At 7 days after the first treatment of Compeound 1 gel, a tightly adhering eschar covered
the wound surface. This eschar lifted at 19 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
present over the entire area of the wound.

At 67 days the lesion had fotally resolved and there was full hair coverage over the ear,

Case hindy 10: Severe lacerated wonnd on the head of a spectacled flying fox (Mammalia,

Pteropus conspicillatus)

Case notes;

The paticat presented as a 4 month old flying fox with a deep penctrating wound on the
head of a 4-month old {lying fox caused by entanglement in barbed wire.

In the opinion of the treating veterinarian who had extensive experience in wildlife
injuries (ncluding 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 closc, either
due to excessive scar tissue formation sssociated 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 (.1 mL of 5 mg/mlL gel
formulation over a 28 day period (Days 1, 10 and 28). No other sconcomitant
medications or interventions were used during the course of treatment.

Al 14 days after the initial treatment there was significant tssue infill and remodeling and
by 28 days the eye was capable of [ully closing. By 38 days an eschar covered the entire

wound area and this began to slough at 49 day¢ to teveal a good granulation bed.
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* By 55 days aller the initial treatment thete was good fissue infill over the enfire arca of
the original wound and the right eye was returning to its original position. A very healthy

grannlation bed was present.

Example 17: Reselution and cosmetic outcome of wounds generated following necrosis and
sloughing of spentaneous tumours in campanion animals treated with Compound 1

Veterinary clinical data on speed of resolution of wounds that formed following necrosis and
sloughing of spontancous tumours that had been treated by intratumoural injection of Conipound
L 30% 1,2 propanediol formulation at either 0.3 or 1.0 mg/mL conceniration) in twently-four

companion animals are summarised in Table 17.

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 (fime o closure) in companion animals followed
slonghing of spontancous tumeunrs that had been treaied with an injectable formulation of

Compound 1.

Canine

Wound size Number Average Average Average  days  [rom

class of cases | wound area | wound depth | tumour slongh to wound
{em™) {imm) closure

0.25 10 9 e’ 7 3627 6.7+238 416

9 1 50 cm” 5 304 2161 14.0+£55 40 £ 15

=50to [30em™ | 3 Y53 +35.0 3+£5.8 622 18

Equine

Wound size Number Average Average Average  days  from

class of cases | woumd area | wound depth | twmour slough to wound
(e {ram) closure

0.25to 9 e’ 4 29%14 7.5+£29 00+ 12

910 50 em” 2 195145 10.0x£0 5322

Feline

Wound stze Number | Average Average Average  days  from
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class of cases | wound arca | wound depth | tumour slough to wound
{'cmg) {imimy) closore
0.25 to 12 em® 3 484623 50+43 17+ 10

The data from these cases also show good cosmetic outcomes for wound resolution with minimal
scarring and normal hair regrowth in the majority of patients {Table 18}, In the few cases where

scarring did oceut, these usually coincided with areas of mormally 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 spontancous tumours that had been treated with an injectable formulation of

Compound 1.

Tissue, skin and hair features of wound site following resolution

Wound site feature and outeome category | No. of dogs | No. of horses | No. of cats
Tissue deficit at Nil or minimal 15 6 3
wound site! Minor 0 0 0
Substantial 0 O 0
Scarring & skin Nil or miinimal 13 4 3
thicﬁkcningz Minor ] | Q
Substantial 1 1 0
Hair regrowth on Full 12 5 2
wound area’ Partial 1 1 1
Sparse 2 it 0
Change in hair colonr No 15 3 2
Yes 0 3 1
Skin pigmentation Normal 11 3 3
Patchy 1 1 0
Hypopigmentation 3 1 0
Hyperpigmentation 0 1 0

! Tissue deficit calegorics

Nil or minimal: <5% tissue deficil across the original wound area
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Minor: S to 10% tissue deficit across the original wound arca

Substantial: »10% tissue deficit across the original wound area

= Scarring and skin thickening categories;
Nil or minimal: Searring vot obyious visually or by touch
5 Minor: Localised scar covering < 10% of original wound area

Substantial: Scarring covering >10% of original wound arca
* Hair regrowih on wound area categories

