Me OHO O

MeOIIIIOMe

H

Me, (+)-Tetracenomycin X
H, (+)-Tetracenomycin C

R
R



TETRACENOMYCIN

MeOHO O

MeOIIIIOMe

H

Culture of Streptomyces Nocardia found in
species a brain biopsy

Me, (+)-Tetracenomycin X . Antitumor
H, (+)-Tetracenomycm C e Active against gram positive
bacteria

R
R

J. Antibiot. 1990, 43, 1169.



RETROSYNTHESIS

Regio- and
stereoselective Isoxazole
Me OH O Me OR O
hydride reductlon oxidation
MeO I I I I OMe MeO I I I I OMe
H
Asymmetric |,3-dipolar
. benzoin N—0 cycloaddition &
A cycllzatlon @ e iR, dehydrogenation
MeO
OMe
MeO OMe MeO

OHOQR


Presenter
Presentation Notes
Why not just do the same reaction to get the symmetrical functionality? Why did they think to do two distinct reactions? Isoxazole ring sets up the geometry for the benzoin condensation?


RETROSYNTHESIS

Oxidative ring

opening of
o Me OR @/O@ cyclobl‘Jtanone O Me OR
N oxime NOH
—> MeO | NN
MeO IS OMe
Dual
O Me OR - O Me OR
5 cycloadditions MeO.__OTBS
MeO o) XN—F — Meo%a _____ | ————— I
/ ~/---""" i - OMe
MeO OMe MeO [4+2] [2+2]

TsO OTs


Presenter
Presentation Notes
Naphthonitrile oxide + ortho-quinone mono acetal

Fix the last step it should be two alkynes

isocyanate


TOTAL SYNTHESIS

Generation of the benzdiyne equivalent

- OH - S
OH pTsClI (2.8 equiv) l> (2.0 equiv) I I
K5>CO5 (6.0 equiv) 35% aqg. H>O, (4.0 equiv)
: :’ acetone, rt, 15 h /[ j\ MeOH, rt, 32 h TsO OTs
HO OH 75% TsO OTs
OBn

BnBr (1.05 equiv) | |
K2003 (1 .5 eqUiV)

acetone, rt, 12 h TsO OTs
74% two steps


Presenter
Presentation Notes
Need to ask about how the iodine becomes strongly electrophilic 

Benzene triol


TOTAL SYNTHESIS

[2+2] and [4+2] cycloaddition

0
| 7 Me
MeO (1.5 equiv)
0
OBn OBn . MeO O Me OBn _
| | MeO.__OTBS | n-BuLi (1.1 equiv | - ' i =07
j@[ N I (1.1 equiv) X | X_«0TBS nBuLI(1-25equ): MeO oY X =0TBS
THF, -95 to -20 °C _ THF, -78 °C, 4h _
TsO OTs OMe ) TsO ; :
(1.1 equiv) 73 % Olils 56% \1eO OMe

They were also able to do this
reaction as a one pot synthesis


Presenter
Presentation Notes
2+2 cycloaddition stereochemistry, they don’t report any other product, and I am not sure what controls the OTBS and OME being up vs down.


NON-LINEAR SYNTHESIS - |

nBuLi (1.1 equiv)
NH(iPr), (1.15 equiv)

O TBSCI (1.06 equiv) MeO.__OTBS
MeOJ\/OMe ) > \[
THF, -78 °Ctort, 1 h OMe
54%
"""""""""""""""""" ™sc

Ang. Chem. Int. Ed. 2007, 46, 6502-6504



NON-LINEAR SYNTHESIS — 2

o)
Ma, Cl (1.1 equiv 0 Me
0 O Mg(OEt), (1.0 equiv) g © CI)K/ (1.1 eq ): MeO)ﬁj

» - o @)
MeOMMe EtOH, toluene, rt, 1h Meo)\V)\Me MeCN, 0 °C, 1.5h o
73%
O
pTsOH « H,0 (0.5 equiv) | )—Me
CH(OMe); (5 equiv) MeO
g O
THF, -78 °C to rt, 5h MeO
87%
pIsOH
o. OH

o)
Syn. Lett. 2017, 28, 1719.


