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METHOD OF SENSITIZING CANCER CELLS TO THE CYTOTOXIC EFFECTS OF
APOPTOSIS INDUCING LIGANDS IN CANCER TREATMENT

CROZS-REFERENCE TO A RELATED APPLICATION

HHER: This patent application claims the benetit of U.B. Provisional Patent Application
N, 52/292,974, filed February 9, 2016, which i3 incorporated by reference n s entirety for

a1l purposes.

BACKGROUND OF THE INVENTION

Ut One sirategy in developing new cancer therapeutics having better foxicity profiies
compared with current oviotoxic drugs is to utihze molecularly-targeted therapeutics that
selectively target cancer cells versus normal cells. Soch moleculariy-targeted therapeutics
can be used i nubimal doses {o reduce side effects. Death receptor ligands held inital
proraise in answering this need bacause they trigger progranumed cell death in their target
cancer cells. Two of the best-atudied death receplor Hgands, Fas ligand and tumor necrosis
factor-alpha (TNF- 0}, have proven o be {oo toxne for aystenic use ag anficancer agenia in
their native forms. However, another death receptor ligand, twmor nacrosis factor-a-related
apoptosis-inducing ligand, koown as TRAIL, and its recepiors, has repewed inlerest in this
area of cancer research. Active TRAIL receptors, TR1 {DR4) and TR2 (IBRS) are often more
highly expressed on cancer cells versus normal cells. Inactive TRAILL “decoy” receptors TR3
{E3cR1) and TR4 {(DcRZ) are sometimes more provalent on the surface of normal cells. Both
R4 and DRS transduce death signaling, leading to apopiosia upon binding o TRAIL.
Instead, DcR 1 and DeR2 Jack intact intracelular death domain and therefore cannot signal
apoptosie despiie binding 1o TRALL. Instead, DeR1Y or DcR2 protects cells from TRAIL-
induced apoptosis by competing with DR4 and DRS for binding to TRAIL. Interestingly, the
expression of DeRT and DeR2 1¢ either downregnlated or lost in many types of cancer cells or
tissues while DR4 and DRS expression are maintained in cancer cells or fissues. This
mversely related expression pattern for TRAIL receptors may be parily responaible for the
selectivity of TRATL bigand for tumor cells over normal cells, and 1ts ability 1o preforentially
cause apoptotic cell death in cancer cells, which may also contribute to a more favorable

safety profile.
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IR While TRAIL has been reported to successtully target certain tomor ceils which
are resistant to traditional chemotherapies or radiation, TRAIL resistance has also been
widely documented. Indeed, many cancer cells are quite resistant to TRAIL as a simgle agent.
Recently it was reported that signaling via Toll-like Receptor (TLR ligands, particularly
TLR2, could also promote apoptosis in certain cancer cells. However, this apoptosis
signaling in most cancer cells was relatively weak, and was only significant following longer
tertn incubations of 48-72h with the RNA double-stranded TLR-3 ligand poly 1C {Salaun e
al., J Imununcl., 2006, 176: 4894-4901; Salaon ot al., Chn. Cancer Res., 2007, 13.
4565-4574Y). WNonetheless, some of the same molecular components of the apoptosis
signaling pathway are thought to be engaged downstream of both death receptor and TLR
tipand signaling (Bstornes et al., Qell Death. Differ., 2012, 19 1482-1494; Weber et al., Cell
Death. Differ., 2010, 17: 942-951). However, TLR ligands sach a3 poly K are also potent
adiuvants for enhancing anti-cancer innnone responses (Gay of al, Mot Rev. fmmumol., 2006,
o 693-698).

{80041 Thus, there is an unmet need for the development of senaitizars of the cancer cells
i apoptosis inducing lgands such as poly IC and TRAIL, especinily those that act in a

synergistic manner.

BRIEF SUMMARY OF THE INVENTION

005 The invention provides & method of synergistically enbancing the response of
cancer cells in a mammal fo freatment with an apoptosis-inducing ligand, which method

comprises administering 1o the mammal an offective amound of a compound of the formula

R RY




WO 2017/139485 PCT/US2017/017220
3

: H » 7 : 5 ™ axl "1 al ~
wherein R’ and B are independently selected from H, OH, £, acyloxy, £:-Cy

alkylcarbonate, heteroaryicarbonyloxy, a group of the formuda;

2
L ¥

g O H ) CONHIMCHalo— K~ (=00 —
© (CH2{CONHI(CH)o =X -0 (=000 2 or, R and R? taken together, form =0,

X 1s MNH or 15 absent,

w and o are integers of from 1 to about 1, .

nisGori,

R’ and R® are independently OH or C-Cs alkoxy or, taken togsther, form a double
bond or an epoxy ring,

B is Hoor G0, acylony,

RS is H, OH, or -0 acyloxy,

N,
iy
LTOH
i .

R and B are inde endently CHOH or

8 U - N . : . ~
2% and B’ taken together with the carbon atoms to which thay are attached, form a

double bond or an epoxy ring, and
B and R are both H, R is Hoand BY s ~R04H, R is Hand R s imadazoivl, or

2" and RY, taken together with the carbon atoms to which they are attached, form s double

bond,
aned administering an effective amount of an apoptosis-inducing ligand, whereby a
synergistic enhancement of the response 1s obtamed.

[6606] The invention aiso provides a method of inducing apoptosis incancercellsina
manvnal that are resistant {o treatment with an apopiosis-inducing higand, which method

comprises administering to the mammal an effective amount of 2 compound of the formula:

rrolios;
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wherein B’ and B” are independently selected from H, OH, Ci-Cg acyloxy, T-Cs

alkylearbonate, heteroarvicarbonyloxy, a group of the formula:

HNT NH
I
{08

M O CONH) (CHlo— X ~ 0= 0Y0 —

roAS

, OF, R' and R* taken together, form =0,

X 1s NH or is absent,

m and o are integers of from | o about 10,

nisfor i,

B’ and R are independently OH or Ci-Cs alkoxry or, taken together, form a double
bond of an epoxy ring,

7 is Hor {-Cg acvioxy,

1% g H, OH, or C,-Cy acvloxy,

® and B are independently CHyOH or

&% and B’ taken together with the carbon atoms to which they are attached, form a
double bond or an epoxy ring, and

R and R are both H, B s Hoand RY is ~OSO3H, R (s B and ARt mmdazolyi, or
R and B, taken together with the carbon atoms to which they are attached, form a double
hond,

and administering an effective amount of an apopiosis-inducing hgand, whereby a
synergistic enhancement of the response is obtained.

18087} The invention further provides a compound of the formala:
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X i3 NH or is absent,

m and o are iniegers of from 1 {o about 14,

nisori,

R* and BY are independently OH or - alkoxy or, taken together, form a double
bond or an epoxy ring,

R is H or C-Cs acvioxy,

R s H, OH, or C-Cs acyloxy, or

&7 and R” are independently CHLOH or
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2 @ ; . . .
2 and R , taken together with the carbon atoms fo which they are attached, form a
double bond or an epoxy ring, and
2 i 2 : 12 o :
’''and B'? are both F, B is Hoand 2% s ~O80RH, BisHand 2% s mudazolyl, or

R and B, taken together with the carbon atorus to which they are attached, form a double

hond,
BRIEF DESCRIPTION OF THE 3EVERAL VIEWS OF THE DRAWING(S)
{80091 Figure 1 depicts the structures of comspounds 1-8, m accordance with

embodiments of the invention.

L )] Figure 2 depicte the structures of withanolide E {8} and withaferin A (18).

{01 1) Figures 3A-31 depict the peroent growth inhibition of ACHN renal cancer cells in
the presence of compounds £, 2,3, 4, 5. 6, 7, 9, and 18, respectively, at concentrations of 63
oM, 123 nM, 250 nbd, and 300 oM, in the presence or absencs of 10 uM poly IC.

18812} Figures 4A-41 depict the percent growth inhibition of SK MELZE melanoma cells

in the presence of compounds 1, 2,3, 4, 8 6,

9

7, @, and 14, respectively, at concentrations of
63 nh, 125 nM, 250 oM, snd 500 oM, in the prosence of absence of 10 pM poly IC

EEERY Figures SA and 3B depict the effect of compounds § and ¥ at concentrations of
128 nM, 250 nM, 500 oM, and 1 gM on caspase-8 activation and oFLIP redoction i ACHN
cells in the presence (Figure 3B) or absence {Figure SA) of 10 uM poly IC.

18014] Figure & depicis the offect of bafilomyein on the sensitization of S MEL2Y
melanoma cells to poly IC by compound 9, 1, and 16,

{1 5] Figure TA-7C depicts the results of tiration experivoents on the sensitization of
melamoma cell nes SK MELZS, M14, and Malme, respectively, by compound 8 in the
presence or absence of TRAIL.

HHIEDY Figures 8A and 3B depict the results of titration experiments on the sensitization
of melamoma cell ines M14 and Malme 38, respectively, by compound 8 in the presence or
absence of TRAIL.

HEG Figures 8C and 803 depict the results of titration experiments on the sensilizabion
of raelamoma cell lines M 14 and Malme 3M, respectively, by coropound 1 in the presence or
absence of TRAIL.

{G318] Figures 8A-9C depict the results of titration experiments on the sensitization of
ACHN renal cancer cell, respoctively, by compounds 9, 1, and §, respectively, in the presence

or ahsence of TRAIL,
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tHIF R Figures 10A and 108 depicts the effect of the caspase inhibrior ZVAD-FME on
cell growth inhibition by poly IC in combination with coropounds ¥ and 1, respectively.
{8028} Figure 11 depicts the effects of the effects of compounds 9 and 110 a xenogralt
model of buman M14 melapoma in athymic mude mice.

{00211 Figure 12 depicts the effects of compound 9 alone and a combination of
comapound @ and poly I in a xenogralt modet of human Mi4 meelanoroa in athyinic sude
mice.

{60221 Figure 13A shows the percentage docrease in cell number of ACHN renal
catcinoma cells as a function of concentration in ACHN ceils freated with compound 1
(L{3-02) alone or in combination with 50 ng/mL of TRAIL,

23] Figure 138 shows the percentage decrease in cell number of ACHN venal
carcinoma ceils as a function of concentration in ACHN cells treated with birmapant,
GDC-01352, or LCL-161 in combination with 50 ng/mL of TRAIL or with one of the agents
alone.

iB324] Figure 13C shows the percentage decrosse in cell number of ACHN renal
careinoma cells as 8 function of concentration in ACHN colls treated with ABT-189 or
ABT-737 in combination with 50 ng/mi of TRAIL or with one of the agents alone.

8025} Figure 14A shows the percentage decrease in cell number of SN12C renal
carcincna cells as a function of concentration in SN12C eells treated with compound 1
(LG-02) alowne or in combination with 0 ng/mL of TRAIL.

126] Figure 145 shows the percentage decrease in cell mumber of 8M12C renal
carcinoma cells as a function of concentration in SN1ZC cells treated with birinapant,
GD-0152, or LUL-161 in conbination with 50 ng/mL of TRAIL or with one of the agents
slome.

jEs327Y Figure 140 shows the percentage docrsase tn cell number of SN1ZC renal
carcinoma cells as a tunction of concentration in SM12C celis treated with ABT-199 oy
ABRT-737 in combination with 50 ng/mL of TRAIL or with one of the agents alone.

{B028] Figure 13A shows the percentage decrease in cell number of Caki-1 renal
carcinoma cells as a function of concentration in Caki-1 eolls treated with compound 1
(LG-023 alone or in combination with 50 ng/mL of TRAIL.

13329} Figure 158 shows the percentage decrease in cell mumnber of Caki-1 renal

carcinoma cells as a function of concentration in Caki-1 cells treated with binnapant,
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GDC-01532, or LOL-161 in combination with 50 ng/mL of TRAIL or with one of the agents
alone.

{630 Figure 15C shows the percentage decrease it coll number of Caks~1 rensl
carcinoma cells as a function of concentration 1o Cake-1 calls treated with ABT-19% or
ABT-T37 i combination with 50 ng/mb of TRAIL or with one of the agents alone.

{0031} Figure 164 shows the percentage decrease in cell nomber of TE-10 renal
carcinoma cells as a function of concentration in TRK-10 cells treated with compounid 1
{(L.G-02) alope or in combination with 50 ng/ml of TRAIL.

{371 Figure 168 shows the percentage decrease wn coll pumber of TK-10 renal
carcinoma cells as a function of concentration in AC TR-10 HN cells treated with birinapant,
GUC-0182, or LCL-161 in combination with 530 ng/ml of TRAIL or with one of the agents
alone.

0033 Figure 16C shows the percentage decrease in cell mumber of TR-10 venal
carcinoma cells as a funciion of concentration in TK-10 cells wreated with ABT-19% or
ABT-737 in combination with 50 ng/mL of TRAIL or with one of the agents alone.

33341 Figure 17A shows the percentage decrease in cell mimber of UG-31 renal
carcinoma cells as a function of concentration in UQ-31 cells treated with compound §
{1.G-02) alone or in combination with 50 ng/mL of TRAIL.

HHEG) Figure 178 shows the percentage decrease in cell number of UG-31 renal
carcinora cells as a fupchion of concentration w UG-31 cells treated with binnapant,
GEC-0132, or LOL-161 in combination with 30 ng/mL of TRAIL or with one of the agents
alone.

HEEEDY Figure 17C shows the percentage decrease w cell number of UG-31 renal
carcinoma cells as a function of concentration in UO-31 cells treated with ABT-19% or
ABT-737 in combination with 58 ng/rel of TRAIL or with one of the agents alone,

G371 Figure 18A shows the porcentage decrease wn cell number of M4 melanoma cells
as a function of concentration in M 14 cells treated with compound 1 (L.G-02) alone orin
combination with 25 ng/mi of TRAIL.

338 Figure 188 shows the percentage decrease in cell number of Mi4 malanoma cells
as 2 function of concentration 1 M14 cells treated with birmapant, GDC-0152, or LCL-161

1y combination with 25 ng/mb of TRAIL or with onc of the agents alone,
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IR Figure 13C shows the percentage decrease tn cell number of M4 melanoma celis
as 3 function of concentration in M14 cells treated with ABT-19% or ABT-737 in
combination with 25 ng/mb of TRAL or with one of the agents alone,

{6840} Figure 19A shows the percentage decrease in cell number of 3K-MEL-28
melanoma eolls as a function of concentration m SK-MEL-28 cells teated with compound 1
(LG-02) alone or in combination with 23 ng/mb of TRAIL.

{0411 Figore 198 shows the percentage decrease in cell mumber of SK-MEL-2¥
melanoma colls as a function of concentration in SE-MEL-28 cells treated with birinapant,
GDC-0152, or LCL-161 in combination with 25 ng/mL of TRAIL or with one of the agents
alone.

HHEE¥3 Figure 19C shows the percentage decrease in cell number of SE-MEL-28
melanoma cells as a fonction of concentration in SK-MEL-28 cells treated with ABT-199 or
ABT-737 m combination with 25 ng/mL of TRAIL or with one of the agents alone.

16643} Figure 20A shows the percentage decrease in cell number of UACC-6Z melanoma
cells as a function of concantration in UACC-67 celis treated with compound 1 (LG-02)
alone or in combination with 25 ng/mb of TRAIL.

REIEEY Figure 208 shows the percentage decreass in cell mumber of UACC-62 melanoma
cells as a function of concentration in LJACC-62 HN cells treated with birinapant,
GDC-0152, or LCL-161 in combination with 25 ng/mb of TRAIL or with one of the agenis
alone.

[B0345] Figure 200 shows the percentage decrease in cell number of UACT-6Z niclanoma
cells as a function of concentration in UACC-62 HN cells treated with ABT-199 or ABT-737
in combination with 25 ng/mL of TRAIL or with one of the agents alons.

HHERL Figure 21A shows the percentage decrease in cell number of SK-MEL-3
melanoma cells as a function of concentration in SK-MEL-3 cells treated with compound 1
{1LG-02) slone or m combination with 25 ng/ml of TRAILL.

18147} Figure 218 shows the percentage decrease in cell mumber of SK-MEL-S
melanoma cells as a function of concentration in SE-MEL-S cells treated with birinapant,

GEC-0152, or LCL-161 in combination with 25 ng/mL of TRAIL or with ope of the agenis

alone,
{0048} Figure 21{ shows the perceniage decrease in cell nomber of SK-MEL-S

melanoma cells as a function of concentration in SK-MBEL-5 cells treated with ABT-19% or

ABT-737 in combinztion with 25 ng/mL of TRAIL or with one of the agents alone.
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{0349] Figure 22A shows the percentage decrease in cell number of MALME-3M
melanoma cells as a function of concentration in MALME-3M cells treated with compound 1
(LG-02} alone or in combination with 23 ng/mL of TRAIL.

16G56] Figure 228 shows the percentage decroase m cell number of MALME-3M
melanoma cells as a function of concentration in MALME-3M cells treated with birmapant,
GDC-G152, or LOL-161 in combination with 25 ng/mL of TRAIL or with one of the agents
alone.

{511 Figure 22( shows the percentage decrease in cell number of MALME-3M
melanoma celis as a fumction of copecentration in MALME-3M cells freated with ABT-199 or
ABRT-737 in combination with 25 ng/mL of TRAIL or with one of the agents alone.

HEEH Figure 23A shows the percentage dectease it cell number of ACHM cells as a
function of concentration in ACHN cells treated with 1000 nM of bininapant, GDC-013,
1CL-161, ART-737 or veneioclax and increasing concentrations of compound 1 in the
ahsence of TRAIL,

{8653} Figure 2385 shows the percentage decrease i cell munber of ACHN cells as s
function of concentration in ACHN cells treated with 1000 ndM of birtnapant, GDU-015,
LOL-161, ART-737 or venetoclax in combination with TRAIL and increasing concentrations
of compound 1.

(354} Figure 24A shows the percentage decrease in coll musber of U031 celisas a
function of concentration in ACHN cells treated with 1000 oM of birinapant, GDC-015,
§OL-161, ABRT-737 or venstoclax and increasing coneentrations of compound ¥ in the
absence of TRAIL.

{355) Figure 24B shows the percentage decrease in cell pumber of UGS cellsasa
function of concentration in ACHN cells freated with 1000 nM of birinapant, GDC-G15,
LCL-161, ABT-737 or venstoclax in combination with TRAIL and increasing concentraiions

of compound 1.

DETAILED DESCRIPTION OF THE INVENTION

G056 The invention provides a method of synergistically enhancing the response of
cancer cells to freatment with an apoptosis inducing higand, which method comprises
comtacting the cancer cells with an effective amount of an apoptosis inducing higand
comjunction with an effective amount of a sensitizer, whereby a synergistic enhancement of

the respouse is obtained. The sensitizer is a compoumnd of the fornniia:
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wherein RE-R' are as described herein,

16057} By “enhancing the response”™ is meant that the apoplosis inducing ligand has 2
mreater effect {e.g., at least & 5% inorease, at loast a 10% increase, at least a 20% increase, at
ieast a 30% increase, af least a 40% increase, at least a 50% increase, at least a 60% increase,
at least 4 70% increase, at least an 80% increase, otc.} in the presence of the sensifizer than in
the ahsence of the sensitizar. Since the apoptosis inducing ligand causes apoptosis in cancer
colls, if a sensitizer sensitizes the cancer colls to the apoptosis inducing ligand, the cancerous
cell is more susceptible to apopiosis triggered by the apoptosis inducing hgand, thereby
making it more Hirely t3 experience programmed cell death as a result of use of the inventive
method.

{8638} The invention also provides a method of inducing apopiosis in cancer cells i s
sammal that are resistant o treatment with an apoptosis-inducing ligand, comprising {a)
sensitizing the cancer cells by contacting the cancer cells with a sensitizer, and (b} contacting
the cancer celle with an effective amount of an apopiosis-inducing hgand, wherein apopiosis

is induced in the cancer cells. The sensitizer is a compound of the formula:

wherein R'-R'" are as described herem.

