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Platensimycin ~ Synthesis and Bioactivity ~

Isolation : from Streptomyces platensis

J. Wang et al. Nature 2006, 441,358,  Mercle q7ev;

Bioactivity : Antibiotics
OH
0 0 First Total Synthesis :
0 Racemic : K. C. Nicolaou et al. ACIE 2006, 45, 7086.
Asymmetric : K.C. Nicolaou et al. ACIE 2007, 46, 3942.
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OH OH Other Syntheses :
o B. B. Snider et al. OL 2007, 9, 1825.
K. C. Nicolaou et al. Chem. Commun. 2007, 1922.
H. Yamamoto et al. JACS 2007, 129, 9534.
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1. Introduction

1.1 Antibiotics-Resistant Bacteria ~ Multi-drug Resistant Super Bugs

Vancomycin-Resistant Staphylococcus aureus (VRSA) was first reported in July In 2002 in U.S.

{

How can bacteria get resistance to antibiotics?

1. Bacteria get the transporter to exclude antibiotics. (Erythromycin)
2. Bacteria get the enzymes to destroy or modify antibiotics. (Penicilin)

3. Target Structure mutates to have less affinity with antibiotics. (Methicillin, Vancomycin)
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Multi-resistant "super bugs" are nightmare for humans.
Vancomycin was "Last Resort" for MRSA.
However, bacteria have got resistance even to Vancomycin.

1.2 Mechanism of Platensimycin ~ Why is Platensimycin a novel antibiotic

Mechanism of Major Antibiotics

Inhibition of cell wall synthesis, protein synthesis, DNA or RNA synthesis

Box 1 { :
Targets, mode of action and hanisms of resist of the main classes of antibacterial drugs

noe mechanism
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transglycosylases is inhibited by the §3-lactam antibiotics (penicillins and L‘Lphf‘lwpmm )
cephalosparing). Protein biosynthesis at the ribosome is targeted by several classes of / Prme‘l; a::i;nghESIS
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will cause less cross-resistance.
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Taget of Platensimycin is fatty acid synthesis.

Fatty Acid Synthase type Il (bacteria)

| - o} §
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Scheme 1. Bacterial famy acid biosynthesis

FAS is a good target !

FAS | (mammals)
Single huge protein can catalyze
all the reactions.

Completely
Different System !

FAS Il (bacteria)
Each protein can catalyze
one reaction.

Platensimycin can specificially bind and block Acyl-FabF intermediate.

N closad
H-G+FabF |

/

Scheme 2. FabF ¢

atalvzes C-C bond formation in the chain-elongation step of bactarial fatty acid biosynthesis

D. Habich.; F. Nussbaum ChemMedChem. 2006, 951

X-ray structure of complex of Platencimycin and FabF(C163Q) . mimic of Acyl-FabF

Interactions of
FabF(C163Q).with
benzoic acid moiety of
Platencimycin.

Table 1 | Microbiological profiles and toxicity of platensimycin and
linezolid
Crganism and genotype Platensimycin Linezolid
Artinacterial activity {MIC, pg mi by
05 4
2 4
05 2
g5 2
1 32
05 2
1 1
0.1 2
1 1
>64 =64
16 32
>1,000 =100
=64 =64

"equals 2.27 uM for platensimycin and 2.96 pM for linezolid.
colony-forming units foliowed by incubation overnight at 37°C
c /M:ur-ds in Yocicf Hewitt broth,

s been in clinical use since 2000. MRS A
icithn-susceptible S gureus; MTT,
¢ ra‘ui um blOl‘!ldL VISA vantcamycin-intermediate
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Interactions of
FabF(C163Q).with
amide linker and
ketolide of
Platensimycin.

Platensimycin showed antibacterial activities
against Gram positive bacteria including MRSA,
VISA and VRE.

However, pharmacokinetics profile is not so good.

(In experiment with mice, continuous infusion was
necessary)

Investigation of structure-activity relationship
and modification of the structure is essential.

J. Wang et al. Nature 2006, 441, 358.



2. Total and Formal Syntheses

2.1 First Racemic Synthesis

Retrosynthetic Analysis

Benzoic acid

o

OH OH

Ketolide core

w amide formatlon

Platensimycin

0 o

K. C. Nicolaou et al. ACIE 2006, 45, 7086.

HO

double alkylation

/ > Q‘ 1

0%

Nicolaou's
key intermediate

etherification ~ OH ||

- = ~
radical cyclization

LY

cycloisomerization

Y
TBSO I

Key Reaction

Transition Metal Catalyzed Cycloisomerization of Enynes

Key Reaction
N Cycloisomerization
< Radical Cyclization

See also Previous Lit. Seminar Handouts

X Transition Metal Catalyst

\j\_/R‘ B

(Sakaoka & Yanagida)

Review : V. Michelet et al. ACIE 2008, 47, 4268.

R
/
X —_—
R4

Pd Catalyzed Cycloisomerization for 1,3 or 1,4-diene (Selectivity mainly depends on substrates.)

MeOOC — [Pd(PPh;),](OAc),
MeOOC (5 mol %)
N THF, 66 °C
64% yield
MeQOC _ [Pd(PPhy),](OAc),
MeOOC S OMe (5 mol %)
5 CsDG, 60 °C
e 71% yield

Asymmetric Version

[Pd(MeCN)4](BF4), (5 mol %)
Ligand (10 mol %)
HCOOH (1 eq)

DMSO, 100 °C, 3 h
99% yield, 93% ee

,/—==—COOMe

TsN
\—&

TsN
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(fopy =

MeOOC
MeOOC
MeQOC
MeOQOQC
OMe

B. M. Trost ef al. JACS 1994, 116, 4255.

ngand

COOMe

/

K. Mikami ef al. Org. Biomaol. Chem. 2003, 3871,



Proposed Reaction Mechanism
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Scheme 2. Postulated Pd"[Pd" catalytic cycle. Scheme 3. Postulated Pd"/Pd" catalytic cycle.