Presenter
Presentation Notes
BETA KETO ESTER


TOTAL SYNTHESIS

Establishing unsymmetrical functionality by unique oxidative ring opening

0 M OB e Zn dust (10.2 equiv) Q@ Me OBn e
C n dust (10.2 equiv C . _
MeO o7 X «O0TBS TiCl, (5.1 equiv) MeO | Ny N,__0TBs 467 HF (9.9 equiv)
A~ MeCN, 0 °C, 1 h
MeO = S THF, 1h, rt MeO OMe
e O Me OBn
o) _ .
MeO | XX NH,OH « H,O (10.0 equw)= Vi@ | N /N OH
NS MeOH, pyridine (viv = 1/1
oue MOV oo A
78% over two steps 88%
. o O
NCS (2.4 equiv) OBn O Me OBn .0
NEt; (2.4 equiv) R Cl //N
= | N N\\ > MeO
MeOH, CH,Cl, (v/v = 2/1) _ O OMe
0°C,1h g OMe MeO
73% OMe

pyridine


Presenter
Presentation Notes
Hydrolysis of silyl ethere
Chlror nitrosocompound


TOTAL SYNTHESIS

anstruction of the tetracyclic skeleton

O Me OBn @o Me OBn N -0
/
pese
MeO PhCI 50 OC 3.5h MeO @) @) CH20|2, 0 OC, 30 min

OM 6% MeO Ome 80%

1.8 (equiv)
regioselective 1,3-dipolar
cycloaddltlon |

@) Me OBn N-O

J Me OBn N -0
MeO 2M H,SO, (2 equiv)
OMe
0 » MeO
MeO OMe
MeO o)

offe THE, rt, 3h
MeO ome 97% o

O

3 3


Presenter
Presentation Notes
1,3 dipolar cycloaddition is also commonly reffered to as Huisgen cycloaddition but he studied the mechanism of this reaction with azides reacting with alkynes


COMPLICATIONS WITH ADDITION OF
THE MONO-ACETAL

Originally the reaction was run with

@) OMe
MeO OMe

Which lead to the desired product but
in the benzoin cyclization led to low
yields.

This was proposed to be due to

unfavorable steric interactions at

the C-4 carbon leading to retro-
benzoin

So they tried cyclic, less rotatable,
acetal moietys



NON-LINEAR SYNTHESIS - 3

Construction of the acetal moiety

0 O
. M
HO OMe T£,0 (1.6 equiv) TfO OMe  MeMgBr ( 1.1 equiv) = OMe

O NEt; (2.4 equiv) O Fe(acac); (10 mol %) .
CH,Cl,, rt, 4 h ) THF, NMP (v/v = 3/1)
(> o8 a 1, 4n,
92%

Kumata coupling

OMe
Br O
NBS (1.05 equiv) Qb O-vanilin (1.05 equiv) H 5 00 i
benzoyl peroxide (3 mol%) O K>CO3 (1.3 equiv) e
CCly, reflux, 7h DMF, rt, 3h O
O 74% over two steps O

Fe(acac);

O 0O XN
O Fe3* O
O O



OMe

H O O

NaBH, (10 equiv)

NON-LINEAR SYNTHESIS — 3 CONT’D

OMe

MeOH, THF
reflux, 1h
92%

Dakin Oxidation

OMe OMe
mCPBA (1.2 equiv) o) .
K5COj3 (1.5 equiv -
- Y49 bvo 2C0; (1.5 equiv) - o o o m-CPBA
CH,Cl, , rt, 22h OMe MeOH OMe O
3h, rt

94%

| .
C \©)ko,o |

PhI(OCOCF3),

FSC\H/O\I/O\H/CFS
QOMG o) ')
PhlI(OCOCF3), (1.2 equiv)
O Na,COj (3.0 equiv) Vg g Dk
OH -
CH,Cl,, rt, 2h

73%


Presenter
Presentation Notes
	triflouroacetate


DAKIN OXIDATION

OMe

Very similar to Baeyer-Villiger
Oxidation of aromatic aldehydes
to phenols

e OMe
0)
0. H 0 0 oo 0o
H o+ A\
0] OMe cl VNS OMe
OMe
O@ o OMe
)0 pe Nd b o
O OMe
& G@; OMe

