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Table 1. Selective Growth Inhibition of Cortistatins against
=N HUVECs?
i | :
= 1 2 3 4
8=
81_ i cell ine 1Csq Sl 1Csy Sl 1ICsy Sl ICa S
s HUVECs 0.0018 1 T 0.019 I 0.15 1
=N KBi—-1 7.0 3900 120 110 1350 7900 35 460
| S NewroZA 6.0 3300 160 130 180 9500 =300 nd
2 % = gi= /Ej/\,/\‘ K562 7.0 3900 200 180 >300 nd >300 ud
B g e NHDF 6.0 3300 >300 nd >300 nd > 300 nd

@ 1Cs0 = uM: nd = not determined:; 8.I. = selective index: ICs; against
testing cells/ICsy agatnst HUVECs
Cortistatins are first isolated from marine sponge Corticium simplex in 2006, as a selective inhibitor of the proliferation of HUVECs(human
umbilical vein endothelial cells).
The most potent member of the familiy (ICs50=1.8nM), cortistatin A (1) demonstrated
a selectivity index of more than 3000 against HUVECs in comparison with normal
human dermal fibroblast(NHDF) and several other tumor cells(KB3-1, K562, and Neuro2A).

After that, cortistatin was found to inhibit not only proliferation, but also migration of HUVECs, thereby inhibited tubular formation.
What outstanding is that cortistatins are not cytotoxic but cytostatic, probably through reversible binding to the target protein.

Cortistatins are thought to be promising drug candidates or leads for the diseases related to angiogenesis.
These biological properties coupled with its unprecedented molecular architecture made cortistatin A a target for chemial synthesis. As a
result of extensive studies, 5 grogps have succeeded in its synthesis so far.
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1. Semisynthesis by Baran P. S. Baran et al. JACS, 2008, 130, 7241

Retrosynthesis

1. A-ring functionalizaion
2. B-ring expansion

3. Oxidation at C19

[

4. coupling with isoquinoline

5. funcrtional group o
manipulation

prednisone
12

BHa*THF aif
o, ylene glycol
_THF, 010 23°C,_ p-TsOHH»0
NzalOy4 benzene, reflux
acetone/H,0=1/1 y. 92%(2 steps)
prednisone 0to23°C
12
Na(BH3)CN
o ] NH4OAc
o O THF/MebH=1/2.4 BusNOAc
23°C; Co(acac),
HCO,Et benzene, 90°C
. EtsN y. 48%
54°C,y. 73%

PhI(OAc),, Bry

CH,Cl,
75W sunlamp

-30°C__

TMSCI, Imidazole

CH,Cl, 0°C ;
N_So M
OHC” \(’ 20

y. 57% (2steps)

*Prednisone is commercially available
at $1.20/g and possesses 70% of
carbon atoms.

«Correct stereochemistry at the C-and D-
ring junction in basic framework.

t*BUOzH
DBU

THF, 23°C
y. 82%

Co(acac)s
PhSiHz, O,
THF/HC(OMe);=3.2/1
23°C;

TSOH » H,0
23°C:
KoCO3, MeOH
23°C, y. 63%

OTMS o
DBU, LiCl )
THF, 23°C
y. 85%

N C‘)o 2
OHC” \f 21
H

This diastereomer
only

H
mechanism of radial fomation OH
®, fo' é
AONOAC 2 | ph—y 4 2AcOl L @
B N Tetrahedron Lett. 1994, 35, 1003
22 AcOH 23 24

in the case of |,

Phl(OAc),, |
18 (OAC),, 12

O
OHCN o}

a precedent
0., OH .
Acon Phi(OAc),, Bra ACO/\IQC;J(T;O B‘r ,\/ﬁcrlai
AcO" R CH,CI AcO™ ™ R
LT IaanSifr(i:détion AcO L R OHCO  OAc
i c
R=halo y. 53-90% 29
(RFRIRIagen) 28 144-3:1 dr

26

H undesired product

Tetrahedron. Lett. 2003, 44, 6347
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Smlg
THF/DMPU=9/1