Ru Catalyzed Cycloisomerization for 1,4-diene

MeOOC
MeOOC

[C pRU(C H3C N)a]PFs
(10 mol %)

N DMF, r.t.
81% yield

MeOOC
MeOOC =

(Pd catalyst gave 1,3-diene)

[CpPRu(CH3CN)1]PFg
(10 mol %)

acetone, r.t.

(single diastereomer)

HO OoTBS

Oun..

B. M. Trost et al. JACS 2000, 122, 714.

Rh Catalyzed Asymmetric Cycloisomerization for 1.4-diene

g Ri [{Rh(cod)CI},] (5 mol %) R4 = Aryl, Alkyl, -CH,OMOM, -CH,0H
(R)-BINAP (12 mol %) R, = H, Alkyl, -OPh, -OAc, -OH
A AgShFg (20 mol %) o 81 - 98% yield
CICH,CH,CI, r.t., 5min 99 - >99.9% ee
R, X. Zhang et al. ACIE 2002, 41, 3457.

This catalyst gave excellent enantioselectivity with wide substrate scope.
However, terminal acetylene (R4 = H) was not suitable. (in Nicolaou's asymmetric synthesis)

In Nicolaou's Racemic Synthesis of Platensimycin (Trost's Ru catalyst)

1) LiHMDS (2.0 eq)

[CpPRU(CH3;CN)3]PFg
(2 mol %)

0
/\}%
TBSO I |

Total Synthesis
Synthesis of Ketolide Part

To Nicolaou's Key Intermediate
LDA (1.2 eq)

OTBS

0 /\/l/
(1.5 eq)
Br Z

T
THF,-78°Cto22°C,6 h

EtO EtO

5/19

8]
_’
acetone, 22°C,1.5h
TBSO™ ™

92% yield
1:1 diastereo mixture

TMSCI (1.5 eq)
THF, -78°C, 2 h

2) Pd(OAc); (1.1 eq)
MeCN, 22 °C, 1.5 h

0
T
TBSO™ X

68% yield

OTBS LDA (1.4 eq)
0
Y
= _// (3.0 eq)
Br
THF, - 78 °C to 22°C, 13 h
92% yield



OTBS
o Z 1) DIBAL-H (1.2 eq) 4 oTBS

. toluene, -78 °C to -20 °C, 2 h; [CpRuU(CH3CN);]PFg
then MeOH, 2N HCI-20°Ctor.t., 2 h = (2 mol %)
o
2) TBSCI (1.2 eq) acetone, 22°C, 1.5 h
EtO o imidazole (3.0 eq) (0] )
97% yield DMF, 22 °C, 20 min 84% yield Key Reaction
g Sml, (2.2 eq)
HFIP (1.5 eq)
1) LIHMDS (2.0 eq) THF/HMPA (10:1)
TMSCI (1.5 eq) 1N HCI/THF (1:1) -78 °C, 1 min;
THF, -78°C, 2 h 22 °C,2h then NH,Claq
2) Pd(OAc), (1.1 eq)
92% yield 68% yield 85% yield
1:1 diastereo mixture

o 0
TPAICHIOL 18] > p
0°C,1.5h * b
l

Nicolaous's Key Intermediate
total 46% yield 87%
(Inseparable) from desired diastereomer

10 steps 11 % yield

Ketyl Radical Cyclization with Smlz

(- Sm|2
o]
¥/5
CREY;
(5 ' R — —
1,Sm. ) Smlz
Smlz
(0]
H+
~ /
OH
Sle I
Ketyl Radical Cyclization of Aldehyde and Electron-Deficient Olefin
Smlz (3 eq)
_ coome 9% yield
THF e g e
COOMe OH E. J. Enholm et al. TL 1989, 30, 1063.
Effect of HMPA
Scheme 1 . . .
1) [Sm[HMPA],] is more reductive species.
Smly(THF); [SM(THF),(HMPA)JL, 2) HMPA promotes cyclization by releasing
solvent-seperated ion pair.
HMPA
[Sm(HMPA)g]I; 3) HMPA inhibits proton abstraction by ketyl radical
from solvent. (resulting reduced alcohol)
(f*sm(HMPA)" O Sm(HMPA),, Ho>[
l/:j/\\/% +OHMPA =——= (7Y T
S

Molander et al. JOC 1992, 57, 3132.

rate-limiting G.A.
R. A. Flowers et al. JACS 2008, 130, 7228.
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One-pot Procedure for Ketyl Cyclization and Etherification
(0]

Sml; (2.2 eq)
HFIP (1.5 eq)
THF/HMPA (10:1) 0, -78 °C
.78 OC, 1 min 2y TFA, r.t.
— >

0/

Double Alkylation

O KHMDS (1.5eq)  Me.,,

KHMDS (4.0 eq) N\ -

o)

25% yield
(27% with 2 steps)

Me O

Mel (8.0 eq) Allyl iodide (8 eq)
>
THF/HMPA (5:1) THF/HMPA (5:1)
0 -78°Cto-10°C,2h -78°C to -10°C, 2 h .
88% yield 79 % yield
single diastereomer
Completion of Ketolide Part
o
Me O Me
\/ Hydoroboration DMP (excess) OHC<_ ...
—_— —_—

Reactivity of the terminal olefin is low towards hydroboration.