. 0
QOMe ~Cc*
. 2O 0o
‘\\—o 00
OMe
OMe
© 0



TOTAL SYNTHESIS

Key benzoin cyclization

6 Mo OB N-O Me OBn N @)
|
MeO OO ‘ OMe triazolium salt (15 mol%) OO“
MeO ) 00" © NEt3, (15 mol %) \eO o9 © e
O >

THF, rt, 3 h
O Rovis’ triazolium salt O

F
F F
e What does the triazolium salt
4 JN 7 do?
N F
©
BF,

J-Am. Chem. Soc. 2009, /31, 10872.



TRIAZOLIUM SALTS IN BENZOIN
CONDENSATIONS

® NEt3
NN NEt3 N\N N~ N@

g T g

Why Triazolium salts and not just CN-?

Ability to insert a chiral auxiliary into the mechanism to control the stereochemical outcome
- More powerful at increasing the acidity of the proton, so generally more applicable
- However, they are more complicated



NON-LINEAR SYNTHESIS - 4

Synthesis of the chiral triazolium salt Boc anhydride

Boc
r—%

O O
>Lo)J\o)koJ<

meldrums acid (1.0 equiv)

. . DMAP (1.55 equiv)
Boc anhydride (1.5 equiv) Boc OH DCC (1.1 equiv)
OH - >N .
HoN H

H,0/1,4-dioxane (v/v = 2.5/1) O -5°C, 12 h

O ° o (1 bR o fro . i e
0°Ctort13h Steglich “like” Esterification 5 AT EEE
! @) @)
0.0 i
f NaBH, (2.5 equiv) O O\g . 5
Boc — |
> O toluene, reflu !
A CH5COOH Boc. 5ho ; DMAP
0 o overnight, fridge H o | N
X
e L
N :
Boc” :
O i Q DCC
| N=C=N

Acta Pharm.Sin.B 2012, 2,213.
Tetrahedron. 1997, 53, 12867.


Presenter
Presentation Notes
Put in mechanism form steglich like esterification


N~

_N

STEGLICH ESTERIFICATION

<

O:<®

Co

kS e AT
C N~
Q
W HL oy

Classic Steglich esterification would then be attacked
By an alcohol to make an ester. However here we have
nucleophilic attack of an enolate from Meuldrum’s acid



NON-LINEAR SYNTHESIS —4 CONT’D

>>~

CF3CO5H (2.0 equiv) BF, O(CHg)s* (1.0 equiv)
Boc/N CHxCly rt, 1 h HN DCM, rt, 6 h N =
O 2Ai7e O Meerwein’s Salt OMe
CH(OCH,CHa)s ( 4.6 equiv) NN
2LM3)3( 4.0 eq g =N
130 °C, 6 h o © F
30% over three steps BF, F
F
F

J-Amer. Chem. Soc. 2009, 131, 10872.

Org. Biomol. Chem., 2014, |2,7537.
J. Chem. Soc., Perkin Trans. 1, 1998, 1891.

bod

(1.0 equiv)

DCM, rt, 18 h

*HNQ
\
N

HN


Presenter
Presentation Notes
No purification between steps, just DCM dried off 
Trimethyloxonium tetrafluoroborateNamesIUPAC nameTrimethyloxonium tetrafluoroborate
Other namesTrimethyloxonium fluoborate
IdentifiersCAS Number
420-37-1 
3D model (JSmol)
Interactive image
ChemSpider2016863
ECHA InfoCard100.006.360PubChem CID
2735153
InChI[show]
SMILES[show]
PropertiesChemical formula
C3H9BF4OMolar mass147.91 g·mol−1Melting point179.6–180 °C (355.3–356.0 °F; 452.8–453.1 K) Except where otherwise noted, data are given for materials in their standard state (at 25 °C [77 °F], 100 kPa).
Infobox referencesTrimethyloxonium tetrafluoroborate