[089] In an embodiment, the compound i3 of the formula:
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wherein R’ and R are independently selecied from H, OH, C;-Cs acyloxy, Ci-C
allcylearbonste, heteroarylcarbonyloxy, s group of the formula:

£

7

HN‘ KM

N

8T el (CONH)(CH “'X"'C{:O}OW%, OF, B! and R® iaken together, form =0,
K is NH or is absent,
m and o are integers of frov 1 o about 10,
nisBori,
7° and R” are independently OH or C;-Cs alkony o, taken together, form a double
bond o1 an epoxy TN,
R is Hoor - Cy aeyloxy,

RO is H, O, or -0 acyloxy, or

R and R are independently CH:OH or

2% and R', waken together with the carbon atoms to which they are attached, form 2
double bond or an epoxy ning, and

R and B are bota H, 2 s Hand B'? i ~O8OH, 2 s Hand R s wndazolyl, or
' and R, taken together with the carbon atoms to which they are attached, form a double
bond
HEESU! Referring now to terminology used generically herein, the termn “alkyl” means 2
strajght-chain or branched alky! substituent containing from, for example, 1 o about 6 carbon
atoms, preferably from 1 1o about 4 carbon atoms, more preferably from 1 to 2 carbon stoms,
Fxamples of such substituents jnelude methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl,

isobutyl, fer-butyl, pentyl; isoamyl, boxyl, and the bike.
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HEEOY The term “acyloxy” refers 1o 8 group having the motety: C-C{=0}-0-. The term

“alkylcarbonate” refers o a group having the moitety: £-0-C(=0}-0-. The term
“heteroarylcarbonyloxy” refers to 2 group having the motety: hetercaryl-C(=0}-0O-.

i062] The term “heteroarvl” refers to 3-7 membered rings which are hetercaromalie,
comprising carbon and one or more heleroatoms such as &, N, and S, and opticnally
hydrogen; optionally in combination with one or movre aromatic rings. Examples of
heteroary! groups include pyridyl, pyranyl, furanyl, thienyl, furyl, thiopbenyl, purinyi,
pyrimidinyt, thiazolyl, thiarolidinyl, thiazolinyi, oxazolyl, pyrazolyl, mudazolyl, fetrazolyl,
tetrazinyt, benzoxazohyl, guinolinyl, and tsoquinolinyl.

16663] In accordance with an embodiment of the invention, R and R"z, taken fogether,
form a double bond.

[t i acerrdance with an emnbodiment of the invention, R’ and &, taken to gether,

form an epoxy ring.

{631 In accordance with an ernbodiment of the invention, B ia H.
. ) ) . R ~ . . 2 4 e h ey
{3066] In accordance with an embodiment of the invention, R’ and B” are CH, and

e in
wherein R* and R, taken together, formm a double bond,

16867} In accordance with a specific embodiment of the mmvention, R and R are H.
{08681 Tt aceordance with a specific embodiment of the mvention, the compound s of

the formula:

ACCa

.;-'“I;'E“—\,? .<"2L"\

lF.f e -,

i

\'\\r?v’;“i‘\ N

o
. . N - . o~ . 5 i - 2.

[BG6Y] in accordance with a specific embodiment of the tnvention, R ts H and R i OH,
186761 In accordance with the above embaodiment, R® s H.
18671 i accordance with a specific embodiment of the mvention, the compound is of

the formula;
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VR N

N e
2O
OH

8673 Tn accordance with a specific embodiment of the invention, R’ is H and s

C- aovioxy.

{873 In accordance with the above embodiment, the compound i3 of the formula:

. !"‘- e
O {
708 PSR oy
R N ¢
O
p
3
H
or QAL
168741 Ins accordance with a specific embodiment of the invention, R’ is H and ris
heteroaryicarbonyvioxy.
{B875] in aceordance with the above embodiment, the compound is of the formula:




WO 2017/139485 PCT/US2017/017220

15
{30761 in sccordance with a specific embodiment of the fnvention, RlisHand R isa
i
N
HNT NH
Fooy \

» My A CONHR B bo X - Cim00 ¢
grongp of the formula; 5 ;

m and o are integers of from 1 to about 14, and

nisOorl.

7T In accordancs with the above embodiment, the compound is of the foromula:

{78 In accordance with a specific ernbodument of the nvention, R and R®, taken

together, form a douhle bond.

[B079] In accordance with a specific embodiment of the mvention, K™ s H.
. e \ . . . . S
[TEERIE In accordance with a specitic embodiment of the imvention, R and B are CH; and

B4 l0 -
27 and R, taken together, form a double bond.

. . s . ~ . . - 2
{00811 in accordance with a specific embodiment of the inventon, R and B”, taken
wgether, form =0,

{0821 i accordance with the above embodiments, the compound is of the formula:

{831 As used hersin, the tenm "synergistic” refers 1o a combination of compounds of

the invention and/or a combination of a compound or compounds of the mvention and
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another theeapy {e.g., a prophylactic or therapeutic agent), incloding one which has been or 1§
currently being used fo prevent, manage ot treat a disorder {e.g., a proliterative disorder or
cancer}, which combination is more effective than the additive otfects of the individua]
compounds or therapies. A synergistic effect of a combination of therapies {¢.g., 2
combination of prophylactic or therapeutic agents) can permit the use of Jower dosages of cne
or more of the therapies and/or less frequent adininistration of the therapies 1o a subject with
a disorder (o.g., a proliferative disorder or cancer). The ability to utilize lower dosages ofa
therapy {e.g., » prophylactic or therapeutic agent) and/or to administer the therapy less
frequently can reduce the toxicity associated with the administration of the therapy o 2
subject without reducing the efficacy of the therapy in the prevention, management ot
treatment of 2 disorder (e.g., a proliferative disorder or cancer). Yo addition, a synergistic
effect can result m inywoved efficacy of agents in the prevention, management or treatment
of a disorder {e.g., a proliferative disorder or cancery. Moreover, a synergistic effect of a
combination of therapies {e.g., a combination of prophylactic or therapeutic agenis) van avoid
or reduce adverse or unwanied side effects associated with the use of either therapy alone,
1841 The term “synergistic” is contrasted with the term “additive” in that a combination
of an agent having an additive effect and an apoptosis inducing lgand exhibits an effect that
is sirmply the sum of the effect produced by the agent and the apoptons indueing tigand when
administered individually.
{BO8E] As used herein, the term “apoptosis inducing Hgand” refers roore specifically to a
“apoptosis fnducing recoptor agorast” and is intended to mean an agent capable of stiroulating
by direct or indivect contact the proapoptotic reaponse mediated by the apoptoss inducing
receptors. In certain embodiments, the apoptosis mducing recepior is a cyviokine receptor, for
example, a TNF receptor. In an embodiment, the apopiosis inducing ligand s TRAIL.
TRAIL itself binds to DR4 and DRS. An agownist TRAIL recepior antibody would bind to
TRAIL receptor and trigger an apoptotic response. o embodiments, the apoptosis inducing
figand is selected from the group consisting of TRAIL, ThE-u, Fasl, an ant-DR4 antibody,
and apn snti-DR3 antibody.
386} TRAIL (also referred to as Apol.2} is tumor necrosis factor-a-related
apoptosis-inducing Hgand and s a widely expressed member of the tumor necrosis facior
{(TMF) superfamily. TRAIL ligand exists in two forms: as a type 11 membrane profein
expressed on the surface of certain lymphoid cells, and as a cleaved, soluble protein that is

detectable in serum. For the purposes of the present invention, solubde recombinant TRAIL
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is suitable for usc and is available from several vendors such as Peprotech, Inc. (Rocky Hul,
MJY. The percent growth reduction in treated cells is thought 1o be the result of apoptosis
induced by the death receptor ligand.

{0871 Agonist antibodies divected against the death recepiors TRAIL-RY and/or TRAIL-
RZ also can be used in conpunction with the method of the present invention. Exemplary
agonist antibodies that may be used in combination with the method of the present invention
include those described in U8, Pat. No. 7,244,429, in U.S. Patent Application Publication
Nos. 2007/0179086, 2002/0004227, 2006/0269554 , 2003/0079172, 2007/0292411,
20061270837, 2006/0269555, 2004/0214235, and 2007/029803%; and 1 International Patent
Publications WOZ2006/017961 and WOOR/51793. Each of these publications is hereby
incorporated by reference in its extirety. In addition, anti-DR4 and anti-DBRS antibodies are
coromercially available from Sigma Aldrich (54 Louis, MO) and Enzo Life Sciences
{Farmingdale, NY). In preferred embodiments, compounds of the invention are used in
combination with one or more of these TRAIL receptor agonist antibodies for the treatment
of cancer and other neoplasms.

{088 Examples of suitable antibodies inchude purified soluble monoclonal antibody
which specifically binds TRAIL receptor DRS, wherein the antibody has in vitro cell death-
inducing activity in the absence of crosalinking by a secondary antibody and at
concentrations leas than | micromol.g/mi in target celis expressing DR3S, and wherein the
antibody bas in vivo cell death-inducing activity jo target cells expressing DRS, and wheremn
the aniibody does not bind TRAIL receptor DR4, DeR 1, or DeRZ

{B089] Int ceriain embodiments, the apoptosis inducing receptor is a tofl-like receptor
(“TLR™. TLRs are a class of proteins that play a key role in the jnnate wpmune system. The
TLRs include TLRI, TLR2, TLRY, TLR4, TLRS, TLRG, TLRT, TLRE, TLRS, TLRIY,
TLRIL, TLRIZ, and TLR13, aithough TER1L, TLR1Z, and TLRIZ are pot found in bumans.
I these embodiments, the apoptosis inducing ligand i3 a TLR ligand. In a preferred
embodiment, the TLR Hgand is a ligand for TLR3. Mon-limiting examples of sutiable TLR
ligands include double stranded RNA, polyinosine-polyeytidylic acid {“poly 107}, mENA,
and tRMA. In a preferred embodiment, the TLR ligand is poly IC. Poly I is a synthetic
mismatched double-stranded RNA with one strand being a polyrser of jnosinic acid and the
other a polvmer of cytidylic scid being annealed to each other. Poly IC s available 1 a range
of chain lengths and molecular weights. Poly 1 i commercially available from Invivoten

{San Diego, CA).
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{8694 in ceriain embodiments, the method of synergistically suhancing the response of
cancer celle in a mammal to treatment with an apoptosis-inducing igand or of inducing
apoptosts in cancer colls in a mammal that are resistant o treattaent with an
apoptosis-inducing ligand further comprises admimsteriog o the mammal an Smac mmelie,
a Ble-2 antagonist, or a combination thereof. The Smac mimetic or Ble-2 antagonist can be
any suitable Smac mimetic or Ble-2 antagonist. In certain embodiments, the Smac mimetic is
birinapant, GDC-015, or LCL-161. 1p certain embodiments, the Ble-2 antagonist is
ABRT-199, ABT-737, or venatoclax,

{3891} {3esirably, the combination of a compound of the inveniton and Smoac numetic
and/or Ble-Z anta goﬁist exhibits a synergistic effect m sentization of cancer cells to treatment
with the apoptosis-inducing ligand or to induction of apoptosis when the cancer cells are
resistant {0 reatmnent with the apoptosis-inducing ligand, gs compared to treatment with a
compound of the invention Smac mimetie and/or Ble-2 anfagonist,

{0092} Any method koown in the art can be used to measure the enhancement of the
response 1o cancer cells to troatment with an apoptosis-inducing lgand. ¥n addition, any
known method known in the art can be used to determine the induction of apoptosis. The
Examples section of the present specification desoribes exemplary methods. For example,
the growth indibition of cancer cells can be determned by measurament of the decrease in
cell viability by use of the teirazolium/formazan assay (X1 assay”} as described in
Scudiers et al., Cancer Res. 48(17Ty 4827-4833 (1988), or by use of the sulphorhodamine B
profein staining assay {“SRB protein stajn”} as described in Skehan et al, J Natl Cancer
Fuse 2{13% 1107-1112 (1990 orin Vichai et al, Naow Frotoc H3) 1112-1136. Another
suitable assay for the growth mnbition of cancer cells is the MTY cell proliferation
colorimetric assay. The MTS method is based on the reduction of MTS tetrazolium
comnpound by viable cells to generate a colored formazan product that 18 soloble m celd
culture media. This conversion is thought o be carried out by NAD{FiH-dependent
dehivdrogenase enzymes in metabolically active cells. The formazan dye produced by viable
celis can be quantified by measuring the absorbance at 490-500 yun.

{B093] The cancer cells in a human can be contasted with an apoptosis-inducing ligand in
conjunction with a sensitizer by admunistering to the homan a formulation containing an
effective amount of the sensitizer and a formulation containing the apoptosis-inducing higand.
In some embodiments, the sensitizer can be present in the same forroulation as the

apoptosis-mdocing Hgand so that the admimstration can be simultaneous, Any of the
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sensitizers of the invention can be used in combination with ap apoptosis-inducing ligand,
¢.g., simoltanenusly, sequentially, e.g., before or after the apoptosis-inducing ligand, or
cyclically. In some embodiments, it s suitable to administer two or more separaie and distinet
formulations, one of which containg the sensitizer and the other contains the
apopiosis-inducing Heand. The soparate and distinet formmulations can be adminstered

simultaneously, or the formulations can be administered separately at difforent time pertods.
For exarople, in preferred embodiments, the formulation contamning the sensitizer can be
administered about 1 hour {e.g., about 2 hours, or about 3 hours, or about 4 hours, or about 8
hours, or about 24 hours) prior to administration of the formulation confaimng the
apoptosis-inducing bgand. In preferred embodiroents, the apoptosis-inducing ligand ©
adiministered parenterally in the form of a suitable parenteral formulation, while the sensitizer
can be administered in the form of any sutiable formulation. Suitable formuelations include
oral, aeroaol, nasal, pulmonary, parenteral, subentancous, infravenous, intramuscular,
intraperitoneal, intrathecal, intratumoral, topical, rectal, and vaginal formulations.

{B94] The pharmaceuntical corpposition can be adoumistered parenteraily, e.g.,
intravenoushy, subcutanesusly, intradermally, or intramuscubarly, Thus, the invention
provides compositions for parenteral administration thal comprise a solution ot suspension of
the sensitizer and/or the apoptosis-inducing ligand dissolved or suspended in an accepiable
carrier suitabie for parenteral adiministration, including agueocus and non-sguecus wotonic
sterile injection sobations,

(095} Owerall, the requirements for effective pharmaceutical carriers for parenteral
compositions are well known to those of ordinary skill in the art. See, e.g., Banker antd
Chalmers, eds., Pharmaceutics and Pharmacy Proctice, 1. B Lippincott Company,
Philadelphia, pp. 238-250 (1982), and Toissel, ASHP Handbook on Injeciable Drugs, 4% ed.,
pp. 622-630 (1986}, Such sohstions can contain anti-oxidauts, bulfers, bacteriostats, and
solutes that render the formulation isotonic with the blond of the miended recipient, and
agueons and non-agueous sterife suspensions that can include suspending agenis, solubihz
thickening agents, stabilizers, and preservatives. The sensitizer and/or apoptosis-induciog
Hgand may be adminmstered in physiologically accepiable ampoules in a pharmacoutical
carrier, such as a sterile lquid or mixwre of Hauids, including water, saline, aquecus dextrose
and related sugar solutions, an alcohol, such ss ethanol, isopropanc, or hexadecyl alcohol,

glycols, such as propylene glycot or polyethylene glyeol, dimethylsulfoxide, glycerol ketals,

&./‘

ich as 2, 2-dimethyi-1,3-diovolane-d-methanci, ethers, such as poly{cthyleneglycol; 400, an
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oil, a fatty acid, a fatty acid ester or glyceride, or an acetylated fatty acid glyceride with or
without the addition of a pharmacentically acceptable surfactant, such asaseap ora
detergent, suspending agent, such as pactin, carbomers, methyleeihiose,
hydroxypropyimethylceilniose, or carboxymethyleeliulose, or emulsifying agents and other
pharmaceutical adjuvants,

HEBY Ciils useful in parenteral formulations jnchude petroleum, animal, vegetable, or
ayuthetic oils. Specific examples of oils useful in such formulations inclade peansat, soybean,
sesame, cottonssed, cormn, olive, petrolatuny, and mineral. Suitable fatty acids for use 1m
parenteral formulations include oleic acid, stearis actd, and isostearie acid. Ethyl oleate and
isopropyl nyristaie are examples of suitable fatty acid esters.

{90973 Suitable soaps for use in parenteral formulations include fatty alkali metal,
ammonium, and triethanolamine salts, and suitable detergents include (a) cationic detergents
such as, for exarple, dimethyl diatkyl ammoninm halides, and alkyl pyridiniom halides, (b}
anionic datergents such as, for exampile, atkyl, aryl, and olefin sulfonates, alkyl, olefin, ether,
and monogiyeeride sulfates, and suliosuccinates, {¢) nonionic detergents such as, for
exanple, fatty amine oxides, fatty acid atkanclamides, and polyoxyethylenepolypropylene
copolymers, (4} amphoteric detergents such as, for example, alkyl-beta-aminopropionates,
and Z-alkyl-imidazoline quaternary anmonium salts, and {} mixtures thereot,

{BG9E] The parenteral formulations can contain preservafives and butfers. In order to
minintze or eliminate rritation at the site of Hyection, such compositions may contain one or
faore nonionic surfactanis baving a hydrophile-lipophile balavce (HLB) of from about 12 to
about 17, The quantity of surfactant in such formulations will typically range from about 5 to
about 15% by weight. Suitable surfactants inelude polyethylene sorbitan fatty acid esters,
such as sorhitan monooleate and the high melecular weight adducts of ethylene ooude with a
hydrophobic base, formed by the condensation of propylens oxide with propylene glycol.
The parenteral formmlations can be presented n unit-dose or multi-dose sealed containers,
such as ampoules and vials, and can be stored in a freeze-dried (yophilized) condition
requiring only the addition of the sterile lguid excipient, for example, water, for ingections,
immnediately priov to pse. Extemporancous injection solutions and suspensions can be
prepared from sterile powders, granules, and tablets of the Xind previously described.

(6699} Topical fornmfations, inchuding those that are usefl for transdenmal drug release,
are well-known io those of skill in the art and are suitable in the context of the jovention for

application to skin. Topically applied compositions are generally m the form of huuids,
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crearos, pastes, fotions and gels. Topical admimstration includes application to the oral
mucosa, which inciudes the oral cavity, oral epitheliom, palate, gingival, and the nasal
mucosa. In some embodiments, the composition contans af least one sensitizer and &
suitable vehicle or carrier. It may also contain other components, such a5 an anti-tritant.
The carrier can be a liguid, solid or sernt-solid. In embodiments, the composition is an
agueons solution, Alternatively, the composition can be a dispersion, ennilsion, gel, lotion or
cream vehicle for the various components. In one erobodiment, the primeary vehicle is water
or a biocompatible solvent that is substantially neutral or that has been rendered substantially
neatral, The Hauid vehicle can inchude other materials, such as buffers, aleobols, glyeerin,
and mineral oils with various emulsifiers or dispersing agents as known n the art to oblain
the desired pH, consistency and viscosily, It is possible that the composilions can be
produced as solids, such as powders or granules. The solids can be applied directly or
dissolved in water or a bioccompatible solvent prior 1o use to form a solution that is
substantially neutral or that has been rendered substantially neutral and that can then be
applied 1o the target site. o embodiments of the invention, the vehicle for topical application
to the skin can include water, buffered solutions, various alcohols, glveols such as glycerin,
tipid materials such as fatty acids, mineral oils, phosphogiveendes, collagen, gelatin and
silicone based materials.