23°C
Br
BrAQ\?/Br
g 152 LiBr, Li,CO, o
° o OTMS
_72°C DMF, 600 C Ac,0, EtzN, DMAP
y. 63% CH,Cl5, 23°C
fo. & 32 89%
oHe™ Y
MgBrz- Etzo N2Hg4, EtzN, EtOH
2‘6-(t—Bu)Py 50°C; Raney Ni
benzene, 78°C; I, Et;N, THF, 23°C; i-PrOH/H,0=1/1
PPTS ~ 35, Pd(PPhs)4 i
butanone/water=1/1 CuCl LiCl ca. 50%
90°C; | 530 '
K2CO,, 23°C DM;S. 2302/3 ®
y.82% el 1
! SuMe; gzl :
' 35 !
21 steps, ca. 3% overall yield
cortistatin A
1
Generation of vinyl iodide from ketone J. Chem. Soc. 1962, 470
e ’ 5
0 N-NH; |Q NN, . ®|\TD 2N (‘? ® '
HoN—NH U i (,‘l -H < -H
W L N < o A X
IU H
37 38 39 40 41 42 4
S)
I Iaddition
N,
e

Stille coupling with strericaly hindered 1-substituted vinylstannanes

CH,0H OMe Py CH,OH
== + : :
/_<SnB,_,3 | /©/ desired Stille product :
46 :
44 45 B .
Pd OMe
Tetrahedron Lett. 1998, 39, 5177 MeO
CH,OH undesired cine product !
47 /=~
Pd(PPhs)4
J\ /© cucl J\ N | conditi ™ and E
and | !
BuSw Ph * | Licl Ph” “Ph ( ormal condition gave :;o ) !
DMSO y. 90% low yield of cine product.

48 49

= JACS, 1999, 121, 7600

43
Proposed Catalytic Cycle

2 + Li*LPdCl === L,Pd + LiCl

e
A
I
Lici + L.Pd
Ar-R B ArX
F)/ \Q\
R X
] 'l
Ar Ar
E RCuLiCl c
+C.ux D
iy JV Bu,SnCl
ASnBus * CuCl + LiCl 314



. . Angew. Chem. Int. Ed. 2008, 47, 7310
2. Total syntheS|s by Nicolaou JAgS, 2009, 131, 10587

Scheme 1. Retrosynthetic Analysis of Cortistatin A {1)7

1: cortistatin A
1,4-addition/ aldoi / dehydration @

cascade
2
) /‘"?‘\) 7 \Meg
@ (@ LT S [ M)
St 0 J. Org. Chem. 1974, 39, 1615
d

J. Org. Chem. 1993, 58, 3938

53aR = isoquinoline 52aR = isoquinoline
53bR=0TBS 52bR =0OTBS
& %, L)-proline
isoquinoling = 7 /) 7
@]

N o 56

| \ O AG_/)
d B 9 LIAI O!Bu);H OTBS M
i\/l»g\o_” /\td ( oH MeO g“OJ\OMD
79

TBSCI

DMF
4 ‘ DMF
8 M ""Me e
[z] o l
\ R 9] K OTBS < O
g — =ty O{? oTBS |y
H il Pd-Ba(OH)s,;
o H,CO
54a R = isoquinoline o] -
iz piperidine(cat)
54bR = OTBS o _ . CO,H DMSO
4 Operations: (a) epoxide opening; (b) Suzuki—Miyaura coupling: (¢} 60
aldol condensation; (d) | 4-addition: (e} Sonogashira coupling; (£
Hajos—Parrish ketone construction.
PhNTf,
NaHMDS OTBS
o otes _NMO,0sOs o oTes Mo e © OTRSH - T, D73 (MeQ2R DIBAL-H
k acetone/H,0  HO'')— acetone O Pd(PPhs), cat. 7{ £ toluene
W 23°C,y. 73% HO—TH o 23°C,y.87% 7% CO, MeOH o -78°C

