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uﬁﬂﬂ:ﬁ G. Melillo, Mol Cancer Res 2006, 4, 601
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N\ DNA-Ec co-crystal
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Highly potent HIF-1 inhibitor

Biosynthetic
precursor

GIEMHES

Echinomycin (Ec)

Triostin A (TA)
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Echinomycin

X

Transcription factor

HIF-1

X-ray structure  pdb: 3go3



TH /YA 2O _HERER (1985 ~ 1998)

A randomized phase Il trial of echinomycin, trimetrexate, and cisplatin plus etoposide in patients
with metastatic nonsmall cell lung carcinoma: an Eastern Cooperative Oncology Group Study
(E1587). Cancer. 1998 Jan 15;82(2):292-300. En#&14&IE/NHRBEHIAA

A phase Il clinical trial of echinomycin in metastatic soft tissue sarcoma. An lllinois
Cancer Center Study. Invest New Drugs. 1995;13(2):171-4. ERFSEEXERAINE

Phase Il trial of echinomycin in patients with advanced or recurrent colorectal cancer.
Cancer Chemother Pharmacol. 1994;34(3):266-9. B4 XGE

Phase Il trial of echinomycin in advanced hormone-resistant prostate cancer. An lllinois Cancer
Council study. Invest New Drugs. 1994;12(1):65-6. IV E$EIIE RIS IRTE

Phase Il study of echinomycin in the treatment of renal cell carcinoma ECOG study E2885. Invest
New Drugs. 1994;12(2):151-3. B H A

Echinomycin in recurrent and metastatic endometrial carcinoma. A phase Il trial of the
Gynecologic Oncology Group. Am J Clin Oncol. 1993 Dec;16(6):492-3. Enf&14+ = NIEREE
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Wang, Y. et al., Cell Stem Cell, 2011,
Wang, Y. et al., Blood, 2014.
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Antitumor activity of SW-163D based NPBID ADC 13

1600 in N87 tumor xenograftmodel
1400 1 - PBS
— 1200 4 ---  ADC 16: Negative control @ 1 mpk
e & ADC 16: Negative control # 3 mpk
£ 10004 = ADC 13: @0.1 mpk
] , -4+ -+ ADC 13: @0.3 mpk
2 B ) *  ADC 13: @1.0 mpk
g 600 . *  ADC 13: @3.0 mpk
= 400 -
N87: HER2 1B F|FIH B =4k
200 4 ‘\‘\‘
0 - - - . -—Jf - 5 = 4 = L 4 '! g' o
10 20 30 40 50 60 70 80 90 100 ADC 13! PF 06888667
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trastuzumab
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Ratnayake, A. S. et. al., Bioconjugate Chem. 2019, 30, 200
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Table 1. Cytotoxicity Across Multiple Tumor Cell Lines and DNA Binding
Affinities of Natural Product Depsipeptide Bis-Interclators*

compd no. sample name N87 (gastric) MDA-MB-361-  HT29 (colon)

DYT2 (breast)

1 echinomycin A 1.3 3.1 3.7 21

2 echinomycinB  0.19 0.43 0.44 8.6

3 echinomycinC  0.05 0.14 0.10 17

4 SW-163D 0.27 0.90 ND 6.5

5 sandramycin 0.55 0.53 0.11 0.020
6 quinaldopeptin 5.5 6.7 4.3 32

7 luzopeptin A 1.0 0.85 0.37 ND

8 luzopeptin C 20 13 18 0.61
9 triostin C 1.2 1.9 1.5 147

* Cytotoxicity IC50 values from four cell line indications are reported as mean IC50 (nM) from 1 to 6
independent experiments. DNA binding data are mean Kd (nM). ND, not determined.