{104 Formmilations sutable for oral administration can consist of (a} hiquid solutions,
such as a therapeutically effective amnount of the senaitizer dissolved in diluents, such as
waler, saling, or orange juice, (b) capsules, sachets, tablets, lozenges, and troches, each
containing a predetermined amount of the active ingredient, as solids or gramules, {¢}
powders, (4} suspensions in an appropriate hquid, and (e) suitable emulsions. Ligmd
formulations may include diluents, such as water and alcohols, for example, ethanel, banzyl
ateohol, and the polyethylene alcohols, sither with or without the addition of a
pharmaceutically scoeptable surfactant, suspending agent, or emulsifying agent. Capsule
forms can be of the ordinary hard- or sefi-shelled gelatin type contaming, for example,
surfactants, Jubricants, and inert fillers, such as lactose, sucrose, caloium phosphate, and com
starch. Tablet forms can melude one or more of lactose, sucrose, mannitol, corn starch,
potaio starch, alginic anid, nucrocrystalline celhidose, scacia, gelatin, guar gum, colloidal
sthicon dioxide, croscanmellose sodium, fale, magnesium siearate, caloiurs siearate, zing
stearate, siearic acid, and other excipients, colorants, diluents, buffering agents, disinfegrating

agents, moistening agenis, preservaiives, favoring agents, and pharmacologically compatible
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excipients. Lozenge forms can comprise the active mgredient i a flavor, usuatly sucrose and
acacia or iragacanth, as well as pastilles comprising the active ingredient in an ivert base,
such as zelatin and glycerin, or sucrose and acacia, emulsions, gels, and the ke containing,
in addition o the active ingredient, such excipicnts as are known in the arl.

(G161 The sensitizer, alone or in combination with other suitable components, can be
made into asrosol formulations to be adminmstered via inbalation. The compounds are
praferably supplied in finely divided form along with a surfaciant and propetiant. Typical
percentages of a sensitizer are 0.01%6-20% by weight, preferably 196-10%. The surfactant
must, of course, be nontoxic, and preferably soluble in the propellant. Representative of such
surfactants ave the esters or partial esters of fatty acids containing frove 6 to 22 carbon atows,
auch a3 caproie, ootanoie, lauric, palmitic, stearic, linoleie, Hnolenic, olesieric and cleic acids
with an aliphatic polvhydric aleshe! or its cyclic anhydride. Mixed esters, such as nyixed or
natwral glveerides may be emploved, The surfactant may constitute 0.196-20% by weight of
the composition, preferably 8.25%-5%. The balance of the composition s ordinarily
propeliant. A carrier can also be incinded as desired, e.g., lecithin for indranasal delivery.
These asrosol formulations can be placed into acceptable pressurized propeliants, such as
dichlorodifisoromethane, propane, nitrogen, and the like. They also may be formulated as
pharmaceuticals for non-pressurad preparations, such as in a nebulizer or an atomizer, Such
spray formmiations may be used 10 spray nmucosa,

{3183 Additicnaily, the sensitizer may be made into suppositories by mixing with a
variety of bases, such as emulsiiving bases or water-soluble bases. Formulations suitable for
vaginal administration may be presented as pessaries, tampons, crearms, gels, pastes, foams,
or spray formulas containing, in addition o the sensitizer, such carriers as are known in the
art to be appropriate.

[ 183] Tt wil be appreciated by one of ordinary skill in the art that, in addition to the
aforedeseribed pharmaceutical compositions, the sensitizer may be {ormulated as nchasion
complexes, such as cyclodextrin inclusion complexes, or iposomes. Liposomes serve o
target the compounds 1o a particular fissue, such as lymphoul tissue or cancerous hepatic
cells. Liposomes can also be used to increase the balf-life of the sensitizer. Liposomes
usefal in the present invention include emulsions, foams, micelles, inschuble monolayers,
liguid crystals, phosphotipid dispersions, lametar layers and the like. In these preparalions,
the active agent 1o be delivered is incorporated as part of a liposome, alone or in con pRction

with @ suitable chemotherapeutic agent. Thus, Hposores filled with a desired sensitizer can
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be directed to the site of a specific tissue type, hepatic cells, for example, where the
liposomes then deliver the selected compositions. Liposomes for use in the invention are
formed from standard vesicle-forming lipids, which generally include neutral and negatively
charged phospholipids and a sterol, such as cholesteral. The selection of lipids is generally
guided by consideration of, for example, liposome size and stability of the liposomes m the
blood stream. A variety of methods are available for preparing liposomes, as described in,
for example, Szoka et 8l Ann. Kev. Biophys, Riceng., 9, 467 (1980}, and U5, Patents
4,235,871, 4,501,728, 4,837,028, and 5,019,369, For targeting {0 the ceils of 4 particular
tissue type, a Hegand to he incorporated into the Hposome can include, for example, antibodies
or fragments thereof specific for cell surface determinants of the targeted tissue type. A
Hiposome suspension containing 2 compound or salt of the present invention may be
admimstered intravenousty, locally, topieally, elc. in 3 dose that varies acoording to the mode
of administration, the agent being delivered, and the stage of disease being treated.

{1841 “Treating” within the context of the present invention, means an alleviation of
sympiorss associated with a disorder or disease, or halt of further progression or worsening of
those sympioms, or prevention or prophylaxis of the disease or disprder, For example, within
the context of treating patients with renal capeer, successtul treatment may include a
reduction in the proliferation of capiliaries fecding the diseased tissue, an alleviation of
symiptoms related o a cancerous growth or umor, or a halting in the progression of & disease
such as cancer or in the growth of cancerous cells. Treatment may also include administering
the pharmaceutical formulations of the present invention in combinaton with other therapies.
For example, the sensitizer and apoptosis-inducing ligand may be administered before,
during, or after surgical procedure and/or radiation therapy. The sensitizer and
apoptosis-inducing ligand can also be adioinistered in corgunchion with other anti-cancer
drugs and drugs used in antisense and gone therapy. Appropriate combinations can be
determined by those of skill in the ousological and medical arts.

{165] “Preventing” within the context of the present invention, refers to a prophylactic
sreatment of an individual prone or subject to development of a capcsr. For example, those of
skill in the oncological and medical arts may be able to determine, based op chimcal
symptoms and patient history, a siatisiical predisposition of a particular imdividual to the
developrment of the canwer. Accordingly, an individual predisposed to the development of a
cancer may be treated with a sensitizer and apoptosis-inducing ligand in order to prevent,

inhibit, or slow the development of the disease or disorder,
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166] One skilied in the art will appreciate that sultable methods of vtilizing a sensitizer
and an apoptosis-inducing Hgand and administering the senstiizer and an apoptosis-inducing
Hgand to 2 human for the treatment or provention of disease states, in particular, cancers
responsive (o treatiment with apoptosis-indocing ligands {e.g., renal cancers and melanomas)
which would be useful in the meethod of the present invention, are available. Although more
than one route can be usad to administer the sensitizer and an apoptosis~-inducing hgand, a
particular route can provide a more mmediate and more effective reaction than another routs,
Accordingly, the deseribed methods are merely exemplary and are in no way Hmiting.

{8167 The dose of the sensitizer and the dose of the apopiosis-inducing hgand
administered 10 2 mannal, particularly, a human, in accordance with the present invention
should be sufficient o effect the desired response. Such responses inchude reversal or
prevention of the bad effects of the discase for which traatment is desired or to elicit the
desived benafit. One skilled in the art will recognize that dosage will depend upon a variety
of factors, inchuding the age, condition, and body weight of the hurnan, as well as the source,
particudar type of the disease, and extent of the disease in the human, The size of the dose of
the sensitizer and the dose of the apoptosis-inducing ligand will alao be determined by the
route, tming and frequency of adminisiration as well as the existence, nature, and extent of
any adverse side-effects that might accompany the administration of the dose of the sensitizer
and the dose of the apoptosis-inducing lgand and the desired physiclogical effect. It will be
appreciated by one of skill in the art that vanouws conditions or disease stales may require
prolonged treatment involving oultiple administrations.

HITH! The term “mamenal” includes, bat is not lmited to, the order Rodentia, such as
mice, and the order Logomorpha, such as rabbits, It is preferred that the mammals are from
the order Carnivora, inchuding Felines {cats) and Canines (dogs}). Tt 18 more preferred that the
manunals are from the order Artiodactyla, including Bovines {cows) and Swings (pigs) or of
the order Perssodactyla, including Fauines (horses). It is most preferred that the mammals
are of the order Primates, Ceboids, or Simiouds {imonkeys} or of the order Anthropoids
{rumans and apes). An especially preferred manunal is the human, Furthermore, the subjeot
can be the unbom offspring of any of the forgoing hosts, especially mammals {e.g., humans},
in which case any scresning of the subject or cells of the subject, or adnunistration of
compounds to the subject or cells of the subject, can be performed ip utero.

309 Suitable doses and dosage regimens can be determined by conventional range-

finding techniques known to those of ordinary skill in the art. Generally, treatment 15
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initiated with smalter dosages that are less than the opttmun dose of the sensitizer and/or the
apoptosis-inducing Hgand, Thereafter, the dosage is increased by small increments until the
optimum effect under the circumstances is reached, The present inventive method typically
will involve the administration of about .01 to sbout 10 mg, in certain embodiments about

0.1 mg to about § mg, and in other esnbodiments 0.1 mg to about 2 rog, of one or more of the

£
sensitizers and about 0.1 to about 300 myg of the apoptosis inducing higand described above,
per kg body weight of the manunal.

18116] Tu any of the embodiments of the invention, the cancer can be any cancer in any
organ, for example, a cancer is selected from the group consisting of ghioma, thyroid
carcinoma, breast carcinoma, smabl-cell lung carcinoma, non-small-cefl carcinoma, gastric
carcinoma, colon carcinoina, gastrointestinal stromal carcinoma, pancreatic carcinoma, bile
duct carcinoma, CNS carcinoma, ovarian carcinoma, endorsetrial carcinoma, prostate
carcinoma, renal carcinoma, skin carcinoms, melanoma, basal celf carcinoms, Squamons oell
carcinoma, ansplastic large-cell lyrophoma, multiple myeloma, leukenua, lymphoma,
cervical carcinoma, and roesothelioma, and combinations thereot. The cancer can be any
anitable cancer, for example, follicular thyroid carcinoma, colorectal cancer, pancreatic
cancer, leukerntas, such as myeloid leukerta, prostate cancer, hepatic cancer, hepatocaltiular
carcinoma, cholangiocarcinoma, cervical and ovarian cancer, cancers of ghial origin and renal
cancer., As is known in the art, carcinoma generally is 3 term for cancers that originate in
epithelial tissues. Sarcomas originate in mesenchymal tissues and leukemias and iymiphomas
are blood cancers. As ueed herein, cancers molude carcinomas, sarcomas and
feukerias/lyrophomas.

9111 Ir accordance with ap embodiment, the methods can be applied (o treat patients

who are inunune compromised, .8, those who have a reduced p33 function.

{112} The invention further provides a comapound of the fompula:
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"

DT O CONHIN(CH o X - C =00

X ois NH or s absent,

m and o ars integars of from 1 to about 10,

nieforl,

%> and R are independently OH or T-Cq alkoxy or, taken wogether, form a double
bond or an epoxy ring,

R s Hor C-Cy acvioxy,

R”is H, O, or C-Cg acyloxy, or

B and R” are mdependently CH,OH or
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2% and R'Y, taken together with the carbon atemns to which they are attached, form 2
double bond or an epoxy ring, and
2 and R are both H, R is H and R 15 ~OSOsH, R is Hand B'? is imidazolyl, or rY
and R'?, taken together with the carbon atoms to which they are attached, form a double
bond.
iB1i4d] in accordance with an embodiment of the invention, R’ and R taken tsgether,
formm a doubls bond,
13115} Tn sccordance with an smbodiment of the invention, R and R, taken together,
form an epoxy ring.
1186} In accordance with an embodiment of the invention, RYisH.
{81171 tn accordance with an embodiment of the invention, R and R° are O and R
and R'Y taken together, form a double bond.

. . . 1. 2. N -
In certain of these embodiments, R’ s H and R iz a group of the formula:
G

AR
-

Ao ACH){CONH)(CHlo— X - (=00}

NS/‘ ~ L/
3

m and o are integers of from § to about 10, and nis G or |

{1118} In particular embodiments, the compound is of the foroula

1191 The mvertion is exemplified by the foliowing embodiments:
i A method of synergistically enhancing the response of cancer cells ina
mamimal 1o reatment with an apoptosis-inducing ligand, which method comprises

administering to the mammal an effective amount of a compound of the fomoula
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wherein B and R are independently selected from H, OH, €,-C; acyloxy, Ci-Cs

alkyicarbonate, heteroarylcarbonyioxy, a group of the formoula

iy

LN
HN" it
-

£,

. .
"5 HOHA R CONHTH o X ~ O (=00 —} ! 2
! ez gl X ~Ci=0)0 ¢ or, B and R® taken together, form =0,

i3 NH or is absent,

i and o are integers of from 1 to about 10,

nisGorl,

R’ and R are imdependently OH or C-Cs alkoxy or, taken together, form a double
bond or an gpoxy ring,

R isHor g acyloxy,

Bz H, OH, or C-Cg acvloxy, or

R and B are wdependently CH,OH or

R and R', taken together with the carbon atoma to which they are attached, form 2
double hond or an epoxy ring, and

25 and RY are both 3, R is Hoand R¥ i -0OSOH, RY s Hand R s imidazolyi, or
8" and RY, taken together with the carbon atoms to which they are attached, form a double
bond,

and administering an effective amount of an apoptosis-inducing ligand, whereby a
synergistic enhancerent of the response s obtained.

2. The method of claim 1, wherein B and R, taken together, form a double

haond,
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3. The method of claim | or 2, wherein R and B”, taken together, form an epoxy
ring.
4. The method of any one of claims 1-3, wherein R i3 H.
5, The method of any one of clayms 1-4, wherein R and R® are CH and wherein

R and R, taken together, form a double bond.

&. The method of any one of ¢laims 1-5, wherein R and R? are H.

7. The method of claim 6, wherein the compound is of the fornmla:

~.

o
; . - R 1. oy 2.

&, The method of any one of clatms §-3, wherein R is H and B35 OHL

B The method of claim &, wherein R” is H.

10,  The method of claim 9, wherein the compound 15 of the formula:

4 e . 3 . - . ‘. . B l » <
i1, The method of any one of claims §-3, wherein R s Hand R 15 C-C
acyloxy.

12, The method of claim 11, wherein the compeound is of the fornula:
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13 The method of any one of claims 1-5, wherein R'is Hand B s
hetercarylearbonyloxy.
14. The method of claim 13, wherein the compound i3 of the formula:

is H and R is a group of the

e ACHDCONH){CHo - X - C=0)0

<

formula: -
m and o are idegers of from 1 to about 10, and
nisHor L.

16, The method of claim 15, wherein the compound is of the formule
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17, The method of claim | or 2, wherein R’ and R, taken together, form a double
bond.

18, The method of claim 17, wherein s H

18, The method of claim 17 or 1§, wherein R’ and BY are CH; and wherein 2% and

%% taken topether, form a double bond.

24 The method of any one of claims 17-19, wherein R’ and R?, taken together,
form =0,
21, The method of claim 20, wherein the compound ig of the formula:

22 The method of any one of clamms 1-21, wherein the cancer cells axpress a TNF

receptor or a {oll-like receptor.
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3. The method of any one of clatms 1-22, wherein the apoptosis-inducing ligand
is selected from the group consisting of TRAJL, TINF-u, Fask, an anti-DR4 antibody, and an
anti-DRS antibody.

24. The method of clatn 23, wherein the apoptosis-inducing higand 15 poly 1T

25, The method of any one of claims 1-22, further comprising adminisiening {0 the
mammal an Smac mimetic, a Ble-2 antagonist, or a combination thereof.

26. The method of claim 25, wherein the Smac mimetic is binnapani, GDU-015,
or LOL-161

Z27. The method of claim 25, wherein the Ble-2 anfagoniat i3 ABT-19%, ABT-737,
or veneioclax.

28, The method of any one of claims 1-27, wherein the cancer cells are associated
with a cancer selected from glioma, thyroid carcinoma, breast carcinomas, small-cell hung
carcinoma, non-sipall-cell carcinoma, gastric carcinoma, colon carcinoma, gastrointestinal
stromal carcinoma, pancreatic carcinoma, bile duct carcinoma, CNS carcinoma, ovarian
carcinoma, endometrial carcinoma, prostaie carcinoma, renal carcinoma, skin carcinoma,
melanoma, basal cell carcinoma, squamous cell carcinoma, anaplastic large-ceil lymphoma,
multipie myeloms, leukemia, lymaphoma, corvical carcinoma, and mesothelioma, follicular
thyroid carcinoma, colorectal cancer, myeloid leukemia, hepatic cancer, hepatocelhutar
carcinoma, cholangiocarcinoma, cervical and ovarian cancer, cancers of ghial onigin, and
combinations thercol.

29.  The method of claim 1, wherein the compound 1 of the formula:
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34, A method of inducing apoptosis in cancer cells in a mamumal that are resistant
to treatment with an apoptosis-inducing Hgand, which method comprisas administering 1o the

manunal an effective arnount of a componnd of the formula:

wherein B and R® are ndependently selected from H, OH, C-Cs neyloxy, Ci-Ce

alkylcarbonate, hetercarylearbonyloxy, a group of the formula:

b CONH) (G — K =0 .. ,
o e (=0  or, B’ and R taken together, forn =0,

X isx NH or is absent,

m and o are iptegers of from 1 to about 10,

nis Borl,

7' and R® are independently OH or ;- alkoxy or, taken together, form a double
bond or an epoxy ring,

R is Hoor C-C acyloxy,

BTN ~
R s B, OH, or C-Ce acylony, or

-

27 and R° are independently CH,OH or

15 and R, taken together with the carbon atoms 1o which they are sttached, forma

double bond or an epoxy ring, and

' and B are both H, R is Hand RY s ~0O80O5H, B s H and R s midazolyl, or
R and R, taken together with the carbon atoms to which they are sttached, forot a double
bond,

and administering an effective amount of an apoptosis-inducing hgand, whereby &

iz

synergistic enhancement of the response is obtamed.
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31, The method of claim 38, whercin r' and R,Ez, taken together, form a double
bond.
32 The method of claim 30 or 31 wherein B and R, taken together, form an
epoxy Ting.
33. The method of any one of clatms 30-32, wherein Rs H
34. The method of any one of clairos 30-33, wherein R’ and B* are O, and

T 0
wherein R and B, taken together, form a double bond.

. - - ; T : 1 y
35, The method of any one of claims 30-34, wherein R and R® are H.
36. The method of claim 35, wherein the compound 5 of the formula

37 The raethod of any one of claims 30-34, wherein R' is Hand R?is OH.
38 The method of claim 37, wherein rYis 1
39 The method of claim 38, wherein the compound i3 of the formula;

or
. . . ~ . ; . P IV
40, The method of any one of clatme 30-34, wherein R 1s Hand R” s C-C
acyloxy.

41. The method of clavm 40, wheren the compound s of the formula:
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42, The method of any one of claims 30-34, whersin R' is H and 74
hetercarvicarbonyiony,

43, The method of claim 42, whersin the compound is of the formula:

44,  The method of any one of claims 30-34, wherein R is H and R* iz a group of

e
J
I N

oooenid

;

Lo o (MR CONFI(CHg)o X~ C(=0)0

the forowla;
i and o are integers of from 1 to about 10, and
nisforl.

45, The method of claim 44, wherein the compound is of the formula:
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s

I
R oF

46, The method of claim 30 or 31, wherein %% and RY, taken together, form a
doatble bond.

47, The method of clarm 46, wherein R’ s H,

48, The method of claim 46 or 47, wherein R’ and B’ are CH, and wherein R® and

R taken together, form a double bond,

49, The method of any one of claims 46-48, wheren R and RY, taken tagether,
form =0,
30, The method of claim 49, wherein the compound is of the fornmla:

51, The method of any one of ¢laims 30-50, wherein the cancer cells express a

THF receptor or a toli-like recepior.
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52. The method of any one of claims 30-51, wherein the apoptosis-inducing ligand
is selected from the group consisting of TRAIL, TiF-g, Fasl., an anti-DR4 antibody, and an

anti-DRS antibody.

33, The method of claim 52, wherein the apopiosis-inducing lgand is poly IC.
54, The method of any one of claims 3033, further comprising administering to

the mammal an Smac mimetic, a Ble-2 antagonist, or a combination thereot.