Fall: Hair covers »95% of original wound area

Partial: Hair covers »508: of original wound arca

10 Sparse: Hair covers <30% of original wound area
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. Use of a 5,6- or 6,7-epoxy-tigliane compound or a pharmaceutically acceptable salt
thereof for promoting wound healing; wherein the 5,6- or 6,7-epoxy-tigliane compound is a

compound of formula (I):

M

wherein

Ri is hydrogen and R; is -OR;7; or R; and R; together form a carbonyl group (=0);,

R3 is hydrogen or Cisalkyl;

R4 and Rs are independently hydrogen or -OR17; or R4 and Rs together form a double bond
or an epoxide (-O-);

Rs is hydrogen or Cisalkyl;

R71is -OH or -ORs;

Rs is -OH or -ORs; provided that R7 and Rg are not both OH,

Ry and Rig are independently selected from hydrogen and Ci.salkyl;

Ri1 and Rz or Ry and Ry3 together form an epoxide and the remaining group of R11 and Ri3
is hydrogen, -OH or -OR7;

Ri41s hydrogen or -R17;
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Ris is hydrogen or -Ri7;

Ris is hydrogen or -Ry7;
R17 is hydrogen, -Ci.salkyl, -Cz.salkenyl, -Cz.salkynyl,
-C(O)Crsalkyl, -C(O)Cz-salkenyl or -C(O)Cz.calkynyl;
Ris is Ci-20alkyl, -Cz-20alkenyl, -Ca-20alkynyl, -C(O)Ci-z0alkyl, -C(O)Cz-20alkenyl,
-C(O)Csypalkynyl, -C(O)cycloalkyl, -C(O)C;.
1oalkyleycloalkyl; -C(O)Ca-10alkenylcycloalkyl, -C(O)Ca-10alkynylcycloalkyl,
-C(O)aryl, -C(O)Ci.1oalkylaryl, -C(O)Cz-10alkenylaryl,
-C(0)Cz-10alkynylaryl, -C(O)Ci-10alkylC(O)R19, -C(O)Cz-10alkenyl C(O)R 19,
-C(0)Cz-10alkynylC(O)R 19, -C(O)C1.10alkyl CH(OR19)(OR19),
-C(0)Cz-10alkenyl CH(OR19)(OR19), -C(O)Cz-10alkynyl CH(OR19)(OR9), -C(O)C;-
10alkylSR19, -C(O)Cz-10alkenylSR 19, -C(O)Ca-10alkynylSR 19, -C(O)C1-10alkylC(O)ORyo,
-C(0)Cz-10alkenyl C(O)OR 19, -C(O)Cs-10alkynylC(O)OR 9,
-C(0)Ci-10alkylC(O)SR 19, -C(O)Ca-10alkenylC(O)SR 19, -C(O)C2-10alkynylC(O)SR o,
O 0o
—C(O)C1-108lkyl——R4g | —C(0)Cy.roalkenyl——Ryq
or o
—C(O)Ca1oalkynyl———Ryg
and
Rig is hydrogen, -Ci.i0alkyl, -Cz-10alkenyl, -Cs.10alkynyl, 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.

2. Use according to claim 1 wherein the promoting wound healing comprises

increasing the rate of wound healing.

3. Use according to claim 1 wherein the promoting wound healing comprises

reducing scarring in the wound tissue.
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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.

5. Use according to any one of claims 1 to 4 wherein the promoting wound healing

comprises improving the cosmetic outcome of the healed wound.

6. Use according to any one of claims 1 to 5 wherein the wound is a chronic wound,

an acute wound or an existing 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 obtained from a plant which is

a Fontainea species or a Hylandia species.

9. Use according to any one of claims 1 to 8 wherein R; is hydrogen and Rz is OH or

-OC(0O)Ci.salkyl, -OC(O)Ca.salkenyl or -OC(O)Cz.salkynyl.

10. Use according to any one of claims 1 to 8 wherein R and R» together form a

carbonyl group.

11.  Use according to any one of claims 1 to 10 wherein R3 is hydrogen or -Ci.3alkyl.
12.  Use according to any one of claims 1 to 11 wherein R4 and Rs are independently
hydrogen or -OH, -OC(O)C1.salkyl, -OC(O)Cz.salkenyl or -OC(O)Czsalkynyl or R4 and Rs

together form a double bond or an epoxide.