0-B"x

>§Vo (6.0 eq) LN

Grubbs 2nd catalyst (0.25 eq)

Me;NO (5.0 eq) OHC ...
THF, 65 °C, 2h

40% vyield

o o 95 % yield
CH,Cl,, 40°C,6 h 85% yield
E/Z =61
NaCIO; (3.0 eq) Me O
2-methyl-2-butene (10 eq) HOOC ...
NaH,PO, (5.0 eq)
tBuOH/H,0 (1:1), 22 °C, 15min
95 % yield
Synthesis of Benzoic Acid Part
OR OMOM ?MOM
H NO, by 1, paic "Ial;é oo NHR @Bl ,,\:T _NHR p——
R ~Fomom MeOCIRICN > anom OH
CO.Me N02 NH2
1';4;;5“' » 2 Ei:fmm &) 80c,0 7 20 gjgoc m050 L 22 2 % 3"’“ —_—
Scheme 3. Construction of the aromatic amine fragment 2. Reagents and OoOMOM
conditions: a) NaMH (2.5 equiv), MOMCI (2.3 equiv), THF, 0--22°C, 1.5 h, OH
8295: b) H, (balloon), 10% Pd/C {0.1 equiv), MeOH/EtOAC (10:1), 22°C, COOMe
12 h, 99%; c) Boc,O (3.0 equiv), 40°C, 4 h, 99%; d) nBuli (2.2m in pentane,
1.0 equiv). TMSCI (1.0 equiv), —78°C, 15 min; then nBuli (2.2m in pentane, 365 ;teps’ld
2.2 equiv), methyl cyanoformate (1.0 equiv), THF, —78°C, 30 min; then 1 N aq v yi€
HCl, 22°C. 30 min, 549%: e) 1,2-dichlorobenzene, 205 °C (microwave), 5 min,
8335. Boc = tert-butoxycarbonyl
Completion of Total Synthesis
TR Me O 1) LiOH (55 eq) OH 5
NH, HOOC.___,,,. HATU (4.0 eq) THF/H,0 (4:1) 0
Et;N (5.9 eq) 45°C, 2 h; fe)
+ = P N
OMOM DMF,22 °C, 26 h  2) 2N HCI oF o /
THF/H,0 (3:1) o
COCMe 85 % yield 45°C,10h N
(2.0 eq) platensimycin
90 % yield 17 steps
overall yield 4.3 %

7119



2.2 First Asymmetric Synthesis

K. C. Nicolaou et al. ACIE 2006, 45, 7086.

Synthesis via Rh Catalyzed Asymmetric Cycloisomerization

In racemic synthesis (2.1), Ru catalyzed cycloisomerization determine the chirality of the product.

0
 a OTBS
[CPRU(CH4CN);]PF
= (2 mol %) o
Cp/ acetone, 22°C,1.5h
0

TBSO™ ™

If this reaction proceeds in asymmetric manner, asymmetric total synthesis will be achieved.
However, there are no examples of asymmetric Ru catalyzed cycloisomerization.

—> Rh-BINAP System (See 2.1 Key Reaction)

(0]
[{Rh(cod)Cl},]
BINAP
AngFG 2
» No desired product
S
/I
TBSO
R

R=Hor TMS

Synthetic Route Modification

(0] o) (0]
cycloisomerization decarboxymethylaion
> L
y/ " R
e / TBSOT X"\ TBSO” X+

MeOOC COOMe Intermediate in racemic route

Synthesis of Carboxymethylated 1,5-Enyne

0 OTMS g
1) TMSOTF (1.3 eq)
Et;N (3.0 eq) IBX (1.4eq)
CH,Cly, 0 °C, 10min MPO (1.4eq)
- e
2) nBuLi (1.2 eq) DMSO, 22 °C, 1h
MeCOCN (1.5 eq) Y
7 Vi THE, -78 °C to -40 °C, 1 h / I /
TBSO TBSO Ll

Intermediate in racemic route MeOOC MeOOC
67% (3 steps)

Oxidation of Silyl Enol Ether by IBX-MPO Complex

K. C. Nicolaou et al. ACIE 2002, 41, 996.

1) TMSOTf
0 Et;N o)

)J\/\/\/\ CH,Clp, 0°C .__ /IK/\/\/\ X = OMe, OSO;Me, |

> 88-96% yield

Ph X' 2)IBX (1.5 eq) Ph = X Y
MPO (1.5 eq)

DMSO, r.t., 40min

8/19 Many functional groups can be tolerated.



Proposed Mechanism of Oxidation

................................................

218X MPO o o
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o 1
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g ; '
: 11 [
' 9 . '
5 "R Ole R '
'
! 5 5 MPO L '
.

1) TMSOTf
Et;N
CH,Cl,, 0 °C

o

-
i

94% yield

2) IBX (1.3 eq)
MPO (1.3 eq)
DMSO, r.t., 40min

1) TMSOTf
Et;N
benzene, 0 °C

- L

72% yield

2) Pd(OAc), (1 eq)
CH,CI,/CH,CN, r.t., 1h

F. H. Hauser et al. Synthetic. Comm. 2001, 31, 77.

Asymmetric Cycloisomerization and Decarboxymethylation

o]

9 0
[{Rh(cod)Cl},] (5 mol %)
1N HCITHF (1:2) (S)-BINAP (11 mol %)
> AgSbFg (20 mol %)
0°C,1h >
Y // Y/ // DCE, 22°C,15h OHC._ N
TBSO HO CoDMe
MeQOC MeOOC 91% yield
91% yield odlese
o)
0
(CH,0H), (2.0 eq) 1) 0.6N LiOHaq (4.0 eq)
CH(OMe); (2.0 eq) THF,0°C,1h
PPTS (10 mol %) = 0
—— 0 2) EDC « HCI (1.1 eq) )\ RS © s
benzene, 60 °C, 3 h )\ SH 0 A
07 " \\_cooMe 0.0 0~
NS (1.1eq) L
~ ——