55, The method of claim 54, wherein the Smac mimetic 15 bivinapant, GDC-01S,
or LCL-161,

56. The method of claim 34, wherein the Ble-2 antagonist is ABT-199, ABT-737,
o7 veneteciax,

37 The method of any one of claims 30-56, wherein the cancer colls are
associated with a cancor selected from glioma, thyroid carcinoma, breast carcinoma, sipall-
cell fung carcinoma, non-smail-cell carcinoma, gastric carcinoma, colon carcinoma,
gastrointestinal stromal carcinoma, pancreatic carcinoma, bile duct carcinoma, CNS
carcinoma, ovarian carcinoma, endometrial carcinoma, prostaie carcinoroa, renal carcinoma,
skin carcinoma, melanoma, basal cell carcinoma, squamous cell carcinoma, anpaplastic large-
cell lymphoma, multiple myeloma, leukemis, lympboma, cervical carcinoma, and
mescthelioma, follicular thyroid carcinoma, colorectal cancer, moyelowd leukenua, hepatic
cancer, hepatocetiular carcinoma, cholangiocarcinoma, cervieal and ovarian cancer, Cancers
oof ghial origin, and combinations thereof.

38, The method of claim 57, wherein the compound 18 of the formula:
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WO 2017/139485

A compound of the formula;

39,
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DT THOH R CONH}{CH e~ X - O(=0)0

K is NH or is absent,
m and o are integers of from 1 to about 18,

nis Oor i,
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&* and R? are independently OH or 01T alkoxy or, taken together, form a double
bond or an epoxy rng,
R’ is Hoor $4-Ce acylony,

1% is H, OH, or 0;-Ce acylony, or

R’ and R are independently CH,OH or | e \

R and R'Y, taken together with the carbon stoma to which they are attached, form a
double bond or an epoxy ring, and

7Y and R are both H, 2" s Hand R 46 080 H, R’ is H and R s tmidazolyl, or
R and R, taken together with the carbon atoms to which they are attached, form a double
bond.

61. The compound of claim 60, wherein & and BY, taken together, form a
double bond.

&2, The compound of claim 60 or 61, wherein R* and R®, wken togetber, form an

epaxy Fing.

. . . o L gy S
63, The compound of any one of claims 60-62, wherein R™ s H
gy . . L . LG -
64, The compound of any one of claims 60-63, wherein R’ and R are CH and

. % ) . )
wherein R" and E{“,, taken together, form a double bond.

55, The compound of claims 6{-64, wherein &} is H and R is a group of the
O
/'Ej\
HN NH
L oy (CHI(CONH) o CHalo - X - G =004
formula &

m and o are integers of from 1 to about 10, and
iz §or b

6. The compound of claim 65, whersin the compoond is of the foromial
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{01281 The following examples further ithusirate the mvention bat, of course, should not
be construed as in any way Hmting iis scope.

121} For all experiments, cells {ACHN {renal carcinoma), M4, SK MELZS, and
Malme {homan melanoma lines)) were plated at a concentration of 3000 cells/well overmght.
All treatments were carried out the following day.

1123 Female nude athymic mice were obtained from Charles River Laboratory, All
mice were kept under specific pathogen-fres conditions with water and food given ad librium.
All experiments with mice were performed n compliance with the principles and procedures
outiived mn the National Institutes of Health Guide for the Care and Use of Animals and were
approved by the Mational Cancer Institute at Frederick Animal Care and Use Computtee.
{3123] M14 melanoma line was matyzined in Delbecco modified eagles medium
{DMEM {Lonza)} supplemented with 10% Fetal Bovine serum {FB3 (Hyclone}} | 2 mmol/L
L-glutamine, 25 romol/L HEPES, 100 Ul/mL penicillin, 180 pe/ml streptomycin, 1 vitamin
sohition and | noneasential amino acids solution (Lonza}.

{31241 For in vivo treatments with compounds % and 1, compound 9 and compound 1

stock solutions {(.5M and 0.25M in DMSO respectively} were dilited tn 33% Trappsol and
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DMSO at a ratio of 7.1 and admunisiered intratomorally or at the base of tumor i a vohime
of 20ul at a dose of 20mg/Kg of body weight. For in vive treatments with corapound 9 and
poly IC, compound % stock solution {G.5M) was diluted in 339% Trappsol and DMSG sia
ratio of 711 and admimsterad intratumerally or at the base of tumer in 2 volome of 20ul at a
dose of 20mg/Kg of body weighi. The following day poly IC {(diluted in saling)

{S0ug/mouse) was given indrapenitoneally.

EXAMPLE D

{31251 This exarople demonsirates the percont growth inhibition of ACHN repal cancer
cells in the presence ol compounds 2, 3, 4, 5, 6,7, 2 1 and 18, raspectively, at concendrations
of 63 nd, 123 nM, 250 nM, and 300 oM, i the presence or absence of 10 uM poly IO, in
accordance with an embodiment of the mveniion,

I8126] To analyze Poly I mediated apopiosis, ACHN renal cancer cells were
sensitized/treated with compounds 2, 3,4, 5,6, 7,9, 1, and 18, (3-4 h) at the indicated
concentraiions followed by 10pg/md of Poly 1C (High Molecalar Weight, Invivogen) for 36-
4% h. Cell viability was aseessed by addition of MTS during the last four hours of Poly I

ireatment. The resulis are depicted in FIGS, 3A-3L

EXAMPLE Z

{31271 This example demonstrates the percont growth inhibition of 8K MELZR
melanoma cells in the presence of compounds 2,3, 4, 5, 6,7, 8, 1, and 14, respectively, at
concentrations of 63 nM, 125 oMb, 250 nM, and 300 oM, n the presence of absence of 10 uM
poly 1T,

DAY To analyre Poly IC mediated apoptosis, SK MELZE melanoma celis werg
sensitized/treated with compounds 2,3, 4, 8,6, 7,9, 1, and 18, (3-4 k) at the mdicated
concantrations followed by 10pg/mi of Poly I (High Molocular Weight, Invivogen) for 36-
48 h. Cell viability was assessad by addition of MTS dunng the last {our hours of Poly IC

teatnent. The resulis are depicied 1o PIGS. 44841

EXAMPLE 3

18129} This example llustrates an effoct of a sensitizer on production of caspase 8 and

cFLIP by cells treated with compounds % and 1 in the presence or absence of 10 uM poly 1IC
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(033401 ACHN cells were grown in RPMI (RPMI, 5% FBS, Pen-strep, NEAA, HEPES,
Glutamax, Sodivm Pyravate, 2ME), 2x1 o° cells/well were plated in 6 well plates and grown
overnight, on day 2 compound % or compound 1 were added, including duplicate plates and
ncubated overnight. On day 3 either media or 10ug/m! polylC was added for 3 hours. Cells
were lysed in RIPA buffer (30 mM Tris-HCL pH 7.5, 136 mM MNaCl, 10% glycerol, 1%
Triton X-100) supplemented with Prerce Halt Protease and Phosphatase Inhibitor and 40 uM
ZVAD, the RIPA buffer also conlained Pierce Universal MNuclease., Protein concentrations
were moeasured using the Plerce BCA Protein Assay (Thermo Fisher Scierdific, Waltham,
MAY. Twenty micrograms of cach sample was ron on a Bolt Gel (Thermo Fisher Scientific),
transferred to a PYDF membrang using the BioKad Trans-Blot Turbo Transfer Syatem
{RioRad, Hercules, California), briefly placed in Methanol, dried, relyydrated, and biocked in
Pierce Stant Block buffer. Blols were probed with either an anti-Caspase 8 cocktatl {Cleaved
Caspase-& (Asp3f1) (1208) Rabbit mAb #9496 111000, Cleaved Caspase-8 {Asp3B4}
{11G19) Mouse mAb 1:5000, Caspase-8 {1C12) Mouse mAb #9746 1:5000, All from Cell
Signaling Technology, Danvers, MA}, anti-FLIP (7F10 Iug/mi, Enzo Life Sciences,
Farmoingdale, NY3 or anti-GAPDH (GAPDH (DI6HT ) XP® Rabbit mAb (HRP Conjugate}
1:10,000, Cell Signaling) prepared in TBAT (Tns Bulfered Saline) containing 0.1% Tween
20 and 1% BSA. Blots were washed with TBST containdng 0.5% Tween 20, probed with
appropriate HRP labeled secondary (Pierce poly-HRP anti-rabbit and/or mouse at 150,000},
washed agaip, treated with Plerce SuperSignal West Femto Maximum Senstlivity Substrate
and fmaged with Carestrearn BioMax MR fdm {Caresirears Health, Rochester, N}, The
reaults are lustrated in FIGS, 54 and 3B.

161314 As 1s apparend from FIGS, 5A and 3B, compound 1 was more aciive than
compoind 9 in both reducing the levels of cFLIPLAS as well as in promoting caspase-8

activation in response to subsequent exposure to poly IC.

EXAMPLE 4

{132} This example demonstrates the effect of bafilomyein on the sensitization of 3K
MELZ8 melanoma cells to poly 1C by compounds 8, 1, and 18, |

18133} To inhibit TLR 3 signaling, cells were treated with compound 4, compound 1, or
compound 18 for 4 hours followed by addition of 50nM of Bafilomycin A or BMSO for 2.5

h. Subseguently poly I was added for 36-48 h and cell viability was assessed by addition of
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MTS during the fast four howrs of Poly IC treatment, The resulis for compounds 9, 1, and 18
are depicted in FIG. 6.
4134} Incubation of cancer celis with bafifomycin-Al prior 1o exposure io the
combination of LG-02 and poly IC significantly reduced subsequent apoptosis {Figures 6A
and 683, This suggeste that the binding of poly 1€ to TLR3 was probably a crucial signaling
event in linking poly IC responses to the apoptosis death signaling machinery in the presence

of active 17-B-hydroxywithanolides.

EXAMPLE S

8135 This example demonsirates the rosults of titration experiments on the seasitization
of melamoma cell nes SK MEL28, M14, and Malme, respectively, by compound B in the
presence of absence of TRARL.

{136} For titration experiments in the presence or absence of TRAIL, cells were treated
with various doses of compound B {0.97nM-2000nM) for 3 or 24 b followed by 10ng/od of
recomnbinant TRAIL for 24 b, Cell viebility was assessed by addition of MTS dunng the last
four hours of TRAIL treatment. The results with SE MEL2E, Mi4, and Malme celis are
depicted in FIGS. TA-TC, rospactively,

1137 As is apparent from the resubts depicted in FIGS, 7A-7C, compound 8 sensitized

melamoma cell lines 8K MELZ8, M14, and Malme {o apoptosis by TRAIL.

EXAMPLE 6

{3138} This example demonstrates the resulis of titration experiments on the sensitization
of melamnoma cell Hoes M14 and Malme 3M by compounds 8 and 1 in the presence oy
abaence of TRAIL.

31391 Titfration experiments were conducted as described in Example 2. The results for
compound 8 on M14 cells are shown in FIG. 8A. The results for compound 8 on Malme 3M
cells are shown in FIG. 8B, The results for compound 1 on M14 cells are shown in FIG. 8C.
The results for compound 1 on Malme 3M cells are shown in FIG, 8B

{81441 As is apparent from the results shown in FIGS. 8A-8D, compound 8 appeared (o

be more potent than compound 1 at Jower concentrations on M4 and Malme 3M cells,
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EXAMPLE 7

HIEEE This example demenstrates the resuits of ttration expervnents on the sensilization
of ACHN rena! cancer cells by compounds 8, 8, and 1 in the presence or absence of TRAIJL.
14142} Titration experiments were conducted as described in Exarople 5. The results for

compounds 8, 8, and 1 are shown tn FIGS. 9A-9C, respectively.

EXAMPLER

143} This example demonsirates the asroponic eultivation and harvesting of
Physalis crassijolic and F. peruviana.

{01dd] Seeds were germinated in 1.0 inch Grodan rock-wool cubes in a Barnstead Lab-
Line growth chamber kept at 28°C with 16 b of Huorescent highting and maintaining 23-50%
hurpidity. After ca. 4 weeks in the growth chamber, seedlings with an aerial length of ca. 5.0
cm were fransplanted to aeroponic culture boxes for further growth as described previously
(PCT/USZO09/005 146), For P. crassifolia, aerial parte of areoponically grown planis were
harvested when they started to produce flowers {ca. 2 months under asroponie growth
conditions) and when fruits were almost mature {ca. 5 months uoder acroponic growth
conditions) and were processed separately. For 7. peruviana, acrial parts of areoponically
grown plants were harvesied when fruits were almost matare {ca. S months under aeroponic
erowth conditions), Harvested plant materials were dried in the shade, powdered and stored

at § °C prior fo extraction.

EXAMPLE S

{31451 This example demonstrates the extraction and isolation of withanolides from
two-month oid acroponically cultivated £, crassifolin

THELY Diried and powdered plant matenal {50.0 g} was extracied {x3) with MeQH (300
and 7 x 200 mL) in an ultrasonic bath at 23 °C for 1 b, filtered and the combined Shirates
were concentrated i vacuo to afford the ornude extract (6.7 g). This extract was subjected o
solvent-soivent partitioning using 80% aqg. MeOH (30 oL} and hexanes (3x50 mL). The 80%
aq. MeOH solution thus obtained was dihuted with water to 50% ag. MeOH and extracted
with CHCH (3730 mb). Combined CHCL extracts were concenirated and the resulting
CHCE; fraction {755.0 mg) was subjected to column clwomatography over RP silica gel (20.0

gy and ehited with 100 bl each of 70%, &0%., and 90% ag. MeOH followed by Me(H. The
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fraction eluted with 80% aq. MeQOH which was found to contain most of the withanolides was
concentrated and further fractionated by RP HPLC with  solvent gradient of MeH and
water { flow rate, 3 mL/min; 0-15 mwin, SO% aq. MeOH; 16-60 min, 60% MeUH with UV
detection at 250 nm). Based on the HPLC trace obtained, ten fractions designated A—f [A {6.8
mg) at /=265 min; B (2.0 mg) at =274 oo C 3.9 mg) at 28,1 oo B {111 mg) at
=292 nun; B (7.7 mg} at fe=31.1 ming F (10.0 mg} at 5=34.4 o, G {550 mg) at ig=38.2
ming H (8.5 mg) at ix=44.3 min; 1 {180.4 mg) at =469 min; and ¥ (8.3 my) at ;a=38.1 o]
weare collecied. Fractions A, I and F—J which contained withanolides were further purified
by sitica gel NF HPLC using mixtures of CHClL-MeOH as eluants 3 ml/min, UV detection
at 254 ron). Fraction A afforded 1So-acetoxy-28-hydroxyphysachenolide 13 {6.1 mg, ip=17.9
min, CHOL-MeOH (97:3)]; D afforded 1Soracetoxy-27-hydroxyphysachenolide D 6.3 mg,
x=11.2 min, CHOL-MeOQH (97:3Y]; F afforded 27-hydroxyphysachenolide D {6.4 mg,

a8 Tmin, CHOL-MeQOH (97:3)]; G afforded 1 So-hydroxyphysachenolide B [48.2 mg,
tp=14.4 min, CHCL-MeO¥H (9731 1 afforded phyvsachenolide D {168 mg, #=8.8 min,
CHChL-MeOH {97:3)] snd PSa-acstoxyphysachenolide D 114.2 mg, =193 min, CHCL-
MeOH (99:1); and fraction ] afforded 18-aceioxy-17-epi-withanolide K {4.2 mg, x=5.0 min,

CHCOE-MeOH (97:33]

EXAMPLE 10

{3147} This example demonstrates the extraction and isolation of withanolides from
five-month old acroponically cultivated £, crassifolia.

{61481 Diried powdered asrial parts of P. crassifolio (1.0 kg) were extracted (13} for 24 h
each time with MeOH {1400 ml, 860 mL, and 300 mL) in a shaker at 25 °C and filtered.
Resulting {ilirates were combined and concenirated in vacuo to afford the crude extract
{150.0 ¢). A portion {504 g} of this extract was subjected o solvent-solvent paritioning
using 80% aq. MoOH (200 mL) and hexanes (3x100 mL). The resulting 80% ag. MeOH
fraction was diluted with water to 30% ag. MeOH and extracted with CHCL (3100 mL}
Combined CHCl extracts were conventrated under reduced pressure o afford the CHCh
fraction {5.47 g). This fraction was subjectad to column chromatography on BF Cig (100 g}
and ehuted with 200 mL each of 60%, 70%, 8%, 90% aq. MeOH and finally with MeGH to
afford five fractions A-E: A {698.0 mg) ehuted with 60% aq. MeOH; B (608.0 mg) with 70%

aq. MeOH:; C (522.0 mg) with 80% aq. Me(HL D (1.63 g) with 90% ag. MeOH, and E (2,13
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¢} with MeOH. Further purification of fraction A {500.0 mg) by RP HPLC using a gradient
solvent system (increasing Me(H concentration from 35% aq. MeOH to 60% ag. MeOH in
40 min) afforded sub-fractions A, and A, Sub-fraction A, {(72.8 mg) collected at fg=15.4 mun
was separated by column chromatography over silica gel (10.0 g} and eluted with CHCl-
Me(H (5:2) to afford 15a-acetoxyphysachenolide C {16.9 mg) and 15a-acetoxy-2,3-
dihydrophysachenclide -3 8-Co-sulfate (35.6 my). Further purification of sub-fraction A,
{26.9 my) collected at 4=40.0 min by silica gel {25.0 g) column chromatography and elution
with CHCL-MeOH {85:15) afforded 1 So-acetoxy-28-0-F0-glacopyranosyl-physachenolide
¥ {9.3 mg) and 2,3-dilydrophysachenolide D-34C-sulfate (6.6 mg). Fraction B (608.0 mg}
obtained above was subiected to further purification by RP HPLC using a gradient solvent
system {increasing methano! concentration from 45% aq. MeOH to 70% aq. MeQH in 50
min} yielding eight sub-fractions B,—B; with retention times {1ra} of 20, 25, 27, 33, 35, 37,
40, and 42 min, respectively. TLL analysis of these indicated that only sub-fractions Be—83
contained withanohdes. Further purification of sub-fraction B; (53.5 myg) by column
chromatography over silica gel (20 g) and ehution with CHOL-MeOH {90:4) afforded 15~
acetony-27-O- 3-D-ghucopyranosyiphysachenohde I (24.8 my). Sieilar purnification of sub-
fraction B {133.3 my) gave 1Soracetoxy-28-hydroxyphysachenolide D {124.0 mg). Sub-
fraction B (32.2 mg) on further punification by silica gel (5.0 g} column chromatography and
chition with CHOL-MeOH (95:3) afforded 27-hydroxyphysachenolide D (9.0 mg). Sub-
fraction By (24.1 mg) on silics gel {20.0 ) colunmn chromatography and elution with CHCh-
MeGH (96:4) gave 15, 18-diacetoxy-28-hydroxy-17-epi-withanolide K (4.8 rog) and
phvsachencdide C (1) (2.4 mg). Fraction C {522.0 mg) resulting from the fivst colomm
chromaiographic separation was subjected to gel filtration chromatography on Sephadex LH-
20 {160.0 ) and eluted with CHLClp-hexanes {4:1}). Fractions obtained were combined based
on their TLC profiles to afford four sub-fractions C;-C,. TLC mvestigation of these indicated
that only {7 and C; contamad withanolides. Sub-fraction Cy (272,

purification by sitica gel NP HPLC [CHCL-MeOH (95:5), 3 mb/min, UV detection at 254

7 mg) on forther

om} afforded 1 Saqacetoxyphysachenohide D (85.0 mg

2, ig=6.5 min) and physachenclide D
(105.0 myg, f=7.5 miny. Sub-fraction C; (2€.2 mg}) on further purification by RP HPLC (65%
aq. MeOH, 3.0 mL/min, UV detection at 230 nm) gave another portion of physachenolide D

(15.5 mg, p=24.6 min}.
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EXAMPLE 11

{1149} This example demonstrates the exiraction and lsolation of 15¢,18-diacetoxy-

1 7-epi-withanolide K from soibgrown P, crassifolia.