13.  Use according to any one of claims 1 to 12 wherein R is hydrogen or -Ci.3alkyl.
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14.  Use according to any one of claims 1 to 13 wherein R7 is -OH, -OC(O)Ci.1salkyl,
-OC(0O)Cz.1s5alkenyl, -OC(0O)Csz-1salkynyl, -OC(O)aryl wherein the aryl group is optionally
substituted, -OC(O)Ci-10alkylaryl, -OC(O)Ci-10alkylC(O)H,

-OC(0)Cz-10alkenylC(O)H, -OC(0O)C1.10alkylC(O)Ci-salkyl,
-OC(0)Cz-10alkenylC(O)Ci.salkyl,

-OC(0)C1-10alkyl CH(OC .3alkyl }(OC;.3alkyl),
-0C(0)Cs-10alkenylCH(OC 3alkyl )(OCi-3alkyl),

-OC(0)Ci-10alkylSCisalkyl, -OC(O)Cz-10alkenyl SCisalkyl, -OC(0)C1-10alkylC(O)OC;.-
salkyl or -OC(0)Ca-10alkenylC(O)OC;.salkyl.

15.  Use according to any one of claims 1 to 14 wherein Rg is -OC(O)C1.1salkyl,
-OC(0O)Cs.15alkenyl, -OC(0O)Csz-15alkynyl or -OC(O)aryl where the aryl group is optionally
substituted.

16.  Use according to any one of claims 1 to 15 wherein Ry and Rio are independently
-C1-3a1ky1.
17.  Use according to any one of claims 1 to 16 wherein R11 and Ri; form an epoxide and

Ry3 is -OH, -OC(0)C1.salkyl, -OC(0)Ca.salkenyl or -OC(0)Ca.calkynyl.

18.  Use according to any one of claims 1 to 16 wherein Ri2 and Ri3 form an epoxide and

Ri11s -OH, -OC(O)Ci.salkyl, -OC(O)Ca.salkenyl or -OC(O)Cz-salkynyl.

19.  Use according to any one of claims 1 to 18 wherein Ris is hydrogen, -C(O)Ci.salkyl,
-C(0O)Cz-salkenyl or -C(O)Cz-salkynyl.

20.  Use according to any one of claims 1 to 19 wherein the compound of formula (I) is a

compound of formula (I1):
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ORy5 (1)
wherein R3, R¢, R7, Rg, Ro, Rio, Ri11, R12, R13 and Ris are as defined for formula (I).

21.  Use according to any one of claims 1 to 19 wherein the compound is a compound of
formula (I1):

wherein R7, Rg, Ri1, Ri2, Riz and Ris are as defined for formula (I).

22, Useof a5,6- or 6,7-epoxy-tigliane compound or a pharmaceutically acceptable salt
thereof for preventing excessive scarring; wherein the 5,6- or 6,7-epoxy-tigliane compound

is selected from the group consisting of
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12-tigloyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound
21);
12-(3-butenoyl)-13-nonanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 22);
12-benzoyl-13-(2-methylbutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 23);

12,13-dibutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-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);

12,13-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- 1 -tigliaen-3-one (Compound 42),
12,13-di-pentanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 43);,
12,13-di-tigloyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 44),
5,20-di-acetyl-12-tigloyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 45);
12,13-di-(2F,4F)-hex-2,4-enoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 46);
12-hexanoyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 47);
12-acetyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-
3-one (Compound 48);
12,13-di-heptanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 49);
12-myristoyl-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound
50);
12-myristoyl-13(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 51);
12-(2-methylbutanoyl)-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 52);
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12-hydroxy-13-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 53); and
12,13-di~(3-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 60); or

a pharmaceutically acceptable salt thereof.

23.  Use according to claim 22 wherein the excessive scarring is a keloid or hypertrophic
scar.
24, Use of a 5,6- or 6,7-epoxy-tigliane compound or a pharmaceutically acceptable salt

thereof for reducing changes in skin pigmentation and/or improving hair regrowth; wherein

the 5,6- or 6,7-epoxy-tigliane compound is a compound of formula (I):

@)

wherein

Ri is hydrogen and R; is -OR;7; or R; and R; together form a carbonyl group (=0);,

R3 is hydrogen or Cisalkyl;

R4 and Rs are independently hydrogen or -OR17; or R4 and Rs together form a double bond
or an epoxide (-O-);

