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Isolation/History

e 1970- Ecteinascidia turbinata (Mangrove
Tunicate) extracts tested against leukemic
mice. Afforded 50% cure rate.

e 1986- Prof. Rinehart and Tom Holt at
UIUC isolated and elucidated the structure
of Ecteinascidin 743 (ET 743).

e 1996- First Total Synthesis by Corey, Gin,
Martinez.

Sigel, M. M.; Wellham, L. L..; Lichter, W.; Dudeck, L. E.; Gargus, J. L.; In Food-Drugs from the Sea, Youngken, H. W., ed., Marine
Technological Society, Washington, D.C., 1970, pp 281-294.

Rinehart, K. L.; Holt, T. G.; Fergeau, N. L.; Keifer, P. A.; Wilson, G. R.; Perun, Jr., T. J.; Sakai, R.; Thompson, A. G.; Stroh, J. G.;
Shield, L. S.; Siegler, D. S.; Li, L. H.; Martin, D. G.; Grimmelikhuijzen, C. J. P.; Gade, G. Journal of Natural Products 1990, 5% 771-
792

Corey, E.J.; Gin, D. Y.; Kania, R. S. J. Am. Chem. Soc. 1996, 118, 9202-9203




ET 743-Reasonable Drug Candidiate?

O L
-0 H OH
MW: 769.26

C39H43N3011S
3 Hydrogen Acceptors, 4 Hydrogen Donors



Bio-activity (Summary)

e ET-743 (trabectidin, Yondelis®) found to
cause objective remission >8-11 months
for a variety of soft tissue sarcomas

e Toxicity a non-issue, as PK/PD doses
demonstrate viability of chronic
administration.

e Being tested in a combination with
Pacilitaxel, cisplatin, and others

e Currently in Phase II FDA trials
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Mechanism of Action
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Attempted (and Successful) Syntheses

e 1996- Corey, 1%t Total Synthesis

e 2000- Corey- New Route (kind of...)

e 2000- Pharma Mar, Commercial Synthesis
e 2002- Fukuyama, Total Synthesis

e 2002- Danishefsky, Partial Synthesis

e 2003- Williams, Partial Synthesis



Proposed Biosynthesis
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Empirical Biosynthesis
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Retrosynthetic Analysis
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OMe

Commencement

Me~o Me\
HO OH  TBSCI(3. 0 equiv), Et;N  TBSO
(6 equiv), DMAP (cat) DIBAL-H (2 equiv),
, CHyCly, 23°C, 3 h; 98% CHCl, -78°C, 1h,
~ o o quant
O O
Me- Me-, M 5eq Me.
? ? OH 0 “(PhO),P(O)N3 (2 eq)
_ 2 3
TBSO OTBS  ppC (2.5 equiv), TBSO OTBS biperidine (2 eq) TBSO OTBS T RGN (560)
4 A sieves, CHoCl> - AcOH (10 eq). - toluene, 4 A sieves, .
23 °C, 2 h, 99% toluene, 3 A sieves, Q 70°C, 2 h;
oH 23°C, 18 h; 92% HO” N PhCH,OH (2 eq), 70 °C
1h; 89%
~oNo °
Me. Me. ~
0 ®0 Me~q
TBSO OTBS TBSO oTBS TBSO OTBS
Ho (45 psi), H, (1 atm), 10% Pd/C (cat)
H H
BnO\n/N = Rh[(COD)R,F(DlPAMP]*BF4'(cat)>Bn0\n/N . EtOAc,23°C,2h; 100%  HaN_,
o CH3OH, 23°C, 24 h; 100%, 98% ee S ‘H g ‘H
o” o \ o” Yo 0" Yo
| I |
10

Corey, E.J.; Gin, D. Y.; Kania, R. S. J. Am. Chem. Soc. 1996, 118, 9202-9203



Eastern Front - Part 11 HO Me

Me-~NH
'/H
Me. Me.
0 ®0 @)
TBSO OTBS TBSO oTBS
H Ho, (1 atm), 10% Pd/C (cat) AllylOCOC! (2 eq)
BnO\n,N ' EtOAc, 23°C,2h; 100% _  HaN_, Pyridine, 23 °C, 20 min;
5 H - H 93% "
0”0 o )ie]
l [
Me \O Me so
TBSO OTBS TBSO OTBS

