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Introduction

(+)-Pleuromutilin Clitopilus passeckerianus

® A diterpene natural product first isolated from the fungus Clitopilus
passeckerianus in 1951;

® Binding to the highly-conserved peptidyl transferase center of the
bacterial ribosome arising from its tricyclic core;

® Slow resistance to Pleuromutilin, and displaying minimal cross-
resistance with existing antibiotics.

Robbins, W. J. et al. Proc. Natl. Acad. Sci. U. S. A. 1951, 37, 570
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Introduction

(+)-Pleuromutilin (+)-Mutilin Retapamulin

Inhibiting the growth of predominantly Gram-positive pathogens(GPPs)

(+)-12-epi-Mutilin 12-epi-Pleuromutilins

Extended activity against Gram-negative pathogens(GNPs)




Total Synthesis of (+)-Pleuromutilins by Herzon

(+)-12-epi-Pleuromutilin (+)-11,12-di~epi-Pleuromutilin

(+)-12-epi-Mutilin (+)-11,12-di-epi-Mutilin

Murphy, S. K.; Zeng, M.; Herzon, S. B.* Science. 2017, 356, 956
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Conjugate Addition-C-Acylation

Li*
@) R.Zn OZnR OZnRy
cat. Cu/L* f RLi X
' —_— —_— R
""'l/R "”'//R
high nucleophilicity up to 99% ee
low basicity > 20:1 dr, > 20:1 C:O

CHjsl, CH;0H, 'BuONa

Murphy, S. K.; Zeng, M.; Herzon, S. B.* Org. Lett. 2016, 18, 4880
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Stille-Carbonylative Cross-Coupling

Pd(PPhy), ¢
R4—X+ Ry,—Sn(alkyl = + X—Sn(alkyl
1 2 3 3
(610) R R,

O
reductlve OX|datlve
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elimination L,Pd addition
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Ro
X—Sn(alkyl);
transmetallation O -0
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insertion




Nazarov Cyclization
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Nagata Hydrocyanation

CN
cN-  (‘Acid conditions )

TMSCN
had
Et2A|CN Nagata's reagent

cN-  (Basic conditions)

Y\( H* _ R'WO
NC
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Retrosynthetic Analysis

Pleuromutilin
Antibiotics
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Conjunctive

(N
)
7

Cross-coupling
modular approach
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Synthesis of Modular 3

Conjugate Addition-acylation
Ph
OO Y-t o 1) Zn(CHa)y, Cu(OTH),, L*
O\P N then CHaLi, CH;O0C(O)CN
o >_Me 2) CHal, BuONa
OO Ph 5 71% vyield, 2 steps
L* > 20:1 dr, 97:3 er

KHMDS, PhNTf,
88% yield

OTf

Cu(OTf), Pd(PPhs),, CO, Sn(C,Ha),

A

88% yield 83% yield
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Synthesis of Modular 3

Et,AICN then DIBALH

3:1 dr (C9)
Nagata hydrocyanation

CHaLi

A

3 equiv

Boc,O

Y

80% vyield

NaOH

Y

65% yield of 12
(from 10)

TMSOTY, (TMSOCHL),
 84% yield
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Synthesis of Modular 4

O O O O OPMB

)I\ NaHMDS, )k \\
PMBOCH,CI 1) LIAIH,, 71% yield
N)S/\Me 2 >0 N)}\i > Me &
\—/ Me 60% yield L/ ME = 2) PPhg, |,, imidazole I\)\/OPMB
“ipy 7:1 dr ipy 74% yield
16 17 4
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Synthesis of (+)-Pleuromutilins

'BuLi then 1M HCI

3 >
+ 48% yield
\\ two-fold neopentylic
Mey & fragment coupling
I\X/OPMB
4
1) DMP
2) Sml,
98% yield, >20:1 dr
2 steps

Me
/ KNMDS, Comins' reagent
81% yield
Me bpmB
1) DDQ
2) DMP
83% vyield

2 steps

iPr iPr

N U N
N7 Y
iPr iPr

Me

\

/ Ni(cod),, IPr, Et;SiH, TBAF <\

OH  60% yield, >20:1 dr, >20:1 rr

exo-selective reductive cyclization
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Synthesis of (+)-Pleuromutilins