Rs is hydrogen or Cisalkyl;

R71is -OH or -ORs;
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Rg is -OH or -ORsg; provided that R7 and Rg are not both OH,;
Ry and Rig are independently selected from hydrogen and Ci.salkyl;
Ri1 and Rz or Ry and Ry3 together form an epoxide and the remaining group of R11 and Ri3
is hydrogen, -OH or -OR7;
R4 1s hydrogen or -R;7;
Ris is hydrogen or -Ri7;
Ris is hydrogen or -Ri7;
Ri7 is hydrogen, -Ci.salkyl, -Ca.salkenyl, -Cz.salkynyl, -C(O)Ci.salkyl, -C(O)Cs.salkenyl or
-C(0)Cz-salkynyl;
Ris is Ci-20alkyl, -Cz20alkenyl, -Cz-z20alkynyl, -C(O)Ci-20alkyl, -C(O)Cz-20alkenyl,
-C(0)Cz-palkynyl, -C(O)cycloalkyl, -C(O)C;.-
1oalkylcycloalkyl; -C(O)Ca-10alkenylcycloalkyl, -C(O)Ca-10alkynylcycloalkyl, -
C(O)aryl, -C(O)Ci-10alkylaryl, -C(O)Cz-10alkenylaryl,
-C(0)Cz-10alkynylaryl, -C(O)Ci-10alkylC(O)R19, -C(O)Cz-10alkenyl C(O)R 19,
-C(0)Caz-10alkynylC(O)R 19, -C(O)Ci-10alkyl CH(OR19)(OR19),
-C(0)Cz-10alkenylCH(OR19)(OR19), -C(O)Cz-10alkynyl CH(OR19)(OR19), -C(O)C1-
10alkylSR19, -C(O)Cz-10alkenylSR 19, -C(O)Ca-10alkynylSR 19, -C(O)C1-10alkylC(O)OR1o,
-C(0)Cz-10alkenyl C(O)OR 19, -C(O)Cs-10alkynylC(O)OR 9,
-C(0)Ci-10alkylC(O)SR 19, -C(O)Ca-10alkenylC(O)SR 19, -C(O)C2-10alkynylC(O)SR 1o,
O O

—C(O)C110alkyl—L—R1g . —C(0)Cy.1palkenyl——Ryq
or o

—C(O)Cz_malkynyl—A—Rw ;
and
Rig is hydrogen, -Ci.10alkyl, -Ca-10alkenyl, -Ca.10alkynyl, 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.
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25. 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 in a subject;

wherein the 5,6- or 6,7-epoxy-tigliane compound is a compound of formula (I):

)

wherein

R is hydrogen and R is -OR17; or R and R; together form a carbonyl group (=0);

R3 is hydrogen or Ci.salkyl;

R4 and Rs are independently hydrogen or -OR17; or R4 and Rs together form a double bond
or an epoxide (-O-);

Rs is hydrogen or Cisalkyl;

R7is -OH or -ORs;

Rs is -OH or -ORsg; provided that R7 and Rg are not both OH,;

Ry and Rig are independently selected from hydrogen and Ci.salkyl;

Ri1 and Rz or Ry and Ry3 together form an epoxide and the remaining group of R11 and Ri3
is hydrogen, -OH or -OR7;

Ri41s hydrogen or -R17;

Ris is hydrogen or -Ri7;

Ris is hydrogen or -Ri7;
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Ri7 is hydrogen, -Ci.salkyl, -Ca.salkenyl, -Ca.salkynyl, -C(O)Ci.salkyl, -C(O)Cz-salkenyl or
-C(0)Czalkynyl;
Rig 1s Craaoalkyl, -Ca.zoalkenyl, -Ca-20alkynyl, -C(O)Ci-z0alkyl, -C(O)Ca-20alkenyl,
-C(0)Cz-20alkynyl, -C(O)cycloalkyl, -C(O)Ci.
oalkylcycloalkyl; -C(O)Cs.10alkenylcycloalkyl, -C(O)Cz-10alkynylcycloalkyl, -
C(O)aryl, -C(0)Ci-10alkylaryl, -C(O)Cz-10alkenylaryl,
-C(0)Ca-10alkynylaryl, -C(O)Ci-10alkylC(O)R 19, -C(O)C2-10alkenyl C(O)R 19,
-C(0)Cz-10alkynylC(O)R 19, -C(O)C1-10alkyl CH(OR19)(OR19),
-C(0)Cz-10alkenyl CH(OR19)(OR19), -C(O)Ca-10alkynyl CH(OR19)(OR19), -C(O)C:-
10alkylSR 19, -C(O)Cz-10alkenylSR 9, -C(O)Cs-10alkynylSR 19, -C(O)C1.10alkylC(O)OR o,
-C(0)Cz-10alkenyl C(O)OR 19, -C(O)Cs-10alkynylC(O)OR 9,
-C(0)Ci-10alkylC(O)SR 19, -C(O)Ca-10alkenylC(O)SR 19, -C(O)C2-10alkynyl C(O)SR 19,