ﬁ?ﬁﬁﬁl%ﬂﬂﬂﬁ Ratnayake, A. S. et. al., Bioconjugate Chem. 2019, 30, 200
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echinomycin A (1) k SW-163D (4) j luzopeptin A (7)

i, Rt Sy
OH O o OH %o on
)\(m/\u "“ )\\( :Q /?I\,NY\NA o k% 5} Jk’"j(‘n H)‘z%

echinomycin B (2) sandramycin (5) luzopeptin C (8)

" '!‘ oy - OH v HNJ\( ‘)Lj\f
CopRdgTS OO R ol
AO(\QA*EKJ Sy Q“/l )1*\ JTT'") RS

echinomycin C (3) quinaldopeptin (6) triostin C (9)

ﬁ??iﬁl%ﬂﬂﬂ% Ratnayake, A. S. et. al., Bioconjugate Chem. 2019, 30, 200




HERDIESER Ver.1
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Me., (-)-Triostin A Y Y '
Aonatrolie IC;, = 26.9 nM (HIF-1 dependent Luc assay) o ;";2 thio;:;ta,
o 2.0 uM (MTT assay for MCF-7) e e e
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George, M. et.al., Acta Cryst. (1995). . _\_/\/k




Triostin A (TA)FEMARDOE S EHHHRES Ver. 1

Cytotoxicity and inhibition of HIF-1 transcriptional activity

50
> > 1 M
41.7
— 40 F
E 222.4
- 235.2
el
>_30 B
©
7]
=
I: 20 F
w10 =
o] | 23,
2 0.0055 2.6>° 23 - 2
g o | 0.35
< < (A N
CEE T s P
X X &P
-
&
Protocol
MTT assay

MCF-7 cells (8.0 X 103 cells / well)
Drug treatment
Exchange medium and add MTT reagent
Dissolved into DMSO
] Absorbance
measurement

24 h 24h 4h

GBS

New gy F gs!

HIF-1 dependent luciferase assay
HEK293 p2.1#3 cells (8.0 X 10* cells / well)

Drug treatment
1% 0,
I Lysis
|
24h 1h 24h

15.5

» Luminescence

measurement

EMTT
m HIF-1 Luc

24,

60
6.1 55.5
4.0 4.1

HEK293p2.1#3

ENO1 svao
promoter promoter Luc*

ATV ™

HRE : hypoxia response element

3xXHRE

Ref) G. L. Semenza et al. J. Biol. Chem. 1996,
271,32529-32537.
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Inhibition of HIF-1 protein expression Inhibition of HIF-1 mRNA
Aero Hypo Aero Hypo (1% O,, 16 h)
(-)-TA [uM] (+)-TA [uM]
Relative mRNA levels of HIF-1a (vs Aero cont.)
0 0 0.1 0.5 1.0 0 0 0.1 0.5 1.0 12
HIF-la PR —p— - 1 i
5y 0.8 * I
BraCtin e ———————————————— si— ) ok " |
= - *k
0.4 k%
Aero Hypo Aero Hypo 0.2 i ' i i i
TA-SH [pM] Ac-macrolide [uM] 0
A;0 A;05 Al A;2 H;0 H;05 H;1 H; 2
0 0 0.1 05 1.0 0 0 20 4.0 8.0 Triostin A [uM]
HIF-1a Yy T T — T e

Relative mRNA levels of VEGFA (vs Aero cont.)

*
|
A0 A0S Al A2 H;0 H;05 H1 H; 2

Triostin A [uM]

B-actin

Inhibition of angiogenesis

Avascular zone Avascular zone

O = N W & U1 0 N

MCEF-7 cells was treated with TA for 16 h

Control Echinomycin Triostin A under aerobic or hypoxic condition.
0.2 ng / CAM 2 ng / CAM

ﬁ}iﬁﬁ%ﬁﬂﬂﬁ K. Hattori, et al., Org. Biomol. Chem. 2016, 14, 2090-2111
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@N\ H ”N/Hf
N N Cross 0 o s g
bridge Als] N N N
B eaaes IR

\N Triostin A Echinomycin

O
Distance (nm in crystal structure) IC,,
Major axis (a) Minor axis (b) MTT [nM]? HIF-1 Luc. [nM]
Ec 1.017 0.375° 5.5+ 0.2 0.35 = 0.03
TA 1.36 0.40 4100 X 300 269 =1.3

a. The distances measured in the crystal structure of echinomycin-2QN were shown

b. Cells were treated with Ec or TA for 24 hours.