90% yield

0]
OK ,.t‘g

o
3 steps, 49% yield

o}
onc\““g

hv, nBu3SnH (5.0 eq)
T
benzene, 22 °C, 30 min

1N HClaq/THF (1:1)

TFAICH,Cl, (2:1)
o

CH,Cly, 22°C, 2 h

Unexpected 1,3-H-shift at Radical Decarboxylation Step

o}

Allylic Radical

==
40 °C, 20 min
90% yield
o)
Smil; (2.2 eq)
HFIP (1.5 eq) Y,
=
HO
THF/HMPA (10:1) 0
-78 °C, 1min 39 9% yield

single diastereomer

0
/
o)

87 %
Nicolaou's Key Intermediate

°C,1.5h

9/19



2.3 Yamamoto's Route
H. Yamamoto et al. JACS 2007, 7129, 9534.

Retrosynthetic Analysis

Scheme 1. Retrosynthet'c Analysis

0 Key Reaction
Diastereoselecive
REf 2a Rahinson annulation /lk )
HOOGC —_— 1 Asymmetric Diels-Alder Reaction
I CHO Diastereoselective Robinson Annulation
1, platensimycin "l

Enantio- and regioselective
Diels-Alder reaction

a . ﬂ\ﬁ - Q«z%/ (Dm0

Key Reaction
Bronsted Acid assisted Chiral Lewis Acid (BLA) Catalyzed Diels-Alder Reaction

Catalytic Asymmetric Diels Alder Reaction with BLA Catalyst

CHO
HD catalyst 1 (6 mol %) Z
> i H Ph
+ \n/ Q& © 97% vyield -
@ CH,Cly, -95 °C,1h o968t gs z s
do/exo = 91:9 ; f \
endo/exo &?N\ /O
E. J. Corey et al. JACS. 2002, 124, 3808. H B
H Xe
0
= catalyst 2 (20 mol % catalyst
L . yst2( 6) _ TIPSO ! I Bl
TIPSO | CH,Cl,, -78 °C, 16 h (0 2:X=TfN
o 99% yield
99% ee

E. J. Corey et al. JACS. 2003, 125, 6388.

BLA Catalyzed Asymmetric Diels-Alder Reaction of Substituted Cyclopentadiene
H. Yamamoto et al. JACS 2007, 129, 9536.

Table 2. Diels—Alder Reaction of 2-Substituted BLA Catalyst
Cyciopentadienes? g oA RERR R '
cheme .
J LCO,E1 1+ CeFsCHTR (1.2:1), § mol% Ph {_ Ph :
.“.li( i A ~Ph )i '{“Ph :
iR It CH.Cly, <78 °C, Bh LA A""éf}-Et N.O . CeFsCHTF, H?f;l‘ ) P!
Jeq R _— # g [ -
1 o Ph Fo 2 Ph jT s
andalexe »9%:1 : |;_ o | L\\/\L\\{] A
ety diene R yield (% or 2e (%) ;____1_____-.__._________-_-_.2 ................ E L‘ T
1 3a e~ 98 941 ga 3 Vs s
2 3h CH,~CHCH,~- 98 08-1 97
3 3e CH»=CBrCH: 83 ; A FTO TS =< s il v Sy
4o ad cyclobexy] - 70 ggi gg ‘Equilibrium between 1- and 2- substituted |
: 3¢ PhCH 07 %91 97 : cyclopentadiene (>0 °C) :
& 3f p-MeOCHCHy— 98 991 Y ! R :
7 g p-BrCsH«CHo 81 901 a9 : _— :
8 ah  PhCH.CH-- 97 901 99 ' :
g 3i {CH:Q0):CHCH,~ 98 99:1 98 ' ‘
10 3 MeO:CCH:CH:- 9 901 99 : i1 ) ;

* 5ee Supporting Information for details. # Isolated vield © equu of
diene used ¥ Reaction conducted at —78 C for & b then —40 °C for 6 b

With other Bronsted acid (MsOH, TfOH, Tf,NH)
lower reactivity was observed. Product can be obtained selectively from
2- substituted cyclopentadiene.
101719 (at -78 °C, isomerization does not occur)

~



: Scheme 2. Hypothetical Transition State A (endo Approach) !
f/) s
H - : ‘
N -0 .
versus @1""'1?’; N
o (@] \ !
\ ="
/ RO g
w O
: R ;
: P el favored TS :
C
4 OOMe 4 4 CoF<CHT, (2 mol %) S
\ + | - / 99':’/yee
—-— o 0
(3.0 eq) BHaEly, <1k G4 h L oy, End0/ex0 > 99:1
: e
Diastereoselective Intramolecular Robinson Annulation by Proline
Reported Organocatalytic Asymmetric Intramolecular Robinson Annulation
E o] 3 /
' 1) 2N NaOH PN ‘ 0] N
' MeOH, 0°C i L i .
: >( > : &N
! 2) MsCl, Ho L/ ' N
) il o NEt;, DMAP ! H,
v 2 5 i ®) :
Y T e mome 86%, 94% e ; )
: ! 5 {10 mol%) o : Cl
' 1e LIOH, THF O A
: " A -[ i
; 0 - N : catalyst (5)
' )l\/ PO(CMe), 8 ~/ :
: 6 B adi s 5 B. List et al. ACIE 2004, 43, 3958.

Diastereoselective Robinson Annulation by Proline

(0} L-proline (1.0 eq)

/( DMF, r.t., 5 days; J + ©7
: o

/
- then 2N NaOHaq o
mCHO 0 °C to r.t., 40 min (0]
5:1

total 95% yield

Hyper conjugation between...