MECHANISM OF HETEROCYCLE
FORMATION

F 0+ H ) HN  F . :
28 HN F
. / . P @)
+ CHgCHO

/\gN /\@ N
0~ NA p.t. ® L[~ N =
. HOZ . N__

>


Presenter
Presentation Notes
triethylorthoformate


TOTAL SYNTHESIS

Series of imperative protections/deprotections to lead to the desired product

O Me OBn N-0O . _ O Me OBn N-O
/ Bn*Br (5.2 equiv) / Me;O* BF 4 (1.4 equiv)
WD OO OEHE~- e 0 0 § ¢
MeO OMe DMF,-101t00°C, 1h MeO OMe CH,Cl, tt,14h
OH!~O 94% o 70
O O 0O %O 97%
he
‘ O Bn*Br
Me\@ @BF4 ! Bn*
O Me OBn N-O O Me OBnO §O ; D Br
/ 1
pH 8.9 NaOCI aq. | D CD,
MeO OO“ (saturated with NaHCOs, 8 equiv) MeO OO“ !
MeO OMe : g MeO OMe E D D
o) acetone, -40 °C, 10 min o) :
0 Q0 66% 0 30 : D
9-k ﬁ-k :


Presenter
Presentation Notes
What is up with the pH 8.9 reagent (just making a basic salt?)

MS scavange any acid impurities which will ruin the stereochemistry 


ISOXAZOLE TWO STEP
HYDROXYLATION

Ang. Chem. Int. Ed. 2008, 47, 7446.




TOTAL SYNTHESIS

Regioselective hydride reduction & divergence of synthesis Tetraceomycin C/ Tetracenomycin X

Me OBn O ~Z‘O

Me OBn O ~Z‘O

NaBH3CN (4.0 equiv)

DDQ (8.0 equiv) >
VO OM 6-(tBu)2-pyridine (16 equiv) . OO“ CH3;COOH, CH,ClI, (v/iv=30/1)
e e MeO OMe

0 °C, 2h
78% d.r. (4.2:1)

9

*

Me OBn O ~Z‘O

OO“ oot OO“
MeO OMe MeOH, HQO, CHSCOOH (V/V/V = 8/2/1 MeO OMe
O © OH

9

OH

*

1,2-dichloroethane %
80 °C, 6h e

O 78%

H, (ballon) Me OH O O

rt, 1h
70%

(+) - tetracenomycin C

DDQ
@)
-N
Cl Cc~
Cl Cs
>N
@)


Presenter
Presentation Notes
Not sure what is going on with DDQ


TOTAL SYNTHESIS

Slightly longer synthesis of Tetracenomycin X

Me OBn O O Me OBn O SO
Mel (50 equw D@ (80 equiv) :
NaH (3.0 equiv) 2,6-(tBu)2-pyridine (16 equiv)
MeO OM > MeO OMe
DMF, 0 °C, 30 min 1,2-dichloroethane
>, 90% 2, 80°C,4.5.h
O O 75%
Me OBn O éO Me OBn O so
NaBH3CN (4.0 equiv) H, (ballon)
OO“ PdCl, (1.0 equiv)
CHCOOH, OHeCl (=30t OO“ ey
rt, 3h
83% dr. (4.9:1) ‘8 OH 76%

Me OH O $O

OO“ - tetracenomycin X
MeO OMe
O Q OH



OVERVIEW

Not pictured: Keiichiro Sakata

Me OHO

MeOIIIIOMe

H

Me, (+)-Tetracenomycin X
H, (+)-Tetracenomycin C

R
R



	Slide Number 1
	Tetracenomycin
	Retrosynthesis
	Retrosynthesis
	Total synthesis
	Total synthesis
	Non-linear synthesis - 1
	Non-linear synthesis – 2
	Total synthesis
	Total synthesis
	Complications with addition of the mono-acetal
	Non-linear synthesis - 3
	Non-linear synthesis – 3 cont’d
	Dakin Oxidation
	Total synthesis
	Triazolium salts in benzoin condensations
	Non-linear synthesis - 4
	Steglich esterification
	Non-linear synthesis – 4 cont’d
	Mechanism of heterocycle formation
	Total synthesis
	Isoxazole two step hydroxylation
	Total Synthesis
	Total synthesis
	Overview