62 DMF 63 . 79%
53 70°C, y. 70% 4

HO HS(CH,)3SH SO
OTBS  DMP, NaHCO; BFg(-OEZ’gZS Etih?y
()‘Ii o
7L CHCl,, 23°C CHCl, CH,Cl,/DMS0=4/1
0 y. 86% -78°C 23°C
64 y. 70% y. 72%
D-TSN3, KzCOg
o O
<:S otes 70 I Fome), <:S oTBS CS)_S \%rOTBS
Sho CH5CN; then S + = g H
07 'y
67, THF/CH;CN/MeOH=1/2/1
67 v 45% l 54b (20%) 54c 9
RJ\H
nthesi fr Ideh
TSN3| KZCO3 (o) n 9
o )'\,P(OMe )ﬁ)f (OMe), o P(OMe),
H ilD(OMe) *not commercially available ( N "
bl *multistep procedures for preparation 71 . 2 N
N, 68 «strong base(n-BulLi) is required MeOH 72 73
2 -one step procedure for preparation R—H
P(OMe), 1OFPIeR
*weak base(K,CO3) is enough 78
N> 69 " / i i O OMe \
@ —_—
i/? scommercially available = — /E-gNEN e i — O+P OMG‘_ R)w,P OMe
P(OMe)z  «one pot procedure Ry R R o R, OMe
70 Synthesis, 2004, 59 76b . 75 74”  ana



OTBS Pd(PPhs)4

Cul, Et;N s
5 IBX, DMSO
0 . 01t023°C H, Pd-BaSO,
23°C 5 =
A y. 81% MeOH/THF=1/1
iS4 d y. 8% 23°C, 64%
oTf
79

OTBS K,COg, dioxane
125°C

OTBS
y. 52%

Dethioacetalizaion

(0] - 0O
oD - H =D
Mel SNy 2 ———_—{ LR
S/j HgCl, i /S(j e )t Ao T s o \=
R/l\ RJ\H s : . N

H,05 or NalOy4 o i R, o R" 1X Ry ¢
J/j e s’j (CF3CO).IPh o ‘6o 0 | ﬂ
R)\S MeOH/H,0 R)LH ! % v
Tetrahedron Lett. 1989, 30, 287 50;*5‘\ O A
9 : o HST S
Ri)k,Rz 150 Ho\‘}@ s ]
S/j = )OL 102 C/S‘S*CO 8 Ry
o s~ DMSO/M,0=91 R~ “H of ;, a5
JACS. 2004, 126, 5192

reaction mechanism of sterically hindered substrates

O
reactions of sterically hindered substrates (lacking a-protons) 0 o
HO““l H0"“|| Path A HO"IJ
Q > 2
%s IBX (2 equiv) ' ke i
@M

S O~
2N, DMSOH,0 (9:1), 28: IBX Path A (%_) Path B C/S‘ R,
s ACOH (10 mol%) 1 RN
MeQ 25°C R1 R, X R, X
103 Path & | :
m *S S ' *
@*@ m o5 s 0
S s $5C  wemipioJI
o, <, ea O X R1 R2
55 /o a fa Observed by HRMS in R R R R
an inseparable 1 2 1 2
mixture of products 106 104 105
byproduct
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TMSOTf

i . SeCIEha IS Ao KHMDS, PhNTf
otes CH.Cl,, -50to -10°C; O.__O 2 p-TsOH
‘@ T;AFZ THF, 23°C; @0 e, TG i acetone/H,0=10/1
H SO;py, EtaN ‘ 112, Pd(PPhg)s, cho3 o
51 CH,Cl,/DMSO= 3/ 1 THF, 80°C.'y. 60% y. 88%
23°C, y. 50%(3 steps) 1M
0 g \
0]
112
Ho, Pd/C TMSOTH, Et;N HR
MeOH THF, -78 t0 0°C; CH,Cl,
23°C IBX*MPO c
y. 50% DMSO, 23°C 03;07%%5(:
y. 46%(2 steps) :
NaBH, Ti(O'Pr),, MeNH,
CeCly7H,0 THF
MeOH, 0°C 80°C
y. 80% y. 45%

(1:1 diastereomers)

(+36% regioisomer)

cortistatin A
1

Synthesis of enone from saturated ketone

0 (0]
1) PhSeBr, base
a 2)H,0 o
119 R 2z 120 R
o]
™S pg(0ACc),
/LKL A el RF/KL R'k“\

121 R

|

119 "R

|

2 0
RJKL IBX ;
p— | JACS, 2002, 124, 2245
L A R

*Reaction proceeds well only when reaction temperature is >50°C
*1H-NMR suggested IBX and DMSO formed a complex.

Active agent is a complex of IBX and DMSO?