HERGH The powdered plant material was extracted with 111 CH,CL-MeOH at room
temperabire for three times and the crode extract was obtained after concentration and drying.
The 2.0 g of the crude extract was passed a 40 g C-13 open column, and the column was
washed successively with 200 ml. cach of 20%, 40%, 60%, 80%, and 100% aq. MeOH. The
60155 MeOH fraction was forther separatad with preparative C-18 HPFLC {Luna 250 x 10 nun
C-18 column, §5-65% gradient increasing ag. MeOH in 30 min, detectad at 225 mn, the peak
at KT = 183 min} , and finally purified on 10 g 30 open colummn {95:5 CHCL-MeOH) o

give 13w Vé-diacetoxy-17-epi-withanolide K (15.7 mg).

EXAMPLE 12
61531 This example sets forth characienization data for the compounds disclosed
Exaroples 9-11.

(6152} Physachenolide I3

{8153} Off-white amorphous powder; [ai? +44.5 {c .69, MeUH) UV {MeOH) Ay, (log
£} 223 €407y nro;y  H NMBR (CDChH, 400 M2 §6.74 (TH, ddd, 7= 10.0, 4.8, 2.4 Haz, F3),
SR3{1H, dd, 7= 10.0. 24 Hz, H-2), 556 (iH, 4, /=60 Hz, H-6), 4.91 (1H, ¢, /= 8.0 Hz,
223, 444 (BH, 4, = 112 Mz, H-18), 438 {1H, d, /=112 Hz, H-18}, 3.24 {1H, brd, /=
212 Hr H-4), 280 (1H, dd, 7= 21.2, 4.8 He, H-4), 2.08 (3H, s, 18-0Ac), 1.93 3H, 5, CHs-
283, 1,38 (3H, s, THa-27y, 1.40 (3H, s, CH3-213, 1.20 (3H, 5, CH;-19}; BONMER (CDCL, 100
(CH, C-3), 1351 (g, €-5), 1280 (CH, C-2, 1250 (CH, C-6), 121.9{gC, C-25), 88.2
(q(C, C-173 81.4 {gC, C-14Y. 79.7 (CH, C-22) 788 (qC, C-243, 65,3 (CH,, C-18). 87.5
(g, C-13Y, 56.6 (g€, C-10), 38.6 (CHy, C-16), 37.6 (CH, £-8), 358 (CH, €-93. 33.8

MHZ) S 203.9 (qC, C-1), 170.3 (g, 13-0Ac), 165.7 (g0, C-26), 149.6 (g, C-24), 145.2
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(CHy, C-233 334 (CHa, G4 33.0 (CHy, €-15), 26.0 (CHy, $-12), 25.7 (CHa, C-7), 23.0
(CHy, O-113, 213 (CHa, 18-0A), 206 (CHa, ©-28), 193 (TH;, €-21), 18.7 (CH;, -
19Y, 12,4 (CHs, 027 positive HRESIMS miz 5112683 [M-F,O+H]" (caled for CioHsly,
5112690},

31544 {5a-Acetoxyphysachenolide [

{81551 Off-white amorphous powder; [o]® +64.0 (¢ 0.67, MeOH), UV (MeOH) A {log
¥ P o /

£1225 (4.05) men; "HNMR (CDCH, 400 Mz} 8 6.74 (1H, ddd, 7= 10.0, 4.8, 2.4 Hz, H-3),
583 (1H, dd, /= 10.0, 2.0 Hz, H-2), 5.51 (18, &, J= 5.6 Hz, 16}, 5.16 (1H. £, /= 8.8 Hz,
H15), 4.88 (1H, §, = 7.6 Hz, H-22), 4.69 (1M, d, /= 116 He, H-18), 425 (1H, 4, /=116
FHz, H-18), 3.23 (1FL brd, J= 21.2 He, H-4), 2.79 (1H, dd, 7 = 21.2, 4.8 He, T84}, 2.12 31, 5,
15.0A2), 2.06 (3H, 5, 18-OAc), 1.92 (3H, s, CH3-28), 1.87 (3H, 5, CH-27), L3R B, s,
CH-21), 1.20 (3H, 5, CH-193; 0 NMR (CDCh, 100 MHz) § 2038 (gC, C-1), 1711 {qC,
15-0Ac), 1701 (g0, 13-OA0), 165.6 (qC, C-26), 149.9 {q(C, C-24}, 145.1 (CH, C-3),
£34.8 (qC, €-5), 128.0 (CH, £-2), 124.9 (CH, C-6), 121.7 (qC, C-25), 85.1 (9C, C-17),
79.7 (qC. C-14), 79.5 (CH, €-22), 79.0 (g0, C-20), 75.8 (CH, C-15), 64.9 (CHy, C-18),
§7.4 (qC. C-13), 50.5 {qf7, C-10, 42.7 (CHy, C-16), 37.8 (CH, C-8), 35.8 (CH, T-9},
338 (CH,, €-23), 333 (CHy, C-4), 26,0 (CHy, C©-12), 25.6 (CHy, C-7), 22.7 (CHy, G113,
314 {CHs, 18-0AC) 213 (s, 15-0OAc) 20.6 {CHs, C-28), 19.6 (CHy, C-21), 187
(CHy. C-193, 12.4 (CHa, €-27); positive HRESIMS s/% 6092646 [M+Nal' (caled for
O Ma, 609.2676).

13156] ISa-Acetoxy-28-hydroxyphysachenolide B
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a1
131571 Off-white amorphous powder; [o]2 +62.5 {0 0.36, MeOH);, UV {(MeOH]) A (log

£Y322.5 (4.19) n;  HNMR (CRCH, 400 MHz) 6 6,74 {1H, ddd, ./ = 10.0, 4.8, 2.4 Hz, H-
33, 582 (1ML dd, J= 100, 2.0 Hp, H-2), 552 (1M, 4, = 6.0 Hz, H-63, 532 (TH, £, /= 88
e, H-15), 4.86 {11, tud, J= 11.4 He, H-22), 483 {1H, d, J=11.0 Hz, H-18}, 440 (1K, 4,/
=116 Hz, H-28), 437 (JHL 4, S = 11.6 Hz, H-18), 426 (A8, 4, J = 11.6 Hg, H-28), 3.24 (IH,
brd, =212 Hz, H-4), 2.79 (15, dd, J= 212, 4.8 Hz, H-4), 2.14 (3H, 5, 15-04Ac), 2.06 (3H,
s, 18-0Ac), 1.84 (3H, s, CH-27), 138 (3H, 5, CH1-21), 119 88, 5, THa-19y PONMER
{CDChL, 100 MHz) 8 204,10, C-1), 1701 (gC, 18-0Ac), 1708 (g, 15-0Ac), 1659
(qC, C-263, 151.9 {qC, C-24), 1454 (CH, C-3), 134.8 (g, C-5), 127.9 {CH, £-2}, 1249
(CH, C-6), 121.6 (gC, C-25), 85.5 (g, C-17), 81.2 (CH, C-22}, 80.2 {gC, C-14}, 79.1
(qC, C-240, 75.9 (CH, C-15), 64.5 (CH,, C-18), 61.3 (THy, C-28), 57.4 (g, C-13), 50,5
(gC, C-10), 43.2 (CH,, C-16), 37.& (CH, C-8), 358 (CH, C-8}, 33.3 {CHy, €43, 28.0
{CH,, C-233, 25.6 {CHy, C-7), 25.4 (CHy, C-123, 22.8 (CH,, C-11), 21.4 {CH,, 15-0A¢),
21.1 (CHa, 18-0Ac), 20.5 (CHs, C-21), 188 (CHy, C-19), 11.9 (CH;, C-27); positive
HRESIMS sz 625.2623 [M+Na]' (caled for Oy He O Na, 625.2625).

{H158] iSe-Hydroxyphysachenolide B

{8159} Offawhite amorphous powder; [a]2 +28 {2 0.16, MaOH) UV (MaOH) 4, (og &}

222 (3.81) mny H NMR (CDCL, 400 MHz) 6 6.72 (1H, ddd, /= 10.0, 4.9, 2.5 Hz, H-3),
5.80 (1M, dd, /= 10.0, 2.0 Hz, H-2), 5.53 (11, brd, J = 5.6 Hz, H-6), 4.87 (11, dd, J =
12,1, 3.9 Hy, H-22), 4.56 (1H, d, /= 11.6 He, H-18), 424 (1H, &, J = 1 1.6 Hz, H-18), 4.06
(1M, 1, 7= 7.9 Hz, FRISY, .21 (13, dd, J= 22.0, 3.2 Hz, H-4), 2.77 (1H, dd, J = 22.0, 4.8
Hy, Hed), 2.07 (3H, s, 18-04c), 1.89 (3H, s, CH;-28), 1.84 (3H, 5, CH-27), 136 (3H, s,
CHp21), I8 (3H, 5, CHa-193; 0 NMR (CDCH, 100 MHz) 6 204.1 (9T, C-i) 170.3 (g€,
18-OAC), 1663 (g, C-26), 150.2 (g, C-24), 145.4 (CH, C-33, 1343 (qC, €-5), 127.8
(CH, 223 125.4 (OH, C-6), 1216 (g0, C-25), 85.1 {qC, =173, 80.1 (gC, C-14), 801
(OH, C-22), 78.9 (g, C-20). 74.1 (CH, C-15), 85.0 (CHy, C-18), 37,3 (qC, €-13), 50.6
(qU, C-10). 48.2 {CHy, C-16), 27.8 (CH, C-8), 35.8 {CH., C-9, 33.8 (CHy, €-23), 33.3



WO 2017/139485 PCT/US2017/017220

52

(CHy, £-4), 26,4 (CHL, C-12), 25.9(CH,, W7, 22.8 {CH,, C-11), 21.3 (CH5, 1R8-0AC),
2006 (CHs, C-28), 191 (CH, C-21), 188 {CH;, C-19), 12.3 (CHy, C-27) positive
FIRESIMS mi/z 5672570 [M+Nal (caled for CryeHaOeNa, 567.2570).

{atey! 27-Hydroxyphysachenolide D

4

9 1.
M Hi 5

N b
, I “\,~ : .»"
N e

16161} Off-white amarphous powder; [a]? +91 {e 0.13, MeCGH}, UV {(MeOH} Apq: (log &)
4 {4.19) nm; THNMR (CDCL, 400 MHz) 8 6.76 (11, ddd, 7= 10.0, 4.9, 2.5 Hz, H-3),
5.84 (iH, dd, /=100, 2.0 Ha, H-23, 555 (11, &, J=59 Hz, H-6), 459 (IH, byd, J= 122
Hz, He22), 433 (IFL d, /= 12.4 H, FL27), 428 {18, d, /= 12.4 Hz, H-27}, 4.20 (24, brs,
H-18), 325 (13, bad, J = 21.2 He, H-4), 280 (1H, dd, /= 21.2, 4 8 He, H-4), 203 3H, s
ALY, 200 (BH, s, CH;-28), 142 (3H, &, TH3-21), 1.23 3H, s, CH-19y PONMR (CDCL,
100 MHz) 4 204.3 (o€, C-1), 1711 {g, 18-0Acg), 166.2 (g7, C-26}, 153.5 {qC, C-24),
145.6 (CH, £-33, 135.4 {qC, C-5), 1277 (CH, €23, 124.7 (g, C-25}, 124.2 (CH, -6},
87.5 {gC, C-17), 85.4 {g0, C-14), 81.5 (CH, C-223 769 (g, C-20), 62.8 (CHy, C-15),
56,8 (CH,, C-27), 53.9 (qC, T-13), S8.8 {g0, C-10) 36.8 (CH, C-8), 36.0 {(CH, -9},

3.6 (CH,, C-23), 33.4 (CH,, C-4), 331 (CHy, T-15), 32.8 (CHy, C-16), 24.7 (CH,, -7
22060 H,, C-12), 22.0 {(UH,, C-11y, 21 1 {CH,, 18-0Ac), 20.0 (TH;, C-28), 18.9 (CHs,

C-2 15 i {(CHy, C-19Y; positive HRESIMS m/z 567.2570 [hNa) {ealed for CyoHgpOsMa,
567.2570).

4162 15a-Accioxy-27-hvdroxvphvsachenolide &
¥ ¥ ¥Pa3

i 63] Off-white amorphous powder; {a] 2 +68 {o G.14, MeQH), UV (MeOH) Aq (fog &)

222 (4.07) non H NMR (CDCh, 400 MHz) 8 6.73 (1H, ddd, /= 10.0, 4.9, 2.5 Hz, H-3),
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582 (HH, dd, J=10.0, 1.9 Hz, H-2), 53.50 (3H, brd, J= 55 He, H-6), 5,13 (JH. £, /= 8%
He, H-15), 494 (1H, 84, J= 12,4, 3.6 Hz, H-223, 468 (1H, 4, J = 11.5 He, H-18), 434 (28,
brs, H-273, 422 (0H, d, /=11 S He, H-18), 323 (1R, byd, /=216 Mz, H-4}, 2.78 (1H, dd, J
=21.6,4.8 Hz, H-4}, 210 (3H, &, 15~0Ac)§ 206 {3H, 5, 18-0Ac), 2.03 (3H, s, TH;3-28), 1.38
(3H, s, CHa-21), 118 (3H, 8, CHa-19) CMMR (DO, 100 MHz) 6 203.8 (4C, C-1

1713 {qC, 15-0A0), 170.2 (gC, 18-0Ac), 166.0 (gC, C-26), 1534.4 (gC, C-24), 1452
(CH, £-3), 134.7 (gC, C-5}, 1279 (CH, C-2), 125.4 {gC, C-25), 124.93 (CH, C-6), 85.1
{gC, C-17}, 803 (CH, C-223, 79.8 (gC, C-14), 7.8 (g, -2y, TS B {{TH, C-15), 64.8
(CHy, C-18), 57.3 (g, C-133, 570 (CH,, C-237), 30.5 (g, C-103, 43.5 (CH,, C-16), 37.7
{CH, C-8), 35.7 (CH, C-9), 34.0 {CH,, ©-433, 333 (U, C-43, 259 (CH,, C-123, 256
{CHy, C-73, 22.7 (CHy, C-11), 21.4 (CHy, 18-0AL), 21.3 (CHa, 15-0Ag), 202 {CHa, C-
28, 19.3 (CHy, C-213, 18.7 (CHy, C-19); positive HRESIMS ni/z 62,2802 [M+H] (caled
for CipHas Oy, 603.28035),

{0164 15 a-Acetoxy-27-0-Fh-ghicopyranosylphveachenohide B

{31651 Off-white amorphous powder; o T -+49 (¢ 015, MeOH); UV (Me(OH) L, og &)

221 (4.16) nrm; TH NMR (CDOL, 400 MHz) 86,73 (1H, brd, = 10.0 Hz, H-33, 5,78 (1H,
brd, J= 10.0 Hz, H-2), 5.48 (1H, brd, J = 6.0 Hz, H-6), 5.01 (11, 1, /= 8.4 Hz, H-15), 4.89
(14, brd, J = 12,5 He, H-22), 4.54 (2H, m, H-13 and H-27), 437 (11, 4, J = 111 He, H-27),
431 (1H, 4, J=7.8 Hz, Glo-1), 421 (1H, 4, J = 11.2 Hz, H-27), 3.81 (1H, dd, /= 12.0, 3.2
Hz, Glo-6"), 3.69 (1H, dd, J = 12.0, 4.8 Hz, Gle-6), 2.21 (1H, m, H-43, 2.76 {1H, m, H-4),
2070 (1FL, m, H-23), 2,53 (3H, m, H-23), 2.04 GH, s, 18-0Ac), 2.02 (3F, 5, 15-0Ac), 2.01
(3H, 5, CH3-28), 1.28 (3H, 5, CH2-21), 1.14 GH, s, THa-19); VC MR (CDCL, 100 MHz) 5
204.5 (qC, -1 1716 (qC, 15-0Ac), 170.6 (4C, 18-04c), 166.3 (g7, C-26), 158.8 (4T,
C-14), 1458 (CH, C-3), 134.5 (q, C-5), 127.7 (CH., €-2), 125.6 (CH, C-6), 122.2 (¢C,
£.25), 2.2 (CH, Glo-19), 84.6 (qC, ©-17), 80.8 (CH, C-22), 79.4 (aC, C-14), 78.4 (5C.
C-20), 76.3 (CH, Gle-5), 76.1 (CH, C-15), 75.9 (CH, Gle-37, 73.2 (CH, Gie-27, 70.1

/9

(CH. Gle-4", 64.5 (CHz, C-18}, 62.4 (CH,, C-27), 61.9 (CH,, Gle-8%, 57.0 (4C. C-13),
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50.4 (qC, C-10), 42.7 (CHy, C-16), 37.6 (CH, C-8), 35.7 (CH, C-9), 34,1 {CH;, C-23},
33.2 (CHy, C-4), 257 {TH,, C-12), 255 (CHL, C-73, 228 (CHy, C-113, 21.2{CH;, 13-
QAcy, 211 (CH, 180Ac), 2005 (CH, C-28), 18.7 (T, C-19), 184 {CH,, C-21 )
positive HRESIMS m/z 7653322 {M+H}+ {caled for CsgHs:046, 7635.3334).
(6166} 5a-Aceioxy-28-0- An-ghicopyranosyiphysachenolide D

18167} Off-white amorphous powder [a]? +43 (o 018, MeOH), UV (MaOH) 4 (og &)

222 (4.07) n | HONMR (CDCl, 400 MHz) 6 6.73 (18, ddd, J = 10.0, 4.8, 2.4 Hz, H-3),
378 (11, dd, J= 10.0, 2.0 Hz, H-2), 5.48 (14, brd, J = 5.3 Hz, H-6), 5.11 (11, t, /= 3.8
Hz, H-15), 4.83 (1H, dd, J= 13.2,7.4 He, H-22), 458 (1, 4, J= 11.6 Hz, H-18), 438 (0H,
m, H-28), 4.26 (m, d, /=116 He, H-18), 420 (1H, 4, J= 7.7 Hz, Gle-1), 3.78 (1H, dd, 7 =
12.0, 3.2 Hz, Gle-67, 3.71 (1H, dd, J = 12.0, 4.4 Hz, Gle-6, 321 (JH, m, H-4), 2.88 (1H,
brd, J = 8.8 Hz, H-23), 2.76 {1H, m, H-43, 242 (18, m, H-23), 2.08 (3H, s, 16-0Ac), 2.02
(3H, 5, 15-0Ac), 1.84 (3, 5, CH--27), 129 {38, s, CHy-21), 1.15 (3H, 5, CHu-19); PO NMR
(ODCh, 100 M) 5 204.6 (qC, C-13 171.6 (g, 15-0A%), 171.3 (g0, 18-04%), 166.6
(qC, ©-263, 148.8 (qC, C-24), 145.8 (CH, C-3), 134.5 ch, CL53, 1277 (CH, C-2), 125.0
(CH, C-63, 123.6 {gC. £-25), 102.1 (CH, Gle-17, 84.7 (g0, €173, 81.2 (CH, €223, 79.4
(qC, C-14Y, 78.5 (qC, C-20), 76.4 (CH, Gle-57), 76.1 (CH, C-15), 75.8 (CH, Gle-3Y), 73.3
(CH, Gle-2Y), 69.8 (CH, Gle-4%, 67.3 {(TH,, C-28), 64.8 (CH, C-18), 61.6 (CHy. Gle-6'),
57.1(qC, C-13% 50.5 {qT, C-10), 42.9 (CHy, C-16), 37.6 (CH, C-8), 35.7 (OH, C-9),
13.2 (CHy, C-43, 29.2 (CHa, C-23), 25.6 {CH,, ©-12), 25.5 (CHy, €-7), 22.6 (CH,, C-113,