Left (desired)
n of enone and C-O ¢* bond
works as electron-withdrawing.

V.S.

it . \
eadingto 9 leading to 9 Right (undesired)

* of enone and C-C ¢ bond

Figure 1. Facial selectuvity for the mtramolecular Michael addition. :
: works as electron-donating.

Desired Product Undesired Product



Total Synthesis

ohieme 2. synthetic Route toward Tetracyelic Compound 9
Q\( O ﬁf
Ph - 12 mol%)
-0 F _— . CuBr-Me,S, 2 pgir

COOMe E LDA, EHF, 705G HITNEOH M) I C‘l:ﬂrmf»;"s. e kn o)
) r 22 Pif then PHNO, -78 °C. 21 EL0H,0 ani )=O i ) /\=m
! e ¢
T " CHalr, -78°C. 14 h o thenLIOH o U.Cledd 1 45 molgs FINTE e

92% yield, 99% se. endasexo > 991 COO" ® dioxare/H:0 3 45min CH,CICH,CL 70°C 45 min g
30 “C. 20h 68% yleld 4 1% yiald over two steps
75%, yield

DIBAL-H, talusne,
<18 °C. 30 mmn
then ELAICN
BF =QEL;, Z0mue

B5~85% yrald, dr =1 !

pren e

()—com
N

" tog H 2.02 eq Nal(y
/S a7y DMer s ey ‘d,,.o 0 3Bmol%RUC,
G - G e
J’:}?U + L then 2N NaOH(an) ) P sy
d g1 2N NaOk
(4]

6.1 CH,CN/H,C

i DIBAL-H/n-Buli
-78'Cto 0 °C, 25 min

ii. NaH. CH;COCH,P(O}CE();,

o I
0"Ctlort 40 mn THF. 0 °C. 20 min

! rt F .
; ¢ 95% yield. dr. = 5:1 8 soon 3‘ 'm 7 6 LIHMDS. THF 6
i o yie 5% vield over two s& 78 Clert 30 min 67 %y
(85% hased on recovered 7) 5% viskl Custwaisteps P re35

Decarboxymethylation via Nitroso aldoi-Hydrolysis Sequence (2 to 3)

Nitrosoaldol reaction LiOH

wnth PhNO 7 IOH 7 P 7 Ph
Ph N )
COOMe COOMe & A~0 >
8} OMe o
&
-CO, workup
s —————- /4
: N Oxazetidin-4-one intermediate was
N Ph e} directly observed by React IR. (1846 cm™)
OH ;
) 0.5 M LiOH e
7 N<ph = (ccc’)?lflzgir:f?r?i:;ﬂ?a) ——>» No carboxylate intermediate
H,Ol/dioxane, 30 °C, 20 h
COOH

H. Yamamoto ef al. JACS 2008, 130, 12276.

Baeyer-Villiger Oxidation - Rearrangement (Mechanism 3 to 4)

Baeyer-Villiger C\ H* w0
7 OXIdatlon hydro|y3|s 77 — —_— >=
OH (o] Ho-“ "y,
o OH .
H* (quenched with H,SO,aq)

Baeyer-Villiger Oxidation - Rearrangement with Acidic and Basic Condition
: \ o P 5
: Ny N L HC HC :
o TSy 0 ——— TNy s TN ~o :
: A A a0 ‘ ! '
v Lt = O0CR e A ' : i
3y OH i oH | : ' RCOH L. NaOH-H,0 |
! : ! CH,CY, 2. HCl !
i or 5 7 : ! NaHCQ, 0 .
' P * Lo 0 ¢ :
e g 9 . 1 2 :
: —~ & o Comely | N :
: o oxi % bt b 1. NaOH-H;0, Q COOH |
5 T e 07 E E 2, HCl ' CH,OCH, !
: LI IX v ol .
" b : ' 3 :
%/\CH o e '
! 1 ¢ h N. M. Weinshenker et al. JOC 1972, 37, 3741.
: - . KL oxidant : CH;COO0OH
: H® :
: VI A 7 %i1x (3) '

J. Meiwald. et al. JACS 1958, 80, 6303.
12119



2.4 Corey's Route

E. J. Corey et al. OL 2007, 9, 4921.
Retrosynthetic Analysis

0 0 OTIPS OTIPS oH
Stereoselective ~ OTIPS
7 / p /21 Xy Bromo-etherification % \\ =
N A S
— % — 3 =3\
° e ' b
r
0 MEM
ome Rh catalyzed 0 OH
Asymmetric OMe
re— 1,4-additon _O OMe
\“ O\_JO Key Reaction o OO

-

Key Reaction
Rh Catalyzed Asymmetric 1,4-addition of Borate

Review : T. Hayashi.; K. Yamasaki. Chem. Rev. 2003, 103, 2829.

Standard Reaction Condition Using Boronic Acid

R1 \/\H/Rz
R3B(OH),

(o) Rh(acac)(C2H4)2 (1-3 mol ‘%) R3 0
- - oa
o+ Re=Phameces, (YBNAP(SmOl®) o 51 - 99% yield
4CF3CeHy, - gioxane/H,0 (10:1) 92 - 99% ee
) alkenyl 100°C,5h
n 1.4-5.0 eq )“
n=1,23 Ry

T. Hayashi et. al. JACS 1998, 120, 5579.
RBFEK as Nucleophile

o]
o] Rh(cod),PF¢ (3 mol %)
(R)-BINAP (3 mol %) 99% yield
7 BRK B 92% 6
3.0 eq toluene/H,0 (4:1), 105-110 °C, 2h e

and many examples
(cyclic and acyclic enone,
aryl and alkenyl borate)

RBF;K is generally more stable than boronic acid
and is also more reactive.

