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Cortistatin A :
presentation

* Cytotoxic steroidal alkaloid extracted from a marine sponge called
Corticium simplex

* Molecule discovered and isolated in 2006 by Kobayashi along 3
other closed related molecules

* The rest of the family was disclosed in 2007 by kobayashi
CortistatinsE, F, G, H, |, J, K, L



Cortistatin A :
interest of the steroid

® Structural particularities :

Steroidal core

Common rearranged steroidal core :
C19 methyl group incorporated into the rare oxabicyclo[3.2.1]octane ring

Original substitution of the A ring : two hydroxy groups and one dimethylamino group

Isoguinoline substituant on the D ring and presence of a diene motif



Cortistatin A :
interest of the steroid

* Biological properties :

Important antiproliferative activity against human umbilical vein endothelial cells
IC,= 1.8 nM

A potent inhibitor of angiogenesis (processus of new blood vessels generation)

Studies show no general toxicity toward either healthy or cancerous cell lines
ICSO(testing cells)”CSO(HUVECs) > 3300

Preliminary SAR'’s studies suggest isoquinoline moiety crucial for potent activity

> Potential use in cancer treatment to reduce the gro  wth of
new blood capillaries to tumors




Cortistatin A :
and its family

Me;N cortistatin H (18) / %N . cortistatin J (19) /

Growth inhibition of cortistatins against HUVECs

)
cortistatin A B C D E F G H J K L
(o7 0.0018 1.1 0.019 0.15 0.45 1.9 0.80 0.35 0.008 0.04 0.023
“ICgy = uM. -/ —



Cortistatin A :
synthetical studies

® 5 Total syntheses (one semisynthesis) :
2008 : Baran (JACS, 2008, 130, 7241)
Nicolaou — Chen (ACIE, 2008, 47, 7310)
Shair (JACS, 2008, 130,1684)
2010 : Myers (NCHEM, 2010, 2, 886)
2011 : Hirama (JOC, 2011, 76, 2408)
Baran (JACS, 2011, 133, 8014)

® Over a dozen of papers about synthetic studies
(Gung, Danishefsky, Sarpong, Corey, Sorensen, Stoltz, Magnus...)



Cortistatin A :
today’s talk

* Quick presentation of the 5 total syntheses of the natural alkaloid
with emphasis on the B-ring formation and key steps

®* The 5 total syntheses display the most recurrent approaches for
the B-ring construction :

Ring expansion through cyclopropane fragmentation
Oxidative dearomatization
Domino sequence

Electrocyclisation



Cortistatin A :
Baran’s semisynthesis

* Retrosynthesis :

Me;N MeN Prednisone
"Cortistatinone" 1€/g

Key steps : - cyclopropane fragmentation/ring expansion

- Bridging bicyclic ether by conjugated displacement



Cortistatin A :
Baran’s semisynthesis

® A-ring functionalization :

OH
i QH 2 steps 1. t-BuOOH, DBU
) >
[+
: 82 % 2. NH4OAc,
Na(BH3)CN
HCO,Et
60 %

Optimised conditions for gram scale synthesis :
Et3N, AcOH to give (6:1) mixture of regicisomers

1. BuyNOAc,
Co(Acac);

48 %
(76% brsm)




Cortistatin A :
Baran’s semisynthesis

® Increasing of structural rigidity :

Co(Acac),;
PhSiH; O,

Mukaiyama
Hydratation

o CH;
then K,CO3, J
MeOH
1
65%  OHCN Oo
Mukaiyama Hydration: Chem Lett \|L
1989, 1071-1074. H 10



Cortistatin A :
Baran’s semisynthesis

® Selective angular methyl oxidation :

PhI(OAc),,
Br,, DCM

-30<C \

AcOBr

.B DBU, LiCl
r THF
—>
then
O 48% O
TN!SC|’ OHCN (0 over 2 steps OHCN (0
Imidazole
H H

> Probably the first alcohol -directed geminal
dihalogenation of unactivated hydrocarbon

11




Cortistatin A :
Baran’s semisynthesis

® Ring expansion :

SmI2

DMPU-THF

then
TBCHD, THF
—>

48%
over 2 steps

Br Br
+
TBCHD ="Br "

Br Br
12



Cortistatin A :
Baran’s semisynthesis

* Bicyclic ether formation:

o LiBr, Li,CO,4
—>
DMF, 80<C

OTMS

then Ac,0, Et;N
AcO

65%  oHeN_ /g 89%
from Smi, Me,N

ring opening H

1. MgBrgEtgo
2,6°(tBu),.py
Toluene 80¢C

- _—

2. PPTS, H,0 62%
butanone, 90°C over3 steps

3. K,CO3 RT

13



Cortistatin A :
Baran’s semisynthesis

* Bicyclic ether optimized conditions for multigram-scale synthesis :

o LiBr, Li,CO;

OTNMS

—>
DMF, 80¢°C
1
65%  OHCN Oo
from Smi, \|L

ring opening H

2, BiCl3 MeCN 40°C 3 h

H,0, 40°C, 5h

62 %
2 steps

> 3 steps reduction and improved yield for total
synthesis

14



Cortistatin A :
Baran’s semisynthesis

* Completion of the synthesis :