0] O

—C(O)C110alkyl—L—Rqy | —C(0)Cy.1palkenyl——Ryq

or
—C(O)Cz_malkynyl—&—Rw ;
and
Rig is hydrogen, -Ci.10alkyl, -Ca-10alkenyl, -Ca.10alkynyl, 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.

26. Use of a 5,6- or 6,7-epoxy-tigliane compound or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for reducing changes in skin pigmentation
and/or improving hair regrowth; wherein the 5,6- or 6,7-epoxy-tigliane compound is a

compound of formula (I):
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wherein

R1 is hydrogen and R is -OR;7; or R; and R together form a carbonyl group (=0);,

R3 is hydrogen or Cisalkyl;

R4 and Rs are independently hydrogen or -OR17; or R4 and Rs together form a double bond
or an epoxide (-O-);

Rs 1s hydrogen or Ci.salkyl;

R7is -OH or -ORs;

Rs is -OH or -ORs; provided that R7 and Rg are not both OH,

Ry and Rio are independently selected from hydrogen and Ci.salkyl;

Ri1 and Rz or Ry and Ry3 together form an epoxide and the remaining group of R11 and Ri3
is hydrogen, -OH or -OR7;

Ri41s hydrogen or -R17;

Ris is hydrogen or -Ri7;

Ris is hydrogen or -Ri7;

Ri7 is hydrogen, -Ci.salkyl, -Cz.salkenyl, -Cz.salkynyl, -C(O)Ci.salkyl, -C(O)Cz-salkenyl or
-C(0)Cz-salkynyl;

Rig 1s Ci-aoalkyl, -Ca.z0alkenyl, -Ca-20alkynyl, -C(O)Ci-z0alkyl, -C(O)Ca-20alkenyl,
-C(0)Ca-20alkynyl, -C(O)cycloalkyl, -C(O)Ci.-

1oalkylcycloalkyl; -C(O)Ca-10alkenylcycloalkyl, -C(O)Ca-10alkynylcycloalkyl, -
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C(O)aryl, -C(O)Ci.1palkylaryl, -C(O)Cs-10alkenylaryl,
-C(0)Cz-10alkynylaryl, -C(O)Ci-10alkylC(O)R19, -C(O)Cz-10alkenyl C(O)R 19,
-C(0)Cz-10alkynylC(O)R 19, -C(O)C1.10alkyl CH(OR19)(OR19),
-C(0)Cs-10alkenylCH(OR19)(OR19), -C(O)C2-10alkynyl CH(OR19)(OR19), -C(O)C;.-
10alkylSR19, -C(O)Cs-10alkenylSR 9, -C(O)Cz-10alkynylSR19, -C(O)C1-10alkyl C(O)OR 9,
-C(0)Cz-10alkenyl C(O)OR 19, -C(O)Cs-10alkynylC(O)OR 9,
-C(0)Ci-10alkylC(O)SR 9, -C(O)C2-10alkenyl C(O)SR 9, -C(O)C2-10alkynyl C(O)SR 9,
O o)

—C(O)C110alkyl—L—R1g . —C(0)Cy.10alkenyl——Ryq
or o

—C(0)Cy.1palkynyl—L"—Ryq
and
Rig is hydrogen, -Ci.10alkyl, -Ca-10alkenyl, -Ca.10alkynyl, 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.