O 0 o]
O IBX-Ligand @ O
@ e +
5 6 7

100+ a

a0 b

80 c
704
[ 80
504
X% 404
304

d

20 R e

10 //

0 _.f

T T T T T T T

0 5 10 15 20 25 30 35

th ——s

Figure 1. Graph of the rate of coaversion of cyclooctanone (5) into
dehydrogenated products (eis enone 6 and dienone 7) over time, for
different IBX -ligand systems: a) IBX > MPO; b) IBX -NMO: ¢) IBX - tri-
methylamine-N-oxide; d) IBX > DMSO formed by dissolution at 75°C for
30 min: e) IBX-DMSO formed by dissolution at 25°C; ) IBX - DMSO
formed by dissolution at 90°C for 20 min (leads to significant quantities of
IBA from the reduction of IBX by DMSO which inhibits the desired
reactiont”). Reagents and conditions: [BX/ligand Bl (2.2 equiv),
[DJDMSO, 25°C, conversion monitored by means of 'H NMR spectros-
copy. x = Total dehydrogenation.

0 0
; IBX-MPO o2 m
R )H\ = R./u\u N o @ L
®
R r.t. R on
Angew. Chem. Int. Ed. 2002, 41, 993 NMO
N - OMe
@ HD\Q&'}NU * . =
HO HO ‘ T @;ooe 2:1BX - MPO
i’o @/ |,O l,” Q\\IPH DMSO
75- ‘o
OMe T
X1% 50~ e
IBXe DMSO IBX-MPO
122 123 1hd A\
25+
OTMS 0 IBX-NMO
IBX-MPO o | COMPLEX
RS R’ | 0 30 60 9% 120 DMSO
DMSO HEN e
R Figure 1. Graph of the rate of conversion of the TMS enol ether derived [“l
0. 5-4 h from cyclooctanone (31), w cyelooctenone (32) by using IBX (1) or [BX - .
Angew' Chem ]nt Ed 2002: 41, 996 MPO complex (202 X = Conversion of TMS enol ether into cyclo- 80 7.0 6.0 5.0 4.0
octenone (32). . —

Figure 2. 'H NMR spectra (308 MHz, [D]DMSO) of NMO (top). TBX
{center). and the observed NMO - IBX complex (bottom). 6/14



Althouth total synthesis was accomplished, overall yield was only 0.03%¢+«

cortistatin A
1
y. 3% y. 13%
Improved synthesis of intermediate 51 and 115 was reported by Himura et al.
i i Org. Lett. 2008, 70, 3413
3. Formal total synthesis by Hirama el N b A PR
Scheme 1. Structure and Synthetic Plan of Cortistatin A (1)
09 Sege
i\a’t‘zN
comstatln A (1) 2
erecthycIrc reaction
radical cychzanon
| O S ‘: .
Me [
o, H red H
" R0 & 3
OTBS orss g
NaH, DMSO, 55°C; NiCly*6H,0 TMSCI, HN(TMS);
NaBH,4, MeOH Nal, MeCN, rt; Tf,0, LDA
TBSO. -~ = e et (D)
0 THF rt P A -70°C, 60% Pd(OAc),, MeCN THF
59 53‘Vl 85 rt, 90% -100 to/-90°C
(1] 950
OTBS orss 87 :
f B OTBS
OTBS OTBS OTBS
Pd(PPhs)s, CO
EtsN, MeOH, DMF; o o] z |
Ll [ DIBAL, toluene; piperidine
88 DMP, NaHCO3 AcOEt, rt
CH,Cly
OTBS = Lo
77% 90
I, PPh i
e P Et,B, (TMS)sSiH C oTeS
Imidazala THF, air, -78°C ‘@ {7
THF, rt 78% H
87%(2 steps) 51
10:1 dr 12% from 59
93
-30° CDClg, rt CDCls, rt
S0, s et g 2
12 h 1h

The dr of 93 changed spontaneously, which clealy indicated
retrocyclization of 93 to corresponding dienone.