DIBAL-H (2 eq), CH,Cl>

78 0,
AllylO,CHN 78°C.1h > AllylO,CHN

H “'H
cl)o H” YO

’
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Western Half—Part 1

NaH (1.3 eq), DMF,
Et,0, 0 °C, 50 min;
MOMBr, (1.3 eq)

d 0°C, 5 min, 90 %
O/\O’Me .
Me n-BuLi (3 eq), THF,
-30°C, 13h;
o DMF (5 eq), 0°C
-0 1 h; 64%
OBn
Me
o
o (1.1 eq)
\—-0 Piperidine (2 eq)
AcOH (4eq)
Benzene, 4 A, 23 °C
20 h; 99%

0
/\/o\n/\n,o\)\ oMe

O O

Me
Yetl H
5 NH,
~~..Me \ O
n-BuLi (2 eq), TMEDA
(3 eq), Hexanes, 0°C, 4h;
ot
CH3l, (5 eq), -78 °C-23 °C
o 15 min; 87%
OMOM OH A
Me X Me Q NaH (1.3 eq), DMF,
O CH3SO3H (1.4 eq), o) 0 °C, 40 min;
o CHxCly, 0°C o BnBr, (1.5 eq)
o 30 min; 0 23 °C, 30 min, 86 %
OBn o} EtsNHCO,H (3 eq) OBn 0o
Me O. Pd(PPh3), (cat)  Me O.
XYY" "o M 374 - A e Me
/\o/ THF, 23 °C, 4 h; 94% /\or
o o o’ﬁ “Me o 0% oH “Me
o I o
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15t Pictet-Spengler Me A T H

NH
O -
OBn o) ‘ OBn o) .
Me (PhO)2P(O)N3 (1.2 €q) 4o o Ha (45 psi),
N O/Y ‘Me  EtsN (4 eq), toluene, N O/\r ‘Me  Rh[(COD)R,RDIPAMP]'BF4 (cat)
o 07 0oH O~|v|e 4A 70°C, 2h; HN\n/OBn o,'\l1 CHZOH, CH,Cl,, 23 °C, 16 h; 97%, 96% ee
e
_d BnOH (1.5€q),23°C,  QA_ J I
2h; 93%

° BF30Et, (10 eq), BF30Et, (16 eq),
0" " Me H,0 (10 eq), 4 A, 23°C, CHoCly,
OBn O. Me CH,Cl,, 0°C, 10 min 18 h; 73%

oBn O OH 0
Me /\( H Ha (1 atm) Me Af H
Q 10% Pd/C, (cat) O
o J N\H/OB“ EtOAc, 23 °C, 6h, quant ZNH

-0 H O -0 H
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Retrosynthetic Analysis VoD NH oMe
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Pentacycle Formation

Me\o
Me. TBSO OTBS
oH O O OH ©O
Me ’ TBSO OTBS Me Cs2C03 (2 eq)
o' . KCN (20 eq), ACOH o’ " HiN——co,Ally1 __allyl bromide (5 eq) _
o NH 23°C,3h, 61% N ” DMF, 23°C, 1 h
-0 H AllylOoCHN . (;:N 87%
‘H
H” YO
(2 eq)
Me. Me.
z o ®0
TBSO OTBS TBSO OTBS
DIBAL-H (1.2eq) KF-2H-0 (xs),
COLAllyl ~ toluene, -78°C, 5h COLAllyl CH30H, 23 °C,
20 min
Me. Me.
T f i
o OH OH O OH
Me y CH3SO3H (20€9) 1o
o Y HN COAlyl  CHxCl 3A,23°C N———CO,Allyl
N \/ 5h; 55% (3 steps) N \/
L > Y "H L ™
O H CN OH CN
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A Few Manipulations...

” o OH Z Ve
| f HO OTf
O TBDPSCI (5 eq)

TE,NPH (2.5 q)
DMAP (10 eq)

Me N—T— CO,Allyl EtaN (5 eq) DMAP _ Me N GO,Aly!
N \/ CH,Clp, 23°C, N\/ CH,Cly, 23°C
o) < Y 'H 6h, 72 % o 7N H 13 h, 89%
CN o [H CN
OH OH

Z OMe z OMe
HO OTf MOMO oTf
O O BuzSnH (5 eq)