1) Na, EtOH
52% yield
C14: >20:1 dr
C11:3:1dr

2) HCI
96% vyield (for 24)
81% yield (for 23)

H
(+)-12-epi-Mutilin 24
A

(+)-11,12-di-epi-Mutilin 23
A

1) Na, EtOH, >20:1 ar
2) HCI

92% yield (for 26 to 24)
74% yield (for 25 to 23)

# Conditions 26:25 yield

1) Sml,, H,0O 131  80%

2)  LiEtBH  1:>20 81%
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Synthesis of (+)-Pleuromutilins

oH, EDC, DMAP;
CH3O0H, NaHCO;

(+)-12-epi-Mutilin 24 59% yield, 2 steps (+)-12-epi-Pleuromutilin 27

1) TFA' Xy
\—/ ~.

) . K/\N¢C
oH, EDC, DMAP; CH3;0H, NaHCO3
64% vyield, 2 steps

Et,Zn then HCI

\

33% yield (+27, 56% vyield)
29:27 =117

(+)-Pleuromutilin 29
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Synthesis of (+)-Pleuromutilins

oH, EDC, DMAP

v

2) HCI
66% yield, 2 steps

(+)-11,12-di-epi-Mutilin-ketal 30 (+)-11,12-di~epi-Pleuromutilin 31
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Total Synthesis of (+)-Pleuromutilins by Reisman

(+)-Pleuromuitilin (+)-12-epi-Pleuromutilin

Farney, E. P.; Feng, S. S.; Reisman, S. E.* et al. J. Am. Chem. Soc. 2018, 140, 1267
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Kornblum Oxidation

DMSO | EtsN ~o

R
/-(:7 )\r\:NEt?’
0 ONTH ———= R Yo *
S+ +
N N
HiC”™ “CH, HsC”™ “CHs
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Oxidation by Stahl

[Cu(MeCN),]JOTf, NMI,
4-OMebpy, ABNO

Ro,NOH + R Y

L.Cu' +1/2 0,

1/2[L,Cu'",(05)

,/rJS\>\\\\\\ RoNOH
R N0 R,NO’ Q‘\

L.Cu'-OH

ABNO

Steves, J. E.; Stahl, S. S. J. Am. Chem. Soc. 2013, 135, 15742
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Retrosynthetic Analysis

(+)-Pleuromutilin 29: R' = Me, R? = vinyl 32 33

(+)-12-epi-Pleuromutilin 27: R! = vinyl, R? = Me strategy: modular

fragment coupling to
prepare 1 or 12-epi-1

9 o
6 —
Me
© (HO),B
37 Z-36: R® = Me, R* = CH,CH,OTrt 34
M E-36: R® = CH,CH,OTrt, R* = Me
) ., , . . .
Commercially available (+)-dihydrocarvone is
supplied as 4:1 mixture of trans and cis isomers
Me

O

38

(+)-dihydrocarvone
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Synthesis of a Cyclization Substrate

1) Q MgBr
/j <: o>_/;9
/I/n,,".

1) O3, MeOH CuCN-¢2LiCI, TMSCI; then 37
> > o7 o Me
Me 2) Cu(OAc),*H,0, Me 2y pd(OAc),, O, DMSO
FeSO,47H,0 o] 91% yield, 2 steps K) o
O 57% yield
38 37 40
Py
4.8:1 dr
MgBr .

71% yield

Cul, THF oyie

1) CeCls2LiCl, MeMgClI 1)TCCA, EtOAc, 77% yield

-

2) PCC, CH,ClI,
78% vyield, 2 steps

Me 2)HCl(aq), THF, 4.4:1 dr
52% yield

<
o

KH,PQO,4, Nal, DMSO
69% vyield

35
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Synthesis of a Cyclization Substrate

/\/(\O-m
(HO),B 7 Me

Z-36
(R)-3,3"-Br,-BINOL

‘BUOH, 3 AMS
80% yield
99% brsm 44a 44b

1.2:1 44a:44b desired 11,12-bis-epi

1) MOMCI, 'Pr,NEt
2) HCO,H, Et,0
70% vyield, 2 steps
3) [Cu(MeCN)4]OTf, NMI,
4-OMebpy, ABNO
92% vyield