S. Darses.; J. Genet. et. al. Eur. J. Org. Chem. 2002, 3552

Proposed Reaction Mechanism Structure of Rh/(S)-BINAP and Enantioselectivity
Scheme 12 Scheme 15
iy I
transmetalation [Rh]ﬁ*Ph 1) A ~\\ ) m
insertion e — )‘ s D

PhB(OH), \ rphern.':m;du!mm . b‘Rh'E e P‘Rh'P
= \Ph" 4 Ph'

- G

[Rh]‘; “Jf‘ un

(Rh]— o B B sitace

0]
/ C D H,0 PH B L o -
N Sty
et O .\‘\ hydrolysis [Rh] = Rh(binap) .\“‘"lPh | W ﬁ

ALY Ph - £l i Vi ™ —
kb PhB(OH),/H20 e ERh7
] i Ph

In Corey's Synthesis v F
BF;K
0 ﬁr 3 0
OMe (20 eq) OMe Et;N and low temperature
Rh(cod),BF4 (2 mol %) was necessary.
- 0,
® Bél:sl:qP(‘iZdZemg)ol ¥ ¥ 96% yield  w.o. Et;N : No Reaction

94% ee  High Temperature : decomp

o

o ——— 2 \” 0
0\/J toluene/H,0 (4:1), r.t., 36 h J
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Recent Examples (Construction of Quaternary Carbon Center)
Rh(acac)(CzHy)2 (5 mol %) Ar

Me

Me .
(S,S)-Chiraphos (5 mol %) % 41 - 71% yield
/I\/SOzPy s R y-BlOH) B R/WSOZPY 88 - 99% ee
Ar 5.0eq dioxane/H,0 (10:1), 100 °C, 24 h
Ar=Eh; £01-Cehy R =Ph, Me, Bn J. C. Carretero et. al. Chem. Commun. 2005, 4961.
0 o o

[RhCI(C2Hy)2], (2.5 mol % Rh)

(R)-Hg-BINAP (2.5 mol %) I ——

| NBn + ArB(OH), KOH (50 mol %) (e B2 Sav T
et 0
R0 3.0eq dioxane/H,0 (10:1), 50 °C, 3n 90 - 98% ee
0
T. Hayashi et. al. JACS 2006, 128, 5628.
Formal Synthesis

Scheme 1 )
2 to 3 : oxidative ketalization

0 '

' H .

: oM : -

! OMe ¢ ! 3 to 5: Key Reaction

' OG PhI(O:CCF3),, :

1 EE— ' i H :

¢ oH i 5 to 6 : 1) stereoselective reduction of ketone

' HO’;\C‘/ 0\ ; : 2) protection of the resulting alcohol

: P : 3) deprotection of ketacetal

! 2 3, 80% : 4) reduction of the resulting alcohol

' 5) dehydroxylation

! BFK | (S)-BINAP, '

! Rh{cod),]BF,, . .

; 1 [EI'::? Hz)é]. %, 6 to 7 : cleavage of methyl ether

' 4 '

: ’ : 7 to 8 : 1) protection of the resulting alcohol

: . 2) stereoselective bromo-etherification

; OMEM 1. NaBH,, MeOH o) : d.r. > 10:1 (see below)

! - 2. MEMCI, i-Pr,NEt, OMe .

' OID’DM& CHCl; A 8 to 9 : phenolic nucleophilic substitution

? M —— :

' v 3. TsOH O ' " 5 d

Y oig Wil ﬁ' " ! 9 to 10 : diastereoselective hydrogenation

' Me 4. i-Bu,AlH, CH,Cl,, Me R / :

: 0°C : . avidati

: 6. 79% 5. EtSiH, (CFsCOJ0, 5, 96% : 10 to 11 : oxidation of ketone to encne by IBX-MPO
' (over 5 steps) CH,Cly, =20 °C (94% ee) '

EhSCH(,) + Stereoselectivity of Bromo-Etherification

DME, 4170 °C

H ' OTIPS OTIPS

! IR v NS =

! OMEM " : OR OR

! £ 1. i-Pr3SiCl, imidazole, < i

e ol O N B

: T — .

:%"“ ZBCHEl, 78 76 B : (Z: TIPS -7a TIPS-7b

. Me OTIPS | R = H or MEM

.: 7,99% 8, 84% E

' n-BuyNF, —— =

: +THFLT4A130 ¢ i TA s TH AGg = 1.5 kcal/mol
; [Rh(cod);]BF,, a\ ;

b s @‘ (R,R)-DIOP, Me : Reported Catalytic Asymmetric Hydrogenation of Enone
Nt} g H, 600 ;:?.h CH,Cly, Q - H, (30 kg cm?)

: y o) Rh(cod),OTf (1 mol %) o

E 10, 72% 9, 38% ! (S)-DTBM-SEGPHOS (1 mol %)

' i (CHQCH2PPh3Br}2 (1 mol %)

! 1. TMSOT, Me3N, CH,Cl, v - i

: 2. IBX, MPO, DMSO ' R EtOAc, 50 °C, 1.5-3 h R
¢ R=alkyl > 99% yield
: OH 83 - 88% ee
! a\ _+—> ﬁ\ @ ' i

! Me Me' NH ‘ K. Mashima et. al. Chem. Eur. J. 2008, 14, 2060
; =, ) :

' © 0 Ho :

: COOH !