213 (CH 18-040), 21,1 (CH,, 15-0A¢), 18.9 (CH,, £-213, 186 (CHy, ©-19), 12.0
(CHa, C27%; positive HRESIMS m/z 7873131 MH‘J::} {caled tor CielisyNaGyy,, 787.3153)
{31681 Physachenohde € (1}
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{BE64] Off-white amorphous powder; {a] [ +102 {¢ 0.10, MeOH} "H NMR {CDCL,, 400
MHzy 6 668 (1H, ddd, /= 100, 4.8, 2.0 He, H-3}, 5.91 (0H, 44, J= 1.0, 2.0 Hx, H-2}, 488
(1H, dd, /=92, 7.6 He, H-E2, 440 (IH, &, J= 116 Hz, H-18), 430 (IH, 4, /=116 Hz, H-
18}, 3.47 (1H, s, H-6a), 3.02-3.12 (ZH, m, H-4 and H-23}, 2.08 (3H, 5, 18-0aAc), 1.92 (3H, 5,
H-22), 1.88 (3H, 5, H-27), 1.40 (3H, 5, H-21), 1.32 (3H, 5, H-19). C NMR (CDCh, 160
MHz} 4 202.5 {qC, C-1}, 170.2 (gC, 18-0Ac), 165.5 (gC, C-263, 149.9 (qC, C-24), 142.3
{CH, C-3), 1289 (CH, -2, 1218 (g€, 8253, 881 {gC, C-17), B9 {qC, C-14), 79.5 {CH,
G223, 78.9 {qC, C-203, 653 (THy, C-18), 864.3 {(qC, C-53, 587 {CH, -6}, 57.4 (gC, C-13},
48 5 g, C-10), 37.9(CH,, C-163, 353 {(CH, £-9), 33.9 {CH;, C-233, 33.8 {{CH,, -4}, 32.8
(CHy, C-158), 318 {CH, -8}, 258 (CH,, C-12), 236 (CH,, C-7), 220 {CH,, C-11)3, 213
{CHs, 18-0Ac), 20.6 (CHs, £-28), 19.4 {CH,, C-21), 153 {CH;, C-19, 124 {CH,, C-27y
LR-APCIMS (positivel: m/z 527 IMH]

13174 I 5a-Aceioxyphysachenolide C

(71
325 (3.94) nnt; ' H MMR (CDC, 400 Mz} § 6,31 (1H, ddd, 7 = 9.9, 6.3, 2.3 Hz, H-3}, 6.00
(IH. dd, 7= 10,1, 2.7 He, B0 503 (0H, 1, /= 8.8 Ha, H-15), 4.84 (1, 1, /= 8.3 He, H-22),
455 (IH, 4, 7= 11.7 He, H-18), 4.24 (1H, d, /= 11.7 Hz, H-18), 3.12 (1H, brs, H-6¢), 2.93
(UHL, wm, FI-4), 2,10 (3L 5, 18-OAc), 2.07 (3H, 5, 15-OA¢), 1.91 (31, s, H-28), 1.87 (3H, 5, H-
27, 136 (M, s, 21y, 120 BH, s, H-19) PO NMR (ODCh, 100 MHz): § 2027 (. C-13,
170.9 {qC, 15-0Ac), 168.9 (gC, 18-0Ac), 165.4 (qC, €263, 149.9 (g0, £-24), 143.9 (CH, C-
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), 1206 {CH, C-2), 121.2 (gC, C-25), 84.7 (g0, C-17), 79.7 (gC, £-143, 783 (CH, 223,
9.0 (g0, C-203, 75.9 (CH, C-15), 64.8 (CHy, C-18), 63.8 (CH, 0-6), 61 & (4C, C-5), 57.3
(qC. C-133, 48.4 {gC, C-10), 43.3 (CHy, C-16), 36.8 (CH, C-9), 34.6 (CH, C-8), 33.9 (CH,,
C-233, 32.8 {CHy, Cedh, 26.0 (CHy, C-12), 25.7 (CHy, €27}, 228 (CHy, C-113, 214 (CH,, 15-
OAc), 21.3 (CHs, 18-0Ac), 20.6 (CHa, C-28), 19.4 (CH,, C-21), 147 {CH,, £-19), 12.4
{CH;, C-27); positive HRESIMS sz 603.2803 [ M +H}+ {ealed for Capils3Ghy, 603.28035)
(8172} 2,3-Dnbydrophysachenchide D-35-O-sullate

HS 0“’ Al
{0173 Off-white amorphous powder; [e]® +74 (¢ (.26, MeOH}), UV (MeOH) L, log £)
2235 (3.86) nro; 'H NMR (CDCL, 400 MHz): 8 5.5% (1H, brs, H-6), 4.79 (1H, dd, J = 133,
3.2 He, H-223, 449 (1H, ddd, J= 12.8, 9.6, 7.2 He, H-3a), 439 (1H, &, /= §1.4 Hz, H-18),
418 (11, d,J= 11.4 Hz, H-18}, 2.02 (3H, 5, 18-0Ac), 1.87 (3H, s, H-Z8), 1.80 (3H, s, H-IT},
LA0BH, s, H-20), 163 H, s, H-19) PO NBMR (ODOE, 100 MHz): 6 2124 (g0, C-1),
174.8 (g, 18—0Ae;?), 167.2 (g, £-263, 150.9 (gC, C-24), 134.3 (g0, ©-5), 126.1 (CH, C-0),
1233 600, 0-25), 87.9 (qC, C-173, 81.2 (qC, £-14), 808 {CH, £-223, 78.2 {4C, C-20}, 74.4
(CH, C-3), 64.8 (CHp, C-18}, 57.4 (qC, €~13), 52.8 {qC, C-1), 44.4 (CH,, ©-2), 37.7 (CHy,
2.4}, 37.4 (CHy, C-16), 36.0 {CH, C-8), 355 (CH, C-9}, 33.7 (CHy, C-23), 32.5 (TH,, T-135),
25.7 {CHa, 273, 254 {(CHy,, €-12), 218 (CH,, C-113, 21.2 (CH, 18-0Ac), 20,3 {(CH;, C-28),
18,4 (CHa, ©-21), 171 {CH;, C-19), 121 {CH,, C-27); positive HRESIMS m/z 600,2369
MY {caled for CaHy (3, 609.2364)
1744 15a-Acetoxy-2,3-dihydrophysachenolide 13-33-C-suliate

\

HUy \,g‘ AR
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{3175] Off-white amorphous powder; [} 2 +81 (¢ 0.33, MeOH); UV (MeOH) 4, (log £)
222 (3.83) mum; H MMR (CDCL, 400 MHzy 6 5.54 (1H, brs, H-6), S.00 (1H, dd, = 9.2 B4
Hz, H-156), 476 (1H, dd, J= 13.6, 3.2 Hz, H-223, 447 (1H, ddd, /= 14.0, 96, 6.9 He, H-
Foy, 486 (IH, &, J= 116 He, H-18), 434 {1H, 4, = 11.6 Hz, H-18), 2.02 3H. 5, 18-0Ac),
2.01 (%H s, 15-0A0), 1.86 (3H, s, H-28), L78 (3H, 5, H-27), 125 (3, s, H-21}, 114 GH, =
H-19), PO NMER (CDOL, 100 MHz): & 2123 (g, C-1), $70.7 (g0, 15-0Ac), 170.7 (g, 18-
CAc), 187.3 (¢C, C-26), 131.2 (gC, C-24}, 1339 {gf_, C-3}, 1262 (CH, C-6}, 1213 (g€, C-
25y, 84.6 (g, C-173, 80.7 (CH, C-22y, 79.3 (g, £-14), 78.3 (qC, C-2{1}, 76.0 {CH, -15),
74.4 (CH, C-3), 643 (CH,, C-18), 571 (g, C-13), 52.7 (g0, ©-10), 44.53 (CH,, C-2}, 42.6
{CH,, C-16), 37.7 (CH;, C-43, 36.2 (CH, C-8), 35.7 (CH, C-9}, 33.8 (CH,, €23, 32.5 {Ci,,
C-158), 25.7 (CH,, C-73, 383 (CHy, C-12), 21.7 {CH,, C-11), 21.7 {CH;, 18-0Ac), 21.3 {TH,,
15-04A0), 20,5 (CH;, €-28), 18.4 (CH,, C-21), 17.7 (CH,, C-19), 12,1 {CH,, C-27); positive
HEESIMS auz 6852525 [MHH] (caled for CoHas(48, 6835.2530).
1831761 18-Acetoxy-17-epi-withanolide K

{6177 Off-white amorphous powder; [o] ¥ +63 (¢ 0.64, MaOH}, UV (MeOH) A (log

£) 228 (4.01) aro; TH MME (CDCL, 400 ME2) 6 6.01 (1H, brd, /= 10.0 He, H-4), 5.64 (1H,
brd, J = 2.8 He, H-63, 5.56 (1H, m, H-3), .85 (0H, 1,/ = 8.0 He, H-20), 444 (11, 4, J =
182 Mz, H-18), 437 (1H, &, J = 11.2 He, H-18), 3.23 (1L brd, J = 19.6 Hz, H-2), 2.70 (3H,
dd, /= 19.6, 4.0 Hz, H-2), 2.08 (3H, s, 18-CAc), 1.92 {31, 5, CH2-28), 1.88 (3H, 5, CH;-273,
VAL GH, s, CH21), 133 BH, s, CHy-19) PCNMR (CDCh, 100 MHz) 8 210.4 (g0, C-1),
1702 (qC, 18-0AC), 165.6 (gC, T-26), 149.6 (g, C-24), 14014 (qC. C-5), 129.4 (CH, C-
43, 127.5 (CH, C-63, 121.9 {qC, C-25) 121.2 (CH, C-2), 88.3 (g, C-17), 81.2 (g, -
143, 79.7 (CH, £-22) 78.8 (qC. C-28), 65.2 (Clh, C-18), 57.7 (g2, C-133, $2.2 (€, C-
103, 39.6 (CH,, C-2), 38.0 (CHy, C-16), 36.2 {0H, C-8), 34.0 (CH, <,_9;;,_ 33.8 (CH,, C-
23, 32.9 (CHy, C-15), 25.9 (CHa, C-7), 25.8 (CHa, C-12) 217 {(TH,, C-11), 21.3 (CH
[8-0AC), 20.6 (CHa, C-28), 19.3 (CHa, C-21), 20,1 (CHa, C-19), 12.4 (CHa, C-27),
positive HRESTMS m/z 5112691 [MHH] ¢caled for CagHseOy, 511.2690),
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18178} 18, 18-Diacetoxy-17-epi-withanohide K

A

T e
ol |
ACO. TH(} Sy
\_.-r“'\,\' e {

T GHppg

[G179] Off-white amorphous powder; a7 487 (¢ 0.29, MeOH}Y, UV {(MeOH} %, (log

£Y 7295 (4.13) nmy; ' H NMB {CDCh, 400 MHz) 8 6.00 (1H, brd, 7= 10.0 He, H-4), 5.59
{1H, overlapped, H-6}, 5.56 (1H, overlapped, H-3}, 520 (1H, t, /= 8.0 He, H-22}, 4.86
(1H, m, H-138), 470 {16, 4, 7= 120 He, H-18}, 4.24 {(1H, , /= 12.0 He, H-18}, 3.23 {14,
brd, J= 19.6 Hz, H-2), 2.71 (1H, dd, J=19.6, 4.0 Hz, H-2), 2.13 (3H, s, 18-0Ac), 2.08 (3H,
s, 15-03Acy, 1.92 (3H, 5, CHL-28), 1.87 (3H, s, CHa-27}, 138 {_i%H, g, CHa-213, 135 (3H, 5,
CHa-19); VO MNMER (CDCE, 100 MH2) 6 210.2 (g0, C-1), 171.1 {gC, 15-04c), 169.9 (yC,
18-0A), 165.3 (g, €26}, 1498 (qC, €-24), 140.1 {gC, C-3}, 129.2 (CH, £-43, 1272
(CH, C-6), 121.9 (g0, C-283, 121.5 (CH, C-3}, 85.1 (gC, C-17), 79.6 (9, 14}, 79.5
(CH, C-22), 79.0 (gC, C-20), 757 (CH, £-153 64.9 (CH,, C-183, 57.8 (g, C-133, 32.2
(qC, C-14), 397 (CH, C-2), 43,7 (CH;, ©-16), 36.6 (CH, C-8), 34.1 (CH, C-8}, 33.8
(CHg, C-233, 25.9 (CH,, C-73, 25.9 (CH,, C-12), 215 (CHy, C-11}, 214 (CH;, 15-0Ac),
212 (CHs, 18-0AC), 20.6 (CHa, C-28), 2001 (CH, C-19), 197 (CHy, C-121), 12.4 (CH,
{27y, positive HRESIMS sz 569.2736 [M+H]" (caled for T3l Oy, 569.2745),

EE R 15, 18-EHacetoxy-28-hydroxy-1 T-epr-withanolide K

LN

181831 Gif-white amorphous powder; [a]® 465 (¢ 0.06, MeOH), UV (MeUH} A, (log 2)
223 {3.97) nwy Y NMR (CBCH, 400 MHz2) 8 6.00 (1H, brd, J= 10.0 Ha, H-4), 5.60 (1H,
overlapped, H-6), 5.57 (1H, overlapped. H-33 488 (1H, brd, /= 11.5 He, H-22}, 518 {11,
L= 88 Hz H-15M, 461 (1H, ¢, 7= 116 Hy, H-18), 444 (1H, 4, /= 14,1 Hz, H-28}, 4.34
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(UH, d, 7= 11.6 He, H-18), 428 (1H, &, J = 14.1 He, 1283, 3.24 (1H, trd, J = 19.8 Hz, 112},
297 (1, d,J= 183 Hz, H-23), 2,71 (11, dd, J = 19.8, 4.4 He, 1-23, 2.14 (3H, 5, 18-0Ac},
2.08 (3H, s, 15-0Ac), 1.87 (3H, s, CHs-273, 1.41 (3H, 5, CHy-21), 1.35 (3H, 5, CH:~19); T
NMR (CICh, 100 MHz) 6 210.4 (gC, C-1), 1711 (€, 15-0Acy, 170.4 (gC, 18-0Ac),
165.5 (qC, C-26), 151.7 (g0, C-24}, 140.1 (qC, ©-3), 1292 (CH, C-4), 127.1 {CH, £-6),
121.9 (qC, C-25), 121.5 (CH, C-3), 85.5 (90, C-17), 8.6 (CH, €-22), 79.8 (¢C. T-14),
79,3 (q, C-20), 75.6 (CH, C-15), 64.8 (CHy, C-183, 61.4 (CH,, C-28), 57.7 (o, C-13),
52,2 (qC, C-10), 39.7 (CHz, C-3), 43.5 (CHy, ©-16), 36.5 (CH, C-8), 34.1 (CH, C-93,
28,1 {CHy, C-23), 25.8 (CHy, C-7 25,5 {(CHy, €123, 21.5 (CHy, C-113, 21,4 (OH;, 15
O3Ac), 211 (CHa, 18-0A0), 20,1 (OHs, ©-19), 20,1 (CH,, 21, 119 (CH,, C-273
positive HRESIMS m/z 603.2792 [MAHT {caled for CpHysOyy, 603.2805),

EXNAMPLE 13

[GE82 This example demonstrates the extraction and isclation of withanolide E (9}
and 4/4-hydroxywithanolide F from five-month old aeroponically cultivated £
peruviana.

(6183 Dried and powdered aerial part of P, peruviana (200 gy was extracted with 3L of
G(1%% agueous MeOH in an ulirasonic bath at 25 °C for | b, filtered. The residue plant material
was added 1.5 L of 60% aguecous MeOH and was extracted processed again as desoribed
above. The combined 60% ag. MeOH filtrate was loaded to 2 50U ¢ Diaion” HP-2088
colurnn to adsorb the withanolides, The colomn was washed with 1 L of 50% agqueous
MeOH, and then the withanolides was eluted out with 1L of MeQOH. The eloted MeUH was
concentrated in vacuo to give the crade withanolide exiract (4.4 g}, The crude extract was
subjected o a 80 g of BakerBond ™ Cig {404} open columa chromatography. Washed the
cofumn with 500 ml of 50% and 70% ag. MeOH each, and collected the fractions according
to their TLO traces. The crade 48-hydroxywithanolide E (800 mg) and crude withanolide
F (950 mg) were obtained from 60% ag. MeOH and 70% ag. MeOH respectively.
Further purification ol these two compounds were achieved by repeated
chromatographies on an 80 g S0, (25-404) colwrnn eluted with ThOAC and 93:5 CHCh-
MeO¥F {v/v) separately. The pure withanolide E {500 mg) and pure 40-hydroxywithanolide
E {450 mg) were isolated as off-while amorphous powder.

[6184]  Withanolide £ (9)
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{5185 Y NMR (CDOCE, 400 MHZ: §6.81 (1H, ddd, J= 10,0, 6.4, 2.8 He, H-3), 6.02
(1H, dd, /= 10.0, 2.8 Hz, H-23, 4.89 {1H, dd, J = 11.6, 5.2 Hz, H-22), 3,18 (1H, s, H-6a},
1.54 {(3H, s, H-28), 1.88 (3H, 5, ¥-27}, 1.41 (3H, s, H-21), 1.24 {(3H, 5, H-19}, 1.OY {(3H, 5, H-
£8); PCONMR (CDC, 100 MHz): 8 202.9 (o, C-1), 165.9 (gC, C-26), 130.7 {qC, C-24),
143,65 {CH, O-3), 120.8 (CH, C-23, 1214 (g0, C-25), 877 (g, C-173, 81.9 (gT, C-143, 796
{(CH, £-223, 79.0 (gC, C-20), 64.1 (CH, C-6), 62.1 {gC, C-5}, 54.5 (g0, C-13}, 48.5 {gC, C-
10}, 37.8{CHy, C-16), 36,8 (CH, C-9), 34.2 (CH,, ©-12), 34.1 {CH, C-8}, 32.4 {CH,, C-23),
32.8 (T, C-4), 30.0 ¢CTH,, C-15), 26.2 (CH,, C-7), 22.7 (CH, C-11), 20,6 (CH,, C-18),
2.5 (CHa, C-28), 19,6 (CH5, C-21), 14.5 {CH,, C-19), 12.3 (CH,, C-273
186} 48-Hydroxywithanohde £

WE87] 'H NMR (CDCT, 400 M) 4 6.91 (1H, dd, 7= 10.4, 6.4 Hy, H3), 6.21 (18, 4,7
= 1004, Hr, H-2) 485 (1H, dd, J= 11,6, 5.2 Hz, H-22), 3.72 (1H, &, /= 6.4 Hz, H-4c), 3.27
(TH, brs, H-60), 1.93 (38, s, H-28), 1.87 (31, s, H-27), 1.40 3H, s, H-21), 1.40 (3H, s, H-
193, 1.06 (3T, 5, C-18) VC NMR (CDCE, 100 MHz): 4 201.8 (g, C-1), 166.0 (o, C-26),
150.7 (qf2, C-24), 141.4 (CR, ©-3), 133.0 (CH, C-2), 121.4 (g€, ©-25), 87.6 {qC, C-17), §1.3
(4C, C-14), 797 (CH, C-223, 79.0 (qC, C-20), 702 (TH, C-4), 64.1 {gC, C-3), 62.8 (CH, -
6). 54.5 (qC, C-13%, 47.8 (g, C-10), 37.8 (CHy, C-163, 36.6 {CH, C-9), 34.2 (TH,, C-23),
34,1 (CH, C-8), 32.3 (CH, £-15), 29.6 (CHy, C-12), 25.8 (CHy, C-7), 213 (CH, C-11), 20.6
(CHy, 0-28), 20.2 (CHs, C-183, 19.6 {CHy, C-21), 16,6 (TH;, €-19), 12.3 {CHs, C-27),
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EXAMPLE 14

{B188] This example demeonstrates a chemical conversion of pliysachenotide I to

physachenolide £ {1).

nlCPBA/CHz(:EQ

RT

{BERY] To a stirred solution of physachenolide D (100 myg) 1 CHCL (2.0 L} was added
m-chioroperbenzoic acid (10.0 mg) and the reaction nuxture was sthved at 28 °C. After 2 b
{TLC control), the reaction mixture was pariitioned between CHCL (10.0 mi} and water
{20.0 mL). The CHCYL layer was washed with water (20.0 mL}), dried (Na,8(4), and was
subjected to puritication by HFLC (RP Cig; 60% ag. MoOH, 3.0 mb/min, UV detection at

230 vrn) to provide physachenolide C (5.8 mg, 57%) {(fp = 23.4 mun).