TMSOTf

TMSO(CH,),0TMS DMP 9b
OTBS  CH,Cly, -60 to -20°C; NaHCO n-BuLi, CeCls
TBAF, THF, 0°C CHyCly, rt THF, -78°C
73%(2 steps) 100% 99%
RS
Ay 0 \ AIBN
_N KH, PhNCS =N n-BusSnH
cl THF, rt }\ Cl toluene, 90°C
S7 "NHPh 74%(2 steps)
(single isomer) (4:1 mixture of atropisomers) 97
95 96  smeiH vdaisadiova s .
TsOH+H,0 ' =y
—_— ' ]
acetone/H,0 b =L
71% ' al '
' 9b |
115 et Feror TSN SOOI N )
38% from 51
model study
Table 1 Table 2
Nucleophilic addition of isoquinoline moiety Formation of thiocarbamate and radical reduction
£ ,\1\‘ . S\\T/ g3
o nl\ /ﬂ ; me OH R
AEL RSN A~LLS »J‘:»r“ e [T
EETAN ! { P - T
~PRY mEe YelylD W , e beiow_ we(W ] 5 L ismAe-swe
o ,Eﬁf g see below { j alna ’ - J/H\ = 135;9;’: =OPh
A L g S 10a: /' = H {Hi 13¢: R® = OMe
TN TRSQ ™ I RN N
W ” H 10b:R' = CI TBSO" 5™ 13d:A% = NHPh
Entry R' ®R? Conditions Resuilts Entry Conditions Results
1 H 1(9a) n-Buli, HMPA, THF, - 78 °C 10a:Trace, 11a:5% 1 KH; CS,; Mel Decomposed
2 H i n-Buli, CeCly, THE, ~78°C 10a:Trace, T11a:Trace 2 DMAP, PhOC(S)CH, CH4CN, reflux No reaction
3 Cl 1 (9b) -PrMgBr, CeCls, THF, 78 to 0°C  101:40%, 12:38% 3 KH, CSCly, THF, rt; MeOH 14:50%
4 I B n-Bulli, CeCls, THF, -78°C 10h:92% (dr = 1.8:1) 4 KH, PhNCS, THF, rt 13d:70%°
5 Cl. Br{9) n-Buli, CeCly, THF, ~78°C 10b:68% (dr=1.7:1) 5 NaH, PRNCS, THF, rt 13d:30%°
* 13d was obtained as a mixture of diastereomeric and atrop-isomers.
OH il
Me ;
I “nq ™ 1 Pr Y
N L S AIBN, n-BugSnH -
[ TE toluene, 80 °C
nBu "H 3¢ ———————= H
11a 12 81%
i
" MNOE
BSC H

H 45
(single isomer)
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4. Total synthesis by shair

Retrosynthesis

= B0 -

aza-Prins bicyclization Hajos-Parrish keione 0]
i ) i Br
Figure 2. A key step of the cortistatin A synthesis is an aza-Prins/ (0] /\/O\)i
transannularetherification reaction, Enantiomericaily enriched Hajos—Parrish 145 R= MeO

ketone is the starting material.

OTBS NaH OTBS H,, Pd/C, AcOEH, rt: A
a5t 63%, mCPBA, NaHCO; MEME LR @. PPTS
TBSOTF, 2,6- utdine S dichioracthansy o
o2 TBSO HF, THF toluene, oc * 80°C, 88% acetone
2Cl2, 0 66%(4 steps) \.ggj%r

OTBS OTBS

oTBS
OTBS OTBS
NaOMe, MeOH SOCl,, pyridine Me(O'Pr),SiCH,MgBr
70°C, 49%(2 steps) @. CH,Cly, -10°C; @. Pd((PPhs))i, THE, it
NaHMDS, THF, -78°C; ‘
128 PhNTf,, 0°C 10 129 62%(3 steps)
o}
OTBS OTBS OTBS
CHBr3, KO'Bu TASF ‘
b@ hexane, 0°C DMF. 80°C . TESO™ ™ “B(pin)
©
66%(2 steps) = Pd(PPhs)s, K,CO,
Si(O'Pr),Me Si(O'Pr);Me 132 T%%/%atg;}sm
OTBS  K,080,4-2H,0 e
D HAL A0, EtsN, DMAP
TESO sFe(CN)e - CHoCly, 1, 51%(2 steps): ,
K50, HF/pyr, THF, rt;
MeSOoNH; HO DMP, CHoClo 1t aco

fBuOH/water—1l1

0°C

OTES

Regioselectivity of asymmetric dihydroxylation

Table . Ligand Effects on the Reactivity Hierarchy as a Function
of Olefin Substitution Patternd

OTBS

P9,
TESO C
133

b

Table 27. The Selective Mono-dihydroxylation of
Highly Conjugated Systems!!”"