27.  Use of an 5,6- or 6,7-epoxy-tigliane compound or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for preventing excessive scarring; wherein the
5,6- or 6,7-epoxy-tigliane compound is selected from the group consisting of:
12-tigloyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound
21);
12-(3-butenoyl)-13-nonanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 22);
12-benzoyl-13-(2-methylbutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 23);

12,13-dibutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-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);

12,13-di-nonoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 41);
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12,13-di-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 42);
12,13-di-pentanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 43);,
12,13-di-tigloyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one (Compound 44);
5,20-di-acetyl-12-tigloyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 45);

12,13-di-(2F,4E)-hex-2, 4-enoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 46);
12-hexanoyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 47);
12-acetyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-
3-one (Compound 48);
12,13-di-heptanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 49);,
12-myristoyl-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one

(Compound 50);
12-myristoyl-13(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 51);
12-(2-methylbutanoyl)-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 52);
12-hydroxy-13-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 53); and
12,13-di~(3-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 60); or

a pharmaceutically acceptable salt thereof.

28. A compound or a pharmaceutically acceptable salt thereof selected from the group
consisting of’

12-hexanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1 -tigliaen-3-one
(Compound 5),
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12-acetyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 6);
12-propanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1 -tigliaen-3-
one (Compound 7);
12-butanoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 8);

12-[(2E,4E)-(6,6-dimethoxyhexa-2,4-dienoyl ]-13-(2-methylbutanoyl)-6,7-epoxy-
4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 9);
12-[(2E,4E)-6-oxohexa-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 10);
12-[(2FE,4E)-6,7-dihydroxydodeca-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-
4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 11);
12-[(2F)-4,5-dihydroxy-deca-2-enoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 12);
12-tigloyl-13-(2-methylpropanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 13);
12-[(2E)-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-methylprop-2-enoyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 15);
12-[(2E,4F)-hexa-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 16);

12-[(2E,4F)-8-oxododeca-2,4-dienoyl |-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound17);
12-[(2Z,4F)-deca-2,4-dienoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 18);
13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound
19);

2
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12-[(2E£)-but-2-enoyl]-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 20);
12-[(2Z,4F)-deca-2,4-dienoyl]-13-(2-methylpropanoyl)-6,7-epoxy-4,5,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 25);,
12-[(2F£,4L£)-6,7-(ant1)-epoxy-dodeca-2,4-dienoyl ]-13-(2-methylbutanoyl)-6, 7-epoxy-
4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 26);
12-tigloyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 29);
13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound
30);
12-acetyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,13,20-hexahydroxy-1-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- 1 -tigliaen-3-
one (Compound 33);
12-hexanoyl-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy- 1 -tigliaen-3-one
(Compound 34);
12-tigloyl-13-(2-methylpropanoyl)-5,6-epoxy-4,7,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 35);
12-[(2E)-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- 1 -tigliaen-3-one (Compound 39); and
12-[(2-methoxycarbonyl)-acetoyl]-13-(2-methylbutanoyl)-5,6-epoxy-4,7,9,12,13,20-
hexahydroxy-1-tigliaen-3-one (Compound 40); or

a pharmaceutically acceptable salt thereof.
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29. A compound or a pharmaceutically acceptable salt thereof selected from the group
consisting of’
12-tigloyl-13-butanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound
21);
12-(3-butenoyl)-13-nonanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 22);
12-benzoyl-13-(2-methylbutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 23);

12,13-dibutanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-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);

12,13-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-1-tigliaen-3-one (Compound 42),
12,13-di-pentanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 43);,
12,13-di-tigloyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy- 1-tigliaen-3-one (Compound 44);
5,20-di-acetyl-12-tigloyl-13-(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 45);

12,13-di-(2F,4E)-hex-2, 4-enoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 46);
12-hexanoyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-
tigliaen-3-one (Compound 47);
12-acetyl-13-[2-(N-methylanthraniloyl)]-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-
3-one (Compound 48);
12,13-di-heptanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one (Compound 49);,
12-myristoyl-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one

(Compound 50);
12-myristoyl-13(2-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 51);
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12-(2-methylbutanoyl)-13-acetyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 52);
12-hydroxy-13-hexanoyl-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 53); and
12,13-di~(3-methylbutanoyl)-6,7-epoxy-4,5,9,12,13,20-hexahydroxy-1-tigliaen-3-one
(Compound 60); or

a pharmaceutically acceptable salt thereof.
30. A pharmaceutical composition comprising a compound of claim 28 or claim 29 or a

pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier, diluent or

excipient.
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