MOMBTr (10 eq)
(PPh3),PdCl,, AcOH

Me N—Y—CO,Allyl _DIPEA (20 eq) Me N—— CO,Ally!
! \/ CH,Cly, 23 °C, N\/{/ (20 eq) CHoClp, 23 °C
o) <Y 'H 20 min, 92 % o) S 15 min, quant.
-0 [H CN H CN

SnMe, (20 eq)
(PPhs),PdCl,, LiCl_ Me
(20 eq) DMF, 80 °C

1h, 83% o)

CH,0 (xs)

NaBHsCN (5eq) Me
AGOH, CHaCN, 23°C,

15h, 95 % o)

OTBDPS OTBDPS
E.J.; Gin, D. Y.; Kania, R. S. J. Am. Chem. Soc. 1996, 118, 9202-9203
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Elaboration of the Pentacycle

(PhSe0)20 (1.1 eq)
CH,Cl,, 23°C. 15 mig,Me
82%

OTBDPS

(EDCI-HCI (5 eq)
DMAP (5 eq)
CHzclz, 23 °C, 30 min
91%

Corey, E.J.; Gin, D. Y.; Kania, R. S. J. Am. Chem. Soc. 1996, 118, 9202-9203

TBAF (2 eq), THF
23 °C, 10 min, 91%
—_

1) TF,0 (15 eq), DMSO (88 eq) -40 °C
2) DIPEA (100 eq), 0 °C

3) tBuOH (61 eq), 0°C

4) t-Bu-tetramethylguanadine (100) eq

5) Ac20 (184 eq) o
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Bridge Building
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Endgame

AllylO2C~NH
MOM  OMe sy-Me
BusSnH (14 eq) I
I O (®) Z
AcOH (66 eq)
PdCIx(PPh3)2 H —
CH2(-3|2, 23°C ( 20 GQ).
15 min; 84% DBU (20 eq)
DMF, CH,Cly,
23 °C, 40 min

1) 4:1:1 TFA:HO: THF
23°C,9h

2) AgNO3 CH3CN/H20
23°C,11h

41 steps, 30 L.L.
Overall yield?? ~1.3%

Corey, E.J.; Gin, D. Y.; Kania, R.S. J. Am. Chem. Soc. 1996, 118, 9202-9203



Corey Summary

e First total synthesis

e Follows proposed biosynthesis, USes 2
diastereoselective Pictet-Spengler rxns, 1
Mannich to set main rings

o Lots of PG manipulations 17 (41%)...

o Put together molecule in 24 steps

e Equally convergent and linear
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Improvement??

OMe

CIP (1.03 eq)
HOAT (1.08 eq)
EtzN (2.06 eq)» Me

THF-CH,Cl, (1:2)
0°C,18h,23°C,6h

Ally! Bromide (10 eq)
CsoCO3 (1.09 eq)
DMF, 23°C, 2h
81%, 2 steps

(61%) - (87%)

LIAIH,(OEt), KF (5 eq)
(1.1 eq) Et,0 MeOH, 23°C _
-78°C, 15 min 30 min’
95%
0.6 M TfOH Overall from
HpO-CF3CH,0H COAllyl coupling to
(3:2), BHT (cat) int diat
45 OC, 7 h; 89% In erme Ia e
84% vs 59% vs (30%)
(55%) » o1

Martinez, E. J.; Corey, E. J. Org. Lett. 2000, 2, 993-996



Williams Partial Synthesis
HO

Jin, W.: Metobo, S.; Williams, R. M. Org. Lett. 2003, 5, 2095-2098

Me.-
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Staudinger/Pictet-Spengler

OMe Bn
‘ OMe
Me CHO 3 gm‘%:’g Mo No=0 1) Pd(OH), Ho
3t M2 2» (60 psi) MeOH/THF
MeO Ph, o " Meo” N, NYO 2) MeO,CCHO
0Bn Lo oan_3,o (84%)
Ph”
\-coci Ph
(99%)
OMe N 1)Boc20 EtOH QMe N 1) NaH, BnBr, TBAI
2) LiBHg, MeOH, _ 2) TMSOT, Lutidine
Et,0, 75% Et,0, 55%
OH CO,Me

Jin, W.; Metobo, S.; Williams, R. M. Org. Lett. 2003, 5, 2095-2098

OMe N

OH COzMe

OMe N

_DBU, THF
7%
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Coupling... and then:

Me
Fmoc\ .Me
OMe N
DMAP, CHZCIZ TBAF, THF
84% 80%
MeO
oTBS
?n
OMe N 0 LIBEtzH, THF
M 0 i
e NHMe 0 °C, 10 min
N OH 49%
MeO "H
OBn N5 OMe
Me

Jin, W.: Metobo, S.; Williams, R. M. Org. Lett. 2003, 5, 2095-2098



That last step...