Z o

Entry Substrate Froducts Ratio  ®ee % yield
oH 5
P
CSRDr 1 .
=
NN ~ :
PN o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o/~ S
H
= 4 92
= 52 OH
* @NW HO o
= 51
P s i
H
nurhd 0 \ HO
LMY L <00 ‘ = = Ky 98
3 P OH
PSS M Ho 87
S (?T\f/’i 52 R 1
: = OH

" The AD reactions were performed under standard condi-
tions?e using (DH@D),PHAL and 0.2—1.0 mol % of OsQ,,

In general, dihydroxylation maintains
maximum degree of conjugation. i

a, b, d>c

QsQy alone 0304 + Quinuclidine  0sO, -+ PHAL(DHQD), JACS. 1993 115. 7047

D o= =
1 £10% 29 1300 # 8% {56} 8300 £ 8% (23) trisubstituted, trans-disubstituted
S A \V}
28 £10% (6.1) 320 £5% (4.8) 4100 £5% (11) V
adt ad - cis-disubstituted, 1,1-disubstituted
TR £10% @) g aE% ) 1400 4.6% (37) monosubstituted, tetrasubstituted
= =
0.68 £ 10% (1.2) 100 £5% {1.5) 690 £5% {1.8)
0,58 £ 10% (1.2} 73 £5% (1Y) 660 £5% (1.6) a. c. d=b
. ~ oy
044 %10% (4) 8 £5% (1) 380 £ 5% (1)

@ Rates in M~ min~!. Relative rates in parentheses, It is important
to note that the relative rates only apply within a single column. The
absolute rates can, of course, be compared throughout the table.

Steric effec;t$ _
!
QE

& Q\ & /\J\,cone 47
”%MJ\,COM 0 9% |
w0 |
/\/\/lf\/%cozw 1 |
i J

t The AD reactions were performed under standard condi- ~pem Rev. 1994, 94, 2483

tiong?e usmg {DHQD);PHAL and 0.2—1.0 mol % of Os04. ° %
ee of the major produet. ? See ref 117. ¢ See ref 121. 914

) a>d




i Me % Me
A(1,3
Me,NH, ZnBrs sfrairgq g OTBS J oTBS
o . Bar, ” 2
CHsCN, 50°C @1\{ a0” A4 H_§ MeoN ®o} H H _—
65%(3 steps) Me Y 136 or 137 _|
RO e S
aza-Prinsfiransannular cyclization oxonium ion release
N ¥ NH,
TBAF. THF the same procedure g
70°C, ’70%; as Baran's
TPAP, NMO T 1
CH,Cly, rt HO Et;N, THF
quant. 680°C, 20%
HO
MesN
Scheme 3. Mechanistic Rationale for Generation of 12 and 20
OTBS
(R ) -
Br )
e N
e4Si
o oo Poaar M 142
SiMe; 140 base-promoted elimination
OTBS
I——Br 9 Br Me
@. - OTBS @c o8BS
Br O e S ‘"
4‘ Me, [} o H H\‘ H
e S A
B i!;rc,}é,)OPr 143 ~_| 144
Si(O'Pr);Me » g At
siticate-directed elimination
131
Summary
Baran
O Me