Major axis (ah 0_89>

Y \,\/

CCDC 131836

CCDC 131833
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(L\romatic Unit \

(+)-Triostin A

SRS

New Technology Pre

(=)-Triostin A
IC, : 26.9 nM (HIF-1 dependent Luc assay)
2.0 uM (MTT assay for MCF-7)

K-S Bridge

AN AN
o= — S O>\S/S
N OF
SO S0,
NsH SsMe
HS\: MeS\:
\SH SMe

( Depsipeptide Ring \
\D,D-Val D,L-Val lle,lle lle,Val )

alkane S-ether

lene

Se-ethy
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222.4 87002
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IC., of MTT assay [nM]

5.2°

300

250

200
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100

Ul
o

N 2 N N N N -\
s S o. S SH SMe sac  Me s
s o=s"" Ss” Hs MeS AcS s
N N 077\ N N N Me -
\ (-)-TA SO SO, SH SMe SAc thioacetal j
Protocol
. HEK293p2.1#3
MTT assay HIF-1 dependent luciferase assay P ENO1 svao
MCF-7 cells (8.0 X 103 cells / well) HEK293 p2.1#3 cells (8.0 X 10° cells / well) 3XHRE | omoter promoter Luct
Drug treatment Drug treatment
Exchange medium and add MTT reagent 1% 0, J.I.I_EI]]_._D
Dissolved into DMSO Lysis
l Absorbance | » Luminescence HRE : hypoxia response element
24 h 24 h 4h measurement 24 h 1h 24 h measurement Ref) G. L. Semenza et al. J. Biol. Chem. 1996,

271,32529-32537.

i A=
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IC;, of Luc assay [nM]
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20

=
wn

=
o

IC;, of MTT assay [nM]

B MTT: MCF-7
= MTT: MDA-MB-231

B MTT: A549
B MTT: HT29
® HIF-1 Luc.

\_  (-)-TA Ec \___alkene ) alkane S-ether Se-ether J
Protocol
MTT assay X HIF-1 dependent luciferase assay
MCF-7 cells (4.0 X 10° cells / well) HEK293 p2.1#3 cells (8.0 X 10° cells / well)
Drug treatment Drug treatment
Exchange medium and add MTT reagent 1% 0
o WV
ﬁ;ﬁﬁﬁ'ﬁﬂaﬂ . | Dissolved into DMSO | Ly‘lsis )
a s ] Absorbance Luminescence

New L ings! 24h 72h 4h measurement 24h 1h  24h measurement

30

25

20

15

10

IC;, of HIF-1 Luc. assay [nM]
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20.0

15.0

10.0 f

IC;, of MTT assay [nM]

50 F

® MTT: MCF-7
M HIF-1 Luc.

Q .
0 . 0 sl L
/_ “wanan ( \

\_Echinomycin

alkene

alkene?

.

S EEA P

a half-ring of bicyclic peptide.

30

41 25

41 20

41 15

41 10

IC;, of Luc assay [nM]



Synthesis of Ec-E-alkene

| 0O
Boc/N\)]\OH
A Ho D
2 Cbz/N
1.5 equiv. DMT-MM

H O
N
Cbz” o NF
o HCI
I!l AcOEt
© “Bac o
2h
1
1.1 equiv.
H 0]

62% vyield (4 steps)

HRMBAS

echnology Presentation Meetings!

1 equiv. Boc-Ala-OH
1.5 equiv. DMT-MM

\fl\o/\/
= 0 | N
AcOEt O)I\l N,Boc
r.t |
O

overnight

3 (mixture of diastereomer)

H O
0.5 mol% Pd,(dba); N
4 mol% PPhg Cbz” OH

1.2 equiv. N-methylaniline J
> O | 2
THF :

N,
rt. @) N
overnight \([)]/\ |

91% yield

2 equiv. NMM
TFA DMF
r.t. r.t.
2h overnight



Synthesis of Ec-E-alkene(9) and Ec-alkane(10)

H O
N
Cbz” /\/ |
| £ § H
] N N)l\l/N\Boc
5 |
4
1.1 equiv.