EXAMPLE 15

Ak This example demonstrates a synthesis of do-hydroxywithanolide B (4) from 45-

bydroxywithanolide B

48-hydroxywithanolide E withaperuvin £ do-hydrosywithanohide B

{B191} Withaperuvin B (3) was prepared by manganese dioxide oxidation of 44-
hydroxywithanolide E (7) as described in the Hterature (Bagehi, ef af., Phvtochemistry (1984)
23, 853-855). Briefly, to a solution 4§ -hydroxywithanolide E {10.0 mg)} in cidoroform/ethyl
acetate {111, 3.0 mL) was added activated manganese {1V} oxide {(MnG,, Sigma-Aldrich, 60.0

mg) and stirred 25 °C. After 6 bours, the reaction mixture was passed through a short column
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of silica gel {1.0 g) using 6% methano! in dichloromethane as eluand 1o give withaperuvinE
(3 {81 mg, 1% yield}.

6192} To stirred solution of withaperuvin F (3} (4.0 mg) w methanol {1.0 mL) was
added Colly 7HO (30.0 my). The reaction mixture was then kept in anice bath and stirred
for 5 minutes. To this mixture was added MaBHy (ca 0.5 mg) and stirred 3t 0 °C, After §
minutes, small ice cube was added to the reacton mixture. Methanol was evaporated under
reduced pressure and extracted with ethy! acetate (3 x § mL). Combined ethyl acetate layer
waas washed with brine, dried over anhydrous WNa; 50, and evaporated under reduced pressure.
Residue was then chromatographed over a columo of silica gel (500.0 mg} made up o
dichioromethane and eluted with dichloromethane containing increasing amounis of
methanol. Fractions eluted with 6% methanc! in dichloromethane were combined and
evaporated under reduced pressure and the enude product was further punified by reversed
phase HPLC on a Phenomenex, Luna, Cig RF columm (230 x 10 min) using methanol/waler
(70:30) as cluant to give 4o-hydroxywithanolide £ (4) (3.0 mg, 753% yield, tp = 15 mimios)
as a white solid, mp 198-200 °C; [op + 65 (¢ 0.2, CHOL) 'H NMR (400 MHz, CDCL)Y
6.78 (ad, J= 1.1, 1.7 Hz, 1H, H-3), 599 {dd, J= 10,1, 2.6 He, 1H, H-2}, 484 (&d, J= 11.2,
5.6, Hz, 1H, H-22), 4.65 {brs, 1H, H-43, 371 {brt, J= 1.9 Hz, 1H, H-6), 2.69 (ddd, J=15.1,
11.0, 8.0 Hz, 18, Ha-16), 2.52-2.42 (m, 2H, Hp-23), 2.24 (de, J= 12.5, 4.9 Hz, 1H, Ha-12},
213 (4, /= 2.8 Hz, 1H, I»0 exchangeable, 0H-4}, 198 {m, 2H. Hy-7), 1.91 (s, 3H, H3-28),
185 {8, 31, Ha-273, 1.83 (my, 2H, H-8, Ha-11), 1.69-1.53 (m, 4H, H-9, Hb-11, H;-15), 1.42
{dd, /=151, 8.3 Hz, 13, Hb-16), 1.39{s, 3K, H:-213, 1.27 {brd, 11, Hb-12}, 1.20 (s, 3H,
Ha-19), 1.06 (s, 3H, Hz-1 8); PeWMER (100 MHz, CDCL) 8 2006 (C, C-1), 1657 (0, £-26),
150.5 (O, C-24), 146.9 (CH, C-3), 1287 (CH, C-23, 121.5{C, C-25}, 87.6 (C, C-17), 818 (L,
C-143, 79.5 (CH, C-223, 79.1{C, C-20), 65.6 (€, C-3}, 64.7 (CH, C-4}, 56.2 {CH, -6), 54.5
(C, C-133, 47.5 (2, £-10%, 37.9 (O, ©-16), 37.8 (CH, €93, 34.2 {CH, C-23}, 341 {LUH, -
83, 323 (CHy, C-15), 29.7 (CHh, C-12), 25.6 (T Hy, -7}, 21.6 (CHy, -1, 20.6 {CH,, C-28),
204 (CHy, C-18Y, 197 (CHs, C21), 13.2 (CH;, C-19), 12,4 (CH,, C-27); HRESIMS miz

525.2463 [M+Na) {caled for CogHagNaO, 5252463}

EXAMPLE 16

(193] This example dernonstrates a synthesis of da-acetoxywithanolide £ (8} from 4a-

bydroxywithanolide E.
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dov-bydroxywithanolide £ do-acetoxywithanolide B
{6184} To a solution of 4e-bydroxywithanclide E {4) (1.2 mg} in pyridine (0.058 ml}

was added acetic andrydride (0.1 mdL) and stirved at 25 °C. After 16 houss, ethano} (10.0 mL)
was added 1o the reaction mixture. The volatiles were evaporated under reduced pressure, and
the restdue was purified by reversed phase HPLC on a Phenomenex, Luna, Oz RP column
{250 x 10 num) using methanol/water {75.25) as eluant to give 4o-acetoxvwithanolide B (3)
(1.2 mg, 92% vield, tx = 9.5 minutes) as a white solid; mp 136-188 °C; [l s + 100 {c 0.1,
CHCL); 'H NMR {400 Mz, CDCL) 5: 6.62 (dd, J=10.3, 1.9 Hz, 1H, H-3}, 6.05 (dd, J=
103,28 He, 1H, H-23, 5.85{dd, J=28, 1.9 Hz, 1H, H-4), 4.85¢dd, /= 114, 5.1, Hz, 1H,
H-223 358 (hrs, IH, H-6), 2.69 {dt, /= 12.8, 10.6 Hz, 1M, Ha-16}, 2.54-2.42 (o, 2H, Hp-
23Y 225¢dn =130, 5.0 Hz, 1H, Ha-12), 2.09 (3, 3H, 0A¢), 2.03-1.83 {m, ZH}, 1.92 {5,
3H, Hy-28), 1.90-1.82 (m, 2H), 1.86 (5, 3H, Ha-27), 1.73 (my, TH), 1.67-1.53 dm, 31, 1.41
{dd, /= 153, 8.3 Hx, 13, Hb-16}, 1.39 {5, 3H, Hy-213, 1.28 (m, 1, Hb-12), 1.27 {5, 3H, Ha-
193, 1.06 (8, 3H, Ha-18); "C NMR (100 MHz, CDCL) 8 200.3 (C, -1, 169.8 {C, (Ac),
165,740, £-263, 1503 (C, C-24), 144.4 {CH, C-3), 1296 (CH, C-2), 121.5(C, C-25), 7.6
(C, C-17), 8LT(C, C-14), 794 (CH, €-22), 791 {C, C-20), 5.6 {C, C-8), 632 (TH, C-4),
S6.5(CH, C-6), 545 (C, C-13}, 479 (C, C-10), 37.8 (TH,, C-16), 37.7 {CH, T-93, 34.3 (CH;,
C-233, 340 {CH, C-8), 32.4 {CH,, £-15), 28.58 {CHy, C-172), 255 (CH,, C-7), 21,8 (CH,, C-
b1y, 20,8 (CH,, €-28), 20.6 (CH., C-18), 20.4 {CH,, OAc), 197 (CH;, C-21), 139 (CH;, C-

s

19), 12.4 (CH,, C-27); HRESIMS miz 567.2565 [MiMal (caled for CyHaoMaGs 567.2563),

EXAMPLE 17

{1981 This example demonstrates & synthesis of withaperuvin M {§) from withaperuvin

E.
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withaperuvin £ withaperavin M
{196} To a stirred solution of triphenyiphosphene (1.6 mg) and lodive (1.9 mg) in

anhyidrous dichloromethane {0.05 mb) at 0 "C was added a solution of withaperavin E (3)
{2.5 mg) in anhydrous dichloromethane {0.15 mi). Ice bath was removed and the reaction
milxture was stirred at 23 °C. After 1 hour, reaction mixture was dituted with dichloromethane
{10 mL), washed with 10% aqueous NayS:05 solution (2 x 5 mL), brine {2 x 5 mL}, dried
over anbydrons Ma; S0 and evaporated under reduced pressure io give crude product
mixture. This mixture was sepavated by reversed phase HPLC on a Phenomenex, Luna, Cig
RP column {230 x 10 mum) using methanol/water {72.5:27.5) as eluant to give withaperuvin
M6 (1.5 mg, 62% yield, tr = 11.5 minutes) as a pale yellow solid; mp 176-178°C; (] +
118 {c (.8, CHOCL), "M and PC WMR data wers consistent with those reported in the lieratore

{Fang et al., Steroids (2012, 77, 36443

EXAMPLE 13

{0197} This example demonstrates a synthesis of df-imidazelyicarbonyloxywithanclide E

from 45-hydroxywithanohde E.

48-hydroxywithanolide E N

SN AB-imidazelyicarbonylosywithanolide £
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{194 Ta a solution of 48-hvdroxywithanolide T {7y {10.0 myg) in anhydrous
£} ¥ EARY E 3

dichloromethane (1.0 mL} was added 1,1 -carbouyldiimidazole (8.0 g} and stured at 25 °C,

After 1 hour resction mixtura was passed through a short column of silica gel (0.5 mig}) using
othyl acetate as eluant to give 4%-imidarolylearbonyloxywithanclide E (11} (8.1 mg, 08%) as
o white solid mp dec. >210 °C; [a]%p + 108 (¢ 0.5, CHCLY; 'H NMR (400 MHz, CDCh) &
§.04 {s, 1H, N-CH=N), 7.31 {t, /= 1.6 Hz, 1}, N-CH), 7.04 {m, 1H, N-CH)}, 7.04 {dd, J=
9.% 6.1 He, 1H, H-3),6.37¢d, /= 98 He, TH H-2), 4.89¢(¢, /= 6.1 Hz, 1H, H-4}, 483 {dd. J
= 1105, 5.5 He, 1H, B5-22), 3.37 {8, J= 2.0 Hz, 1H, H-6), 2.69 (ddd, /= 13.0, 11.0, 8.3 Hz,
VH, Ha-16), 2.54-2.42 (m, 2H, H,-23), 2.24 {dt, J= 11.8, 5.7 Hz, 1H, Ha-12), 2.13-2.05 {m,
SH, BT, 1,92 (s, 3H, Ha-28), 1.86 (s, 3H, H4-27), 1.5 {dd, J= 11.0, 6.3 Hz, 1H, 11-8},
1.70--1.52 (m, SH, H-9, Ha-11, B-13), 1.43 (m, VH, Hb-16), 142 (5, 31, Hi-19), 1.39 {3, 3K,
F5-21y, 129 (bed, 1H, Hb-12), 1.05 (3, 3H, Hs-18} PR (100 MHz, CDChL) 8 2001 (0,
-1}, 165.7 (0, ©-26), 150.6 (C, C-24), 147.9 ¢, NC=0), 137.1 (CH, N-CH=N}, 1369 (UH,
-3}, 136.0 (CH, €-2), 131.0(CH, N-CH), 1215 (C, £-25), 1171 {CH, M-CH), 876 {C, C-
17}, 81.6 (C, C-14), 79.4 (CH, C-223, 79.1 {C, C-20), 76.1 (CH, -4}, 61.5 (CH, C-6), 60.9
(0, C-53, 54.5 (C, C-13), 48.0 (C, C-10), 37.8 (CHy, C-16), 36.8 (CH, C-9), 343 (T, 233,
33,9 {CH, C-8), 32.3 (CHy, C-15}, 294 (TH;, C-123, 25,6 {CH,, C-7), 20.9 {CHy, C-11},20.7
(CHs, C-28), 20.2 {CHs, C-18), 19.7 (CH;5, C-21), 15.4 (CHs, C-193, 12.4 (CH;, €273 AFPCE-

&

MS (+) mode mi/z 597 [M+117; APCI-MS (-} mode m/z 595 [M-11.

EXAMPLE 1%

18199} This cxample demonstrates a syuthesis of a bistinylated denivative of 45-

hydroxywithanolide E from 48-imidazolylcarbonyloxywithanolide E.

4f-imidarelvicarbonyloxywithanolide £



WO 2017/139485 PCT/US2017/017220

FaTe)
L0

{24y To a solution of 48-imidazolyicarbonyloxywithanohde E (11} (8.0 mg} in
anhydrous N N-dimethyiformamide (8.5 mbL} was added EZ-Link 5-
{Biotinamidoipentyviamine {8.0 mg) and stirred at 25 "0 After 6 hours, reaction mixiure was
dihuted with ethyl acetate {15 mL}, washed with brine {3 x § mL)}, dried over anhydrous
NazS$0 and evaporated under reduced pressure to give crude products mintwre. This was
chromatographed over colunm of sitica gel (0.5 g} made up in dichioromethane and ehated
with dichlorommethane containing inoreasing amounts of methanol. Fractions eluted with 26 %
methanol in dichloromethans were combined, evaporated under reduced pressure and the
residue was further purified by reversed phase HPLC on 3 Phenorsenex, Luna, g RP
columun (254 x 10 num) using methanolwater {67.53:32.5) as aluant 1o give biotinylated
derivative of 48-hydroxywithanolide B (8) (4.2 mg, 37% vield, tx = 9.5 minutes} as a white
solid; mp dec. >240 °C; [0l s + 136 {c 0.6, MeOH ), 'H NMR (400 Mz, CDCl+ CD:OD);
5.98 (dd, J=9.7, 6.0 Hz, 11, H-3), 618 {d, /= 9.7 Hz, IH, H-2}, 476 (dd, /= 12.5, 4.6 Hz,
1H, H-22), 4.50{d, J= 6.0 He, 11, H-4), 444 (dd, /= 7.8, 5.0 Hz, 1H)L 424 {dd, /=78,43
Hz, VHD, 3.24 (brs, 1H, H-6), 2.14-3.02 (m, 53H), 2.85¢dd, 7= 125, 4.8 He, 1H}, 266(d, I =
12.8 Hz, 153, 2.58 (w, 1H, Ha-16), 2.530-2.43 (2H, v, Hp-23), 218 (m, 1H, Ha-123, 212 {m,
2H), 1.96-1.92 (m, 2H, Hz-7), 187 (s, 3H, Ha-28), 1.79 (s, 3H, H:-27}, 173 {m, 1H, H-§},
1.49 (m, 1H, Ha-11), 1.65-1.585 (m, 6H}, 151 {m, 1H, H-9}, 148-1.35 (m, 10H), 1.30 (s, 61,
Ha-19, Ho-213, 1.23 (i, 2H), 118 {m, 1H, Hb-123, 0.98 (s, 3H, Hs-18) B MR (100 MHz,
COOL+ OO0 8 2057 (0, C-1), 1735 {0), 167.2 (2, 2-26), 163.8 {C), 155.7(C}, 1515
(0, 0-24), 1404 (CH, C-3), 1338 (CH, C-23, 121.2(C, C-25), 87 4 (C, C-17}, 817 {C, -
14}, 80.6 {CH, C-22), 78.6{C, C-20), 724 (CH, C-4), 61 8 (TH, NC), 614 (C, C-5), 611
{CH, £-6), 60.0 (CH, NOCY, 55.5 {TH, 8-CH}, 543 (C, C-13), 48.2(C, C-103, 40.4 (CTHy, 5-
CH, 39,3 (CHy), 373 (CH,, C-18), 368 (TH, C-9), 35.7 ((THZ), 34,3 (CHy, €-23), 33.9
{CH, -8}, 32.2 (CHy, C-158), 29,5 {CH,, C-123, 282 (CHy), 28.8 (CHy), 28.2 (CHy), 28.0
{CH:Y, 25.7 (CHa, C-73, 25.4 (Chh), 23.8 {CHy}, 209 (CHe, C-11), 2006 {(CH5, £-28), 201
(CHi, C-18), 19.0 {CH,, C-21), 151 (THL, €-19), 121 (CH,, £-27 APCEI-MS (+) mode m/iz
BS7 MY, 839 IMH+1-H,O1; APCI-MS () mode my/z 855 [M-11.

EXAMPLE 20

2l This example demonstrates a synthesis of a biotinylated derivative of 4a-

fydroxywithanolide E from 4a-hydroxywithanohide E.



WO 2017/139485 PCT/US2017/017220

do-hydrouywithanolide B &

EERAERY To a solution of de-hydroxywithanolide B (4) (4.4 mg) m NN
dimethyvlformamide (0.5 mL) was added EZ Link PFP biotin (10 mg) and 4-
pyritidinopyridine (2.0 mg) and stirred at 60 °C. After 16 bours reaction mixture was dilated
with ethyl acetate (10.0 w1}, washed with bring (3 x 5 ml)}, dried over anhydrous NapS0,
and evaporated under reduced pressure. Crude product mixture was chromatographed over a
coluron of silica gel (0.5 g) made up in dichloromethane and ehuted with 2% methanol in
dichloromethane followed by 4% methanol in dichioromethane, Fractions eluted with 4%
methans! in dichloromethane were combined and evaporated under reduced pressure and the
residiue was further purified by reversed phase HPLC ona Phenomenex, Luna, Cig RP
columm {250 x 10 mn using methanol/water (70:30) as oluant to give biotinylated derivative
of 4o-hydroxywithanolide F {12) (2.3 vog, 76% vield, tp = 14 minutes} as a white solid; nip
194-196 °C; [af s + 76 {¢ 8.2, CHCLy, "H MMR (400 MHz, CDULY 8 6.62 (44, /=99, 1.6
Hz, 1H, H-3}, 6.04 (dd, J= 9.9, 24 Hz, 1H, H-2), 587 (dd, /=24, 1.6 He, 1H, H-43, 543
{brs, 1H, MNH)}, 5.25 (brs, 1H, WNH), 4.83 (dd, /= 11.6, 5.3 Hz, 15, H-22), 451 {brs, T1H}, 429
{brs, 1713, 3.55 (hrs, 1H, H-6), 3.14 {m, 1H), 290 (dd, /= 122,47, 1H}L 274 (4, /= 122,
SHD, 2.66 (my, TH, Ha-163, 2.54-2.42 (m, 2H, H,-233, 2.36 (1, /= 6.9 Hz, 2H), 2.24 {m, 1H,
Ha-123, 1.95 {0, 2H), 1.92 (s, 35, H-28), 1A% (m, 1H, Ha-11}, 1.85 (s, 3H, Hs-27), 1.84 {m,
TH, H-8), 1.73 {m, 1H, H-9), 1.68 (m, 38}, 1.62-1.54 (m, 3H, Hb-11, Hp-15}, 145 {m, 1H},
1.42 (o, TH, Hb-16), 1.38{s, 3H, Hy-21%, 127 €5, 3H, Hs-19), 124 (m, 1H, Hb-123, 1.06 {5,
3H, Hp- 18 0 NMR (100 MHz, CDCLY §: 2003 {C, C-1), 1724 (C, 0C=0), 166.2 (C, C-
26y, 150.7 (2, C-24), 144.4 (CH, -3}, 1297 (CH, C-23, 1214 {0, £-25), 87.8 (€, C-17),
31841, C~14}, 709 (CH, C-223, 7RG (C, C-20), 655 {CH, C-4), 63.5(C, C-5), 61.9 {CH,
WY, 60.2 (CH, ]Gy, §6.5 (CH, C-63, 553 {CH, SCH), 54.5(C, C-13),47.9(C, C-10), 405
{CHa, SCHy), 378 {UH and CHy, C-9 and C-16}, 343 (CH,, C-23), 34.0 (CH, -8}, 33.8
(CH2), 32.4 (CHs, £-15), 298 {CHy, C-12), 282 {CHz), 25.6 (CH,, C-73, 24.7 (CHy), 226
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(CHSY, 21.9 (0H,, C-11), 2006 (CHa, C-08), 20.4 (CHy, C-183, 19.5 (CH,, €-21), 13.9 (CH,,

Co19), 12,4 (CHy, C-27% APCI-MS (+) mode m/z 729 IM+177, 711 [M+1-H017; APCL-MS

{~} mode m/z 727 [M-1T.

EXAMPLE 21

203} T assess the effects of pan caspase inhibitor ZVAD, SKMELZS melanoma cells
were treated with compounds % and 1 for 16-18 h. Subsequently, ZVAD-FME {40 ud) ar
DMSO was added for 2h followed by 20-24 h incubation in the presence or absence of poly
IC. Celi viability was assessad by addition of MTS during the last four hours of poly IC
ireatment,

1682434 The growth inhibition as a function of poly IC concentration at 1000 oM
concenirations of compounds 9 and 1 was detemmined, and the results shown i FIGS, 10A
and 108, respectively, The reduction in cell pumber by poly 1C in combimation with
compounds ¥ and 1 was due {0 apoptotic ecll death, since i was completely blocked by the

caspase irdubiior ZVADR-FME.