Smlz

wpE e 7 |
Br* N\;O Br e
OHC’
H 31

21 steps, 3% overall yield

K,COs @O’ OTBS 24 steps(from 55)
‘ : 0.03% overall yield

Shair

o& 25 steps, 0.14% overall yield(from 59)
1 N

Hirama

| . 19 steps(from 58)
4& i 4.6%
e}

58

5 5 steps
: 6%

10/14



5. Structure-Activity Relationship

- | =
N
g
H H ~
Cort!statin A (1) : R1=HI R2=H, H Cortistatin L(11) ‘ N Y
Cortistatin B (2) : R'=H, R%=H(x), OH(p) . i St= )@j
Cortistatin C (3) : R'=H, R?=0 §*= | _N
Cortistatin D (4) - R'=0H, R?=0 %
f SR
- N’
\N. E
I
e Catati . ph_cl
Cortistatin E (5) : R3=S' Cortistatin F (9) : R44—S .
Cortistatin G (6) : R®=S2 Cortistatin J (10) : R"=S
Cortistatin H (7) : R>=S?
Cortistatin K (8) : R3=S*
Table 1. Growth inhibition of cortistatins against HUVECs and various type of cell lines
Cell line AD B(2) @ D4 E (5)
ICsy SI ICs SI ICs Si ICsq SI ICs SI
HUVEC 0.0018 1 1.1 1 0.019 1 0.15 l 045 1
KB3-1 7.0 3900 120 110 150 7900 53 460 2.5 6
Neuro2A 6.0 3300 160 150 180 9500 >300 n.d. 1.9 4
K562 7.0 3900 200 180 >300 n.d. >300 nd. 28 6
NHDF 6.0 3300 >300 n.d. =300 n.d. >300 n.d. 1.9 4
G (6) H(7) K (8) F (9} 1(10) Lan
1Cs0 S1 ICsq SI 1Csy SI 1Csq Si ICs 51 1Csqy 51
0.80 1 0.35 ! 0.04 1 19 1 0.008 1 0.023 1
8.9 11 23 7 10.2 250 10.8 6 9.1 1100 14 610
4.0 ) 22 6 3.0 80 4.0 2 33 410 2.8 120
3.8 5 2.7 8 3e 100 4.0 2 33 410 4.3 190
2.9 4 2.7 8 2.5 60 4.1 2 24 300 24 100
Kobayashi et al. Bioorg. Med. Chem. 2007, 15, 6758
intact e T .\N
heterocycle ~—-7 7N W N
required \ ¢ \ E
3.2 o Ma i
A tolerated fi'j “ )Lﬂ b N
e I =
N T g A
R I
HOM-/,‘\&.‘J‘ i H FRSPINREURL. S %
\2 / e Q] lewers activity
Mezhf o
1: cortistatin A
= 1.8 nM inhibition of HUVECs 17-epi-cotristatin A A'8_cortistatin A
- most potent member of cortistatin family 146
147
Table 2: Selective growth inhibition of cortistatins against HUVECs.
Substrate 1G4 {rm]
cortistatin A (1) 2.4301 1,88
A'®-cortistatin A (2) 3.88
17-epi-cortistatin A (4) > 1600
6d-g, 7a—f, 8e, 9a, 9d-" > 1000

[a] ICs, of synthetic cortistatin A tested by Pfizer Inc. [b]IC;, of natural
cortistatin A tested by Kobayashi group.® ] The TBS groups were
removed prior to testing. The results of 6e and 7e are from Ref. [4f].

Baran et al. Angew. Chem. Int. Ed. 2009, 48, 4328
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Nicolaou et al. JACS, 2009, 131, 10587

compound HUVEC MCF-7 . NCI-H460 SF268 IA9 PTX22 A8
synthetic
cortistatin A 0.002 >10 7.786 4.429 6.518 6.543 5523
149 0.253 >10 >10 >10 >10 >10 9.861
150 4.542 5.060 5.225 5.161 3.719 4.477 4057
65 0.544 0.532 0.729 0.524 0.519 0.512 0.578
51 >10 - - . . - i
111 >10 = - - 3 - .
113 0.486 6.76 4.323 5.100 5.683 5.806 5.416
114 0.039 5.504 5.504 4.383 5.291 4.999 4,026
115 0.007 7.893 4,693 6.326 5.236 4.905 3.714
118 0.076 7.860 5.498 4375 6.020 6.057 5.356
151 0.034 7.803 5.589 3.799 7.303 7.638 5.963
Taxol 0.005 0.007 0.006 0.006 0.005 0.058 0.052

Glso(growth inhibition of 50%), uM

0

‘ @. OTBS

Isoquinoline moiety is essential for f
the inhibition of cell prolification. !
This moiety is also neccesary for

i the selectivity.
The effect of functional groups

on A-ring is relatively small.

148 inhibited retinal vessel formation
in P6(6 days post birth) mice after
500 pmol of injection.

No toxity was observed at 50 uM
148 in vitro.

|C50=0.01 7 I.I.M

Corey et al. JACS, 2009, 131, 9014
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Cortistatin A was tested in high-throuphput 1
binding assay against a panel of 402 kinases.  Nicolaou et al. Angew, Chem, Int, Ed. 2009, 48, 8952

Table 1: Kinase affinity of synthetic cortistatin A. VEGF

Kinase POC (10 pm)™ K, [awa]™ l Mol. Cancer Ther. 2007, 6, 1517
ROCK i 0 22017 VEGFR-2 J. Biol. Chem. 2002, 277, 46791
CDK1T 0.1 102

CDK8 0.95 1742 phospholipase C,1

LTK 2.9 ND mediated by G protein

ALK 44 ND / e

PIM2 44 ND SR . §

PKACu 8.7 3so0+212 | PIP2 DAG +IP4 =

PKACH 0 e Rho other passways
MET 18 ND l b

PRKG2Z 21 ND : o =

RIOK2 21 ND PKC Rho-kinase(ROCK)

ROCK | 21 250 £35

CLK4 26 ND

ROSI % ND v \\/ \ o proliferation?