: 11, 80% 1, platensimycin '



2.5 Summary of Syntheses

Common Strateqy

Benzoic acid Ketolide core

AL A
r Wi )

0 _ 0
0 amide M‘M double
o th" formation HO y alkylation /

OH OH H % H
(0} o Nicolaou's

key intermediate

Platensimycin

Summary of Routes to Nicolaou's Key Intermediate

Nicolaou's Racemic Route K. C. Nicolaou et al. ACIE 2006, 45, 7086.
Construction of Caged-Core

O Sml; promoted Ru catalyzed

(0]

ketyl radical cyclo-
etherification cyclization isomerization
) —— AN T e
0-'2 OH |
Y
Nicolaou's Asymmetric Route (1) TBSO I l

Construction of Caged-Core : Directl modification of racemi route
Chirality Introduction : Rh catalyzed asymmetric cycloisomerization K.C. Nicolaou e al. ACIE 2007, 46, 3942.

Nicolaou's Asymmetric Route (2)
Construction of Caged-Core

0

OR

Phl(OAc), promoted . o
Oxidative Myers Asymmetric
Dearomatization \/U\ Alkylation O\(\/lLN Ph
> P —— :
ﬁ\ ¥ «‘é ™S </o I &n

Y

Chirality Introduction : Myers Asymmetrlc Alkylation (Chiral Auxiliary)

Yamamoto's Route
H. Yamamoto et al. JACS 2007, 129, 9534.
Construction of Caged-Core
Proline promoted Baeyer-Villiger Oxidation

Robinson Annulation - Rearrangement

== - =2l

BLA catalyzed Asymmetric COOMe
Diels-Alder Reaction
> 4 \ * |
>

Chirality Introduction : BLA catalyzed Asymmetric Diels-Alder Reaction

Snider's Route (racemic)

Construction of Caged-Core
radlcal
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Reductive Afkylatlon
B. B. Snider et al. OL 2007, 9, 1825.

Nicolaou's Another Racemic Route Nﬁ'CGFs (1.0 eq)
1 .
Construction of Caged-Core o CN‘J Ehh

ethenfscatlon cyf:f’z':;:m
N =—
OH |

Mulzer's Route (racemic)

O stetter
Reaction OHC

Br Br
T Is Asymmetric version possible?

K. C. Nicolaou et al. Chem. Commun. 2007, 1922.

Construction of Caged-Core

o o
Allylic
etherlflcatlon Br Brommatron / /
Yo, %
HO~ %% o=

(known compound)

OMe
Hydrogenatlon
o]
COOH COOH J. Mulzer et al. ACIE 2007, 46, 8074.

Corey's Route

Construction of Caged-Core
OTIPS OTIPS (0]

o= e — 6 s o

Rh catalyzed

Asymmetric OMe
1,4-additon ‘O
:> Chirality Introduction : Rh catalyzed Asymmetric 1,4-addition

o (@]
\_’J E. J. Corey et al. OL 2007, 9, 4921.

Nicolaou's Asymmetric Route (3) (Chiral pool based synthesis)

ketyl radical cyclization

(0]
or / 4
/ etherification Stetter reaction g .
¥ o)
0% ’

radical 4 o)
cyclization o / '1‘1

|

(-)-carvone

Chirality Introduction : Chiral pool based

16/ 19 K.C. Nicolaou et al. ACIE 2008, 47, 944.



Lee's Route
Construction of Caged-Core

fo) carbonyl ylide cycloaddition from carbene
aldol 0
@m/%{% condensation b""._‘\‘\M CN o o\
v ©
) :} 0 s o oN| —> N CN

E. Lee et al. ACIE 2008, 47, 4009.
Ishibashi's Route (racemic)
Construction of Caged-Core

Pd catalyzed

0 o0
radical fl oxidative
cycllzation p / alkenyl ether formatlon
it 0§’z N OH \y
Diels-Alder Reaction BzO = z
with Danishefsky diene . :>
>
o —

H. Ishibashi et al. OL 2008, 10, 4049.

entry Route Steps Yield Chirality
1 Nicolaou racemic (1) 10 1% racemic
2 Nicolaou asymmetric (1) 16 6.2% catalytic asymmetric
3 Nicolaou asymmetric (2) 10 11% chiral auxiliary
4 Yamamoto 10 4.9% catalytic asymmetric
5 Snider 8 31% racemic
6 Nicolaou racemic (2) 15 5.2% racemic
7 Mulzer 12 4.4% racemic
8 Corey 14 26% catalytic asymmetric
9 Nicolaou asymmetric (3) 14 2.0% chiral pool based
10 Lee 11 20% chiral pool based
11 Ishibashi 15 11% racemic
My Opinion mlon
/& condaelgglltlon % oﬁ?ig:l‘::rn /7 X etherification A X
@é\/ @/@'\ _.—_—> @@\ :j w cHo
reductron f’\ cyl;:a'?;::Ln %HT Allylation oxidation
Br\l.(-
0]

Catalytic Asymmetric

cN 1,4-addition to substituted enone e
\) + CN

/K 7 Br
Br
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3. Analoques of Platensimycin

3.1 Platencin

Isolation : from Strepfomyces platensis

OH J. Wang et al. Proc. Natl. Sci. USA. 2007, 119, 4768.

o]
O Bioactivity : Antibiotics
(0]
H / First Total Synthesis :
OH OH K. C. Nicolaou et. al. ACIE 2008, 47, 1780.
Other Syntheses :
Platencin V. H. Rawal et. al. ACIE 2008, 47, 4373.
J. Mulzer et._al. ACIE 2008, 47, 6199.

D. Lee et. al. ACIE 2008, 47, 6201.

F.P.J. T. Rutjes et. al. ACIE 2008, 47, 6576.
K. C. Nicolaou et. al. JACS 2008, 130, 11292.
M. G. Banwell et. al. OL 2008, 710, 4465.