Bn
OMe ﬁ o
Me NHMe
MeO N "H
oon Logs
_ Li —_
Ol\/?en‘N/ \Io
Me NHMe on
MeO N H
OBn OB% OMe
Me
H,O workup

LIBEtzH, THF
0°C, 10 min
OH 49%
OMe
Me
OMe ?
Me X" NHMe
N , OH
MeO ’H
OBn OB(R OMe

Me

MeO

OH

OMe
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Williams Summary

e 12 steps, 12% vyield

e Uses chiral auxillary, then destroys chiral
center.

e 3 very powerful steps sandwiching many
FG interconversions.

e Epimerization... Seems ill-used
e PG’s: 4 steps (33%)
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Fukuyama — Saframycin B

Saframycin B

27

Fukuyama, T., Sachieben J.A.C.S. 1982, 104, 4957-4939



Fukuyama'’s Total Synthesis

Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T.; Fukuyama, T. J.A.C.S. 2002, 124, 6552-6554
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Amino Acid I

OMOM
OMO . NGPh o TEA, CHaClp, T,0, pyridine
j’ W 105C, (89%) CHyCl, 0°C
HO o oo :k (90 %)
OMOM ~ OMOM
TfO TfO
H NaBHs, H .
5 N._..Ph  "MeOH, 0°C o N TBDPSCI imi
: DMF, r.t. (91%
- it (85 %) (- ;
© e o:k © Ol-r>h
OMGOM OMOM OMOM
TfO MeZnCl, Me .y 1) Pb(OAC)s, Mo
H\)\ PdCly(dpp) ( ?,) | N CHaCN, 0°C (97%) NH,
g : THF, 67 °C (97%) o H 2) NH,0H-HC|, L
TBD%SO Ph TBD(BSQ NaOAc, EtOH TBD(BSO
r. t. (89%)
29

Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T.; Fukuyama, T. JA.C.S. 2002, 124, 6552-6554



Amino Acid II

OMe , oMe 1 g'fg't'" Ettzo

MOMO Me 1) rBull. THE omo Me 1 HCOMe):  yiomo Me ort

- 60 °C cat. CSA, 2) 1,
2) DMF (79%) MeOH, r.t. 3) conc. HCI, THE
B CHO (94%) . (72%)
r MeO~ ~OMe
?
BocHN.__ P(OMe),
QMe BnBr, K,CO QMe CO,M
nor, KaLU3, 2Me
HO Me  CHACN, reflu no Me  TmG, CH,Cl,
(98%) rT (93%)
| |
CHO CHO
OMe OMe OMe
BnO Me BnO Me LiOH, MeOH-H,0-  BnO Me
Rh[(COD)-(S,S)-Et-DuPHOS]*OTf THF, 0°C to rt.
I (1.5 mol %), H, (500 psi) Iy quant. i
BocHN.__~ EtOAG, 50 °C, (99%, 94% ee)  BocHN. - BocHN. -

CO,Me CO,Me CO,H

30
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Le Ugi...

OMOM OMe
BnO Me OMe
"y
BocHN =
BSBSO Ne
CO,H
OMOM O
Me aw/ﬂ—NHPMP 1) TBAF, THF,
NHBoc L. (89%)
o N 2) AC,0, Pyr.
\_ 5 | DMAP, CH3CN
TEDBSO r.t. (97%)
Me OBn

OMe

MeOH, reflux

OMOM

OMOM

AcO

(90%)

Me NHPMP
NHBoc

BD(BSO

NHPMP 1) TFA, anisole,
NHBoc ) Me

CH2C12, r.t.
2) EtOAc, reflux
(87%)

Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T.; Fukuyama, T. J.A.C.S. 2002, 124, 6552-6554

Me OBn
' OMe
OMOM
AcO
Bn
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Heck Coupling

MsCl, Pyr, LH])L Boc,0, DMAP,
CHyClp, 0°C NH CHAON, .
7'//2 (91%) (97%)