2 mol% Grubbs 2nd catalyst

CH,Cl,
reflux
overnight

| HN/CbZ HN/CbZ
Nvﬁ\ o) 0 1 mol% Pd,(dba)s o\/k(o
1 equiv. 5 H HN/H( ’]‘j:!( \)Y 8 mol% PPhs
1.2 equiv. DMT-MM Cbz/N\(gO o | W o] 0 1.2 equiv. N-methylaniline O OH
TFA AcOEt - K I )/ THF B
rt. rt. ? ’L H Q H rt. n
2h overnight O NJ‘\‘/ “Boc 2h “Boc
T
6 7
46% vyield (2 steps) 90% yield
0
| Ho*[“jij 4 o I
N\j\ 7 N
; Nj:(O N H HN/L[( \)J\N ©
5 equiv. DMT-MM H | o 20 wt% Pd(OH),/C 4 equiv. ox N o H | d
5 equiv. NMM | H, (1 atm) 6 equiv. DMT-MM \n/ 0 ) 0
> > > Qx
TFA DMF 2 o O NP2 MeOH DMF ° o | £ o° N
rt. rt. 2 H rt. rt. N A H
NH NH
2h overnight \ﬂ/\']'jj/ 4h overnight o \n/\lil
0 0

(cis-trans isomer mixture)
69% yield (3 steps)

NG ;

55% yield (2 steps)
total 8.9%, 13 steps from 1

Q 0o
| I
N
H HN/H(N\)J\T O poa H HN Q]\ril °
40 Wt% Pd(OH),/C equiv. :
N 0 Qx_N 0
Cbz” 0 J o H, (3 atm) 6 equiv. DMT-MM X\n/ 0 2 o 0
o lo)
£ 0 o e MeOH DMF R o . J\QX
N 2 NH H r.t. rt. N : Ng H
8 N 1 day overnight (o] N
8 k 10 /
81% yield

SRS

New T
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S

H
"iﬁgl CbeN\ (I:I’
H : C~oH H
CbZ’N :\OR' + Cbz”
H
N<Boc

n:tﬂgz H
CbZ’N CbZ’N
NICbZ N/Cbz
H H
H
"1%3 Cbz’l\'I
H o
lYIe Il Cbz—Ng i
BOC"NYC"OH BOCSN/_'Q\)'C"OH ”/Cbz
N, — N .
X / +
/ 0 - H H
: HO__E__(\L/N"BOC Cbz~
. Cbz
Hoic/\ﬁ_-Boc H-‘ x/
i "/ ( 2
0
N,Cbz




Synthesis of S-ether and Se-ether derivatives (31 and 32)

0 3 equiv. imidazole 4 equiv. NaH 1.5 equiv. allylbromide | o
1.6 equiv. Boc,O 1.2equiv. TBDMSCI 6 equiv. Mel 1.2 equiv. K,CO3
N
HoN <~ “OH » » » » > oc” \)J\o
B 1,4-dioxane / 2 M NaOH aq. THF dry THF DMF AcOH/THF/H,0O I
SOH rt. rt. rt. rt. 50 °C OH
overnight overnight 4h 1h i
17 9 g overnight 18
42% vyield on 5 steps
)
Boc’N\:.)J\O
3 equiv. Ts-Cl L
| o) j 4 equiv. pyridine | o) j 15 . LBHE OTs r\
0.2 equiv. DMAP 0 0 .2 equiv. Li t3 19 )\r,f\
N S S
Boc” \z)J\O Boc/N\.)J\O or-e »
- dry CHxCl, H 0.55 equiv. dry THF rt. Nagoc G
OH 0°C NOTs r.t, 10 min overnight
overnight then reflux, 15 min
18 19 20: R=S, 57% yield from 18
21: R=Se, 54% yield from 18
diastereomeric mixture
a* mol% Pdy(dba)s
8a mol% PPhy OH Boc
2.2 equiv. N-methylaniline Ill
» O R ~
THF N
r.t. < “Boc O "OH
time*
*R=S:a=1,1h 22: R=S, 97% yield