; OH OH 5
5 o 0 9 o
'O o :
: H e B H / :
! OH OH % OH OH > :

=z

Platencin Platensimycin .
Selective FabH and FabF inhibitor Selective FabF inhibitor

Mulzer's Formal Synthesis

Ph;PMeBr (3.0 eq)
tBuOK (2.4 eq)

CHO
@f TBSO toluene, reflux, 3h; .
W + )_\\_ - e
then 1.2 M HClaq, THF, r.t., 16 h o :
\” NMe, q THF, 0 °C, 25 min
e
(-)-perillaldehyde Rawal diene \‘ .
(1.5 eq) (1.0 eq) 63 :/u%r‘;ti:d

Grubbs 2nd catalyst (7.6 mol %) NBS (1.2 eq), tBuOH

r >
CH,Cl,, reflux, 12 h 0°Ctort,7h
OH
CrCl; (2.5 eq) o o
LiAlH, (1.3 eq)” o
- N
THF/DMF/2-propanol H Y,
rt,16 h BH &R
3 steps, 48% yield J. Mulzer et. al. ACIE 2008, 47, 6199.
Further transformation to platencin was achieved by K. C. Nicolaou et. al. through almost same procedure as
platencimysin. Only protecting groups are different. K. C. Nicolaou et. al. JACS 2008. 130. 11292
Reported More Efficient Route from the Intermediate to Platencin
1) TBAF (5.0 eq) 3) OH (2.0 eq)
_Phi=0 (1.2 eq) ’
1) KHMDS (1.5 eq) F|;o2 6.0 eq) Heoe SHz
Mel (8.0 eq) O KHCO, (5.0 eq) DCC (1.3 eq)
THF/HMPA, -78 °C Bn.Si THF. 0 to 40 °C DMAP (2.0 eq)
J 87% yield 3 / 89% yield Et;N (3.0 eq)
> » platencin
2) KHMDS (1.3 eq) 2) NaClO, (10 eq) MeCN/DMF,r.t.
(E)-Bn3SiCH= CHCHzl (1.5 eq) NaH,PO, (15 eq) 62 % yield
THF/HMPA, -78 °© 2,3-dimethylbutene (30 eq)
73% yield tBuOH/H,0

18 1 199uant. V. H. Rawal et. al. ACIE 2008, 47, 4373



3.2 Other Synthesized Analogues

Platensimycin and Platencin showed high in vitro anti-biotic effect.
However, it seems difficult to use direct%( for clinical purpose
because of their non-ideal phamacokinetic profiles.

'

Investigation of Structure - Activity Relationship (SAR) and
Structure Modificafion are Essenmlal.

Synthesis of Many Analogues and Evaluation by Nicolaou

K. C. Nicolaou et. al. ACIE 2007, 46, 4712.
K. C. Nicolaou et. al. JACS 2007, 129, 14850.
K. C. Nicolaou et. al. JACS 2008. 730. 13110.

benzoic - JOH_ tetracyclic cage ; ' } TR e ;
e series |t asit 1 P 0 yChic cag Fuiry Compaund MRSA  VREF I ol
O aH,

i
cage constant, i | )k/ s
: s P ‘, . i 9 R i
: nucleus variable HO,C” ﬁ :./,!1\,/_{“7 I - ;\\/"“’kj_\'"'"‘ £ 04 vy 88
L b B A
i A e 1 =
OH b 7‘ o 10_*\_)\?
1: platensimycin = O™\ A OH
fﬂ\ﬂ\ o 1122 1122 -8y
A A LA

OH
] e} H _{:L_, R
S i b
HOE ﬁ/[)\‘g\c E7:\NJ'\/."" ! t'1H2

H 2 ] ¥ r If )O o 13IBR 1313 RS

on M [( 2E7
P ’OHO
& & 0 3513 65N 86
10.¢” '”‘v’LNJ\/”"- AL

on LT
9 O

. -OH

» £ s] < s :
3 i1 o R0-10 =81 =80
HD‘C""}"‘I"H‘J\V’ o] AL
OH 10 \‘T -
re

SOH,
0

6" 0
Hz)_.C"L'A‘\ {gl\/} ¥/
e

1720 =83 =85

OH 41 o
?"-‘/"J!*r)
.} e
HOC YT 'J-JJ{N’ =88 =88 -88

o " g

-1

8 N, o B =86 By

3 analogue series Il; | i 75 S S ;
N i : : Y I 5 =69 6 6y
H 14 aromatic nucleus constant, | ,,(,;C/L-\‘J‘NJ\./'-!J/?

tetracyclic cage variable | on 4 4

T 1o _ fIzF}i aapdl " "
o H |

From entry 2 (carbaplatensimycin), 3 (adamantaplatensimycin) and 4, .
Caged-Core structure is NOT essential. i "’TL o p o 45 &5
Similar bulky lipophilic structure would be effective. HoL S Jﬁ’?}f

On the other hand, benzoic acid structure seems very important for P -
anti-biotic activity. g ‘I!;Di\wk\/“‘ L W 42 =42

OHO
o 13 (/ ] ]0 0 >71 =73 274
o] Similar bulky ) e K/’:J\_-z? d
E / —- but easy to synthesize » OB‘&
(o]

2
OH OH structure ? ) &
Enone moiety is essential? 140 g p Y8 »58 54
T N
DI 7
5 0N
Am'de bond can be replaced? “Oniy the isemer shown was tested in the sntibacterial assay * Bustly

the isomer shown and ifs cnantiomer were
antibactenial assay. The latier isonrer was :
OH and COOH groups can be replaced with investigated tnge. " The comiponnd was tested a5 o meemic mixtare
3 the antibacierial assay
other polar functional group? NI S8

o be inscove mothe

platencin's MIC (ng/ml)

MRSA VREF E.coli
~1 0.06 >64
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