Me OBn
OMe OMe
BnO
Me

1) NaBHg4, HySO4 Ms

Boc EtOH CH2012 Me oc sz(dba)3 (5 mol %) Me
P(o-tol)3 (20 moi%) N-Bpc
2) CSA qumollne TEA CH3(°3N N
toluene, reflux, reflux (83%)  \_§ 5
o (88%) AcO
Me OBn
OMe
32

Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T.: Fukuyama, T. J.A.C.S. 2002, 124, 6552-6554



Epoxidation/Ring Opening

NaOH, MeOH, H-0O Acy0, Pyridine,
reflux DMAP, r.t. (93%)
AcO
1)TFA CH,Cly, r.t. DMDA,
2) Troc-Cl, Troc__MQQHLﬁC&IQDﬁ._-»
aq NaHCOs3, CH20I2 0°C, then
r.t. (74%) cat CSA (90%)

BnO

AcO
Bno. Ve
Me
OAc OH_ OAc OH OAc OTBS
1) NaBH3CN, TBSCI, imid.,
N——Tr¢ TEA-THE. QOC N—“Tm DME, r.t. N“"T’°°
N (92%)
AcO

Me
o (94%)
- \__
9\co o OACO O
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Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T.; Fukuyama, T. JA.C.S. 2002, 124, 6552-6554



Installation of Cyano-group

OAc OTBS
j@\/f N——Troc
OBn OTBS
j@j/ N——Troc
OBn OTBS

N———Troc

I%

guanadlmum nitrate,
NaOMe, MeOH/CHch

40 °C; 85%

Red-Al, THF

0 °C; 82%

Aco0, pyridine,

DMAP, r.t. (84 %)

OH OT8BS
BnBr, KoCO3,
N—-Troc CH4CN, reflux, -
91%
OMe
BnO
Me
OBn OTBS
Me N——Troc
N\/ TMSCN, BF3-OEt;
o) T CHxCl, 0 SC, (73%)
-0 o)
OMe
BnO
Me
OBn OTBS OBn OH
N——Troc HE,CH N, Ve N——Troc
rt. (quant.) o N
O\__ -
9\00 CN
34

Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T, Fukuyama, T. J.A.C.S. 2002, 124, 6552-6554



Pentacycle Formation

\/Nl/ Troc allyl bromide,
N DIPEA, CH,Cly

- reflux, (89%)

NH,NH, _
—cHoR 3y Ac0, DMAP -0
r.t

3 '
1. (98%) t
AllocN,, Ego (71%)

SH

Endo, A.; Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T.; Fukuyama, T. J.A.C.S. 2002, 124, 6552-6554

COM WSCD-HCI,
K2CO3, MeOH 2 DMAP, CHoCla,
r.t. (99%) NHAlloc r.t. (94%)
Me Me OAc S
Me
1) TFA, I Y/
CF3CH20H, 2
r.t. ®)

NAlloc
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Endgame

Followed Corey protocol, 6 steps (overall 37%)

transamination

Y

NAlloc

Overall 52 steps, (45 longest linear) (overall 0.7%)

36

Endo, A.: Yanagisawa, A.; Abe, M.; Tohma, S.; Kan, T.; Fukuyama, T. J.A.C.S. 2002, 124, 6552-6554



Fukuyama Summary

e Somewhat different strategy, used Ugi,
Heck, E,S reactions to set pentacycle.

 Primarily used chiral induction to set
centers (after 1 auxillary, and 1 chiral
catalyst)

 Overall sense of “steppy-ness”, although
only 16 P.G. steps (30% of steps).

e Very linear
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Pharma Mar Semi-Synthesis

Cyanosafracin B, available in kilogram quantities from the fermentation of
Psuedomonas Fluorescens.

Cuevas, C.; Perez, M.; Martin, M. J.; Chicarro, J. L.: Fernandez-Rivas, C.; Flores, M.; Francesch, A.; Gallego, P.;
Zarzuelo, M.; de la Calle, F.; Garcia, J.; Polanco, C.; Rodriguez, l.; Manzanares, |. Org. Lett. 2000, 2, 2545-2548

38



Pharma Mar Semi-Synthesis

Scheme 14

ln,o 10 R=TBDPS,R'=H & R=MOM 9



Look Familiar??

Et-743 (1}
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El Fin...
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Outlook

Zhou, B.: Guo, J.; Danishefsky, S. J. Org. Lett. 2002, 4, 43-46
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