1.N,H,4 then | c
l, Ets;N 1. Raney Ni, 50°C
L i-PrOH, H,0

—>

2. Pd(PPh,),
Cul, LiCl, DMSO

50 %

(100% brsm) 1O,

> Earlier isoquinoline installation was not possible
(makes dihalogenation impossible)

> Late stage introduction allowed synthesis of variou S
analogs

15



Cortistatin A :
Shair’s synthesis

® Retrosynthesis :

Key steps : - cyclopropane fragmentation/ring expansion CH, 9
- Aza-Prins cyclization )‘\/j:g
(0

16



Cortistatin A :
Shair’s synthesis

*® B ring expansion :

CH,;
10 steps 80°C
Br
11 % TASF, DMF
o 1. ¢ S
Me(i-PrO),Si i i

( )2 Me(i-PrO),Si N _F

\N/S\N/ /Sl‘F
R= MGO(CHz)zoCHz | | \

Siloxane case 17



Cortistatin A :
Shair’s synthesis

® A-ring formation by Aza-Prins cyclization :

A (1.3) strain
oTBS Me;NH, reduced

CH4CN, 50°C

— C-2 OAc blocks Re attack =
Boat like TS

1. TBAF

2. TPAP, NMO Baran's conditions

>

3. K2003, MeQOH 3 steps

57 %

3 steps 18



Cortistatin A :
Myers’ synthesis

* Retrosynthesis :

Key steps : - 7-membered ring formation by
metathesis X

- Oxidative cyclization to oxabicyclic core
synthesis

19



Cortistatin A :
Myers’ synthesis

® 7-membered ring set-up :

OTIPS

Grubbs I

+ Pd,dba; S-Phos 1750 catalyst

ZnC| NMP, 70°C 0
2.5% =
CH. OTBS o
A 3 70% DCM, 40°C
169 scale
TfO
A

DMDO TIPSO
t , 0°C
acetone .

1. (PPh;)RhCI, TIPSO
500 psi H,

2. LiNH,; THF

50%
4 steps

20



Cortistatin A :
Myers’ synthesis

* B-ring installation :

CH CH
TIPSO . 30TBS 1. TBAF, THE 1O . 30TBS 2. Phl(OCOCF;),
s BN Oyl
H H

Ph
-\ _OC(O)CF, .

|
D) CH
o~ CHs rpe © . 30TBS
— ..
:. 50% o

2 steps

Strategy used by Sarpong, Danishefsky, ll
Liu, Magnus, Sorensen

21



Cortistatin A :
Myers’ synthesis

* Versatility of the approach :

Cortisatin A series 9 steps
\ 17%

> Addition of lithioguinoline and reductive deoxygenation

lead to the total synthesis of the 4 steroids!!! 29



Cortistatin A :
Nicolaou-Chen’s synthesis

® Retrosynthesis :

CH, OTBS
O 3
H
—> +
O

Key steps : - 1,4-addition / aldol / dehydratation cascade

23



Cortistatin A :
Nicolaou-Chen’s synthesis

* Cascade precursor preparation :

OTBS

Pd(PPh;),
CU', Et3N

2. Hy
: MeOH-THF
1. IBX e -
DMSQO Pd/BaSQO,
(0.25eq)
48%
2 steps

24



Cortistatin A :
Nicolaou-Chen’s synthesis

® Cascade and B-ring complete formation :

K,CO,
OTBS
Dioxane

125°C
52%

25



Cortistatin A :
Nicolaou-Chen’s synthesis

* Introduction of the isoquinoline :

oTBS 2 TBAF

-
3. SO;.pyr
45%
3 steps
2, Pd(PPhj),
1. KHMDS, K;CQO; THF,
THF, -78°C °
: i oTf 80°C >
PhNTf, ~
(Comins § /@:/\
Reagent) N
(RO);B Z
50%
2 steps

Suzuki-Myaura
caoupling

26



Cortistatin A :
Nicolaou-Chen’s synthesis

* A-ring functionalization and completion of the synthesis :

1. TMSOTf, Et3N

Acetone-H 20)
THF, -78C to RT

2. Hy, PdIC

MeOH 2. Pd(OAC) 2
Saegusa
45% (30% sm) protocol 46%
2 steps 2 steps

Me,NH,
N 1.tBuOOH, N Ti(OiPr) 4
DBU, DCM THF, 80T

OCtoRT

2. NaBH, CeCl; O

MeOH, 0T
56% 1:1 dia mixture

45%

N

Cortistatin J

2 steps

27



Cortistatin A :
Hirama’s synthesis

* Retrosynthesis :

Key steps : - Radical cyclization

- Knoevenagel
condensation/Electrocyclisation

28



Cortistatin A :
Hirama’s synthesis

® B-ring set-up :

CHaOTBS Piperidine

EtCAc

Electrocyclic
reaction
70 % 87 %
C=200mM C=15mM
30 % traces %
-30C
Knoevenagel for 12 h changes dr from
Electrocyclic . 5:1to 20:1_ .
reaction via retro electrocyclization
B | Re-electrocyclization

29



Cortistatin A :
Hirama’s synthesis

* B-ring completion by radical cyclization :

CHy Q CH,
4,8, (TMS);SH . . OTBS
THF, -78°C H

10steps  Cortistatin A
—

>Completion by installation of the isoquinoline group before A -
ring functionalization to obtain Cortistatin A and J

30