EXAMPLE 22

{6205} This example demonsirates that intratumoral delivery of compound 1 decreases
wnor growth in a xenograft mode! of buman M14 melandsoa 1o athyrow nude mice.

{0206 Mice {(nude athymic, female, 6-&-week old, n = 53, were imnplanted subcutancously
with 0.2 mi of M14 mwelanoma cella (1x 1(;‘6/’11101136) into the right flank, When the tumor
reached approximataly 75 min” {4-5 weeks aftor inttial inoculation), they were treated either
vehicle control {33 % Trappeol with DMSO at a ratio 7:1), or with compound ¥ or compound
¥ intranummorally at a dose of 20mg/Kg of Body weight, oncs per week for four weeks. The
appearance and growth of tmors were monitored twice every weelk. The greatest
longitadinal diameter {length) and the greatest ransverse diameter (widih) of a palpable
tumor were measured 1o the neavest 0.1 mm wsing a caliper. Tumor volume (mnf' }was
calculated by the ellipsoidal formula Turpor volume = (length x width?) /2. Mice were
cuthanized once control tumors reached the termination point, as indicated by compromised
health or twoor end point. As oheerved in Figure 11, a significant reduction in fumor growth
and volume was obsarved in mice receiving compound 1 as compared (o control or
compond 8 No significant decrease in fumaor burden was observed i compound ¢ treated

groups as compared 1 vehicle control. Two way AMOVA with Dunnet’s multiple
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comparison test was performed. (s P < 00001 versus control}. Decrease in fumor burden
was accornpanied by massive tumor destruction and seabbing at the tumor site, Itis likely
that compound ¥ apart from sensitizing tumer cells 1o death ligands alse induces production
of inflammatory cytokines locally in the tumor microenvironmerd which may further

potentiate tumor apoptosis and 115 subsequent regression

EXAMPLE 23

{207 This example demonsirates that combinatorial freatment with compound 8 and
poly FC causes hnor regression in a xenogratt model of hurnan M4 melanoma in athymic
nude mice,

3208} Mice (nude athymic, female, 6-8~week old, n = 53, were implanted subeutansously
with (1.2 mi of M14 melanoma cells (Ix 10%mouse) fnto the right flank. When the tamor
reached approximately 75 mn (4-5 weeks after initial inoculation), they were treated either
vehicle control (33 % Trappsol with DMB30 at a ratio 7:1), or with compound 9 at a dose of
20mg/Kg of body weight. The following day mice were treated with either saline or Poly IC
{30ng/mouse) intraperitoneally, This treatment regiven was followed for four weeks. The
appearance and growth of tumors were monitored twice every week. The greatest
longitudinal diameter {length) and the greatest ransverse diameter (widih) of a palpable
sumor were measurad to the nearest 8.1 rom using a caliper. Tumor volume (o) was
caleulated by the ellipseidal formela Tumor volume = (length X width®} /2. Mice were
suthanized once contro! fumors reached the fermination point, as indicated by corpromised
heaith or fumor end point. As observed in Figure 12, a significant reduction in tumor growih
and volurme was observed in mice receiving the combination reatment {compound 9 -+ poly
IC ) as compared to controt or compound 9 or poly IC alone. No significant decrease i
tumor burden was observed in compound 9-treated groups as compared to vehicke control.
Tweo way ANOVY A with Tokey’s multiple coraparison test was performned. (e P < 00001
versus conirol). Tlecrease in tumor burden was acoompanied by roassive unor destruction
and scabbing at the tumor site. Compound 9 senaitizes tumor cells to death ligands,
However by itsell it is not a potent inducer of apopiosis of tumor cells. Tt is likely that the
subinptimal doses of poly 1€ is able to activate signaling pathways leading to activation of
caspases, NK cells activation, and fnterforon (IFN) production culminating in destroction of

coropound ¥ sensitized tumor cells and its subsequent regression.
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EXAMPLE 74

(2091 This example provides a comparison of the sctivities of compound 1 with the
Smac mimetics birinapant, GI¥C-0132, and LCL-161 and with the Bel-Z aptagonists
ABT-199 and ART-737 for sensitization of renal carcinoma and melanoma cells o TRAIL
apoptosis.

192164 The resulis for compound 1 are shown graphically in FIGS, 13A-22A. The results
for Smac mimetics birinapant, GDC-0152, and LOL-161 are shown graphically in FIGS,
13B-22R. The resulis for Bel-2 antagonists ABT-199 and ABT-737 are shown graphically in
FIGS. 13C-22C. FIGS. 13A-22A, 13B-22B, and 130-22C depict the percentage decreass in
cell mamber as a function of concentration. For FIGS. 13B-22B and 13C-22C, the dose
response curve was obtained for one of the fisted agents. Al of Smac mimetics birinapant,
GINC-0152, and LOL-161 and Bel-2 antagonisis ABT-199 and ART-737 exhibited very
similar dose responses in the absence of TRAIL and showed little to no response due fo
comcentration.

{8211} As is apparent from the results depicted wm FIGS. 13A-17A, 13B-17B, and
13C-17C, compound § was a supserior sensitizer in the renal carcinorsa cell Hnes than either
the Smac mimetics birinapant, GDC-0152, and LCL-161 or the Bel-Z antagonists ABT-199
and ART-737 {both of which are currently in chnical tnala).

{0212} For the melanoma cells, Smac mimetics wers the best sensitizer, compound § sl

bad significant sctivity, whersas Bel-2 antagonists had little activity.

EXAMPLE 25

13213} This example demonsirates the activities of combinations of compound ¥ and
Smac mimetics birinapani, GDC-015, and LCL-151 and Bel-2 antagonisis ABT-737 and
venetociax for sensitization of renal carcinoma and melanoma cells to TRAIL apoptosis.
{0214} The renal carcinoma cells ACHN and UQO-31 at 3600¢/well were incubated with
various concentrations of compound 1 and 1000 nM or other compounds with and without
TRAIL. The viable cell number was determined using the MTS assay.

{6215] The resulis for ACHN celis are shown graphically in FIGR, 234 and 238, The
results for UO-31 celis are shown graphically in FIGS. 24A and 24B. Data points indicated
by A are for compound 1 alone. Data points indicated by B-¥F are for compound 1in

combination with the cormresponding Smac mimetic or Bel-Z antagonist. The x axis indicates
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the concentration of compound 1 and the y axis mdicates the percent reduction in celf
rumber.

19216} As iz apparent from the resalis depicted in FIGS, 23A and 238 and 24A and 248,
the percentage reduction in cell number exhibited by combinations of compound 1 and the
tested Smac mimetics and Bel-2 antagomists with TRATL was sigonificantly greater than
exhibited by comopound 1 alone or the Smac mimetics and Bol-7 antagonists alone,
demonstrating a synergistic effect in sensttization to TRAIL extubited by the combination of
compound 1 and Smac misetics or Bel-2 antagonista,

1217} All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference (o the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
s entirety hercin,

{3218} The use of the terms “a” and “an” and “the” and “at least one” and similar
referents in the condext of describing the invention {aspecially n the context of the following
claims) are to be construed to cover both the singolar and the plural, unless otherwise
indicated herein or clearly condradicted by context, The use of the term “at least one”
fellowed by a list of one or more tems (for example, “at least one of A and B™Y is to be
consirued (o mean one item selected from the lated Hems (A or B) or any combination of two
or more of the listed items {A and B), unless otherwise indicated herein or clearly

coroprising,” “having,” “including,” and “containing”

contradicted by context. The tems g,
are to be construed as opep-ended terms {Le, meaning “mncluding, but not Himited 10,7} unless
otherwise noied. Recitation of rangss of values herein are merely ttended 1o serve as g
shorthand method of referming individually to each separate value falling within the range,
undess otherwise mdicated herein, and cach separate valoe s incorporated into the
specification asif it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all exampics, or exemplary languags (2.2, “such
as”} provided herein, 13 intended merely to better ihuminate the invention and does not pose a
hmitation on the scope of the mvention unless otherwise clavmed. No language in the
specification should be construed as mndicating any non-claimed element as essential o the
praciice of the invention.

16219 Preferred embodiments of this invention are described herein, inchiding the best

mode known o the inventors for carrying ut the invendion, Variations of those preferred
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ernbodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to eroploy such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein, Accordingly, this invention includes all modifications and
equivalents of the subject malter recited in the claims appended bereto as permitied by
applicable law. Moreover, any combination of the above-described slernents in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwige clearly contradicted by context,
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(IS

CLAIM{S):

I A compound of the formula:

wherein R’ and R? are independently selacted from H, OH, -G, acyloxy, C;-Cs

alleylcarbonate, heteroaryloarbonyloxy, a group of the formula

& MO CONFD (O g X~ 500 — ..
E S S P oor, B and R? taken together, form =0,

¥ i3 NH or 1 absent,

m and o are mtegers of from 1 to about 10,

nisGori,

®* and R are indepandentty OH or €1-Og alkoxy or, taken together, form & double
bond or an epoxy ring,

R”is Hor O-Ug acyloxy,

R s H, OH, or O~ acvloxy,

-
H-VJ\‘
. _).'.(‘:}.\ &}"\ng
L “OH
HG
7 5 . :
R’ and R” are independently CH.OH or ;

R and 'Y, taken together with the carbon atoms to which they are atiached, form a
double bond or an epoxy ning, and

R and R are both H, RY s H and B2 080 H, B is H and R s imidazolyl, or
®' and B taken together with the carbon atoms to which they are attached, form a double
hond,

for use in synergistically enhancing the reaponse of cancer cells in a manunal to

sreatment with an apoptosis-inducing Hgand.
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2. The compound for wse according to claum 1, wherein ®¥ and R, taken
iogether, form a double bond,
3. The compound for use according to clam | or 2, wherein B and R, taken
together, form an epoxy ring,
4. The compound for use according to any one of claims 1-3, wherein RisH
3. The compound for use according to any one of claims 1-4, wharein R’ and R

are CHy and wherein R® and Rm, takcen together, form a double bond.

8. The compound for use according to any one of claims 1-3, wherein 2! and R?
are H.

7. The compound for use sceordmg to clamm 6, wherein the compound is of the
formula:

ron N ~ . W e . I -
g. The compound for use aceording to any one of claune 1-3, wherein B 18 H

and RY is OHL

9, The compound for use according 1o claim &, wherein R” is H,
10, The compound for use according (o claim 9, wheren the compound is of the
formula:

or
{1, The compound for use according to any one of claims 1-5, wherein SARTR
and B* s C-0y acyloxy,
12 The compound for use according to clammn 11, wherem the compound s of the

formuiia:
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OAC o Sipe
13 The compound for use according to any one of claims 1-5, wherein RisH
and B is heteroarylcarbonyloxy.
14.  The compound for use according i claim 13, wherein the compound is of the

formuala

v
7

4
3,

2. L "\u;-(\,.\.}\1/(CHZ‘)m(CONH)N(CHE)OMX“C(IO)Q““'
and R* is a group of the formula: s v ;

e

m and o are integers of from 1 to about 19, and
nisGor b
16, The compound for use according to claim 15, wherein the compound 1s of the

formulda:
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-
[y

or

~ : ~ . 3 . . 3
i7. The compound for use according to clato 1 or 2, wherein R and R* takon

together, form a double bond.

- - R . . . 5, .
18, The compound for use according to claim 17, wherein R™ is H
19, The compound for use according to claim 17 ov 18, wherein R’ and R are

Oz and wherein R® and Rm, taken together, form a double bond.
28, The compound for use according o any one of claims 17-19, wherein R and
Rz, taken togather, form =0,

21, The compound for use according to olatm 20, wherein the compound 15 of the

formula:
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-
77
/

22, The compound for use according to any one of claims 1-21, wherein the
cancer cells express o TNF racepior or a toil-like receptor.

23. The compound for use according to any one of ¢laims 1422, wherein the
apoptosis-mducing hgand is seleciled from the group consisting of TRAIL, TNF-x, Fash, an
anti-DNR4 antibody, and an anti-DRS antibody.

24, The compound for use according to claim 23, wherein the apoptosis-inducing
figand 18 poly IC,

235, The compound for use according (© any one of claims 1-22, further
commprising administering to the mammal an Smac pumelic, a Ble-Z andagonist, or a
combination thereof.

26, The compound for use according to clatm 25, wherein the Smac mimetic is
birinapant, GDBU-013, or LOL-16L.

27, The compound for use according to claim 25, wherein the Ble-Z antagonist is
ABT-199, ABT-737, or venetoclax.

28. The compound for use according to any one of clairas 1-27, wherein the
cancer cells are assooiated with a cancer selectad from glioma, thyroud carcinoma, breast
carcinoma, smati-cell g carcinoma, non-smali-cell carcinoma, gastric carcinoma, colon
carcinorma, gastromiestinal stromal carcinoma, pancreatic carcinoma, bile duct carcinoma,
CMS carcinoma, ovarian carcinoma, endometrial carcinorea, prosiate carcinoma, renal
carcinoma, skin carcinoma, melanoma, basal coll carcinoms, squamous cefl carcinoros,
anaplastic large-cell lymphoma, multiple myeloma, leukemia, lymphoma, cervieal
carcinoma, and mesothelioms, follicular thyroid carcinoma, colorectal cancer, myeloid
feukemia, hepaiic cancer, hepatocellular carcinoma, cholangiocarcinoms, cervical and
ovarian cancer, cancers of glial origin, and combinations thereofl

28, The compound for use according to claum 1, wherein the compound is of the

formula:
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3. A compound of the foymula:
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wherein B! and B? are mdependently selected from H, OH, C,-Cy acvioxy, C-Cs

alkylcarbonate, heteroaryicarbonyloxy, a group of the formula:

N AN ale t NI B P
§  TH{CHR{CONHR{CH o~ X~ C =0 —

v

- or, B and R? taken together, form =0,
Xo1s NH or is absent,
ra and o are integers of fron | 1o about 19,
misQorl,
R’ and B* are mdependently OH or C-Cy alkoxy or, taken together, form a double
bond or an epoxy ring,
R s Hor - acyloxy,

R s H, QH, or G- acvlony,

% and R” are independently CH,OH or

& and B" wken together with the carbon atoms to which they are attached, form a
doubile bond or an epoxy ring, and

Y and R are both H, R is Hand RY 15 ~050.H, R' is H and B'% is imidazolyl, or
R'Y and R, taken wgether with the carbon atoms fo which they are attached, form a double
bond,

for use in inducing apoptosis in cancer cells in a manvnal that are resistant to
ireatmpent with an apoptosis-inducing Hgand.

31, The compound for use according to claim 30, wherein R' and RY, taken

together, form a double bond.
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&0

3z The compound for use according to claim 30 or 31 wherem R and R°, taken
wogether, form an epoxy ring.

33. The compound for use according to any one of claims 30-32, wherein R’ is H.

34. The campound for use aceording to any one of claims 30-33, wherein R and

R” ave CH; and wherein R® and B, taken together, form a double bond,

15 The compound for use according to any one of claims 30-34, wherein 7 and
R? arc H.

36, The compound for use according to claim 35, wherein the compound 1s of the
formmuia;

37 The compound for use according o any one of claims 30-34, wherein RUsH

and B is OH.

33 The compound for use according to clatm 37, wherein R is H.
39, The compound for use according to clavm 38, wherein the compound 15 of the
formoula

or
443, The compound for use according to any one of claims 30-34, wherein r s H
and R is Cy-Cy, acyioxy.
41. The compound for use according to claim 40, wherein the corapound s of the

formula:



WO 2017/139485 PCT/US2017/017220

g1

or
42, The compound for use according 1o any one of claims 30-34, wherein R isH
and R is h&iemaryicarbmyioxy.
43, The compound for use according to claim 42, wherein the campounc':i iw of the

formula:

44, The compound for use according to sny one of claima 30-34, whersin R isH

O

Nesx

~

HN NH

L

kY

., CHRm(CONH)NCH g X C{= 00

/‘\

and R is a group of the formula: g W

m and o are integers of from 1o about 10, and

nisQorl,

45 The compound for use acvording to claim 44, whersin the compound is of the

formula:
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82
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46, The compound for use sceording w0 claim 30 or 31, wherein R’ and R®, taken

together, form a double bond,

47. The compound for use according o claim 46, wherein R s H

48, The compound for use according to claim 46 or 47, wharein R and B are
CH: and wherein R® and R , taken together, form a double bond.

449, The compound for use according to any one of claims 46-48, wheren R and
R?, taken together, form =0,

50.  The compound for use according to claim 4%, wherein the compound is of the

formula;
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&3

51 The compound for use according 10 any one of claums 30-50, wherein the
cancer cells express a TNF receptor or 3 toll-like recepior.

5. The compound for ese according to any one of claims 30-31, wherein the
apopiosis-inducing Hgand is selected from the group consisting of TRAIL, TNF-q, Fasl,, an
anti-T3R4 antibody, and an anti-DRS antibody,

53, The compound for use according to claim 52, wherein the apoptosis-inducing
figand is poly IC.

34, The compound for use sceording to any one of claims 30-53, further
comprising adminisiering (o the mammal an Smac mimetic, a Ble-2 antagonist, or a
connbingtion thereof.

S5 The compound for use according to claim 54, wherein the Smac raimetic is
birinapant, GDC-013, or LCL-161.

$6.  The compound for use according to claim 534, wherein the Ble-Z antagogst 18
ABT-19%, ABT-737, or venetoclax.

37.  The compound for use according o any one of claims 30-56, wherein the
cancer cells are associated with a cancer selected from glioma, thyroid earcinoma, breast
carcinoma, smatl-cell hing carcinoma, non-small-ceil carcinoma, gastric carcinoma, colon
carcinoma, gastrointestinal stromal carcinoma, pancreatic carcinoma, le duct carcinoma,
NS careinoma, ovarian carcinoma, endometrial carcinoma, prostate carcinoma, renal
carcinoma, skin carcinoma, melanoma, basal cell carcinoma, squamous cell carcinorma,
anaplastic large-cell byrophoma, multiple myeloma, leukemia, Iymphoma, cervical
carcinoma, and mesothelioma, follicular thyroid carcinoma, colorestal cancer, myeloid
ieukemia, hepatic cancer, hepatoceihilar carcinoma, cholangiocarcinomas, cervica! and
ovariap cancer, cancers of ghal origin, and combinations thereofl

58. The compound for use according fo claim 37, wherein the compound 1s of the

fornula;
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54, A compound of the formula



WO 2017/139485

&,

PCT/US2017/017220

THOHWCONH CH)o — X - C=0N0 —3

X is NH or is absent,

w and o are integers of from 1 {o about 16,
nisortl,
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36
R’ and R are independently OH or € alkoxy or, taken together, form a double
bond or an epoxy ring,
POXY :
B> ia H or O~ acyloxy,

&% is H, OH, or O-O aoylory,

\‘)\
. 5 LM
17 and B are independently CHROH or H

R® and R'®, taken together with the carbon atows to which they are attached, form a
dowble bond or an epoxy ring, and

BY and R are both 3, R' is H and R™ {5 OSOsH, U isHand R s imidazolyl, or
2 and R, taken togsther with the carbon atoms to which they are attached, form 3 double
bond,
61, The compound of clamm 60, wherein 2" and R, taken together, form s
double bond.

62, The compound of clairn 60 or 61, wherein R* and R*, taken together, form an
enoOXy ring.

63, The compound of any one of claims 60-62, wherein 25 H.

54. The compound of any one of claims 60-63, wherein R and R’ are CH; and
wherein B® and R, waken together, form a double bond.

- . e C ol 2. .
63. The compound of claims 60-64, wherein R 1s H and B™ i3 a group of the

foromala;
w anwd o are integers of from 1 o about 10, and
nisDor i

66, The compound of ¢laim 65, wherein the compound i3 of the formula:



WO 2017/139485

ar

PCT/US2017/017220
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