T 28 ND
INKI 2 ND MAPKs MLC MLC. “MLC-®
- - - : phosphatase —
[a] Kinases with POC < 35 are shown. [b] Average of two determinations i \—//
SD; ND = d ined. = . ; e
- ot determined. POC=percent of control activation of transcription factors 3 .
cell proliferation stress fiber contraction
=N ROCKI| Kg=42nM fornation
HN Y O Y g ECD)%( L ﬁ“ﬁ%ﬂ%ﬂo M DAG =diacylglycerol \ /
\_JN~,§ EDK Kd>40000nIVI PKC =protein kinase C
0 d i MAPK=mitogen-activated protein kinase essential for_
fe MLC =myosin light chain(one of the three cell migration
fasudil (inhibitor of ROCK) cgmponegnts of méosin)

ROCK is a target protein of cortistatins?

Kobayashi et al. reported in 2007 that cortistatin A inhibited cell proliferation without inhibition of MAPKs
Another passway is the target.

They also reported that phosphorylation of 110 kDa protein was reduced remarkably by the treatmet with cortistatin A.

without D

stimulation not phosphorylated

;:&é‘i?a cotistatn AuM) =~ 101 001
VEGF (50 ng/ml} + o dinhy +
> VESE,
110 kDa phosphorylated 120 kDa
protein Anti-phosphor-tyrosine 90 kDa

O VEGF Q

cortistatin A
:):c?t:iga not phosphorylated

ROCK phosphorylates 110 kDa subunit of MLC phosphatase to promote cell migration.
ROCK seems to be a reasonable target.
( Further investigation is neccesary to)

confirm the conclusion.

Because the function of CDK family is not known very well, it's difficult to ascetain whether
the effects of corstatin A are consistent with inhibition of CDK8/11.
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A)
ROCK I- fasudil

C)

’Jﬁ"“‘\.,w
B) ¥
CDK8- cortistatin A~ |
(model) ”

,«}wﬂ“""’ g f#\ -‘f“‘i

D)

hMat153

\—

B N

S, crmcs
Mg
FAa03

ROCK I- fasudil ROCK I- corstatin

CDKS8- corstatin A
(model)

(model)

Figure 2, Structures and modeling of ROCK 1, CDK8, and CDK2: A) ROCK | in complex with fasudil (PDB entry 2ESM™); B) cortistatin A docked into a

CDK$ homology model that was constructed using ROCK | as the template; C) CDK2 in complex with ANP-PNP (PDB entry TFINPY), showing lack of an
extended C-terminal domain; D) binding site of the ROCK |/Fasudil co-crystal structure; E) binding site of the cortistatin A docked model in ROCK I;

F) binding site of the cortistatin A docked model in the CDK8 homology model. Thin solid blue lines in panels D-F indicate both van der Waals (dispersion)
contacts and hydrogen bonds between ligand and protein.

CDK8/11 are the only menbers of the CDK family that share an extended C-terminal domain beyond the catalytic domain in common
with the ROCK kinases. This is probably why only CDK8 and 11 have high affinity with cortistatin A.

The isoquinoline ring of cortistatin A interacts with ROCK | binding cite. Nitrogen atom of isoquinoline ring forms hydrogen bond
with Met 156 NH. The complex is further stabalized by van dar Waals contacts with Phe 368, lle 82, Val 90, Ala 103, Leu 205, Met
153 as well as a CH+++O hydrogen bond with Asp 216 and an N«==CH hydrogen bond with Tyr 155. Dimethylamino group is proposed
to form a salt bridge with Asp 202.

Future View

HO.

Me,N™

_ 115 |C.=7 nM ICs0=17 uM
corstatin A |G.,=1.8 nM 148

Although the synthesis of corstatin A was accomplished Tr;ese !efss ?Omhme{( molecules will pTobany be

only tiny amount of cortistatin A was obtained so far. aterget tor iiet Invesigation andedd

Further investigation might be difficult for this reason.

compound for a new drug.
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