45
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Synthesis of (+)-Pleuromutilin (29)

rigorously

Sml, conditions deoxygenated

Y

Y

sm''o Sml,, H,0, 5 min
then TMSCI

93% yield, 23:1 dr

46 47

LIHMDS, TIPSOTf
76% yield

Li/NH3, EtOH, Et,0 Mn(dpm),, PhSiH;, TBHP

61% vyield 55% vyield TIPSO
14:1 dr single diastereomer
transannular redox relay
TFAO__COzH

1) EDCI, DMAP, CH,Cl,
2) MeOH, Et3N
3) HCI/THF, 50 °C
80% vyield
OH

(+)-Pleuromutilin 29
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Redox Relay by Transannular [1,5]-HAT

Mn(dpm),, PhSiH; [1,5]-HAT
>

TBHP, iPrOH

ol
single diastereomer

51
X =H, 56% yield
X =D, 47% yield
>98% D transfer
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Synthesis of (+)-12-epi-Pleuromutilin (27)

12-epi-47

/\/MC)
(HO),B 7

E-36
(R)-3,3'-Br,-BINOL

OTrt

'BuOH, 3 A MS
85% yield
2:1 44c:44d

Sml,, H,0, 5 min

\

44c 44d
12-epi 11-epi

1) MOMCI, ‘Pr,NEt
2) HCO,H, Et,0
3) [Cu(MeCN),]OTf, NMI, 4-OMebpy, ABNO

then TMSCI
77% yield, 17:1 dr

4 steps

12-epi-45

\

(+)-12-epi-Pleuromutilin 27
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Summary

OH

® 17-20 Steps, 0.4-2.3% overall yield;
® A modular synthesis of pleuromutilins by the
convergent union of an enimide with a bifunctional

iodoether;
(+)-Pleuromutilin ® An unusual zinc-mediated retroallylation-allylation
(+)-12-epi-Pleuromutilin .
(+)-11,12-di-epi-Pleuromutilin reaction;

(+)-12-epi-Mutilin
(+)-11,12-di-epi-Mutilin

Herzon, S. B. et al. Science 2017, 356, 956

® 18 Steps, 1.4% overall yield;

® A highly stereoselective Sml,-mediated cyclization to
establish the eight-membered ring;

® A stereospecific transannular [1,5]-hydrogen atom
transfer to set the C10 stereocenter;

(+)-Pleuromutilin
(+)-12-epi-Pleuromutilin

Reisman, S. E. et al. J. Am. Chem. Soc. 2018, 140, 1267
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The first paragraph

(+)-Pleuromuitilin is a diterpene natural product first isolated from the
fungus Clitopilus passeckerianus in 1951. (+)-Pleuromutilin binds to the
peptidyl transferase center of bacterial ribosomes, preventing protein
synthesis. Semisynthetic derivatives of 1 in which the C14 ester is
modified have been identified as potent antibiotics; for example,
retapamulin is an FDA-approved topical antibiotic. Recently, derivatives of
12-epi-mutilin have been developed as broad-spectrum antibiotics with
efficacy against Gram-negative pathogens. In view of its promising
antibacterial properties, four total syntheses of 1 have been reported to
date, the most recent of which was disclosed by Herzon and co-workers in
2017. Here we report an approach that enables the preparation of (+)-
pleuromutilin and (+)-12-epi-pleuromutilin in 18 steps from (+)-trans-
dihydrocarvone.
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The last paragraph

In summary, the total syntheses of (+)-pleuromutilin and (+)-12-epi-
pleuromutilin were each completed in 18 steps (longest linear sequence)
from (+)-trans-dihydrocarvone. These syntheses were enabled by a
modular approach that employed a highly diastereoselective Sml,-
mediated radical cyclization to form the eight-membered ring. In addition,
we uncovered a transannular [1,5]-HAT that effects a stereospecific redox
relay to set the C10 stereocenter. The brevity and modularity of the route
will enable the design and synthesis of new fully synthetic variants of
mutilin antibiotics.
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