R=Se: a=6, overnight

23: R=Se, 87% yield



N
H O < “Boc

o o \F 22 or 23 0o 2.5 equiv. DMT-MM
] Boc 2.2 equiv. Boc-Ala-OH
HCI 2.5 equiv. DMT-MM N ‘N— _ 10 equiv. NMM _
o NBoc AcOE AcOEt O’/\ﬂ\ DMF
r.t. rt. _N _N t. rt
1h overnight Boc 1h overnight
)

O
y
Y

B!
(@]
=5
>

\

\

1 0 H
2.2 equiv. ot RS N“Cb
= zZ
25: R=Se 8/0
40 Oy-oH
Cbz Cbz,
N Boc N Boc
H 4 HN a** mol% Pda(dba)s H Q3 HN

o I 8a mol% PPhs o 10 equiv. NMM
N— O N— 2.2 equiv. N-methylaniline _ N— O N— _ 10 equiv. DMT-MM‘
O’Sw\ /““S;o THF O’/\/M\ /“S;o TFA DMF
R R
r.t. r.t. r.t.
—N —N —N —N
jo 1h O 1h overnight
O ** R=S: a=2 O

NH P R=Se: a=6 NH g H
Boc N Boc N
26: R=S Cbz 28: R=S, 49% yield from 22 Cbz
27: R=Se 8/0 29: R=Se, 39% vyield from 23 HO o)

(0]
HOJ\[N\
/

N | @
! | A
4 equiv. N N 0
N <
H NHJ\H/ \)J\N ° 6 equiv. DMT-MM ©i:| H NH I ’il
Cbz/N\EgOO /= | 0 10equiv.thioanisole‘ 6 equiv. NMM N N o) R/ @) 0
R - - (0]
M D
? .-. N < H
o N\"/\N)H/NH H overnight overnight (0] ril)kl/NH N/

(0]

5 |

13: R=S, 21% yield*** ™ . » curated from HPLC anal 31: R=S, 37% yield*** (total 1.1% yield from 18)
s T, ° ***The reaction yield was calcurated from analysis. - 0/ viald*E* 0/ \ji
30: R=Se, 15% yield*** 32 R=Se, 27% yield*** (total 0.42% yield from 18)
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*Crystal solvents were omitted.

R, = 0.1654
WR, = 0.4402
GOF = 1.098

Triostin A Ec-2QN D,D-Val
E. Paulus, M. J. Waring et al., Acta Cryst. Sect. B, 1995, 51, 987-999.

R, = 0.0445
WR, =0.1237
GOF = 1.043

R, = 0.0351
WR, = 0.0933
GOF = 1.028

R, = 0.0390
{ WR,=0.1072
GOF =1.016

L

alkene S-ether Se-ether

;ﬁﬁmgﬁgﬂg X-ray crystal structural analyses were performed by Dr. M. Ebihara (Gifu University).




Inhibition of HIF-10 protein expression on MCF-7

HIF-1a

B-actin

HIF-1a

B-actin

MRS

Aero 1% O2 1% O2 1% O2
Cont.  Cont. S-ether [nM] Se-ether
[nhg!] 0 3 6 12 3 6 12
E ] i
y PEEWEReR TTT T =
Aero 1% O2 1% O2 1% O2
Cont.  Cont. Fc [nM] E-alkene
vt
0 0 1 2 4 1 2 4
CD  w— — (— —

Sample preparation of HIF-1a western blotting
MCF-7 cells
(2.5 X 106 cells / well)

Drug treatment
Aero. or Hypo. (1% 0,)
| Lysis
I » Western blotting
24h 1h 16 h
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Distance (nm in crystal structure) IC5, [NM]
Minor axis Major axis MTT assay HIF-1
(A) (B) MCF-7 MDA-MB-231 A549 HT29 Luc assay
Echinomycin (Ec)  0.375°  1.01° ﬂ.o 2.3 4.7 3.5 o.ﬂ
alkene 0.404 1.00 2.9 3.2 5.3 6.2 1.0
0.400 1.08
Se-ether 0.387 0.999 7.1 6.8 14.5 11.7 2.0
0.385 1.06
S-ether 0.381 0.983 9.7 8.0 16.2 16.2 2.4
0.379 1.05
Triostin A (TA) 0.40 1.36 211.6 178.0 367.5 340.2 26.9
D,D-Val 0.43 1.42 QOO" N.D. N.D. N.D. SSy
S-Ac N.D. N.D. 4300° N.D. N.D. N.D. 222.4

@ Measured in Ec-2QN. ?drug treatment: 1 day.

1% FE2018-222124
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Superimposition of global n-n stacking effect between
structures new derivatives and Ec quinoxaline rings

Se-ether

The energy minimization was performed

: Se-ether on MacroModel ver. 10.7 (Schrodinger,
Echinomycin (Ec) Inc) (Force field: OPLS3, Solvent: H20) by
S-ether

ﬁ}iﬁﬁ%ﬁﬂﬂﬁ alkane Dr. M. Nagano (Tokyo Univ.).
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20 X-ray: D,D-Val
GM: D,D-Val

Se-ether

R
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Lost activity

Global minimum
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(0]
Protocol |
MCF-7 cells Y HN/H(N\E)LTIfO HN/Hf Jj\ \/(f
1dish (10 cm ¢) Qx\n/N o o) Nsh o. o
24h ) HS._ o M <«
== Drug treatment (0] [ : O H QX ——— H Qx
2h (TA 1 uM, Aero/Hypo or o N\n/’\NJ\rNH \ﬂ/\ J\rNH
TA-SH 1 uM, Aero/Hypo) o |
. Harvest

] . TA-SH
Freezing and thawing

==Homogenization 8  MCF-7 TA-SH Hypo 1 uM = TA-SH 10 pM in E-MEM, 1 h
= Centrifugation ]
== Concentration
¥ (supernatant) < b
N <
HPLC analysis A
&3 MCF-7 TA-SH Aero 1 yM -
Protocol o i TA-SH 10 pM in E-MEM, 10 min
E-MEM (10% FBS) J / I
<
N

> 14.23

10 min ™ Drug treatment
or (TA or TA-SH 10 uM)
1h ™ MeCN4mL MCF-7 TA Hypo 1 uM

— 4 °c, 30 min J\,_///

== Centrifugation
3000 rpm, 10 min
™ Evaporation ®
m

TA 10 pM in E-MEM, 1 h

13.85

14.23

14.8
15.75

11:94 -
|5 12,81 § 1

MCF-7 TA Aero 1 uM

| o Solid-phase extraction v © '
(Waters Oasis HLB Vac RC 30 mg) J / : a TA-SH standard

1.83

HPLC analysis 2
<
HPLC condition ~
Column: Waters Symmetry L) TA standard
€18 3.5 pm 4.6x75 mm ] TA standard

Flow: 0.5 mL/min
Solvent: 0.05% HCOOH in MeCN (A) / H,0 (B)
Gradient: A=10-70% 15 min,

70-100% 5 min, 100% 5 min k

%ﬁ%@fﬁ;ﬁ&% .. Wave length: 254 nm

New Technology Presentation Meetings!

| 11:93 ;
!
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Very weak | Open or expanded bridge form

- S
S —» SH S
S «— HS —S\ ><S
/
2 9

Strong bioactivity

Similar conformations
(pi-pi stacking like)

/
s’ 7 s/ S /2
\ \ Y
1 4 5 6

%ﬁ*ﬁf‘ﬁiﬁﬂ“ﬂﬁ Global minimum
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Global structure
Se-ether

Ech18 co-crystal

RMS =1.52

Echinomycin

K. Hotta, et al., Angew. Chem. Int. Ed.
2014, 13, 824-8.

The side of the
cross-bridge bond
interacts with the
target protein.
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